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INTRODUCTION

In part 1 of this two part report the theory was developed to determine
the forces acting on a body of revolution in a uniform stream. The body
was inclined at an angle of attack sufficient for the flow to become
separated and for vortices to form on the lee side. This part of the report
describes the computer programs, VCF and ADYNF, which carry out the numerical
calculations of part 1. VCF is the ‘main body of the work which calculates
the sectional normal force coefficient, ¢_, at stations along the body
axis. ADYNF using the results obtained from VCF numerically integrates
c_(z) over the body length to obtain the normal force coefficient C., and
tﬁe moment coefficient . Useful vortex patterns are available, and
a line of separation along the body can be determined.

¢



Abbreyiations.

3Ds
2DUs
b.1.
r.s.l.
t.b.1.
b.b.1l.:
f.r.s.l.

b.r.s.l.

Abbreviations and Additional List of Symbols

tﬁfee diﬁensional steady
two dimensional unsteady
béundary layer

rear shear layer

top boundary layer
bottom boundary layer
top rear shear layer

bottom rear shear layer

Sub- and Superscript

()Y
()P

point vortex contribution

potential flow contribution

Numerical Integration Parameters

—

u(ei, tk’_rj)

v(eis tk’ ;j)

(v)i evaluated at point ey, tk,‘? )

set

of points inT, t, 0 plane
i=20,1,2 ..., IDIM
k=0,1,2 ..., KFINAL
j=01,2 ..., JDIM

i —
ﬁu) evaluated at point (61, to rj)
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' "METHOD OF SOLUTION

wadlea 280 /82

The forces acting on a body of revolution at high angle of attack are
calculated by the two complewmentary programs VCF, and ADYNF. Program
VCF calculates the normal force distribution on the body’ by first solving _
the two dimensional unsteady problem of a circular cylinder started impulsively
from rest, and then by using the viscous cross flow analogy to relate the
cylinder drag to the normal force sectional coefficient. .ADYNF then
integrates the normal force distribution supplied by VCF to obtain the
normal force and moment coefficients. -A detailed description of the
method is given in part 1 of this report.

DA

VCF - PROGRAM DESCRIPTION:'.

The computer program was written in FORTRAN IV laﬁguage, and
was run on a CDC 6500 computer at Purdue University .under the MACE
operating system. VCF requires approx1mate1y 110000 octal words
central memory initially, and CP time for an average run is approximately
30 minutes. The program requires three peripheral disc files in addition
to the input, output, and punch files. A T e

VCF PROGRAM INPUT DATA

The input to VCF consists of the Reynolds number based on body
length, the angle of attack, the body geometry, and program control
data. C

Description of Input Decks |
The user must supply the” body geometry in’ the form of a FUNCTION‘L Ca
subprogram named RZERO.  The value of the dimensional body, radius r*,'. =
should be returned as a function of dimensional axial dlstance along %
the body, z*. In addition ENTRY DRZERO must return dr*/dz*. FUNCTION
RZERO is a subprogram deck of VCF supplied by the user? '

Deck Setup:

FUNCTION RZERO (ZSTAR) : CARD 1
RZERO = (body radius at ZSTAR) . CARD 2
RETURN ) CARD 3



ENTRY DRZERO - . CGARD 4

RZERO = (rate of change of body radius with . --CARD 5 -,

-respect -to axial- distance evaluated o R ;:%.;;522-, -
at ZSTAR) ’ , . - T D
RETURN , CARD 6

END ' CARD 7
Description of Input .Cards

. CARD 1 - Identification. - Card 1 contains any desired identifying
information in columns 1-80.

CARD 2: - Flow parameters, body length. - Card 2 contains 3 real
numbers, punched in-a 12-column field. Columns 37-80 may be used in
any desired manner. Card 2 contains the following.

Columns Variable . . -Value ¢ Description: .
“1-12 v> AATACK -p;_: Angle of attack in degrees
13—2§ RE Re3DS = V/v
25-36 - LENGTH o : - .- Dimensional body length }2,
. ' ... -same units as r* o ae

CARD 3 -~ Remaining input data. - Card.3.contains three parameterﬁ..;,:
particular to the finite difference and outer flow numerical computation . ..
schemes. They are punched in a 12-column field. Columns 37-80 may be
used in any desired manner. Card 3 contains the following.

Columns - Variable , Value * .Description -

1-12 - .~ DELT - - . .125 The time increment used in
the finite difference solution
* . to the boundary layer equations,
At
k
13-24 .. RC . .05 Potential vortex core cutoff, .
radius, rc

25-36 © .. . _ SIGMA . . .05-1.0 Empirical vortex flux factor,. o



CARD 4 - Program control - The three parameters punched.in Card 4,
the first right justified in a three column field, and the rest in ,
twelve column fields, determine when. the-program is to STOP. All data
necessary for further execution.of ‘the.program is written on an
auxiliary disk file. Card 4 contains the following.

Columns Variable Value Description

1-3 : KFINAL 1-100 If KFINAL = K, where K is an
integér count of the number of
‘program -time cycles completed,
appropriate data is written on
giviodiganbloo- e o .0 ot - .an auxiliary disk file and the
: ’ program STOPS. '
13-24 > . TFINAL A .- ne: 1f TFINAL equals or exceeds
LR e : ' -3~ .the central processor .time. used,
data is written on file:and the
program STOPS.

25-36 ZFINAL" .- 0.0-1.0 -~ If the nondimensional distance
A along the body axis z, equals or
B , exceeds ZFINAL data is written on
file and the program STOPS.

CARD-5 = Input/Output Control. - Card 5 contains 4 numbers each
punched right justified in a 2-column field. These parameters specify
which auxiliary disk files are to be used in input/output operations, the
type of ‘punched. output and’ the type of printed output - Card 5 contains
the following. R S .

Columns Variable Value Description
1-2 LR- ~° < 0,3,4 ...+ The continue data is READ from
- TAPE (LR). If LR = 0 no data is
I - , © read from the auxiliary disk file

N v S ST 7" B 3-4 The continue data is WRITTEN on

TAPE (LW).
5-6 -« - LEVEL - - 5 ~-Printed Output Level.
7-8 ' KPUN" v'-Cards are punched every KPUN -

cycles.



VCF “PROGRAM OUTPUT DATA

"PPrinted output‘is processed by a standard 132 characters-per-line
print r, punched ‘cards are 1n Hollerith (026) code, ‘80 characters. ‘per’ ;:
cards. Binary coded data is written on auxiliary files, TAPE :1; TAPE 6
and TAPE 4. The program printed output options are described below: = -

L 8
o

LEVEL = 3 The program prints the dimensional body geometry as the
radius as a function of axial distance. The maximum body
diameter, the characteristic length, the fineness ratio,
and frontal area, which are all functions of input body
.geometry are printed. Remaining card input data is printed.
P01nt vortex locations, velocities ‘and strengths, are
'L printed The pressure‘distribution around' 'the -two-dimensional
“ ¢ylinder corresponding’to an axial ‘station: along the ‘three
dimensional body is printed for each progtam cycle, as well
s . as values of shear and pressure drag. Data specifying
; ' the Tfear separation angle is printed for each cycle after
“the backflow velocity-hds exceeded .l of ‘the-free stream
velocity. Elapsed computer execution time is printed-at-
L the end of each program cycle.

[V ‘

Ceey )

\‘7,.

LEYE@?%fo fif:In'addition to level 3 output,’ the boundary layer profile

‘ for“the top portion of the cylinder:-is printedi?’ i =-sv fw

FEE

The program printed output is illustrated by the sample case presented
in Appendix IV.

The program punched output consists of variables punched every
program cycle, and of variables punched every KPUN cycles. Values of
nondimensional axial distance, coefficient of-drag, nondimensional time,
and the number of ‘time cycles completed  are punched ‘évery:‘cycle.. : Vortex
positions, velocities, and strengths are punched every KPUN cycles..’vwz:

PR~ - i
3 X .

The binary coded data output consists of initial boundary layer' :
velocities, (reference 2), written on TAPE 1. Values of boundary layer
velocities, vortex positions, vortex velocities, vortex strengths,
program indices, and rear shear layer data are written on TAPE (LW) at
the termination of each run.



VCF PROGRAM STRUCTURE

., VCF -consists of a MAIN program, 18 SUBROUTINE subprograms, 5 FUNCTION
subprograms, and 1 FUNCTION subprogram supplied by the user. Detailed
descriptions of the MAIN program and of the subprograms are given in
Appendix I. An .example of a user supplied geometry description deck
is given in Appendix IV for the case of an ogive cylinder.

VCF AUXILIARY FILES

VCF designates TAPE 5 as the input file, TAPE 6 as the output file,
and. TAPE 7 as the punch file. In addition three auxiliary files are
utilized for transfer of binary data. These files are designated
TAPE 1, TAPE 3, and TAPE 4. ' A

TAPE 1 is used to store the init;al boundary layer profile. TAPE 3
and TAPE 4 are used to store intermediate information which is used to
continue execution of the program.

These auxiliary files must be rewound and stored on magnetic tape
or some other permanent storage file at the termination of each run.
To. continue the run the files are obtained from permanent file storage,
and execution is continued, the necessary data being READ from TAPE 3 or
TAPE 4.

VCF OPERATING INSTRUCTIONS

The program deck, geometry input deck, and data deck are loaded
in .the following sequence: . job card, system control cards, end-of-
record card, program deck, geometry input deck, end-of-record card,
data deck, end-of-file card. The geometry input deck and the data deck
are described in the Program Input Data section.
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ADYNF PROGRAM DESCRIPTION

The computer program was written in the FORTRAN IV language, and
was run on a CDC 6500 computer at Purdue University under the MACE
operating system. ADYNF requires 55000 words of central memory and
takes about 10 seconds to run.

ADYNF PROGRAM INPUT DATA

The input to ADYNF consists of body geometry, angle of attack,
characteristic parameters supplied by VCF, and values of cniand Z,
also supplied by VCF. The number of knots and their locations, used
to approximate functions in.the evaluation of the normal force and
moment coefficients are also read in. -

Description of Input Decks

The user must supply the body geometry in- the form of a FUNCTION
subprogram named RZERO. The value of the dimensional body radius r%*,
should be returned as a function of dimensional axial distance along
the body, 2*. In addition ENTRY DRZERO must return dr*/dZ*. FUNCTION
RZERO is a subprogram deck of ADYNF supplied by the usr. For a given
geometry the deck used in ADYNF is identical to that used in PROGRAM VCF,

and in fact, the same deck may be used for both programs

*Deck Setup:

FUNCTION RZERO (ZSTAR) CARD 1
RZERO = (body radius at ZSTAR) CARD 2
RETURN | ' g CARb 3
ENTRY DRZERO | CARD 4
RZERO = (Rate of change of body radius with CARD 5

respect to axial distance evaluated

at ZSTAR) ' _
RETURN ' " CARD 6
END ' CARD 7



Description of Input Cards

" CARD 1 - Identification. - Card 1 contains .any desired identifying
information in columns 1 80. -

_ CARD 2 - Flow parameters, characteristic dimensions. - Card 2
contains 6 real numbers, punched in a 12-column field. Columns 73-80
may be used in any desired manner. Card 2 contains the following.

t

Columns Variable ' Value : Descriptien

1-12 ' AATACK Angle of attack in degrees
13-24 LAMBDA Moment arm, A

25-36 LENGTH Dimensional body length, £
37-48 F . ‘ ) _ Fineness Ratio, £
49-60 AW Characteristic length a
61-72 RW | Maximum Radius, /2

-

CARD 3 - Number of knots, number of data points. - Card 3 contains
2 integers right justified in a -4 column field. The number of knots _
refers to the number of cubic polynomials used to obtain an approximating
function to the data. A cubic polynomial approximates the data between
two knots. Card 3 contains the following.

‘Columns Variable Value = - Description

1-4 - NOKNOT 4-5 . The interval is divided into

: 3 or 4 segments depending on
whether NOKNOT.is 4 or ;5. The
endpoints of the segments are
the knots..

5-8 LX The number of data points, 2,
CD(.E).- : ’

AR

CARD 4,5. .., - Axial distance z, Coefficient of drag CD(E). - Card

4,5 ... contain values of £ and CD(i), these cards are punched by PROGRAM
VCF. The two numbers are punched in the first two 1l2-column fields of
each card . .

10




CARD LAST - Knot positions. — -Thé last card in the input deck to
ADYNF contains the location of the knots. Since the nondimensional body
length is 1.0, these knot values should be: 0, values contained in;the
interval [0,1], and 1. The knot values are punched. ‘in a. lZ—column fieldc
6 to a card. The last card contains the following.

~ +

N . * - - ..
SRR AP F RN . . '

Columns ;Variable ' - Value 4:lDescriptionV¢

1-12 X1(1) 0 4 Location of first knot
SSLAECE A . : . - . . » ; vh-
13-24 XI1(2) ° 0<( )<1 Location of 2nd knot
woEaED a1 Sieas s T »

XI(NOKNOT) -~ - 1 Location of last knot *~ '

. ~i - ADYNF‘PROGRAM OUTPUT DATA

Program ADYNF output is printed output processed by a standard 132,
character-per-line printer. - The program printed output consist of: b

(1) The giyen data [z, c (z)]

i

(2) The: number of knots

LR S ' B . © - ’ e . R

(3) Inittals knot locations ) g _t ' ."“f,t

(4) Optimized knot locations (reference 4) | \ |

(5) The cubic coefficients used to approximate the- data in each interval
(6) The errors involved in- approximating the data

E (7) The data point z and the approximation c, (z)

3ve, ¢ Sl @

(8) Values of z at '.05 increments from O to 1.0 and the value of the
approximation cn(z)

[ Dl

(9) Intermediate output- from the integration subroutine CADRE (see
Appendix II for details)
. , 1 , ' , ,
(10) = The approximation to the integral j cn(i)'dﬁ*; The absolute error,
O o - - B o
+* and'‘an indication as to: the types of singularities involved in the ¥
integration. (see APPENDIX II - CADRE for further details) - ~ *7

(11) The normal force coefficient CN

(12) Similar output for the calculation of the moment coefficient CM X
3

11



ADYNF PROGRAM STRUCTURE

ADYNF is a main program which references the subprograms RZRO, FIT,
SPLINEB, CADRE and the user input geometry subprogram RZERO. SPLINE,
references 3 and 4, and CADRE are ''canned" routines obtained from Purdue
. University's computing center. SPLINE is a deck of subprograms. ADYNF
" calls SPLINEB which references other subprograms in the SPLINE deck.
Those subprograms are considered to be 'black boxes,'" and are not
explained in detail in this report. However listings of the SPLINE
deck are included in APPENDIX II. Listings of ADYNF, FIT, and RZRO
. dre given in APPENDIX III. ADYNF designates TAPE 5 as input file
and TAPE 6 as output file. -No other files are used. : . .

ADYNF OPERATING INSTRUCTIONS,

kg Al “w e e
L SERT YN

The program deck, geometry input deck and data deck are 1oaded in éf‘
the following sequence: job card, system control cards, end-of-record’
. card, program deck, geometry input deck, end-of-record card, data deck,
end-of-file card. The geometry input deck and the data .deck are
described in the Program Input Data section.

TE

12°




- APPENDIX 1

PROGRAM VCF AND SUBPROGRAM DESCRIPTIONS - -

This appendix.contains a brief outline of the purpose, method, and use of
program VCF and its subroutines. The principal variables and constants

in each are listed, and identified as input or output data. The subprograms
are 1isted in alphabet1cal order. : o

13



PURPOSE:

METHOD:

14

~ to the impulsive start of a “circular cylind

'PROGRAM VCF

‘To calculate the local normal force distribution coefficient

cn(z), to predict the line of separation [:] (z), and to
prov1de the point vortex dlstribution, (x k’ yBk)

e
<

VCF proceeds 1n‘discrete steps of time Atk, usually given
the value .125." The index K, initially 0, is incremented

by 1 for each step in time, " thus K=1 for t 7 ty + Aty,

where t, denotes the initial time. The boundary layer

.}equatlons are integrated using a finite difference solution
, ., developed by M. G. Hall, reference 1. The initial velocity
“:distribution is supplied by Wundt's solution, reference 2,

d n. Once the
1nit1al conditions have been calculated the *Subroutines

' lf;used in the computations are no longer necessary. By
" writing all of the pertinent data on a FILE, in this

instance eitheér TAPE3 or TAPE4, ard then replacing the
inert subroutine with a dummy subroutine IC, and reading
the data back in, the central memory requirement can be
reduced after the first few minutes of computation time.
Further, since.the boundary layer solution ‘employs a
finite difference method, storage must be allocated for
a finite difference mesh or grid. However, since separation
soon occurs,.values at mesh points greater than the separation

n "AI') .

‘angle are no longer needed. By stopping execution, saving

the necessary data, redimensioning the boundary layer grid,
and then reading the data back in, and ¢ontinuing execution,
the central memory requirements can be reduced even further.
For the casé of the ogive cylinder the central memory
requirement could be reduced from 110000 words to 65000 words.
The boundary layer grid is DIMENSIONED in the main program
and values of ul, and vi are passed as parameters to sub~-
programs with the DIMENSION parameters IDIM; “JDIM. Thus if
boundary layer grid values are no longer being used because
they are in separated flow the variables U, W, UT, and UB are

_appropriately DIMENSIONED in the main program.

The boundary layer finite difference scheme 1is applied either
to the top half of the cylinder or the bottom. The entire
boundary layer solution could be accomplished by a call

" to BLBOX with appropriate 'values of velocity on the upper

surface being supplied, and then another call to BLBOX
with lower surface values. However, since the solution is
basically a small time one, and the flow is’ expected to

. be symmetrical, it is only necessary to apply the finite

différence solution to half of the cylinder.‘

Once the velocity distribution in the boundary layer is
known, and a separation angle has been detérmined,

vorticity is introduced into the outer flow in the form
of point vortices. Due to the symmetry of the problem



USE:

1

separate vortex arrays were created for the vortices

born from the top separation angle, and for those coming
from the bottom separation angle. 1In addition when
backflow velocities were great enough to generate vorticity
on the rear portion of the cylinder two additional top

and bottom arrays were created for those point vortices
originating from the rear separation angles.

f'Bernoulli's equation yields the pressure distribution

on the cylinder, and numerically integrating Cp cos 6
(0 < 6 < 27), gives the drag.

_The point vortices existing at time ty are convected with

““the fluid and at time tp4q = tp + Aty the tangential
" velocity on the surface (boundary conditions for the boundary

layer equations), will be altered. A new boundary layer
velocity profile is calculated, a new separation angle
determined, and the cycle is repeated. When ty corresponding
to z = 1.0 is reached,the program stops.

Input:

;NFO  Data identification
‘AAIACK Angle of attack _
 RE _ 'Reynoigs‘nuhber based on body length

LENGTH Dimensional body length

DELT  Finite difference timevstep
RC Vortex core cutoff value
SIGMA Empirical vortex flux factor

R

KFINAL Program cycle termination index
TFINAL Program central processor time termination value

ZFINAL Nondimensional length termination value

; LR " READ continue data from TAPE(LR) if LR=0 no
' binary continue data is READ
LW WRITE continue data on TAPE(LW)
KPUN Vortex positions, velocities, and strengths are

punched every KPUN cycles

_LEVEL 'Printed dﬁtput_level

15



16

Output:

PI

DTOR
RTOD
DMAX

AW

SA

KS

KT

KRT

INITAL

NDIM

IDIM,
JDIM

PI2

SQRTPI

7
7/180
180/

Maximum body

diameter

Characteristic length a, of the 2DUS flow

Reonus

' Fineness ratio, £ -

Frontal area, 5

Initially equal to 1000, KS is set equal to K
when the first point vortex is born from the

b.1.

Initially equal to 1000, KR is set equal to K

.1

Equal to the
flow at time

Equal to the
flow at time

Equal to the
flow at time

Equal to the

flow at time

when the backflow velocity exceeds a value of

number of t.b.l. vortices in the
tx

number of b.b.l. vortices in the
tk‘ S ’

number of t.r.s. 1 vortiees in the
tg BT

number .of b.r.s.l. vortices in the
tk

The initial dimension of the 6 grid in the b.1.

Dimension of

the vortex arrays, and of the drag

array. The number of program cycles must not

exceed NDIM

.1. grid dimension (ei, rj)
=1, 2, ..., IDIM.
=1’ 2’ LR RN JDIM



Lo

SQA
SRE

ISYM

THTASYM

KTS

Caines Lo
PR IR Sk

TI

= ZHAT - -

v+ AKTL

AKDOT

cpPI

RMINUS1

w«-TH 5

AKDOT

anz T othar

iiun o AADOT. .

AKSQD
ZHALF

AKPHALF
AKDOTPH

KTTEMP

"K-i'

) ;(t

Ei(tkdf;)é)

Square of the sine of the angle of attack

Y REynus

Symmetric mode index
ISYM = 1, symmetric mode
ISYM = 0, asymmetric mode

Condition on 85, if THTASYM is greater than

g, the program goes into the asymmetric mode

Pfogréﬁ time index;Ainitially set-equal to
0 at t,. K is incremented by 1 for each
successive step in time

Index used in the cbntiﬁuation of(a run,
if KIS > K the b.1l. grid is calculated

Lty

t
(o]

oz

Radius at time tk, a(tk)

‘a‘(to)

a(ﬁk)
Initial drag cqeffiéiéﬁt due to pressure =

2m a(t) é(to)

Y

. tk_l/zu,.-':;_

Radius at time tys a(tk)

“0 |
aty) a(t).

' [a(tk?]2

a(tk _1/2) ‘

alty _y1/9)

Temporary storage of the value of KT

17



YR

KBTEMP . Temporary storage of the value of KB
R Boundary layer velocity, ;(;;tk,e)

DGAMMA (D),

SMALLM ~ m
0
S «
CDST J T sin 6 d6 0 < Ss <n
. 0 HN
%
CLST . J Tcos8de  0<8 <m
0
ISEP An integer denoting the element in the 64
array, the value of which is the sepatation
angle
TRAPD Trapezoidal sum used in the evaluation of CDST
and CDSB .
TRAPL Trapezoidal sum used in.the evaluation of CLST
and CLSB :
CDSK Viscous contribution to the drag coefficient =
' 2w :
1
5 T sin 6 a(t) de
0 .
TT Array of t.b.l. vortex diffusion times
TB Array of b.b. 1. vortex diffusion times
TRT Array of t r.s. 1. vortex diffusion times
TRB Array of b,r.s.l. vortex diffusion times
5’ Arrays of t.b.l. vortex coordinates
XDoT, Arrays of t.b.l. vortéx'velocitiéé (3“, 3°)
YDOT
GAMMA Array of t.b.l. vortex strengths
X8, . Arrays of b.b.1. vortex coordinates
XDOTB,
YDOTB Arrays of b.b.1l. vortex velocities



SUBPROGRAMS
CALLED:

XRT,. .

YRT >

XRDOT,
YRDOT

GMRT

THETA
A IR ¥ 1 ‘THETAS

THETASB

THTASR

IPUN

IR
B

Ly e
st

CDPK

WANLE UTOaT TR

TIME

LI

T ey .

@

‘e ey

Execution time

Array of b:b.l. vortex strengths:

Arrays of t.r.s.l. vortex coordinates

Arrays of t.r.s.l. vortex velocities
Array of t.r.s.l. vortex strengths

Arrays of b.r.s.l. vortex coordinates

Arrays of b.r.s.l. vortex velocities

Array of b.r.s.l. vortex strengths

LB e ;
f‘ ‘T°sin 6°d®  © m <By < 2w
Gé N o L. ;4“ S
I T cos 6 df cm <'OS < 2
0 - '
0

e, “o0<8 <

S

0 W< 0 < 27
s

er
s

Punch index

.IPUN :>-1, punch vortex arrays

IPUN < 1, no vortex array punch

Drag”éoefficient due to pressure =
N 2'"7 R ' . ! S

%—J .CR cqs:S a(t) de

Drag coefficient, Cp(t)

Local normal force distributioﬁ céefficient, c

. Lot
¢ ! “

‘*BL.BOX, DQI, DRZRO, NONDIM, PDRAG, RSEP, RVTX, RZRO,
SECOND, VEL, VM, WRIT

n

Iy



. FUNCTION AN

PURPOSE: To calculate the coefficients a s bn’ cn

METHOD: " Given the b.1. velocity distribution the coefficients
a s bn’ cn are calculated as outlined in reference 1.

USE: Function reference to

AN (L, N, IDIM, JDIM, U, W)

~ Input:
L, The b.1. grid point (6., £.)
> S
N
-:IDIM, , b.l. grid dimension (ei, r ) )
JDIM i= 1 2, ceny IDIM
: j=1,2, ..., JDIM
U u(ei, tk, rj)
W u(ei; tk, rj)
DS
' Dpz8.
DZSQ2 "'See BLBOX |
DZSQ4
Output:
AN Coefficient a in the finite difference solution
of the b.l. equations
CALLED
FROM: BLBOX
REMARKS : - Alternate .ENIRY points: to AN .are BN, -and CN---

20



SUBROUTINE BLBOX

H

PURPOSE: To numerically integrate the unsteady b.l. equatiomns .

METHOD:  ~ A finite difference method is employed to solve the
two dimensional unsteady boundary layer equations,
(reference 1).

USE: CALL BLBOX (SMALL M _DGAMMA TAWD TAWL v, w, UT, UB,
“””:'IDIM JDIM ‘MODE) o

Input:

u The b.1l. velocity distribution u(Qi, SRE ;3)
UT 2-dimensional storage away for u(Bi, 1 ;3)
UB 2-dimensional storage away for u(e,, t, ., X,)
, 1* “k-1° 7§
T < 6 < 27
UTNBIG An array the elements of which are the boundary
conditions (t.b. 1 ), for the finite difference
scheme

UBNBIG Boundary condiﬁions (b.b.l.)

IDIM, b.1l, grid dimension (ei; rj)
JDIM i=1,2, ..., IDIM
j=1,2, ..., JDIM
MODE If MODE = 1 appropriate t.b.l. ui values
will be input to the b.l. grid. If MODE = 2
b.b.1. ul values are input
KTS Index used in the continuation of a run,
if KTS > K the b.1l. grid is calculated
AK a(t,)
35 AKSQD T [a(tk')]2
* AKDOT a(t))

AKPHALF  a(t, _;/,)
IXTRSET - An intéger denoting the -element in the §
' array, the value of which is the t.b.1l.
separation angle



22

IXBRSET

NBIG

Output:
DELS

DS.

ST

SB

DZZ‘

DZSQ4

ZN

UB

TAUS -

TAUNEW

NCYCLE

DUDR

TAW

TAWD

TAWL

An integer denoting the element in the §
array, the value of which is the b.b.1l.
separation angle

An integer defining the last element in the
AN array

A® used to define the b.l. gridkeif” =

$1 Bi + A6

~ .Defining the~elements.of the array- DS as,

8854 = Oy ~ 9y

to have a variable mesh’ spacing

s allows for the gr1d defined

A

Array of ei values

Array of t.b.1l. ei values

[,
PR Y A §

Array'5f b.b.l.”ﬁi-vgidesuyfsz“ﬂ ok EATAD
bl gfié,l,!spa'c:ing' r= .16 Pt
“.1/2 A - - L B ;f- T

1/2 A‘2 LT ;

'1,4 I T S

Array of T values

The b.1l. velocity distribution u(B', tyes rj)
2-dimensional storage array for u(e ths r.)
T < ei < 27 J

2~dimensional storage array for u(ei, ts ; )

T < ei < 27

Successive estimates of the surface
shear T

The number of iterative cycles, (reference 1)
(—U_) s';

T

T sin 6 evaluated for values of the 6 grid

T coé 8 evaluated for values of the 6 grid



CALLED
FROM:

SUBPROGRAMS
CALLED:

REMARKS :

THETA e

THETAS es 0<e@<m

- THETASB - - es Coom < 8-<. 27
- SMALLM Location of vortex born from b.l., mk

DGAMMA ‘(r)‘,t

VCF

IC, FREEVIX, POTFLGW, TRID, RITE

The b.1. subrogtiné determines the velocity profile for
0 <8< es (0 < es < 1), or for 0< @ < es (m < es < 2m).

Thus if the flow is assumed to be symmetric, a finite
difference solution is required only on the top half of
the cylinder. If the flow is asymmetric, BLBOX is called
twice with appropriate top or bottom grid values and
boundary conditions being input.

23



PURPOSE:
METHOD:

USE:

24

TT

TB oL, L » S

- XDOT,

FUNCTION CPC
To calculate Cp
The equations for evaluating Cp are given %A'part 1
Function reference to |

CPC (THTA)

Input:

'TRT”

TRB

el Lt

X,
Y D et
T

YDOT

GAMMA See VCF

YB ' . N

XDOTB, Lo
YDOTB

XRT, . NANEIS SR
. .
. : :

YRT V'Vv" . o . .- '_'.\:' S . er.
XRDOT, - : . . R L
YRDOT - " B ST

YRB

XRDOTB,
YRDOTB



KT
KB See VCF
KRT
KRB
XX X coordinate of the point on the cylinder
surface at which Cp is to be evaluated
Yy o Y coordinate of the point on the cylinder
surface at which Cp is to be evaluated
NDIM . Dimension of the vortex arrays
Output:
v
PHIT 0, = (8,) + (4>,t)p
PHIVT (2,07
PHIPT (2,,)P
PSIKR2  u;
CPC Pressure coefficient
CALLED
FROM: VCF
SUBPROGRAMS ’
CALLED: PV, FREEVIX, POTFLOW
REMARKS: - The time derivative of the potential function, (%, ), see

part 1, is computed by first determining the terms due to
the point vortices (¢,t)V, adding to that the potential
flow solution of a changing radius cylinder in a uniform
flow (Q,t)p



PURPOSE:
METHOD :

USE:

CALLED
FROM:

'~ SUBPROGRAMS

CALLED:

26

FUNCTION DN

To determine the coefficient dn,(refefence 1)
The equations for the calculation of dn are given in reference 1
Function reference to

DN (L, N, IDIM, JDIM, U, W)

Ingut:

L, The b.1l. grid point (8,, r,)

N i

IDIM, b.1. grid dimension (8., r.)

JDIM i=1,2, ..., ov» *+ I
ji=1,2, ..., JDIM

U u(ei, tk’ rj)

‘W v(ei, tk’ rj)

DS

DZ2 see BLBOX

NBIG

DT2 1/2 Ay

Output:

DN Coefficient dn in the finite difference solution
of the b.l. equations

BLBOX

UM, US, UL, AN



Iy

o

PURPOSE:

USE:

CALLED
FROM:

SUBPROGRAMS
CALLED:

REMARKS :

2w
To evaluate J Cp cos 6 do

SUBROUTINE DQI

"0

Numerical integration using Simpsons rule

X, h . .
J £()dr v 3 [£(x,) + 4E(x) + £(x )]

X
o

CALL DQI (FCT, CK, K, N, ISYM)

Input:

FCT

ISYM

Qutput:

CK

VCF

PDRAG

- The namé of the EXTERNAL FUNCTION SUBPROGRAM

used; PDRAG to evaluate drag, PLIFT to
evaluate lif;.

Program time index, éee VCF

An even integer which determines the integration
stepsize h. The front of the cylinder is
divided into 2N equal parts, the front here
being -60° < 6 < 60°, and the back is divided
into 8N equal parts. The stepsize,

h = (60/N)(n/180). ;

An integer either 0 or 1. A value of 1 denotes
a symmetric flow, and the limits of integration
are (0,7) and the value of the integral is
doubled. A value of 0 denotes an asymmetric

‘flow and the limits of integration .are (0,2mw)

27
Approximation to J Cp cos' 8- d6 by

Simpson's Rule 0

The value of N used in all testing was 6.

27



PURPOSE:

METHOD:

USE:

28

"induced velocity.

SUBROUTINE FREEVTX

To calculate vortex induced velocities

Each point vortex and its image induce a velocity at

every other point in the field. The distance. between
the field point and the vortex location is determined
and induced velocity calculated, see part 1., Summing -
the.effects of all the point vortices yields the vortex~'

,'!'S ¥

- CALL FREEVTX (PSIK1X, PSIK1Y, PSIK1R, IA)

Input:

IA integer value from 1 to 5.

Field point is a t.b.l. vortex

Field point is a b.b.l. vortex

Field point is on the cylinder o
Field point is a t.r.s.l. vortex

Field point is a b.r.s.l. vortex

BEEEEE

TT
TB -
TRT

TRB

XDOT, ‘ See VCF
YDOT

GAMMA

YB

XDOTB,
YDOTB

GMAB

XRT,
YRT



.XRDOT,

YRDOT
( {GMRT
% 1XRB,
# fYRB
2
ks .. XRDOTB, .
; . YRDOTB See VCF .
¢ {GMRB
£
i . KT
: Ul LKB R >
-KRB
ALPHA An integer denoting a particular point vortex,
the coordinates of which is the point at
which the velocity is being calculated.
TIRX .‘5X coordinate of the point vortex at which
' . the velocity is being calculated.
YY Y coordinate of the point vortex at which the
velocity is being calculated.
OQutput:

pSIKIX  (v)V
PSIKIY -(u°)Y
PSIKIR  (u®)’

CALLED
FROM: BLBOX, VEL, CPC

SUBPROGRAMS
CALLED: PSI



PURPOSE :
METHOD:

USE: RS

CALLED
FROM:

SUBPROGRAMS
CALLED:

REMARKS :

" 30

cylinder (reference 2) E

SUBROUTINE IC

To calculate the initial boundary layer profile for
the. problem of a circular cylinder started 1mpu131vely
L . '.F'

;frem rest.- R A A SRR
S R e Tt AT L I o SR SO VRO

Wundt's solution for the impulsive start-of a circular

f.-CALL IC (AKTI .U, IDIM, JDIM, MODE)
Inputi ¢ SR .Axfl"“ S 4
s AKTI N a(t =) bl . S EAe
EUCE I SRR RO« YONDY S T R ‘:-*n;rﬁ
... IDIM,.. ..b.1. grid. dimension (61, T, ) i
JDIM - i=1,2 ..., IDIM
' j=1,2 ...,JDIM o
MODE_  MODE = 1 0 < 6, <m - N
Y - MODE = 2% qi<s ei‘.;z‘.‘.vz-"‘.» S g By
Output: . l L
U "" (ei’ ’ rj)

UTNBIG An array, the elements' of which,  are the boundary
conditions (t.b.l.) for the finite difference

scheme. u(ei, ty rj) SRS
+J = JDIM - Q«‘fefmf:.f - PArey
UBNBIG Boundary conditions (b.b.l1.) uﬁ@i, tys ?3)
. J = JDIM AF.<53335&?“ ol ‘
1 e £33 3
BLBOX

'PHIO, PHI1, ZTA001, ZTAOO1l, ZTA02Al, ZTAO02Bl T
Subroutine IC is called once from BLBOX when tg = (k:l)

A dummy subroutine may be substituted thereafter, reducing
the central memory requirement. The IC. subroutine and_the
subprograms called from IC are listed in Appendix Ib.



PURPOSE:

METHOD:

USE:

CALLED
FROM:

SUBPROGRAMS

CALLED:

SUBROUTINE NONDIM

N o N
To calculate the characteristic radius a, the maximum

diameter d, and the reference area S, for the input body

geometry.

Values of r:(i*)Aare obtained from RZERO, the*FUNCTION

SUBPROGRAM input by the user, for values of z along the

body axis. The. maximum T (z ), doubled, is d. For a

closed end body (r (L) = 0) the characteristic radius is

obtained by us%ng the trapezoidal rule to approximate the

integral 1/4 r (z )dz = a. For open ended geometries
* 0 ,

(x (2) # 0), then Z = d/2.

CALL NONDIM (DMAX, RW, AW, F,.S, L, PI)

Input:
L Dimensional body length, £
PI . T
“Outgﬁt: |
DMAX Maximum body diameter, d
RW ' d/2
AW Characteristic length, a
F Fineness ratio, %/d
S Frontal area = ﬂd2/4
VCF
BZEkd

31



- FUNCTION PDRAG -

PURPOSE: - To- calculate Cp(é) cos- 6
METHOD: Function'referenée to CPC
USE: Function reference to

PDRAG (THETA)

Input:
THETA = = 6
(Outgut; '
PDRAG . c?(_e). -cos.' e’.} :
CALLED - -
FROM: VCF
SUBPROGRAMS
CALLED: ceC
REMARKS: See DQI

.32



PURPOSE:

METHOD:

USE:

To calculate the velocity at a point in the outer flow

SUBROUTINE POTFLOW

due to the uniform inviscid flow about a circular cylinder.

Evaluate potential flow solution at a field: point

CALL POTFLOW (PSIKXP, PSIKYP, PSIKRP, IA)

Input:
ALPHA

AKSQD

IA

XDOT,
YDOT

GAMMA

YB

XDOTB,
YDOTB

GMAB

XRT,
YRT

XRDOT,
YRDOT

GMRT

YRB

Point vortex index
a(t)1?

An integer value from 1 to 5. .

IA =1 Field point is a .t.b.1l. vortex
IA = 2 Field point is a b.b.l. vortex
IA = 3 TField point is on the cylinder
IA = 4 Field point is a t.r.s.l. vortex
IA =5 Field point is'a b.r.s.l. vortex

See VCF

33



CALLED
FROM:

34

XRDOTB,
YRDOTB

GMRB

Output:

PSIKXP
PSIKYP

PSIKRP

°)P

_(¥eyP.

)P

BLBOX, VEL, CPC

See VCF



‘ SUBROUTINE PSI

PURPOSE: To sum the induced vortex velocity

METHOD: The equations for the induced velocity of a point vortex
are given in part 1. »

USE: CALL PSI (X, Y, GMA, NDIM, KI, KF, IA, IB, SUM, SUMl, TK)
Input:
AK a(t,)
AKSQD [a(tk)]2
XX, Coordinates of the point at which the velocity °
YY is being calculated
X, Input arrays of point vortex locations
Y
GMA Input array of point vortex strengths
NDIM Dimension of the input arrays
KI, Sum over KF - KI + 1 vortices
KF
TK Input array of vortex diffusion times
RC r
c
IA Field point index (See FREEVTX)
IB Integer which determines if a point vortex

is to be ignored in the sum

Output:
SUM . v° induced by input vortex array
SUM1 —u° 1induced by input vortex array

CALLED
FROM: FREEVTX



SUBROUTINE PV

PURPOSE: To calculate the vortex contribution to Cp

METHOD : Equations for the calculation of o, are given in part 1. =

e
i

USE: ©/ i »o CALL.PV (X; Y; XDT, YDI, .GMA, NDIM KI, KF sun ™®)
R £ O R S T
AK t
a(t,)
aKSQD-. fa(e)? - L

<XX,J . ‘.Coordinates of'the point on the cylinder

YY at which Cp is to be evaluated
X, Input arrays of point vortex 1ocations
Y . .
XDT, Input arrays of point vortex velocities
YD |
GMA . Input array of point vortex strengths
NDIM - "ﬁimensionaqflthe,inbntia}rays
“’KI, .. Sum over KF - KI + 1 vortices -
KF ’ '
X | ‘inpnt arra§uof vortex diffusion times
RC . .
<
Output:
SUM @, due to input vortex array
CALLED
FROM: CpC
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PURPOSE:

METHOD:

USE:

‘CALLED
FROM:

REMARKS :

PO MY

2N

. DEG

SUBROUTINE RITE

\)

To print the b l velocity distribution

ENCODE is

used to create execution time FORMAT statements,

“so ‘that ‘only the -velocity proflle for 04<.0.< e is printed..

CALL RITE (MT, IDIM, JDIM, U, ZN, NX, S;*DEG; ZHAT, DELS, K)

Input:
MT

2

IDIM,
~JDIM

ZHAT

DELS

BLBOX, IC

When MT

b
g
k|

' Array of r

_ Array of 6

5 o i

An integer value equal to 1 ors2:
If MT = 1 the initial velocity profile is printed

:'If MT =2 the velocity profile at tk is printed
.1. grid dimension (ei, rj)
=192, . “IDIM
=1,2, ¢4, JDIM

w04, T

Ty ) values j = 1 2, seey JDIM

An array containing a count of the number
of ‘iterative ‘cycles, (reference 1)

Array 6f o, values 1 =.1,2, ..., IDIM

i
4 values in degrees
. .
AB

Program cycle index

=1, ui is output, when MT = 2 u is output.

37



~ SUBROUTINE RSEP

PURPOSE: To determine the r.s.l. separation anéié o
e : : S 7 LTV
weTHoD: - c6T - of  oF _ 6T C e '
S -8 m T o : . 2t
—f = ¢ . (seepartl) .. :
9_ -9 6 .- 8 ’ " ’ A
o m . m o . i Xoa
USE: CALL RSEP (TH’I‘ASF THTASR THTA, UBL INTXl* INITAL, MODE)
. InEut 5
- THETASF: ~b l separation angle, eé? SR A
THTA Array of 6i values i= 1 2, e INITAL
UBL Array of uy (8 ) values i 1 2 ..., INITAL
" INTX1 An integer denoting the elemeént-:0f the SN
S - THTA array which'is' the separation angle
INITAL The inital dimension of the b.l.%grid,
(6i = 7) 1 = INITAL ‘
MODE MODE = 1 0 <8, <m
MODE = 2 T\'<ei<2'ﬁ
Qutput: A
THTASR r.s.l. separation angle, 6: N
CALLED EAS
FROM: VCF '-;:

38
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PURPOSE:

METHOD:

USE:

SUBROUTINE RVTX

To calculate the position and strength of the r.s.l.
vortices

Subroutine RSEP has determined the r.s.l. separation
angle. The strength of the vortex that would be born
is T = -At u:2/2. If this value of T does not exceed
.1 it is stored in arrays. The next time cycle (tk+l)’
a new 0f is calculated, and if the new separation angle

exceeds the previous one then the previous point vortex ::

is aborted. However, if the new 6T is less than the

previous value of 6;, the previous point vortex is lumped

together with the one now in question. After five time

cycles (tp < t < tk+5)’ or when the lumped.vortex strength

becomes .l or greater, the lumped vortex is placed into

the outer flow. The angle at which it is placed is the
average of the five previous separation angles. See part

1 for equationms. T

CALL RVTX (X, Y, GMA,. THTASR, THTASM, THTAS, UZZ, UZZSQ,
GAMA, MODE, KRN, N, NF, IFLAG, BMATL, NDIM, TK)

. Input:
AK a(ty)
DELT At
THETAS 5 .

S

THTASR e;

THTASM eg at the time previous to r.s.l. vortex birth

THTAS Storage érray for Qg values
uzz Storage array for u’ values
UZZsqQ Storage array for u:Z values
GAMA Storage array for I values
"MODE MODE = 1 0<6 <

MODE = 2 T <6 <271

N An integer count of the number of time cycles
' completed since the previous r.s.l. vortex was
placed in the outer flow.

39



CALLED
FROM:

SUBPROGRAMS
CALLED:

40

NF

. TK

Output:

GMATL

IFLAG

GMA

SMALLM

KRN

VCF

Lump parameter, ﬁéually NF = 5. When
N = NF a lumped point vortex is placed in

the outer flow

Dimension of vortex arrays

An array of vortex diffusion .times

Lumped vortex streﬁgfh

0, the boint vortex aborted
1, the point vortex is lumped

If IFLAG(N)
If IFLAG(N)

- Coordinates of r.s.l. vortex born -

Strength of r.s.l. vortex born

mrk

The KRNth element of the r.s.l. vortex arrays

N e

FREEVTX, POTFLOW



FUNCTION RZRO

PURPOSE: To calculate the nondimensional body radius r as

a function of nondimensional distance z alongothe
body axis. ' S ‘

METHOD: The dimensional'quantities aré multiplied by characteristic
dimensions.

USE: Function reference to
RZRO (ZHAT, L, RWS
ZHAT

N>

L ' . )
ar
Output:

‘”RZRO | | T

~ CALLED
FROM: VCF

SUBPROGRAMS
CALLED: RZERO

41



FUNCTION UAPRX1

PURPOSE: To calculate a first approximation to u(ei+l’ ts Ej)

METHQD:. '  - u(91+1,'tk, rj) = u(ei+lf'tk;i’ ?j? + ufeiiétk’ rj) ~ ufef, tk—l’ ri
See reference 1, for further explanation.

USE: Function reference to

UAPRX1 (L, N, IDIM, JDIM, U)

Input:
L, The b.1. grid point (6,, ¥.)
. 1" 7]
N : -
IDIM, b.l. grid dimension’(ei, ;j)
JDIM i= 1’2’ "o ey IDIM -
' j=1,2, ..., JDIM
Qutput:
U First approximation to u(ei+1,Atk, ;j)
CALLED .
FROM: BLBOX, DN

REMARKS : Alternate ENTRY points to UAPRX1 are US, UL, and UM
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kS

"

PURPOSE: :

. METHOD:. { -

USE:

CALLED
FROM:

SUBPROGRAMS : ..

CALLED:

4

€

N < v .- - o ey e el o
i YDT y R N N I T
. B L&

SUBROUTINE ;VEL -+~

.TQ‘calcuLateftheJVelocityaof:the point vortices

:Each point vortex has a: velocity due to the.uniform flow. -

“ around a circulat cylinder, plus the velocity induced by

all of.,the -other -point vortices. .- . -

CALL VEL (X, Y, XDT, YDT, NDIM,-KI, KF, TA) ’

Input: T AU
X, Input arrays of vortex locations::
Y

oy

S

NDIM > Dimension of the vortex arrays

KI, .+ KF .7 KL.+:1 is the: number of vortices

KF ~ in an array 5

IA Vortex field point index (see FREEVTX)
Output :

XDT, Output arrays of vortex velocieiee

<

VCF, RVTX ) g

LATAL T ey R

FREEVTX POTFLOW
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SUBROUTINE W

PURPOSE: ' To calculate the coordinates of‘the”poiﬁt'Vortices

at time,tk+1.,. T 5,: g g
METHOD: Each point vortex travels u Atk in the X direction,

and v° At, in the. y direction S "j
USE: " GALL M (X, Y, XDI, YDT, DI, KI; KEF, IA). . .

Input:

X, Vortex locations at t, -

. ocat B2 5

Y

XDT, Input arrays of vortex velocities® -

YDT S _— N

L L

KI, KF ~ KI + 1 is the number of vortices

KF in an array. ‘ Co

IA Vortex field point index (see FREEVTX)

Qutput:

R Distance from'eyiihqetito.vortex'

XTEMP, Temporary storage of the input vortex locations

YTEMP .

%, Vortex locations at tk+1
CALLED o
FROM: VCF .
SUBPROGRAMS
CALLED: . VMFIX
REMARKS : VMFIX is called only if R <. a(t)) . '
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PURPOSE:

- METHOD:

USE:

CALLED
FROM:

" REMARKS:

SUBROUTINE VMFIX

AycTo calculate a corrected point vortex location

The Aty approximation involved in the motion of the
vortices allows for the possibility that a point vortex

... may -cross the cylinder boundary. Since this is

physically impossible VMFIX appends the vortex motion
and places the point vortex outside of the cylinder.
VMFIX calculates the tangent to the cylinder at the
point- where a vortex "has crossed the cylinder boundary.
Appended u° R ¥° are returned to VM such that the point
vortex will travel along the tangent line. ‘

CALL VMFIX (X, .Y, XDOT, YDOT)

Input:

X, Vortex location inside of cylinder

Y . .

XDOT, Original u°, v°

L YROT

DEF Some small parameter (.001), applied to the
transformations to insure that the appended
velocities will result in a new vortex location
ouitside’ of the cylinder.

Output:' '~ i °

L Quadrant in which the point vortex is located

XDOT, Appended 3°, ve

YDOT

VCF

VM calls VMFIX if R < a(ty) (see VM),. upon'returning to VM-’
the vortex location is recalculated startlng with the
original vortex position. - = : s
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SUBROUTINE WRIT

PURPOSE: Priﬁz; bunéﬁ;l;dfﬁéx‘iééétibné,”ééreﬁétﬁg;‘and velocities.

METHOD: : Tape 6 Output, Tape 7 = Punch >
USE: j; 'f”: CALL WRIT (X Y, XDOT YDOT GAMMA ,XB YB GMAB KI’IL
‘ t‘T’KFT 'KIB, KFB, K, NDIM IW) ‘s .
Ingut:
X, Input array of t.b.l. or t.r.s.l. vortex locations
Y
XDOT, Input array of t.b.l. or t.r.s.l. vortex
YDOT velocities
GAMMA Input array of t.b.l. or t.r.s.l. vortex
strengths :
XB, Input array of b.b.l. or b.r.s.l. vortex
YB locations
XDOTB, Input array of b.b.l. or b.r.s.l. vortex
YDOTB . velocities
GMAB Input array of b.b.l. or b.r.s.l. vortex
strengths '
KIT, KFT - KIT + 1 = number of t.b.l. or t.r.s.l.
KFT vortices to be output
KFB vortices to be output
v IW = 6 Print
IW = 7 Punch
IW = 9 Write on TAPE 9
CALLED
FROM: VCF
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APPENDIX Ia

~ PROGRAM ADYNF AND SUBPROGRAM DESCRIPTIONS

L

This appendix contains a brief outline of the purpose, method, and use of
program ADYNF and subroutine FIT. Subroutine RZRO is described in
APPENDIX I. Subroutines SPLINEB and CADRE are not described in this
APPENDIX but are listed in APPENDIX II.
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PURPOSE:

METHOD:

USE:

48

PROGRAM ADYNF
To. calculate CN and CM,X
Values of C_ (2) and z output from PROGRAM VCF are input

on cards to PROGRAM ADYNF, The normal force and moment
are given by

1 ) A
Cy = (4f/n)_[ c dz , and

0
S ] 1 R r, dro ' .
CM,)\ = - (4f/7) J [z +4—f7;:—] c, dz + A CN
0 . A

respectively. Approximations to thse integrals are
evaluated by first obtaining a least squares cubic spline
approximation to the integrand function and then by
integrating the approximate function. The integration
interval is divided into sections, and a cubic polynomial

'approkimates the integrand in each section. The endpoints

of the sections are called "knots" the approximating
cubics being continuous up to the third derivative at the
"knots."

Input:
INFO Data Identification

AATACK  Angle of attack .

- LAMBDA Moment arm coefficient

LENGTH Dimensional body. length

F Fineness Ratio

AW Characteristic length,'g

RW Maximum Radius, d/2

NOKNOT Number of knots used to segment the interval
[0,1]

LX The number of'CD(E) values

X Array of z values



SUBPROGRAMS -

CALLED:

PORCD

XI

COEFL
ERRL2

'ERRL1

CNI

ERROR

IFLAG

CM

CMI

Array of CD(E) values

Array of knot positions, -the length of the .« . : %

array equals NOKNOT

Number of sweeps through oet,(;eference 4)
Knot values after optimizetion

Cubic coefficients |

Leesp square error, spline approkimation

Average error, spline approximation

_ Meiimﬁm epror;:epline appfoximation

N .

tos

Splihe epprbximatioh,to_iptegrand at z

' ‘nseaiee'ertor; epline'appfoxima;ion

Normal force coefficient CN
. 1.
Approximation to the integral J c, dz

0

Computed absolute error in CNI (See Appendix
II - CADRE) .

An integer between 1l -and 5 indicating what
difficulties were met with in obtaining an
approximation to CNI (See Appendix II - CADRE)

Moment coefficient, .C
M, A

Approximation to the integfal

Jl ro drO'- . .
[+ 22 —2] ¢ d5
o a4

SPLINEB, CADRE, FIT, RZRO
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REMARKS : VCF punched output z, Cp(z) is input to ADYNF. The
first value of % output by VCF is z = .03, and the
final value of Z is usually slightly less than 1.0.
it is known that at z = 0, Cp = 0, and by extrapolating
the given data to z-= 1.0, two additional data points
are input to ADYNF. See the ADYNF PROGRAM INPUT DATA
section, and APPENDIX IV - ADYNF SAMPLE INPUT, for further
explanation of the input data. ' ' '

Y

To evaluate the CN and CM ) integrals, the integrand
functions are approximatea using cubic splines. This
smooths the data, and allows for the integrand 'to be
approximated at any z which permits the use of the
integration routine CADRE. CADRE has been proven to be

a very successful numerical integration scheme and errors
in the calculation of Cy>» CM are believed to be less
than 2%. Subprograms RZRO aﬁé RZERO are called by ADYNF.
For listings and use of CADRE and SPLINEB see Appendix II.

LT
ic
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. .. FUNCTION FIT

PURPOSE: f_;;.:;;"Q'I'e-determine the iﬂtegrand vaiues [cnj.br.'
' “r ‘ dra S . . R
[z + 5773 —] ¢ for arbitrary values of z, 0°< z < 1.
4f A n - EE A
dz : :
METHOD: i:{' The cubic coeffic1ents have been supplied by SPLINEB.
;~The . set of coefficients used to. approximate the integrand
34 depends upon knot locations and.z. -, . -
USE: “f"' "Function reference to- FIT (X) N
?A:?I ;”“Inputr}f
X ‘ z
X1 Knot locations
COEFL Cubic coefficients
Output:
FIT Cubic spline apprdximation to the

integrand function

CALLED
FROM: ADYNF
REMARKS : For further information on spline approximations see,

references 3 and 4 and SPLINE listing in Appendix II.
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APPENDIX Ib

SUBROUTINE IC

This appendix contains a listing of SUBROUTINE IC and subprograms referenced
by IC. After tne first program cycle is completed SUBROUTINE IC and its
subprograms are no longer required, and can be replaced by a dtimmy

SUBROUTINE IC. The coding for the dummy program follows the original
SUBROUTINE IC listing.
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o
biaY

Description of Parameters

Variable or FUNCTION Subprogram

Q
QB
AP E:'TA, it
ZTAQO1 (ETA)
ZTAO02A1 (ETA)
ZTAO02B1 (ETA)
PHIO(ETA)

PHI1(ETA)

ZTAO11(ETA)

Descrip tion [2].
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SUBROUTINE IC(AKTI,U,IDIM,JDIM,MODE) B A rowd

NIMENSION U{IDIM,2, JDIM) oo 'il*".'f‘mﬂiQ
NIMENSION NX(53),DEG(53) L N A . “4;' «: S
DIHEN)ION THTA(53) o t R P s '*ALy*

AR

COHVON/BLO”K’O/BX DZ,INTX1,NBIG1 e Ic
COMMON/BLOCK 14/ S (53) sr(szv,sacss) , L
COMMON/RLOCK3IN/T,TI,0ELT,DELTY ,DELTB SR SR (]
COMMON/BLBOX2/TAU,PT4,NBIG A A (]
CCHMONIRLBOX1?IZN(51),ISF° C o ) e
COMMIN/BLBOX 13/KTS, IXTRSET, IXBRSET,UTNBIG(S3),UBNBIG(53) - -
COMMONZRLOCKS5/AK,AKSND,y AKHALF, AKDOT : AIC
COMMON/3LBOX4/A2,A0,81,C0,02, 00,51 ED I¢
COMMON/RLBOXS/ALA,A2A,ADA, P3A,B1A,C2A,C0A, D3R, D1A,EUA,E2A,EQA,FOA IC
COMMON/BLBOX6/GLAsG2A, G1A,GOA, HIA,H2AH1A, HOA, T2A,T2A,T0A ' IC
COMMON/ALBOXT/KGLA,K2A,K1A ,KOA, L3A,L2A,L1A,LDA oo Ic

CONHONIBLBOXBIAQB,A?R AUB,B3B,BiB,C28,003,038,0lB,EQB,EZB,EGB FGB IC
COMMON/3LBOX9/648,628,G18,G08,H3B,42B,H1B,H0B, I28, I18,IUB )

COMMON/BLBOX10/Ku4R,K23,K1?,K0R,L38,L2B,L13,L08 , ! fic
REAL IP,KP,LP B AR {*

. REAL I?,IZA,I?B,Ii,IiA,IiB,IU,IUA,IOB , IR { v
REAL K&, K4A,KuB,K2yK2A,K2B,K1, K1A,K1B,K0,K0A,K08 ' S {
REAL L3,L3A,138,L?,L24,123,11,L1A,L18,L0,L0A,L 08 R {

: IF(MODELEQ. ?) GO TO 1t S IC
c#.‘l"lt ll'tl'l'!l“."l'l‘#ll‘!!llll‘ll!‘.'t#."'ill‘l!"O‘U#llO#'-!\'# Ic
. 3 I . « ;. ‘ ’IC

-wuwnr DATA L T v

: SR ]
c###.‘###‘l'.;‘l#tlt'llll‘l‘ll‘##.ll!l'#l“G'l#l‘l!tll#l!l#‘ll"“‘!#'! Ic
p2=1, o . . Ic

AD= -,5 ot crLIC
F1=1.5 S I 1

Co= ' T YL IC
D2=3,044,7(3.%P1) L R ¢}
D0==.542,/(3.*PI) o o RS 1 v
F1=2,42,/(3,%21) = - - P U {

0z =24/ (3, *SORT (PT)) » I RN (o
ALA==1,0/%e0 . e e _ DA £

A2 =-1,0° T A R 1
AOA=1,0/6,0 ) , s T R {

P38 ==2,0/3.0 , e R 4
RIA==2.0 L A S {~
cPa=-5,0/12,0° S [ A 13
CO0A=-7,0/6.0 ' ‘ o IR - IC
NI:M=9,0/4LD.0 , IC

D18 =133, /249,90 ‘ ‘ ‘IC

ELA =9, 0% SORT (3, 0)/ (S, 0*P1) ‘ L , T 4 -

E2A=27,0*SART{3, M/ (5, 0%PI) ) ‘ T R { ¢

FOA =27, N*SORT(3,0)/(20,7%°) U {~
FOA =84 0*SART (2. 01/ (15, N*SART(21)) o Ice

G4t =-5,0/64042.0/C9.0*OT) : SRS 1
G2825,0/2,042,0/(3,0%PT) o I 1

GlA == ¢ N/ (3, D*SOART(PT)) U {
GO0A=3,0/8,0-1,0/(2,0%PT) SR {

438 =-13,0/12.941,07(3,0*PI) ‘ R {v
M28=2,0/ (3. 0*SART(PI)) ‘ . IC
HIA==73,1/204,%4+23,0/7(18,0%0]) . ()
THOA==1,0/(3,1*SORT(PT)) . i S IC
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I9A=~l.ﬂ/3.0!-1..0/(9.0‘91) <L N . . . . IC 60

I1A=1.1/ (2, 0*SORT(PI)) : . - - IC 61
T0A==5,0/6,N¢4,0/(3,0%PT) S { 62
KLA=-109/2.0-02.0427.9*SORT (3. 8) )/ (15.0PL) =54, 0/(135 9*PI**2) - IC 63
K28 =30 O*KUA.. . - . . IC 6w
vil=-u, 0/SORT(PTI=16.0/ (9. NePI*SART (PI)) . : . IC 65
KOA=140/8.0-(46,0481,0%SORT(3,0))/ (60.0%PI) =160/ (45, 0*PI**2) p{» 66
L38=-1,0/2.0=02,0427,0%SORT (X, 011/ (30.0%PI)=32.0/(135,0%PI**2)  IC 67
(284=2.97 (3, 0*SQRT(PI)) ic 68

LlA"-lg-"/!’ 0=(22.0481.0*SORT (3.0)) 7(36,0%P1)-186, 0/€27,0%P1I%**2). 1IC 69
L0A=(-17,028, NESORT (2.0))/ (15, B*SQRT(PI)) ~16. 0/(15.0‘PI‘SQQT(°I)) IC 70

ALB=1.0/3.,0 ) , IC 71
b?q 0.0 ~. : S S . ) IC 72
- A03=1.0/6.0 .. . _ = . R { » 73
P R33=7,1/12, | I : o e o IC 74
F13=-3,0/8,0 S C o " {» 75
C23=1.0/3.0. S e L . IC 76
€08=<5.,0/12. n s T f . . IC 77
033=-9,0/160.0 o S ‘ , : IC 78
niR==31,N/327,0 ' S Ic 79
EuR==ELA/L.0 T , . IC 80
E2R=-E2A/4.N L o _ , - IC 81
. FOR==C0A/4e0 : T B IC 82
B FO3=FOA - . IC 83
- 63=1,5+2.97(3,0%P1) e e . . - IC . 84
- G2R=,5¢2,0/ (%, N*PI) Ic 85
) G18=0,0 ‘ ) - IC 86
- GNB=5,0/8,0-1,0/(6.,0%PI) Ic 87
. H3R=7.08/4,047,0/(9. 0*PI) S o : . . IC 88
H28=1,0 Ic 89
H1R==1,0/8,0%5,0/(6,N*PT) - S (v 90
H08=0.0 . (] 91
- 128=0.542,97(3,0%P1) Ic 92
. T18=0,0 - ... IC 93
- IN3==1,0/4,042,0/(9.0%PI) ‘ IC 94
iy K63=7,0/640+(26,049,0%SORT(3.0))/(20.0%PI)+32.0/ (45, U‘PI*'Z) . Ic 95
E K23=N0a5+(136.,0+¢81.0*SORT(3,0)) / (60, 0%PI) +32,0/ (15,0%PI*%2) - . IC 96
) ¥13=0,% Ic 97
KNR=3,0/8.0+(56.0+81.0%SQRT(3,T))/(2L0.0*PI)+8,0/(15, D'PI"Z) - IC 98
L3B=7.0/12, 24€24.049.0%SORT (X, 011/ (40, 0%PI) +16.0/ (45, 0*PI**2). ic 99
L2B=0.0 .. ‘IC 100
LiR==5,0/24, "4 (40,0427 ,0*SORT(3.0)) / (48, 0*PI)+8.0/ (9, O*PI**2) Ic 101
LOR=(~2. 048, 0*SORT (2.0))/(15,0*SQRT(PI)) -8 ,0/(45,0*PI*SQRT(PI)) Ic 102
c0¥.§§l¥'lllll'lll‘l¥‘l“l¥¥$-‘444'-'¥l¥‘l‘ll#&l‘ll\‘“"‘ill“6"!44“#4 IC 103
C. . IC 104
c. euo WUNDT OATA C . IC 105
c A ‘ IC 106
c#.llftl!‘!l“"l!lll!!#.li!#!!#"#&'.4!.#!!'6!40&!‘4'!4"‘&4!‘!“1!#4&! Ic 107
| CON TINUE TR .. IC 108
.DO 28 T=1,INTX1 I . . IC 109
D IF(MODELERL L) S(I)=ST(I) o . - IC. 110
s - IFCMODE,EQ.2) S(I)=SB(I) L . Ic 111
L THT ACI) =S(I) : : IC 112
- NEG (T =THTA(I)*RTOD L o o
c': ) Hay 33 ¥ER¥S QC 7= N . . Ic 113
o ULT 41,1)=0,0 ’ ' , . IC 114
,;-- ua 224 10=1,0 - ) . . IC 115
e N0 290 J=2,NBIS _ _ ‘ . IC 116
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C***¥*¥xexx g . C, THETA=0,0

10

20

IF(I.NE.1) GO TO 11

Uq(I ’1,J)=000

GO TO 20 CeEt s
IFCJJoNE.NBIGY GO TO 10

HI 1, NBIGI=2,0*SIN(THTA(L))
IF(MODE.EN1) UTNRIG(I)=U(I, 1,NBIG)
JF{MODE.EG.2) UBNPIG(I)=U{I,1,NBIG)
0 T0 20

CON TINUE

ETA=7NC(J)/7{2.0*SORT(TI))

Q=2 JO*SIN(THTA(I))
NP=2,0*COS(THTAL(I))

Q2P ==2 0 *SIN(THTALIN)

(I 1,J)—Q‘(ZTA"UI(E’A)*TI‘QD‘ZTAoli(ETA)*TI"Z‘(QP"Z‘ZTAOZAI

1(FTAY+Q*NPP*ZTAD2BYI(ETA)))

CONTINUE

Ceessonee U AT T=TI GOES TN U(BAR) AT T=TI

21

00 21 I=1,INTX1
UTH RIG(I)=AKTI*UTNRTG(T)

URNBIG(I)=AKTI*UBNBIN(T)

D0 21 J=1,NS13

UCT 314 J) SAKTI#U (I, 1, J)

IF(MONELEN.2) GO TO 9

TFCLEVEL «GE, 4)CALL RITE(1,IDIM,JDIM;UyZNyNXsSyDEGyZHAT,DELS,K)
CONTINUE

WRI TE (1) (UTNBIG(I), (U(T,1,J) 3J=1,N2IG) o I=1, INTX1)

RET URN

END

SUBROUTINE IC(AKTI,U,IDIM,JDIM,MODE)

PIMENSION U(IDIM,2,JDIM)
COMMON/BLBOX13/KTS, IXTRSET, IX8RSET, UTNRIG(53), UBNBIG(53)
PEADILY (UTNSIG (I, (U(T, 1,0 ,J=1,51),1=1,53)

RETURN

END
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IC
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IC
IC
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IC
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IC
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117
118
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120

1121
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130
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137
138
139
140
141

157

163
164
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.
s

4

B ey oy

"/ FUNCTION PHID(EATA) PHIO
7 PHI PEERF (SATA) 1,0 _ ' ; PHIO
L PETURN PHICQ
eND - ) PHIO
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FUNCTION PHI1(EATA) Sy . PHIT X

.COMMON ALPHA,PI,PI2,RE,SRE,SAQRTPI,OLTA : PHIL .2
COMMON/BLBOX2/TAU, PT4,NBIG . PHEL .3
PHI 122 D *EXP (~-EATA®*2)/SQRTIPT ) PHIY .3

END PHIT 6
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FUNCTION "ZTADII(EATAY

COMMON ALPHA,PI,PI2,REy SRE,SQRTPI,DLTA
COMMON/BLBOX2/TAU,PTL,NBIG
'CUWHUNTBtBOXEle}ﬁU?BT,CU,UZ‘U“}Ei,EU
E=E ATA

A2=1,0

A0 =05

Bi1=z 1.5

C0= 0.5

02=3 0¥, 07 (3.0 PIY
DO=«0,5¢2,0/(3, 0%PI) .
€1=2.042,0/7 (3, 0*PI)"

"E0TS2,0/7 (3,0°SORT(PT)Y

ZTAO1L= (AZ'E"*AQ)'PHIO(E)"Z#Bi"'PHIO(E)'PHIi(E)+CO‘PHII(E)"2
2TA 011= ?TA!li’(DZ‘E'E*DU)‘PHIﬂ(E)#(El'E*EU)‘PHIi(E) ;

RETURY
END
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v

ZTAON1 ¢
2TAD11 2
ZTAD011° 3

ZTACTL %

ZTA011 S
ZTAO11 6
2TAOLL T
ITAD11 8
ZTA011 9

ZTAD1L
ITAO1

“ITAN

zTA0t
ITAD1
ITAT1
ITAO1

10

11

12
13
14
15
16
17

e e T e




*FUN CTION ZTAG2AY(ERTA) -

TZTAOD2A 1

COHHON/BLBOXS/AQA,AZQ,AOA,BBA,BIA,CZA,COA,O3A,Dih,EkA,EZA,EOA,FUA ZTAO2A 2

COMMON/BLBOX6/GU4A,G2A,G1A,GDA,H3A, H2A,H1A, HDA,I2A,I1A,I0A
—COMMONZBLBOXTZKGAT X 2ZA; KTAZKOAGZ UIA; L2ALIALOA
REAL 'IP,KP,LP

REAL I2,I2A,I2ByT14,11A,I18,10,J0A,I08
“REAT KA 3KGA; KUB K23 K2A5 K2R3 K 13 K1AGK I B 3K 0, K 0A3K0B -

REAL L3,L3A,1L38,L2,L2A,L2B,L1,L1A,L1B,L0,L0A,L08
-E=E ATA
PU=PHIOCE

"PP2=PHIN (E)**2

PO3I=PHID(E) **3

“Pi=PHI1ItEY

P12=PHII1(E)**2 -

P13=PHIL (E)Y**3

ET2=E¥*2-

ETX=E**3

ETy =E® v "

A= AGA

A2= A2A

A0= ABA

£3=83A"

Bi= BiA

£2=C2A

- CO=COA

N3=0N3A

D1=D1A

E4=EuA

£2=E2A

E0=EQA

FOo=FOA

Gu=G4A

G2=6G2A

t1=G1A

G0=GO0A

H3= H3A

H2=H2A

Hi=H1A

HO=HOA

I12=12A

I1=T1A

T0=1I0A

Y= KhA

v2=K2A

K1= K1A

“KO=KOA -

L3=L3A

L2=L2A

CoL1=t1A

LO=L0A

AP= (AL*ETLSA2*ET2+A0) *P 03

PP= (B3*ET3+81%C ) *PO2*P1

CP= (C2%ET2+CO) *PO*P12

OP= (MI*ETI+01%E) *PL I
SART2E=SQRT(2,.%) *E

SORTIE=SORT (3. 0)*E .
EP= (EG*ETL+E2*ET24ED)*PHIO(SQRTIE)
FP=FO*PHITV(SQRT2E) *P1
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ZTAD2A 3
ITAOZR &
‘'ZTAC2A S
ZTAO2A 6
ZTAQ2A T
ZTAO2A 8
ZTAC2A 9
ITATZ 10
ZTAD2 11
ITAD2 12
~ZTA02°13
ZTAOD2 14
ZTAD2 15
ITAC2 16
ITAD2 17
ZTAD2 18
ZTA02 19
ITAQ02 20
ZTAD2 21
ZTAU2 22
ZTA02 23
ITA02 24

T ITAD27 2%

ITAD2 26
2TAD2 27
“ITAO2 28
ITAD2 29
ZTA02 30
ITAD2 31
ZTAD2 32
2ZTA02 33
“ZTA02 3%
ZTA02 35
ITA02 36
ITA02 37
ZTA02 38
2TA02 39
ZTAD2 60
ZTRA02 &1
ZTAB2 42
ZTAD2 43
ZTAD2 &4
ZTAD2 45
ZTR02 46
ZTAO2 47
ZTA02 48
ZTAD2 &9
ZTAD2 St
ZTAD2 51
“ZTAT2 52
2TAD2 53
ZTA02 S4
2TAD2 SS
2TA02 S6
2TA02 57
ZTAO2 5t



GP= (GLWPETU+G2*ET24G1*E+GN) *P D2

HP= (MI*FETI+H2*ET24H1*E+HN) *PO*PL

TP= (I2*ET2¢I11*C4+10) *P12

KP=z (KGPETUHK2PET24KI*E+KN) #PQ

LP= (LI*ETI+L2*FT2¢L1%E+L D) *P1

2TAQ2A1= AP*?P#CP+DP+EP¢FP+GP+HP+ID+KP+LP
RET URN

END
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ITAQ2
2TAD2
ITRO02
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2TAD2
ITAD2
ZTAQ2



FUNCTION ZTAD2B81(EATA)

POHMON/BLBOXBIAQB,AZE,AOB,BSB,Bin t2?8B,C08,038,01B,E4B,E2B,E0B,FOB
. COHHON/BLBOXQIGBB,GZB,G!B 608,H38,H28B,H1B,H0R, 128,118,108
"ronﬁonvﬁtSOttﬂrKﬁﬁj“ZB;KtB;KﬁB‘t?ﬁ,t?ﬂyttﬁftﬁB‘

REAL IP,KP,LP

REAL I?,IZA,IZB Y1,11A,118,10,10A,108B
'REAL Kby XKGA S KuB, K?,K?A X2B8,X1y,K1A,€X18,K0,X0A,X08

REAL, L?,L3A,LBB,L2,LZA,LZB,L1,L1A,L18,L0,LOA,LOB
E=EATA

PO=PHIOLE)

P02 =PHIO (E) **2

POI=PHIO (E) **3

PL=PHILItE)

P12=PHI1 (E)Y **2

P13=PHY1 (E) **3

FT2=E*»2—

ET3=E®»3

ET4=E®*Yy

At= A4S

A2= A28

A0= ADB
- BI=TBIT -

f12 818

.C2=C?28

co=CyB

033038

D1= D18

€H=E48 -

E2=€28

ED=EDB

FO=F0B

G4=G4u8

G2=628

G1=619

G0= G0B

H3=H38

H2= H28

H1= H1B

H0= HOB

‘Y2=12%

I1=118

Io=108

Kh=K4B

K2=K28

Ki= K18

xX0=x08B -

LIi=L38

tL2=L28

‘t1=118"

L0=108

AP= (AL*ETLHA2ET24A0) *P O
“BP=(RAICETI+RLI*E ) *PO2%PL-

CP=(C2*ET2+C D) *PO*P12

NP= (D3*ETI¢D1*E) *P13

SORT2E=SQRT (2.08)*E

SORTIE=SORT (3. 0)*E

EP-(Ek‘EkaEZ'FT2+ED)'PHIO(SQRVBE)
FP=FO*PHIO(SORT2E)*PL-
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2TAQ28 1
ZTA028B 2
2TADZ2B 3

“ZTAUZB &

2TA028B S
ZTAD2B 6
ITAD28B 7
ZTA028 8
ZTAD2B 9

ZTA02 10—

ZTAD2 11
ITAD2 12
2TAD2 13-
2TA02 14
ZTA02 15

ZTA02 16—

ZTAD2 17
ZTA02 18
ZTA02719"
2TAQ02 20
ITAD2 21

—ZTR0Z 227

ZTaA02 23
ITA02 24

“ZTAG2 25

ZTA02 26
7802 27
ZITAOZ 28
ZTAD2 29
2TAD2 30
ZTAQD2 3t
7TAD2 32
.TaQ2 33
ITADZ 3%
ZTAD2 35
ITAD2 36
ZTAO02 37
ITAO2 38
LTAB2 39
ITATZ &0
ZTAD2 41
2ZTAD2 42
ZTA027 43
ITAQ2 44
ZTAD2 45
2ZTA02 46
ITAQ2 47
ZTAD2 48

ZTR02 49

ZTAD2 50
ZTAO02 51
IZTR02752
ITAD2 53
ZTA02 54
2TA02° 55
ZTAD2 56
ZTAD2 57
ITAD2 58



GP2 (GU ETU+G2*ET23GI*E+GOY*P 02

HP= (M3*ETI+H2*ET24HI*E+HDI *PO*PY

IP= (T2ET24I1%E+I0) *P12 :

KPE (KGPETL+K2*ET2FKI*EF KOV * PO

LP= (LI®ETI+L2PET24LA*E+LD) *P2

2TA 02B1=AP+BP+CP+DP+EPHFP+GP+HP+IP+XP+LP
RET URN

END
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ZTA02
ZTA02
ZTA02
ITAU2
21802
2TA02
ITAO2
ZTAD2



APPENDIX II

CANNED SUBROUTINE LISTINGS

'

]

f

CADRE
SECOND
SPLINE, ARITHL

TRID
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c
c
c
c
<
C
c
c
c
c
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c
c
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c
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c
c
c
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c
<
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c
c
c
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e XXX NeXeXeXs o Rs s s sz aRs e e Rals R e e e)

FUNCTION CADRE (FsAsB9sAERRyRERR,LEVELsERFORyIFLAG)

YHIS_FUNCTJON_RETURNS AN _ESTTMATE #CADRE# FOR THE NUMRER

INT = INTEGRAL OF #F#%(x) FROM sA® Tn ®pa
WHICH HOPEFULLY SATISFIES . o
ABS(INT = #CACRE®) oLEs  AMAXY (®AERR®, #RERR® TIMES ABS(INT)I,
THE PROGRAM USES CAUTICUS ADAPTIVE QOMRERG EXTRAPOLATION,
IN TWIS SCHEMEs THE INTEGRAL 1S CaALCULATED AS THp SUM OF INTEGRALS

CVER _SULTABLY._SMALL SUEINTERVALS. ON._EACH SURINTERVALe AN FSTIMATE
BVINT®#y WITH ESTIMATED ARSOLUTE ERROR #FRRER%®, IS POUND BY CAUTIOUS

ROMBERG EXTRAPCLATION, IF ®ERRERe® IS SmaALL ENQUGH, ®VINT® IS ACCEPT

ED AND_ADDED_ TC_ #CADRE#+_AND oERRgR® 1S ADCEQ TQ “ERROR®, QTHERWISE

THE SUBINTERVAL 1S HALVEDy ANn EAcCH WAL F 1S CONSIDERED SEPARATELY,
INFORMATION 2BCUT THE CTHER MALF AEING TEMFORARILY STACKED,

#QQGQ INPUTY

LT

F THE NAME OF 4 SINGLE-aRGUMENT REAL FUNCTInN SURPROGRAM
THIS NAMg MUST APPEAR IN THE CaLLING PROGRAM IN AN
EXTERNAL STATENEAT,

AsP THE TWC eNDPOINTS OF THE TNTERVAL CF INTEGRATION
AERR -
RERR DESIREC aBSOLUTE AND pELATIVE FRROF IN THE ANSWER
LEVEL  aN INTEGER INDICATING DESIRED LEVEL CF PRINTOUT
el,Ee 19 NAO PRINTOUT ,
2 2y SUCCESS CR FarLung MPSSAGEs AND LIST OF SINGULAR=
YTIES ENCCUNTERED - (IF_ANY) .
= 39 TN ADDITICNs aslLL SUBINTERVALS CONSIDERED ARE LISTED
TOGETHER WITH THe KIND OF REGULAR BEMAVIOUR FOUND
{IF ANY),
= 4y IN ADPITICN aLL RATIOS CONSIDERED ARE LISTED AS IS
INFO ON WwhICw DECTSION PROCECURE TS BASED,
«GEs Sy IN ADDITICNy_ alL T-TABLES ARE LISTED, .
BHBHY CUTPUT oanaspe
CACRE  ESTINATE OF THE INTEgpAL, RETUPNED VIA THE FUNCTION Calls
ERROR ESTIVMATER ROUNC CN Twp ABSOLUTF ERFOR OF THE NUMBER #cADRE®
1FLAG. AN _INTEGER BETWEEM 1 aND_&_ INDICATING WHAT DIFFICULTIES.

‘WERE

® 1

MET WITWs SPECIFICALLY
ALL IS wELL.

3y IN SOME SLBINTERVAL(g)e TWE ESTIMATE OVINT® WAS ACCEPT
EC MERELY BFCAUSE orFrnRER® WAS SWALLs EVEN THOUGH NO
REGLLAR REHAVIOUp coulD BE RECOGNIZENS

49 FATLURE, CVERFLNWw OF STACK #TS#* (THIS HAS NEVER HAPPEN
ECe = S0 FaR)o

z By
RE RUE 10 TOC MyeH nplISFE IN THE FUNCTION (RELATIVE T
TFE GIVEN ERROR nEQUTREVMENTS) OR DUE TO A PLAIN ORNERY
INTEGRAND»

- A VERY CAUTICUS wvaN wOLLPR ACCFPT oCArRE® ONLY IF IFLAG IS 1 OR 2t

THE VERELY REASONARLE MAMN wOULD KPEP TwE FRpITH EVEN IF 1FLAG IS 2,
THE ADVENTURCLS ~vanN 1S QUITE oFTEN RIGHT IN ACCEPTING ®CADRE®
EVEN IF IFLAG 1¢ 4 R S,

sennn

esa®e  LIST OF MpJCR VARIABLES

CUREST REST €STiMaTg SO FAR fFOR
INT = (INTEGRAL OvpR CURRENTLY CONSIDERED. SUBINTERVAL) .

FNSIZF MAXINMUM AVERAGE FUNCTION <YZF S0 FAR ENCOUNTERED,
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CADRE

29 ONE ORE MCRF SINGULARITIES NEFE _SUCCESSFULLY_WANDLED. .

FATLURE. 10C SMALL A SURINTERVAL IS REQUIREDS THIS MAY.

!

CADRE
CADRE
CADRF
CADRE
CADRE
CADRE
CAORE

VO~ RNPWN -

CADRE
CADrRE 10
CADRE 11
CAURE 12
CADRE 13

'CADRE- 14

CADRE 1>
CADRE 16
CADRE 17
CADRe 18
CADRE 19
CADRF 20
CADRE 21
CADRE 22
CADRF 23
CADRE 24
CADRE 25
CADRF 26
CADRE 27
CADRE 28
CADRE_29
CADRE 30
CADRE 31

CADRE_32

CADRE 32
CADRE 34

.CADRE 35_

CADRE 36
CADRE 37
CADRE 38
CADRE 39
CADRE 40
CADRF_41
CADRE 62
CADRF 43

CADRF 64

CADRE 45
CADRE &6
CAQRE 67
CADRE ¢8
CADRE 49

CADRE _50

CADRE 51
CADRE 52

CADRE 53

CADRE 56
CADRE 55
CADRF_S6.
CADRF 57
CADRE 58
CADRF 59
CADRE 60



0(1()0(1()0(1n(ﬁ(’n(3()Of’n(ﬁfiﬂ(ﬁf)ﬁ(ﬁ()ﬂ(ﬁf)ﬁ(’ﬂfﬁ()ﬁ(’h(ﬁf)ﬂtﬁf)ntﬁfiﬁtﬁ()({n (o]

ERR

ERFK
STa

R

a
GE

RELATIVE F=RRQR RFGUIRFVENT USEnt PERIVED FROM INPUT #RERRe
ahNC CHCSEN To LIE BETWEEN o1 AMD 1¢ TIMES ®TOLMCH®,

= ABS (HAERR®) ' 4

(MCRE CR LFESS) EclaL TO » TO TRE =(#ISTAGE®)

THESE FIVE QUANTITIES ARE USEn In THF nFTEFNINATION OF THE LOCAL
ERROR REGUIREMENT.

STE
18

1s7

ToL

ALY
h27
AT

1%1 4

MAX
Max
M XS

Se€

G-
15~
2o-
30~

40~
So-
60~
70~-
go-

S0~

$00

#

%

P¥N

AGE

fnpae

MCH

LOW
OLo
TOL»
PTL

TS
TRL s
TGE

L2

14
19

SET UP NEXT SUBINTERVALS

MINIMUM SUKINTERvVAL LFENGTH PERMITTEn.
STACK. CF VALUES CF F(x) sn FaR COMFUTED rRUT NOT YET

SUCCESSFULLY USEr,

AN INTEGER INDICATING The HETGHT OF THE STsCK OF INTERVALS

YET TC BF PRCCESSED. 4
LIST CF PARAMETERS  wa®se

DEFENDS €N THE LENGTH OF FLOATING FOINT MANTISSA3 SHOULD RE

ABCUT 1.E=7 FOR 27 BINARY BIT MANTISSA AND

ABCUT Jo4F=13 FCR 48 RYNARY BIT‘MANTI‘SAo

SHCULD BrF SOMEWHAT GREATeR THRAN 1,

TOLERANCES USEL IN Trr DFCISION PRCCESS To RECOGNIZE
Re42 CONVERGENCEs X®apLPHA TYPF CONVERGENCE, nR T
JUMP=TYPE CONVERGENCE OF THE TnAPEZOID SLMS.

ARE THE TH%EE EIFFERENT UPPER |IMIT< FOR THE DIMENSION OF
THE VARIAUS ARRAYS,

2 2] FRCGRAM LAYCUT

22 % X 4

INITIALIZATYIQON,

BEGIN wWOEk On NEXT §URINTFRVAL

GET NEXT TRAPFZOIC. Suym

GET RATICS. PRELIMINARY DFECISInN PFOCEDURE=

ESTIVATE #VINT® aSSUMTNG SMOOTH INTEGRAND

ESTIMATE #VINT® ASSUMING INTEGRAND HAS XGGALPHA TYPE
SINGULARTTY

NG LUCK wITH TrIS TRApPEZNID SUM, GET NEXT ONE OR’ GET ouT.
ESTINATE #VINT# ASSUMING INTEGRAND HAS JUMP

ESTIMATE ovInT® ASSUMING INTEGRANpD IS, STRAIGhT LINE
ESTIMATE #VINT®# aSSUMING VARTATION Ih INTEGRAND s

1S MCSTLY NOISEe ]
INTEGRATTION QVER CURRENT QUBINTERVAL SUCCESSFUL.

IF ANv, OF RETURNe .~
SUBINTERvVAL NOTY QUCCESSFUL.
FOR. SURDIVISION AND SET UP:

INTEGRATTON QVER CURRENT
MARK CURRENT SUBINTERVAL
NEXT SLRIMTERVAL,
FAILLRE,

DIMENSICN T(lﬂolC)9F(10)OATT(1q)QDIF(ln))FN(4)9

REAL
LOGIC
DATA
/
DATA
DATA
CANRE
ERRCR
IFLAG

TS(23 49),IbECS(3n)99FGIN(3r)oFINIS(BO)oEST(io)
LENGTHy (JUMPTL
AL HECCNV.AITKEN FIGHT,PFGLAR,RF61<Vt30) .o
TOLMCH;AITIou.hZTCL'ATTTn;cJUMPTL,NAXTS.NAXTBL.MXSTGF
2¢E=139 1.1 o 1% o 41 v 401 4 2049y 10 » 30/
RN/ eT71420053,¢3466281844R43751,,12€633046/° :
ALC4C2 /,35102%96566139795,
Os
0o
1
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"CADRF

CADaF
CADRF
CADRF

CADRF
CADRFE
CADRE
CADRF
CADRE
CADRE
CADRF
CAD®F
CADRF |
CADRE
CADRF i
CADRE i
CADRF
CADRE
CADRF
CADRE
CAODRE
CADnF
CADRF
CADRF
CADRF
CADRE
CADRE
CADRFE
CADRFE
CADRF
CADRF
CADRE
CADRE
CADRF
CADRE
CADRF
CADRE
CADRFE
CADPF 99
CADRF100
CADRE101
CADRE102
CADRF103
CADRFE104
CADRE10S"
CADPF106
CADRELO7
CADRF1U8
CADRE109
CADRF110
CADREL11
CADRF1l12
CADRF113
CADRE1l1l4
CADRFE11S5
CADRF116
CADRF117
CADRF118
CADRE119
CADRF120
CADRF 121



0O0NOON0000NO00NDOODONDO0ANNN0N0NANOO O

LENGTH = apd>(B=A)

IF (LENGTH +EG. 0.) : RETURN .
AEBRB_!“AM1N114JJANAKILABS(RERRlelD4!IﬁLMLLUJ_
ERRA = ABS (AERR) ,
STEPMN 3 AMAX] (LENGTH/FLOAT(204MXSTGE)
* AMAXY (LENGTHABS (A) 9ARS(B) ) *TOLMCH).
STAGE = ¢

JSTAGE = )

CUREST.= (0.

FNSIZE = 0.

PREVER = 0,

REGLAR _=_ oFALSES,

THE GIVEN INTERVaL OfF INTEGRATION IS THE FIRST INTERVAL CONSIDEREN.

BEG.= A

FREG = F(BEC)/2.

TS(1) = FBEC

IBEG = 1

END = B

FEND = F(ENC) /2,
18421 = FENC

IEND = 2

S RIGHT = +FalLSE.,

INVESTIGATION CF A PARTICULAR SURTNTeRVAL BEGINS AT TWIS POINT,
*aoen MAJQOR VARIAR| ES  #atas

.BEGO

END ENCPCINTS OF TRE CURRENT tNTERVAL

_FBEG.,

FEND ONE FALF THE VALUE OF F(xy AT THt ENCPOINTS

STEP - SICGNED LENGTW CF CURRENT GQUBINTERVAL

ISTAGE HEIGFT OF CURRENT SUgTNTgaVap N STACK OF SUBINTERVALS
YET 10 Bf NOAE i '

RIGHT a LOGICAL VARIABLE INNICATING WHETHER CURRENT SURINTERVAL
IS RIGFT HalLf CF FREVIOUS SURIMTERVALe NEEODED IN BnFF AND
g0FF TC DECIDE WrAT INTERVAL To LOCK AT NEXT,

TS(IYe I=IBEGoeeossIENDy CCNTAYNS THE FIINCTION VALUES FOR THIS
SUBINTERvAL SO FAR CCMPUTEDs SPECIFICALLY,

TS(I) a F(BEG « (l«TREG)/(TENN=TBEG)®STEP),y ALL !
EXCEFT TwAT TS(IREG) & FrrG, Te(IFAD) = FEND

REGLAR A LOGICAL VARIABLE INNICATING WHETFER OR NOT THE CURRENT
SUBINTERvVAL IS REGULAR (erE NOTFS)

R2CONV A LOGICAL VARIABLE IANICATING WHETHER H#483 CONVERGENCE OF
THE TRAPEZ0OID SUMS FOR THTS INTERVAL IS RECOGNIZED,

AITKEN A LOGICA{ VARIABIE IANICATING WHETHER CONVERGENCE CF RATINS
FOR THIS SURINTERVAL 1S prFCOGNTZER

T. CONTAINS THE FIRST @) 4 RCOWS OF THE RCMBERG T=TABLE FOR THTIS
SUEINTERVaL TN ITS LOWER TRIANGULAR FART, SPECIFICALLY)

T(1s1) = TRAFEZ?CID sUM (WITHAUT THE FACTNR &STEP®)
ON 2%8(l=1y « 7 EpUISPACELC POINTSy I=1sasasly
Tlled®1) = TLled) & (T red)=Ttl=led))/(a08y = 1),
JE2eeeesT=1y =29, .00l
FURTrERs THE STRICTLY UPPFR TRYANGLLAR PART OF T CONTAINS
THE RATICS FOR THE 'VapIous CcL!!MNS OF THE T-TABLE.
SPECIFICaLLY,
T(del) = (T{Lo ) =T ({11 o ))) /7 (TtIa1 o) =T(I0d))s
I=J’LOOOOQ|.'19 J=l..00'|-'2°
FINALLYs THE L8ST OR (| =TH COj UvN CCNTAINS
TUJel) = T(Led) = T(l=1,Jd)s J=legasrl=1,
6 STEP = ENL « REG
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CADREl1E2
CADRE123

" CADRF124

CADREL2S
CADRE126
CADRE12T
CADRE128
CADRE129

CADRE130

CADRE131
CADRE132

CADRE133

CADRE134
CADRE135
CADRE137
CADREF138

_CADRE139

CADRE140
CADRE141
CADRE142 _
CADRE143
CADRE144

_CADRE145

CADRE 146
CADRE147
CADRE148
CADRF 149
CADRE150
CADRF151
CADRE 152
CADRE153
CADRE154
CADRF155%
CADRE 156
CADRE157
CADRE158
CADRE159

" CAlPE160

CADRF 1061
CADRE 162
CADRF163
CADRF164
CADRE165

.CADRF166

CADRg 167
CADnF168
CADPRF169
CADRFL170
CADRE171
CADRF172
CADRE1T73
CADRFE174
CADREL17S
CADRF176
CADRELT?
CADRELT8
CADRF179
CADRE 180
CADRE181
CADRF182



ASTEP = .ABS(STEP)

IF (ASTEP LT, STEPMN) 60 T0 950

TF (LEVEL -GE. 3) wRITE(64609) BEG.STEFsISTAGE

€09 FORMAT (10N wEG+STEP 92E16.Re1IR)

T(1sl) = FBEG ¢ FENC

TABS = ABS(FBEG). + ABS(FEND)

L =1

N =1 .
_H2CCNV. = oFALSEa

ATTKEN = oFALSE.

. | GO TO 10

9 IF (LEVEL .GE, &) WRITE(£4692) L,T(1sL¥1)
10 LMy = L

- Ls L ¢« 1.

¢

CALCULATE THWE NEXT TRAPgZCID SUM. T(Lel)e WHICH IS BASED ON
C *N2#® ¢ ) EQUISPACED PCINTSe HERE., N2 ® N#2 3 2#8(L=7) .
N2 = \#®2
FN = N2 '
ISTEP = (IEND - IBREGI/N
FOLISTEP +G1, 1) GO Y0 12
I1 = 1END '
IEND = IEND ¢ N -
1F (IEND «GT, MAXTS) GO TO S00
HCVYN = STEP/FA
111 = 1ENC.
DO 11 I=1sN2y?
TS(IIT) = TS(11)
JS(II1=1). = F(END. = FLGAT(T)“HOVN)
I11 = 112
11 I = II~-1
ISTERP = .2
12 ISTEP2 = IBEG + ISTEP/2
SUM = Qo
SUMABS 2 0.
DO 13 I=ISTEP2,IENDSISTEP
SUM = SLM + Ts(1])
13 _SUMABS 7 SUMARS. ¢« ABS(IS(1))_.
T(Lel) *3 T(L=141)/2 ¢ SUM/FN
TARS .= TABS/2, ¢ SUMARS/FN
_ABSI..s ASTEPSTABS
N = N2

GET PRELIMINARY vallUg FOR_ !MlMIQ_ERQM_LASL
UPDATE THE ERRCR REQUIREMENT aFRGnAL#& FOR TH!S SUBINTFRVAL.
THE ERROR REGUIREMENT IS ‘NOT PRORATED ACCORDING T0 THE LENGTH OF
THE..CURRENT_ SUBINTERVAL RELATIVE 10 THF INTERVAL OF __INTEGRATION,
BUT ACCORDING TO THE HEIGHT OISTAGE’ OF THE CURRENT SUBINTERVaAL
IN THE STACK OF SUBINTERVALS YET 10 BE DONE.
JHIS PROCECURE 1S_NOT. BACKED. aY_anNY RIGOROUS ARGUMENT, BUT
‘SEEMS TO WCRK,
IT =
VINT. .= STEPST(Lely
TABTLM = TABSaTOLMCH
FNSIZE = AMAXT(FNSIZE.ABS(T(LeV)))
ERGOAL. = AMAX]1(ASTEP®#TCLMCH®FNSIZEY
o STAGFeAMAX] (ERRA, ERRR;ABS(CURESTOVINT)$)

nbonbnnhn

c
COMPLETE ROW._L_ANC COLUMN_L -OF #T# ARRAY.
FEXTRP = 1.
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‘CADRE183
CADRE184 .
CADRF18S
CAUREL86
CADRE187
CADRE 188
CADRE189
CADRE190
CANRE191
CADRE1Y2
CADRE193

_ CADRE194

CADRE 195
CADRE196
SAQBEL%l
CADRE198
CAORE199
CADRE200

CADRE201
CADRE202

_CADRE203

CAORE204
CADRE20S
CADREZ06
CADRE207
CADRg208

_CADRF209

CADREZ210
CADRg211
CADReZl12
CADRg213
CADRE214
CADRF21S

CADRE216
CADRE217
CADRE218.
CADRE219
CADRE220
CADRe22]
CADRE222
CADRE223

- CADRE224.

CADRE22S
CADRE226

CADRF227
CADRE228
CADRE229
CADRER230_
CADRE231
CADRE232
_CADRF233
CADRE234
CADRE23S
CADRE236 _
CADRE237
CADRE238
~ADRF239
CADRF240
CADRE241

..CADRE242_

CADRE243



DO 14 I=1l.LM]
FEXTRP = FEXTRP®4, . .
T(lel) = T(L.T) = TLL-IJI)

14 T(Lelel) = T(LoI) o TUIsL) /(FEXTIRP=14)

ERRER = ASTEP#ABS (T(1l,L))

C._?.-------------C---gn.-------.p._-_-..6--'-_qg--------------------’--e--._

c--q

PRELIMINARY DECISION PROCENURE

C IF L = 2 AND T(241). 3 1(1sl)s GO TO €0 YO FOLLOW UP IHEAIMERESSIQN

C THAT INTEGRAND IS STRAIGHT Lrue.
IF (L «GT. 2) G¢0 T0 18
IF ARS(Y(1e€)) o E. IABILM) GO 10 ¢n
: 30 T0 10
c

C

¢

0000000 OO |

0OONDOOOOO

CALCULATE. NEXT._RATICS. FOR COLUMNS 14, 4esle2 OF T-TABLE

RATIC IS SET TC 2RO IF DIFFFRENCF IN LAST TwO ENTRIES OF

‘COLUMN IS ABCUT ZERO,

15 .00 16 I=24LM]
DIFF = 0s .
IF (ABS(T(I=1,L))
16 T(I=14LM1) = LIFF

T(1eLM1) IS THE RATIo-cERIVED‘FRoM LAST THWREE TRAPEZOQOID SUMSy I.E.s
"TAlelM1) = (T(L=) .1)°T(L'?.1))/(T(L'i)-l(L-liJ) - '
IF THIS RATIC IS ABOUT 4« GO TO 2a FOR ROMBERG EATRAPOLATION,
IF THIS RATIO IS ZERQs I4Ees 1F LAST Tv0o TRAPEZOID SUMS ARE AROUT
EQUALLNGOHIC_JAmFoR4POSSIB|E.koISE CHECK.
IF THIS RATIC IS ABOUT 2 IN ARSOLUTE ValLUEy GO TO SO0 WITH THE
BELIEF THAT INTEGRAND KAS JuMp DISCONTIAUITY, ,
IF THIS RATIC IS, .AT LEAST, .AROUT_EQUA1I TO. THEE PREVIOUS RATIO, THFN
THE INTEGRAND MAY WELL HAvE A NICF INTEGRABLE SINGULARITY,
GO TO 3¢ TO FCLLOW P THIS HUNEHe
IF  (ABS(4e=T (14LML)) .LEa. W2TOoL) GO TO 24
IF (T(lolVM1) LEQ,. ) GO T0 18 .
IF (ABS(2,=ABS(T(]1sLMI))) JUMPTL) CO TO S0
IF (L «FQe 2) GO TO ¢
H2CONV = JFALSE., .
IF (ABS((T(1oLM1)aT(1eL=2))/T(T9LM1)) LLEs AITTOL)
) 60 TO 38
AT THIS POINTs NC REGULAR bERAVIAHR wAS DETECTED,
IF CURRENT SUBINTERVAL IS NOT REGULAR aND CNLY FCUR TRAPEZOID suns
WERE CCMPUTEL SO FaR, TRY.ONE. MORE.. TRARPEZ01D _SUM,
1F o AT LEAST, LaST TWC TRAPEZ20In SUMS ARF AROUT EQUALe THEN
FAILURE TO RECCGNIZE REGLLAR mEHAVIOUR MAY WELL BE DUE TO NOISE.
GO. .TC .70 .TC .CRECk THIS OULT.
CTHERWISEs GC T0 9 FOR FURTWER SUBDIVTSION.

«CTo TARTLM) DIFF = T(I=1oLM1)/T(I=14L)

AT

17 IF (REGLAR)
IF (L +EQ. 4)
18 IF (ERRER LE, FRgOAL)
IF (LEVEL +CE. «) wRITE

GO Y0 18
GO 10 ¢
GcO Y0 79

{Ae683) LoT(lelM)1)

¢0 YO ¢

C--------------------.'---.--------------------------------------------

CALTIQUS ROMBERG EXTRAPQLATICN

FOR JS19,0e9L=2¢ THE E‘TIVATF
STEF®T (Legsl)

OO0O0OOCOOO

IF THE LAST ﬁA1IP
70

THE CURRENTs OF | =TH, KOW OF THE DOMBEDG T-TABLE HAS L ENTRIES.

IS RELIEVEC TO HaVE TS ERROR BOUNDED RY
ABS(STEPR(T(La ) »T(L=1au))/(4%8) = 1))

CADRE244
CADRE245
‘CADRE246
CADRE247
CADRE248
CADRE249
CADRE250
CADRE251
CADRE252
CADRE253
CADRE254
CADRE25S
CADRE256
CADRE2S7
CADRF258
CADRE259
CADRE260
CADRE261
CADRE262
CADRE263
CADRE264
CADRE265
CADRE266
CADRF267
CADRE268
CADREZ269
CADRF270
CADRE271
CADRE272
CADRE273
CADRE274
CADRE27S
CADRE27T6
CADRE277
CADRE278
CADRE279
‘CADRE280

~ CADRE281

CADRE282
CADRE283
CADRE284
CADRE28S

CADRE286
CADRE287
CADRE288
CADRE289
CADRE290
CADRE291
CADRE292
CADRE293
CADRE294
CADRE295
CADRE296
CADRE297
CADRE298
CADRE299
CADRE300
CADRE301
CADRE302
CADRE303
~ADRE304



c TEJILML) 2 (T(LepouieTtLed s NI/ (T(Lod)eT(L=1,0)) "CADRE305

C FOR COLUMN J OF THE T=TARLE 18 ABQUT seey, ~ CADRE306
‘C THE FOLLAWING ]S A S| IGHTLY RFLAXFD cXpPRESSION OF THTe BFI'IEF, CADRE307_
20 IF (LEVEL +CE, 4) WRITE (8,619) L,T(1sLM1) ~ CADRE3¢8
619 FORMAT(ISIE16.,B9Sx6HH2CONY) : . CADRE309
IF (H2CCNV) GO Y021, _ _CADRE31O0
AITKEN = LFALSE, CADRE3L1.
H2CONV = JTRUE, CADRE312
: Te (LEVEL oGE. 3' WRITE (&e62A) L. . . CADRF313
620 FORMAT (22K F2 CONVERGFNCE AT ROWy13) CADRE31 4
21 FEXTRP = 4, ' CADREJILS
22 1T = IT ¢+ 1 CADRE316
VINT = STEP*T(L Im - CADRE317
ERRER = ABS(STEP/(FEXTRP=1,)10T(ITal.L)) CADRF318
TF (ERRER_+LE. ERGOAL). G0 TN RN : . CADRF319
IF (IT +EG, LMY) GO TO 40 I " CADRE320"
IF (T(ITeLM1) LEGQ, 0s) GO TO 22 ‘ CADRE321
IF (T(ITeLM1) «LE, FEXTRP) GO.T0 40 ' , CADRE322
IF (ABS(T(IToLM1)/4e=FEXTRP) /FEXTRP LT, AITTOL) CADRES2ZS
™ - FEXTRP = FEXTRpPa4, , CADRE324
_ 60 YO 22 ) CADRE325
c-------o-----------------‘--—---—-------------------Q---------------- CADREaaG
C=== INTEGRANC MAY HAVE X#®A{ PHA TYPF SINGULARITYe==esecnomcoccacaaaas  CADREI2?
C RESULTING IN A RATIO OF #SINGe = 2a®(ALPFA + 1) ~ _ CADREg328
30 IF (LEVEL LCGE. o) WKITE (g,629) L,T(1sLM1) ) ’ CADRE329
629 FORMAT(IS4EL6.,RsSX6FATTKEN) , . CADRE330
IF (TA1sLM1) LT, ALITLCW) 60. 70.91 _CADmE331
IF (AITKEN) GO Y0 .21 CADRE332
H2CONV = .FALSE, ' ‘ CADRE333 "
AITKEN 2 oTRUE. CADRE334 .
IF (LEVEL JCE, 3) WRITE (k.637) L CADRE335 °
€30 FORMAT(14k AITKEN AT BCWsI3) CADRE336-
-3) FEXTRP_= T(L=2esLM1) _ CADRE33T
F (FEXTRP +GT. 4,5) GO Tu 21 CADRE338
IF (FEXTRP oLTe AITLOW) GO0 T0 61 CADRE339
IF (ABS(FEXTRP-T(L-39LN1))/T(l.LM1) «GTe KH2TOL) CADRE340
o GO 10 91 CADRE341
IF (LEVEL +CE, 3) WKITE (6.637) FEXTRP CADRE342
€31 FQRMAT(6H RATIO9F1248). CADRE343
SING = FEXTRP CADRF344
FEXTM) =2 FEXTRP = 1, CADRF 345
DC 32 I=2sL CADRE346
AIT(I) = T(Ie1) & (T(lol)eT(laVsly)/FEXTML CADRE347
R(I) = T(lel=1) CADRE 348
32 DIF(I) = AIT(T) = AIT(I=1) CADRE349
1T = 2 CADRE350
33 VINT = STEP#ATT(L) CADRE3S5] -
I1F (LEVEL +LT, 5) GC TC 333 CADRE352
WRITE (69€32) (R{[+])el=1T,LMY) CADRF353
WRITE (€9632) (AIT(I)eI=1T.L) CADRE354
) WRITE (€9632) (DIF(I*1)sl21Te1M]) CADRE35S
€32 FORNAT(1XyBE1S.R) CADRF356
333 ERRER = ERRER/FEXTM] _ CADPE3ST .
IF (ERRER L,GT, ERGOAL) . GO YO 34 CADRE358
ALPHA = ALOGIG(SING)/ALG40> = Y. CADRE359
IF (LEVEL +CE. ?) WRITE (£,633) AI.PHAYREGIEND ~ CADRE360 -
€33 FCRMAT(11X4ZHINTEGRAND SHOWS SYNGULAP REWAVIOR OF TYPE CADRE361
[ ] 4HX¢‘(F4-2,9P) EETWEEN;TSOQ’AH AhDElS-E)‘ CADR€302
IFLAG = MAXG (IFLAGeZ) CANDRF363
G0 TO @n CADRF364
34 1T =2 1T + CADRE36S



IF (IT +EG, LvI) cO0 TO 40
IF (IT «GT, 3) - G0 70 25
to 0 THZNEXT =046 o .
ST SINGNX = 2,%SThNi - - : .
© 35 1F (H2NEXT oLT. STNENX) c0 TO 26
FEXTRP = SINGAX
SINGNX = Z+#STNGNX
GO Y0 .37
36 FEXTRP = r2NEXT
D HANEXT = 44%HPNEXT

37 DC 38 I=ITsLM _ )

R(T+1) = Jo : :
38 IF (ARBS(DIF(T+1)) JCT, TAATLMY R(TI+7) = DIF(D)/DIF(T+1)
IF (LEVEL JCE, 4) WRITE (£,63R) FEXTPP,R(L~1)4R(L)

638 FCRVMAT(16F FEXTKP «. RATIOSq3E!§08)

- H2TFEX = ~HZTCL%FEXTRF
~”VIF:(R(L) - FEXTRP LT, H2TFEX) GO YO 40
L IF (R(L=1)=FEXTRP LT, H2TFEX) GO Y0 41
"ERRER = ASTEP#aA3S(DIFAL)). .
FEXTM) = FEXTED =1,
DC 39 I=1TsL - = ’
AIT(IY = AIT(y). .+ RIF(I)/FEXTMY
39 DIF(I) =2 AIT(1) =~ AlLT1I=1)
¢0 TO 33 . y

CURRENT. TRAPEZOID St:% AND RESULTING eXTRAPOLATED VALUES DID NCT vae

C A Smatl ENCUGH g RRER%,
C IF LESS THAN FIVE TRAPEZCID SUMS WERE ~OMPLTED SO FAR, TRY NEXT
(ol TRAFPEZ2Q01ID SLM,
C OTHERWISEY DECIDE wHgTHER ro =0 AN OR TO SLBCIVIOF AS FOLLOWS,
C WITH TI(L+IT) GIVING THE CLRRENTLY BEST ESTIMATEs GIVE UP ON DEVELOP
C - ING THE T=TABLE FURTRER IF 1 «GT, IT*2¢ TeFeo IF EXTRAPOLATION
C OIC nOT GO VERY fFaR {NIO THE T~TaplLE.,
C FURTHERs GIVE LP 1F RECUCTION TN #ERRER# oT THE CURRENT RATE
C COES NCT PREDICT an #fFRRFR® L rSS THAN #FRGCAL® BY THE TIME
C  #MAXTRL® TRAFEZOTO syms +HAVE nEEN COMPUTED.
C *===N(Tfwa= .o . oo
C PFAVING PREVER 41 T. gRREF IS AN aLMAST CERTAIN SIGN OF. BEGINNING
C TRCUA4LE WITH NCISE IN THE FUNRTION VALUES, HENCE,
C A wATck FCRe ARD CONTRCL CFse NOTSE SwOUILD BECGIN HERES
. 40 FEXTRP = AMAXY (PREVER/ERREQ.ATTLOW)
-PREVER = ERRES
IF (L «LTs €) . GO TO 10 y
e IF O (LEVEL JCE, 3) WRITE (4,649 EqupoFFGcAL.FFxTRo,IT
€41 FORMAT(23F ERRERGERCOOLFEXTRP(IT(2F15.89E145¢13)
cx - IF (L=IT «GTe 2 oaNCe ISTagE .1 Te MYSTGE) GO To 99
IF (ERRER/FEXTRPea(MaxTdlLe) ) .1 Te ERGOAL) GO Tn 10
c¢0 TO 99
ci-.poccou---------------- LA L Y L ¥ Frpey L F A LA R LA KA J A X 0 L L XL X L A4 X 3 L 1 %)
Co===~ INTEGRANC #aS JUMP (SEE NOTES) eewesccrecsccacccccecncccnccecs
T 80 IF (LEVEL +CE, 4) WRITE (£4640) LeT(lol M)
" €49 FCRMAT(ISIELOReS5x4rJUNP)
. F- (ERRER LCT, ERGOAL) G0 TO SO
C NOTE THRAT 24FN =z 2%a|
DIFF = ABS(T(1eL))®ZeuFN
: IF (LEVEL oCF, 2) WRITE (&,657) DIFF+BEGEND
€50 FCRMAT(13IXIEHINTEGRAND SEEMS Ta HAVFE JUMP OF STZEE13,69
: % . 8H BETWEENE1SeRe4H ANDFYSen)
GO YO 81

c.,.-.---'----...-----------.-.-----------------.---------------------.-.

INTEGRANC 1S STRATGHT LINF
72

C‘.--- N L LTI AL E L L T T T R T L T YT Ty Sy

CADRF 366
CANRF307
CADRF 368
CADRFE 369
CADRE3TO
CADRE371
CADRE3T2
CADRF373
CADRE374
CADRE3TS
CADRF 376
CADRE3T?
CADRF 378
CADBFE379
CADRF 380
CANRE3B]
CADRF 38?2
CADRE 383
CADRF384
CADRF 385
CADPF 386
CADRE3H7
CADRE388
CADRF 389
CADRE390
CADRF391
CADRF392
CADRF393
CADRE394
CADRERYY
CADREI3Y6
CADRE3S7
CADRE398
CADRE399
CADrE4UO
CADrRE40]
CADRF4(2
CADRF403
CADRF4 Q4

.~ CADRF40S

CADRF406
CADRE4OQ7
CADRF4 U8
CADRFE409
CADRE410Q
CADRES4 11
CADRF412
CADrRFE413
CADRE4 14
CADRE41S
CADRE416
CADRE417
CADRFE418
CADRF419
CADRF 420
CADRF421
CADRF422
CADRF423
CADRE424
CADRE42S
CADRE426



"INTFRPOLATING THe INTEGRAND AT THE TwO FNNPOINTS oF THE SUR=
" INTERVAL. IF TEST IS PASSEDs ACCEPT #ViNle , ]
60 IF' (LEVEL .CGE, o) WRITE (6,660 L
. 660 FORPAT(ISvZIX13HSTPAICFT LINE)
SLOPE = (FEND-FREG)*2,
FBEG2 = FBECG®2,
I2les
DIFF s ABS(F(REG¢RN(IVY¥STEP) « FBEG2«RN (1) *SLQPE)
(DIFF «GT, TARTLV) GO_TO 72
6) CONTINUE '
4 IF. (LEVEL +CGE, 3) WRTITE (ke667) REGs END
667 FORMAT(27X43HINTEGRAND SEEMS Tn BE STRAIGHT LTNE BETHEEA
& E1S,894H ANDEL1S 8}

L0000

GO TU ¥90

TEST*'THIS ASSUFPTTON BY CCMPARING THE vALUE CF THE INTEGRAND AT
FOUR ‘#RANDCMLY CWOSEN#® PCINTS WITW TWE VALLE OF THE STRAIGHT LINE

4

c-.,-----------.-----—--------ﬁ‘.----------.----v------.----------------

[ L0 T

NOISE MAY nE DOMINANT .FEATURE

INIERPQLATING THE INTEGRAND AT THE TwO anFOinlsl_lﬁms_ALL

ENQUGHs ACCEPT ®VINTs,

70 IF (LEVEL oGE. 4) WRITE (6,675) L,oTr1sLM1)

€70 FnRNAT(IS-Elb Re5xSFNCISE)
SLOPE =" (FENDSFBEG)*2,
FREG2 = FBEG#2.
1 =1

71 DIFF = ABS(F(REGeRN(I)#STEp) . FBEG?-RN(I)’SLOPE)

72 ERRER = AMAX] (ERRERIASTEP#NIFF)

05400

IF (ERRER +GT. ERGOAL) - 60 10 93
1= lel ' -
IF (1 oLEe 4) GO O 71

' IF UEVEL -GE, 3) WRITE (6.671) BEGLEND
or] FORMAT(15H NOISE RETWEEN ¢F15.R94H AND,E1548)
' IFLAG = 3

ESTIMATE NCISE LEVEL BY CCMPARING THE VALUE CF IHE INTEGRAND AT
~ POUR #RANDOMLY CKOSEN® POINTS WITW TWE VALUE OF THE STRAIGHT LINE

-.---.-------.---------6------

c------.-------------.-.-.-----------O-----‘-----—---‘--.-----ﬁ----.--

C=== INTEGRATION CVER CURRENT SURINTERVAL SUCCESSFUL eceprcacceccsccas

C ADD #VINT® TC ®CaDREs AND OEnneno TO #cRROR#*s THEN SET UP NEXT

C SUBINTERVALy IF aNY,
80 CADRE = CADRE + VINT
ERROR = ERRCR + ERREF
IF (LEVEL LLT, 3)
IF (LEVEL LT, S)
DC 81 I=lyL
81 WRTTE (69+602) ll(T(ltJl'J!JLLJ
"82 WRITE (6+682) VINTIERRERsL,IT
682 FORMAT (12K INTEGRAL ISsE16,.8s7Hy ERROR, E15¢899H FROM T(e

G0 10 &3
GO 10 &2

. Ilelhaelleik)
83 IF (RIGKT) GO 10 88
ISTAGE = ISTAGF =
IF (ISTAGE +EG. 0) RETURN

REGLAR = REGLSV(ISTAGE)

REG = BEGIN(ISTAGE)

END ® FINIS(ISTAGE)

CUREST = CUREST = EST(ISTAGEQJJ + Y:NT

1END = 1BEG = 1

FEND s TS(IENC)

IREG s IBEGS (1STAGE) .
- 60 Y0 64

. CADRE427

CADRE428

. CADRE429
. CADRE430

CADRE431

..CADRE432

CADRE433
CADRE434

" CADRF43%

CADRE436
CADRE437
CADRE438
CADRE439
CADRE440
CADRE441
CADRE442
CADRE443
ZADRE4 44
CADRE445
CADRE446
CADRE447
CADRE448
CADRE449
CADRE450

" CADRE4SY

CADRE4S2.

CADRE4S3I

CADRE454.
CADRE4SS:
CADRE456°
CADRE457
CADRE458
CADRE459
CADRE460
CADRE461
CADRE462
CADRE463
CADRE464
CADRE4 65

CADRE466

CADRE467
CADRE468

.CADRE469.

CADRE4T0
~ADRF4T1
CADRE4T2
CADRE473
CADRE474.
CADRE4 TS
CADRE476
CADRE4TT
CADRE4T8
CADRE4T9:
CADRE480
CADRE481

CADRE482

cunnggaa
CADRE484
CADRE48S
CADRF 486

CADRE487
73



85 CUREST = CUREST ¢ VINT
STAGE = STAGE42,
JEND = IBEG
"IREG 'z IBEGS(ISTAGE)
-END = BEG

. BEG = BEGIN(ISTAGE) .
. FEND := FBEG
FREG := TS(IBEG)

90 REGLAR = .TRUE.
G1 IF (ISTAGE ¢EGe MXSTGE)
TE_(LEVEL LT. S
00 92 I=lsl
92 WRITE (€9692) I+ (T(Isy)sJdayeL)
€92 FORMAT(1S+7E16,8/3E16,8) .
$3 1IF (RIGET)
REGLSV(ISTAGE+1) = REGLAR
BEGIN(ISTAGE) =a BEG
IBEGS(ISTAGE) = IgEG
STAGE = STAGE/?.
94__RIGHT = «TRUE, .
8EG = (BEGeENP) /2,
IREG .2 (IBEG+TEND) /2
TS(I1BEG). 3 TS(IBEG)/2..
FREG = TS(IBEE)

95 NNLEFT '= IBEG_« IBEGS(ISTAGE) .

IF (IENCONNLEFT «GFe MAXTS)
111 = IBEGS(ISTAGE)

J1..2 _1EAND .

DO 96 I=I11s1IREG

I1 = I1 +

96 Ts(ID

s I1s(Iy

D0 97 1=IBECG,11

TS(IID)
S7 111 = I1l .+ 1 .

IENDC = IEND ¢ §

IREG = IEND = NNLgFT

FEND._ =2 FBEL

FREG = TS(IBEG)

FINIS(ISTAGE) = END

END. =
BEG

= TS(D)

. BEG..
= BEGIN(IeTAGE)

BEGIN(ISTAGE) = EAD
REGLSV(ISTAGE) = QREGLAR

ISTAGE
" REGLAR

= ISTAGE + 1

= REGLSV(ISTAGE)

ESTA(ISTAGE) = VIN;

CUREST

= CUREST ¢ EST(ISTaGE)

60 10 &

c.-------------------.‘--.----I-—-----.---u.---.------.-.-.---.---.-.--
C=== INTEGRATION CVER CURRENT SURINTERVAL. IS UNSUCCESSFUL==eeccccnscann
ol MARKwSUBlN]ERyAL~EQR_FLRIHER_SUBDlyISIONL_nEl_uE“ME_I_SQ_INIEBMALJ

60 70 650

60 10 93

60 T0 95

G0 T0 €

G0 T0 goo

60 70 &

(oL L L P e P LI P L P L Y L L L L L P e e P L P P P L L P P L L Y LI L LY T

C=== FAILURE TO HANRLE GIVEN INTEGRATION PROALEN==~eescceccccccccccens

00 IF (LEVEL JGE, 2) WRITE (6,6973) REAs EAD

6SG0.FORMAT(3TH TOC MANY FUNCTION EVALUATIONS AROUNDZ_

o
IFLAG

S50 IFLAG
74

10XsE1E ., 894 ANCHE1R,R)
4

60 TO 999

- CADRE49S5
CADRF496

" CADRE#88
CADRE489

CADRF490
CADRE4S9]

- CADRE492
_CADRE493

CADRE494

9
CADRE497
CADRE498

- CADRE499

CADRES00
CADRES01
CADRES02
CADRESO03
CADRES04

_CADRESOS

CADRES06

CADRESOT
_CADRFS508

CADRES09
CADRES10

CADRESI11

CADRES 12
CADRES13
_CADRES14.
"CADRES1S
' CADRES16
CADRES11
CADRES18
CADRES19

-CADRES20

CADRESZ21
CADRES22
CADRESZ23
CADRES24
CADRESZ5
CADRESZ26
CADRES27
CADRESZ8
-CADRES@Y
CADRES30
CADRES31

_CADRES32.
CADRES33
CADRES34
_CADRESIS
CADRES36
CADRES37
_CADREFS38
CADRES 39
CADRES40
CADRES4 1
CADRES42
CADRES43
_CADRES44
CADRES4S
CADRES46
CADRES47.
CADRES48



IFf (LEVEL LLT, S) " 60 TO ¢59°
DO 9S8 Is).L

$88 WRITE 109692) IstTvivy)edaiel)
959 WRITE (6¢6959) BEGe END
6959 FORMAT (12X38HINTEGRAND SHOWS SINGULAR BEWAVIOUD OF
» .20PUNKNOWN TYPE . aEerENels 8.4H ANDE15,8)
$99 CADRE = CURESY $ VINY }
_RETURN

END

75

CADRE>4Y
CADRESSO
CADRESS1
CADRESS2
CADRESS?I
CADRESS4
CADRESSS
CADRESS6

. CADRESS7

CADRESSS



sesse resee

IDENT  SECOND "SECON

1

_ENTRY SEcoAnD. : _ SECoN 2

SPACE & , SECON 3

oa SECCNC = RETURN AccUMuLATEo CPU TIME IN. SECONDS. : SECON ‘4
DAVID S CODSON. 09/37/711, SECON S

SPACE 4 SECON 6

e .FORTRAN CALL, : SECON 7
SEcon 8_

' _ SECON 9

CaLL SECOND (X) SECON 10

%= VARIABLE. Fon. RETURN_OF_ACCUMULATED CPU TIME IN_ SECON 11

SECONDS AS A REAL AUMBER ACCURATE To SECON 12

MILLISEGCONDS, THIS ROUTINE USES THE SECON 13

_@TIMEMS® REQUEST WHICH IS A NON=STANDARD SECON 14_

FEATURE OF THE PLAOUE OPERATING SYSTEM. SECON . 15

TITLE SECOND = RETURN ACCUMULATED CPL TIME IN SECONDS. SECON 16

. JITLE WNMAIN PROGRAN ' _SECON 17
Seconp  BSSZ 1 ENTRY/EXIT SECON 18
TIMEMS. REap ACCUMULATED cPU TIME IN M!LLIsecouos SECON 19

Sx1.. 1086 QIVIDE RY 10048 SECON 20

°x1 X1 ~« - SECON 21

NX1 x) .- . SECON 22

Pxe X6 _ SECON 23

NX6 = X6 _ SECON 24

FXé X6/X1 , SECHN 25

Sa6. Bl _STape RESULT . SECON 26

EQ SECOND RETURN : : SECON 27

SPACE 4 : ' : SE~oN 28

_END . : A _SFCON 29

76



€ - NON{ INEAR SPLINE APPROXIMATION SPLIN 2
Kol ,eannaAu_nallliu_ax.CABL_DE_EQOR,ANQJJnnu_RIcs_ SPLIN 13
€ PURDUE UNTVERSITY SPLIN &
| € . SUPPQRTEQ BY THE NATYONAL SCIENCE FOUNDATION  GP=40%52¢GP=7163 SPLIN s
S o SPLIN 6.
LC PLEASE REPCRY ANY CASES OF INOPEWATION 10 THE AUTHORS. :PL:N 7
c THANKS PLIN &
T 2111 S1S_CONTROL Sane SPth 9
I CONTRCL PARAMETERS FUNCTION ~SPLIN 19
€ ITER NO, OF SWEEPS THRU OPT SPLIN 11
N Bp C(INOPTy. . . IMPROVEMENT NEEDED TO REPEAY  SPLIN 12
€ ERSERR(- IN SWggP) . . IMPROVEMENT NEEOEN TO REPEAT  SPLIN 13
¢ DIST ¢1N OPT NEAR 3o.ao) KEEPS KNOTS SEPARATED . SPLIN 14
£ _NO. OF PASSES ' THRU_OPT SPLIN 18
€ THE POLLOUING xs THE MAIu PROGFAV Foa VARYKNOT SPLIN 1¢
c . . o SPLIN 17
. -DIMENSION _INFO(16) SPLIN 18
& o ) L SPLIN 19
¢ COMMON INPUT SERvpS AS INPUT TC rxoxwt SPLIN 29
- SPLIN 21
COVMCNllnﬂUT/LXoXx(ISB).u(}oo).JADDoADDXItzb)aMODE SPLIN 22

¢ COMMON OUTPUT SERVES aS QUTPUT FROM FXDKNY SPLIN 23
-C. .SEE_gXDKNT £0n DEFINITIONS OF VARIABLES. ~SPLIN_ 24
. 'COMMON/ QUTPUT /UFRROR(100) ¢FCTL(100) ¢ XIL (28) yCOEFL(27+4) SPLIN 258

° " VORDL (2842) 9 KNCToLMAX ¢ INTERV ‘ SPLIN 26

-C. SPLIN 27
€ COMMON OTHER SERVES aS CONMUNICATION aETugEN OPToSHEEP AND HERE  -SPLIN 23
c LXI ‘s NUMBER aF INTERIOR KAOTSs LXI1 = LXI*®l, LXI2 = LX1e2 SPLIN 2¢
- ¢ s« MUVERICAL CONTROL VARIABLE USED BETWEEN OPT AND_SWEEP  SPLIN 30
¢ CHANGE = DITTo SPLIN 7
€ ERROR = CURRENT VALUE OF THE L=3 ERROR = SQUARED SPLIN 32
£ ACC OF L=2 ERROR . SSPLIN 33
¢ ,1(28)- ARRAY FOR KNOTS _ SPLIN 34
- COMMON/ QTHER 7/ LXToLXI14LX12¢C +CHANGEERROR +ACCY . X1(28) -SPLIN-as
L SPLIN 13
¢ ACC 2 o1 AND ITER = 4 TO 8 SEEM 70 BE 600D VALUES FOR TYPICAL ussssPLxN a7
ACC = (1 . T T.SPLIN ‘38

JIER = 8 .§£L1u_39

¢ . ' o . . SPLIN 49
C ®#®INFQ IS SIMPLY AN IDENTIFIZATION N° TUE DATA®#G® SPLIN 41
-6 ' -SPLIN 47
€ .. READ IN NOs OF POINTSaLX ANC THE DATA XX AND U -SPLIN 48
C e IF NOKNQT«BE+29 THEN READ IN LX128NOKNOT KNOTS#as SPLIN 49
~C 8ar . ‘e #eeSPLIN 80
Lx12 = 1ABS(NOKNOT) ‘SPLIN 82

C IF *NCKNOT® IS .GTe A9 READ IN NOKNCT KNOTS (INCL-BOUNDARY POINTSe) -SPLIN s3
601'F03N4146F4246)-- -SPLIN &8
¢ ) ) SPLIN 8¢
C - #eeWECK ON GIVEN DATA . ) . o ‘ ‘SPLIN 57
£ —ANpRROM PRESENTING UNQOROERED XX ARRAY SPLIN ‘89
IERROR = SPLIN b

IF (LX oGEs LXIZog ¢AND. Lx oLE. 100) GO 10 3 SPLIN &)

SPLIN &2

IERROR = | SPLIN 63

GO To 7 'SPLIN 64

i oLE.28) B0 I & SPLIN 88

WRITE (69c60) :NOKNAT SPLIN .66

SUBnoUTINE SPLINFR (NOKNOT)

77

Sadee 1



0o oo

1900

" IERROK = 1 tiode .. SPGLIN €Y

26

30

640"

. 810

" 61l

“612

g660

. 662

1664
. 665

D0 .6 Ls2,4LX _ SPLIN 68
TR (XXl )eXX({al)) . T Bi6ek R - SPLIN se
WRITE (69664) L.XX(L)oU(L) L “.o2s o - SPLIN 79
IERROR = TERROR ¢ 71 . SPLIN 71

. CONTINUE T S e SPLIN 72

IF (IERRQR ,LT.’})' - - 60 TO 14 : . . - - SPLIN 73

.HRITetboebél IERROR s : o LT SPLIN 74

-STOP S to . : B _ . -Sedan o

' . : - ~ I P . SPLIN 76
"INITIALIZE . SPLIN 77
IF (NOKNOT «AT: 4} , GO T0 30 .. SPLIN 18
' " : SPLIN 79

- WHEN NOKNOT 1s NEe.. INTRODUCE -NOKNOT EQUISPACED Knots SPLIN 8¢

X101 = o _ ~SPLIN A)

XI(LXI2) ® XX (LX) : SPLIN 83

DEL s (XX (LX) = Xx(l))/FLOAY(LXIZ-l) - . - -SPLIN 813

00 28 J = 3,LXI2 A < v, . SPLIN 84

X1 (Jel) ® XI(J=2) 4-pgl - oL e s o SPLIN as

. . .- SPLIN g6
sgl uP INITI1AlL APPROXIMATION . .. .+ SPLIN 87

ADDXI (1) = X1(1) - . SPLIN 88

“ADDXT(2) -® XI(LX12) "o . . . SPLIN 89

LX) = Lxl2+) , < .SPLIN Q¢

LX1 # LX1Y=] SPLIN 91

‘MODE = 0 N - SPLIN 92

DO 38 J = 3sLXI2 SPLIN 94

ADDXT(J) ® X1(J=1) e S T : ..~ SPLIN g8

ERROR = FXDKNTY (0) A : SPLIN 96

#EONOTE, MCOE mam> weoenw SET EGUAL 10 1 o _ SPLIN 97
#e8  THIS IS TEMPoRARY DEBUGGING AND T!STING ourpuT _awe SPLIN ¢n
WRITE(6e611) (LaXX(L) U(L)olmlslX) , : - SPLIN @9

. WRITE(6+612) NOKNOTsITER SPLINlo0

"WRITE(64900) (XI(1)s T=1,LX12) SPLINlo1

FORMAT(2gH KNCTS PRIOR TO OPTINMIZATION/(9F12.6)) . i ~ SPLINlg2
' ' ‘ o ‘ . - ~SPLIN103

, OPTIMIZE KNOTS" ; ‘ - SPLINlos

CALL SWEEP(ITER® ... SPLINlos

. : SPLINlOs

WRITE (64640) - SPLINlo?

FORMAT (49Xe22K#%a FINAL OUTPUT w88,y o 3PLINLOS

VOCE = ) : SPLIN109

JACD = 0 e 4 : SPLIN110

' OUMB = ExDKNT(]® : SPLINIYY

-FETUHN : o sn0es 4

’ _ . : 5 , SPLIN114

FOFMAT(2149 o L(2F12,.8%) D : L R T SPLIN11S

FORMAT (11F GIVEN DATA//(IA.ZFIQ.B)) . S ST SPLIN116

FORMAT(1W /32K No, OF INTTTAL A KNOTS =-13/ - SPLIN117

1 = IYER =513 : '

FORMAT(32H1KNCT CONTaOL DAQAMETER NOKNOT a13.19H NOT w:THxN aoUNDS::txzilo

*,) IN120

FORMAT(26H NCe OF DATA Polufs. Lx » 16!64H|N01 VITHIN.THE BOUNDS ASPLIN12)

®8S (NCKNOT)*2 AND 00 : SPLIN122

FORMAT (12X DATA POINT 14, zr1¢ 8426H NOT IN ASCENDING oaoen. SPLIN122

FNRMAT (23+ %e# CORRECT luanAren 13+28K INPUT ERROR(S) AND RESTARTSPLIN124

®,) SPLIN12S
78 '



nopo

c

SUBROUTINE SWEEP (jTRR)

KyARYei s INDEY OF 5un1 _BEING VARIED
SUBROUTINE OPT (1) oPTIMi2ES ITH INTERIOR KNOT

- _COMMONZINPUT/LX 9 XX (15A) 0U(100).5JADDADDX] (26) «MODE

10

Coaw

¢

_Coaw
C*4200

20

Cone

opegp

o

21

22

. aed THE_EQLLQ!INQ_I!D_CARDS_PHCDLCE PRINTED OUTPUT OF Llsl2sL=INF

.CO“NON/ OUTPUT ZUERRAR(1A0) sFCTL (100) 9XIL (28) 9COEFL (2794

VORDL (28423 o KNCToLMAX 4 INTERV

OMMON/ QTHER / LXIsLXI11,LX12¢0 +CHANGE<ERROR +ACCe _X1(28)
AT ALl TIMESs ERROR CONTAINS (L2 ERROR)®#2 .OF CURRENT B.A,

‘ITER = ITRR

BeNEXT CARNS SeT NUMERICAL ANALYSIS CONTROLS
EPSERR = ¢cc12.s :
. CHANGE = .4
KVARY ® | X]

Q.8 __CcHANGE/ZFLOAT (L. XI) .

“e8  THIS IS TEMPARARY oeauoexae AND TESIING OUTPUT

WRITE (6,902) ITERIQ _
I1TERs q. lstiaofsi

*0e

CHANGE = (e
PREVER = ERROR
MODE _=_2 .
'JADD = 0
KNCT 8 KNOT » 1
-0UMB = FYXOKNT

{0)
CONTINUE
#8% THIs 1S TEMPARARY DEBUGGING AND TESTING OUTPUT
WRITE (6+900) KVARY
FORMAT (1k_///8H VARYING'I‘016HTH INTERIOR KNOT)

WRITE?59901) ERRon .
Lz-#RROR_+£46464__

"ane

CALL OPT(KVARY)

KVARY = KVARY. =]
‘JADD = JADD o 1

IF (1 JADD LLE, 1)
Ka_JapD

0O 27 I = 29+JADD

Ke Kel . )
ADDXY1.(Ke]) = ADDxY(K)
ADDX1(1) = XI(KVAQY + 2)
KNCT = LxI1 = JADN
MOCE = 2

OUVB = FXDKNT(0)

IF( kVARY oNEe« 0 )

60 Y0 22

GO Y0 20

IME. LAST CALL 7O FxDKNT PROCUCES THE B,A, USING .ALL KNOTS,

SINCE THEN ADOXI CONTAaINS ALL KNOTS
ERROR = pUNB

\WJADD = 0.
OUMM = FxDKNT(2)

SPLIN130

'SPLIN13)
SPLIN1q2
SPLINI3Y

SPLIN13s

SPLIN13g
SPLIN136
SPLIN137
SPLYN1Ag
SPLINl3g
SPLIN1&0O .
SPLINLGY
‘SPLIN142
SPLIN14Y
SPLINLas
SPLINlsS
SPLINl4s
SPLIN14>
SPLINls8
SPLIN149

. SPLIN1gq

SPLIN1S)
SPLIN1S2
SPLIN1&Y
SPLIN1S4
SPLIN1SS
SPLIN1SA
SPLIN1SY
SPLIN1SS

SPLINlsgg.

SPLINlso
SPLIN16&1Y
L1

SPLIN163

SPLINl&s

_SPLINlgEs

SPLINls6
SPLIN1&Y
SPLIN1gE
SPLIN16&S
SPLIN170

SPLINLT1

SPLIN172
SPLIN173
SPLYIN174.
SPLIN17S
SPLIN176.

SPLIN1?Y?

SPLIN1TR
SPLIN179
SPLIN1BO
SPLINIARY
SPLIN182
SPLIN1g3

b {4 CH&DUE IN gRROR 1§ RIG ENCUGH MAKE ANOTKER SHEEPO ELSE QUITSPLIN1gs

IF (PREVER=ERROR ,LE, EPSERR®PREVER) 60 TO 60
ITER = JTER=Y

SPLINlas
SPLIN1BG
SPLINlaY



¢ ' #8CHECK NUMBER OF PASSES THRCUGH SWEEP
IF(ITER.E040) GO 7O 44
6( I¢ 10
40 CONTINUE

C YY)

ENC

c

80

IN FINAL VegaSlON GO TO 00: GO 70 60 ARE REPLACED BY RETURN
) THISs 1S TEMPARARY DEBHGGING AND TESTING OUTPUT
*ad  WRITE(6+620) -
RETUAN
60 CONTINUE :
THIs IS TEMPORARY DEBUGG!NG AND TESTING OUTPUT
Coss  WRITE(6sgiQ) _ \
: RETURN :
C®610 FORMAT(S4N ®ae SwrgP oIScONY!NLED - !NSUFPICIENT CNANGE IN EQROR)
L8620 FORMAT (36h #88 NA, OF ALLB!ABLE.SHEEPS Usgp. up) -

SPLIN18s
SPLIN1go
SPLINlap
SPLIN19)1
SPLIN1G2
SPLINlo%
SPLINlgs
SPLIN19S
SPLIN1GS
SPLIN19Y
SPLIN1gs
SPLINleg
SPLIN200
SPLIN201

SPLIN202

SPLIN203
SPLIN204

AC.....Q.Q.O..C..C ..O0.0...'....'0.....l...lQ......Q.Q.'.QQ..........Q..QsPu NZM

. SPLIN206s

|

|
|

|

!

i



 Xs e ReNaRaXaXaraka)

e X Xakal

Chon
Cone
Cone

c
c

SUBROUTINE OPT(IT)

,coruoul QTHER /

' RFEFRS TQ THE TTH INTERIAR KAOT
OPT PINDS THE OPTIMAL ITw KNOT BETWEEN THE 1«1ST AND rolsf KNoTS.
THE REMAINING KNOTS ARE WELD FIXED.
" INDLp :=.A BOUND ON THE NUMBER OF TRIES ALLOUED
FOR TMPROVEMENY OF THE ITH KNOT
‘¢ ® MULTIPLICATION FACTOR WHICH SHOULD DECREASE AS A
CUACTION aF THE NO, OF SWEEPS THRU SWEEP
¢ IS ALTzneo N SWeeP

... SPLIN207
.. SPLIN20a

SPLIN2¢Q
SPLIN21o
SPLIN211
SPLIN212
SPLIN213
SPLIN2}4

. SPLINZ) 8
SPLIN2Y 6

. SPLIN217Y

~COHMQNIINPUTALXva(loo)oU(joO)oJADDoADDXI(ZlePODE
CONNON/ QUTPUT /UPRROQ(IOO)oFCTL(loo’!xIL‘ZO’oCOEFL(ZTob’
VORDL (28,2) ¢y KNCT s LMAX 4 INTERY . , i

LXILL11l4L112¢c +CHANGE «ERROR 4ACCY. XI_ZSJ

1= 11 , . _
OONUMERICAL _ANALYSTIS PARAMETERS SET HERE

INCLPNS

B0 = ACCeERROR/FOAT (LXI) -

OIST = L5625

LR xI(IoZ)OXI(I)

ALCW = XI(I) o DigTey

ANIGK = x:(!ozl = DIST*H

LPCNTe ¢

MODE = 3

MOQEQIN veaniM o FIND THREE VALUES FOR THE ITH KNOT

SUCH THAT L2<FRROR AT MIODLE VALUEs A » 1S LESS THaN
ERROR AT LEFT VALUEs ALEFTs AND AT RIGMT VaLUE, &RLGHT

A = XI(1el)

€ & PXDKNT(A)

ALEFY m.a ¢ Q%(X](1)ad)

ELEFT = FXDKNT(ALEFT)

ae®  THIS IS TEMpoRARY DEBUGBGIANG AND TESTING OUTPUT

ARIGHT ® g

ERIGKY = 0.

WRITE (6,900) ELEFTIE,ERIGHT9ALEFT9A9ARIGHT

SGN .2 EL!!T-El

144 (S@No@!oﬂo)

GO TO 20
G0 To 69

"SEARCHING FOR NEW KNOT YO THE RIGHT

10 ALEFT » &

ELEFY = g
A:s ARIGWTY
€ s ERIGNT

20 ARIGMT = A G’llxllaglzal

€

30 1IF (AMIGM,GF.ARIgM

€

#8gUFFER T0O PR!VENT COALESCING OF KNOTS
T 60 7% 49
AA = AWIGH

Babubel TH!S 18 TEMPGRARV DEBUGGING AND TESTING OUTPUT .

Coe8% WRITE(64410) 1

€

GO TO 199

40 ERIGHT a EXOKNT (ARTIGHT!

e

THIS IS TEMPARARY DEBUGBGING AND TESTING OUTPUT -ese

SPLIN218
SPLIN219

' SPLIN22¢
" SPLIN221.

SPLIN222
SPLIN223

SPLIN224

SPLIN228
SPLIN22¢
SPL1INZ22?Y
SPLIN228
SPLIN229

SPLIN230
SPLIN231
SPLINZ232

SPLIN233
SPLIN234

‘SPLIN238
SP

PLIN23¢
SPLIN23Y
- SPLIN238
'SPLIN23e

SPLIN240
SPLINZ#1
SPLIN242
SPLIN243 -

‘SPLINZ44
SPLIN248

SPLIN246
SPLIN247
SPLINZAS .

-SPLIN24O
‘SPLIN28Q
SPLIN2Y
SPLINZS2
SPLIN2S]
SPLINZES |
SPLIN28S

SPLIN28G
SPLTNZ2RY
SPLIN28g
SPLIN28O

SPLIN26D
SPLIN261

SPLIN262
SPLINZAY

SPLIN2¢s

81 -



C**%* HRITE (6,900) ELEFT,E,ERIGHT,ALEFT,A,ARIGHT
GO TO 100 -

c IF (E.LE.ERIGHT)
c . ®3*CHECK TO STOP OPT .
IF(E -ERIGHTLE.BD .OR.
" =" LPCNT¥1
¢ IF(SGN.GT.0.) GO TO 10"
c— B
60 ARIGHT = A
" ERIGHT = E
1“'_ﬁtEFT"
E = ELEFTY
- 7@ ALEFT .= A ¢ Q% (XI(IY-A)
.C-
Cc
c
—3ﬂ_TF“1ﬁtEFTTGE7it0ﬂT
AA = ALOW
c
°c*fv*~erTers;szqur-
c

C
c

OOL‘*O

B e Ee B Xy Nv)
]
®
«

+GTs INODLP )

T®*SEARCHING FOR NEW RNOT TU THE LEFT

®*®BUFFER TO PREVENT COALESCING OF KNOTS

#%% THIS IS TEMPORARY DEBUGGING AND TESTING OUTPUT

O ECEFT = FXOKNTCALEFTY

*ss THIS IS TEMPORARY DEBUGGING AND TESTING OUTPUT
C"" WRITE (6,900) ELEFT,E,ERIGHT ALEFT Ay ARIGHT

IF (EJLEGELEFT)

*¥CH

TIFCE = ELEFTILELBD JOR: LPCNT oGT: INDLP .- GO TO 230

DIFF =
IF (DI

ECK TO STOP OPT

"= ALEFT = A
ARIGHT - A

FF +EQ. 0.)

EPREDN
ABEST A & DEL
EBEST = FXOKNT(RABESTY

“IF (EBESTLEEY

IF(DEL) 110,200,120

ALEFT = ABEST
ELEFT = EBEST
GO TO 170
ARIGHT = ABEST
ERIGHT = €BEST
GO TO 17¢

82

50 T0 90—

GO0 TO 19y

ThT_TO‘IUU—

GO TO 5¢C

~—**REQUIRED 3~ VALUES WAVE BEEN FOUND
FOLLOWING CODE FINDS PT.
THRU THE ZRROR VALUES AT THE PTS ALEFT, A,

100" OXLEFT
DXRGHT =
‘DYLEFT = (ELEFT=-E)/DXLEFT
-DYRGHT = (ERIGHTSEY 7O0XRGHT-

DYLEFT - DYRGHT -

60 TO 200 .

DEL = s 57DIFF*(OXRGHT*DYLEF T=DXUEFT*OYRGHT Y

= E+DEL® (DYRGHT +(DXRGHT=DEL) 7 (ARIGHT=ALEFT) *0IFF)

s¥% THIS IS TEMPORARY DEBUGGING AND TESTING OUTPUT
. WRITE (6,900) ELEFT,EBEST,ERIGHT,ALE" THABEST,ARIGHT

GO TO 240

SPLIN26S
SPLIN266
~SPLINZET
SPLIN268
'SPLIN269
SPLIN270"
SPLIN271
SPLIN272
SPLINZTS
SPLIN274
SPLIN275
SPLIN276
SPLIN277
SPLIN278
SPLIN2TS
SPLIN280
SPLIN281
SPLIN282
SPLIN283
SPLIN284
SPLINZES
SPLIN286
SPLIN287

- “SPLIN28S

SPLIN289
SPLIN290

| ~SPCINZ29T

SPLIN292
SPLIN293
SPLIN29%
SPLIN29S
SPLIN296
"SPLINZI7

AT WHICH MIN OF PARABOLA CURVE PASSINSPLINZ298
ARIGHT OCCURS

SPLIN299
“SPLIN3IO0
SPLIN301
SPLIN3G2
SPTCIN3T3
SPLIN3GS
SPLIN3CS
“SPLIN30G
SPLIN3O7
SPLIN308
SPCIN30Y
SPLIN310
SPLIN31:
SPUIN3TZ

**DETERMINE WHETHER ABEST GIVES BESY APPRX AND MAKE APPROPRIATE SPLIN313
SHITCHING OF THE AT 2S.DEPENDING ON SIGN OF DEL

SPLIN314
SPLINIIS
SPLIN316
SPLIN317
SPLIN31S
SPLIN319
SPLIN320
SPLIN321
SPLIN322



IFC(DEL)140,200,150

83

130 'SPLIN323
140 ARIGHT = A © SPLIN324
"ERIGHT = € SPLIN32S

GO TO 160 SPLIN326

158 ALEFT = A SPLIN327
"ELEF! = E - SPLIN3ZS

160 A = ABEST - SPLIN329

E = EBEST. SPLIN330

€ : ‘ o SPLIN3IIT
c S3FOLLONWING TESTS DETERMINE WHETHER OR NOT TO - SPLIN332
e " REITERATE PARABOLA MINIMIZATION PHASE SPLIN333
1T70 IF (ABSC(EPRED=EBESTILT5:¥8D) 60 TO 2190 SPLINI3G
IF(LPCNT .GT . INDLP) G0 TO 209 SPLIN33S

LPCNT = 1ONNT+4 SPLIN336

- G0 TO 100 SPCIN33T

c ’ SPLIN338
199 ETRY = FXDKNT(AAY R SPLIN339
IF tESLTETRY) - G0 TO 2010 SPLIN3GO™

A = AA SPLIN3GYL

"€ = ETRY SPLIN342

200 CHANGE = CHANGE ¥ ABSTA =XITIFIVY7H SSPLIN3GS
XIC(I+1) = A SPLIN34Y
ERROR = E SPLIN34S

c **¢ THIS 1S TEMPORARY DEBUGGING AND TESTING OUTPUT »¥¥. SPCIN3GE
C***+ WRITE (6,900 ELEFT,E,ERIGHT,ALEFT,A,ARIGHT o SPLIN347
RETURN --SPLIN3uS

11 ' SPLIN3GY
c IN FINAL VERSION GO TD 21uy 1S REPLACED BY GO TO 20C SPLIN3S0
210 CONTINUE ' E . © SPLIN3SL:
1y *s®  THIS IS TEMPORARY DEBUGGING AND TESTING OUTPUT +we» SPLIN3SZ.
C*#* NRITE(6,640) LPCNT SPLIN3S3
G0 TO 200 SPLIN3SL

230 A = ALEFT SPLIN3SS

€ = ELEFT ‘ . SPLIN3S6

c *%2% THIS IS TEMPORARY DEBUGGING AND TESTING OUTPUT - »*» SPLIN3S57
CHes  HRITE(G6, 6L0) LPCONY : SPLIN3SS
GO TO0 200 -SPLIN3S9

240 A = ARIGHT SPLIN360

£ = ERIGHT R i . SPLIN3ET

c »*% THIS IS TEMPORARY DEBUGGING AND TESTING OUTPUT #*»» SPLIN362
C**» NRITEUL6,640) LPCNY SPLIN363
. 60 YO 200 ' SPLIN36Y
C*618 FORMAT (46H +%* OPT DISCONTINUED - KNOT BEING OPTIHIZED (,12,35H) MSPLIN36ES
Ce*%810VED TOO CLOSE TO RIGHT NEIGHBOR) SPLIN366
C*520 FORMAT (46H *** OPT DISCONTINUED - KNUT BETNG OPTIWIZED !,I2,34H) MSPLINIE7
Cs**2$ OVED TOO CLOSKE TO LEFT NEIGHBOR) : SPLIN368
C*640 FORMAT (24H *®** (OPY DISCONTINUED AT, Ih,31H - ‘INSUFFICIENT CHANGE INSPLIN36E9
ce*» » ERPOR) SPLIN370
C*900 FORMAT (25H PARABOLA - ERROR VALUES ,3E20.6/12X 13HAI VALUES "9 SPLIN37%
c»** 1 3E20.6) ‘ SPLIN372
€ND SPLIN3?3
SPLIN374

Ceocovvemvanccvessanssssccscncsa erscovesdecanccnocscsrocsscscan corcevcscase ‘----;-SPLIN37S

SPLIN376



oo

’ﬂn:6odoadon'oodoo'ooﬁoodno?unqnoqnoq
. . ' - 1

FUNCTION FXOKNT (ARG) SPLIN377
THE FUNCTION RETURNS THE SQUARE OF THE L2-ERROR SPLIN378

“TOGICAL MODES “SPLIN3TY
IT MAY BE NECESSARY ON SOME SYSTEMS TO MENTION ALL GCOMMON BLOCKS SPLIN3SO
LISTED HERE IN THE PPOGRAM CALLING *FXOKNT*, TOO, TO INSURE THAT SPLIN381

“THE "INFO-IN THESE BLOCKS DOES NOT DIE BETWEEN CALLS TO *FXOKNT* SPLIN3S2

COMMON 7/ WANDT 7/ TREND(iOU),TQPZ“T(iUﬂ),PRINT(iOO' SPLIN383
COMMON/ INPUT/ZL X XX(iUO),U(iDQ),JADD ADDXI(26), MODE SPLIN3SG
17ft7“=_FCT‘TO”BE“#PPQ“#T XXy =170 . “SPLIN3ISS

XXEL) IS ASSUMED TO BE NONDECREASING WITH L SPLIN386

ADDXIC(I) = I-TH KNOT TO BE INTRODUCED, I=1,JA0D SPLIN387

MODE = 031,273 + SEE COMMENTS BELOW ( AND INNUBAS) SPLIN3SS
COMMON/ OQOUTPUT JUERROR(100),FCTL(100),XIL(28),COEFL(27,4), SPLIN389
» VORDL (28,2) s KNOT,LMAX,INTERV SPLIN39C
VERRORILY = ERROR OF B L2 A+ TO U, LTIt X <SPLIN3IOY

KNOT = CURRENT NO, OF KNOTS (INCL BDRY KNOTS) SPLIN392

INTERV = KNOT =« 1 = CURRENT NO. OF INTERVALS (POL.PIECES) SPLIN393
AILK)HK=1,KNOT, CURRENT C(ORDEREDY SET OF KNOTS SPLIN3ISG

THE MAXIMUM ERROR OCCURS AT XX (LMAX): SPLIN39S

IF ARG=1, FCTL(L) CONTAINS THE CURRENT B.,AB TO U AT XX(L) SPLIN3SS
COEFLTI; Y CONTAINSTHE POLSCOEF, ON I=TH INTERVAL FOR B.R: “SPCIN3IS?

VORDL (I, +) CONTAINS VALUE AND DERIV. OF B,A, AT XIL(D) SPLIN3SS
COMMON/ BASIS /FCT(100,30),VORD(30,28,2) 4BC(30),ILAST SPLIN399
A CHANGE "IN THE COLUMN LENGTH OF *FCT* FORCES CHANGE IN STNO,69 SPLINGIO
IN ®*NUBAS® , SPLINADY
FCT (L,H) = BASIS FCT M AT XX(CL) SPLINGLE2

AT THE KNOT INTRODUCED AS K-TH., CORRELATION TO ORDERING OF SPLIN&LOG4
KNOTS BY SIZE IS OONE VIA IORDERy, I«.Ee.y ORO AND SLOPE AT SPLINAOS

XILCKY ARE "IN VORD(M; TORDER(K) ;o) % SPLINGDE
BC(I) = COORDINATE OF U (AND OF Be.A. TO U) WRTO I-TH O.N.FUTSPLIN&O?7
ILAST = CURRENT NO. OF BASIS FCTNS SPLINLOS

N ’ : SPLINWUY
THE FCT ILAST (TO BE) INTRODUCED LAST HAS ADDITIONAL KNOT SPLINA1O
XKNOT, THE KNOT JUST INTRO- SPLINM1L

DUCED HAS INDEX INSERT IN XIL, INSERT IS SAVED IN INSIRT(ILASSPLING12
FOR POSSIBLE REPLACEMENT OF KNOTS LATER ON (SEE MODE=2,3). SPLIN&13
*2¥{OCAL VARIABLES "SPLING&LG
‘CUHﬂ0N“7tUCIt7“XSCﬂtE_KNUTSV_ER8UTI—CU8ERRTIUWT'WEIGHTTTIUT‘HUUE3‘SPFIN‘I5
XSCALE = XX{(LX) = XX(1), USED TO NORMALIZE INNER PRODUCT SPLING16

= LENGTH OF THE INTERVAL OF INTEGRATION SPLINGL?

KNOTSV = NO, OF KNOTS USED IN HOST RECENT CALL TO FXDKNT SPLINGIS
ERBUTL = SQ. OF L2-ERROR OF APPR USING ALL BUT THE ONE SPLIN&19

: KNOT BEING VARIED ¢ USED IN MODE = 3) _ SPLING20
TCUBERR = UERROR OF B.A. BY CUBIC PUL=S (NEEDED FOR MODE = ZVSPLIN%ZYT
~MODE3 = TRUE OR FALSE DEP. ON WHETHER PREV. CALL WAS IN SPLING22
MODE=3 OR NOT SPLINL23

EQUIVALENCE (IPRINT;CHANGE) SPLING2E

ARG IS EITHER FIXED POINT (MODE.NE.3) TO PICK PRINT-OUT OPTISPLIN42S
OR IS FLOATING POINT (MODE=3) TO GIVE NEW VALUE OF KNOT VARISPLIN&426

CHANGE = ARG SPLING2T
IF (MODE.GT.D) 60 TO 2% SPLIN&28
Cocmmecncans - SPLING29
T 4+ MOOE=Q* COMPUTE BASIS FCF 1 THROUGH 4 AND B.A. [0 U 'WRTO THESPLING3IU
c THEN SET MODE = 14 AND PUT UERROR INTO U, SPLING3L
XSCALE = XX(LX) = XX(1) SPLING32
DO 10 I*5;30 : SPUING3S

10 INSIRT(I) = 0 : ' SPLING3YG
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DO 11 L=1,LX

SPLINA43S

UERROR(L)Y = UlL) - SPLING36
“TRENDULY = TOXXTLY ) - SPLING3T
11 WEIGHTIL) = WIXX(L)) SPLIN&438
DO 12 L=2,LX SPLIN439
T2 TRPZNTILS1Y = UXXTLY=XX(C=2T Y72 J*WETGHTIL=1) SPLINGLT
TRPZNT (1) = (XX (2)=XX(1))/2.*NEIGHT (1) SPLINGGL
TRPZAT (LX) = (XX Y)=XX(LX=1)) /2. *HEIGHT (LX) SPLINGLL2
SPLINGGY

XIL (1) = ADDXIC1) SPLINGLGYG
XIL(2) = ADDXI(2) SPLING4S

" TORDER(LY & 1~ SPUINGGE
IORDER(2) = 2 SPLINGGLT
KNOT = 2 SPLIN44S
“INTERV = SPLINGGT

DO 19 I=1,6 SPLIN4SO
ILAST = 1 SPLIN4S1
CTAUL NUBAS™ SPLINGSZ

00 19 L=1,LX SPLINGS3

19 UERROR(L)Y = UERROR(L) - BC(II*FCT(L.T) SPLINGSG
T SPLINGSS

MODE = 1 SPLIN4S6E

00 20 L = 1,LX ' SPLINGS7

® wr SPLINGSS

IF (JADD.LZ.2)y ONLY B.,A., BY CUBICS IS COMPUTED SPLINGS9
OTHERWISE, ADDXI(I), I.GT.2, CONTAINS ADDITIONAL KNOTS SPLIN460

JROD T JRADD = 2~ SPLINGBT

IF (JADDLLE.D) GO TO 60 SPLIN462

DO 21 I=1,JA0D SPLIN463

21 ANOXITIY = ADDXI(I¥#2Y" SPUINGEG
GO TO 51 SPLIN&6S

R _ SPLIN466
29 B2 TU‘rtn—1nr1nrr—HUUE‘ “SPUINGGET
Comemncec e SPLIN46S
_®8% MODE=3 *¥* MERELY REPLACE THE LAST KNOT INTRODUCED BY SPLING469
CﬂtNGE_tNU*RECOHPUTE‘t?’ERROR_—“CHtNGE_ENTERS “SPLINGTO"

VIA THE ARGUMENT JPRINT = CHANGE. SPLINGT1

THIS MODE SHOULD BE USED FOR : SPLING72

; “MINIMIZING THE LZ=ERRUR  WRTO THE KNOUT SPLING73

INTRODUCED LAST AS IT MINIMIZES THE COMP WORK  SPLINL7&4

IF MODE3 = TRUE (I.E., THE PRECEDING CALL TO FXDKNT SPLIN47S

, “HAS IN MODE=3Y,THE PROGR WILL ASSUME THAT CHANGESPLING7G

HAS THE SAME ORDER REL TO THE OTHER KNOTS AS THESPLIN477

PREV INTRODUCED VALUE FOR KNOT. OTHERWISE SPLIN478

9 A FCT IS ADDED WITH CHANGE AS THE ADD. KNOT. SPLIN4SO

UERROR IS ASSUMED TO CONTAIN ERROR OF B.A. TO U SPLIN4S1

TALL PREV FCTNST **NOTE** IF THE NEXT CALU TO FXDSPLINLE2"

IS IN A MODE OTHER THAN 3, THE CHANGE PROPOSED SPLIN&S3

NOW WILL BE MADE PERMANENT. SPLINGBS

30— XKNOT =~ CHANGE™ SPLINGES”
IF (MODE3) GO TO 3% SPLINGLSBE
MODE3 = ,TRUE, SPLINGS7
“ERBUTI"“?!UKNT’ "SPUINGBS™
MODE = 2 SPLINGLES
CALL NUBAS SPLINGLOD
“KNOTSV ="RNOT" SPUINGYT
MODE = 3 SPLINGL92
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35

36 FXDKNT = RBSTEREUTt ‘BCTTttSTT7XSCitE’BCTTtISTTT

GO TO 36
.CALL NUBAS

RETURN

c -———— wne ewe

. &0

L1

62
43

&b

. 45

0000000

47
48

%9

50
51

. 52

60

"SPLINW93

SPLINLIS
SPLINGIS
SPLING96
SPLINGLI?

‘e tMODETL, 2%** RETAIN THE FIRST “KNOT KNOTS INTROUUCEO EARCIER SPUINGSS
(HENCE THEIR CORRESP FCTNS) BUT REPLACE FURTHER SPLIN&99

.FCTNS (IF ANY) BY FCTNS HAVING ADDITIONAL
XNOTS ADOXICT) ,I=1,JADD) HENCE

SPLINS00
SPLINSDY

IF KNOT,.LT, KNOTSV( =NO,OF KNOTS USED IN PREV CALLSPLINS02
40 THROUGH %9 RESTORES ARRAYS IORDER,XIL, UERROR TO THE STATE OSPLINSO3
ILAST = KNOT + 2 , INVERTING THE ACTION OF 00 11 ... .TO 1t IN SPLINSO%

IF'(KNOT.LT.KNOTSV) GO TO &2

KNOT = KNOTSVY
IF tINOTMODED) 50~ T 350

DO 4% L=1,LX

UERROR(L) = UERROR(L) = BC(ILAST)*FCT(L,ILAST)

60 TO 49
D0 43 L=1,LX
UERROR(L) = CUBERR(L, - .o
IF IKNOT.LE.2Y = ) G0 1O &8
IDUM = KNOT ¢+ 1 - e o
DO 45 I0=IDUM,KNOTSV
INSERT = INSIRTCILASTS
ILM3 = ILASY - 3
DO &% K=INSERT, ILM3
TORDERTKY = IUROER(Kvi)
XIL KY) = XIL(K+1)Y:
JLAST = ILAST=-4
D0 47 I=5,ILASY
DO 47 L=1,LX
UERROR(L)Y = UERRORIL)Y - BC(I)'FCT(L,I)

XIL(2) = XIL(ILAST-2)
IORDER(2) = 2
KNOT = 2 5 -
IF (JADD.GT.0) , G0 TO 51 -
TLAST = KNOT + 2
INTERV = KNOT - 1 :

60 TO 60

wssMODE=1,2%*% AQD JADC BASIS FCTNS, I.i., FOR 10=1,JADD,
: CONSTRUCT FCT ILAST WITH ONE MORE KNOT, VIZ.
XKNOT=ADDXI(I0), THAN THE PREVIOUS LAST FCT,

6070 %9

SPLINS0S
SPLINS06
SPLINTG?
SPLINS08
SPLINS09
SPUINSTO
SPLINS11
SPLINS12

© SPUINSI3

SPLINS14
SPLINS15
SPLINSTS -
SPLINS17
SPLINS18
SPLINSTS
SPLINS20
SPLINS21
‘SPLINS22
SPLINS23
SPLINS24
SPUINS2S
SPLINS26
SPLINS27

SPLINS28

SPLINS29
'SPLINS30
SPLINS31

SPLINS32
SPLINS33
'SPLINS3G
SPLINS3S

SPLINS536

ORTHONORMALIZE IT OVER ALL PREVIOUS FCTNS; THENSPLINS3?

COMPUTE THE COORDINATE 3C(ILAST) OF U WRTO IT,
SUBTRACT OUT ITS COMPONENT FROM UERROR.

IF (JADDJ.LEVOD) 50 70 51
D0 52 10=1,JAND

XKNO¥ = ADDXI(IO)

CatL NUBZES

DO 52 L3i,LX -

UERROR(L)Y = UZRROR(L) - BC(ILQST)'FCT(LpILAST)

FXOKNY= DOT(3%1,2)/XSCALe

KNOTSY s KNOT

MODE3 = JFALSE.

IF (IPRINT.EQ.0) - .RETURN

86

SPLINS38
SPLINS39
SPLINSKD
SPLINSAL -
SPLINSL2
SPLINSGS
SPLINSu44
SPLINS45
SPLINS4S
SPLINS4?
SPLINS4S

- SPLINSGY

SPLINSSO



c VARIOUS PRINTING IS. DONE DEP ON THE ARG = IPRINT
. G0 TO (70;80,90) , IPRINT

c CONPUTE COEFFICIENTS OF B.A. AND PRINT

c ens BEST APPROXIMATION PRINTOUT sans
2 FORMAT IS™

c KNOTS XI(J) CUBIC GOEFFICIENTS P(I,J) IN

c ’ INTERVAL (XI(J), XI(J+1))
T ERROR CURVE TSCALEDY

: |

c THE FOLLOWING FORTRAN CODE FINDS VALUES AT X OF THE

T APPROXTMATION FROM THIS OUTPUT----

c I=LXI2

c 1 A=X=XI(I)

< TPt 25 45

‘c 2 I=1-1

c IF(I) 3,3,1

< "3 I=1 _

c & VEP(I,1) $A%(P(I,2)+A% (P(I,3) +A*P(I,4)))

C seeso FOR A SUBPROGRAM USE COMMON/OUTPUT/.e., COMMON/OTHER/s.s,
‘T +eess THE P BECUNE COEFLUI; TICUEFLTI3275CORFUTL, 3T, COEFLUT54T-

70 WRITE(6,610)
D0 72 T21;KNOT
ILOC = IORDER(I)

DO 72 L=1,2
7TZ VORDLXT, LY ¥ =ARITHITO,,ICAST,BC;1, VORDTI, ITOC,LY,17
C SEE COMMENT IN *DOT* ABOUT THE *ARITHi* ROUTINE.
CALL EVAL
DO 73 I=1,INTERV"

WRITE(6,620) I,XIL(I)
73 WRITE (656301 (J,COFFLII ,J)y9Jd=1,y4)
“WRITE (65,6207 KNOT, X '
610 FORMAT (42X, SHKNOTS, 22X, 18HCUBIC COEFFICIENTS//)
620 FORMAT (35X, 3JHXI(, I2, 3H) =, F12.6)
630 FORMAT(E67Xy2HC UyT153IH) =,E16.6)
c - . .
C *¥COMPUTE L2, Li, MAX ERRORS AND PRINT
' 80 ERRLZ = SORTIFXDKNTY ~
ERRLL = Q.
ERRLI9= 0.
00 82 Lt=i,LX
DIF = ABS(UERROR(CLY*WEIGHI (L))
IFC(ERRLI9.GT.DIF) ‘G0 TO 81 .
TMAX T C
ERRLY9 = DIF
84 ERRLL = ERRL1is+ DIF
82 TONTINUE
ERRLL = ERRLA/FLOAT (LX)
WRITE(6,623) ERRL2, ERRL1, ERRLII, XX (LMAX)
L2 **STHE FOLLOWNING CARD IS TEMPORARY
GO TO (90,964536), IPRINT

c
L *%* SCALE ERROR CURVE ANO PRINT
90 IE =0
SCALE = 4. : :
“IF (ERRL99.GE.10.7 G0 TO 92

DO 91 IE=1,9

87

SPLINSS1
SPLINSS2
SPCINSSS
SPLINSS%
SPLINSS5
SPLINSSG
SPLINSS57
SPLINSS8
SPLINSSS
SPLINS60
SPLINS61
SPLINS6Z
SPLINS63
SPLINS64
SPCINSES -
SPLINS66
SPLINS67
SPCINSES
SPLIN569

SPLINS70
SPLINS71
SPLINS72
SPLINS73
SPLINS74
SPUINS7S
SPLINS76
SPLINS?7
SPLINS78
SPLINS79

. SPLINS80

SPLINSET
SPLINS82
SPLINSE3
SPLINSSG
" SPLINSS8S
SPLINS86
SPUINSE7
SPLINS88

" SPLINS89

“SPLINSST
SPLINS91
SPLINS92
SPUINSSS
SPLINS94
SPLINSSS
“SPLINS96"
SPLINS97
SPLIN598
SPUINSS9
SPLINGLD
SPLING6(1

“SPLING{ 2
SPLING03
SPLING6(G
“SPLINGTS
SPLINGG6



91

92
93

o4
a5
9%

621

622

623

c

SCALE = SCALE*10.

IF (ERRLO9*SCALE.GE.10.). .
CONTINUE
D093 L=1,LX - _ _
PRINT (L) = UERROR(L)*SCALE

50 70 92

GO TO (94,95,95), IPRINT
(64621) TE, (LyXXCL),FCTLAL)y PRINT(L) yL=1,LX)" '
60 TO 96
WRITE (6,622) IEs(LyXX{L}yPRINT(L)yL=2,LX}
RETURN

FORMATI(IH /745X ,36HAPPROXIMATION AND SCALED ERROR CURVE/3EX,
*{10HDATA POINT,7X,13HAPPROXIMATION,3X,16HDEVIATION X 1GE+,II/
¥ (31X Ty F16,8,F16,8,F17.6))

FORMAT(1H /753X, 11HERROR CURVE/38X, 10HDATA POINT, 23X,
116HOEVIATION X 10E+,T1/ (31X, I4,F16.8,16X,F17.6)) ’

WRITE

FORMAT(4H ///7L40X20HLEAST SQUARE ERROR =,E20.6/
1 K0 X20HAVERAGE ERROR =9F20.6/
2 L0 X20HMAXT MUM ERROR -,EZO 6,3K AT, F12.6//7)

END

SPLINEL7
SPLINGLB
SPLING[ 9
SPLING10
SPLING11
SPLING12
SPLING13
SPLING14
SPLING1S
SPLIN616
SPLING17
SPLING18
SPLIN619
SPLING20
SPLING621
SPLIN622
SPLIN623
SPLING24
SPLIN625
SPLING26

c"‘l.;“.O“‘.""#l.l“‘l“l"‘.‘.‘O“'ll"‘ll‘!""‘l“'!ll""‘!l‘!!SpLINﬁZ?

c
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30

40

- SUBROUTINE INTERP

COMPUTE THE SUTOPES VORDL (I32), TI=2,KNOT=1 AT INTERIOR
KNOTS OF CUBIC SPLINE FOR GIVEN VALUES VORDL(I,1),I=1,KNOT,
AT ALL THE KNOTS AND GIVEN BOUNDARY DERIVATIVES

DIMENSION D(28), DIAG(28Y

COMMON/ OUTPUT IUERPOR(iOO’,FCTL(iOO),XIL(Z&),COEFL(Z?,&),

L 3

VOROL (28, 2) y KNOT,L MAX, INTERV

oRTA 0IAG(1),40(1) /14907

DO 10 M=2,KNOT

D(M) = XIL(M) - XIL(M-1)
DIAGIN) = (VORDL(M,1)~-VORDL(M-1,1))/0(H)

0 20 M=z2,INTERV
VORDL My 2) = 3. *(D(M*DIAGIM+1) + D(M+1)*NIAGIM))

DIAGtM) x Z,*(D(M)sD(Me1))

DO 30 M=2,INTERV

6 = =D(M+1)/0IAG(M=1)
DIAGEMS = DIAG(M) » G*D(M-1)
VOROL (M, 2) = VORDL(M,2) + G*VORDL(M=1,2)

NJ = KNOY

00 %0 M=2,INTERV

N =NJ - 18
VORDLINJ42) = (VORDL(NJ.2) = D(NJ)*VORDL (NJ+1,2))/DIAGINJ)

END

RETURN

SPLIN629
SPLING30
- SPLING3Y
SPLING32
SPLING33
SPLING3G
SPLING3S
SPLING36
SPLING37
SPLING38
'SPLING39
SPLINGG0
SPLINGGL
SPLINGUL2
SPLINGGS
SPLING4A
SPLING64S
SPLINGGE"
SPLIN64LY
SPLINGULS
SPTING4G9
SPLING50
SPLING6S1
SPLINGS?Z
SPLING6S3
SPLINGS4

memmvmwwm

89

SPLINGS56



FUNCTION DOT (M, INDEX)

.~C‘ COMPUTE INNER PRODUCT OF -FCT M WITH FCT ILAST (INDEXSi) OoF

< - YERRORCINDEX=2Y"
.COMMON 7 WANDTY 7 TREND(iﬂU),TRPZHT(iUO),G(iDO)
COHHON/INPUTILX,XX(iOﬂ),U(iﬂﬂ),JADD,ADDXI(ZG),HODE
COMMONZ OUTPUT —7UE
¢ VORDL(ZB,Z),KNOT,LNAX,INTERV :
COMMON/ BASIS IFCT(iBD,BB),VORD(SO,ZB 2),8C(30) 4 ILAST
60 “T0 105303 , INDEX

18 IF (N EQ.ILAST) G0 TO 20
DO 41 L=1,LX
1 6y = FCT LM *FCTE ) . :
GO TO 80 . -
20 DO 20 L=1,LX L ;
-2t Gty = FCTLLY*FeTL (L ,
60 TO 80
30 . IF (M.EQ.31) GO TO &0
B0 3t L=1tX .
31 GCL) = FCTL (LY SUERROR(L)
GO TO an

40 D0 & t=L7tX
44 G(L) = UERROR(L)*®UERROR(L)
c
. 'EFFTCIENTtY_PROGRtﬂHEU*00U8€‘PRECTSION‘1CCUHUttTION‘Of’SCitIR
C PRODUCTS IS CALLED FOR HERE., AT PURDUE, WE USE '

) c D = ARITHi‘CQN, ,IA,B,IB) _

. T WRICH RETURNS THE VALUE OF o ) . .
c , D = C = SUMCA(14J%IA) * B(1+J%IB), J=0yeesyN-1)
c

80 DOT = <ARITHITO ;LU X3G; 15 TRPZHT 417
RE TURN

- END o

T

SPLIWGS?

SPLINGS8
SPUINSSS
;SPLIN660

-SPLIN661

“SPLING6Z"
SPLING663

:SPLING66A

SPLINGES
,SPLIN666
.SPLING667
SPLINSSS
'SPLIN669

SPLING70.

. SPUINS7Y

SPLIN672
SPLING73
SPLINGTH
SPLING7S
SPLING76
SPLING77
SPLING678
SPLING679
SPUINGSU
SPLING8BY
SPLING682
SPLINGSY
SPLINGSG
SPLING8S
SPLINGSG.
SPLING87
SPLINGBS
SPUINGSY

CHCRER IS RIRS N EPR VSRS SRS IS SRR S SR SIS IR IR RSB IEIB 30 30> TSRS NRRRBRRINSP YT N69SD

c

90

SPLIN691




K2 X1 X3

c

. SUBROUTINE EVAL

COMPUTE POL. COEFF COEFL(I,K) OF FCT ILAST .FROM VORDL,

TREN COWMPUTE FCTL(LY FCT TLASTI*TREND AT £X(LCY,1= 1,LX

'COMMON / WANDT 7/ TREND(100),TRPZNT(100),G(100)

COMMONZINPUT/LX yXX (100) ,U(L00) o JADD, ADDXT(26)  HODE
‘COMMON/ OUTPUT /ZUERROR(100), FCTL(130),XIL(28);COEFL(27,4),

. . VORDL (284 2) KNOT,LMAX, INTERV

. COEFL(I,1) =

D0 1L T=1,INTERV
VORDL(1,1)

"COEFL(I,2) = VORDL(1,2)

DX * XIL (I#1Y < XTICTTY

" DUM1 = (VORDL(I+1,1)-VORDL(I,1))/DX

10

11

- 12

13
20

2

DUM2 = VORDL(I,2Y+VORDL(I+1,2)-2,%DUM1
TOEFLII;3) = (DUML-DUMZ - VURULTT,ZTT/DX
COEFL(I,4) = DUM2/DX/0X
Js=1
ISHTCH = 1
DO 20 L=1.LX
0 TO 111,137, ISWTUH

IF (JLEQ.INTERV) G0 To 12
IF (XX ILY<LToXIL(J+1)) GO TO 13
J=J a1 .

- GO TO'11'
ISNTCH = 2 A
DX = xX(Ly - XILOIY

FCTLWL) = (COEFL(J,1)+DX'(COEFL(J,2)+DX‘(COEFL(J93) '
: +DX*COEFL(J,4)) ) )*TREND(L)
RETURN :
END o

SPLING692

- SPLING93

SPTINGEI%
SPLING695
SPLINGE96

" SPUINGI7

SPLING98
SPLING699
SPUIN7UU
SPLIN7014

. SPLIN7G?

- SPLINTE?

SPLIN7U4
SPLIN705
SPLIN70®
SPLIN7L7
SPLIN7GS

. SPLIN7GY
" SPLIN710
SPLIN711

SPLIN71Z
SPLIN713
SPLIN714
SPLIN7IS
SPLINT16
SPLIN717

. SPUINTIT®

SPLIN719
SPLIN?20
SPLIN72YT

" SPLIN722

SPLIN723

mmmtmwmwm

c
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' SUBROUTINE NUBAS - SR SRR St

: _ SPLIN?ZG:‘
" COMMONZINPUT/LX, xxt:Oﬂ).U(iou) JADD,AUDXI(ZG),HODE R SPLINY27
—c0ﬂﬂ0N1~0UfPUT—1vERRORTt007'ftTtTtva—XrtT23TTCOEFtTZT7t7)l"* ~SPLINTZF
VORDL (28, 2) yKNOT ,LMAX, INTERV ) It SPLINT29
COMMON/ BASIS /FCT(4100,30), VORD(SO,ZB,z),BO(SO),ILAST P ?uﬂ“ - SPLIN730

" COMMON/- LASTS- IIOROER(ZB);INStRTt St - —SPLINTIT

COEF(ICy.) CONTAINS THE POL COEFFICIENTS OF FCT: M F'OR INTER-SPLIN?32

92

c

c VAL TO THE RIGHT OF XI(IC), IC=ICM,ICM¢N-3, SPLIN733
< HITH ICH =M tM=T1 72+ L0 CNLTH OBVTOUS MODS FOR M LE Tt SPLINTS®
c THE FCT ILAST (TO BE) INTRODUCED LAST, HAS ITS VALUES AT THESPLIN735
- £ THE POINTS XX€L) IN FCTLCL), HAS FIRST INDEX ICLASSPLIN736
-t ~IN-COEF-AND XI5 MAS ADDTTIONAL KNOT XKNOT; THE KNOTKNOTS——SPLIN?37
c FOR IT ARE CONTAINED, IN INCREASING ORDER, IN XIL,ITS COR-' SPLIN738
C RESPONDING ORDS AND SLOPES ARE IN VORDL, THE KNOT JUST INTROSPLIN739

< ;
c FOR POSSYIBLE REPLACEMENT OF KNOTS LATER ON (SEE MODE=2,3). SPLIN741
DINENSION TEMP (30),XI(381),COEF (361, 4) SPLIN742
. -IF(MODESGTSOY 60— TO 8 ~SPLIN7S3
C~--==---%S3CONSTRUCT FCT ILAST FOR ILAST.LE.4 SPLIN744
XICILAST) = XIL(4) SPLIN74S
—ICLAST=—TLAST SPLIN7%E
ILM1 = ILAST-1 SPLIN747
IFCILAST .GT. 2) 0 TO 7 SPLIN748
“TFCILASTEQe2) 60-To 6~ ~SPLINTGS
c FIRST BASIS FCT IS A CONSTANT SPLIN750
VORDL (1,15 =1, SPLIN751
VORDL 25 1=t ~SPLINTSZ
VORDL (1,2)=0. SPLIN753
VORDL(2,2)=0. _SPLIN7S4
S ~60-T0 67 “SPLIN7SS
C °  SECOND BASIS FCT IS A STRAIGHT LINE SPLIN756
6 VORDL(2,2) = VORDL(1,1) /(XIL(2) - XIL(1))*2, SPLIN757
: —VORDLTT; 2 ==VORDL (2,27~ ' “SPLIN7SE
c o SPLIN759
7 VOROL(2,1) = = VORDL(2,1) SPLIN760
“VORDL (25 2) == VORDL (252} ;SPLINTSL
| 60 To 59 7 SPLIN762
R - SPLIN763
—8 G0 TO 107105 147 7HODE" SPLINTSW
Ce--~--=~***SET UP CONSTANTS DEP.ON ILAST. INSERT NEW KNOT INTO XIL  SPLIN765
c " * AND UPDATE VORD FOR FCT M,M=1,ILAST-1 SPLIN766
F* to—wnoT=—KNOT-+ 1 SPLINTST
ILAST = KNOT '+ 2 SPLIN768
ICLAST = ILAST®(ILAST-7)/2 + 10 SPLIN769
“TEWT="TCAST=% SPLINTTD
INTERV = KNOT - 1 SPLIN774
DO 11 INSERT=2, INTERV' SPLIN7?2
“IF-(OXKNO ToLToXTLCINSERT Y 50-T0 12" “SPLINTT3
11 CONTINUE , SPLIN77#
G0 TO 95 SPLIN775
12 IF CXKNOTSLESXIL CINSERT =117 3010 9% SPLINTTG
10 = KNOT | SPLIN?77
DO 13 L=INSERT, INTERV SPLIN778
10 = 10-= 1~ SPLINT?Y
XIL(I0+1) = XIL(IO) SPLIN780
13 IORDER(IO*1) = IORDER(IO) SPLIN781
~TORDERCINSERTI—="KNOT - SPLINTSZ
c SPLIN783



16 XIL (INSERT) = XKNOY
DX = XKNOT = XIL(1)
PO 1S5 I=1,%
"YORDCI 4 KNOT,1)=COEF(I,1)+DX*(COEF(I,2)+DX®*(COEF(I,3)
. +DX*COEF(I,4)))
15 VORUCIZKNOT; 21 =CO0EF (T, 21%0X* (2. *COZF (I 31 #¥0OX*3 ,*COEF(I;5))
IFCTLML.LT.5) GO TO 20
I0 = &
{BOURD = &
.00 19 I=5,ILM%
" ID =2 ID + 1 -4
“TBOUND = IBOUND & 1 = 3

17 IF (IN.EOQ.IBOUND) GO0 TO 18
IF (XKNOT.LT.XI(ID+1)) 50 TO 18
10> 10 F L

60 TO 17

18 DX = XKNOT - XI(ID)
VORDCI; KNOT ;1) =COEF (ID, 1Y ¥OX* (COEFTID; 2) ¥OX*(CULEFTID; 37
» +DX*COEF(IDy6)))

19 VORDCY yXNOT, 2» =COEF (ID, 2) 4DX*(COEF(ID,3)%2,4DX*3 . #COEF (1IDy4))

’c—-‘.-- -
CovemeaaaDEFINE LAST BASIS FUNCTION

doowoo'

odéoqo

20 CONTINUE
50 TO (30,4%0,50) yMODE

SPLIN784
SPLIN78S
SPLINTSS
SPLIN747
SPLIN783
SPLINTSS
SPLIN790
SPLIN791
SPLIN7TSZ
SPLIN793
SPLIN794
SPLIN79S
SPLIN796
SPLIN797
SPLINTOS
SPLIN799
SPLINBOO
‘SPLINST1
SPLINS02
SPLINBU3
SPLINECH

SPLINSOS
SPLINBO®
SPLINSO7

soe MODE=1 *#*% ADD ILAST-TH BASIS FUNCTION. CONSTRUCT FROM FCT SPLINS8OS
ILAST~-1 B8Y REFLECTING THE PART OF THE LATTER TO SPLINS(GO

THE RIGHT OF XKNOT ACROSS THE X=AXTS; THEN " INTERSPLINSIC

POLATING. THIS SHOULD INDUCE ONE MORE OSCILLATIOSPLINS141

N IN FCT ILAST THAN IN FCT ILAST-1 SPLINS12

SPLINS1I

29 MODE = 1 SPLINS14
30 VORDL(1,2) = VORD(ILML,1,2) SPLINSB1S
’ SPUINSIE

TL0C = IORDER(X) SPLINS17

34 vORDLtK,4) = VORD{(ILMY,ILOC,1) SPLINS18
D0 32 K=INSERT;INTERV “SPLINSIO
ILOC = IORDER(K+1) SPLINS20

v2 VORDL(K+4,1) ==-VORD(ILM1i,ILO0C,1) SPLINS21
’ - Y4 SPLINB22

: G0 TO 58S SPLINS23

SPLINS24

1"‘"00852—“*“REPtICE“FCT“1ttST‘BT‘INTERPUtITING‘IT‘ﬁT THE SPLINS2S
CURRENT SET OF KNOTS, IF FCT ILAST HAS NOT BEEN SPLINS26

" PREVIOUSLY DEF (INSIRTU(ILASTYI=0)(SEE 9 ABSOVE, SPLINB827

ALCSO MAIN AT 10)YY SET MODE=T,PROCEED IN THAT WMODSPLINSGZS

' SPLINB29

e IF (INSIRTC(ILAST) .EQ.D) . GO TO 29 SPLINB30
YURDLU (L, 1Y =VORDCILAST;15,1Y v SPLINS3T
YOROL (1, 2)= VORD(ILAST,i,Z) SPLIN832

ID = ICLASY SPLINB33
180UND =—ICLAST + ILAST = 'W SPCINS3S
00 63 K=2,INTERY . SPLINS3S

44 IF (ID0.EQ.IB0UND) GO TO 42 SPLINS3S
IF XIL) LLToXICIDF Y GO TO 42 SPLINSB37

ID = ID +14 ' SPLINB3S

GO TO &1 SPLINB39

%2 DX EXIC(RY= XITI0Y SPLINSGT
43 VORDL(K,1) = COEF(ID,1)+DX*(COEF(ID,2)+DX*(COEF(ID,3) SPLIN841

93




A0

c
c

<

» . +DX*COEF(ID,4))) SPLINB42
VORDL(XNOT,1)=VORD(ILAST,2,1) - SPLINB&4Z

Y2V = 2y SPLINDG,

: 60 TO 5% .$$-‘f SPLINB4S

.. SPLINBLG

*4¢ MODE=3 ¥*%* CHANGE FCT TLAST 3Y CﬁtNGING JUST Tﬁi KNUT INTRUS?tTNﬁW?

) DUCED LAST Y « :SPLIN84S

( SPLIN84Y

3? I0 = ICLAST & INSERT - SPLINSSD
DX = XKNOT = XI(ID) SPLINSSYL
XI(ID) = XKNOT . SPLINS8S2

T IF 1ﬂXoGE.0.i 60 70571 “SPLINSSY
10 = ID0 -2 T e D e o SPLING S

DX =2 XKNOT -« XI(ID) SPLINBSS

51 VORDLCINSERT,1) = COEFCID,1) +«DX*(COEFCID,2) sDX*(COEFIIO, SPLCINSSS
.. +DX*COEF(IDy,4))) SPLINBS?
o _ SPLINSSS

%% INTERPOLATE SPLINSSY

55 CALL INTERP . SPLINBGD
60 TO (57,57,59) 4MODE SPLINBG61

57 ID = ICLASY - 1 SPLCINB®Z
D0 56 10=1,INTERYV SPLINSBGE3
ID'=ID ¢ ¢ SPLINBEL

€6 X1TIDY = XIL(IO) SPLINBGES
INSIRT(ILAST) = INSERT SPLINB66
Comomcons SPLINBG6?
Cowowa=aa®9® ORTHONORMAL I2ZE FCYT ILAST OVER PREVIOUS (ORTHONORMAL; SET SPUINBGS
‘THEN COMPUTE THE COMPONENT BC(ILAST) OF UERROR WRTO IT SPLINS69
FINALLYySTORE THE VARIOUS REPRESENTATIONS OF FCT ILAST SPLINS70

SPLINS71

59 CALL EVAL SPLINB72
D0 60 I=1,ILM1 SPLINB73.

60 TEMP(I) = DOTC(I, 1) SPLINS7%
DO 69 L=1,LX SPLINB7S

69 FCTL(L) = ARITHi(FCTL(L),ILHi,TEHP,i,FCT(L,i),iﬂﬂl SPLIN876
SEF COMMENT IN *NOT* ABOUT THE ®ARITH1* ROUTINL SPLINSB7T
DO 61 K=1,KNOT SPLINSE78
ILOC = IORDER(K) SPLINB79

DO 61 L=1,2 . SPLINGSE0

61 VORDL (KyL) = lRITHi(VORDL(K,L),ILMi,TEHP,i,VORD(i,ILOC,L),1) SPLINSS81
SEE COMMENT TN ¥nnTs aonnT *ARITHY* ROUTINE SPLINSS82
67 CALL EVAL SPLINSSES
C = SART(DOVIILAST,1)) SPLINSBL

IF (C EQs 0.) C =1, SPLINSSS
|CCILASTY = DOTC(ILASY,2Y / C SPLINSSE

DO 62 K=1,KNOT SPLINSS7
ILOC = IORDER(K) SPLINBSES

DO 62 L=1,2 SPLINSEY
VORDL(X,L) = VORDL(K,L‘/C SPLINSSO

62 VORO(ILAST,ILOC,L) = VORDL(X,L) SPLINSSL
‘I0 = ICLASY - 1 SPLINE92

00 63 10=1,INTERV SPLINSS3

I0 = 1ID + 1 SPLINB8SY

00 63 L=1,4 SPLINSSS

63 COEF(IDyL) = COEFL(IOyL)/C SPLINS8S6
DO 64 L=1,LX SPLINS97

68 FCTL,ILAST) = FCTL(L)ZC SPLINSSE
Covconoconn SPLINBS99
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RETURN SPLINSGO

c SPLINGO1
T """THTS OUTPUT INDICATES A FAILURE" CUNDITTON"" SPLINI0Z
95 WRITE (6,950) XKNOT,ILAST SPLIN9O3

950 FORMAT. (415H $%% NEW KNOT,E20,8,13H FOR FUNCTION,I3,50H OUT OF BOSPLIN904
T*UNDS OR CUINCIDENT WITH A PREVIOUS KNOT./36H **¥ EXECUTION TANNOSPLINYOS

*T BE CONTINUED) SPLIN906

sToP SPLINSG7

T SPLINYTB
END SPLINSC9

c , SPLINS10
TP o2 e eSS TREND AND WEIGHT FUNCTIDNSU St Forssssssss ssr sssvessssssss v e ¥ SPLINGIY
c _ SPLINS12

95



FUNCTION T(2) T " SPLIN913 .
T = 1. 1,7 SPLIN91G

END ' ' SPLIN916
. SPLIN917

- 96




FUNCTION W(2) ) . SPLIN918

W= 1. . SPLIN919
RETURN - SPLIN9Z0
END - SPLIN922
c ey Y Y T Y X Ty Y XYy Yy Yy LR Y L X T L A A L X 2 L X L K L L L L A R Ak d K R X & 2 24 4 - e oo SPLIN923
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IDENT ARITH1 o
ARITH1 = ADTTHMETIC PArKAGE FOR LINEQ1 AND DTMNTI.

DAVIO s DODSON, §6/0i/70,

FUNCTION.

GIVEN REAL SCALAR C AND N=VECTORS A AND Bs THIS
PACKAGE COMPUTES THE FUNCTIONS
, N

ARITHl = C = > A(1) ® B(IY

——— *

I=1

USAGE,
FORTRAN FUNCTION REFERENCE 70 ARITH1 OF FORMI
Y=ARITH1 (CoNsA9KA.R.KBY

WHERE: A AND B ARE THE NAMES OF TME TWO VECTORS AND
KA AND KB ARE THE INCREMENTS BETWEEN SUCCESSIVE
ELEMENTS OF THE A ANN B VECTORS IN MEMORY,

COMPATABILITY. .
THIS ROUTINE IS EQUIVALENT TO THE FORTRAN SUBPROGRAM}

FUNCTION ARITHI (CeNsAsKAIBIKB)
DOURLE PRECISION T
REAL A(KAJN) +B (KRN}
T=DBLE (C)
IF(N«EQ,0)GO TO §
DO &4 Ia1«N _
4 T=T=0BLE(A(LsI))®DBLE\B(LFE))
S ARITHl=T
RETURN
END

ENTRY ARITH1

SAl 83 FETCH NEXT A

's83 83+84
SA2 8S FETCH NEXT B

SRS BS+R6
FX0 X1ex2
nxl Xx1ex2
FXx2 X6=X0_
DX3 X6=X0
FX0 X7=X1

(RUsX1) = (XI) ® (x2)

(X6 XT)L = (X65XT) = (X0.X1)

NX2 X2
FX1 . XO0eX:
FX0 X1eXx2
NX3 X0

DX1 XleXxe

ARITH
ARITH
ARITH
ARITH

ARTTH

ARITH
ARITH
ARTYTM

ARITH *
ARITH )

ARITH
ARITH
ARITH
ARITH
ARITH

ARITH )

ARITH
ARITH
ARITH
ARITH
ARITH
ARITH

ARITH

ARITH
ARITH
ARITH
ARITH
ARITH

ARITH

ARITH
ARITH

ARTTH. *

AW1TH
ARITH

ARITH

ARITH

ARITH
ARTTH

ARITH
ARITH
ARITH
ARITH
ARITH
ARTTH
AKLITH
ARITH

ARITH

ARITH
ARITH
ARITH
ARITH
ARITH

ARITH

ARITH
ARITH
ARITH
AR1TH
ARITH
ARITH
ARITH

Out Juot Joub Gl P il Gt Puh Yud
CENOPUAPWN~OOBITAPWDN -

NN N
N O
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NX2 AL
FX6é X2eX%3
oxX7 X2¢x3
sB2 B2-B1
NZ 82+L00P
ASsSZ 1

SAl B1

BXé X1

MXT 0

0X7 X6ex7
SB1 1

SAl B2

SB: X1

ZR X14ARITH]
SAl B4

SsSB4 X1

SAl B6

8B6 X1

€Q LooP
SPACE &

END Ta L

ENTRY/EXIT LTI CR Y B foaA T .
(X64X7) = DBEQ(C)J;J'ﬁ;? ;g’ﬁﬁ#éf

ARG AT TR

COUNT TERM S
LOOP TO COMPUTE INNER PROBUCT

B1) = §
(B2y =2 N

RETURN TF N = 0
(B4) = KA

Lo AB6Y maKB, v s b e

4,
. .
< -
4 .
~ i
f
® ¥ e
N ¢
IS
1 .
e
-
1 ] ! e
3
i

ARITH

ARITH
ARITH

ARITH

ARITH

ARITH

ARITH
ARITH
ARITH
ARTTH
ARITH
ARITH
ARITH
ARITH
ARITH
ARITH
ARITH
ARITH
ARTTH
ARITH

ARITH

ARITH
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SUBROUTINE TRID (MsSUP+SURD1IAGB)

TRIA
TRIn

oooooo0000.0ooo".‘0000OloOvo..0000Ooo.000.90000000000000000000006'aln

SURROUTTNE TRID

DECKS USED
TRID

PURPOSE

SOLVES THE MATRIX EQUATION AX3B, WHERF A IS TRIDIAGONAL,

usaes
CALL TRIN{(MySUP+SUB,DIAG.R)

DESCRIPTION OF PARAMETERS

- = ORDER NOF MATRIX Ae

SuP - (M X 1) SUﬁER”DfAGGﬁEE”O? Ao
SUP(I)za(l41e1) ISl Mel
(M X 1) sus DIAGONAL OF A,
. bUB(I)=A(1‘1 | @ 13l 4Mal
DTAG = (M X 1) MAIN NIAGONAL OF A,

DIAG(I)=A(T, 1) _I=lsM

SuB

] = (M A 1) CUNSTANT VECTOR. (SOLUTION RETURNED

IN B)
REMARKS
THE ARRAYS MUST HAVE THE FOLLOWING DIMENSIONS
SUP(M)oSUB(M)oDIAG(M).B(M)
SUB AND SUP CONTAIN M=] EEMENTS_

METHOD

DECOMPOSES MATRIX A INTO L*Us» THEN SOLVES THE EQUATIONS

#Z=p AND U%XsZ, SNLUTION IS BETURNED IN B VECTOR,

TRIn
TRINn

TRIN

TRIn
TRIn
TRIN
TRID
TRIn
TRIN
TRIN
TRIN
TRIN
TRIn
TRIn

‘TRIn

TRIA
TRIn
TRIN
TRIND
TRIn
TRIn
TRIn
TRIn
TRIN
TRIN
TRIn
TRIN
TRIN
TRInN
TRIN
TRIn
TRIn
TRIN

o...ooooooco.ooO0OOooOooo.00....t.o000..00o.ooo..ooo'..OoocOooo.o.TnIﬂ

DIMENSION SUP (M) o SUB (M) 9DTAG (M) 4B (M)

"N=z M

NN = N=]

SUP(1) = SUP(1)/DIAG(1)

3(1) = B(1)/DIAG(])

00 10 I=2,n

11 = =1 o .

DECOMPOSE A TO FORM A=LU WHERFE L 1S LOWER TRIANGULAR
1 IS UYPPER TRIANGULAR

DIAG(I) = RIAG(I)=SUP(II)eSUB(IT)

IF (1 «EQs N) GO TO 10

SUP(I) = SUP(I1)/DIAG(I)

COMPUTE ¢ WHERE LZ=B

B(I) = (B(I)-SUB(II)“B(II))/DIAG(I)

COMPUTE X RY BACK SUBSITUTION WHERE Uxs2

DO 20 K=1.NN

I = NeK

B(I) = B(I)=SUP(I)®#B(Ie1)

RETURN

END )

10v

TRIN

TRIn -

TRIn
TRIN
TRLID
TRIN

TRIn

TRIN
TRIn
TRIn
TRIn
TRIn
TRIN
TRIn
TRID
TRIn
TRIn
TRIn
TRIn
TRI

TRIN

ot Gk bt gt .
ur;Lﬂonn::i-auw&anw~r
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APPENDIX III
PROGRAM LISTING - VCF

- ADYNF

— SUBROUTINES

101



000NN D

P@ﬁﬂ#ﬁﬁ%ﬁﬁﬁfﬁﬂﬁ#ﬁﬂﬁ#ﬂﬁﬂﬁﬂwm . . ' o

102

1TAPES=INPUT, TAPE6=O0UTPUT, TAPE7 =PUNCH) VCF8
DIMENSION U(32,2,51),W(32,511.UT(32, 51),UB(32,51)
OIMENSIONINFOTLE) vCF8
DIMENSION THTASRY(6) ,UZZT(6),UZZSQT (6),GAMART(6) » IFLGT (6) " VCF8
DIMENSION THTASRB{6),UZ7B(6),UZZSQB(6),GAMARB(6) y IFLGB(6) VCF8
DIMENSTON COKY100) ,COPKTIOD) ,COSKTID D) VCFB
DIMENSION CLSK(190) VCF8
DIMENSION TAWD(S53), TAHL (53) VCFE
COﬁﬂON‘itPHt*PI‘PIZ‘RE_SRE“SORVVT,DTUR?RTUU,RUTRCﬂIXSUTSIGHI?KEVEEVCF!
COMMON/KAYS/KyKSyKR yKTy KBy KRT, KRB = -~ . - -~ = " VCF¢
COMMON/ELIPS2/AKPHALF, AKDOTPH VCFe
COMMONZBLOCKT/X (10075 Y1005 XB (100D, mnm 3 RTCL0) ,WRTtm) . VCF8
1XRB (100) ,YRB(100) VCF8
COMMON/BLOCK2/GAMMA (100) ,GMAB(108) , GHRT(iOU),GHRB(iUO) - VCF8
EOMMONZ BEOCKIZ X DOTCION 5 Y00T 13 , XDOTHTLIM »YOOTB(1007, VCFB
1XRDOF(180), YRDOT (100),XROOTB (1 30), YRDOTB(100) VCF8
COMMON/BLOCK4/TT (180),TR(100), TRT(100),TR3(100) : VCF8
60Hﬁ0NthOCKSTtK;tKSQD?ﬁKHktP;ﬁXDOT & VCF8
COMMON/BLOCK18/ THETAS, THETASB, THETA o VCF8
COMMON/BLOCK11/DS(52),Dzz,oza,ozsu,Dzsoz,ozsuu,nrz"”' . VCF8
VCFB
COHMONIBLOCK?OIT,TI,OPLT,DELTT OELTB _ o VCF8
COMMON/3LBOX2/TAU,PT4,NBIG »'gi : R - VCF8
“COMMONZBLBOX T2/ ZNTS 115 ISEP ‘ T oo VCF§
- COMMON/BLBOX13/KTS,IXTRSET, IXBRSET,UTNBIG(53),UBNBIG(53) VCF8
* COMMON/BLOCK14/S(53),ST (53),SB(53) VCF8
© COMMONZBLBOX 147 ZHATAKT I ST VCF8
EXT ERNAL CPC,2DRAG,PLIFT RS © VCF8
INT EGER ALPHA : VCF8
“REAL NORyNU, MU VCF8
REAL L,LB = "7 v IR , VCF8
REAL LENGTH : I S VCFa
eeee. TENGTHEDIMENSTONAL EENUTW" R AT S PR VCFB
eeeos AATACK=ANGLE OF ATTACK IN DEGREES _ T VCF8
eesce A FUNCTION SUBPROGRAM NAMED RZERO (ZSTAR) MUST BE VCF8
seces SUPPLIED BY .THE ‘USER "TO "ENTER'THE BODY GEOMETRY. : VCF8
seses ZSTAR IS THE DIMENSIONAL DISTANCE ALONG THE BODY AXIS, VCF8
eseee AND RZERO IS THE CORRESPONDING ‘DTMENSIONAL RADIUS. - VCFe
seses TFTHEBODY GEOMETRY IS IN TABULAR -FORM THEN RZEROTZSTARY VCF3
eeces IS AN APPROXIMATING FUNCTION VCF8
seees VSFREE STREAM VELOCITY VCF8
cee- s NUSKINEMATIC VISCOSITY VCF8
‘eeees INFO ooaee JATA IDENTIFICATION - VCF8
READ(S5,705) (INFO(I) ,I=1,16) VCF8
WRT-TECS , 6T5)CINFOTT) 1= 1, I6) VCFB
" READ(5,706) AATACK,RE,LENGTH VCF8
READ(5,706) DELT,RC, SIGMA VCF8
READ(S,7 08) KFINAL, TFINAL,ZFINAL VCFB
 READ(S,709)LR,LW,LEVELy KPUN VCF8
- PI= 4o O%ATAN(1,0) . VCF8
- DTOR=PI, 180,10 VCF8
- RTOD=180,.0/PT VCF8
CALL NONDIH(DNAX,RV,AH,F,SA,LENGTH PI) - : C VCF8
WRITE(6,611) DMAX,AN,F,SA o o VCF8
WRITE(6,606) AATACK, RE T ~ VCF8
~ 'AAT ACK=DTOR*AATACK VCF8
- REZPE*STNTAATATK) *AW/LENGTH VCFE

Qoaﬂmmd ~



FTA-F'TAN(AATACK)
C eceeee OUTPUT PARAMETERS
‘ “IPUN=O—
€ eseses COUNTERS
KT=KB=0
“KRT=KRB=0
KR= KS=KSB8=1000
IXTRSET=IXBRSET=INITAL=53

C ceees NDIM MUST BE PUT IN FREEVTX,CPC; AND RVTX
- NDIM=100
C eeeso I'DIM=DIMENSION OF THETA GRID “IN B:L. ROUTINE
C esevs JDIN= DIHENSION OF R GRID IN B.L. ROUTINE
I0I M=32
IDIM=ST

C seeee CONSTANTS
PI2=2,0*P1
PINF=132.37.,1189
- SQRTPI=SQART(PI)
SQA=SIN(AATACK) **2
DELT=7125
SRE =SQRT (RE)
. Ceeeseeee ISYM=1 IS THE SYMMETRIC CASE
" Cessescec ISYM=0 IS YHE ASYMMETRIC CASE
ISY M=y .
THT ASYM=1.0
CTo+*oe s+ INTTTAL SONDITIONS
Cesssssss s START OF LOOP
K=0
IFCLR,EQ.0) GO TO 219

READ(LR) K,K3,KR,KT,KB,KRT,KPB,T,DELT,NBIG,IXTRSET,IXBRSET
READ(LR)(UTNBIG(I),(UT(I,J),J’l,NBIG),I 1,IXTRSET)

TFCISYM,EQ: 0V READILRY TUBNSBIGTIT ) tUB (I, 0V 50=1,NBIG) ;I=15IXBRSET)

IFCKeLT<KS) GO TO 219

READILRY  (X(CI),oY(I),4XDOTCI),YDOT(I),GAMMA (1), TT(I),yI=1,KT)
READ(LR) (XB(I},Y3(I),XNOTB(IY,YDOTB(I),GMABC(I),TB(I),I=1,KB)

IFCKRT.EQ.") GO TO 220

REA D(LR) (XRT(I),YPT(I),XRDOT(I),YRDOT(I),GHRT(I),TRT(I),I 1,KRT)VCF8 97

PEADTULR) tXRthT_Tkﬁffﬁ”XROOfefii;YRUOTBTTT”GHRBTT7_TRB1IT,

11=1 ,KR8B)
220 CONTINUE
“TFCKLT.KR)Y GO TO 219

. READ(LR) THTASMT,THTASRT,UZ2ZT, UZZSQT,GAHART,IFLGT,THTASHB,
1THT ASRB, U778, UZZSQQ GAHARB IFLGB,NT NByNFTyNFB,GMTLT, GMTLB

219—CowftNUE
IFCIK/KPUN) *KPUNLEN,K) IPUN=2
KTS =K+ 1
IF{K.NE., 0) GO TO 69
T=T I=(RW/AW) *2,0%FTA%,03
ZHAT=T* (AW/ (RU*2,0*FTA))
 AK=RAZ AW PRIRO(ZHATI LENGTH, RW)
AKT I=AK
AKDOT=DRZRO{ZHATHJLENGTH,RW) 7 (2, 0%*TA)
CDP I=PI2*AK*AKDOT .
WRITE(6,620) T, ZHAT 4 AKX, AKDOT,CDPI
69 =K +1
KMIMUST=K=1"

VCF8 60
VCF8 61
VCF8 ®2
VCF8 63
. VCF8 64
" YCF§ 65
VCF8 66
VCF8 67
VCF8 68
VCF8 69
VCF8 70
VCF8 71
VCF8 72
VCFE T
VCF8 75
VCF8 76
YCF8~ 7T
VCF8 78
VCF8 79
VCFE .80
VCF8 81
VCF8 82
'VCF8 83"
VCF8 84
VCF8 85
VCF8 8%
VCF8 87
VCF8 88
VCF8 89
VCF8 90
VCF8 91
“VCF8 927
VCF8 93
VCF8 94
VCF8 95
VCF8 96
VCF8 9%
VCFB 99
VCF8 100
VCF8 101
VCF8 102
VCF8 103
VCF8  tOv
VCF8 105
VCF8 106
VCF8 107
VCF8 108
VCF8 109
VCF8 1170
VCFB 111
VCF8 112
VCF8 113
VCF8 114
VCF8 115
VCFS 116

103



T=T+DELT
. TH=T=DELT/2.0
- ZHAT=T* ( AW/ (RH*2,0%FTA))
’ L EAKTRUZ AR *RIROCZHAT LENGTH, RW)
AKDOT=DRZRO(ZHAT,LENGTH,RH)/(Z.O‘ETA)
- AADOT=AK*AKDOY
" AKS QD=AK**2
- ZHALF=TH® (AW/(RH*2,0%FT A))
. LAKPHALF=AKHALF=RW/ AW*RZRO(ZHALF,LENGTH,RH) -
ﬁKﬂOT?ﬂ'ﬁRZRUTZHItFyttﬂtTﬁ,RWTffZ 0*FTAY
c cecee RCMAXSQ AND RCSQ ARE THE MAX CORE RADIUS SQUARED AND CORE
C .eseee RADIUS SQUARED
s ~IFCKSSLE « KIRCMAXSO=5, D4 *T/RE Y
—;IE(KS.LEoK)RC!AX=SQRT(RCHAXSQ) : .
., -KTT EMP=KT
KBT eMP=XE
KT=KT+1
-« KB=KB#1
- CTALL ﬂtBOXfSﬂQLL",DGAHHl,TAﬂD,TAWL,U,“,UT,UB)IUI“,JDI“,I)
KT= KTTEMP .
. KB‘KBTEHP
"C _eseee. SHEAR DRAG
CDST=0,0
-CLST=0.0
INT x=ISEP=1
DO 1 I=1,INTX
. TRAPD=DS (IV/72. 0% (TANDCIV+TAHD(I+1))
CTRAPLEDS (1) /72, 0¥ (TARLCTIY + TAWLT I # 1)
- CDSY=CDST+TRAPD
1 - CLST=CLST+TRAPL
e "COSKIKY=,SO0*AK*COST
... CLSK{K)=.50%AK*CLST
C esenees UPPER HALF OF CYLINDER
Lz TIFR,LT.XSY GO TO %
KT=KT*1
TTIKT) =T
GAMMAIXKTI=DELT*OGANNMA
GAMMA (KT ) =SIGMA*GAMMA(KT)
XK TY=CAK+SMALLMI*COSC(THETAS)

IF(ISYM.EQ.9) GO TO 3
KB=KB+1 o A A
. XBCRBY=XIRTY
YBI{KB)Y ==Y (KT)
GMA B(XB) ==GAMNA (KT)
v . TEUKBY=T
-3 . -CONTINUE
. IFCTHETAS.LTTHTASYM,0R, ISYN.EQ 9 GO TO 1090
60 TO 102X .
C""""' SYMMETRIC CASE
400 KBT EMP=KR
. XB=KB8+1
CAL L BLBOX(SHALLH,DGAHHA,TARD,TAwL,U,H,UT,UB,IDIH:JDIM,Z)
CoL ‘KB= KBTEMP
T .eevs ASYNMETRIC CASE
C eeese LOWER HALF OF CYLINDER
C ---e¢ SHEAR DRAG
cDS8=0.0

104

VGFY
VCF8
VCFe

VCF8

.VCF8

VCF8
VCF8

VCFB '

VCFa8
VCFa

VCF8
VCF8

VCF8
VCF8

VCFa8
VCF8

CF8
JCF8
VCF8
VCF8
VCF8
VCF8
VCF8
VCF8
VCF8

VCF8
VCF8
VCFs
VCF8
VCF8
VCF8

'VCF8

VCF8
VCF3

-VCF8

VCF8

VCF8
VCF8

VCFB~

VCF8
VCF8
VCFE
VCF8
VCF8

VCF8
VCF8

VCF8

VCF8
VCF8

117
118
119

4 N

121
122

124
125

127
128

130
131
132
133
136

136
137
136
139
140
11
142
143
104
145
146

148
149
150"
151
152
153
154
155
156
157
158

- 159"

160
161
162
163
164
{65
166
167

{68

169
170

172
173

17



c

7

"CLSB20.0
. INT X=ISEP-1

00 5 I=1,INTX

TRAPD=US (I) 7 2. 0 (TAWDUIY+TAWOUT #1Y}
"TRAPL=DS(IN /2. 0% (TAWLCI)+TAHL(TI+1N)

COS B=CDSB+TRAPD

'CLSB=CLSB¥TRAZL

CDS X(X) =CDSK{K) =, 50 *AK*CUS S
CLS K(K)=CLSK(K) =,S0*AK*CLSB "
JFtK.L T, KSB) GO TO I8

KBxKBe1 -1 L

--TBUKB) =T

GMA BIXB)Y =-DELT*DGAMMA

» GMA B(KB) =SIGMA®GMAB (KB)
© - XB{KB) = (AK+SMALLM) *COS(THETASS)

YBUXB) = (AK#SMALLM) *SIN(THFTASH)
CONTINUE
GO TO 9

101 CONTINUE CEe
eses's SYMMETRIC CASE

“COS K(K)=2,0%CDSK(K)

D0 182 I=1,IXTRSEY
UBNBIG(I)==UTNBIG(I)
00 192 J=1,NBIG

102 UB(I,N==UT(I,J)

9

IXBRSET=IXTRSET
THE TASB=PIZ=THETAS
KS8 =KS

KB= KT

'CONTINUE

seeee XDOT,YDOT CALCULATIONS

81

83
8t
s

IF(K,LToKS) GO TO 85

CALL VELX, Y, XDOT,YDOT, NDIM,1,KT,1)
IFCISYM.EQ.0) GO TO 81

D0 89 I=1,KT

X00TBCIY=XDO0T(I)

YDOTB(I) =-YDOT(I)

CONTINUE

G0 TO 82

CONTINUE

CALL VEL(XB,YB,XDOTB,YDOTB,NDIM,1,K8B,2)
CONTINUE -

IF{KRT.EQ.8) Gu 10 85

CALL 'EL(XRT,YR'QXROOT,YRDOT,NDI",l,KRT,“)

IFCISYN.EQ.0) GO TO 8¢
DO 83 I=1,KRT
XRDOTB(I)=XRDITLI)
YROOYBtIV==YROOT(I)
CONTINUE

GO0 TO 85

CONTINUE

CALL VEL (XRB,YRB,XRDOY8,YRDOTB; NDIM,1,KR8,5)

CONTINUE

C eeeees END XDOT, YOOV CALCULATIONS
C eeeso PRINTOUT

c (XX X N}

IPUNSIPUNSL

VCF8~
_VCF8
"VCF8

VCF8
VCF8
VCF8
VCF8
VCF8

VCF8

.'VCF@

VCF8
VCF8
VCFs8

VCF8
VCF8
VCF8
VCF8
VCF8

VCF8

VCF8

"VCF8
VCF8

VCF8

VCF8
VCF8

VCF8

VCF8

VCF8
VCF8

vVCF8
VCF8

VCF8

‘VCF8

VCF8
VCF38

VCF8
VCF8

VCF38
VCF8

VCF8

" VCF8

105

VCF8
VCF8

175
176
177

179
180
181
182
183

185

‘186

187
188
189

191
192
193
194
195

197
198
199
200
201

203
204
205
206
207

209
210

212
213

215
216

218
219

221
222

224
225

227
228

230
231

237



iff1KfKPﬁN7‘K?UN‘EQ_K) “TPUN=2

IW=6
IFCIPUNLGE.1)

IFCK.GE.KSY WRITELS,60M0)
IF{K.GE«KS) CALL WRIT(X,Y,XDOT,YDOT,GAMMA,XB.Y8,XD0OT8,Y0DOT8,GMAB,

IN=7

11,KTy14KByKyNDIM,IW)

TIFCKRT,GT,0) WRITE(6,602)
IFCRTGT«0) CALL WRIT(XRT,YRT yXRDOT,YRDOT,GMRT,XRB,YRB,XRDOTB,
TVYRDOTB,GMRB,y 1, KRT,1,KRByK,NDIM, IW)

€ asnss ENUPRINTUUT
CDP=4,0%PI*AKDOT
SEPDEG=THETAS*RTOD

79
78

IFCK. GEKSTANDTLEVEL . GEL Y WRITE(6,622) T, ZHAT AK, AKDOT, SEPOEG
IF(KeGE« KS) CALL DQAI(PDRAG,COP,Ky5y ISYM)

CDP K{K) = ,S*AK*CDP

TOKKY=COSKIKIFCOPKIKY

CDN=CAW/RW) *CDK(K) * TQA .

WRITE(6, 603)K,CDPK(K),CDSK(K),CDK(K),CDN
TFfﬂWﬂfﬂﬂ?ﬂﬂﬂRTTET7,7SS)7ﬁﬁT}CDK(KT,T,

IF(K.LT«KRY GO TO 78

KTE MP=KRT

CAl T RSEPIUTHETAS, THTASR,ST, UTNBIG, I XTRSET, INITAL, 1)

CALL RVTX{XRT,YRT, GHRT,THTASR,THTASNT,THTASRT,UZZT,UZZSQT,GAHART,
11,KRTyNY NFT,IFLGY, GMTLT,NDIM, TRT)

"IFUKTENPLEQ.KRTY GC "TO 78

KRB =KRY

TRB (KRB) =TRT (KRT)
GHRBIKRBI==GHITI(RKRTY "
XRB {KRB) =XRT (KRT)
YRB {KRB) ==YRT{KRT)

CALL VEL (XRT3;YRTyXROUOT, YROOT,NDIM, KRT,KRT,B)

XRD OFB(XRB) =XRDOT(XRT)

YRD OTB(KR8) ==YRDOT (KRT)
IFCISYN.EQ.TY GO TO 79

KTE MP=KRB

CALL RSEP(THETASB,THTASR,SB,UBNBIG, IXBRSET,INITAL,2)
“CﬁLl'RVTXTXRB,YRB)G"RB,THTASR,THTRSHB,THT!SRB,UZZB,UZZSUB}GIHIRB,
12,KRByNB yNFB,IFLGB,GMTL By,NDIM, TRB)

IFCKTEMP.EQ.XB) GO TO 78

CALL VEL TXRB, YRB,XRDOTB, YRDOTBy NDIM; KRB, KRBy 5)"

CONTINUE
CONTINUE

C seese VORTEX MOTICON
IF(KLT«KS) GO TO 85

90

CALL VM(X,YyX20T,YDOTyNDIMy1yKT,HDELT)

TFCISYMEQL.T
DO 90 I=1,KT
XBLI)=XI)
YB(ID ==Y (I}
CONTINUE

G0 To 92

91t SONTINUE

92

CALL VM({XB,Y8,XDOTB, YDOTB,NDIH,i,KB DELT)

CONTINUE

GO TC 91

IFCRT.EQ.0) GO TO 95

CALL VM{XRT,YRT,XRDOT,YRDOT,NDIM,1,KRT, DELT)

IF(ISYH-EQ.U)
DC 93 I=1,KRT

106

GO TO 94

VCF8 233

VCF8
VCF8
VCF8
VCF8
VCF8
VCF8
VCF8
VCF8
VCFb
VCF8
VCF8
VCF8
VCF8
VCF8

VCFb -

VCF8
VCF8
VCF8
VCF8
VCF8

VCF8

VCF8
VCF8
VCFs
VCF8
VCF8

VCF8
VCF8

234
235

237
238

240
261
2u2
243
4 1

"¢65

246
247

249
250
251
252
253

255
256

258
259

261
262

VCF8 263

VCF8
VCF8

VCF8
VCF8
VCF8
VCF8
VCF8
VCFs8
VCF8
VCF8

VCF8
VCF8

VCF8
VCF8
'VCF8
VCF8
VCF8

‘VCF8~

VCF8
VCF8
VCF8
VCF8
VCF8
VCFb

264
265
266
267
268
269
270
271
2re’
273
274

=y -

276
277

279
280
Z81
282
283
284
285
286
28T
288
289
290



! CXRBCIVEXRTUIIY VCF8
< YR8 (I) == YRT(I) . VCF8
€93 CONTINUE » ‘ VCF8
Lu . GOTTO 9% ) ’ VCF8
.fgﬁ‘ CONTINUE & :+ai o7 s VCF8
SN "CALL VM(XRB,YRB, XRDOTB.YRDOTB.NDIH,l,KRB,DELT) _ VCF8
9% - CONTINUE ) S : VCF®
C.eeeee ENDIVORTEX /MOTION. - .~ - L : VCF8
ok .CALL SECOND(TIME) . o VCF8
WRITEC6,612) TIME VCF8

IFCK.EQe KFINAL sORTIME,GE,TFINAL.,OR,ZHAT.GE+ZFINAL) GO TO 221 VCF8

: GO YO 69 y VCF8
221 CONTINUE . g U . - ' ’ VCF8
HRITE(LH) K K),KR,KT,KB,KRT KRB, Ty DELT,NRIG,IXTRSET,IXBRSET VCF8
NRITE(LH)(UTNBIG(I),(UT(I J) yJ)=1,N31IG),I=1,IXTRSET) VCF8
IFTTSYH‘fﬂ_ﬁjﬁRITEftWTfUBNBtGrI’,rUH(I,J),J l,NBIGT;IllyIXBRSETT VCF8
IF(K,LT.XSY G) TO 223 VCF8
WRITE(LW) (X(I),Y(I)yXDOTUL),YDOT(I) 4GAMMAC(I),TT(I),I=1,KT) VCF8
WRITE(LW) (XQ(I’,VB(I?,XDOTB(I),YDOTﬁ(I),GHAB(I),TB(I,,I 1,KB) VCF8
IF(KRT.EQ.0) GO TO 222 VCF8
WRITEC(LW) (XRT(I),YRT(I)yXRDOT(I),YRDOTI{I) ,GMRT(T),TRT(I),I=1,KRT)VCFS8
WRITECLWY fogtIT"Y?B(IT}XRUUTGTIT YRDOTB(I),GMRB(I), TRBI(I}, VCF8

. 17=1,KRBY . &N ' VCF8
?22 CONTINUE ' VCF8
IFICK,LTJXR) GO TO 223 VCF8
WRITE(LW)THTASMY ,THTASRY,UZ2T,Uz.5u: yGAMART,IFLGT,THTASMSB, VCF8

A THY ASRB,UZZ28,0Z27S0B yGAMARB,TFLGB NT JNB,NFTNFB3,GMTLT,GMTLB VCF8

223 CONTINUE VCF8
600 FORMAT{//S0X*POINT VORTEX LOCQTIONS'/??X‘TOP BOUNDARY LAYER'“QX VCF8
1*80TTOM BOUNDARY LAYER*//, VCF8

1 hd A K*EX*X (A *8X*Y CAY*TX*XDOTCAY *4X*YOOT(A) *6X VCF8
"1*GAMMA (A) *3X*XB (A)*7X*YB(A) *6X*XDOTB (A) *u4X*YDOTB(A) *6X*GMAB (A)*) VCF8

601 FORMAT( * 2DUS REYNOLDS NOQ.,=*F11,2,/7/* 2DUS PARAMETERS*/ VCF8

IT* DELT=%FS.3, 7" RC=*FS5,337% SIGMA=*F5,3,/7/* "PROGRAM CONTRO.*7 VCFS8
2% KFINAL"IB," TFINAL= *FS.i,l‘ ZFINAL=*F5,3,7% LR=*I3,/* LW=*I3,/VCF8

v 4% LEVEL=%1I3,/* KPUN=*I3) VCFB8
€02 FORHR?(/I!ZSX‘TOP REAR ‘SHEAR LAYER*4LX*BOTTOM REAR SHEAR LAYER®*//,VCF8
S } - A K*6 X*XRT(A) *6X*YRT(A) *SX*XRDOT (A) *3X*YRDOT(A)Y*5X V(CF8
i'GHRT(A)‘QX‘XQB(A)'SX‘YRB(A)*QX'XRDOTB(A)‘ZX‘YRDOTB(A)'hX VCF8
T*GMABCAY Y - VCF8
603 FORMAT(/Z /7% K=%13,/* CDPK"FlZ 6 /‘ CDSK=*F12,6,/7% CDK=*F12.6, VCF8
1/* CON=*F12,6) VCF8
695 FORMAT(1K1,29X,16AS /7) VCF&
606 FORMAT(* ANGLZ OF ATTACX=%*FS5,i,% DTGREES*/* 30S REYNOLNS NO.=*F11,VCFB
12) ' VCF8
61t FORMAT (7 742X IMAX=®*F P U5 702X*  AU=*F T, 4,/742X"* Fo®FT.4,742X5 VCF8
i+ S=*FT.byl/) _ ' VCF8
612 FOIMAT(* ELAPSZID TIME=*Ff12.6) VCF8
620 FOR"AT(‘ ec o e TI"‘F1206, ses e ZHAT(TI’=‘F12-6,/‘ sseee AK(TI)=*VCFS8
1F12.69® ocesee AKDOT(TI) =*F12.,649% seose COPI=*C12,6) - VCF8
622 FORMATCiHL,40X*PRESSURE NISTRIBUTION®*/14X*T=%F 7.4 ,5X*ZHAT=*F7,4,5XVCF8
THAK =% F T 4, SX*AKDOT=*F7, 4ySX*THETAS=#F7, 2,’/3X‘DEG‘8X‘PHIVT‘8X VCF8
Z'PHIPT'GX‘Z(P4IT)‘6X'-°SIKSQD‘5X‘”°K‘iUX‘pORAG'SX‘UTAN') ) VCF8
T70S FORYMAT(16AS)Y VCF8
P06 FORMAT(3IF12.6) ' ' 'ICF8
708. FORMAT(I3,9X,2F12.6) e ' VCF8
709 FORMAT (4I2) VCF38

755 TOXMAT(3IF12,6,13: VCF8

291
292
293

295
296
297
298
299

301
302
303
304
305

307
308
309
310
311
312
313
314
315
316
317
318
319 -
320
321
322
322

325
326
327




FUNCTION AN(LyNy IDIM;JDIMyUs W) - :
DIMENSION U(INIMy2,JDIM)4MCIDIM,JDIM)
COHHONIRLOCKilIDS(S?),022,028,DZSQ,D?SQ?.DZSQH,DT?
AN=DZ8*W Ly NY=DZS0b

RET URN

ENTRY BN

DXt'=,257DS(LY

BN=DY2+DX4* (U(L+1,2, N)OU(L+1,1,N))002802
RET URN

ENTRY CN-

CN=-DZ8*MW(L,N)~DZSQ4

"REY URN

END

108
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"SUBFOUTINE BUBOX(SMALLMDGAMMA , TAWD y TAWL yU,W,UT,UB,IDIM, JDIM,MODE)BLBOX 4
‘DIMENSION UCIDIM,2, JDIM) W (IOIM,JDIM) ,UT(IDIMy JOIM) ,UB(IDIM,JOIM) BLBOX 2
DIMENSION SUP(QQ),SUR(kQ),DIAG(bQ),R(bQ) ] BLBOX 3
DINENSTION TAWDT(S3) ; TAWL (53} - BLBOX b
DIMENSION THTA(53) BLBOX S
DIVYENSION NX(53),DEG(53) BLBOX 6
COMMON ALPHA,PI,PIZ2,RE, SRE,SQRFPY,DTOR,RTO0,RC RCMAXSQ,SIGMA,LEVELBLBOX 7
COMMON/KAYS/KyKS,KR KT 4 KBy KRT, KRB BLBOX 8
"COMMONFE LIPS2/7AKPHALF,AKDOTPH ' . ) BLBOX 9
CONMON7BUOCKSZ7AK; AXSQD, AKHALF; AKDOT ‘BLBOX 1T
"COMMON/BLOCK10/THETAS,THETASB, THETA ) ABLBOX 11
COMMON/BLOCK11/DS(52),022,028,D02S2,D25Q2,02SQ4,0T2 : BLBOX 12
rCOHHONIBtOCK?IIDX,DZ,INTXi,NBIGI ’ BLBOX 13
COMMON/BLOCK30/T,TI,DELT,DELTT,DELYB BLBOX 14
COMMON/RLBOX2/TAU,PTU,NBIG BLBOX 15
- COMMON7BLBOXT2/ZN(51),TSEP : BLBOX 16
COMMON/BLBOX13/KTSy IXTRSET,IXBRSETy UTNBIG(53), UBNBIG(53) sLBOX 17
COMMON/BLBOX 147 ZHAT 5 AKT I BLBOX 18
"COMMON/ZBLOCK1%/S(53),ST (53) ,SB(5D) BLBOX 19
Cresesvses MODE1L IMPLIES 0 DEGREES.LT.THETA.LT. 80 DEGREES BLBOX 20
Jesssssse s MODE2 IMPLIES =80 DEGREES.LT.THETA.LT, 0 DEGREES BLUBOX 21
‘Ceeeee s SRBAR CORRESPORDS T0 2 BLBOX 22
Cesssssse s THETA CORESPONDS TO X : BLBOX 23
: LEVEL=S BLBOX 24
“IF(KeGToKTS OR,MODELEQ.2) GO TO 9 BLBOX 25
C*s»esvs INITAL DETERMINES INITAL GRID POINTS BLBOX 26
RTOD=189,07P1 BLBOX 27
DTOR=PI/ 1800 BLBOX 28
INI TAL=53 : : BLBOX 29
INT X1=IXTRSET ' . BLBOX 30
TFCIXBRSET.GTLIXTRSET) INTXL=IXBRSET BLBOX 31
DELS-S n-ofoa BLBOX 32
ST(1)= ' BLBOX 33
SBrthPrz' BLBOX 3%
DO 19 I=2,INITAL BLBOX 35
IF(ILEe15.0R.I¢GE+ 36) GO TO 18 BLBOX 36
STCIY=ST (I=1)+DELS/ 5.0 . , BLBOX 37
SB(I)=SB(I~1)=DELS/5.0 BLBOX 38
60 TO 19 BLBOX 39
8 STCII=STISII+DELS BLBOX &0
SB8(1I)=SB(I-1Y=DELS L BLBOX 41 -
19 CONTINUE : BLBOX 42
r9=0.0 3LBOX 43
INT Z2=58 BLBOX 44
INT Z1=INTZ41 : BLBOX 45
NI GL=INTZ BLBOX 46
NBIG=INT 21 : BLBOX &7
DZ2=,14 BLBOX 48
B22=0,57D2 BLBOX 49
028=0,125/02 BLBOX 50
DZS0Q=1,07(DZ*D2) BLBOX 51
02502=0"57(DZ*02) - BLBOX 52
DZS0=D,25/(DZ*D2) BLBOX 53
ZNC 1) 220 BLBOX S&4
Ceessssse s RBAR VARIATION 8LBOX 55
D0 22 J=2,NBIG BLBOX 56
RUsd BLBOX 57
=2 0%tRI=1 0V *D 2 BLBOX S8

109



N =2

E=10,0"%<5

THE TAS=ST(IXTRSET)
THETASB=SBCIXBRSET

C*vsevssv s THETA VARIATION

9

CONTINUE

206

. 208

INT X4=ISEP=IXTRSET

IF(MODE.EQse2)INTX1=ISEP=IXBRSET

INTX=INTX1=T

IF{K.EQ. 1) CALL IC(AKTI,U,IDIM,JDIH MODE)
DO 290 I=1,INITAL

GO TOC2043206) MODE

S(I)=ST(I)

GO To 208

St =SB

THT ACTY=S(T)

_DEG (I) =THTA(I) *RTOD

IFCISEG. 1Y GO TO 213

NS{I-1)=S(I)-5(I~-1)

DSCI-11=DS(I-1) *AKHALF* *2"

| GRS EEIET YT B.C . RBARED

213

IF(I.6T.INTX1) GO TO 214

Ul ’1, 1) =0.0

21
215

Ul 42y 1Y =0,0
JI=2

GO TO 215
JI=NBIG

DO 280 J=.YyNBIG

Cevvsaxses B,C, THETA=0
; _TFC1.NE. 1) GO TO 201

201

Ul ,1,J) =0,0

U(T 25 J) =8.0

GO TO 200

IF( JoNE, NBIG) GO TO 202

AC‘#.#"“' B8, c. RBAQ,—_INF

THETA=THTA(IY
CALL FREEVTX(2SIKiX,PSIK1Y,PSIK1R, 3)

_CALL POTFLOW(PSIKXP, PSIKYP,PSIKRP,3)

IFL T.GTSINTXT) GO TO.203 : .

- UCI 429y NBIG) = AK‘(PSIK1R+PSIKRP)

23
205
211

-.207
..212

202
" 210

200
40

- DO 189 I[=17;INTX L IR

GO TO (205,207) - MODE -

G0 TO (211,212) MOOE

U(T 41,NBIG)=UTNBIG(I)
UTNBIG(I)=AK*(PSIK1R+PSTVOD)
G0 TO 200

U(I 41,NBIG)=USBNBIG(I) .
UBNBIG(I)=AK*(PSIKLR+PSIKRP
GO YO 200

IF(X.EN.1) GO TO 200

GO TO(209,210) MODE
UTL T, U (1, 3
GO TO 200 .

SULT 314 J) =UB(I,J)

CON TINUE
CONTINUE .
DT2=,5/DELT

110

S .
L. 7. sLBox
Loy o - -BEBOX

B
_
artL

- BLBOX

e . -~ BLBOX
o 8LBOX
cuow o o BEBOX
. BLBOX
BLBOX
~ . BLCBOX

S BLBOX

:éﬂ el BLBOX
N A . BLBOX
SIS D . .BLBOX

; BLBOX
- . BLBOX
-.+BLBOX

8LBOX
BLBOX
- BLBOX
. BLBOX

ome e BLBOX -

BLBOXY

BLBOX.

BLBOX

3LBOX

3LBOX

T -3LBOX
IR grBOX
g BLBOX

BLBOX

BLBOX

BLBOX

BLBOX

Ty - BLBOX
o BLBOX
‘ BLBOX
BLBOX

BLBOX

BLBOX

JLBOX

‘BLBOX

59
60
61
62
63
64
65
66
67

kg

8LBO 100

8LB0- 101

. BLBO 102

BLBO 103

BLBD 104

BLBO 105

- BLBO 106

BLBO 107

BLBO 10¢

BLBO 10¢

. BUBU 111

- -. BLBO 111
- - BLBO 11:
! B8O 11:

BLBO 11t

BLBO 11t

BLBU 116



1

1Tt

129
140
160

170

179

ian
TCToeoe

c....

182

28

30000392 T=1, INTX1

305

386

301
302

383

NCYCLE=D

TAUNEN=9,0

W(I,1)=0,.0

NCYCLE=NCYCLEF Y™

DO 1&0 J=2,NBIG1

TAUS=TAUNEW

ZZZNtYY

IF (NCYCLE.GT.1) GO TO 100

UCT #1422, ) =UAPRX1(I ,J,1DIM, JDIM,U)
DZOX=02Z7 G 0¥ 0SCIY:

HOL 30V =W (I J=1) «DZDOX* (U (I+1,2,J)+U(I#+1,2,J-1)+"
1UL(T,J,IDIM,JDIM,U) +UL(I, U~ 1,IDIM,JDIH9U))
WL g IV =H (T3 JV=DZ*AKDOTPH/AKPHALF
IFCJ.EQ.2) GO TO 110

SUB (J=2)=CN(T,J,IDIMJDIM,U, W)
BIAGII=TI=BRTI ;35 IDIN30IMN; B, WY

IF (JL,EQ.NBIGL) GO TO 120

SUP (J=1) =AN(1,J, IDIM, JDIM,U, W)
PI=-1)=DN(I, I, IDIM, IJDIM,U,H)

CON TINUE

CALL TRID(&9,5UP,SUB.DIAG,R)

90 170 JI=2,NBIG1

UCT +1,2, JI) =RJJI-1)

IF(MODE.€EQ.1) UT(I¢+1,J9)=R(JJ~1)
IFIMODELEQe2) UB(I+1,JJ)=R(IJJ>1)

CONTINUE

ssewseprssr HALL FRICTION AT EACH X STATION
TAUNEN=2,0%U(I*1,2,2Y702

IF{NCYCLE.GE.,20) GO TO 179
IFCABS(TAUNEN=TAUS) «GT.EsOR.NCYCLE.LE,2) GO TO SO0
"CONTINUE

NX{I+1)=NCYCLZ

CONTINUE
«ves UI " GOES [0 UBAR
eeee UYI REMAINS IN UT AND UB ARRAYS

DO 182 I=1,INTX1%

D0 182 J=1yNBIG

ULTL 42, J) =UTI 425 J)/7AK

IF(MODE,EN.2) GO TO 28

IFCLEVEL LGEs I TALL RITE12—rDIH,JDI*)U,ZN)NX“S?ﬁE¢?2ﬁtT}DELS;K7
CONTINUE
+SEARCH ALONG SURFACE FOR ZERO SHEAR. POINT

DUDR={U(I,2,2)=U(I,2,1))/0D7
TAW=(2, OISRE)'DUDR
GO TOC3I05,3067 MODE
TF(I.EQe1.0ReI.EQ.INITAL.OR.TAN,GT.0.0) GO TO 301
ISEP=I~-1 '
GO YO 303
IFCTI.EQe1e0RIEQsINITAL.OR. TAW.LT.0.0) GO TO 301
ISEP=I~-1
GO-TOo 303
TAWLCI) =TAWN*CIS(THTA(I))
TANDUIV=TAW*SINITHTA(I))
CONTINUE
+FLOW HAS NOT SEPARATED... SKIP W CALC

JF{ISEP.EQ.INITAL) GO TO 309

© +FLOW HAS SEPARATED ... SEPARATION POINT

S 111

BLBU 117
BLBO 118
ALBO 119
6LBT 127
BLBO 121
BLBO 122
BLBO 123
BLBO 124
BLBO 125
BLBO 126
BLBO 127
BLBO 128
‘BLBO 129
BLBO 130
BLBO 131
BLBO 132
BLBO 133
BLBO 134
BLBO 135
BLBO 136
BLBO 137
BLBO 138
BLBO 139
BLBO 140
BLBO 141
BLBO 142
BLBO 143
BLBO 14%
BLBO 145
BLBO 146
BLBO 147
BLEO 148
BLEBO 149
BLBO 15T
BLBO 151
3LBO 152
'BLBO 153
BLBO 154
BLBC 155
BLBO 156
BLEO 157
BLBO 158
SLBO 159
BLBO 160
BLBO 161
BLBO 162
ELBO 163
BLBO 164

‘BLBO 165

BLBO 166
BLBO 167
BLEO 168
8LBO 169
BLBO 170
BLBO 171
BLBO 172 °
BLBO 173
BLBO 17%



3190

304

307

309

G0 T0 ‘307

.DEFINED 5 DEGREES UPSTREAM
IFCMODE.NEJ1) GO TO. 3064 .. - . .- ~
.TOP

THE TAS=THTA (ISEP)

IFIKS.EQ.1000) KS=X

«BOTTOM
IXBRSET=ISEP :
THETASB=THTACISEP)
IF(KSB.EQ.1000) KSB=K
IFLAG=0 ' '
PSIKR=UCISEP ,2,NBIG)

Ud0 =ABS {PSIKR)

SMALLM=DELY»UBD/PI2

DGA MMA= tUDY**2] /2.8

CONTINUE

WRITE(6,602) DGAMMA, SMALLM

FORMAT (77% DGAMMAZ®F12,6,5X*SHNALLN2*F12, 6)
RETURN

END

12

BLBO 175
BLBO 176
BLBO 177
8CBU 178
8LBO 179
BLBO 180
BLBO 181

- BLBO 182

BLBO 183
BLUBU 184
BLBO . 185
BLBO 186

- BLBU 187
-8LBO 188

BLBO 189
.BCB0 190’
B8LBO 191
BLBO 192
BLBD 193

- 8LBO 194

BLBO 195



1
]

> FUNCTION CPCUTHTA)

CPC

COMMON ALPHA,PI,PI2 RE,SRE,SQRTPI,DTOR,RTOD,R ,RCHAXSQ,SIGHA,LEVELCPC

: COHHONIKAYSIK,KS KR,KT KB,KRT, KRB

CONMON7PRSUREZ XX, YY,SINE,COSINE

COHHONIBLOCKI’X(100),Y(100),XB(lDD),YB(iUU),XRT(lUﬂ),YRT(lOO),

' 1XR8B (190) ,YRB(100)

o “UﬂHUNTBLOCKZIGAHHA(100),GHAB(IDU),GHRT(iﬂO),GHRB(iUU)

COMMON/BLOCK3/XDOT(100) ,YDOT (100),XDOTB(100),YDOTB(100),

;1XRDOT(!00),YRDOT(iOU),XRDOTB(lUU),YRDOTB(iOO)

CONMON/BLOCK&/TT(I00), THTI00), TRT(IOD) , TRI (10D
COMMON/BLOCKS5/AK,AXSND, AKHALF, AKDOT
COMMON/BLOCK7/PHIVT ,PHIPT,P1,P2,P3, P4

COHHONIBEOCKiUITHETAS,TﬁETKSB,THETA SRR R

INT EGER A
REAL LoLB
THETA=THTA
NDI M=100

"PHIVT=0,0

10

SINE=SINITHETA)

COS INE=COS(THETA)

IF(KT.LE.1) GO TO 10

XXTAK*COSINE

YYz AK*SINE

KMI NUS1=KT=1

CALL PV(X Yo X00T ;YDOT,GAMMA, NDIN,l,KﬂINUSi,SUﬂ,TT)
PHIVT= PHIVT#SUH

IF(XKRT.EQ.0) GO TO 10

CALL PYOXRY, YRT, XRDOT, YROOT, GMRT, NDI“)I,KRT‘SU”‘TRT?
PHI VT =PHIVT+SUM

IF(KB.LE.1) ~0 TO 20
- NI NUSTI=KB= .

CALL PV(XB,YB,XDOTB,YUOTB,GMAB, NDIM,1,KMINUSY, SUM,TB)
PHIVTSPHIVTOSUH

TIFCXRB.EQ.0) G0 TO 20

CALL PV(XRB,YRB, XRDOTB,YRDOTB,GHQB,NDIH l,KRB,SUH TRB)
PHI VT=PHIVT+SUM

CONTINUE

PHIPT=2, 0*AKDOT*COSINE

PHI T=PHIPT+PHIVT

PI= 2. 0*PHIT '

SALL FREEVTX(PSIKIX4PSIKLY,PSIKiIR,3)

SALL POTFLOW(PSIKXP P]IKYP,PSIKRP,3)
ASIKR2=PSIKIR*PSIKRP

IF(PSIKR2.LE,.~ oloANDQKR EQ.iUOG) KR =K

Phz PSIKR?2

PSIXKSQO=PSIKRZ®*2

P2z -PSIKSQD

CPC=2,0*PHIT=>SIKSQD

PI=CPC

RET URN

END

cPC

o gET
" CPC

ce”

CPC

cPC

" ¢PC

;‘tﬁnA
- :CPC
.. CPC

P
" ~CPC

cpPC™
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fﬂNCTION'ONTt—N‘TUIHﬁﬂUﬁTTbTh

DIMENSION ux:uln,z,anrn),w«xnxn,Jnxn)

conuoureLsoxzrrau,ptu,nexs - _

] b4 LA ?
COMMON/BLOCK207DX, 02 INTX1 ,NBI 61
DX8=,125/0S (L}

“BX2=s570SL)
- DN=DX8%U (L#152, N)**2-DT 25UM(L, N, IDIM,JDIN,U) =
1DX2‘US(t,N,IDIN,JDIH U *UL (L yN, IDIM, JOIM,U)
yNBIG, IDTH, JO1eyud )
DN=DN+DX2% (UCL+1,2 NBIG) /. D+US(LyNBIG, IDIM,JDIN,U))
1% (L+1,2,NBIG) +UL (L,NBIG,IDIM, JDIM,U))
“UNST=USCLN#15 IO TN, JOTM; U
UNS 2=USCL yN+ 19 TOIMy JOIM U =2, 0*USCL o Ny IDIN, JOINy U)
IF(N.EQ.1) GO TO 390
. UNST=UNST=USTt. , N=13 TDTM;IDT MUY
UNS 2=UNS 2#US (L, N=15 IDIM, JOIM, U -

30 DN= DN~DZ2%UNS1%H (L, N) +D2SQ*UNS 2

IF tNeLT.NBIG1)Y GO TO %9

DN= ON~AN (LyNBIG1 ,IDIMy JDIM,UyN) *UIL +1,24NBIG) N

hu -RETURN
END™
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30

‘SUBRUUTINE'UQITFCT,CK{K}N,ISVH)

.?"'

THE FRONT OF THE CYLINDER £S DIVIDED INTO- ZN EQUAL PARTc

PI=Q.0‘ATAN(1 LR

“IFLAG=D

XXz 060 .
'SIMP=0.0

=6 WN*PI/7180.1
“NB= 2*N
‘H3=H/340
'NF'NT?
“Fo= FCT (XX)
DD 1 I=1,4NF

xX= XX *H

Fi=FCT(XX)
XXz XX¢H
F2=FCT (XX)

SIMP=SIMP+H3I*(F2+4, 0%F14F0)

FO=F2

IFCIFLAG.EQ. 1) GO TO 5
H=H /2,0

H3zH/ 3.0

00 2 1I=1,NB

XX= XX+H

F1=FCT (XX}

AXX=XXFH-

F2=FCT(XX)
SIMP=SIMPHI*(F2+4, D¥F1+FD)
Fo=F2

IFCIFLAG.EQ.0) GO TO 30
HzH*2,0

HI=H/3 T

GO T0 -10

KMI NUS1=K=1
IFCISYM,EQ. 0950 TO &
CK=2,0%*S IMP

RETURN

| IFLAGT

GO YO 20
Cx= SIMP
RET URN
END

_ THE FRONT IS DEFINED AS =60 DEG.LE.THETA.LE.60 DEG
THE BACK DF TWE CYLINDER IS UIVIDED INTU 8N EUUIL PIRT§
N MUST BE AN EVEN INTEGER
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"'SUBROUT INE ?REEVTXIPSIKIX PSIRIY,PSTIKIR,TIA) o ”fREEVT'I
COMMON ALPHA,?T PIZ,RE,SRE,SQRTPI,DTOR,RTOD,RC,RCNAXSQ,SIGHA,LEVELFREEVT 2

COWHON/KAYS/K KS KRy KT, KBy KRT, KRB FREEVTY 3
CUW“UN?BEUCKT7XTTU“T,YTiUUT;XBTTUUT’YBTI“UT‘XRTTTU“T_YRTTTUUT} FREEVT &

1 XR8 (100) ,YRB(100) v FREEVT'S
COHHONIBLOCKZ/GAHHA(100),GHAB(IUU),GHRT(iOU),G"RB(iOU) . 'FREEVT 6
COMMON/BLOCKGL/TT(100),TB(100), TRT(100),TRB(100). . : FREEVT T
COMMON/BLOCKS/AK, AKSQD, AKHALF, AKDOT o FREEVT 8

- COMMON/RLOCK10/ THETAS. TH’YASB.THETQ . ~ FREEVT 9
COMMONZYTXIZ XX, YY - ' o FREEV 1T
INTEGER A,B,ALPHA _ 'FREEV 11

REAL LB,L FREEV 12
NDIM=100 FREEV 13
PSIKIR=0,0 ' FREEV 14

PSI KLX=0.0 FREEV 15
PSIXKIY=T .0 FREEV 1%

GO TOC1,2,35,455) IA FREEV 17

1 XXz X (AL PHA) FREEV 18
YY=YCALPHA) FREEV 19

U eceee DERIVATIVE OF PSI HWeR.Te X FREEV 20
C eesee YORTEX MOTION TOP FREEV 21
G0 T 20 ' FREEV 22

2 XX=XB{ALPHA) FREEV 23
YY= YBC(AL PHA) FREEV 24

T eene. DERIVATIVE OF PST WeR«Ts ¥ ‘FREEV 25"
C seaee VORTEX MOTION BOTTOM FREEV 26
GO TO 20 FREEV 27

& XX=XRT CALPHAY . FREEV 28
YY=YRT CALPHA) FREEV 29

GO T0 20 FREEV 30

-] XX=XRBCALPHA) : FREEV 31
YY= YRB{ALPHA) _ FREEV 32

20 IF(XKT.LE.1) GO TO 23 . FREEV 33
KMINUST=KT=* FREEV 3%

CALL PSI(X,Y ,GAHHA’NDIH,l,KHINUSi,IAylysUN,SUHI,TT) FREEV 35
PSIKIX=PSIKiX+SUM FREEV 36

PSI KLY =PSIKLY+SUML ) ‘FREEV 37
IF(KRT,,EQ,D) GO TO 23 FREEV 38

CALL PSI(XRT,YRT,GMRT,NDINM, I,KRT,IA,Q,SUH,SUNI,TRT) FREEV 39
PSIKIX=PSIKIX¥SUNM ’ FREEV %0

PSI KLY=PSIK1Y+SUML FREEV 41

23 IF(KBsLE.1) RETURM FREEV 42
KMINUSTI=KB=L FREEV 43
CALL PSI(XB,Y3,GMAB, NDIH,l,KHINUSi,IA,Z,SUH,SUHi,TB) FREEV 44

PSI KIX=PSIK1X+SUM FREEV 4S5
PSIKIY=PSIKIY+SUMT FREEV %6
IF(KRB,EN,9) GO TO 51 FREEV 47
CALL PSI(XRB,YRB,GMRB,NDIM, 1,KRB,IA,5,SU”,SUH1,TRB’ FREEV 48
PSIKIX=PSIKIX+SUM FREEV 49
PSIKIY=PSIKiY+SUML FREEV 50

51  CONTINUF FREEV 51
RETURN- ) FREEVY 82

3 XX= BK*COSC(THETA) FREEV 53
YY=z AK*SIN(THETA) ) FREEV 54

€T senee ﬁERTVA‘T‘IVE’OF PSTI W.R i R ONSURFACE FfREEV SS
IF(KT<LE,.1) GD TO 3& FREEV 56

KMI NUS1=KT-1 FREEV 57
TRl t PSTONEOG Y, GANMASNDINGT sKMIRUS Ty IA, ISSSUMSUNLSTTY FREEV 58
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-

L ome ey

PSIK1R=PSIK1R¢+SUM . FREEV 59

IFCRT.EQ,0) GO TO. 34 FREEV 60
CALL PSIONE(XRT,YRT,GMRT. NDIH,i KRT,IA,I8, SUH,SUHI,TRT) "FREEV 61
PSIKIR=PSIKIR¢SUM _ : FREEV &7
" IF(KB«LE.1) RETURN FREEV 63
KMINUS1=KB=-1 ' FREEV 64
CALL PSIONE(XB, YB,GMAB, NDIM, 1,KHINUSi IA,IB,SUM,SUM1,TB) ’ FREEV 65
_PSIKIR=PSIK1R+SUM » FREEV 66
IF{XRBL,EQ,0) GO TO 39 FREEV 67
tttt_PSTONEfXQB‘YRQ‘GHRﬁ?NUIﬂ?f_KQB_IK,IB{SUH,SU”I{TRFT FREEV B8
. PSIK1R=PSIK1R¢SUM FREEV 69
CONTINUVE : FREEV 70
RETURN - FREEV 71

END . FREEV 72
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51 - FORMATU/77//730X*80DY GEOGNETRY(DIMENSIONAL KENGTH=‘F7.3,’7‘773SX,

SUBROUTINE NUNUT“TUFIX,RH,EH,F,S,L,PT)
- DIMENSION RZ(20), i

REAL L -
.TEND=2D

¥

- DZSTAR=L/IEND

WRITE(6,51)L

L*Z5 TAR*11X*RZERO{ZSTAR) #)
ZST AR=0,10

-D0- 1 I=1,fEND
RZ{I)=RZERO ({ZSTAR)

. WRITE(6,50) ZSTARHRZ(I)

S0 . FORMATUISXF7 .44, IIXF7 W)

1,

ZST AR=ZSTAR+DZSTAR

C eeoes SEARCH FOR MAX DIAMETER

w e

DMAX=0,0C

DO 2 I=2,IEND

DMA XN=AMAXL(RZ(I-1),RZ(I))
IFCOMAXN  LES IMAX) Gﬁ 10 2
OMA X=DMA XN

CONTINUE

DMA X=2, 0 *DMA)

RW=DMAX/ 2,0

F=L /DMAX

S=PI*OMAX®**274, 0
IFC(RZERO(L) =.801).GT.0,0) GO TO &
AW=0,0

PO 3 I=1,IEND
TRAP=DZSTAR/ 2, 0% (RZ(TI +RZ(TI+1) )
AWH= AN+ TRAP

A= (1,07 0) % AN

GO T0 5

AW=DMAX/ 2.0

CONTINUE

RET URN

END
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NONDIM 2

", -NONDIM 3
- . NONDIW &
-VNONDIH 5

NONDIM 6

" NONOIW 7

NONDIM 8
NONDIM 9

"NUNDI

NONDI
NONDI

. NONDI

NONDI
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NONDI
NONDI
NONDI

"NONDI

NONDI
NONDI
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NONDI
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b FUNCTION PORAG(THETA)

1y

" -COM MON ALPHA,PI,PIZ,RF,SRE,SQRTPI,DTOR,RTOD,RC,RCHAXSQ,SIGNA,LEVELPDRAG

. COMMON/BLOCK?/PHIVT ,PHIPT,P1,P2,P3, P4 PDRAG
 DEG=THETA®18T.0/PT PUKAG
Z CPK=CPC(THETA) - " PDRAG
~ PDR AG=CPK*COS(THETA) ' " PDRAG
< WRITEC6,50) DEG,yPHIVT,PHIPT,P1;P2,CPK,PORAG; Pl - ‘POKAG
FORMATC1X,F74¢2,7(1X,F12,6)) S ' PDRAG
" RET URN PDRAG
- ENT'RY PLIFT , e " PDRAUG
CPK =CPC ( THETA) ' - " PDRAG
PLI FT=CPK*SIN(THETA) - : ' PDRAG
RETURN . ST . . - PDRAG

"END_ . PORAG
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SUBROUTINE POTFLO“(PSIKXP,PSIKYP PSIKRP,IA)

COMMON ALPHA DI,PIZ,RE;SRE,SQRTPI,DTOR,RTOD’RL’RCHAXSQ,SIGIA,LEVELPOTFLO
COHHONIBLOCKi/X(100).Y(100) XB(IUU)’YB(iﬂn),XRT(lﬁﬂ’,YRT(lUU),

IXRB€¢100)5YRB(100)

COHHONIBLOCKZ/GAHHA(100),6"&8(100),GHRT(iOO),GHRB(lUO)‘

COMMON/BLOCKS/AK,AKSQD, AKHALFy AKDDT
COMMON/BLOCK18/THETAS, THETASBy THETA
CO%HONIBLOCK?DIDX,DZ,INTXI,NBIGi
INT EGER ALPHA,A

REAL LD

GO TO(1,2,3,4,5) IA

L=X (ALPHA)®** 23 Y (ALPHA) *»2

PSI KXP=2,0%X-(ALPHA) ®Y(ALPHA) /L **2 o g
PST KXP=AKSQAD*PSIKXP : e

PSIKYP=1.0+AKSAD® (Y (ALPHA) *#2-X (ALPHA) ¥*2) /L*%2
RETURN
LB= XB(AL PHA) *%2 +YB (ALPHA) **2
'PSI KXP=2,0%XB(ALPHA) *YB (ALPHA) /LB**2
PST KXP=AKSQAD*PSTKXP
PSI KYP= 1.00AKSQD'(YB(ALPHA)v'c-XB(ALPHA)"Z)/LB"Z
RETURN
PSTKRP=2, 0¥SINCTHETAY
RET URN
L=XRT (ALPHA) **2 + YRT (ALPHA) *#2
IFLL.EQ 0. 00 RETURN :
PSIKXP=2.0%XRT (ALPHA) *YRT (ALPHA) /L ¥ %2
PSI KXP=AKSOD*PS IKXP
=15 S Y*¥ Z=XRT (ALPHAY** 2y 7L¥*2
RET URN
LB= XRB (ALPHA) ##24+YRB (AL PHA) 2
TFCLB.ENL 00V RETURN
PSTKXP=2,8*XRB(ALPHA) »YRE(ALPHA) /LB*%2
PSI KXP=AKSQD*PS IKXP
PSrKYP=T“UTtKSEU*TYRBTIEPHIT**Y_X!ETKKPHIT"?T?fﬂ“?‘
RET URN
END
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"~ SUBROUTINE PSTUX,Y,GHMA, NDIMyKI,KF,TIA,IB,SUM,SUML,TK) PSI

COMMON ALPHA,PI,PI2,RE,SRE, SQRTPI,DTOR,RTOD,RC RCHAXSO,SIGHA,LEVELFSI

COMMON/BLOCKSPAK, AKSOD, AKHAL Fy AKDDT PSI
COMMON/RLOCK 307 T, TI;DELT,ELTT ,0ELTH ‘ ‘ PST
COMMON/VTXL/ XXy YY PSI
DIMENSION X (NDIM),Y (NDIM),GNACNDIM) , TK(NDIH) PSI
REAL L ' PSI

INT EGER ALPHA,A ' PSI
SUM=SUM1=0.1 : PSI

00 1 A=KI,KF ' - PSIT
IFCALPHA LEQ. AL AND.TALEQ.IB) GO TO 1 PSI

IFL AG=0 ‘ PSI

T LEX (R) ##24Y (A) **2 o ~pST
R1= (XX=X (A)) *824 (YY=Y(A)) 822 : PSI

R2= (XX=X (A) *AKSQD/L) **24(YY=YCA) ¥AKSQD/L) **2 Pps1
ARE=XX** 25YYov 2 PST
TF(RL.GT LRCMAXSO) GO TO 2 PSI

RCS 0=5.06%(T-TK'(A)) /RE : S PSI
IFCRL.GTLRCSQ GO TO 2 ‘ : PSI

C eoess POTENTIAL VORTEX APPROX INVALID : PSI
: IFLAG=1 ' - f PSI
GHRSET=GMATAY ‘ PST

GMA (A) =00 - PSI

2 CONTINUE PSI
SUM=SUM+(GMA (AT /7PT2) #CCXX=X (AY ) /RL$XX/ARE= (XX-X (A) *AKSQD/L) /R2)  PSI
SUM1=SUM1+ (GNACA)/PT2)* ((YY=YCA))/R1+YY/ARE=(YY-Y (A) *AKSQD/L) /R2) PSI
IFCIFLAG «EQ. 1) GMACA) =GMRSET psI

t  CONTINUE - . - 'PST
PET URN - : PSI
ENTRY. PSTONE , PSI
SUM=0.0 " PST

00 3 A=KI,KF - PSI
IF(X(A) sEQe0.8-ANNLY(A) L€Q.0.0) GO-TO 3 : PSI
rrLAc-o S PST

X (A) #%24Y (A) *+2 - . o ; ' PSI
nx-«xx-x«n))'-z+(vv-V(A))v'z : PSI

RECS C=RC*RC "PSI
IF(R1.GE.RCSQ) GO TO & PSI

C eeeee POTENTIAL VORTFX APPROX INVALID PSI
TFL AG=1 ST
GMRSET=GMA(A) PSI

GMA (A)=0.0 . PSI

4 CONTINUE - PSI
SUM =SUM+ (GMA CA) 7 (PT2*AK)) * ((AKSQD-L) /R1+ 1. 0) . PSI
IFCIFLAG.EQ.1) GMACA)=GMRSET 3 PSI

3 CONTINUE ~ PST
RET URN PSI

" END PSI
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. SUBROUTINE PVTX)Y?XDT—YDT,GHE NOIM; KI,KF ySUM,TRY

PV

COMMON ALPHA,PI,PI2,RE, SRE,SORTPI,DTOR,RTOD, RC,RCHAX&Q,SIGHA,LEVELPV

’COHHONIBLOCKsllK,AKSQD,AKHALF,AKDDT
TOMMON7PRSUREZ7XX,YY,SINE,COSINE
COMMON/BLOCK30/ T, TI,0EL T, DELTY ,DELTSB
OIMENSION X(NDIH),Y(NDIN) XDT(NDIN),YDT(NDIN),GHA(NDIN)
DIMNENSTON TKINOIMY

REAL L

INTEGER A

SUNETL.T

00 1 A=KI,KF

L=X (A) *¥ 24Y (A) **2

IFCAG=T

CAP A=(X(A)*COSINE+Y (A) *SINE)

R1= AKSQD4+L~2.0 *AK*CAPA
RZ=AKSAD*LFAKSQD** 252, UHAK**I*CAPR Y7L -
-RCS G=RC*RC

IF(RL.GE.RCSO) GO TO-34

WRITE(6,50)A,SQR1 : .
FORHAT(‘ POTENTIAL VORTEX APPROX INVALID "ALPHA=#*13,5X,
T T*CORE RADIUS=*FI2.6)

C »eeee« POTENTIAL VORTEX APPROX INVALID

IFL AG=1

“GMRSET=GMACAY

GMA (A)=0.0

CON TINUE

CAPX=CAKSQO*XIT (AY ¥F2 . 0% AK*XTAY *AKDOTY 7L
1-(20%AKSQD*XCA) /L *#%2) * (X(AY *XDT(A) +Y(A)*YDT(A))

CAP Y= (AKSOD*YDT (A) $2,0%AK*Y (A) *AKDOT) /L .
- TE(2VOPAKSADTY (AY 70 *2) * (X CAY *X DT (A) +Y(R) *Y DT (A))
SUM=SUN+ (GMA(AY /PT2)*((YDT (A)* CXX=X (A))=XDT (A *(YY=-Y(A)))/R1
1-(”APY'(XX-AKSQD'X(A)/L)-CAPX'(YY AKSQD‘Y(A)/L))/RZ)
IFCIFCAG.EQ. IV GMATAY=GMRSET

CON TINUE

RET URN

END :
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SUBROUTINE RITET“T,IDIH,JUIH,U,2N,NX,SjUEG,ZHlT,UELS,K) o

DIMENSION U(IDIM,2,JDIM) - ..
DIMENSION FOR601 (%), FOR560(3), FOR561(3) Foassn¢2)
DIMENSTON NXT537,DEG(53) . .
3 DIMENSION S(53) ,ZN(53): L :~
L SOMMON/BLOCK20/DX,0Z,INTX1, NBIGl ey
SOMMON/BLOCK3Y/T,TT,0EL T, OELTT,DELTH"
JOMMON/BLOCKS5/AK,AKSQD, AKHALF, AKDOT o
COMMON/BLBOX2/TAU,PT4L.NBIG -
MI=INTX1/12 X
] '
M=1
o IFCHMI.EG.TY GO 10 35
N .-, "H- 12 Gt i Sa0n
L IFCMTEO.1)WRITE(6,549) TI . e
TFtMT.EQ. Z?WRTTETG,BSU)K,T,ZH!T AK,AKUOT R
WRITEC(6,600) (NX(I),I=1,12) :
. GO TO 32 ' .
D81 NRITE(H,601) (NXCI)Y,I=M,MM) s
. 32 WRITE(6,560) (S(I),I=M,MM)
L HRITE(S,SGI) (DEGUT) 5 I=MyMM) -
“WRITEC6, 5801 TZN (), tmr,m,.n,t-ﬂ,nm ,J 1 Na:tm
T=T 41
M=MMe1
MMz M1 e
IF(I.LE.MI) GO TO 31 Lo
. IF{M=1,EQ. INTX1) GO TO 33
©3% MM=INTX)
; N={ MM=M) +1 e e e T
NN= N+1 ' '_/
ENCODE (33,1000, FOR601)N. Cirae
ENCODE (29,1004, FOR560) N e .
ENCODE (30,1005, FOR561) N_
ENCODE (16,1002, FORSED) NN e
IF(MI.EQ.DIWRITE (69 550) Ky T 4 ZHAT,DZLT DELS,DZ
WRITE(6,FOR60L) (NXCI), I=M,MM) .
NRITE(S,FORSGG) (StI),I=M, nn) R
WRITE(6, FORS6L) (DEG(I) ,I=M,MM)} ’
WRITE(6, FORSGO)(ZN(J),(U(I,HT,J),I MyMM) ,J0= 1,NBIG)
33 CONTiNUE
RETURN

Jﬂ

549 FORMAT(1H1,4DX*BOUNDARY LAYER VELOCITY DISTRIBUTION ( UI )

1FS¢ 3y 7)

550 FORMAT(1H1, 50X*BOUNDARY LAYER. VELOCITY DISTRIBUTION*/30X‘ K= 'IZ,SXRITE.

1*T="Fb, 3,5X‘Z4AT *F6. 1,5X'AK='F6.3,5X'AKDOT=‘F6.3)

560 FORMAT(* Rs (RAD)#*,1X,12(F9,5,1X)) .

561 FORMAT(* (DEG)r* 41X, 12(F9, 5,1X)/)

580 FORMAT(1X,13(F3,.5,1%X))

500 FORMAT(/* NCYCLE *,12(4X,I2,4X)77 ..

601 FORMAT(///* NCYCLE *,12(4Xy,1I2,4X)7/)

1000 FORMATU(L1BHI///* NCYCLE #,,I2,13H{4XT2.4X)//))

02 FORMATC(G4HM(IX,,T12,10H(F9,5,1X)))

1004 FORMAT (L THI®* R+ (RADIA® 41Xy T2, 10H(F9,5,1X)))

1005 FORMAT (1 7M(* (DEG)»® 31Xy 9 I2911HIFO,5,1X)/))
END

ji;&.
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SUBROUTINE RSEPITHTASF; THTASR, THTA UBL, INTX1,INITAL ,HODEY RSEP
COMMON ALPHA,PI PIZ,RE;SRE,SQQTPI,DTOP,RTOD,RC,RCMAXSQ9SIGHA¢LEVELRSEF

DIMENSION THTA(SB),UBL(53) RSEP
UFX=0.0T “RSEP

C ssese SEARCH BoL., FOR MAX YELOCITY RSEP
DO 3§ I=2,INTXi RSEP

UFH XNz AMAXL{USL (I=-1) ,UBLIIY) RSEP
IF{UFMXNLE, UFMX) 60 TO 1 RSEP
IMAX=T=1 RSEP
TFTUFRXNSGT- UBL TSV THAX®L "RSEP

UFM X=UFM XN RSEP

i CONTINUE RSEP
THT AMXF=THTAC(INAX) RSEF

URM X=0.0 v RSEP

C eosss SEARCH S.L. FOR MAX BACKFLOW VELOCITY RSEP
ISES=INTXiv2~ RYEF

DO 2 I=ISLS, INITAL RSEP

URM XN=AMINLI(UBL(I~13,UBLAIY) RSEP
“IF{URHXN o GE . URMX) GO’TO 2 RSEF

JMA X=1-1 RSEP
TFCURMXN LT UL {I- 1))JHAX’I RSEP
URMX=URMXI RSEF

2 CONTINVE RSEP
THT AMXR=THTA {JMAX) RSEP

" T eees. SEARCH Sil, FOR ZERD VELOCTITY : " "RSEP
ISLE=INIVAL=-1 RSEP

DO & I=ISLS,ISLE RSEP
UZN=ARINTTABSTUBLTI=1)) yABSTUBLI{IVIT ) ~ RSEP

IF{ I.EQ. ISLS) GO 7O 3 RSEP
IF{UIN.GE-UZ} GO TO % ~ RSEP

3 REAX=I=L RSEP
IF(UZIN.LT- ABSTUBL{I~1)) IKMAX=] RSEP
UZ=UZN RSEP

%  CONTINUE ' RSEP
THT AZRO=THTA(KMAX) RSEP

€ ceses CALCULATE S.L. SEPARATION POINT RSEP
K= THTAZRO=THTANXF Y 7{THTASFSTHTANKF Y RSEP

THY ASR=THTAMXR= { {THTANXR=THTAZRO} /X) RSEP

THY ANXF=THTAMXF*RTOD SEP

THIE AMXR=THTAMXR*RTOD" "RSEF

THT AZRO=THTAZRO*RTOD ASEP

THT ASRD=THTASR*RTOD * RSEP
HRITELS,; SOV UFMX S THTANMXF ;URNX THTAMXRSUZ s THTAZRO, THTASRD RSEP

50 FORMAT (1H1,* MAX VELOCITY=%F6,.3,% AT THETA=%¥F5,.,1,% DEGREES®/ RSEP
1% MAX BACKFLOW VEL=*F6,3;% AT THETA=*F5.1,* DEGREES*®*/ RSEP

2% HIN TANGENTIAL VEUOCITY BETHEEN #AX VELOTITY ANDU MAX BACKFLOW VERSEP
3L0CITY=%*FB,3,% AT THETA=¥F5,1,* DEGREES*/*® REAR SEPARATION ANGLE=*RSEP

4F5, 3,* DEGREES*) RSEP
END RSEP
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SUBROUTINE RVTX(X,V,GHAfTHTRSRgT“TlSH,THT&S,UZZ;UZZSO;GAHA,

1MOD E, KRN 4Ny NF; IFLAG,GMATL ,NDIM, TKD
DIMENSION X{NOIMI, Y (NDIM) , GMA{NDIM) , TK(NDIM)
DIVENSION THTASTBY , UZZT{BY,UZZSQT6T , GAMATS®) ; IFLAGTET

RVTX
RVTX
RVTX
RVTX

COMMON ALPHA,PI ;PI2,RE,;SRE,SQRTPI,DTOR,RTOD,RC,RCMAXSQ,SIGHASLEVELRVTX

COHMONIKAYS’K,KS,KR,KT K8, KRT, KRB
COMMON7/BLOCKS/7AK,AXSOD, AKHALF, AKDOT
COMMOM/BLOCKAG/ THETAS,THETASB,; THETA
COMMON/BLOCK30/ T TI;DELT DELTT,DELTB
TFTRNE.XRY GG TU‘t
NF=§
N=NF
- GMATL=G.
i N=N 41
THT ASIN) =THTASR
THETA=THTAS(NY
CALL FREEVTIX(PSIKIX,PSIKLI¥Y;PSIKIR,3)
CALL POTFLOW{PSIKXP,PSIKYP,PSIKRP,;3}
UZZ (NF=PSIKIR+PSIKRF
THT AP=THTAS IN? *RTOD
WRITE(G, 6803 Ny THTAP,,UZZ (N)
6“0‘FOR“tTT77*—RVTX—SUBROUTINE’N**I3;ZY*THETISTNTsfFT?FTR
12X U0 (NY=*F12,6)
U?Z (N) =ABS{UZZ{(N)}
“U7ZSQINY =UZZ INY2UZZ (N}
GAMA(N) ==DELT*UZZSQAIN}/ 2.8
IF{MODE-EQe2YGAMA{(N}==-GAMA N}
WRITELG; 60T GAMAINY
60L FORMAT{*® GAMA(N)=*F12.6)
IF{N.EQ.NF¢1) GO TO 190
IFLAGIN=19=0
IF{THTAS (NY =THTAS{N=13) 35452
IF(MODE.EQ.1? IFLAG(N-i) 1
G0 T0 5
IF{MODE.EQ.2) IFLAG(N=1)=1
G0 70 5
IFLAGIN=1)=1
CONTINUE
IF{IFLAG{N~-13,EQ, 1) GMATL=GMATL +GAMA {N=-1)
WRI TEL6, 602V CHATL N IFLAGN=1}
02 FORMAT(Z/* GAMA THECK SUM=*F 12, 695X *N=*I3,SX#IFLAG (N~13=%*]3)
AGMATL=ABS{GHMATL)
IF{EGMATLWLEL 1Y GO TO &
IFIGMATLoLEe 1) GO TO &
NF=N
€0 T6 ¥
& IF(NLTs 5% RETURN
7 THT ASM=THTAS (N}
GMA TL=0"
RET URN
10 IFI{K.EQ.KR? GO TO 200T
IFLAGENF =8
IF{THTAS (N} -THTASM) 30,40, 20
20 IF{MODE-EQ.1) IFLAGINFI=1
60 TO 58
30 IF{MODE.EM.2y IFLAGINFI=1
G0 70 50
b IFLAGINFI=1

Vigd w

RVTX
RVTX
RVYTX
RVTX
RYTX
RVTX
RVTY

"RVTX

RVTX
RVTX
RVTX
RVTX
RVTX
RVTX
RVTX
RVTX
RVTX
RVTX
RVTX
‘RVTX
RVTX
RVTX
RVTX
RVTX
RVTX

“RYTX

RVTX
RVTX

RYTX

RVTX
RVTX

TRYTX

RVTX
RVTX
RYTX
RYTX
RVTX
RYTX
RVTX
RYTX
RYTX
RYTX
RYTX
RYTX
RVTX
RVTX
RYTX
RYTX
RVTX
RYTX
RYTX
RYTK
RYTX
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st

603

199

604

CONTINUE

THT AP=THTAS (N) *RTOD

THY APM=THTASM*RTOD ‘
HRtTETﬁ—ﬁBGTN“NF—IFttGTNFt-fﬂTAP,TRTIP"
FORMAT (/* OVERLAP CHECK" N-'Is,SX'NF-'IB,SX'IFLAG(NF) ‘13,
1SXETHTAS (N) =#F12,65 SX*THTASM=*F12.6) : . e
ys0=1,0

ugesSQ=0.9

GAM =1,

THT ASR=0.,

RN=.0,

N=1 '

IFCIFLAGIN) . EQ.8) 6O TO 200

RN=RN+1, 0

UND=UB0+U2ZZ (N)

U8 SQ=U00SG+UZZISA(N)

GAM=GAM+GAMA (N)

’{,‘!

THT ASR=THTASR+THTAS (N) ’ ’ ' .*‘

WRITE(6, 60%) Ny UUDD0,U00S0,GAM, THTASR
FORMAT (/* LUMP SUMS N"I?,ZX‘UU“"FiZ 6,2X‘UOOSQ"F12 6,

. 12X® GAN=%F 12,6, 2X*THTASR=%F12,6)
200 IF(N.EQ.NFY GO TO 1100

1900

-

605

2900

N=N 41

GO 7O 100

CONTINVE"
SMALLM=(RN®*DELT/PI2)*(U00SQ/UDD)
THT ASR=THTASR/RN

KRN=KRN+T

X{KRN)Y = ( AK+SMALL™M) *COS(THTASR)
YIKRNY =(AK+SMALLM) *SIN{THTASR)
GMA (KRN) =GAM

GMA (KRN)Y =SIGMA* GMA (KRN)

THT AP=THTASR*RTOD

TKCRRNI=T
WRITE(6,605) SMALLM, THTAP,KRN,X (KRN) 5 Y (KRN) 5 GMA (KRN)

U7Z (1) =UZZ(NF+1)
U7ZSQ(1) =UZZSAINF+1)
CAY A1) =GAMA (NF¥1) . .
THT AS(1) =THTASINF+1)
N=1 ’

NF=S

RET URN

END
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. RVTX
 RVIX,
. RVTX

\,“'erx,
CRVTX

" RVTX .
RVTX.

RVTX

RVTX
RVTX

RVTX
"RVTX
_RVTX

RVTX
RVTX

RVTX
RVTX

. RVTX

RVTX

RVTX

" RVTX

CRVTX

RVTX
RVTX
RVTX
RVTX

. RVTX
" RVTX
FOR MAT (/7% RVIX BIRTH SMALLM=%*F12, 6,5X‘THTASR(AVERAGE)"F12.6,/

15X* KRN=*T3,2X*X (KRNY=*F 12,6, 2X* Y (CRN)=*F 12, B,ZX‘GﬂA(KRNW'*Fl?.b)

‘RVTX
RVTX
RVTX
RVTX

RVTX
RVTX

RVTX
RVYTX



FUNCTION RZROC(ZHAT,L ,RW)
REAL L

RZR O=RZERO(ZHAT*L) /RN
OFT-URN

ENTRY DRZRO

R7RC=(L/RW) *ORZERO (ZHAT #0)

RET URN
END |

EATE T
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RZRO
RZRO

RZRO
RZRO

RZRO
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FUNCTION UAPRXL(L,N,IDIM,JDINW, V)
DIMENSION UCIDIM,2,J0IM)

ssv seprs 22 IRST APPROXIMATION TO U(L+1,2,N)

UAPM‘U(LFI,1,M¥UCL,Z ’N"°U (I.,I,NI
RET URN

ENTRY US |

USET WL* 1,1, N) ¢UL,y, 2,N) ¢UTL,1,N) ) /4,0
RET URN

ENTRY UL

UL=ULL+1 919 NI =UTL, 2,0 ~UCL,y1,N)
RETURN

ENTRY UM

UMz UL 5 2y N) =UCL ¥ 1,1 ,N) =UTL 5 L 4N

RET URN

END
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SUBROUTINE VELUX,Y,X0OT, YOT,NDIM,KI,KF,TA)

VEL

COMMON ALPHA,PI,PI2,RE, SRE,SQRTPI,DTOR,RTOD,RC,RCMAXSQ,SIGMA,LEVELVEL
: - VEL

CONMON/BLOCKS/7AK,AKS QD, AKHALF 4 AKDOT
OIMENSTON XTRDTM) Y (NDTH) y XDTCNDIH) , YOT INDTH)
INTEGER ALPHA

REAL L

DO 1 ALPHA=KI,KF

L=X (ALPHA) *% 24 ¥ (ALPHA) * 52

CALL FREEVTX(PSIK1X,PSIK1Y,PSIKiR,IA)
CALL POTFLOWTPSTKXP yPSTKYP,PSTKRP,TA)
PSI KX=PSIKXP+PSIKIX+AK*AKDOT*Y CALPHA) /L
PSIKY=PSIKYP+PSTKLY-AK*AKDOT*X (ALPHA) /L
XDU (ALPHA) =<PSIKY

YOT (ALPHA)=PSIKX

CONTINUE

RETURK

END
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VEL

VEL
VEL
VEL
VEL
VEL

VEL
VEL
VEL
VEL
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VEL

Hoo~Nownswnm



691

'SUBROU?TNE‘VHfX‘Y‘XﬂT*YDT“NDTH‘KIiKFiUT1

COMMON/BLOCKS/AK,ARSQD, AKHALF, AKDOT
’ ’ 9fUTTNDIH7
INTEGER ALPHA
DO 1 ALPHA=KI,KF
XTEMP=XCALPHA)
YTEMP=Y(ALPHA)
X(ALPHAY =X (ALPHA) +DT*XDT(ALPHA)
YA TPHAY =Y (ALPHAYFDT*YDT (AL PHA)
R=S ORT (X [ALPHA) 32+ Y (ALPHA) *#2)
IF(R.GTL.AK) GO TO ¢
HWRITE (65 600) X(ALPHA )  YCALPHA) -
CALL VMFIX{(XTEMP,YTEMP, XDT (ALPHA), YDT (ALPHA))
XC(ALPHA) =XTEMP+DT*XDT(ALPHA)
FATPHAY =YTENP+DT*YDTCALPHA)
WRITE(6,601) X(ALPHA),Y(ALPHA)
CONTINUE -
FOKMKTff/*—BEFORE"VHFIXTXfALPHKT{Y(iCPHAT) T F 8353 * s *FB8.5;%T¥%)
FORMAT (7/* AFTER VMFIX(X(ALPHA),Y(ALPHA))-(‘FB 59%,*F8, 5,‘)‘)
RETURN
ENDY

130

: v
COMMON ALPHA,°I,P12,RE,SRE,SQRTPI,DTOR,RTDD,RC,RCHAXSQ,SIGNA,LEVELVHN
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ALE

VN
VM

VN
VM
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XA

10

SUBROUTINE VHFIX(XyVyXDOT,YDOT) "

' VﬁFIY

COMMON "ALPHA, PI‘PIZ,RE,SRE,SQRTPI DTOR,RTOD,RC,RCHAXSO,SIGHA,LEVELVHFIX

,OHHONIBLOCKSIAK,AKSQD,AKHALF,AKDOT

CONMON7BLOCKIOZ7THETAS, THETASB, THETA - .

DEF=,001

IF(X<NE.®) GO TO 10

L=t/

ANG LE=PI /2.0

IFLYilTe0)L=2
IFCYSLTS 0y ANGLE=(3.07250)Y%P1
GO TO 39

IFCYJNE. 0) GO TO 29

St

ANGLE=0,.0
IF(XsLTe IL=2

CIEEXSLT DY ANGLE=PT

30

204

GO TO 30
IF(X.GTeD,0,AND.Y.GT.0. 0IL=1

IFCXeLTe 000ANDe Yo GTo0s O) Li22: 7 - 5
IFOUXeLToe0,0,AND YL To®e0¥L=3 <. . - 22

IF(XeGTe0,0,ANDeYeL T,0o 0L=4
ANGLE=ATANTYZXY

CONTINUE

SINE=SINCANGLE)

COS INE=COSCANGLE)

GO TO(19529354),5L

X=( AK+DEFY*COSINE

- Y=CAKEDEF)Y*STINE

XDO T=XDOT*SINE
YDOT=YDOT*COSINE
U=="XDOT+ YDOT

X00 T==U*SINE
YDO T=U*COSINE

GO T0 S

== (AK+DEF) *CIS INE
Y== (AK+DEF) *SINE
XDO T==XDOT*SINE
YDO T=YDOT*COSINE
U==XDOT-YDOT

XOO T=U*SINE
Y00 T==U*COSINE

GO TO S

X== (AK+DEF) *COS INE
Y== (AK+DEF) *SINE
XDO T=XDO T*#SINE
YNOT=YDOT*COSINE
U=XDOT=-YDOT

XDO T=U*S INE
¥DO T==U*COSINE

GO 10 S

X={ AK+DEF) *COSINE
Y=( AK$DEF)SSINE
XDOT==XDOT*SINE
YOOT=YDOV*COSINF
U=xD0T+YDOT

XD0 T==U*SINE
Y00 T=U*COSINE
GO Y05

YMFIX
VEFIX
VMFIX

JVHFIX

- VHFIX

VMFIX

VMFIX

.- VHFIX

VMFIX
VNFIX

T YRFIX

VMFIX

L UMFIX
L YMFIX

VMFIX

-VMFIX
T YMFIX
- VMFIX

- VMFIX
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VAFIX
VMFIX
VMFIX

VMFIX

VMFIX
VMNFIX
VHFIX
VHFIX
VMFIX

VHFIX.

VMFIX
VMFIX
VHFIX
VMFIX
VMFIX
VMFIX
VMFIX
VMFIX
VHFIX
VMFIX
VMFIX
VHFIX
VMFIX
VMFIX
VHFIX
VMFIX
VMFIX
VMFIX
VMFIX
VMFIX

VMFIX .

VMFIX
VMFIX
VMFIX
VMFIX
VMFIX
VHFIX
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5

50

CON TINUE

RT00=180.0/P1 A

ADE G=ANGLE*RTID

WRI TE65 50 AL HAZADEG X3 Y5 XDOT5YDOT

FORMAT (//% VMFIX®2X*ALPHA=*I3,2X*ANGLE=*F12.6, /% X=*F12.6,
12X*Y=#F 12,6, 2X*XDOT=*F12,6,2X*YDOT=*¥F12,6)

RET URN

END
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TSUBROUTINE WRITI(X,Y,XDOT,¥DOT, GAMMA,XB,YB, XDOTH, YDOTB,GMAB, WRIT

1KIT yKFT 4 KIByKFB Ky NDIM, IW) WRIT

DIMENSION XINDIMY,Y (NDIM),XDOT (NDIM),YDOT (NDIM),GAMMA (NDIM), .. WRIT

txerwurﬁr—vsrnntﬁ1,XUOTB(NDInv,Yoora(NDIH).GMAB(NUIH) - - TWRIT

IF(KFT=-KFB) 1,2,2 e 4 _WRIT

1  KF=KFB : - - - , WRIT

GO0 TO 3 : ' WRIT

2 KF=KFT ' WRIT

3 CONTINUE WRIT

: IFCKITSGT.XIBY GO TO 17 A WRIT

00 16 I=KIT,KF _WRIT

IF(I.GE.KSBY GO TO 12 WRIT

11 WRITE(E,601) I ,Ky,X(T),Y(I),XDOT €IV, YDOT(I),GAMMA(T) "WRIT

IFCINLNE.7«AND. IN.NE.9) GO TO 16 WRIT

WRITE(IN,701) T,K,X(I),Y(I),XDOT(I),YDOT(I),GAMMA(I) ’ WRIT

G0 TO 16 WRIT

12 IF(KFT.NE.XKFBY GO TO 16 ) WRIT

13 WRITE(6,603) I,K,X(I),Y(I),XDOT(1),YDOT(I),GAMMA(I), WRIT

TXBIT) ,¥YB(I) »’X30TB(X),YDOTB(I),GMAB(I) WRIT

IF{INNE.7«AND, IW.NE.Q) GO TO 16 WRIT

WRITEC(IW,703) I,K,X(I),Y(I),XDOT(I),YDOT(I),GANHA(I),XB(I) YB(I), WRIT

‘1XDUTﬂfI7,YDUT?TT1”G“RBTT)‘ WRIT

GO TO 16 WRIT

14 TF(KFT.LT.KFB) GO TO 15 HRIT

IFCI.LE.XFBY GO TO 13 : " WRIT

GO TO 11 . WRIT

15  IFCILELKFTY GO TO 13 HWRIT

16 CONTINUE “WRIT

GO TO 20 : WRIT

17 CONTINUE: WRIT
D0 19 I=KIB,XF WRIT -

IF(I.GE.KS) GO TO 18 WRIT

HRI TE(6,602) I,K,XBCI),¥B(I),XDOTB(I),¥YDOTB(I),GMABII) WRIT

IFCIWGNE . TAND . ITHWINESY) GG TO 19 WRIT

WRITEC(IW,702) I,K,XB(I),YB(I),XDOTB(I),YDOTB(I),GMABLI) WRIT

GO TO 19 WRIT

18 WRITEC(65;603) I,KyXCI),Y(I),XDOT(I),YDOT(I),GAMMA (I), . WRIT

CIXR(I),YR(I),XDOTB(I),YDOTYBII)yGMAB(I) WRIT

IFCIN,NE +7«AND, IN.NE,9) GO TO 19 WRIT

HWRITECIH,703) I,K XTIV, YOI) , XDOT(I) 5 YOOT- ttf—cmmrrxmn—rmv—wm

1XDOT8(I),YDOTR(I),GMAB(I) . WRIT

19 CONTINUE WRIT

29- CONTINUE _ ©RRIT

5801 FORMAT(2XI3y2XI3,5{2XyF10.6)) WRIT

602 FORMAT(2XI3,2XI3,60X,5(2X,F10.6)) WRIT

483 FORMAT2XI3, 2XI 3,10 ¢2X, F10.5)) WRIT

701 FORIMAT(21I4,5F7. ) , WRIT

782 FORMAT(2I4y35X,4F7,.3) . WRIT

7803 FOIMAT(2I4,10F7.D) “WRIT

RET URN . HWRIT

END , WRIT
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PRCGRAM ADVNF(INPUT'OUTPUT TAPESIINPUTOTRPE6.°UTPUT)

COMMON/INPUT/LX!XX(IDQ)'U(IOO)’JADD’ADDXI(26,0NODE _

CﬂﬁﬁﬂN/ﬁU’PUfoEPQOPLlool'
VOHDL(ZB!Z)vKNOToUNAXoINTERV

CONMcN/OTHER/LXI,LXIl §LX12400CHANGE yERRORGACCoXT (280

.DIMENSION lﬂsﬂj1&)41110044111001;PORCD(100)QCDN(loO)
"DIMENSION Y(100)
REAL L

" REAL :
EXTERNAL FIT

Cevoes INFO ooesn DATA IDENTIFICATION = . ... ' . .

READ ($4605) (INFO(T)sTalel6)
605 FORMAT(1¢AS)

WRITE(69651) (INFOUD) sFR1g18) . . . o - oeoeL

651 FORMAY(141420X416A8 /)
READtSvés?)AATACK.LAMaDA LENGTE sF o AWsRY
652 FORMAT (6F12e6)
€ eesse READ Ng, OF KNCYSe NOo OF POINTSs X CO®ORD, Y co-oun
READ (S9610) NOKNOT (L X, (X(1) +PORCDII) oIm) ol X)
610 FORMAT (21447 (2F12,8)) .
C eeoese IF NOKNOT ,GTe§d REAR IN_KNOY -PCSITIONS
LX1221ABS (NOKNOT) _ _
. IF(NOKNOT+GT.0)READ(5,607) (XTI 0J) eJm1oLX]12)
. 601 FORMAT(6F12e6)
C eenee ELLIPSOIC PARAMETERS
PI34,0%ATAN(1.0)

DTCRaPI/180.0
RTCD=180,0/P1
AATACKSAATACK#DToR
FTA=F#TANLAATACK)
COEFN®4 4 g#F /P
COEFV=ws 0%F/PT
COEFimAW/RAR®SIN(AATACK) #a2
C essse CALCULATE CONoZHAT
C eevee GET SPLINE X CO ORD XXx(f)es Y CO ORD U(I)
O 1 ImlelX
2(I)eX(I)
COM(1)=CQOEF1#PORCN (I)
Y(I) eCON(T)

1 XxX(D)ysZ(D)
CALL SPLINEB(NOKNOT)
C..seess TEMPORARY NEBUGGING. DATA PLOT.Y. VS, X
WRITE(6+62)
CO 3 I=1,21
X{l)mepSGu‘l=1])

o Y(DaFIT(x(I)

3 WRITE(6s61)X(1)ov(])

61 FORMAT(F1246464X9F7246)

62 FORMAT(1M196X%Z%19X%enN(2)®)
CNI=CADRE(FIT90e001e000019,01930ERRYIFLAG)
CNSCCEFNaCAT
WRITE (6¢¢0)CAICNTILERRGIFLAG

ADYNF
ADYNF
\DYNF

" ADYNF
;:Ao,vm-'
kADVNF

o . ADYNF

i': .. /ADYNF

. - .ADYNE

< ADYNF

-, . .ADYNF

, -~ ~ADYNF

».  ADYNF

. . ADYNF .

. ADYNF
‘ADYNF

ADYNF
ADYNF
ADYNF
ADYNF
ADYNF
ADYNF
ADYNF
ADYNF
ADYNF
ADYNF
ADYNF
ADYNF
ADYNF
ADYNF
ADYNF
ADYNF
ADYNF
ADYNF
ADYNF
ADYNF
ADYNF
ADYNF
ADYNF
ADYNF
ADYNF
ADYNF
ADYNF
ADYNF
ADYNF

- ADYNF

ADYNF
ADYNF
ADYNF
ADYNF
ADYNF
ADYNF

60 FORMAY(///7/74 sesee CNBSF12, 6e/® covne cN!”Flzoﬁ.S"ERROR'.FIZQBOADYNF

1SX*IFLAGu®*]2)
DO 2 1ml,LX

CONM(T)®(2(1)eRZRO(Z (1Y sLENATH,RW) ®*DRZRO(Z (1) yLENGTHRW)/

J1(4e0nF9®2))%eON(T)
AX{(1y=eZt]D)
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ADYNF
ADYNF
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2 U(DHsCON(I) . : ADYNF §9

CALL SPL:NEB(NOKNoT) ' : . o ADYNF &g
£ esses IEMP DgBUG CATA SP.L_!,N.E Y v§ ¥ ADYNF g1
WRITE (6+63) . ADYNF g2
00 4 1s1,21 S ADYNF g3
X{1)e o050 (le]) _ADYNF 64
Y(DeFIT(X(I)) ADYNF 65

4 WRITE(&s612X(I)ov (D) . ADYNF ¢
63 FORMAT{1n1s6X#2%13X# ¢ Swy)DNS) ADYNF u
CNIchDRs(FITQOoQoloOOoO]'o01'3’ERR9!FLAG) ADYNF ¢8
CMaCOEFMaCMI+LAMBDA®CN - ADYNF g9
WRITE(6+65)CMoCMILERR, IFLAG. ADYNF 70
&5 FORMAT(///7/% ceuqe CME¥EL12,64/% seeee CH!"7120605X'EPR0R"F12080‘DYNF 71
1SX*IrLAGu®12) ADYNF 72

_END ~ ADYNF 73
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FUNCTION FIT(X)
conucN/xnpbt/LXoxx(lnnwvU(IOOi.JnDD-ADDXI¢2&).vODE
CQEMcNIQu!FUILUEQQQBiJDDLL!CTL(lﬁlexXLLZBL;COEELLZI;AL;
VORDL (7892) s XKNOT»L¥AXs INTERY

corncnlOTNER/LXI.LXIIoLXIZoO'CbAhGEoERGORuACCoXI(28’
IabXx1?

AskeX1(])

IF(A)242,4
In]l=t )

§F;I)3-3.l

»
FIT!COEFL(111)oAO(COFFL(Iv?!OA'tCOEFL(IcJ)OAOCOEFL(!t&L}I
RETYARN

ENC
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FIT

FIT

F1Y
FIY
FIY
FIY
F1V
FIT
F171
Flv
FIT
FLY
FIY
FIY

ORI PRR L WM~
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SAMPLE CASE
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£ d

SAMPLE

FURCTION RZERO

(INPUT mnn'cmnunmX)"

FUNCTION RZEROUZSTARY

REAL LN

D=4 .7

TRE1%,1

R=l 3,475

IF{ZSTARGE«LN) GO TO 1
"PZERO=SQART(R** 2~ (ZSTAR-LNY**2) =(R=D/2.0)
GO T0 2

R7ERO=D/ 2,0

TONTINUC

RET URN

ENTRY DRZERO

IFCZSTARCGEZLN) GO TO 3

RZZ RO=(LN=-ZSTAR) /SQORT(R**¥2~ (ZSTAR=LN) **2)
GO T0 & :

RZERO=0,0

CONTINUE

RET URN

END
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RZERO

RZERO
RZERO

RZERO
RZERO

RZERD

RZERO
RZERC

1
2
3
Ny
5
6
T
8
9
Iv




VCF TAMPTCE TRPUT
CASE eee OGIVE CYLINDER ese¢s ANGLE OF ATTACK (15 DEG)

39 9 % VCF SAMPLE OQUTPUT 3% 3 %3¢ 3 CARD

150 472560040 S0e47R ’ CARD

e l2b K1°L) -3 CARD

39 9040 10 CARD
3455 :

e uUN -

CARD
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T

KLV

80nY GEOMETRY(DINENSIONAL LENGTHa 50.47a)

_VCF- SAMPLE—-OUTRYT.

e yYyyrs

ZSTAR RZERO (2STAR)
71,0000 70000
-2,5239- « 7805.
55,0478 1,3972
7.5717 1,8571
10,0956 Re1652
12,6195 2.3248
15,1434 ?2.3500
17,6673 -2+3500
26,1912 2.3500
22,7151 243500
-25,2390- -243500-
27,7629 243500
30,2666 2.3500
-32,81907 -2+3500
35,3346 2.3500
37,8585 2.3500
40,3824 -2+3500-
42,9063 243500
45,4302 2.3500
~4759541 2+3500-

—AMAKS—4-+ 7006,

 Aws 243500

£21047400

Se171+3494

QNGLEWOFh511ACKt<}égﬂ—DEGﬁEES

30% REYNROLDS NOom 4725600400

20LS REYNCLDS NC-=  S6940.15

20LS PARAVETERS

DELTs= 125 -
-RC2_.,060
SIGrAS 600

PRCGRAM CONTRGL

KFInAL= 139

JEINALZ. 80,0 -

ZFINALE1,000
LRs 3
Lwn. g
LEVEL=s .. §
KPLAz §

:

ST



BOUNDARY LAYER VELOCITY DISTRIBUTION
K=39 T= 5.048 ZHAT= 2.686 AK= 1,000 AKDOT= 0,000

© - NCYCLE b 3 3 3 3 "~ 3 "3 4 . L} b 4 L
Lo <

-Re (RAN)Ye 0.000600 «08727 «17453 «26180 « 34907 243633 ° ,523%60 «61087 = ,69813 « 78540 +872606 « 35993
(DEG) e 0.9NN0 0 $.0000% 10.00000 45.00000 20.00000 25,00000 30.,00000 35.00000 &%0,00000 45.90000 50.00300 55,30009

RS M LLLT) 0.000%0 0.0090% - -0.00000° 0,00000 ~ 0,00000 0.00000 0.00000° 0.0D000 0.00000 ° "0.00000 g.00000 0.50100

T

+14000 0.00900 «03785 « 07501 «11081 ©e14LULSY - «17570 +20353 «22752 J2L710 «26176 J27108 « 27436
780109 v.00000 +«06334 «13755 20301 «2658) . «32363 37579 «42128 «45510 48829 50792 «51704
42000 .90 0 «09493% « 18847 «279M 36514 «G4UsSH3 +51848 58293 «63745 68074 71147 . 72627
56000 f.0MN0 « 11531 22896 «33923% LY « 54306 e 63407 «71492 » 78442 284101 88307 «30687
«7NONY 0.NMIN0 «13108% +26037 «38621 «50684 «62055 «72562 «82033 3023856 «97175 1,02486 1.760130
Bunngp g.00000 - ,1429% « 20415 «4?218S «55430 "« 87975 e 79644 «90261 " +99645 1.07609 1.13357 1,18L72
98000 0.00NN O «15171 » 30170 2404824 «58962° « 72410 «849393 96533 1.0€850 1.15752 1.23037 1.28478
1.12000 0.00000 «15793 e 31431 46723 «61524 « 75649 «88931 1,01199 1.12271 1.219¢0 1.30067% 1.36351¢
1.26000 - 0.0TN10 «16237 ¢ 32313 «48066 «63333 « 77953 «91758 1.04583 1.16251 1.265¢2 1.35375 1.42408
“1.00070  .0.B0000 «16534 «32813 48979 64576 «78548 «93734 1.06974 1.19101 1.29938 1.39296 1.4696¢
1.54000 T. 00000 «167 30 «333In9 49585 «654L06 +80621 «95n78 1.08629 1.21088 1.32315 1.42122 1.59304
"1.65000 C.07I0 0 «16855 ¢ 33563 »49975 "« 65344 T.81324 «9%966"° '1,0972! 1.22438 1.339¢7 1.46108 1.32732
1.82000 0.0090 +16933 ¢ 337210 50218 +66283 «81770 « 36536 1.10438 1.23330 1.350€0 1445453 1.5428¢
1.9650n0 f.0PNN «16373 «33815 50366 «66489 « 82045 «3A8G2 1.10892 1,23903 1.357¢2 1.6h373 1.55526
2.10000 v. 00000 «17006 «3337¢0 «50452 «66611 "« 82209 «97107 . 1.11170 1.24261 1.36242 " 1,46370 1.56289
?.2600800 0.919010 «1702¢ «33902. 50501 «66581 «82304% 097234 1.11336 1.26479 1.36527 1.47345 1.35735
2.38900 0.50000 «17029 «33918 506528 «6672¢C « 82357 | 97305 1.11432 1.24507 1.3664%9 1.L7576 1.57599
?2.520800 T.90900 « 17034 « 33927 «5 0542 «BET LT «8238%6 » 37345 1.11486 1.24680 1.367¢9 La0u?71% 137292
2.65000 g.QUB N 017035 .«33932 «5 0549 +66751  +82401 +9736¢€ 1.11515 1.2L721 1.366%6 1.47795 1.57403
2.870900 c. 0NN 0 «17037 T «33934 «50553.  .6675€ «82408 - «37376 111530 1.264742 1.366¢8 1,473861 1.57476
2.940100 0.7NN0 0 17037 « 33935 «50555 «66759 «82612 «37382 1.11538 1.24754 1.369°06 1.47807 1.57515
T.08000 f.0MON 0 «17037 « 33936 «5055% «56760 . 8264104 «97184 1.11562 1.24760 1.36913 ',.47830 1.57537
X.270N0 g.%07°00 «1703% « 33938 «50555 «66760 282415 297386 .1.11564 1.24762 1.36918 1.47887 1.57546
"3.36008 T 0.00000 «17033 « 3793 € 50556 T 66761 $82415 7 297386 1.11545 1.24764 1.,36920 1.47891 1.57554
X.50070 0.00300 «17038 « 33936 ,50556 «66761 «82415 «97386 1.11545 1, 24764 1.36521 1.47392 1.37557
T.54%0N0 n, 0090 «170 748 « 33936 « 50556 «66761 «82415 «97386 1.11545 1.24765 1.36921 1.47883 1.3735%
3.78000 0.0008 0 «17238 33936 +50556 +66761 «82415 «37386 1411545 1.24765 1.36921 1.47334 1.575560
2.92190n %. %0300 «17033% «3%916 «50556 656761 «82415 97386 1.11545 1.24765 1.36922 1.47394 1.57560
4,16800 7.0097 «17033 13936 +5055% «66761 -e82L35 «37386 1.11545 1.24765 1.36922 1.4789% 1.57560
4,.,20000 0.00000 «170138 «33936 «50U5586 «66761 « 82415 T,97386 1.11545 "1.,24765 1.36922 1.4759% 1.57569
4.34300 0.0r200 «17033 «33936 «50556 «66761 «82615 «97386 1.11545 1.24765 1.,36922 1.4739% 1.575670
bou3000 t.B0MM D 17038 «3%936  ,50556  ,66761 «82415 «97386 1.11545 - 1.24765 1.36322 1.64733¢4 1.57569
L.620N00 t.0C00 217073 » 33936 «50556 «66761 «82415 "« 97386 1,11545 ~1.24765 1.36622 1.47893% 1.37560
4.75%00 0.0MN0 «17038 » 33936 «50556 «66761 « 82415 « 97386 1.11545 1.24765 1.36922 1.47£9% 1.57%60
4.90000 0.00900 217033 0 ,3393¢ +50556 «66761 82415 «97386 1.11545 1.24765 1.36922 14739 1.575€0
5.040M70 T.0NND 0 «17033 « 339386 +50556 «66761 «B2415 "e97386 " 1.11545 Le24765" 1.36822° 1.4L7394  1.57580
S.180n0 g. 00NN D «17038 « 33936 «50556 «66761 «82415 «97386 1411545  :.24765 1.369°22 1.4789¢ 1.57¢€0
5.%2008 8. 00000 «17033  ° ,3%936 «50556 «66761 « 82415 » 37386 1.11545 « 24765 1.36922 147396 1.57%60
S.uhnN0 T. 00770 «»17038 «23936 50556 «66761 82415 +97386 1.11545 . 1,24765 1.36922 1.64783¢% 1.575610
S.60000 0.0N100 «17039 ¢ 33336 «50556 .. «66761 82415 «97386 1.11545 1.24765 1.36922 1.473496 1.575680
S5.74000 0.07100 «17038 + 33936 «50556 «66761 182415 »9738¢€ 1.11545 1.24765 1.3€922 1447395 i.57¢h0
5.88000 0.00000" «170738" »23936° +50555 «66761 «82415° + 97386 1.115u45 1.24765 1.3682722 1e4739% 1.575€60
6€.07a00 0.00100 «17038 « 33936 +50556 +66761 +82615 +97386 1.11545 1.24765 1.36822 1.47894 1.57560
6.16000 7.00300 «170%8 « 33936 «50555 +66761 «82415 «37386 1.11545 1.24765 1.36922 1.478594 1.57560
6.,30000 0.319070 «17038 «3393€ 50556 «66761 «82415 «9738¢ 111545 1.24765. 1.36922 1.6759% 1.575£0
b.LeNND t.0000 0 17038 33936 «50556 «66761 «82415 37386 1.11545 1.24765 1.36922 147894 1.,5765610
€.53900 0.,00000 «1707%8 « 33936 .50556 «66761 262415 «97386 1.1154% 1.24765 1.36922 1.6788¢4 1.57560
6.72000 0.0n500 017038 33936 " +5055%6 «66761 «82415° ,97386°  1,1154% 1.24765 1.36922 1.47834%°  1,57560
€.86900 v.30M30 10 «17039% « 33336 «505586 «56761 -82415 197386 1.11545 1.24765 -+36922 1.4759% 1.575h0

7.80008 0.N7300 «17038 33336 «50555 -  L.66761 - 82615 »97386 1.11545 1.24765 1.36922 1.4783¢4 157560



e

CNEYCLE 0 6 5 . 5 s 5 5 3 6 6 6 6 6

::R* ARAD) 1.06720  1.13446 1.22173 1.23918 1.25664 1.27409 1.29154 1.30900 1.32645 1.34390 1,36136 1.37881
N (DEG)#»- 60,00700. 65.,00000 79.,00000 71.00000 72,00000 73,0000080 74,00000 75.00000 76.00000 77.00000 78.00000 "79.00000

8.00800 ©.,00000 0,00008 0.00000 0,00000 Q.00000 ©0,00000 0.00000 0.00000 .0,00000 0.000N0 ©0.00000  0.00000
168000 27127 + 26105 24270 223763 223241 * 22661 « 22046 $21372° 220643 .19848 + 18983 ©18033
«28000 «51457 .e49919 « 46890 L6040 5140 «bu152 «03081- 41911 «40637 33243 T« 37716, «36036
242090 72360 «71351 .«67713 +66662 +65528 64278 « 62911 «61409° «55763 +57953 +55960 +53755
+56000 2091664 ,90330 e ARSB1L +85451. 86211 «82831 81308 «79621 $ 77759 < 75659 #73416 70877
<«70000 1.07578 1.068%5 1.03378 1.02265 1.01026 «99628 +«38067 «96323 «94380 »92213 »89795 .37087
+86000  1,20839  1,20913  1.18043  1.17028  1.15371  1,16546  1,13042  1,11342° 1,09428  1.07274  1,04850  1.02114

© 98000  1.31808  1,32681  1.31597  1.29732  1,28717- 1,27527 1.26155  1.,24578  1.22779  1.20731 1,1B403 1,15752
1.12900  1.40552 1,42315  $1.41128° 1760645  1,39610 1,38600 1.37406 1.36006  1,34384  1,32510  1,30355  1,27€74
1.26000  1.47411 1,50037  1.,49778  1.49295  1,48660 1,47853 1.46B565 | 1.w5675. 1.44266  1.42611  1,40679  1.38428
1.40000 152673  1.560196  1.56741  1,56456  1.56025  1,55428 1.54657 1.53691  1.52514  1.51100  1.49419  1,47432
1.56000 1,56618  1.,60747 1.,62227 1.6213% 1.61896 1.61504 1.60945  1.60202  1.59259 1.58191  1.56671  1.54961
1.68000  1.50511  1.66240  1.66460 1.66537  1.66481 1.66278 1.,65918 1.,65386  1.64665 1.63736 1.62570  1,61134
1.82900  1,61583 1,66806 1.,F9658 1.59886 1,69988 1.69953 1,69772° 1.,69430 1.66914 1.68204 1,67275 1.6609e
1.96900  1.63032 1.68650  1.,72025  1.72379  1,72616 1,72726 1.72699  1.72524  1.72187  1.71672 1.70957 1.70014
2.10080  1.6L022 1,69965  1.73738  1.74197  1,74545  1.76774  1.74877  1.7LB42  1.746G9  1.74312  1,73781  1.73043
2.26000 1.64683F  1,70835° 1.76954  1.75495  1,75932 1.76258 1.76466 1.76547  1.76490  1.76282 1.75307  1.75344
2438000  1.65113  1,71432  1.75797  1,76402  1,76908  1.77310  1.77601  1,7777&  1.77819  1.77725 1.T77478  1.,77058
2.520M0 1,65387  1.,7182% 1476371  1.77023  1,77382  1.78041 1.78397  1,78641  1.78766  1.787€2 1,78616  1.78312

2.65000  1.6555€  1.72076  1.76752  1.77439 1,7f936 1,78539  1,78943  1.79261  1,79427  1.79492  1,79425 1.79212
2.80000  1.65659  1,72233  4,77000  1.77712  1.78337 1.78672 1.79310 1.79648  1.79879  1.799%6  1.79989  1.7%846
2.94100  1.65719  1.72329  1.77158 1.77883  1,78532° 1,79089 1,79552 1.79919  1.80183  1.80338 1.80375 1.80284
3.,08900 1.65754  1.,72387 1.772%6 1.77998  1.78656. 1.,79227 1.79709 1.80096 1.80383 1.80565 1.80635 1.80582
3.22000  1,65773  1,72421  1.77317 1.78066  1.78733 1.,79315 1,79808 1.80209 1,80512 1.80714 1,80806 1.30730
3,36M00 1,65784  1,72440 1,77%352  1.78107  1.78779 1.79368 1.79869  1.80279  1.89534  1.80809 1,.80316  1.R0910

TL.60000 1.6578% 1,7245% 1.77373 1,78131 1.786807 1,79400 1,79907 1.,80323  1.80645 1.808€68 '1,80987 1.80993
66000 1. RS792 1.72656  1.77385  1.78165  1.78823  1.79419 1.79929  1.80349  1.80676  1.80905 1.81030 1.31046
3.78000 1.657%4  1.72453  1,77392° 1.78153  1,7€833  1.79430 1.,79942 1.80364  1.80694  1.80927 1.81057 1,31078
2.,92000  1.65795 1,72461  1.77396  1.78157  1.78838 1,79436 1.79949  1,80373 © 1.80795 1.80940 1.81073  1.81098
6.05000 1.65795 1,72462  1.77398 1,78153  1,7fB41  1.79440 1.79953  1.80378 1,80711 1,80948 1.81082 1.311190

4420000 1,65735  1.72462  1.77399  1.78160 1.78842  1.79442 1.79956  1.80381  1.80715  1.80952 1.51088 1.81117

4.34AN0. 1.65795  1.72662  1.77399  1.78161  1,78843  1,79443 1.79957 1.80383  1.,80717  1.80954 1,81091  1.3112%1

4,48000  1.65735  1,724K2  1,77399  L,78161  1,78843  1.,79443 1,79958 1.803384 1.,80718  1.809%6  1,81093  1.31123
4.62000, 1.65795  1.72662  1.77600  1.78162  1,7834%4 1 79443  1,79958 1.80384  1.80718 1.80956 1.,81094  1.81126
476000, 1465735 1.72462.  1.77400  1.78162.  1,78844  1,79443 1,79958  1.80384  1,80719  1.80957 1.61094  1.81125
4.,90000 1.65795  1,72662  1.774080° 1.78162  1,788GL4  1,79444  1,79958  1,80384 1,80719  1,80957 1.81094  1,91125
S.060800. 1.65795  1.72462  1.77400° 1.78162  1.78844  1,794%4  1,79958  1,80384  1.80719  1.809%7 1.81095 1.81125
4180800  1.65795 1,72462  1.77400-  1.78162. . 1.78844  1,79444 1.79958 1,60384 1.80719 1.80957 1:81095  1,91125
5.32000  1.65735  1.72462. 1. 77400 1.78162- 1,78346  1.79444  1,79958  1.80384 1.80719  1.80957 1.81095 1.31126
5.46000, 3465795  1,72462 4477400  1.78162  1.TEBG4  1,.79L4L  1,79958  1,80384  1,80719 1.809%7 1,81095  1.31126
5.600N0. 165795  1.72662  1.77400  1,78162°  1,78344  1,79444  1,79958  1.80384 1.80719 1.80957 1,81095 1.31126
Se7000, 1.65795  1.72462 1,770 1478162  1.78844  1.79646°  1,79958 1,80384 1,80719  1,80957 1.£1095 1.31126
5.880M0  1.65795  1.72862 1., 77400°  1.78162:  1,76844. 1,79444 1.79958  1.80384 1.80719  1.80957 1.81095 1.81126
€.02000  1,65795  1,72662. 4.77600  1.78162  1.78864%  1,794464  1,79958  1.80364 1,60719  1,80957  1.81095 {.31126
6.16000  1.65735 1.72462. 1.77600: 1.78162. 1.78344 1.,794406. 1,79958 1.80384 1.80719 180957 1.81095 1.81126
6.30000 1.65795 1.72462 1.77400 1.,78162  1,78B844  1.79664 1.79958 1.80384° 1.80719 1.80957 1.81095 1.81126
6.44000 1,65795 1.72662  1.77400  1.78162: 1,78344  1,79444. 1.79958 1,80384 1.,80719. 1.80957 1.81095 1.81126
6.58000 1.65795  1,72462  1.77400 1.78162  1,78344  1,79444  1,79958 1.,80384  1.80719  1.80957 1.61095 1.81126
6.72009 ,1.65795 1.,72462° 1.,774090 1478162 1.78844:  1,794b4¢4 1.79958° '1.80384 1.80719 1.80357 1,81095 1.81126

. 685000  1.65795  1.72462  1.77400 1.78162  1,78844 1579444  1,79958  1,80384  1,80719 1580957 1.31095 1,91126

7.00000 1.65795 1.72462 1. 77400 1.78162 1.78846 - 1.79kb40 1.79958 1.80384 1.80719 1.80957 1.81095 1.81126

P \



NCYCLE

R¢ (RAD)»
- {DEG) e

0.00000
e14000

T »28000
«42000
«56000
«70000
«86000
981000
1.12n9n
1.26000
1.47900
1.54000
1.8000
1.62000
"1.96010
?.10000
2,26000
2.XA00N0
2.52000
2.650080
2.80008
2.94000
3.08300
J.22700
3.35900
X.50000

T R.64000
3.78900
*.920008
4.%5900
4.2n000
4,3%000
ThJ4B0TM0
4.620M0
4,76900
%,90000
5.04000
5.18500
5.%2009
S.46900
5.601000
S.T4N00
S.AB000
6.02n00
- 6.16000
6.370000
6.LL000
.58 000
6.72n00
6.,860N0
7.0090¢0

eyl

DGAMMAS

7

1.3926

8¢.90100

0t.B80AN0 0

«16987
e 30T HE

«51304

«680%6

o;B_‘O”g

«99012
1.12723
1425013
1.35803
1.45M 5
1.52912
1.59383
1.64631
1.68806
1.72066
1. 7u5h 14
1.7640L 3
1.77830
1.788%6
1.79552
1.80052
1.80395
1.80627
1.8n780
1.80840
1.8094%
1.87933
1.81008
1,81022
1.810%1
1.8103¢€
1.8103¢%
1.810461
1,8106 2
1.8106 2
1.81043
1.8100L3
1.,81063
1.81063
1,61043
1.81043
1.81047%
1.81063
1.810673
1.81043
1.81043

T 1.81043

1.81043
1.81043

1.,81043

1.552735

1.41372
81.00000

3.00900
.15823
© «32100
+4855%
.64835
+80582
. «95471
1.09237
1.21693
1.32728
1.42306
1.506506
1.57252
1.62816
1.67283
1,70808
1.73528
1.75597
1.77161
1.78272
1.79185.
1.79669
1.80040
1.80%32
1.8051%
1.80635
1.80712
1.80762
1.80792
1.80811
1.80823
1.£0823
1.8083%
1.80816
1.80817
1.80837
1.8083%83
1.80833

" 1.3087%3

1.80838
1.80833
1.808133
1,80833
1.808%8
1.8033%
1.89833
1.80833%.
1.,808%3
1.8027%3
1.8083%
1.808%8

SMALLM=

1.43117
82. 00000

0.00000

« 14516
« 29758
« 45437
«61186
«76619
«91384
1.05186
1.17803
1,29993
1.38989
1. 47491
1.54653
1. 60572

1.65372 "

1. 69194
1.72181
17064475
1.76204
1.77485
1.78418
1,79n8%
1.79554
1.79877
1.80097
1.80244
1.80340
1.87602
L. 8006041
1e8N4K5
1.806810
1. 87489
1.80494
1.87498
1,8N699
1.80500
1. 80501
1,80501
1.80501
1.815n1
1.80501
1.80501
1.80501
1.810501
"1.,80501
1.8n501
1.80501
1.80501
1.80501
1.80501
‘1.,80591

1.44862
83.00000

0.00000
«13024
27073
«61846
«56958
72000
<6590

1.00400

1.,13173

1.24732

1.34976

1.43871

1.51445

1.57773

1.62961

1.67137

1.70439

1.73003

1.7495¢

1.76426

1.77506

1.78289

1.78847

1.79237

1.79505

1.79687

1.79808°

1.79887
1.79938
1.79970
1.79990
1.80002
1.80009
1.8001¢%
1.80016
1.80018
1.80019
1.80019

1.80n19

1.80019
1.80019
1.80020
1.80029

1.80020

1.80020
1.80020
1.80020
1.80020

- 1.800820

1.80020
1.80020

« 035059

1.46608
86,00000

0.00000
«11286
23926
«37613
«51943
+«66485
«80926
«34604

"1.07525"

1.19370
1.30000
1.39345
1.67400

1.56212

1.59865
1.66L473
1.68162
1.71063
1.73305
1.75009
1.76281
1.77216
1.77391
1.78370
1.78705
1.78935
1.79991
1.79194
1.79262
1.7¢306
1.79333
1.7935¢0
1.79361
1.79367
1.7G6371
1.76373
1.79374
1.79375
1.79376
1.79376
1.79376
1.79376
1.79376
1.79376

1.79376°

1.79376
1.79376
1.79376
1.79376
1.79376

1.79376

1.48353
85.00000

0.,00000
«» 09190
20107
« 32438
« 45766
«59639
+«73615
«87295

1.00344

1.12498

1.,23572

1.33451

1.42090

1.49501

1.55741"

1,61300
1.65099
1.68434
1.71058
1.73082
1.74617
1.75762
1.76603
1.77210
1.77641
1.77942

"1.781590
1.78290
1.78384
1.78445
1.78485
1.78510
1.78526
1.7853¢
1.78561
1.78545
1.78547
1.78548
1.78549
1.78549
1.78550
1.78550
1.78550
1.78550
1.785590
1.7855p
1.78550
1.78550
1.78550
1.78550
1.78558"

10

1.50098
86,.00000

0,00700
. 06510
15170
$25681
+37613
«50507
«63897
L7738
“ICHTT
1. 02967

1,14576
1.25132

1.36536

1. 427514
1. 49793
1.55722

1.60624

1. 64608
1.67792
1.70293
1.72227

1.73697
1,74797
1. 75607
1.761935
o TEBLY

1,7€908°

1.77112
1.77251
1. 77344
177405
1. 77445
1.77471
1.77487
1. 77497

" 1.77504

1,77507
77510
1.77511
1.77512
1. 77512
1,77512
1.77512
1,77513
1, 77513
1,77513
1.77513
1.77513
1.77513
1.77513
1777513

12

1.51844
87,00000

0.00006
.02561
«07719
.15256
26779
«35858
«48030
+60838

473850°
.86679
.99000

1.10556

1.21158

1,30687

1.39066

1.46353

1.52527

1.57683

1,61915

1.65332

1.68046

1.70167

1.71799

1.73036

1.73958

1.74635

‘1.75125

1.75475

1,75720

1.75890

1.76006

1.76084

1.76126

1.76169

1.76191

1.76205

1,76214

1,76213

"1.76222

1.76224

1.76225

1.76226

1.76226

1.76227

1.76227

1.76227

1.76227

1.76227

1.76227

1.76227

1:76227
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39
39
39
39
39
39
39
39
39
39
39
X9
39

39-

X9

39

39
39
39
39
39
39
39
39
39
39
39
39

‘39

39
3¢
39
39
X9

39

39
39
39
39

39
39
39
39
39

X (A

=1.470798°

-1 4678 492
~1¢ 374651
=14 204 02%
~1.250176
=1.143 625
=+ 897825
~1.173107

‘-1,011 672

~9915831
«1,007 357
-1.,673179
=1.096772
-1 4479696
-1.319 320
=14 607 210
~2.076 149
-1.,7110 810
~1,963 060
=24 204532
*1, 624535
=1¢795 8N4
-1,940 624
-1.961811
-1,864390
-1+ 666063
~1.728547
=1.296580
~1.398 426
-1,221233
=14127 89%
~497N 191
-. 880038

-« 769 79%
-e 656 104 -

- 523922
~+353272
~e 159547

« 056178

ART (A
*1.%91 255
~1.356517
=10 445651
~+960 806

“T0? BOUNDARY LAYER

Y(A)

«337896
0562271
«S513777
592420
e 423280
« 658744

2456571

.302748
~ 435365
+436608
»135213
« 311740
« 049451
«161685
©198246
. 230250
«255191
«148758
.186633
+125398
.627607
+ 452980
. 167292
<431517
. 601270
«723831
«7TIHBRS
« 167692
. 813677
«865369
.909917
« 8994108
.931829
+ 949858
<970624
«997195
1.830128
1.068199
1.033641

XDOT(A)Y.
~+084L505
~.40036N
-+274386
-.283578

~.092518 °

-o317442
2231030
«129747

~.028465

«237372

«115211
-,007193
405832
«392592
«31727¢
1.050349

~+185664.

+450861
276527
+014800

- 481717
- 345550
-.170558
-.641739
-.847009
~.902400
-1.210556
-.569317
- 943762
~4945012
-1,034864
-.728856
-+855026
- 836041
-«89400%
-1.0825793
-1.257200
-1.529307
-1.704354

TOP REAR SHEAR LAYER

YRT(AY

428310
«602164
+669619
« 712634
«590171

XROOT (A)

-.060689”
-s457523

-e541738

~e271053 -

«030460

POINT VORTEX LOCATIONS

¥YDOT(A)
-.001953
=« 037539
~eN37525
« 054769
« 084677
*» 186665
+ 4915655
«263879
« 268545

»536720

«471943
~.031816

« 028246

«037173

+ 082329
=+ 105364
-e 474283
-o.114611
-.038828
- 4275954
-.082781
-+150479
-+3383041
-+.599320
~s472699
~e217859%
-+ 499095
-+ 130324
-+372662

-.188080

-. 050010
-.176231
-.078367
-.104686
-.135379
-.180170
~e24087%
-a134673

.115828

YROOT(A)
-. 034127
-, 084011
-+ 076439

.221530 -

+210316

GAMMA(A)
« 017547
«037135
«061020
«072364
« 084417
« 080703
.09522¢
«106676
«10204€
«115301
«124202
«131124
«126061
«134868
«129898
« 127849
»135813
«131037
«129110
«127702
«134314
«129791
«128055
«126807

+125738.

«124786
«123862

124797

.123000
«121990
.121092
122041
. 120286
«119314
118474
« 117752
+118833

+117236
«116460 |

GMRT (). -
-.001701 -

-.009489

-.020866

-+ 012567
-« 064597

xXB(A)
~1.470798
~1.,478492
=1.374651
=1.,204024
-1.,250174
-1.043625
~+837825
~1.173107
-1.011672
+.915831
-1,007367
=1.673170

=1.094772

=1,499694
~1.319320
=1.607210
=-2,076149
-1.710810
~1.983040
=2.2064532
-1.,€24535

-1.795804"

-1.940624
~1.961811

-1,864390

=1.666043
~1.728547

-1.294580°

~1.338426
-1,221233
~1.,127894
~«9270191
-.88008€8

-e769794"

=e 6541404
-.523622
-¢353272
-+159547

« 054171

" XRB (A

~1.391255

" =1,366517

-1.,445651
=¢960804
-«850305

8CTTOM BOUNDARY LAYER

Ya
~+387896
-¢562271
-e513777
~e592420
-e423280
=.658744
-. 456571
~e302748
=.495365
“e436608
-+195213
~e311740
'00'091051
-+.161685
~e198246
-.030250
-.255191
-.148758
~.1866233
~¢1253°8
=.627607
-.452980
~e367292
~-e 481517
-.6032790
-e723831
~e734835

-e767692°

-¢819677

" =.8653€9

~+909917
=+899408
-.931829

-.949858
-,970624 -

_ =.9971095
-1,030128
~1,048199
-1.0%3641

YRB(A)
~e428310

-e602144

-.649619
~e712634

X00TB(A) YoOoTEC(A) GMAR (A}
-+ 084505 «001953 - 017547
~,470360 037539 -.037125
=e274386 »037525 -.051020
-.233578 ~. 054769 -.072354
-.092518 ~.G8LATT - 034017
=e317442 ~.185665 -.080703

«231030 ~-.491555 -.035220
«129747 -.263879 -.1086576
-.028465 ~.262545 =.172045
«237372 -.535720 ~. 115301
«115211 ~.471943 -.1206202
=.007193 .031816 ~e131124
« 405832 ~.02%246 -.126061

« 392592 ~e 037173 -.134868
«317274 ~.082329 -.129898
1.050349 «005364 -+127849
-+135664 «L74223 -.135813
« 450361 114611 -.131037
«27€527 . 083328 -.129110
«01%890 ¢ 275954 -e127702
-.481717 «032781 =.134310%
-«345550 150479 ~.129791
=.170558 «333301 -.1280¢5
-e641739 «593320 ~.126807
-+ 847009 «672699 -.125738
=.902404 .217858 -.124786
=1.2105¢4 « 493085 -.123862
=¢5691317 «130324 «124797
-+948762 « 372662 -.123000
~«345012 «184080 -.121691
~1.03u864 «0N51010 -.121092
-.728856 «174231 =.1220%41
=+855026 «079367 -.120286
-.836941 «104686 -.11931¢4
-+894 004 «135373 -s1184674
-1.025793 «1680170 =.117752
©=1.257200 0261373 ~.1185633
-1.,529307 +134673 -.117236
=1,7046354 -.115828 ~e1164€0

BOTTOM RZAR SHEAR LZYER
XROOTB(A) VYRDOTB(A) GMAS (A)

=+060685 036127 «001701
. =e 457523 «084011 «009489
=e541731 «076439 «0208€6
-e271053 ~.221530 . 012567
«030463 ~.210316 «064597

=4590171



CEG
0.00
10.00
€0.00
30.00
40.00
£0.00
€C,00
€5,00
70.00
15.00
0,00
85,00
S50.00
$5.00
120,00
10€.00
110.00
118,00
12,00
120,00
13,900
140.00
POTENTIAL
145,00
150.00

-POTENTIAL
- POTENTIAL

Sht

155,00
3€0.06
1€5.00
POTENTIAL
170400
175.00
180,00

Ks--39
COPKa
70SKks
GEKe
COA=

12 S.0477

FHIVY
“ 00712y
+007059
«006€51
70064113
«005%6¢
*00351>
000524
=e0248n
=«007181
=e014934
=s028€8¢
~e0S782¢
=¢135000
=e45743n
“0954259
«e595€94
-978084'
~v6735 7y
=eT73019¢
50745331
~e7S8€RY
=e7€6322
- o 71754Ss
VeRIEX APPROA
=es71548p
=e54232273
VORTEX -APPROX
VCRTEX APPROX
=es752162
=+79988¢
=e686461
VORTEX APPROX
=~e756222 °
=e65210¢c
=e551329

«50387)
«012166
+51€037
<034568

7+ATs

PHIRT
00000040
0009007
00000734
0000004
0000007

“9en0000R
00000007
04000044

0e000004

0+000004
0en000AA
09000004
000000
0s00N00A
Uen0000°
0000094
CenQUOAN
49000007
000000
0eN0009A~
0-“00065
0000006
Ger0000A
ENVALID
0en0000n
0+00000n
IAVALID
INVALID
04000003
4=000000
0000007
- IAVALID
0+00000¢
0000009
6+000004

PRESSLRE DISTRIAUTION

«8770 AK= 140000
2PKRIT) PSTKSQD
NITYLY] =,u0r000
148116 . 115164
LU13701 -, 445701
01282¢ -,94R413
«V11131 =1.556424
s0nTH2¢€ ~2.1RrR77262
«UN1048E -2.7488¢03

-,0n497¢ =2.974329
-,0143p¢€ =3,.147067
-,029868 »3.253856
- 7779 ~3,277452
=s115648 =3,18R001
~+270016 =?.898292
-.914R78 =2.016R78
~1,9r8499 ‘.l U842036
=1,10137% ~1.27r289
-1,561682 «.T06720
15347147 ~-.974R2¢
«]1.,4£1592 =.302666
=1,404663 -, 164166
=1.51737¢ ‘o 07TARTS
=1,52264¢ -,027253
=1,58¢4910 «.005173

AtPHA: 5 ZO0RE RantuSs

-1.610977 -1037‘\99
~1,0R6447 =.2349R7

AupHAZ 7} CORE RADIUSHE

ALPHA= 1y CORE RANIUSa

=1.5n4324 =,359233
-1.4r9778€ 424160
'10372923 '-515227
ALPHA= 1) CORE RANIUSa
=1,512445 »+ 232499
=1,304209 =,253229
=1,102640 =,000000

AKDOT= 0.n000

(214
. eN14242
=e10]1046
-343200¢
=¢935586
=165454693
«?2e179436
=2.747755
«2.979304
=3.161633

. =3e283724

=3.375431
=33303049
-3.16R208
=2.931754

=24951835:

©24461668
“P2e2hh802
w1392Y97L
=1e764258
=] ¢654H29
-],59%249
=14559£99
=14554083

¥03%297
=1+46RATH
=14321433

+034997-

«014923
=1 +AKISST
-14R43037
«1+8AR150

+031208
»1v746]44

. =1+557438

~16102640

THETASs  B7.00

PDRAG
s014242
=2099511
-3“059“7
-4810261
«1s183916
w1e3/3878
=1¢259108

-1s081274 .

=¢B49890
=e579192
~3287937
=« 0000V0
«255519
¢512529
2637127
«77515%¢
=812260
+8H82129
2949171
1025406
1103015
1.192029

12203060
1:164395

1.688954
1732734
1,823813

1s719616
1.551512
12102640

'

UTAN
=+000000
«339359
«667608
973865
1247667
1+4768939
1:657952
1724624
16773997
1.803845
1810429
1»785498 -
14702437
1¢420168
1.021291
1.127071%
«83947¢

~758172 -

+550151
«405174
«279060
«165(08S
«071922

=+194162
- 48475¢

'05?936(
651276
=eT717793

~s483425
=+503219
~000000



99T

MAK VELOCITY® .81t AT TrEvTa2 79,06 NEGREES
MAX BACKFLOwW VEL® = 718 a1 THETaa) 65,0 DEGHEES

nIn TANGENTIAL VELOCITY RETWEEN mAX VELOCITY ANC MM( SACKFLOH VELOCITY=
REAR- SEPARATICN- ANGLE®) g} o7 -CEGREES-

AYTA SUBRCUTINE Ne S -THETES(NYm - 1814721311 - LOO(NY® =, 635553
GANMALNY S ~.025242

GANMA._CHECK SUMA.  «,45¢1)7  .Nm & ELAG(Nwire

BEFORE VMFINIA(ALPHA)»Y(ALPLA) ) u(-=,85Tn6y 50642}

< VMELX- -ALPHA® 10 ANGLEs- =p5v40aT34

Xs 903573 vs .430764 xDOTw 304025 YDOTm . +637725

AFTER  VMFIX (X (ALPHA) oY (ALPHA) Y uy ~.A655T7, .51088)
ELAPSED TIME®  44.,9R81Q0

072 AT THETAZ14040 DEGREES



ADYNF SAMPLE I NPUT
CASE eee OGIVE CYLINDER esee ANGLE OF ATTACK (S5 DEG)

ET T 2 T N ADYNF SAMPLE CASE P22 2 T S
Se 0 0e0 504478 10e74 2435 2435
a 156
0.0 0O )
096516 9e036431 2181378 1
¢163031 31653472 ) 306378 <&
0229547 44086353 0431378 3
0296063 «047975 1556378 4
e 3562578 e0d 1044 /BB8I37TP S
¢ 429094 043186 806378 ©
e 495610 «055931 0931378 7
562125 059124 Fd056378 B
0628641 e087352 1e181378 9
0695157 105378 1¢306378 10
e 761672 e}32163 +431378 11t
«828188 0154608 16556378 12
«e894704 . 187942 ., e681378 13
«eIET2TS 222631 T 806378 14
l1e0 e 249663 14931378 15
(e XYe] © o129 3 le0

147

CARD
CARD
CARC
CARD
CARD
CARE
CARD
CARD
CARE
CARD
CARD

€ARD -

CARD
CARD
CARD
CARD
CARD

CARD
CARD

Yowoumep~—~



8YT

-GIVEN -DATA
1 0.009000900
2- «096516 00
3 «16303100 .
4 «22954700
5 . ,296065300
6 36257800
T . 242903400
s «%9561000
9 «56212500
19 062864100 .
11 695157 00 -
12 « 76167200
13 ,82818800
14 +89%70400
15 + 96121900
16 1,00000000
NO. OF INITIAL
ITER = 8

0.00080900
- «06864185
« 106202499
« 031004064

© .o N0036LGH2

«00031633

- +00032805

+00042486
«00052507
«0006635%
400080046
+00100393
000117442
00142765
. 00169113
«00189647

- KNOTS = &

XNOTS PRIOR TO OPTIMIZATION -

125000

«300000

XIC-1)-=

XI( 2) =

XICt 3) =

XIC &) =

1. 000000
(11

- KNOTS

-ADYNF  SANPLE OUTPUY -vessas_

FINAL OUTPUT

-06000000-

«071209

«189811

;14000000

LEAST SQUARE ERROR =

AVERAGE ERROR
- MAXIMUM -ERROR-

s
——

14369818€-02 ‘AT -

L X 1)

CUBIC- COEFFICIENTS
C(1) =  =2,892801E-14
C(2) =  =4,355484E400

(3 = 1.185283E+02
Ctu) = 6.991980E+02
(1) = - 3.840772E-02-
ct2) = 1.886742E+00
€C(3) = +3,063995E+01
Cti) = 1.349466E+02
ce(1) = 6.186244E~02
C(2) = -.4,562100E-01
ct3 = 9,812087€-01
C(4) =  -6,308512E-01
£.,93378 0E=03
3.812333€-03

-0296063



4
0.N8Np00
«05N000

KRR AL

«150n00
«200000
o2500N0
<IDDDDD
VIsnonn
JhBN0N0
LSNON0
«5N0000

557000 -

H00NND
+650n010
XA LLLE]
c 2750000
«8nn000

JA5n080

«300000
250000

Ban X LELL KRS

BFG,STEP
BEG,STEP

L

LS

CONL(D)
-.N0nnno
-.008851
"0775“3
«MNB61776
«NG1257
WMN2FLTC
«D13D4D
«N0LINS
“.N12718
- NN&332
= NNS361
‘-eN0LT798
-0 3116
-, 000787
e 0017106
.00 X915
+ 005362
005521
«003985
«800253
e 006144

Ao NINNNDE~D1

“H2 CONVFRGENCE AT ROW '3
INTEGRAL IS 3.L6173213E-04, EROOR 2,D104N7345E=04

BECG,STEP

"BEG,STEP~ ~2,500030%0€~01
H2 CONVFRGENCE- AT POWN 3

INTEGRAL IS

"BEG,STEP .
" M2 CONVERGENCE AT ROW S : .
INTEGRAL IS B8,M9N74826E~-03, ERROR 8.07258925E~05

691

eateee CN:_
esese CNI®

“,.1

f.

DATA POINT APPROXIMATION
1 0.nnnNNANQY -.N0N0N000
2 +N95514n0 + 06864185

] “e16303109 +05537500
& «223547N00.. - « 03124620
s « 29516309 «N1386757
! «362573910 .00271130
7 «62909400 -.00131686

-8 + 49561000 . ~N05 34162
9 «56212501 3,006 L7 L9y
.0 +67864L100 -,00183070°

11 + 69515700 00147717

12 « 76167200 WN0433072

13 +82818800 +00562812

14 4873470400 + 00624339

15 +96121900° %,00093329"

16 1.00000000 - 00614404

1.000000N0E+0N
5.000ANTNOE=-01

5.000n00008 =01

APPIIX IMATION AND SCALED ERROR CURVE

1
1

1

2:50000000E-01" 1

1,030 65782€-03, twwoa 9,03363896E-05

¢ 129465

J0946E 'ERRORF SO0037247T

2.50N0N 0008 -01

1

FROM T1(3,2)

FROM T1(3,2)

FROM T(=.2?

“IFCAGT 1

DEVIATION X 10E+3
.000000
NTTILE

~E.0L8347
-.204763
~13,496148
~2.396967
3.644905
€.766478
5,000012
2.494216
~e676710
‘3.33079¢
~4.453597
~2.815733
20624420
8.040511



GIVEN DATA

0sT

1 ‘S.0c000N0N
2 «N96516 00
h +163031100
A} s22954700
S «296763 10
6 «36257800
T , 42909400
8 + 49561000
9 © 56212500
10" . +52864100
11 «6951570N
12 « 76167200
13 182818800
164 89470400
15 +96171900

16 100000000

NO, OF INITIAL
ITER'= 8

LR LLLLEL R
« 00707654
« 0104633583
00720532
'+ 00010789
«00011470

0001476
« 00021056
« 00029516
+0004171y
« 000556LS
«N007H466
+N0097264%
«001277%3
« 90162555
$00189647

KNOTS = &

XNOTS ‘PRIOR TO OPTINTZATION

0,00%800

«071209

«149011

XI¢

XI¢

®%® FINAL OUTPUT

1.000000

‘KNOTS
1= gso00000
2 = ‘fﬁr;zos
3 = ;iA-.iéézsg
4 155;;unv

o

LEAST SQUARE ERROR =

AVERAGE ERROR
HAXIMUM ERROR

-

27650252E<03 AT

L X X3
CUBIC COEFFICIENTS

Cl1)' =  =1,284775E-14
c(2y = =-9.,314970E400
€3} = 2.083747E402
Clu) = =1,183289E+03
Ce1) T =3:091869E<02
C(2) =  2.,446370E+00
C(3) =  -4.3808956+01
Cl&) ®  2.525566E402
C(1) =  1.286836E-02
ctzy T S8 =
€(3) = 1.733354E-01
C(&) = =1,033547€=n¢"

9.302876E=04- 1 -

6.926194E-06

+296063
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APPROXTMATION "AND"SCALED ERROR CURVE Ce

DATA POINT APPROXIMATION  DEVIATION X 10E+4&
b 0.00000000 . -,00000000 . . -4DDDODD
4 09651600 00702654, =3000000
3 «16303100 .01013625 3.025774
o ¢ 22954700 .00581788 13.8664436
, 5 “v29506300 . -, 00275814 S2E.502519
i 6 « 36257800 00077458 - . -6.59£836
\ 7 «42909400 -.00031538 : = 43561377
nJ TH9561000 <700063618 G, 047435
9 56212500 -, 00054434 84394347
10 .. 462864100 -  -,00004836 Le6SLBETS
11 769515700 JoonELL3L L - -e548631T |
12 » 76167200 .00125211 - “L,874507. -
13 +82818800 «00169159. =7.189456
T4 T8ILTNLOY <0017%722 -437B989TY”
15 +96121900 200123654 3.890096
16 1.00000000 +00060493. 12,915449
-2 (e55Z)CON”
n.00nNONDO -, 000000
050000 -.091223
<1avoo0 009227
159000 011145
200000 «N07570
«250070 e 004752
«300000 .002613
+350000 «.001076
uoTong L LGRS
_ek50N0C -. 000502
T 4500000 . =.000699
eS5MIN N0 NE03"
«AANOND ~.D0N?93
<6500 0 «000154
“$760N0T JONNE6T
750000 001149
8790000 0015462
. «850000 W 0N1761
< ..,90nR00 001730
+3500N0 001370
1.070000° . <00 0805"
BEG,STEP - 0. . . . 1.00009000E D0 1

BEG,STEF '~ 5,00070000E~-01 5,000MD000€E-01 1
“"H2 CONVERGFMCE- AT ROW ™ 3 .

INTFARAL IS 3,752 14479E-04y ERROR 2.49143177E-05 FROM T(3,2)
BFC,STEP n. S5.00000N00NE-01 1
TBEG,STER” "2,S50NANONNESNT  25500N000DE-0Y T

H2 CONVERGENTE AT ROW 3 .- )
INTEGRAL IS 2,536L5229E-04, ERROR 1,58105198E-05 FROM T(3.”2)
"BEG,STEP ~ U 0 "2.50000070FE-01 © 1

H2 CONVERGENCE AT ROM S = -

INTFGRAL ‘IS ~4.RA222290E-03; ERROR 1,84561813E-04 FROM T (5,2)

esses CM= « 057 830
eesees UMIX ST0H23S ERFOR= J00022529 “IFLAG=E 1
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