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FOREWORD

This report was prepared by personnel in the Engineering Sciences
Section of the Lockheed Missiles & Space Company, Inc., Huntsville Re;earch

? & Engineering Center, Huntsville, Alabama, for the Air Force Flight Dyaamics

Laboratory, Wright-Patterson Air Force Base, Ohio. The research study was

performed under Contract ¥33615-75-C-3001., Capt. Gerald Van Keuren,

i AFFDL/FBR was the Air Fcrce Project Engineer.

V.Y.C. Young was the principal investigator under the supervision of
M. R. Brashears.

The theory for the method used in this computer program is documented
i as AFFDL-TR-76-3, Vol. 1.
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SECTION I
INTRODUCTION

A new finite element supersonic kernel function method in lifting surface
theory was presented in Ref.1. This manual contains the Finite Zlement
Supersonic Kernel Analysis Program (FESKAP), developed for the new method.
Descriptions of the main program are presented as well as on the preparation

of input necessary to execute the program. A sample run is included to illus-

octonn Sk o

&

trate the usage of the program. Descriptions of each subroutine are pre-

sented in Appendix A, and the program listing is contained in Appendix B.

g

i The purpose of the computer program is to generate the generalized

2 force coefficients at one specified Mach number and reduced frequency for a
&

¥ given planform and a given set of modal deflections. The program is appli-
p cable to any isolated arbitrary planform in supersonic flow with subsonic/

' supersonic leading /trailing edges. No thickness effect is accounted for. The
‘ unsteady motion is assumed to be harmonic for the aralysis.
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1. Young, V.Y.C., and M.R. Brashears, ""A New Finite Element Supersonic
Kernel Function Method in Lifting Surface Theory,"! LMSC-HREC TR

: : D496650, Lockheed Missiles & Space Company, Huntsville, Ala., December
. 1975,
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SECTION 11
PROBLEM DESCRIPTION

According to Ref. 1, the finite element formulation of the integral equa-

tion in the lifting surface theory is given as

(e)
(e +il) G,y = &= 3, COTO ()

where k is the reduced frequency, f.l(x, y) is the iFh, modal function and Xi(e)

;, is the column vector containing the nodal lift values of an element, due to a
(e)

unit displacement in the ith mode. 2 denotes summation over the elements

within the forward Mach cone. SR

g The row vector containing the integrated kernel coefficients is defined
: 3
as

Et(e) = /:/ Nt (x,y) o K(x-—xo,y-—yo) dA (2)
A(®
where Nt(x, y) is the row vector of shape functions and K is the kernal function.
The generalized force coefficients are
E: N
| =t =
? Qij = - ” f.l(x,y) N (x,y) dx dy « Aﬁe) (3)

i=1
KG
3 N
% where E denotes summation over all elements.
i=1
£ Equations (1), (2) and (3) form the framework for the computer program
development.
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SECTION IiI
PROGRAM DESCRIPTION

The program as Presently set up is extremely compact. For example,
for a case of 239 nodes constituting 222 elements, the program size is slightly
under 20K (decimal) words. Variable dimensions are used in all the sub-
routines, so that the user needs only to change the first dimension statement

in the main program to fit in a new planform. No overlay nor auxiliary file

is used in this program.

For convenience, the mode shapes are built into the program. These
are represented by the set of 1, x, xZ, yZ, nyZ, y, Xy or the set of 1, x, xZ,

yz, Y, Xy. The sets are identified by the number of modes they contain. The

user has the option of specifying the first set (NMODE =7) or the second set
(NMODE =6).

For a given planform and Mach number, the user must first define the
characteristic mesh that best fits the planform. The nodes are then numbered
starting from left to right with the foremost Points and proceeding downstream.
The elements are numbered in a similar manner. Fill-in triangular elements
with horizontal sides at the supersonic trailing edge are numbered last since

they cannot be an influencing element to any collocation point.

Influencing elements within the forward Mach cone of a collocation point
are determined automatically by the program. The element containing the
collocation point as its most downstream node is defined as the pivotal ele-

ment. All elements with element number less than the pivotal element number

are scanned. Thus all candidates are either forward of or on the same level as

the pivotal element. Each in turn is further tested by a logic statement to
see if it is within the Mach cone.




As explained in Ref. 1, a table of weighted kernel function cocfficients
is first tabulated for latcer table look -up during the solution process. The

size of this table is governed by two parameters IMAX and JMAX., IMAX is

the maximum number of characteristic elements in the chordwise direction

as determined from the mesh. For most planforms, this is given by the
number of eiements on the centerline. To find TMAX, 15cate the most ex-
treme collocation point, which is usually the one close to the tip of the trail-

| ing edge. JMAX is the number of layers of characteristic elements necessary

to cover all the elements within the forward Mach cone.

To take advantage of the symmetry and anti-symmetry, the lift calcu-

lation is performed only on the right half of the planform. Each node has its

e,

associated mirror image with respect to the centerline. Lift values, with
positive or negative sign depending on whether the mode is symmetric or
anti-symmetric, are simply substituted in for the mirror node. For con-

sistency, a node on the centerline has itself as the mirror node.

'.‘Mu_a_m e

A schematic flow chart of the program is shown ia Fig. 1.

Description of Veriables

BETA 8 =VYM2 -1

o L R
MR W 2o

COEF Array of integrated kernel function coefficients
1 IANGLE Number of angle of element; IANGLE = 3 for
triangle and IANGLE =4 for quadrilateral
IBUF Buffer array for printing out the list of influ-
{ encing element number
;;% ICHECK Option parameter for quick mesh check run
? IMAX Maximum number of regular characteristic
, elements in the chordwise direction
“ INFO Array of element nodal information 3
1 JMAX Maximum number of regular characteristic g
q elements in the Mach line direction 1

KMAX Number of element information data cards to
be read in

R
e e
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Read TITLE nameliet
input
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Read data cards to gen-
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mation
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Gauss-Chebyshev weights
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Set nodal lift values to

E

Create the coefficient
table for the character-
istic elements
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Check leading edga conditione
and compute etarting eolutions
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the collocation points, pivotal
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mirror image

i
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Fig.1 - Flow Chart for Main Program
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i ? Solve for A, at collocation
point

Eq.(l) i = 1, NMODE

d

Substitute in lift value at
the mirror image node

Exhaust al
nodes with unknown
lift ?

Output modal lift distri- i
bution .

i D s il St

Compute Qij Eq. (3)
|
§
‘; t "
; /Output Qij and Qij /
i
|
i Fig.l - (Concluded)
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LENODE
LIST1
LMAX

MAXINT

MIRROR

NEL
NELEM
NLE
NMODE
NP
QIMAG
QREAL
SWPBK
TITLE

TOL
UPWASH
w

X

XEL

XK
XLAMDA
XLIFT
XM

X0

YEL
YO

Array containing the leading edge nodes
Input namelist name

Number of entries to the coefficient table; also
the number of nodal information data card to be
read in

Number of integration points for the modified
Gauss-Chebyshev quadrature

Node number of the mirror image point with
respect to the centerline

Pivotal element number
Number of elements

Number of leading edge nodes
Number of mode shapes
Number of nodes

Array of Q;‘J

Array of Qij

Sweepback factor

Array containing alphanumeric information for
identification purposes

Tolerance, set at 10"2 for this program
Array of the upwash

Array of the weights of the modified Gauss-
Chebyshev quadrature

Array of the x-ordinates of the nodes

Array of the x-ordinates of the elemental nodes
Reduced frequency

Sweptback angle of the leading edge, in degrees
Array of the lifts at the nodes

Mach number

Relative position in x direction

Array of the y-ordinates of the nodes

Array of the y-ordinates of the elemental nodes

Relative position in y direction
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SECTION IV
INPUT DESCRIPTION

Input cards to this program should be prepared and arranged in the
order described below,

A. TITLE CARD (8A10)

Col.1-80 Information on planform, Mach number, reduced
i frequency, modes and mesh spacing, for identifi-
cation purposes
i
¥
i B. NAMELIST Input
g $LIST1
XM Mach number
XK Reduced frequency
*
ul* DELTA Mesh spacing as measured by the length of the
'f side of the characteristic element
MAXINT Number of integration points for the modified
Gauss-Chebyshev quadrature
1 DEL Ratio of the singular strip half width to the
% element half width
; IMAX Maximum number of characteristic elements !
| in the chordwise direction for the stencil
i JMAX Maximum number of characteristic elements
| in the Mach line direction for the stencil
'g XLAMDA Sweptback angle of leading edge in degrees
} | NMODE Number of modes in the set of mode shapes
1 (either 6 or 7)
‘: NP Number of nodes
; NELEM Number of elements
| ICHECK Option parameter used to check the mesh

correctness. For ICHECK =1, a quick run is
Performed to print out the element information
list, as well as a list of the ¢ollocation points
with its associated influencing elements. For
normal run, this card is to be omitted.

, s




NLE Number of leading edge nodes

LENODE Array of the leading edge node numbers
X Array of x-ordinates of the nodes

) § Array of y-ordinates of the nodes
$END

C. Card for Total Number of Element Information Cards to Follow (I5)

D. Element Information Cards (6I5)

These are cards to generate the element number and its nodal numbers p

] in a consecutive manner. &ach card begins a new sequence.

-'= Col. Description

i 1-5 Nurnber of elements to be generated in this sequence

b 6-10 Element number of the first element in this sequence

1 11-15 First nodal number of the first element in this sequence

E 16-20 Second nodal number of the first element in this sequence

4 21-25 Third nodal number of the first element in this sequence

1 26-30 Fourth nodal number of the first element in this sequence «

(leave blank for triangles).

For example, the card

9 22 13 6 1R

s el
U

generates the following information

e . i R

Element No. Node Numbers
9 22 4% 6 12
10 35 & "gIs
} 11 24 15 8 14 :
1 12 25 16 9 15 ;
{ 13 e .17 1o b

v W SR

; 9 |




while the card

14 27 18 17

generates the information on a single triangle

Element No. Node Numbers
14 27 18 17

Element nodes are ordered in a counterclockwise direction, starting with the

most downstream node.

E. Card for Total Number of Node Information Cards to Follow (I5)
F. Collocation Point Information Cards (415)

These are cards to generate the collocation point, pivotal element number
and mirror image node number in a consecutive manner. Each card begins a

new sequence.

Col. Description
1-5 Node number of the first collocation point in this sequence

6-10 Pivotal element number containing the collocation point
10-15 Node number of the mirror image point

16-20 Number of collocation pbints to be generated

For example, the card
49 30 49 6

generates the following information.

Node Pivot Element Mirror

49 30 49
50 31 48
51 32 47
52 33 46
53 34 45
54 35 44

10
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3 while the card

’ 36 20 35 5

generates the following

¢ Node Pivot Element Mirror
36 20 35
37 21 34
38 22 33
39 23 32
40 24 31

& A AP TP BRSNS
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SECTION V
SAMPLE RUN

The case of a rectangular planform with A=2, M=1.2 and k=0.3 is used
to illustrate the use of this program. The planform with the node numbers
and element numbers is set up as in Fig.2. For a production run, a much finer
mesh can be used, and the main program can be dimensioned accordingly. The
input deck for this problem is listed on page 17. Some suggested values for
the parameters are: MAXINT > 12 and DEL = 0.7. These were determined
through an accuracy study.

12
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RECTANGULAR AZ2e ¢ Mzle¢2e¢ K=e3e MODES=® 1s Xe X#Xs YRYs XaX#YaYoe Yo XY

| sLISTI

Iﬁ XM = le2¢
XK = 03
DLLTA 2 20
MAXINT = 15e
DEL = o7
IMAX = 40

| JMAX = 8¢
XLAMDA = Qe
NMODE s 7o
NP = 67,
NELEM = 650
NLE = Te

LENODE = 1620304:596070
X = 7".506"03696“56“0307*-02788916806!6'-016833752107*-005778336120

6'0052770796307*0193324955106*0‘736791l7707*.364“43&77403’0“9‘98744710
Yy = -1o0-06666b066°70-033333333330000033333334340066666666670loo
-063333333JJ.-050~016666666670016666666670050063334333330
-lo0-066666066670-03333333333000ooJ33333333Jo066666666670loo
-0833333333J.-050-o1666666b67oo16666066670050063333333330
-1..-.60666066670-033333333330000033333333330066666666670loo
-.833333333J.‘.50-016666666670016666666670050063333333330
-100-066666666670-03333333333000|033333333330066666666670loo
-0633333333J.-o5o-o16606666670016666666670050063333333330
-loo-.6bbb6bbbb70-033333333330000033333333330066066666670loo
-lo.-083333J33930-050-o16666666670016666666670050.83333333330100

SEND

18

6 1 8 2 1

} 7 14 8 1

S 8 15 9 2 8
1 13 20 7 13

6 14 21 15 8 1%
1 20 27 21 14

5 21 28 22 15 21
} 26 33 20 26

6 27 34 28 21 &7
1 33 40 34 27

5 34 L3 35 28 a3e
1 39 46 33 39

6 40 47 4l 36 40

1 46 53 L1 40

S a7 54 48 41 47

} 52 59 26 52

6 53 61 54 a7 53

7 59 60 61 53

9



For the initial run, it is desirable to check the correctness of the

mesh first. For this purpose, a card containing ICHECK = 1 can be included
within the input namelist. This option will bypass all the time consuming

computations and output only the mesh information. The user can compare

this information against the mesh pattern to eliminate any input error. The

output for ICHECK = 1 for this sample run is listed in the following pages.
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After the mesh has been verified, the program can be run without the
ICHECK = 1 option card. The output consists of the arrays of complex lifts
due to a unit displacement in the respective mode shapes. The output is
formatted such that each line contains four nodal lift values, with the real
and imaginary part given in pairs (pages 24 through 27). Following these
are the tables of generalized force coefficients (page 28). The upper table

represents C)'1 while the lower table represents Q!i‘j. The output for the

sample run is listed in the following pages.
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Appendix A

This appendix contains a brief outline on the purpose, metnod and use
of each of the eight subroutines. The principal input and output variables

are described. The subroutines are arranged in alphabetical order as follows:

KERNEL
LGSPAN
POLYGN
| QLY
SGRHBS
SGTRGL
SINGUL
TABLE

27
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PURPOSE:

METHOD:

USE:.

SUBROUTINE KERNEL

To evaluate the reduced kernel function K = yz K/2,
where K is the supersonic kernel function.

The nonplanar form of the oscillatory suj:rsonic
kernel function was derived by Harder and Rodden
and was reduced to the planar form by A. M,

Cunningham in the appendix, J.Aircraft, Vol. 11,
No. 10, October 1974, pp.615.

CALL KERNEL (XO,-YO, XKREAL, XKIMAG).... - ..

Input

X0, YO Coordinates of the point of evaluation
relative to the collocation point.

Output:

XKREAL, Real and imaginary parts of the reduced
XKIMAG kernel function.
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PURPOSE:

METHOD:

SUBROUTINE LGSPAN

To integrate a function with inverse square singularity

over half of the singular strip by extracting the Cauchy's
Principal value.

Since a singular element contains either the complete
strip or half of the strip, it is more convenient to treat
only half a strip at a time. As the inverse square
singularity occurs only in the spanwise integration,

the chordwise integration can be performed first as

b(n)
F(n) = £(€, n) dE
£,(n)
gb(n) 7 ga(n) a
By TR T Z“’i 5
i
with
fi = f(gi, n)
= gy -6 () () 46 ()
e 2 e )

where w, and Li are some Gaussian weights and
abscissas over (-1, 1),

A sixth degree quadrature based on Lagrangian inter-
polation in conjunction with the Cauchy's principal
value was devised by Watkins as

yte

f ma
(v - m°

y-€ y

1
e [13(F1 +Fo) + 72(F, +F)

+495(F, + F) + (-1360) F4]

For use in this subroutine, the above ~aadrature is
modified to
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USE:

SUBROUTINES
CALLED:

ERROR
RETURNS:

y
_¥Fn)
2

(y-n)
Y-€

1
dy = [00¢€ [13Fl+72F2+496F3-680F4]

for the left half, and to

yte

F(")Z dy = 7= [13F

(y-n)

-l-72F6 -l-495F5 - 680F4]

T 100€ 7

for the right half.

CALL LGSPAN(X, Y,XEL, YEL, EINT, W,MAXINT, F)

Input:
X,Y
XEL,
YEL
EINT
w

MAXINT

Output:
F

KERNEL

None

Coordinates of the collocation point.

Arrays of nodal coordinates of the half
strip.

Array of Gauss-Chebyshev quadrature
abscissas.

Array of Gauss-Chebyshev quadrature
weights.

Number of integration points.

Array of integrated values at nodal points.
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PURPOSE:

METHOD:

SUBROUTINE
CALLED:

ERROR
RETURNS:

SUBROUTINE POLYGN

To perform the integration over a regular triangular
or quadrilateral element,

The arbitrary triangular or quadrilateral element is
mapped into a square region -1 <§ <land -1< n<1.
Integration is accomplished by a repeated application
of the Gauss-Chebyshev quadrature in both directions.
Since the mapping is different for a triangle and a
quadrilateral, different computational routines are
employed.

CALL POLYGN(X, Y, XEL, YEL, EINT, W, MAXINT, F,
IANG LE)

Input:

X,Y Coordinates of the collocation point,

XEL,YEL Arrays of nodal coordinates of the element.

EINT Array of Gauss-Chebyshev quadrature
abscissas,

w Array of Gauss-Chebyshev quadrature
weights,

MAXINT Number of integration points.

IANGLE Number of angles in the polygon element.

Output:

F Array of integrated values at nodal points,

KERNEL

None
31
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PURPOSE:

METHOD:

USE:

SUBROUTINE QIJ

To compute the generalized force coefficients for a
given load distribution.

With the finite element approximation, the general-
ized force coefficients are

N
2 Nt ~(e)
Qij = 'Z [/fi(xv Y) N (xl Y) dXdy s, A'j
n=1
Al®
N
where E denotes summation over all elements,
n=1
fi are the modes, Nt are the shape functions and
xge) is the elemental lift vec'or. The real and

imaginary parts are defined as

and
Qy = Im(Qij)/k

where k is the reduced frequency. The integrations
are performed using the Gaus sian quadrature (2 points
as set up in the subroutine).

CALL QIJ(X, Y,INFO,XLIFT, FF, QREAL, QIMAG, g
NP, NELEM, NMOODE, MX)

Input:

NP Number of nodal points.

NELEM Number of elements.

NMODE Number of modes.

MX Maximum number of node: the the elements.
X,Y Arrays of nodal coordinates.
INFO Array of element information.
XLIFT Array of modal lift distribution.
FF* Array for temporary storage.
32
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Qutput:

QREAL Real part of the generalized force
coefficient, Qx'

QIMAG Imaginary part of the generalized force
coefficient, Qi'j'

."W

SUBROUTINES
CALLED: None

ERROR
RETURNS: None
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SUBROUTINE SGRHBS

he integration of a rhombic element

PURPOSE: To perform t
gh either the

with the singular strip passing throu
left, middle or right node.

The rhombic element is divided into the right half
triangle and the left half triangle. These triangular
elements can be either regular or singular. The
integrations are accomplished by calling another
subroutine and the results are re-assembled.

METHOD:

USE: CALL SGRHBS(XNODE, YNODE, XEL, YEL, EINT,
W, MAXINT, F, DEL)

input:

XNODE, Coordinates of the collocation point.

YNODE

XEL, YEL Arrays of nodal ccordinates of the element.

EINT Array of Gauss -Chebyshev quadrat-re
abscissas.

w Array of Gauss-Chebyshev quadrature
weights.

MAXINT Number of integration points.

DEL Ratio of the singular strip half width to

the element half width.

Output:

F Array of integrated values at nodal points.

SUBROUTINES
CALLED: SINGUL

ERROR
RETURNS: None
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PURPOSE:

METHOD:

USE:

SUBROUTINES
CALLED:

ERROR
RETURNS:

SUBROUTINE SGTRGL

To integrate a general triangular element with the
singular strip passing through either one of the
three vertices.

A vertical line through the lower vertex divides the
element into two sub-triangles, which cau be either
regular or singular. The integrations are accom-
plished by calling another subroutine and the results _
are re-assembled. 9

CALL SGTRGL(XNODE, YNODE, XEL, YEL, EINT,
W, MAXINT, F,DEL)

Input:

XNODE, Coordinates of the collocation point.

YNODE

XEL, YEL Arrays of nodal coordinates of the element.

EINT Array of Gauss-Chebyshev quadrature
abscissas.

w Array of Gauss-Chebyshev quadrature 1
weights. ‘

MAXINT Number of integration points.

DEL Ratio of the singular strip half width to
the element half width.

QOutput:

F Array of integrated values at nodal points.

SINGUL

None
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PURPOSE:

METHOD:

USE:

SUBROUTINES
CALLED:

ERROR
RETURNS:

SUBROUTINE SINGUL

To integrate the special type of triangular element
bounded by a vertical line and two other straight
lines. The triangular element may be singular or
regular,

The triangular element is first tested to see if it is
singular or regular. For singular element, further
test is conducted to locate the singularity with re-
spect to the element such that the element can be
divided into a singular strip and a regular polygon.
Integrations are accomplished by calling other sub-
routines and the results are re-assembled.

CALL SINGUL(XNODE, YNODE, XEL, YEL, EINT,
W, MAXINT, F,DEL)
Input:

XNODE, Coordinates of the collocation point.
YNODE

XEL, YEL Arrays of nodal coordinates of the element.

EINT Array of Gauss-Chebyshev quadrature
abscissas.

w Array of Gauss-Chebyshev quadrature
weights.

MAXINT Number of integration points.

DEL Ratio of the singular strip half width to
the element half width.

Output:

F Array of integrated values at nodal points.

POLYGN, LGSPAN

None




SUBROUTINE TABLE

PURPOSE: To create a table of the weighted kernel function
coefficients for a given uniform characteristic
mesh. This table is stored for later table look-up
in the solution process.

METHOD: A stencil of uniform characteristic mesh large
enough to cover the most extreme case for the
planform is set up. Because of the symmetry in
the spanwise direction, only the rhombic elements
on one side need to be evaluated and stored. Each
element is uniquely defined by a pair of relative
indices based on its relative location from the
collocation point.

! USE: CALL TABLE(COEF,DELTA, EINT, W, MAXINT,
DEL, IMAX, IMAX, LMAX)

Input:

ey e AR ]

DELTA Length of the side of the characteristic
7 element.
EINT Array of Gauss-Chebyshev quadrature
abscissas.
w Array of Gauss-Chebyshev quadrature
weights.
MAXINT Number of integration points.
DEL Ratio of the singular strip half width to
the element half width.
IMAX Number of elements in the chordwise
direction for the stencil. _
1]
JMAX Number of elements in the Mach line :
direction for the stencil.
LMAX Number of entries to the table.
Output:
COEF Array of the weighted kernel function
coefficients
! SUBROUTINES
CALLED: SGRHBS, POLYGN
' ERROR
! RETURNS: None
i
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PROGRAM LISTING OF FESKAP




Copy evailable to LOC dees not
permit fully legible repreduction

e

PrQOOKAM F:bKAﬂ(lnPuTouuTﬂuToTAPubSlNPuT'TuPLo=uuTPUT) RIS |
C n UL
C &~ new FINITe ceEmend sermden FUNCTIUN o THuw iy surtRoUNTC M“ Qud
C LIFTING SUKFALE THEURY A Uwvé
C u_VeloPeD oY Ve Yo (e YOUNG AT LOLKALZY = HUNT SV ILLE A OCL
C A 006
CuMPLEX PoSUMoUPNASHoCCEFoXLIFT A S07
O IMENS TN X(b7l0¥(b7)olNF0(65.h)'XLIFT(6707)OCOtF(4026)O A 008
1 LENOD:(7).IEUF(65)oPF(67o7) A OC9
VIMeENS Uy F(h)OK:L(O)OYEL(4)obUM(7)oUPWAbH(7)'TITu£(B)o A 010
1 uRtAL(7o7).ulMAG(7q7)oW(BO)oElNT(SO) A QO1ll
CuMimiun Ave XK eak FADLsseTA L Cle
cwUlVALCNez (FF(Lel)elOcF(lel)) A Jiw
L A Ola
! C Tre FIRST OlveNSivi STATEMENT 15 vimeNsluNew AL XENE) e Y(NF) o A Jlo A
) ¢ lnru(NEL:m'h)'XLlf((AHONMJDE)OCb&F(aohmAX)oLngU;(Ns:)oanF(NELEM)o a 0l& |
4 C Fr (NPeNWCDZ) A 017
] C LaN oL ALTe~tL BY THHE USER TU FIT THE PROBLEM A Clo
:; C A Civ
! C loUF ANU FF ARE TLIMPIRARY STONAGE ARRAYS A L0
% v A Cil
& e = WiuTH OF THe SINGULAR STRIP kelLATIve TC Trk wiloTn CF A Sed
C THe ELEMoNT A Ced
C oenTd = LENGTHR Ur Tre Slue OF THe CHARACTERISTIC cLeMENT A Jed
2 lurios = LUy e To CHECKR Trc MESH CURKECTNLSS A Qc2
b < IF ICHECK 1> 52T TU 1 A Oco
& [ uTHzRWISe ICRECK IS SET TC ©O A o27
i C lmax = mAXIAUM WU ioEk UF CRARACTexISTIC cLEMeNT IN THe A Oco
C CHURDWISE VIRLCTION A Ocv
C wmaX = MAXTWUR wUdER OF CHARACTERISTIC eLbruNT 1 TriL A Qo0
C MALH LINE DIxeCTION A Q.1
C LLNOUE = ARKAY CIONTAINING THE LEADING cLGE NOLES A Quce
C FAXINT = NUMAEER Jr TATLGRATION POINTS FUR THE MOUIFlew A O<d
[ GAULS-CrcBYorEV GUADRATURE (MAXTMUM ST ~T 20) A Cué
S LmAX = IMAX#UNAA=( [MAX# (IMAX=]))/2 A 042
L owweber = NUe OF =uoeleNTS A J00
1 C o = NUe UF LLAULNG zubl NULES A 027
C INmlue z NUs VF MuDe SHAPES A Qoo
C = NCe UF WUDCO A CoY
. XK = REVLUCED FdndUhNCY A C&l
i - XLAMLA = SWLRTUACKN AnuL: uF LEADING cuve IN LELRLZS A Cal
el ¢ xm = MACH NUMbEX A Cac
. C A 043
);5 DATA TUL/1 eE~YH/ A Ca4
y NAMEL 15T /L|bll/KM'XK'DELTAoMAXINToUtLOIMAX'JMAX'XgAMUAoNMQOLONP' A Dau
| 1 NELEM ¢ JCHECK s Nt s L ENODE 8 X0 ¥ A 04t
lNDHEL(A'a)=lFlX(CSTl*(A#bETA*b)*-b)*l A 067
LINLAH(loJ):((l-l)*(JﬂAX#JMAX-l))/Z+J A Qab
] < A J&v
z C ReEAw TITLE CARL AND dAMELIST INPUT A UtV
! c = Al
] READ(5e9200) TITLE A Ny
1 READ(SeLIST]) A ud
BETASWIXM#XM=] o A 2Z4
BETA=SU~T(BETASY) A 043
CST1=eS5¥XM/ (BETA*DELTA) A 0%6
IF (JCheCAeEdel) WKITE(6e9610) TITLE A CL7
1 IF (ICHECKsEWe]l) WHRITE(6¢9210) (leXChYoevY(I)elsloNP) A OLb
)
§




c A 059
C GENERATE ELLMENT [NFORMATION FROM OATA CARDS A 060
c A 061
READ(5+9000) KMAX A 062
IF (ICHECK+EQel) WRITE(6+9620) A 063
DO 12 K=1sKMAX A 06e
READ(5¢9000) IREPTel1oNIIN2eNIINS A 065
00 10 1=1+]IREPT A 066
2! IMys]=-) A 067
,//////// 12s11+1IM1 A 068
7 INFO(I2e¢1)3N1+IM] A 069
INFO(12+2)3N2+IM] A 070
INFO(12¢3)=N3+]M] A 071
INFO(12+:a)sNbL+]IM] A 072
IF (N&eEQeO) INFO(1244)=0 A 073
IF (ICHLCKeEWel) WRITE(6¢9600) I12¢INFO(I2e1) ¢ INFO(I2e2)0 A 074
1 INFO(L2¢3)0INFO(I204) A 075
10 CONTINUE A 076
12 CONTINUE A..077
IF (ICHECKeEWel) GO TO 5001 A 078
i c A 079
C GENERATE THc MODIFlc) GAUSS-CHEBYSHEV WEIGHTS AND ABSCISSAS A 080
c A 081
CST=3614159265359/7MAX INT A 082
00 20 I3leMAXINT A 083
; ARG=(1~e5)%CST A 08e
EINT(])=COS(ARG) A 085
20 W([)sCST#SIN(ARG) A 0856
c A 087
C CLEAR THE NODAL LIFT VALUES A 088
c A 089
DO 30 MODE =) ¢ NMUDE A 090
/ DO 30 IslsNp A 091
| 30 XLIFT(1+MODE)=CMPLX(Qss00) A 092
| (S A 093
1 C GENERATE THE WEIGHTeD KERNEL FUNCTION COEFFICIENTS FOR THE STENCIL A 09e
4 C UF UNIFORM CHARACTERISTIC MESH A 095
i c A 096
i LMAXSLINEAR ( I MAX s JMAX) e A 097
i CALL TABLE(COEFsOELTASEINT W eMAXINT +DEL ¢ ITMAX s UMAX s LMAX) A 098
c . A 099
: C CUMPUTE THE SWEEPOACK. FACTOR A 100
C FOR SUBSONIC LEADINU EDGEs SET SWEEPBACK FACTOR TO e A 101
c A 102
- CoTaTAN(e174532925E~1#XLAMDA)7BETA A 103
f SWPBK=] A 10e
! CST=1e~CST#CST A 105
4 IF (CSTeGToeleE~10) SWPBKS]e/SURTI(CHT) A 106
CoOT==2.#5WPBK/BETA A 107
| £ A 108 -
C COMPUTE THE STARTING SCLUTION AT THE LEADING EOGE A 109 E
"E DO 40 l-‘.N.E A “‘ i
{ 11sLENOLE (1) A 112 T
| XNOOEsX(11) A 113 5;
Y YNODE=sY (1) A lle
i X 1S Q=XNODE #XNUDCE A 115 p
Y I1SQsYNODE #¥YNUDCE A 116 9

o P




- ’ XUIFTCI101)2COTHCMPLX (00 e XK ) A 117
XLIFTC1142)2CSTHCMPLX (] s ¢ XK#XNODE ) A 118
YLIFT(11e3)=CST*CMPLX (XNOLUE +XNODE ¢ XK#X 15U ) A 119
XLIFT(I104)sCSTHCMPLX (O o XK®Y 1SQ) A 120
XLIFT(I145) =CST*CMPLX (2 #XNODE#Y I SQe XK#X1SURY I 50) A 121
XLIFTC(I1eNMODE=1)2CSTHCMPLX (O e ¢« XK#YNODE ) A 122
XLIFTCI 1 eNMOUL ) 2(STHCMPLX C YNOLE o XA #XNODE # YNOUE ) A 123
40 CONTINUE A 124
5001 CUNTINVE A 125
(S ’ A 126
C LUOUP THROUGH THE UNANUWN NODAw POINTS TO COMPUTE The LIFT A 127
c A 12e
READ(5+9000) LMAX A 129
IF (ICHECKeEQe]l) WRITE(649910) A 130
00 1000 LNODE =1 ¢LMAX A 131
READ(5¢9000) Nl eN2sN3¢IREPT A 132
DO 1000 I=],[IREPT A 133
L TES A 134
NODE=N1+IM] A 135
4 NEL=N2+IM] A 136
MIRRORSN3-1M] A 137
| XNODE =X (NODE ) A 138
! YNODE sY (NOLE ) A 139
¥ IF (ICHECKeEQel) GO TO 5002 A 140
| C COMPUTE THE MOUDAL UPWASH AT THE COLLUCATION PUINT A 14]
§ X1 SUsXNODE #XNODLE A laz
i Y 1SUs YNODE #v NUDE A 143
i UPWASH(1)sCmPLX (0o s XK) A 1aa
1 UPWASH(2)sCMPLX { 1 e ¢ XK #XNODE ) A 145
3 UPWASH( 3 ) =CMPLX { XNODE +XNODE ¢« XK#X 15Q) A a6
| UPWASH (4 ) =CMPLX ( Qe s XK#Y1SQ) A 147
i UPWASH(S ) =CMPLX ( 2 #XNODE#Y 1 SQ ¢ XK#X1 SG#Y15U) A 148
; UPWASH(NMODE=1)=CMPLX (0O¢ + XKX#YNODE ) A 149
UPWASH { NMODE ) 3CMPLX ( YNODE ¢+ XK #XNODE * YNOOE ) A 150
c A 151
t C CLEAR THE SUMD BEFUKRE ACCUMULATION A 192
5 c A 153
e 00 100 MODE =l s NMUDE A 154
iF SUM(MODE ) sCMPLX (09404 ) A 155
1§ 150 CONTINUE A 156
5002 CONTINUE A 157
R c A 158
,j C LOOP THROUGH THE FORWARD ELEMENTS A 159
| C A 160
k- KOUNT 20 A 161
D0 800 L=1eNEL A 162
1ANGLE=4& A 163 ]
IF (INFO(Lea) eEWeO) IANGLE=3 A 164
c A 165
C ASSIGN THE ELEMENT NODAL POSITION A 166
4 c A 167
: | DO 200 K=] ¢+ JANGLE A 168
f KKz INFO(L oK) A 169 ]
$ XEL (K) =X (KK ) A 170 |
: 200 YEL(K)=Y(KK) A 171 ;
X0=XNODE=XEL (1) A 172 ]
YO=YNODE=YEL (1) A 173 1
c A 176 ’
* :
i |
g i
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s Al

T ki

AP e b

o000

nnoon

oo0on 0onon

[a N ol al 000 (ool a]

noo

SK1P THE TEST FUR THE PIVOTAL ELEMENT
IF (LetQeNEL) GU TO 201
SK1P THE ELEMENT IF IT 1S NOT WITHIN THE FORWARD MACH CONE

IF ((XO-BETA®ABL(YO)) oL Te(=TOL)) GO TO 800
201 CONT INUE

KOUNT =sKOUNT+ 1

1oUF (KOUNT ) =L

IF (1CHECKeEWel) GU TU 800

IF (1ANGLE+EWe3) GU TU 400

REGULAR CHAWACTERISTIC ELLMENTS
COMPUTE TrE RELATIVE INDICES

LL=INDREL (X0 Y0)
MMz INDREL { X0 ¢=YO)
IF (LLeGTeMM) GO TO 300

LOWER TRI1ANGLE OF TAdLE

LIsLINEARCLL 9MM)
Fi1)=COEF(l4L))
F(2)8COEF(2,L1))
F(3)sCOEF(J,.L1)
Fia)=sCOEFLAaL])
GO TOo 600

3u0 CONTINUVE

UPPER TRIANGLE OF TABLE
LisL INEAR(MMyLL)
Fl])=COEFL1,L])
Fi2)sCOEF(a,Ll)
F(3)sCOEF(3,L1)
Fla)sCOEF(2,L1)

GO TO 600

T<1ANGULAR FILL=IN ELEMENTS

400 CONTINUE

TEST FOR SINGULARITY
DV 500 K= e 1ANGLE
IF (ABS(YNODE=~YLL(K))eLTeTOL) GO TO 502

500 CONTINUE

NON=-S INGULAR POLYGON

CALL POLVGN(XNOUE.VNODE.XEL.YEL.ElNToNoMAXlNToFolANGLh)
GO TO 600

SINGULAR TRIANGLE

502 CALL SGTRGL ( XNODE ¢ YNODE ¢ XEL s YEL s E INT oW e MAXINT oF s OEL)
600 CONTINUE
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175

176

177

170

179

180

181

182

182
184

185
186
187
106
189
190
191

192
192
194
195
196
197
198
199
200
201

202
202
204
205
206
207
208
209
210
211

212
a13
214
218
a16
217
218
219
220
a21
222
223
224
225
£26
227
228
229
230
231
232

b N

.
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e A

ac o cce

C
C
C

Copy available to DDC does not
permit fully legible reprcduction

COPY AVAILABLE TO 0O DOES NOT
. oo scruwnne PEAMIT FULLY LEGIBLE PRODUCTION

DU 700 MOLCL =] eNIDE
aUM(mOUt)=bum(Muut)+xLlFT(KKQMUDE)*F(K)
7S¢ CONT INUC
BU@ CUNT INUC
lr t1CHEwceNLel) WU TO 3003
WHITELO«9Y20) NUDE o NEL olvi | KROK
WRITE(H6:9900) { IoUF (K) ek= 1 e KOUNT )
Gv Tu 1uu0
Hlus CINT INUE

reCauvaE Tre PIVOTAL ELEMENT wAS TrEATLD LADT

Fil) CONTALNS THE CuukFICIENT FOR THL UNKNUWN PIVOTAL LIFTY
SuabLTITUTL b Ik T orur mleicl IMALE TAALING AUVANTAUL UF SYMMLTRY iR
AT =5y ME TRY

OV Y00 MOk =1 s NiJOL
XLlFT(NvJEoMQuE)=(b-&ﬂBlbDJO?IB*UPwAbH(MUUh)':UM(Mubﬁ))/F(l)
X I TAMIRROR 3. 4JDE) = XL IF T INUDE s™ UL )
DUl CUNT Livue
XLlFT(MluuvRouMJOd—l)=-XLIFT(mlH«unoNMUUE°I)
Xe P T (] mecUi2 0. obuOE ) 2=XLIFT (o iUt o NviulE )
1000 CONT INULL
Ir (ICHECK eTwel) OTUP
WU 2000 MUUE =1 nwivvn
WRITE (6 100) HMUJds
WRITE(6099C0) (KLIFTCIoMUUE) o121 4NP)
200 CONTINJL

cumruTE The veNgrAbLidoe FuRee LOFrTClenTas wlv

CAL L ulJ(KoYoRNFJ'XLIFT'PF'uKuALoulmkh'NHQNguLmoNMquo“)
Wl TEt6e9300) TITLE
IF (NMUJEeEQeb) WRITE(6e9010)
IF (NvulEettie T) ww]TE (60v0J0)
Dy 3000 l=1wmOUE
WRITE(6:960C) [ 9 (UREAL(T1J) U1 «NMUDE)
3000 COUNT INUE
wr] TE(699700)
IF (NMOUCetQe6) aRITE(6evB10)
IF (NMOOLeEQeT) ARITE(6+47800)
Uu J100 I=]eNmUL
WRITE(69400) 1o (GIMAGLTaU) Ul sNMOLE)
3100 CUNTINLL
oToP
YO00 FURMAT(61%)
Y100 FURMAT(IHL « 34nCurPLEX LIFT DISTRILVUTIUN FUN muuwe /)
2aulU FURMAT(EAL10)
el FURMAT(LIXe15910X0cE15e5)
WI0S FURMATLIHL e /// 90KeB8AYO/Z/777)
400 FURMAT(IHO« 150l PTELSe4)
woJu0 FURMAT(ZEIb.Bth-htl:-b'aXoaﬁlb.BoaXthlboB)
YoLd FURMAT(IXe 1S9 10XK9415)
J61C FURMATUIHL e/ // 9 aXeBALO/ /770 1 Ko I SHMEDH CHECKeoooeo////7 sho
1} AHNUDE 915491 0AX=0URUINATE ¢ 5X s lURY~URUINATE /7))
WO FURMAT (/7777 91% 0 THELEMENT s yXeDRNVVE S/ /)
QIuC FUORMAT(/777)

Pbbbl‘b!bbbbbb)bbb)

!'-)'/bl*bt‘bbl“t'bbl“bbbbbbbbbrb!‘

>3 P LPDBPELEEDTL PE P

ech
235
226
es?
PxTE)
asy
240
ca4l
che
c4d
b
cas
T4
Pix 9
cde
-l
PRAY]
-l
2. 5
P
Py )
PAAS)
cut
N7
che
e
«o0
col
cul
F{S ]
zZea
[ ]
L
cv?
cGo
L
&9
«71
cTe
e73
274
75
276
«77
clo
‘;7"
[A-1V)
el
coe
ced
p-1}
285
206
PRTY 4
cokt
- s
2w




e

e i 12

o e

—
—_—

L=y

98UU FORMATUSXs IHI98AIOHY = 10 10XeOH) = 20 1URIOHT T 210X OHJ = &F A 291

A 10Xs5HJ ® Se10XeSHJY ® 6910Xedhy = 771 A 292
9810 FORMAT(S5XsIH198Xs5HY = 1010XeOHJ = 2e10XebHJ = 3¢ 10XeHI & 4 ——_ A 293

) 10Ks0HJ = He10XeSHY = 67) Reee—
9900 FORMAT(32Xe2514) A 295 == ¥y
9910 Fomnnu///////.3x.an~ooe.ex.ame;n..ax.enmmnon.ox. A 296

A 2OHINFLULNCING ELEMENTS//) A 297
9920 FORMAT(1Xe1592110) A 298

END A 299

44
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SUBROUTINE KERNEL(XO00 Y0 s XKREAL ¢ XKIMAG) 5 001
c - 002
C SUPERSONIC KERNEL FUNCTION DERIVED BY HARDER AND ROLDEN 4 000
C AS GIVEN BY A M CUNININGHAM IN APPENDIX OF Jeo AIRCRAFTe 3 00a
C VOLe 11e NOe 10¢ 1976 > 005
c 3 006
OIMENSION A(ll) > 007
F COMMON XMe XK oBETASUBETA 8 006
e Ty "““Otf*w*fﬂa&QL&QL?QLQ;ZHGGOZ?.-:6.9910790lllobblvbc-d71003569o o 009
-y i 30D0675<BB 141 01 BIBI0v~545He98537 06440 TB1250=-3280T2755¢ s C10
1 < 64279514/ T s Ol
VATA C/es72/ Se ol g - Ole
HESURTIXO*XO=BETASU*YO#YO) 3 014
IF (XKel.TeleE=5) GU TO 400 o Cla
AYQ=ABS(YO) > 1%
ARG E XK#XO0 > 016
CS=COS(ARG) o 017
SN=SIN(ARG) 2 018
IF (AYOeLTe1eE-5) GO TO %00 o 019
c » 020
C GERNERAL FUNM OF KEKRNEL FUNCTION o 021
c s 022
XKAYORXK®AYD o 023
XKYOSUBXKAYQO#AKAYO » O2e
B2Y0 1321/ BETASUTAYO) v 02%
XMRE XM#K o 026
UlaB2Y01#(X0=XMK) g 027
V2sB2YO1#{ XO+XMR) 8 o28
E1sEXP(-C*ABS(UL)) o 029
E2sEXP(=-C#*U2) & 030
CST=0e < 0
CSTi=nle v 032
CST2=1e o 033
SUM=Qe S 34
SUMLRL=0e v 035
SUM1 IM=0e o 036
SUM2RL30e 2 0437
SUM2 IM=0e o 0Jb
DO 100 1=1¢11 o 039
COTaCSTHC s 040
CHT1aCSTI#E] s Ol )
CST2=CST2#E2 3 OaZ - 1
. COEF=sA(1)/7(CSTHCST+XKYOSW) 8 043
R SUMs SUM+COEF b Ose
, COEFRL=CST#COCEF o 065
% COEF IMa=XKAYQ#*CUEF o 046
g SUMIRLESUMIRL*CUEFRL*CSTI 3 047
i SUM1 IMESUM] JM+COEF IMRCST 3 O4o
i SUMZRLESUM2RL+ COEFRL#CST2 3 06%
¢ SUMZ IMaSUM2 IM+CUEF IM*CST2 o 050
L& U0 CUNT INUE o 951
1 ARGEXKAYO#U] o 052
4 C513COS(ARG) 8 953 :
: SN =S IN(ARG) o 054 ]
i ARG EXKAYO#U2 8 055 E
& i CS22COS(ARG) 8 056
E SN2=S IN(ARG) 3 057
4 X1]2RLEXKAYO* { SN2 #SUMZRL=CS2#5UM21IM) 3 058
i
|

.

i ;
.4
. T
i i
.gi |




TR e g

R T oy

R R s .

5 00l el g, W T

coo

OO0

xllZlMlxKAYO'(C32'50M2HL+aN2'>UMZIM)

CST 1sSNI®SUMLRL
CoTesCSietsumlIM
COTIsCSIMSUMLIKL
CSTasSNI®SUMLIM

IF (UlelLTe0e) GO TO 200
X1}]1RLeXKAYQ*(CST1-C5T2)
X111 1MaXKAYQ#(CSTI+CSTa)
GO TO 300

200 X111RLaXKAYO#(COTI+CST2)42e%1

CS1=10e+XKYOSQ¥S5UM)

xllllM-xKAvoi(CSIJ-CSTA)-SNx-SNl

300 CONTINVE
CST1s(XO/R)+le
CSTEsCSTI~-2,
XK] IRL3CSTI®CS1-X111RL
XK1 1IMs=CSTI#5N1=X1111M
XK]2RL3CST2#C52+X1 12RL
XK12IMs=CST2#5N2+X1 121M
SUMIRLsXK] IRL+XK12RL
SUMI IMsXK] 1 IM#XK121IM

XKREALZ¢S* (CSTSUMIRL+SNESUM] LM)
XKIMAGReS* (CSTSUML IM=SN®*SUMIRL)

RETURN
ST=ADY FORM UF KERNEL FUNCTILION
400 XKREALSXO/R

XK 1MAGSO0e
RETURN

SPECIAL FORM OF KERNEL FUNCTION AT Y0=0

500 XKREAL=CS
XK L MAG==5N
HRETURN
ENO
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CCOPCOCLEZOCACCTO CcaeCeCCaECoCOOOCO
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059
060
o131
062
062
06e
06%
066
067
068
069
070
071
072
073
074
075
076
077
o078
079
080
odl
o2
083
Ooe
o085
086
087
o1 1.
ou9
090
091
092
093
094
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SUBROUT INE LGSPAN(XoYoxELoVELoﬁlNToUoMAxlNTor)

c
C INTEUWRATION UVER HALF OF THE SINGULAR STRIP
C wWlTh CAUCHYD PRINGCIPAL VALUE
C USING A SIXTH DEGREEL LAGRANGIAN INTERPOLATIUN
c
KREAL N
COMPLEX XKSARF o SUM
DIMENSICN F(4)o5UM(4) eNl &)
DIMENSLION COEF(“)OS(Q)-XEL(Q)OYEL(Q)OEINT(MAXlNT
DATA CUtF/e139e720009D0=60e3/
DATA S/1e9033333333e=003333333e~1¢/
SFCN(AI) 2e25% ( Le*A) R (| o+B)
c
C TeST TO SEE IF SINGULARITY 1S TO LEFT Ok RIGHT
C
IFLIP=20Q
IF ((Y+Y=YEL(1)=YEL(2))eGTeO) IFLIP=]
EPSsABS(YEL(2)~YEL(1))
DO 10 li=lea
10 FULI)sCMPLX(0e000)

c
C LEGIN SPANWISE INTEGRATION
(3
DU 1000 l=2l.6
(4

C “OMPLTE THE UPPER ANU LOWER LIMITS FUR THE CHORDWISc INTEGLRATION

C REVEWRSE SIGN 1F SINGULARITY IS TO The RIGHT
(4
Z1sStl)
IF (IFLIPeEQel) 212~21
CST1z¢5%(1e=L1)
CST28e5%(le+ll)
ABCSTI®XEL (4)+CST2%XEL(I)
BeCSTI#XEL (] )+COTZ#XEL(2)
ClzeS5*(B~-A)
C23e5% (BPA)
YOsY=CSTI®#YEL(L)=CST2#YEL(2)
00 20 ll=1.0
20 SUMLI1)sCMPLX{ Qe 900)

BEGIN CHORDWISE INTEGRATION

[aNaN el

D0 100 L=1 +MAXINT
22sE INT(L)
X0sX~(Cl#Z2+Cc)
CALL KERNEL (AU YU ¢ XKREAL * XK I MAG)
XKBARK2CMPL X ( XKKEAL ¢ XK IMAG)
NULISSFONE=Z]1 9= 2)
N(2)sSFCNIZ] 9=2¢)
N(3)sSFCN(Z]9£42)
Nig)aSFUN(=2]1+22)
DO 30 li=]«a
30 SUMI11)sSUM(T L) +WiL)®N(]]) #XKbAR
100 CONTINUVE
(4
C END CHORDWISE INTGGRATION
C

47

) W (MAXINT)

[a N el s}

nnnr:nnnnnnnnnnnnnnnnnnnnnnnnnn

r~nnnnrnnnnnnnnnnnnnnnnnnn

001
00e
004
004
00
006
007
008
009
010
cll
o112
C13
Qle
015
0l6
vi7
Ols
019
cao
021
(s ¥
02y
V2e
0as
026
0e?
o2b
029y
030
04l
Ve

033,

036
045
036
037
058
0Jv
Q4L
0sl
Oac
62
046
045
04
047
Osb
o4y
c50
051
vse
d23
0354
95%
956
J27
(s 111




CSTsCI#COEF (1)

DV 40 li=leg
FCILIISFOLLD)4CSTHOUMC(T D)
CONT INUE

DU 50 li=].a
FlLll)eFLL1)/EPS

SPANWISE INTEGRATION

R TURN
END

OOOOOHODDOOODO
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noan

SO0

o000

(g N ol ¢]

SUBROUT INE POLYUNIXeY o XEL ¢ YELOE INTowoeMAXINToF ¢ lANGLC)

INTEGRATION OVER A REGULAR THIANGULAR Ok WAURILATZRAL sLEMENT
AS INDICATED BY THE VALUE OF IANGLE

100

REAL N

CUMPLEX X<XBARF 9 5UM

OIMENSION F(4) eSUMI4) eN( &) oXEL Q) o YEL ()
OIMENSION EINT(MAXINT ) « W (MAXINT)
SEFCNIABIZ 2R (LetA )R (] e+B)
1IFLAGR IANGLE=2

00 100 li=l6

FL11)sCMPLX(0e900)
X3I=XEL(I)=-XEL(1)
Y3IsYEL(3)=YEL(})

GO TO (200+2300) IFLAG

Tl ANGLE

200

X23sXEL(2)=-XEL(3)
Y23sYEL (2)=YEL(3)

~ACOBIAN / &

230

220
230

240
£950

XJICHNE 0258 (Y3]10X23=~X312Y2I)

DO 250 Js1 sMAXINT

XJsEINT (D)

Ni2)moSHL 1 eeXJ)

ClueS#(]le=XJ)

WisC l#wWiJ)

DO 210 1l=1,3

SUML T 1)sCMPLX (Qe900)

D0 230 I=]1 sMAXINT

XIsEINT( 1)

NiJImoSRCl#(leeX])

N(3)sCl=Nl1)

LETASNG [ )RXEL (L) EN(2) #XELI2)+NII)IAXELLI)
ETASNL [ IPYEL(L)*NI2)YEL(2)eNII)#YELLD)
X0=sX=ZETA

YOsY=ETA

CALL KERNEL (X0 Y0O ¢XKREAL ¢ XK IMAG)
XKBARSCMPL X ( XKREAL ¢« XK IMAG)
wisw(1)/7(YO»Y0)

DO 220 11=1,3

SUML T 1) sSUMET ) +WI#N( 1] #XKBAK
CONT INVE

OV 240 11=],3
Flil)sF(ll)endJasSUMLLL)

CUNT INVE

GU TO 400

WADRILATERAL

300

Xe2sXEL (4 )=XEL(2)
Y&a2sYEL(4)=YEL(2)

JACOBIAN ~ &

49

CLLLLLLOUULLLUGL L

CC?U(?CC?U(:O(JO(:OCJO(:CL.C(xC(JOC)CC-O(-C(.O(LQt)bt.tl-b(JC(.b

00}
00&
004
006
oLz
wCé
007
00d
(+]-1 ]
o)
c))
v)é
933
0)e
913
J)é
)7
0)e
0iv
o2V
o021
Ve
Cces
0ze
028
026
0&?
1]
029
03v
o)
032
033
03¢
03%
036
037
056
Osv
oau
oal
Q4c
0ad
Oaa
04s
046
a7
Qa8
Qay
[*}-17)
0%)
052
083
0Sa
085
056
17y
038




fl

il RTPRCEARREA —

s i~ =

e B

o A T

s = LM

LW

T YW,

alo

320
330
340
aso
400

$00

L S o

XJCONSo 125% (XI1#Y42-Y3] #XA2)

VU 350 Is1eMAXINT

D0 310 Rsles

SUMIK)IsCMPLX(Qe90e)

Z1sEINT(1)

DO 330 J=leMAXINT

Z2sEINT D) v
NQ])8sSFCN(=Z19-12)
N(2)sSFCNZ]9=22)
N{3)sSFCN(Z]22)
N(4)sSFCN(=21922)

LETASNG 1 IOXEL (L) +NE2) #XEL(2) +NII)I#XEL (I)+N(Q)WXEL (&)
EfA-N(I)’VEL(1)*N(ZD'YEL(2)+N(3)0YEL(3)+N(4)'VEL(4)
XOaX-ZETA

YOsY-ETA

CALL KERNEL (X0 9 YO e XKREAL ¢ XK 1 MAG)
XKBARSCMPL X { XAREAL ¢ XK IMAG)
WJIsW(J)7(YORYD)

DO 320 Kslea
SUM(K)sSUM (K ) +WJEN(K) #XKBAR

CONT INUVE

DU 340 K=lea
FIK)aF(KI+W( 1) *IYMIK)

CONT INVE

CONT INUE

00 500 K=lsa

FUK) sXJCON*FIK)

HETURN

END

e,
oy

¥,

50
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059
060
061
062
063
064
065
066
067
068
069
070
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072
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074
975
076
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0480
o081
o082
063
08a
088
086
087
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SUBROUTINE OIJ(XeYe INFOeXLIFToFF slive Al o 1MAG s NP s NELEM ¢ NMODE ¢ MX)
C
C THIS SUBOUTINE COMPUTES THE GENERAL1Z:v FORCE LOEFFICIGNTS
C FOR A GIVEN LOAD VISTRIBUTION
C
REAL N
COMPLEX XL IFT
DIMENSION X(NP) s YINP) ¢ INFOINELEMeMX) o XL IFT (NF ¢NMUDE ) + FF (NP« NMODE )
OIMENSION XELI&4) oYEL( Q) eF(QsT) eSUMIQITIFLIT) eNLQ)sEINT(2)ew( 200
1 GUREAL(T¢7)¢QIMAG(T7+7)
COMMON XMe XK s BETASUIBETA
DATA MAXINT/ 2/
DATA EINT/Ze57T73502091896L200~¢5T7735026%10v0c6/
DATA wW/é#leys
SFCN(AB) B¢ 25% (le¢A )R (] o4B)
c
C INITIALIZE
: 2
DO 2000 i3] ,NMODE
DO 2200 J= 1 ,NMODE /g(‘
QREAL (1+J) =00 f#
2200 UIMAG(1+J)=0e //'

oo 52,2000 el “

cgooo CONT INVE 4’/ 4}

P oo i UL
2,

1ANGLE=S
IF (INFO(Lva)eEWeO) 1ANGLE=]

88 e %y,

XEL(K)BX(K])

YeL(K)aYIK]) %

3000 CONT INLE
IFLAG= IANGLE=2

CLEAR F BEFORE ACLUMULATION

000

00 100 1l=1,4

DU 100 MODE =] s NMODE
100 F(11eMODE)=Oe

X31sXEL(3)=xXEL(])

Y31=sYEL(3)=YEL(])

BEGIN INTEGRATION -~ OUTER LOOP

OO0

DU 280 J=l +MAXINT
GO TO (251¢252)¢1FLAG

TRIANGULAR ELEMENT

aao

251 XJsEINT(Y)
Ni(2)=eS*(leeXJ)
ClueB#(le=X))
WJisCl®W(J)

GO TO 2%3

51

mMOomMMeMmMMuEMEMMMMEMMAEMEFMMFEFMMEMMEM™

mMEMMMMMM@MEMEMMMMMMMMMEMM

ool

oo2

003
00s
005
006
007
co8e
009
o110
o1l
012
013
Oles
015
016
017

0Se
095

056

057

113

s oL iy,




nco0

coon

o000

noan

0oon

noon

O0o

GUADK ILATERAL ELEMENT

292

2593

210

Z2zEINT(J)

wJi=w(lJ)

DO 210 1l=le

DO 210 MODE =1 s NMOLE
SUM( ] 1 eMOLE )20

BEGIN INTEGRATION =~ INNER LOOP

DU 230 I=1eMAKINT
Gu TO (231¢234)¢IFLAG

THIANGULAR ECEMENT

231

XI=EINT(1)

N(1)=o5'Cl'(100Xl)

N(3)=Cl-N(1)
XP:N(l)'XEL(1l#N(2)'XEL(2)+N(3)GXEL(3)
YP:N(l)'YEL(1)+N(2)lYEL(2)¢N(3)'VEL(3)
GO TO 233

QUADRILATERAL ELEMENT

e32

Z1=EINT())

N ) 2SFCN(=219=22)

N(2)2SFCN(Z]9—=22)

N(3)=SFCN(2Z1922)

N(4)sSFCN(=21922)
xPaN(l)'XEL(1)¢N(2)'XEL(2)*N(3)'X&L(3)+N(A)lXtL(A)
YP:N(I)'YEL(1)+N(2)lYEL(2)+N(3)'YEL(3)+N(A)IVLL(A)

CUMPUTE THE MODAL DEFLECT 10N

233

220
230

NV

240
250

END

Flcl)s]oe

Fl(2)sXxP
Fl(3)=XPaXP
Flia)sYP*YP
Flis)aF1(3)#Fi(4)
F1(NMODE~1 ) =YP

F 1 (NMODE ) s XP#*YP

DO 220 l1i=1,fANGLE
CSTaw()#NCI D)

DO 220 MODE=1 s NMODE
SUM(IIoMODE)'SUM(IIoMODE)#CST'FI(MCDE)
CONTINUVE

INNER LUOP

DO 240 l1=1,JANOGLE

DY 240 MODEal s NMUDE
F(IIOMUUE)SF(lloMQDE)+WJ'SUM(IIoMODE)
CONT INVE

QUTER LOOP

GO TO (200¢300) s IFLAG

nmmmmmmmnmn

mmmn-rmmmmmmmmmmn‘mm

mmmmmwmnmmrﬂ-mmmmm

mmmmmmmmrr.mn.m

099
V60
ool
062
063
064
065
066
067
o068
069
o7V
071
072
073
074
075
076
077
078
079
ou0
o8l
os2
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C £ 117
C T LANGLIL AR CLEMENT E 1lb
C £ 11Y
200 X23=XEL(2)-xEL(3) £ 120
ve3=veL(2)=vEL(3) £ o121
AHEA=025*1Y31*X25-x3|'v23) £ 122
GO TO 400 £ 123
C € 126
C GWUADRILATERAL ELEMENT € 125
c £ 126
300 XazzXEL(a)=xELLZ) € 127
va2=vELtA)-vEL(2) E 128
AREA:.125*(x31&Yaz-v3|¢x42) e 129
C € 130
C GLOBALIZE TH: ELEMENTAL INTEGRATED COEFF ICIENT VeCTOR TO £ 131
C FurM THE INTECSRATED CUEFF ICIENT VEUTOR £ 132
| c € 133
: 400 DO 500 J=1 ¢J1ANGLE £ 136
Kz [NFO(LeJ) £ 135
H DU 500 MODE=1sNMUDE E 136
i 900 FF(K.MODE)=FF(K.MODE)+AREA*F(J-MODE) € 137
' 2090 CONTINUE £ 138
c € 139
C CUMPUTE THE GENERALIZED FORCE COEFFICIENTS Gtled) £ 140
: C c 14l
. DO 5000 I=1.NMODE E 142
i 0O S0U0 J=1JNMOVE € 163
5 00 5000 K=1 NP £ 164
: uHEAL(ltJ)zaRLAL(lcJ)-FF(‘cl)*HﬁAu(xLlFT(KoJ)) € 145
: QlMAG(loJ)salMAG(loJ)—FF(Kcl)*AIMAG(XLIFT(A.J)) E 146
i ! 5000 CONTINUE € 147
L | c £ 148
5 c olviDE IMAGINARY PART OF U 8Y REDUCED FREQUENTLY € 149
¢ SKIP THE CONVERSIUN FOR ZERO FREQUENCY E 190

_ p £ 151 _

‘. ' IF (XKeLTaleE=5) GC TO 9999 £ 152 4 5
3 0O 6000 1=14NMODE E 193

B CO 6000 J=1.NMOUE £ 156 :

1 6000 QIMAG( 1+J)2QIMAGLTs0) /XK E 159
9999 RETURN £ 156
END € 157
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SUBROUTINE SGRHBS { XNOUE ¢« YNODE s XEle Yol 9= INToWoeMAXINT oF ¢ DEL)

THIS SUBROUTINE PCRFORMS THE INTEGRATION OF A RHOMLIC ELEMUNT
WITH THE SINGULAR STRIP PASSING THROUGH &1Tmbtk THe LEFTe
MIDDLE OR RIGHT NUDc

COMPLEX FoF}
DIMENSLION XEL(4)oYEL(G)oXELL(G)oYELL(G) oF(4)oF1La)
DIMENSION EINT(MAXINT) s WIMAXINT)

INTEGRATE THt R1GHT HALF TR1ANGULAR ReGs1ON
CALL SINGUL (XNOUE ¢ YNCUE e X o YE L o E INT oW e MAXINT oF ¢ DEL)
INTEGRATE THe LEFT HALF TRIANGULAR REG1ION

XEL1 (1) =XEL(])
YELLI(1)=YEL(])
XEL1(2)=XEL(3)
YELL1(2)sYEL(3)
XEL1(3)=XEL(4)
YEL1(3)=YEL(4)
CALL SINGUL (XNOUE ¢ YNODE e Xt 1 s YEL Lo INToWeMAXINToF 1 0 DEL)
Fli)asFLL)+F1(])
FL3)aF(3)1¢F 1 (2)
Fta)sF1(2)
RETURN

END
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SUBROUT INE SGTRGL(XNODEQYNODEQXEL.Y&LQElNTvWQMAXlNTvFoDEL)

C
C INTEGRATION OVER A UrNeRAL TR1IANGULAR clLEMENT wWiTH THE
C SINGULAR STRIP PA3SING THROUGH E1THER ONe OF TrHe VERTICES
c
CUMPLEX FeF]
DIMENSION XEL{G) sYEL(G) o XELLI(G) oYELI(Q) oF (4)oF 1 (4)
DIMENSION EINT(MAXINT) s W(MAXINT)
DEL1=(YEL(L1)=YELI3))/Z(YEL(2)=YEL(3))
IF (DEL1e¢L.TeleE-5) GO TO 1000
DMa] e =DELI]
IF (DMeLTeleE~5) GU TO 1000

(d
C INTEGRATE THE LEFT SIDE OF THt TRIANGLE
(S
XELL1(1)=XEL(]1)
YEL1(1)=YELC(L)
XEL1(2)=0EL] *XEL (2)+OMEXEL (3)
YELL1(2)sDELI#YEL{2)+OMRYEL(J)
XEL1¢3)XEL(3)
YEL1(J)sYEL(3)
CALL SlNGUu(XNOOEoYNODE!XhLIthLloElNTOﬂvMAXlNTvFlvDEL)
F(1)=F1(1)
F(2)=DELI*F1(2)
F(3)=F1(J)+DM*F1(2)
(S
C INTEGRATE THE RIGHT SIDE OF THE TRIANGLE
C

XEL1(3)=sxeL(2)

YELL(D)=YEL]L(2)

XEL1(2)=XEL(2)

YELL1(2)sYEL(2)

CALL SINGUL (XNJVE s YNODE ¢ XEL 1 ¢ YEL 1 E INTeWeMAXINT oF | vDEL)
Fll)=sF(1)+F1(])

FU2)=F(2)+F1{2)+DEL1#F1(3)

F(3)aF(3)+DM*F1(3)

RETURN

C
C LDEGENERATE CASE WHERE THE TR1ANGULAR ELEMENT HAS ONe SIDE
C COINCIDE WITH THE SINGULAR STRIP
[«
1000 CALL alNGUL(XNOOE'YNODE'xEL'VtLOElNTotOMAxlNTOFODEL)
RETURN
END

COPY AVAILABLE TO DOG DOES NOT
PERMIT FULLY LEGIBLE PRODUGTION
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SUBROUTINE SlNGUL(XNOOE-YNUDtoXLL-YEL-:lNT-w-MAXlNT-F-DtL) = 001
C H 002
¢ INTEGHATION OVER THt SPECIAL TyPE OF TRIANGULAR ELEMENT sOUNLED H 003
C BY A VERTICAL LINE AND TwO OTHER STRALGHT LINES H 004
C THE THRIANGLE MAyY BE S5INGULAR OKR REGULAR H 005
C = 006
CUMPLEX FoF n 007
DIMENSION F(4)sFlea) n 000
DIMENSIUON XEL(Q)oYEL(O)oXhLl(Q)-YELI(4)-ElNT(MAxlNT)ow(MAxlNTl H 00Y
HUAB) sDEL*A+(M*D M 010
(M= 1e-DEL M Ol
IF (ABS(YEL(1)=YEL(2))eGTe14E-5) GO TO 10 H 012
IF (ABS(YNODE-YEL(3))eLTeleE~S1 GO TO 1| H 013
IF (ABS(YNODE-YEL(2)14LTelsE~D) GO T0 3 " Olo
10 CONTINUE n 019
IF (ABS(YNODE-YEL(2))eLTeleE~3D) GO TO 2 H C16
3 IF (ABS(YNODE-YEL(3)1eLTeleE~D) GO TO 4 " OLl7
[ H 0lo
C NON=SINGULAR TRIANGLE H 019
!5 € n 020
! CALL PGLYGN ( XNODL s YNODE e XEL s YE L s E INT oW s MAXINT ok 0.3) H 021
| HETURN H 0cée
(3 H 023
y C THIANGLE POINTING LLFT WITH SINGULAR STRIP PASSING THROUGH H 024 i
é C THE VERTICAL SIDE H 0&és 3
4 C " 0cé 3
2 1 XEL'(1)=XEL(3) H 027 i
3 veEL_1t1)=YEL(3) n 026
XEL1(2)=HIXELL1) o XEL(3)) N 029 3
YELL(2)sHUYE (1) 9 YEL(3)) H 030
XEL 13 SHIXEL(2) o XELID)) H 031
YELI(3)=H(YEL(2) o YELUIDD)) H 0432
| XELL1(4)=XEL(3) n 033
§ YELI(Q1EYe(3) - 034
' CALL LGOPAN(XNOUE $ YNODE s XEL 1 ¢ YEL 1 YEINT oW eMARINT oF 1) n 935
! F (1) =DELRF1 (2) n 036
£ F(2)zDEL#F1(3) " 037
# F(3)=F1(1)+F1(4)+CMD(F1(21+F1(31) H 038 ]
5 IF (ABS(1e~DEL)eLTe1eE-5) RETURN H 039 i
i XEL1(1)=XEL1(Z) H 040
3 YELL (1) =YELL(2) H 04l
XEL1(4a13XELLL3) H 042 E 3
YEL1(41=YELLLD) H 043 ;#
| xelLlt2)sxel(l) H Oed ' %
§ veLlt21=YEL(]) H 045 *i
XEL 1 (3)=Xe(2) 046 | '
YeL1(31=YEL(2) H C&7
i CALL pULvGN(xNquovNoquxELl.thloElNT-woMAxlNT.Floa) H O4o
i FUL1=F(11+F1 (2)+DEL#F 1 (1) H 049 i
é Fl2)zF(21+F 1 {3 )+DEL#F1L4) H OSV
Y F(31=F(3)+CM*(Fl{1)+F1(Aa11 H 031
| RE TURN " 032
(C n 053
C TRIANGLE POINTING RIGHT wITH SINGULAR STRIP PASSING THROUGH H 036
C THE VERTICAL Slipt n 0ob 1
. (S H U6 *®
] 2 XEL1U1)=HI(XEL(L) o XELL2]) " 057 3
j YEL1C1)=HUYELIL) o YELL21 H 0506 !

N

R

Il

| ]
A
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COPY AVAILABLE TO DBG DOES NOT

XEL1(2)=XEL(2) H 099
wciimeciss  PERMIT FULLY LEGIBLE PRODUCTION e
XeLlt3)ysxel(2) ks s g H 061
YELI(3)sYEL(2) H 062
: XELL1(Q)SHIXEL(3) o XEL(2)) H 063
1 YEL1(a)sHIYEL{3) s YEL(2)) H 064
CALL LGbPAN(XmOUEoVNOOEoXhLIoYtLloElNToWoMAxINToFlJ " 065
FUL1)SDEL®F1(]) H U066
F(2)8F 1 (2)+F1(3)+CMB(F1(11+F1(Q)) H 067
F(3)sDELRF1(4) H C66
IF (ABS(1e=DEL)eLTol1eE-51 RETURN n 069
XeLl1(2)=XEL1(1) H 070
YELLIt(2)sYELLL]) H 071
XELL1(3)SXEL]L (&) H 072
YELL1(3)sYELL(4) H 073
XELL1C1)SXELC(]L) H 074
YELLI(L1)SYELL(]) H 075
XEL1(4)sXEL(3) H 076
YEL1(&)SYEL(]) " 077
CALL PQLVGN(XI\QU;'oVNODonr:\.Ith-.Lu:lNTomMAxluToFnuu H 078
FU1)aF(1)+F1{1)PIEL#FI(2) H 079
Fl2)aF(2)+CMR(FLI2)+F1(3N) H 080
_ F(3)aF(3)+F1{6)TVELRF]L(3) H o8l
g RETURN H Q82
% c H 0ol
] C THIANGLE POINTING LEFT WITH SINGULAR STRIP PASSING THROUGH H Oud
C THE VERTEX OPPOSITE Tu THE VERTICAL SI10E H 085
(< H 086
3 XELICL)ISHIXEL(3) o XELCL)) H 087
YEL1(1 MO YEL(3) o YELLLD) H 08b
XEL1(2)8XEL(]) H 089
veLl(2)sYEL(]) H 090
XEL1¢3)sXEL(2) H 091
YEL1(3)SYEL(2) H 02
XEL1(a)sHIXEL(3) o XEL(2)) " 095
YEL1(a)SHIYEL{3) s YEL(2)) H 094
CALL LG:PAN(XNUU&WNO.)&:.X:LIon.lot-.lNTovnw AXINTOF 1) " 09y
F(1)sF1(2)+CM*Fl{1) H 096
ki F(2)sF 1 (3)+CM*FL(A) H 097
3 F(3)sDEL®(FI(1)+F1(a)) H 098
5 IF (ABS(1e=DEL)eLTeleE=S) RETUKRN H 099
i XEL1¢IISXELILL) H 10C
t{ YEL 1 (3)sYELL(L) A 191
3 XeLl1(1)sXELL{H) H 102
£ YELL1(1)BYER]{H) H 103
i‘ XEL1(2)sXEL(3) A 1064
i YELL(2)BYEL(3) H 105
CALL PULVGN(XNQDEOVNODEOKELIOVtLIOnlNTodoMAAINToFIOJ) " 106
F(1I1sF(1)+CMRFL(3) H 107
i’ F(2)sF(2)+CMP#FLL1) " 108
5 F(3)aF(3)+F(2)PVELR(F1L1I+F]1(3)) H 109
ig RE TURN H 110
- 4 (< "ol
i C TWRIANGLE POINTING RIGHT WITH SINGULAR STRIP PASSING ThkOUuM 112
C THE VERTEX UPPUSITE Tu THE VERTICAL SI1DE " 113 /
G "lle ;
a4 XELI(1)SXEL(])) H 115
veLlt1)mYEL(]) " 116

A
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XeL1(2)=HIXELL2) oXELL L))

veL1t2)=HIYEL(2) o YELUI D)

XeL 1 (3)sHEXEL(2) o XEL(3))

YELL1(3)=R(VEL(2) o YEL (D))

XELL1C(A)=XEL(3)

vyeLl1ta)=YEL(3)

CALL LG&PAN(XNODE~YNODEOXELIcYELl~ElNToW¢MAXlNT~Fl)
Fii)zFlil)ecMeFlie)

FL2)2DEL#*(F1(2)+F1(3))

Fi3)sF1ta)+CM*F1(3)

1F (ABS! le=DEL)eTeleE=5) RE TURN

XEL1(1)=XeL] ()

YELLt(1)=YELL(Z)

XelL1(2)=XEt2)

YELLI(2)=YELL2)

CALL PULYGN(KNODh~YNUDEoX&LlthLlothTca~MAxlNToFl03)
FU1)sF(1)+CMe*F1( 1)
F(z)-F(2)+F|(2)+DEL*(F|«|)+F|(3))
FL3)aF(3)+CM*F1(3)

RE TURN

END
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SUBKROUTINE TAoL:(CUtFthLTAo;lNTnwnmAxlNTtDELoIMAXoJMAXQLMAx) i 001

C i 002

A C TRlS SUBKOUTINE CREATES A TABLE OF THE WelGHTEU KERNLL 1 003

: C CUEFFICIENTS FOR A REGULAK CHARACTERISTIC MEShH 1 004

C cACH ELEMENT 1S UnludeLy VEFINED BY A PAlR UF RELATIVE INDICES 1 005

C DELTA IS5 THe LENGTH OF Tkt SIDE OF Tre CHARACTERISTIC cLEMENT 1 006

C IMAX IS THE MAX]MUM PUSSIBLE NUMBER OF ELEMUNTS IN THL CHORCWISE LIRe. 1 007

C JmAx IS THe MAXIMJM PUSSIbLE NUMBER OF ELEMENTS IN Tht MACH LINo DlReC 1 006

C LMAX 15 THE mMAXIMUM PUSSIBLE ENTkIES TS TrHe TadLt 1 cov

C Tre TABWE 15 CUMPACTLY STukEU INTU A ~ECTANGULAK AKKAY 1 Q10

G 1ol

CUMPLEX FeCOEF : 012

VDIMENSION F (&) o LUEF (4 1LMAX) 1 013

VIMeNSION xeL(at.vuL(a).alNT(MAxINT).u(MAxlNT) 1 ola

CUMMON Xie XK o BETASL e BETA T ClY

LlNEAR(l.J):((l-l)NJMAMJMAx-l))/24».) 1 0leé

YOEL=DELTA/ XM . 017

XDELsBETA®YDEL . 018

DO 20 LL=1eIMAX . 01v

: DO 20 MM=LL ¢ JMAX 020

| § c 021

1 C veFine ThHe cLedENT CUCATION ACCONUING Tu ITS meLAaTive IMICES 022

f C 023

J el INEAR (UL o M) 1 02¢

- XeL (1) s 2=L=MM) *XCEL 1 o025

i XeL(2)=XEL (] )=XbeL 1 o26

‘% XEL (3)aXEL (2)-XDEL 1 027

4; XEL (4)®XEL (Z) 1 o028

%i. YEL(1)s(MM=_L)®*YDEL 1 029

2§ YEL(2)sYEL (| )+YVEL 1 030

¥ YEL(3)sYEL(]) . 031

3% YEL (4)=YEL (1 )-YUEL i 032

] C . ' 033

1 C LHAKALTERISTIC ELEMENT CUT BY THE SINGVLAR >TRIP | 036

] C ' 035

1 IF ({MM=LL)oLCol) CALL SGHRHBS(XNUDE s YNOUE s XEL sYEL e INToWIMAXINT ¢ 036

% 1 Fowel) 027

1 c 03

B3 C ReLULAR CHARACTEKISTIC ELEMENT Quy
| c 040 ‘

| IF ((MM=LL)GTel) CALL POLYGN { XNUDE ¢ YNODE s XeL s YEL o& INT oW sMAX INT » oal

il l Fea) 062

] DO 20 I=144 oa3l

| CUEF (Jel)=F () 044

20 CONTINUE ¢ 065

RETURN 1 oa6

1 0a7

‘ ¥ COPY AVAILABLE To oo
PERMT FULLY LEGBLE PRODGGT ‘
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