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FOREWORD 

This report was prepared by personnel in the Engineering Sciences 

Section of the Lockheed Missiles & Space Company, Inc., Huntsville Research 

& Engineering Center, Huntsville, Alabama, for the Air Force Flight Dynamics 

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

performed under Contract F33615-75-C-3001.    Capt. Gerald Van Keuren, 

AFFDL/FBR was the Air Force 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 

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 Slement 

Supersonic Kernel Analysis Program (FESKAP), developed for the new method. 

Descriptions of the main program are presented as wull as on the preparation 

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

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. 

The purpose of the computer program is to generate the generalized 

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- 

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 analysis. 

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 II 

PROBLEM DESCRIPTION 

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

tion in the lifting surface theory is given as 

(e) 

&*mh*.f, .^^"xi" (1) 

where k  is the reduced frequency, f. (x, y) is the i   „modal function and Xi 

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

unit displacement in the i     mode.     V* denotes summation over the elements 

within the forward Mach cone. > 

The row vector containing the integrated kernel coefficients is defined 

as 

Ct(e)    =    JJ    N^y) . K(x-xo)y-yo) dA (2) 

I' 

where Nt(x, y) is the row vector of shape functions and K  is the kernal function, 

The generalized force coefficients are 

Qij= -Z ffv*'^^*' y) dx dy .  xje) 

1 = 1   A^ 

(3) 

N 
where  /     denotes summation over all elements. 

i = l 

Equations (1), (2) and (3) form the framework for the computer program 

development. 

y- 
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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 slight'ly 

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. x2. y2, x2y2, y, xy or the set of 1. x, x2. 

Y  . 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. 

I   I  if IKT-1"—    ' imälk ■^■ —; maäM i'mämiuim ■-  ----- -i 
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As cKplaincd in Rcf. 1, a table of weighted kernel function coefficients 

is  first tabulated for later table look-up during the solution process.    The 

si/.e 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 elements on the centerline.    To find JMAX, locate the most ex- 

treme collocation point,  which is usually the one close t,o 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 

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. 

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

Description of Variables 

BETA 

COEF 

IANGLE 

1BUF 

ICHECK 

IMAX 

INFO 

JMAX 

KMAX 

ß w MZ - 1 

Array of integrated kernel function coefficients 

Number of angle of element; IANGLE = 3 for 
triangle and IANGLE =4 for quadrilateral 

Buffer array for printing out the list of influ- 
encing element number 

Option parameter for quick mesh check run 

Maximum number of regular characteristic 
elements in the chordwise direction 

Array of element nodal information 

Maximum number of regular characteristic 
elements in the Mach line direction 

Number of element information data cards to 
be read in 

HHI W 
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L 
(     Start J 

_Z1Z_ 
Re»d TITLE namaliit 
input 

I 7 
R«*d data carda to gen- 
erate the element infor- 
mation 

Generate the modified 
Gauaa-Chebyahev waighta 
and abaciaaaa 

Set nodal lift valuea to 
aero 

Create the coefficient 
table for the character- 
iitic elementa 

Check leading edge condltlona 
and compute atarting aotutiona 

/ 

Read data carda to generate 
the collocation pointa, pivotal 
element number and the 
mirror image 

Compute the modal upwaah 
at the collocation point 

Clear SUMt 

i a I, NMODE 

^ Select an Influencing element 

Compute or look-up C1'*' 

Eq.«) 

SUMj «SUMj +Ct'•>• \ 

1 = 1, NMODE 

(e) 

Fig. 1 - Flow Chart for Main Program 

(Continued) 
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Solve for ^ at collocation 
point 

Eq.(l) i = 1. NMODE —r~ 
Substitute in lift value at 
the mirror image node 

Output modal li 
but ion 

I 
ft distri-      / 

Compute Q^ Eq. (3) 

Output Q[. and Q!'. 

f    Stop \ 

Fig. 1 - (Concluded) 
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LENODE 

LIST1 

LMAX 

MAXINT 

MIRKOR 

NEL 

NELEM 

NLE 

NMODE 

NP 

QIMAG 

QREAL 

SWPBK 

TITLE 

TOL 

UPWASH 

W 

X 

XEL 

XK 

XLAMDA 

XLIFT 

XM 

XO 

Y 

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!'. 

Array of QJ. 

Sweepback factor 

Array containing alphanumeric information for 
identification purposes 

Tolerance, set at 10"5 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 

B.    NAMELIST Input 

Information on planform, Mach number, reduced 
frequency, modes and mesh spacing, for identifi- 
cation purposes 

$LIST1 

XM 

XK 

DELTA 

MAXINT 

DEL 

IMAX 

JMAX 

XLAMDA 

NMODE 

NP 

NELEM 

ICHECK 

Mach number 

Reduced frequency 

Mesh spacing as measured by the length of the 
side of the characteristic element 

Number of integration points for the modified 
Gauss-Chebyshev quadrature 

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

Maximum number of characteristic elements 
in the chordwise direction for the stencil 

Maximum number of characteristic elements 
in the Mach line direction for the stencil 

Sweptback angle of leading edge in degrees 

Number of modes in the set of mode shapes 
(either 6 or 7) 

Number of nodes 

Number of elements 

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 follocation points 
with its associated influencing elements.  For 
normal run, this card is to be omitted. 

8 
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NLE 

LENODE 

X 

Y 

$END 

Number of leading edge nodes 

Array of the leading edge node numbers 

Array of x-ordinates of the nodes 

Array of y-ordinates of the nodes 

C. Card for Total Number of Element Information Cards to Follow (15) 

D. Element Information Cards (615) 

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

in a consecutive manner.    Each card begins a new sequence. 

Col. 

1-5 

6-1 10 

11- ■15 

16 ■20 

21 -25 

26 ■30 

Description 

Number of elements to be generated in this sequence 

Element number of the first element in this sequence 

First nodal number of the first element in this sequence 

Second nodal number of the first element in this sequence 

Third nodal number of the first element in this sequence 

Fourth nodal number of the first element in this sequence 
(leave blank for triangles). 

For example, the card 

22      13 12 

generates the following information 

Element No. 

9 
10 
11 
12 
13 

Node Numbers 

22 13 6 12 
23 14 7 13 
24 15 8 14 
25 16 9 15 
26 17 10 16 

,  -,. > - !■;-,■"■■■" 
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1 

while the card 

1       14      27       18       17 

ates the information on a single triangle gener 

Element No. 

14 

Element nodes are ordered in a c 

most downstream node. 

Node Numbers 

27        18        17 

ounterclockwise direction, starting with the 

E. Card for Total Number of Node Information Cards to Follow (15) 

F. Collocation Point Information Cards (415) 

These are cards to generate the collocation point, pivotal element number 

and mirror image node number in a cons 

new sequence. 

ecutive manner.    Each card begins a 

Description 

Node number of the first collocation point in this sequence 
Col. 

1-5 
6- 10 Pivotal element number containing the collocation point 

10-15 Node number of the mirror image point 

16-20 Number of collocation points to be generated 

For example, the card 

49      30      49      6 

generates the   following information. 

Node 

49 
50 
51 
52 
53 
54 

Pivot Element 

30 
31 
32 
33 
34 
35 

Mirror 

49 
48 
47 
46 
45 
44 

10 
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while the card 

generates the following 

36       20       35       5 

Node Pivot Element M irror 

36 20 35 
37 
38 

21 
22 

34 
33 

39 23 32 
40 24 31 

11 
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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. 
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OECTANGULAR A"Z.• M"1 
»UST I 
XM • («ft 
XK ■ »3. 
Ot-i-TA ■ •£• 
MAXtNT a 15« 
DtL « «T» 
IMAX ■ 4« 
JMAX « 8* 
XLAMDA M   0»» 
NMÜOe » 7t 
NP ■ 67« 
NELEM • 65« 
NLE ■ 7, 
LENOOE » l»2»3»4«5»6 
X = 7*-.5»6«-»3Ö94«»S 

6* •0bü7707«ö31 7* 
Y a -l,,-,6b6toOü66o7 

-.d3333333JJ«-»5 
-l*<-«6666öb6667 
-.833333333-J.-.5 
-1*,-•606660666 7 
-.0333333333,-.& 
-1..-*6666666667 
-, 0333333333,-•!> 
-1•,-.660660666 7 
-I.,-.83333333^3 

.2.    K=.3.    «00E1..    1.    X.    X.X.    VY,    X»X*Y.Y.    Y.    XY 

«7» «IA^.7*-.278aVl6e06t6«-. 16033752» «T*-.0577833612. 
;to33n:56l!6!1^7:U77,7*.3B44332774.ö-^9b7.37l, 

,-.3333333333.0. . .3333333333. .6666666667. I. . 
,-. 1666666667. . 1666666667. .b. .6333333333. 
,-,3333333333.0...3333333333..6666666667. I.. 
,-.1666666667..1666666667..5. .8333333333. 
,-.3333333333.0...3333333333..6666666667. I.. 
, - . 1666666667, • 1666666667. .5. .8333333333. 
!-.3333333333,0...3333333333..6666666667.1.. 
,-. 1666666667.. I666666667..b..8333333333. 
. - . 333 3333333 . 0 ... 3333333333 . . 6666666667 . 1 • . 
. -.*.- . J 666666667. . 1666666667. .5. .8333333333. I. • 

»ENO 
18 
6 1 8 2 t 

1 7 14 0 1 

5 8 IS 9 2 

1 13 20 7 13 

6 14 21 15 8 

1 20 27 21 14 

5 21 28 22 15 

I 26 33 20 26 
6 27 34 20 21 

1 33 40 3<» 27 

5 34 41 35 28 

1 39 46 33 39 

6 40 47 41 34 

1 46 53 47 40 

5 47 54 48 41 

1 52 59 '♦6 52 

6 53 61 5* 47 

7 59 60 61 53 

9 
11 4 to 3 
17 to 17 3 
i* 17 23 3 

30 23 30 3 
37 30 36 3 

43 36 43 3 
60 43 49 3 

66 49 56 3 
64 56 63 3 

14 

21 

3« 

«0 

«7 

53 
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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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RCC T*NGULAR A-2., M-l.2. K..3, MOOIS- I. X. »•«. **». X.JCY.Y. V. XY 

MESH CHECK  

NODE 

I 
2 
3 
H 
5 
I 
7 

9 
10 
It 
12 
13 

IS 
1* 
17 
!• 
1? 
20 
21 
22 
23 
24 
2S 
26 
27 

X-0RD1NATE Y-OROINATE 

soooo^oo 
,50000*00 
i5QOO0»00 
•S0OQ0«00 
iS0000*00 
,50000*00 
•50000*00 
,3»?H5*00 
.3e9H5*00 
•3S91S*00 
• 3t9<«S*00 
.3S9HS*00 
•30915*00 
.278*9*00 
•27869*00 
•27889*00 
•27889*00 
•27889*00 
•27889*00 
•27889*00 
•1*834*00 
• 1483<«*00 
.1*83H*00 
• l«83«t*00 
.U83*»*00 
•1*83H*00 
•57783*01 
•57783»01 
•57783*01 
•57783-01 
•57783*01 
•57783-01 
.57783-01 
•52771-01 
•52771-01 
•52771-01 
•52771-01 
.5^771-01 
•52771-01 
•1*332*00 
•1*332*00 
•|&332*00 

-•10000*01 
••***67*00 
••33333*00 
•00000 
•33333*00 
•66667*00 
.10000*01 

••83333*00 
-•50000*00 
••16667*00 
•16667*00 
•50000*00 
•83333*00 

-•10000*01 
-•66667*00 
••33333*00 
•00000 
•33333*00 
•66667*00 
•10000*01 

-•83333*00 
-•50000*00 
-♦16667*00 
•16667*00 
•50000*00 
•83333*00 

-•10000*01 
-•66667*00 
••33333*00 
•00000 
•33333*00 
•66667*00 
•10000*01 

-•83333*00 
••50000*00 
-•16667*00 
•16667*00 
•50000*00 
•83333*00 

-•10000*01 
-•666*7*00 
-•33333*00 
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•♦•» 
MS 
H* 
H7 
<I8 
••9 
60 
51 
52 
53 
5M 
55 
5« 
57 
58 
5« 
40 
«1 
«2 

.1*332*00 

.1*332*00 
•1*332*00 
•1*332*00 
•27381*00 
•27388*00 
•27388*00 
•27388*00 
•27388*00 
•27368*00 
•38HH3*00 
•38HH3*00 
.38HM3*00 
•38HH3*00 
• 38M<«3*00 
• 3BHt(3*00 
• 38H'«3*00 
• <(9<«99*00 
•H9H99*00 
• <(9H99*00 
• «♦9H99*00 
•H9H99*00 
•49H99*00 
•H9H99*Q0 
.H9««99*00 

•00000 
•33333*00 
•8***7*00 
•10000*01 

••83333*00 
-•50000*00 
-•1***7*00 
•1***7*00 
•50000*00 
•83333*00 

-•10000*01 
-.****7*00 
••33333*00 
•00000 
•33333*00 
•****7*00 
•10000*01 

-•10000*01 
-•83333*00 
••50000*00 
-•1***7*00 
•1***7*00 
•50000*00 
•83333*00 
•10000*01 

ILCHCNT NODES 
8 
9 
10 
11 
12 
13 
I«» 
15 
1* 
17 
18 
19 
20 
21 
22 
23 
2M 
25 
2* 
27 
28 
29 
30 
31 

2 
3 
H 
5 
* 
7 
8 
9 
10 
11 
12 
13 
7 

15 

1* 
17 
IB 
19 
20 

21 
22 
23 
2«« 
25 

1 
2 
3 
H 
5 
* 
1 
2 
3 
M 
5 
* 
13 
8 
9 
10 
11 
12 
13 

I «I 
15 
1* 
17 
18 

0 
0 
0 

0 
0 
0 
0 
a 
9 
10 
ii 
12 
Q 

15 
1* 
17 
18 
19 
0 

21 
22 
23 
2«» 

17 
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25 
2* 
27 
28 
29 
30 
31 
32 
33 
3*4 
3S 
36 
37 
38 
3» 
HO 
HI 
H2 
H3 
HH 
HS 
H4 
H7 
H8 
H9 
SO 
SI 
52 
S3 
SH 
ss 
S4 
S7 
58 
S9 
40 
81 
42 
43 
4H 
45 

32 24 19 25 

33 20 26 0 
3H 28 21 27 
35 29 22 28 
34 30 23 29 
37 31 2H 30 
38 32 25 31 
39 33 24 32 
HO 3H 27 0 
HI 35 28 3H 
H2 34 29 35 
H3 37 30 36 
HH 38 31 37 
HS 39 32 38 
H4 33 39 0 

H7 HI 3H HO 
H8 H2 35 HI 
H9 H3 36 H2 
SO HH 37 H3 
51 HS 38 HH 

52 H4 39 H5 
S3 H7 HO 0 
SH H8 HI H7 
55 H9 H2 H8 
54 SO H3 H9 
57 51 HH 50 
58 52 HS 51 
59 H4 52 0 
41 SH H7 53 
42 SS H8 SH 

43 54 H9 55 
4H 57 SO 54 
45 58 51 57 
44 59 52 58 
40 41 53 0 

41 42 &H 0 
42 43 55 0 
43 4H 54 0 
4H 45 57 0 
45 44 58 0 
44 47 59 0 

NODE NEL MIRROR INFLUENCING   EICMENTS 

11 H 10 
H 

12 5 9 
5 

13 4 8 
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After the mesh has been verified, the program can be run without the 

ICHECK a 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 

the tables of generalized force coefficients (page 28).    The upper table are 

represents Q[. while the lower table represents Q1.'..    The output for the 

sample run is listed in the following pages. 

20 

^-i.;;-^.......-.:.  .-..^.-^^.:. ■■■.:'..■■■:   ...■  _ ,iv.^^.^..-v^^.-:.<:^^ tv.w..^..v-^^.,.,,;%^^^^ •TiiifliikiiilMiliBl 



wmmm**"w m wßifKmmmmmm J.WIÜII|UIMiUlili^|^^«^i|«iM.> . ■ i iiii..i..iiii-)«ii .1    •mm»<mmmm™ 

o o 
oo 
• ♦ 

oo 
* in 
m m 
<l> » 
» t> 
a» » • 

o o 
o o o o 
o o o o 
•   ♦ ♦   ♦ 

o «> < 
o n i 

o 
o 

JO o 
IOO 

oo 
oo 

a » om ■» -m ■» 
o » o<K — — ■» 
» o o"" o o^ 
«n r» o v o o « 
» ^   OO A #1  fN* 
• -• Ort»   « #^ ^ 
9 •   O»   « « ■ 
* « o* r » ■ 

i» o n « o « 
O » i 
o « r 
O or 
O^- ' 
or • 
o — • 
O « I 

■ o •* 
I O f* 
I o ** 
■ o • 
• o » 
I O  M 

— «1 - ■» o 
o» n  oo 

»^ • •   V o 

oo o — 
oo oo 
♦ ♦ ♦ • 

o 
o 

<ir a» 
1 iTlH 

*■ n"! r o«« •• # 
— r«"> no»»»0 

- «<■>»   O —»  —^ 
O» 

. o" 
I o - 
I o" 
O» 

• ■ • 
c o» 

Or- ►   ■• 
o» — * * o — 
o a «•« K c o o 
o —— "• - o «1 

Q V 

•   I   • •    It! Ill* 

___.       — .. _  o       O—l»—        — 
ooo    oooo    oooo     o 
III     III*     «III      I 

om« » oMMiniiiOK» -m noiA 
om * oo^oororyimmoM 
oin a> ffwoovr ooinom» o •• 
0<X»»«0-«f»l"   —CN««»0« 
o» » —O"'*'«MO—"»» oo r 
oin in • o*> vrvONOf»i<noo 
o— — ••o«r»MQOrnroo 
o IM «M v 0**111—o — ifl» rofi •••   ••••••••••••• 
III illl llll I 

o coo 

, — » 
. •  • • 

I I I 

— c o - 
00 00 ooo o 

♦♦♦♦     ••••      •••z 
r o^ in o* 1111'1 o o o** * •" 
-.•r   -O"  N**   O* ON~ —B a «.o-ar'^o—*.•<••<< 
_-._   MC»   ••«   •■<"•**£ 
in«« ro» oo^o^i»» 
—a a -»a* — - a oo'Kin 
o»» •■ o» **• o op a« 
o»i»«i NO"« ——•<• oe»* <"•"" 

III 
• • 

o * 
o r> 
o N 
o a 
o » 
o *» 
o a 
o — 
o a 

C3 
• • 1 • IIII 

oooo 00 
ooo 000 
♦ •♦•♦♦ 
M m o m Ma o» 
00M »»in oa 
»»» OOMO — 
A m «n ^ K r   OO 
Iftill«- Kf^OOiA 
rr» «aiAO-* 
o o» » » » o» 
»»■ a K a oa • • • 
111 

) OO ) 
I 00 < 
♦ « < 

a r M a r n — 
— o 
— o 
r o 

»a ■ 
a» < 

00 
. n o 
r o 

1 « o 

o 
o * 
a o 
o o 
<•» o 
F> o 
NO 
» o 
r o 

1  • 1 •   1 1   1   1   I   1 

000 000 
ooo oa & 
* * * ♦ ♦ ♦ 
— — *n MM ^ o 
00» «n — o 
^ ^ a » T — o 
aa a aa » o 
MMK — — "> O 
M Milt MM — O 
min in aa •'• o 
» » » V • * c • •   • •  •   * • 

00 
00 

. 00 
I o o 

M a 
1a» 

^ m » M — 

r «1 
oa 
• o 
r ► 

oi »m — 
r —• «t 
• » N - 
a » — - 

f» o 
O o 

ÄS 
m a 

r o 
K O 
n o 
— c 
— o 
00 
M O 
V c 

oooo      O OO 
I I 

O O r»    — — M  C- ^ 
oca NMMOA 
OCtfl   MMOO» 
OCM aaa OM 
oor ——Moa 
c om a •* o» 
00— ——in or 
o O'v »ra o» 

n» 
o^ ■ 
n —1 
inK • 
ao • 
««tn b 

o o 1 
*   1 
o a 1 

M o 
oo 
» o 
M O 
K O 

I 
■n o 
M o 
» o 
a o 
» o 
00 
00 
« o 

IOO 
' ♦ • • » — 
• «If 
• —a 

1 in a 
-—a 
>o» 

00 • « 
MM » » 
Ml» 
r » 

— ——0—00 
o oo a o o o 
♦      ♦♦♦♦•♦ 
« o» • i*m * ** 
m oorannc' 
a 0"• » a M K 
» o —» o a M — 
» o* a » » r K 
» o — —^r** • 
r o* a a a a o 
M oM<«#nM<nr 

O o 
•■ o 
— o 
» o 
O o 
— o 
— o 

o 
o • 
N O 
a c 
» o 
.1 o 
a o 
— o 
a o 

• •  1 1   1 1   1   •   •   1 11   1  •  1   1   • 

> o o 
> 00 
> * ♦ 
I M O 
> O M 
■ » * 
1 m m 
1 in » 
■ r » 
>o» 

0000 00 o 
or o e00 o ******* 

o» K a a MK » 1 
o » » » a M» » 1 
00MM— .nraf 
o^vinoinMoi 
c r> o a "> a» •>• • 
oa in c - *-a » 1 
o» » or —in — 1 
o a a «■» • —in a 1 • • •   ••••• 

1 1   1  1   1 1  • 

o 
o 

00 
1 o o 

« ♦ 

0 oooo 
1 llll 

oor*> or a r M 
o o a o om o — 
o om OM o a » 
00M o a a m M 
oor o — M r• 
00m oa** **>» 
00— o—mr r 
o OM oraMr 

00 
1 1 

t r* m m TO 

a a 00 
1  ——   M — 
■    •   •    •    • 

llll 

I ——   —N 

OOO 
O OO 
♦ # ♦ — —•» 
oor 
^ K a 
aaa 
MMK 
M Mm 
m in m 
r r r 

1 o o 
) O o 

oa 
00 
or 
oa 
o- 
OM 
oa 
or 

r M 

— in 
►•  N 
r — 

-—  O Q O 
0000 o 
• I   * * « 
K» on o» 
r M • r o r 
*» r m — o M 
r« — K 1^ o x- 
r n *n r on 
or a • o m 
aa o — o M 
r a M M o M 

o o 
o e 

00 
oo 

CD 

oo 
I I 

1 r o» r » r a 
1 m oa r^r. nn 

r>m • 
oa 1 If*   O O K «> 
mr> o o M r r » — 

I  I   1  1   1 • 

—^  — o — — —   M f^ 

om 
o- 
or 
OM 
or 
oa 
or 
OM • • 

1 

1e c 00 o c 
♦ ♦ ♦ ♦   ♦ ♦ 

O o 
1 O o 

oa 
oa 

r — 
r r 
» a ' 
M» • • 
1  1 

— <>» »oor 
oa r r o M 
a» • — o r 
— o » n o r 
a» a » o — 
— p. — o o n 

• 00 — 
— MOM •   •    •    • 

» r 
r r 
r r 
m m 

a o 
a m 
om 
— «n 
»« o 
• m 
a "« 

000 
000 

o o 
o o 
♦ ♦ 
m » 

1 o r 
m o 

ceo 
ooo 

oooo 
oooo 

m m r 
r r » 
o o» 

a K. » oa K K a 
» » a oa a a K 
«•IM- o*- » » m 
m r o oa oor« 
a o m OM a a r* 
o m — oa mm« 
o » » oa o om 

o o 
00 * * 

o — 
or 
OM 
OO ' 
o#n 1 
or 
01 

z 
o 

OOO O O O o 
000 o o o o 
*   •   4 ♦   ♦ •   ♦ 
— — - Ma »■ » 
00«» o N r 
t» x. a a r m — 
aaa aa -» 
M M^ K — a m 
M Mm m M m — 
m m m ma NK 
r r r r r — r 

o 
o « 
a o 
ao 
K o 
*■ o 
r o 
00 

o — 
o o 
• 1 
r — 

■ • r 
r » 

— o 
0 o 
1 * 
— » I — » 
*•   M 
r* r« 
o n 
m m 
r M 

) o o 
o o « * 
n 1« 

Cr» ( 
Oo 
O — 1 
em , 

in 

o 

111   1  •   •   1   1 1   •   •  • 

oor 
a om 
o OM 
oor 
00m 
00 — 
o ON 

OOOOO      OOOO 
• •III     •••* 
m » » a tt om — — 1*. 
a o o m n or a a » 
m M a or 00a a a 
Mam aMO—MMm 
r— »MaoMrra 
man^.» or — —^ 
— — » mroMr r M 
Mr Ma» o — « « — • •  •  «••••  •• 
• •III      •   •   •  • 

OM 
ON 

O» 
ON 
Oh. 

• r 
"i m 
mm 
o — 
— » 
K N • • 
• I 

I 
O 

— — ———o — — 
OOOOOOQO 
«♦♦♦•♦♦♦ 
r r 1» om • o • o 
<*nr a — • o 00 
— —a ar » »> • o 
——-—MM»—o 
mmaar —r"o 
— —a a a r r — o 
00» » » a » » o 
ninMMM»NNO • ••»••••• 
1  1 1   1 •   1  •   1 

-00-     - 
O O I 
♦ ♦ ' 
O» ) 
» N I 
K M ' 
a a ' 
a — ' 
a o 

0 

oi. 
St 

, Or 
3 3 

OO 
OO 

oa 
m a 
m o 

21 

; ,;.,.-i.U...;. J».».^.,^.:,,.,^.- .i:.«...!^.»^^.^.»...«-»...-.-...,.....;.:  ...i^iiiji.^»......^^.«-!......!,...^   ■ -Hi .111 n 1 n 11.     miiimlf ■'■-^"-^ in 1 ■HUI mlliMiilM 



i^mmi^mnu> iii      'mmmmmmmmpm'''***immHimw',!>«1-^   '   ■ ••'uwiimmviiimmmmiwimgi'**''****' l•■.•*^|u■*'   mi JI. ■>■ J <■«»«»'«».»»«w ■"" •."'.■ 

n f^  « « o» » 
n v » IT 0*1? ~ « « « o o v 
« tn ir »r ou» » 

o o     o o — o     o 
o a     o ct c  o     o 
• *      • ♦ i   ♦      • 
» OO—fMO^O» 
« «  0(D » r^    OO' 

» »   O^- rf rt f* o ^ 
* f^oa »tit —ott1 

— » o •*» —•  r* o  — 

Cl o o     o — — o o— — o       o 
o o c     o o o o oo o o      p 
«»•     «II« «II«      • 

cm r* r~ a* r* r* » o »-o ■ — o — 
on m » o * <l> J» » o —• •'••9 2 
a»   o• o»* —-«»po «^ —• o^« 
o* t* * o* ** r* *ta —*• «• o tu 
Oo rt  MO^  P» I*  n0  •'*•    <** O O — 
o^1 « *n c *r • «   MO  r»«i   »»   o — 
on in»o—•»•o*'0"*0"' 
o« w —o-*« M0 "•***  " ** o -• 

I    i i   I ill i   I   I   I 

— —  —      - —  -• c 
o o c c.     o oo o «   « «  « 

o a 

-, o» *   * 
in   O ■« Jl 
-* N — in 
«. <n m is 
tn n <n • 
— iP i/i 
oiT «f* 

o» 
OK 
o« 
cm 
O "• 
o« 

,o* • 
, o-i 

o o 
o o 

• on —4 at o < 
fN   O« —«   N O   i 
o o r at — N o 
— ci*- • v a* o - 
o o — r ■# »■ o 
o ON «« • o ' 
•• on » o « o 
V  o» —— « o •   •  •     •   •    •   • 

I I I  I 

o o o 
III     III 

OH) IT r> O N • V 
Olff  •>• »   o »  ■• •• 
an f> • o — « « 
O» ■ ill O ■ » " 
or * n o *> « ■• 
a« ik K o r » i> 
o« N « a «i N M 
o-« *o« — > • •  • 

I  I 
• • 

NO 
at o 
«o 
K O 
— O 
no 
» o 
v a 

OCr 
I  I 
♦a» 

co 
i  • 

KO 
o— 
n— 
MM • • 

• 
OKI 
a ai 
o» 
Ol« 
o ■• 

i o w 
Of 

) o A 

O O o o o 
o o o o o 
« «  « • « 
o a N »ll>l 
m in ■ « « 
n n ■• « « 
n n » IT tfl - -• •0 « 
*   O   Jl «K«n 
r« f« r <• ■ 
IM M m e«<v •   • • •  • 
i   I   i I   I 

(      o a — o —o 
i      o o o o oo 

♦ ♦ t ♦ I « 
o r » • v ON 

■ O r* tit r 9- K »■ 
o » ^ »" •■ «>■» 

i o •• « ii> — r #■ 
» o i^ * — — «a» 
t o «n« • "« wi» 
t O » ^^ « rf* 
I O m M « m • — 

■   III   I »  I 

o o 
o u « « 
MO » o 
— o III o 
r o »• o 
oo » o 
NO a 
n o • o 
» o oo 
N O •• o 

oo 
oo « « 

oo 
1 oo 

UIKI 
or 
oo 

O Ol 
o n i 
ov 

i oo 
* I 

MM I 
»r ■ 
v« 

o-» 
■O N 

I   I    I    I   I    I 

— o 
»f 

• n — 
— ■« 
«■• • • 
i 

o- -- o 
oo o o o 
♦II«     ♦ _ ■am oii> o —o 
JIT ■• JI o o o 
— n « o *> o 
K« » • o Ki o 
—N • n o — o 
—r • » o — o 
i»^ o^ o --o 
nn  M » o - o 

mm ••       — O OO 
> o o o      O O O o « « « « « ♦ 

ill in n • • 

lAirr ONifltii« 
««MOnN — o 
i|ll|)'«0*llivill 
NN« onn<« 
mm — a -cm* v 
nn«o«r«- 
mm -0   O   OK»!« 
NN-o-ni«- 

oo « « 
4 — 
■« — 

— Ill 
r « 
* T 

o oo o     o oo 

n o 
N o 
N O 
■r o 
• o 
N o 

M  O 
» o 
o o 
« o 
— o 
« o 
» o 

—-• ^; o n o 

« I  I    II   ■ 

■   I i   • 
OO  O f K   NON 
O o — nn »on 
oo«»» —on 
oo ■» —— m o» 
oo ^ —— n o n 
oo« ■»■• » o — 
oo » oo no» 
OO — MN «ON 
■  ••••    ••• 

I    I   I     I I 

n» 
MH 
»i« 
ON 
»•A 
• n 

oo 

i-iii 
l»N • • 

I O 
I 

i n o 
i • o 
» o 

■ — e 
I N  O 
• III o 
.!>   O 
i n o 

in o 
« o 
r a 
r. o 
■e o 
n o 
i* o 

O O I 
O O ' 

o o < 
in in i 

o o a o — o o 
o o o o o o o 
« • «  «  I  « « 

i o« om » • » — 
o* Tininrin« 
o« » n » » f» « 
OJI N« «in «n 
o * o m*> —<f 
odi in in n • • « 
o« n — » K ■• n 

i oNn — n»Mn 
-   -,••♦♦••• 

III     III! 

O» 
o« 
or 
o — 
or 
OK 
oo 
cr 

oo 
oo « * 

r r 

• • 
i  i 

oo 
oo 

in N 
p» in 
om 

•   i 

o o — o 
o c o o 

I I I 
_.*.. — — o — o o o -•——— — 
aoo OOOOOOO ooooo 
tit      «««♦««♦      ♦«««♦ 
• r N o — •»•• -«ininn  on MM ■• ^ 
nni- ouirt'iM-M« OBinm  oo 
~ — ~ o* -em •» * Ji r   oin r r  « o 
M—n ON«»  n-«ni^   o— -•— "•f 
m JI n o« —n«»«— ooin« "•■ 
--* on*r ««rN or-   nn  N» 
oou) om«" o»r;2 2r'*•' M'* nnMON—— -"»"•  o— —— N — 

oo - 
oo o 
« «   I      «  «  I  « 
— — ff    OK   » »   « 
— — ••• or r — o 
in in i- a« ^ N « 
m m ** om K o n 
O O •    ON   « K K 
M M r on r « N 
oo n or  mm m 
r r n o— n « — • ••••   •«• 
ill      i   I  I   I 

a    o oo o 
i      i   i i   i 

OO O OK   N* o 
O O — O»   in rv • 
oo « OB m — — 
o o « om « n « 
OOK on r o« 
oo « OK » N m 
o o r o« NO« 
OO - O«    N— - 

— o 
oo 
I ♦ 

• c 
O-" 
F> r 

e o « 
»o 
— O   I 
to 
mO   I 
r-O i 
KO 
KO  < 
—o 

i n n 
o e 

• r r 

oo 
i   i 
Nn 
m o — » 
r n 
N — 
m o 

coo 

» n 
m K 
i»» 
N O mr 
n« 

»o i 
»o 
no i 
NO   i 
KO  i 
oo 
no 
no 

. o o 
I  I 
r r 

( n n 
i m in 

r r 
i m m 

oo 
i  i 

• » 
• o 
— r 
r N 

i  I  I 

o 

o o 
t o o • * 
l O rt 

O C' c o o 
ooooo 
♦ ♦ • 

o o 
o o 

V      , -        - - ♦      ♦ 
»r*.   tT   3 » 03T 
O »   *» *   ^ O««*! 
K«   «*    » P^f' 
»IPSN-OO^M 
9 «   — O K O »   O 
lAiA IftlT  «n O^t « 
y «•   —*** » 04 — 

•  •   • 

■    •   ■    ■   • 

oo 
oo 

t •  • 
• • 

OIS 
o — 
o» 
oo 
ON 
om 
o v 
or« 

ut o 

I •■••••  • 

oooooooo     oo 
♦♦«♦♦♦♦♦     •• 
T    f^     M  O 9^   ^    N   O«   • 
fifn^ ©««'^'••or»»- 
— — — M a» • •• ♦ a o — 

«■-«tit   tfl"*   *   ••   *   D   3 *■ 
OOU»ü» — ^,',* oo-«« 
rttNMN   — —  —O»  — 

OO * * 
ON 
ON 
OtT 
D« 
3N 
oai 
ON 

o« 

o i 
ft 

-o o     c o 
o o u. o c o oo oo o     a oo O 

♦ ♦   ♦   ♦ 1 * ^ N OC  K   «Jt »»3 3» r^t-» a a jt 
out — r n o» r 

r »n or in Nl*. o-  o t/i rr * 
«n o N ««n Ol^ »ON rr »*. 

r. < r«. O N a» 
«r - ON -« or 

oo n nn a* — ♦ o« jttn r 
■r » -• N «r «n NON • •   •   •  • • • • 
tf» III     1 i i 

«MM    rt               — Mt«« _ m im •• 
o oo oo o     o OO O o 

III      I 
o o at inr ■•NNO« rr <B On 
OO K Jt« *> jt n oiA a 

j oo r»> nn — ji no* *•<• N 
mm r O»*" • 

M o o * vr» or n c -" -#■• « 
Nr — o « nn « 

J DO NtflO ON r o r •• c O^ 
& OO <• -«M —N N c r •   •    •   • • 

i    ■   ■ ■ ■* ■      i 
• • • 

1 1 i 

22 

*—" •      -    — -  — —  ■ -  -- - ■-—~ 



IW|I|WMW,IPPI'UII     '  i".''im",»^lWWHWM|M»iiui I'»'   .1 .■■PUI JUBUJ.wiLWJiiiimii"  ■»HI.. ti. um WJHiil..il.|Mmnnii  I    .1 1,-1. .i., v m*.:„.Mmmw ■•    ...i.ii.     - — 1—^ 

on 
o — 
o» 
om 
010 
or- 
o — 

II      til* 
r>4 «t OM r r • 
• K Oil* ill *P V 
K «■ Olli o o^ 
•n r o -• • • ui 
m T o« » » ji 
ir o om o o o 
« « om — —« 
• t or n n M • •••••• 
■   ■      •   1   1  1 

o *\ ' 
om ' 
o -c i 
o» a 
ONI 
O fV t 
O — I 
a — • 

o o < 

ao 
o~ 
ON 
a — 

i a    o c o o     «1 
5 c    o e o c     o 

•     «   * « *      1 
1 9 or in int^ on ■ 
j •• o»  r * N o o ■ 
I •«   O^   « ■•  o O N < 
- « o^> nnoo» ' 
I f» o*  • • »*  o •• < 

O OI » * •  Orfl .. 0 ^ 

l ♦ O I 
«-o . 
I 00 I 
■ r- 01 
'«01 
1 • C   1 

• — o 1 

1 o o 
; O O 

OOO OO o O 
OOO O O o O 
♦  ♦    ♦        ♦    ♦    ♦    « 

o-m 9 m ON F- * *i a 
0mr* m 01 ^ K « 0 
o* ■• » or n n 0 o 
o"— NO«OO—o 
o«*^ » o—oo^a 
o»» c o» « n ^ o 
or *" •■ o* in if. »■ o 
Qf- »   NO — —   — —O 

OOO) 

OlW 
1» 

0 o 
1 I 
" o 
— a 
*  N 
in ■ 
r n 

K n ^ o a N 

o 
o * 

o ►■ 
o m 
c • 
o • 
o « 
a r 

o — 

o a 
> K  OO — —»   Otfl —«• 
I m on n n ■% o^»--«- 

1 o « 
I o« 

O N 
o « 
o r 
o» 
o m 

o«" • ON « ■• r 0 
0«UI   9 0« » » * 0 
O-N   - om « « r 0 
o«»- • O« ««NO 
01A10 n Olli « « O O 
0»K   » O» O or. 0 
o'- 0 n 00 0 0 OO 
o~- - O—N NNO 

OO 
i I 
on 
ai« »• »• 
Nr» • « ■ « 
«in 

— * 
o o ooco. 
«• 
r m 

o r 
om 
o o 
O N 
O « 

.O-O O- O- 
300300 Oo 

*    I    *   *   I •   I 
lO»««NO«— 
• in • inuiin ON^ 
>« —^r^in o r» • 
1« ©■•«-'Oinr 
! -   _ N N«   O -« 
«•• •• « «in o N» 
IN   — » »•   O «« 
«N _ — —r o —«n • •   •   • • • 

0 o 
1 * 

f» in 

o o 1 
■   • 

r • 
«N 

»■ »« 

N in 

1 1   ■   1  1 1 1 ■ 

o — 
00 • * 
O»   I 

« o « « 

,_ — o      OO 00 
) o OO       00 o o 

♦ ♦ ♦ ♦ ♦ ♦ ♦ 
mm* ONn 00 
o o»  o « o * — 

■ o o^ o »» —in 
3 m in»- c««»« 
■ n«» 0-4»  » n 
• • « o or  » — 

t ooooin» r » 
. ——« o «n — ^> • 

00 
N O 
mo 
• o 
OO 
90 
— o 
— o 

• o 
— o 

f» o 
■ o 
N O 
• o 
m o 

OO 
ao 
* ♦ 

OO 
00 
♦ « 

0 0-r- o ( 
OOO 00  o I 

r   N«   NNNO««r. 
o« 

. rm 1 
• no 1 
1 mr 1 
■ ro> 1 
3 or 1 

o — •« a— K 
1 Nr o r om «r r 
1 irm o • r m »m * 
• — o — o« * r — 
K»  o r» r r »f- « 
» r a » o* »m • 

I III — O N — «  «• — 

« O 
N O 
O O 
m 0 
r o 
r o 
« 0 
N C 

^ o 
« o 
• o 
■ c 
«o 
N O 
» o 
— o 

i 

o o * * 
<• o — « 
N «   U   O0   C 

• 01 
n o < 

•  • 
1   • 

m o 
00 
^ o 
r o 
«o 

♦ o 
r o 
» o 
« o 

OOOO       o 
•   I  I I      I 

ooor rN or* 
o or • ■ < c • 
O ON «   • «   G « 
c or 4 4 « o» 
o 00 K ^ m om 
00» mm» o ■» 
o om K rv o o — 
o o« N N — o « 

00 Oo   o o 
• fit 

■•« 

r r 
«m 

o« 
m« 
N r 
— — 1^ r  i" 

• o ^ » 

o 
o 
o 
o 
o 
o 

m o 
• o 

o 
I 
r o 
r- O 
r> o 
r o 
• o 
OO 
N O 
m o S 

OO — 
OOO 
* *  I 

OOOOO 
I *  I   • • 

. o «• ■• 
»^ IK a OK « r 
n « — o — — r» 
000 or « » 
mm — o r o « 
o o r o o« • 
O O — O« N N 
— — — o r — N 

— o 
00 
I 

r r» —« o o ' 
—r r* m o •   ' 

1 00 1 
i  1 

Or. 
r m 

r » 
«N 

O N  I 
o m • 
o -• • 
O N ■ 
O N ■ 

O o 
<• r 
— o 

■m r» 
n m 

1 00 
1 OO • * 

1  NO 
1 or 
n» 

> or , «- 
1  1   1 ■  1   ■ 

00 o r — o 
00 c o 00 
* * * 1  • * 

o «m •« « r> • 
O —m « N « • 
or* o m« o 
o N« r omr 
o r m om n o 
o «K »• « » r 
or r « m < o 
o Nr — — 4 — •  •••••• 

1 I       II 

No 
Oo 
« o 
r o 
r o 
"■o 
«o 
N3 

' o o 
I o o 
♦ * 

o — 
OO 
* I ) • ^ 

■ « m 
t o r* 
' • r 

■ r 
• Nr 

T T 
OO 
mm 
00 
00 
r » « « 

i 
0 

— OO O OO 
c OO O OO 
I *   *    • *   4 
K or N r NO 
• or m « «r 
N o« « — —— 
o o « — — «r 
— OK- « r —r 
r o o« » Nr 
c OK K « «r 
r o« ■« N r K • •••••• 

Oo 
♦ I 

r — 
r-m 

o r 0•' . or ' 
o K 
o O' 
o r 
or 
o « l 

OO 
CO 
♦ ♦ 
I« « 

o a nt ^ —  — ^ 
0 OO O o 
1 ill! 

o 00 o«-■"« 
o or o r r r « 
o ON o — r * • 
o or o a — r r 
o 00 o «« o r 
o or o r • tfi « 
o om o « N ■• r 
o o« o —« — r 
* •• ••■ •• 

1       •   1 

- « _-   N        -- . 

■• N 
• K 
< a 
m m 
r N 

Oo 
m o 
» o 
r o 
NO 
• o 

) e e 
1   1 

1« « « « 1 N N 
> K   K 
' m m 
t   K   K 
1 N N 
>m a 

o - 
o c *  • 

K    « 
N K — « 

O 
O 
z 

* I 
om 1 
m r 1 
« r t 
« m < 

' m m 
'   «  K 
1  «   — 

— ■» 

r r 
OK 
or — « 
«c 

« m 
o — 

o— — o     o 
OOOO      o 
»II«      * 

O  • N N  O OO 
o r n « K ON 
0 K IK K m om 
o m« « K or 

•o mn n « 00 
o or r m 00 
o «r r N o — 
o —m m N o— 

o o 
r ■• 

m « 

o 00 c m c o o 
o 00 o o o o a 
4 ♦ ♦ • 1 ♦ ♦ ♦ 
Nrr«Kmm« 
o «K • • « m — 
r —4 or N o « r 
n —— N r r « • 
m tfiK m N o m — 
T —r r ■• r K f. 
o or r a « r r 
r «r KIT — rN 

o« 
om 
CO 
o — 
OK 
OK 
or 

a o o 
■  •   1   •  •  •   1   1       i • 
..OO—OOOO        OOOO o o  "■■» 
OOOOOOOO        OOOO O O  o 
********       ♦ ♦   ♦   ♦ ♦ ♦   ♦ 
ror  o ■• r NNoKKKr o«o* 
n -c oNr«m«oNr rr o« m n 
— N«N——«ro ammr om « m 
— ———r — — «ooattK o-r — • 
mo«——r «-TCK— — ooor.m 
— m m o n T « 3o • — —* OKK K 
o««a««KmorNNr or« — 
n««——N«mo«»r« on r « • •  •   •••   •••   ••   •• • • •   • 

1                    it ■!• 

0 o o o o o     o 
1 I   I I   I  I      I 

OK « o — — K or 
om « r r r • o r 
ON — Mr  r « ar 
o— N «r —r ON 
OK m « o « m o o 
OK » « Jl T « "3 K 
OO K  K *   N _ o O 
o— — m — « « o 1 

Co 
00 
♦ ♦ 
KIK 
rr «« 
mm 
00 
rr 

00 
• 1 
mm 
NN 

o n 
o ft 
o o 
om 
o r 
c T 
3 « 
ON 

00 «« 

»cm 
• o« 
1 or 
»or 
1 o « 
» ? » 
1 o m 
»OS 

I   I I   I 

— c 
0 o 
1 ♦ 
K m 
m « 
K o 
r m 
K   « 
m « 
r m 
r N 

— o 
0 o 
1 ♦ 
« r 
«r « « 
■• — 
— N 
« K 
K N * — 

23 

I 
■   TV-1 ■ inii.-iii B(irtrtiWB";-'"^MM'"'';'"-'*^'"'"ti»lltliM^^ ■"""^^■■^^^liiiiliaiiiMliii-iMii ÜÜt 



wmmmmmm imP|RmiilP'ra)W«"'"(lWMIHH«ll-' »..•■....^,-., ,,,  y IJ..>,.I w..,. ,     „i    i ni!   mi^nd   ....,.;....,..,        ...wu.,  ,, ^ ,.,, .1   . „„  .  ^.—-^ 

o o 
o o 

CP-    ,«1»  o •• • 

00 ! 

or« 

10« 
'   O UM 
to« 

« _     o > o» 
OO      O   J o o 
II      * •  * • 
« n o« • <<*■ o 
t« <M o« » n" g 
riflO««'« — O 

iir«cii>«ir««o 
»   — O IM «'>«»*   o 

t iti m o —r nr o 

■ 

a o v 000 
• * • ♦ ♦ ♦ 

fll »••9*12 
a« 
o» 

o» 
ON 

( O rt 

• o •• 
■ o» 
I o o 
I o» 
■ o • 

it  IP « <• 
« HI 

I     I     I I I 

o     — o o«"> ( 
O       OOOC i 
*     I * • I < 
o om o « « o« 
f> OlO « «• ■• oi 
O O •• — N ii> o • 
.. o« o » r 01 
.* OK •* N — O ■ 
.M o v *■ ^ <n o 
« OI» N K 4 O ' 
r or» '•NNO 

I 1 

00 — 00 
00 000 
* *   1   * * 
K—   ^  K K 
+ a ji r r 
JIK m »^ •"! 
m«  _ NN 
I»N « —— 
ON  » •• 
an/» in 00 
59 K nm 

00 000 
» ♦   «  ♦ ♦ 

Kn e, » » 
n— K —- 
O- »   NN 
«in « «'• 
O-- K KK 
OO » »» 
-n r -- • •   •   • • 

1   1      • 

—     o — or o 
0 O O O O 3 
1 * I « I  * 
« o o»a » NI 
M o K in —• 5 ■ 
• O N O» • "7 
« o « on« ■• 
« o -•» n« K 
in o Oi« r * * 
• o « n» n » 
K e -111 -- •• • •••••• 
1 • • 
o ooon o 
o 00 00 o 
• ♦ ♦ ♦ 1 ♦ 
«. o n v r ai « 
p.  O » •   ON N 
n o n»«» N 
« o « m «i» « 
a OK-K — N 
OO N« «K   ■* 
» o K n N — »• 
r o » n N — N 

0 0 0 
0 0 0 * * i 
« r O NO 

ONO 
w » O« O 
« N O» O z« o«o 
• — OHIO 

• mono 

o o 
o o 

— o 
OKI — » 

o« o 
o» o 
o -e 
OK 6 

K » o eg 
N » « • o« o 

00 - 
00 o 
• • I 
••» K nn 111 

«ill « — — • 
00 oi 

oo-mo-o     ooooo 
00000cc     ooopo 

oi o r •• « ► • o - m in « * g; S;« » - « « en) • • K K 
o- • » »► ON OK n n o« 
o«»n«no« gNNN-« 
O04«il>n»-0» o on« 
oinnr^^nNgo——»K 
o—Nnn-in-ONi«*«" 

_.- o 
00 o * *  * 
*■• » 
Jtifi N 
K K ^ 
OO » 
OO « 
—-• K 
OO 9- 
NN   » 

O — 
o — 
o« 
o« 
o» 

■a O t 
OO 

r •• 1 
in K 
N O 

' O O 
3 O O * * 
1 » » 
r o W • « » 
>•• in 

■ N ni 
1 N ni 

—     o o o og 
0 o o o o o 
1 « *  * * * 
• o« o o » « 
in o o — — r K 
« OK N N m O 
<• o O • • r »< 
K o« « « N- 
r on N N in« 

- 1 » » o — 
1 in m» n 

K 

X 
O 

Z 

OO   O 
OO o 

K in n 
«m • 
NK « 
N O ff». 
*•* N 
» — N 
■ • • 
I I 

OO o 
« ♦ • »« 

O«  — 0 

0000 
«II* 
» n r 0 
— in « n 
K n » « 
o— n» 
• o •• ■• 
» » « m 
K ■• » n 
nK n N 
• •   ■ • 

1   1 

— r o - 
o o o o 
♦ 1  ♦ ♦ 
« O NK 

O -O 
O OO 
*        I   * 
o o n K 
K  OK — 
N C NIT 
« om T 
— OK» 
OON» 
■• O —— 
— o« n 

00 
OO 
• ♦ 
K _.   O 
-m o 
mK o 
»NO 
»»  O t 
» — o 
— O O ' 
nN o 1 

000 
o oo 
♦ « ♦ » «« 
K K K 
» « O 
N« — 
m« n 

■ 

t.     nK _ •-♦ ~ 
_ n » « — » r 
-o o 
m m n 
-o » 
00 r 

«- » r 
»»Km 
« n ON 
a « NK 
»» m » 
«1— » - 

o 

O        OO 
o      OO 
♦     ♦ ♦ 
n o 0« 
» OK n 
n o ON 
« o —« 
K O —• 
M o — n 
K O« N 
» O » » •  • •  • 

I I 

OO 
OO • • 
• <• o 
no o 
NK o 
• o o 
• « o 
nn a 
Nn o 
»NO 

o o o 
000 

» K » 
00m 
mm» 
» -N 
» « m 
» - o 
■ nv- 

\ 

■-■     -  ---         ■■--■   -        ■   —   . -^^   mm 



r mim raw, ... -   J.ip«.uiWflp»i,«.   ■■».■»■wmiJUWUJI.Ull.m.llUjy«!» vj^sm»»-.       ■..■..■, „,-,..,,..,,-■.-_,...,■, .._..:-,,.     , .vmijBji^iir ^.»r^r-r.7    '        ■ ........  -jNjgW! 

^ 

o 
I 

id 

i 

•• m t« in 
o o o o 
•     •        i      i i 

o 
i 

» 

« « ID m in mm w» 

o o o o o a n 
1 1 1 1 i • • — 1* o • »r « 
tit rt • n ■• • ■n ^ o in ■0 « M 
o o o • m m «M 

■» • • « iv r« an 
p        O O O O O O 1           •        I            •          •          I • 
•••••»•■ i» p, 
-       <v O - » rv » 
^        in O x _ _ N 
■•      •• » o HI o r 
•       •     •       •      «      •       ■ 

• i i       • i 

lil « in m m n — 
o o o o o o o • i i i ■ i ■ 
l/l » o » ■0 ^ 
o n o » » o • • M ^ ^ « M o in ffc N m « » <n • • • • • • • — •n «a m «n » M • i i 

>- 

o 

o 

IM 
I 

— IM 
O O 
•        I 

O 

m 

o 
i 

Is O 
O 
o 
o 

m 
o 
i 

S 9 9 <M M o 
O O O O O — 
• • i i II 
r o in r r n 
in » is — K m 
v o in ^ m in 
«■« — ■« «n » 

o 
I 

o 
I 

<•» a» — 
o o - • • • 
^ m K 
o « r 
K m <• 
a in n 

—      -•      m      IM 

o 
i 

o 
I 

o 
I 

o    — 
i      i 
«       IM 

^       m 

•0 
o 
I 

N 

—     » 
l 

«* «« IM mm IM m o o 3 o o o 
1 1 I • 1 » in mm o IM O •• • » T ^. K o » 

III o mm » K o •n • o m o IS • • m • • • » » mm IM o 
I 1 • 

o IM mm mm IM o r< 
a o o a O n n ♦ 1 1 1 1 1 i •• o •n ■c o « m ■ T f«. • r ■0 e <n 
n • m r « m » -» in o IM o- • • • • • • • • 
i* a- 

I 
*• <n IM r N 

I 

g ~ - - IM C ■• 
p o O o o - o 
1 • • III! 

.         « r r IM — <M » 
Z- m w is — 9 m 

^           ■• M O -• — is « • • • > * • • 
I ■ 

o M IM mm IM O ■c 
o o O o O o « 1 1 1 1 I 1 <n •n IM • IM •o 0- 
m « m • ■C o K » » a o •C m » 
IM O » »• n • m • • • • • • 
mm » • IM IM » ^ 
1 i 1 1 i 

IM « m IM * • o o o O n 
i i • I i » ■• is • O • 

IM K Is « O o 
K m ^. O r» in r n < « o •■ 

o mm M •« IM O •0 o O o o O o 
♦ 1 • 1 I 1 
IM T m m IM m ■ • r mm m O o ^ a « •c o m • tl'l 
•o IM o m IM ■ Jl • • • • • • 
n r « c • n » 

i i I 

u 
ui 
K 

25 

..i^.— —  ~—- ■   — MMM^M *mm 



imMmimmmmw'i    -™ „u i n.j.ummi*-■•"**"■"*■■'"■■"'i'm.nmm vvywrnt  :   ■       ■■   -—-     i\.mhm>,v■ ns»,»w> mi  -■ i«^^«^i9fi#iimsmifä 

LMSC-HREC TR D496650 

Appendix A 

SUBROUTINE DESCRIPTIONS 

„ „....,-1-.■'■■'■■■. 

^^^^.  ^- ■ '^"- —- ■--...-—^^^ -— — 

26 

**» 



PPffW"' ■'       ■ ;- ^i-.wwsfp'" " »WWUHi |»»-lJ'l1'WB)'"t?*   U -■"^"   . -    •'   .        —»m       -   -.    .    ■ -     T-^TB^pjEij^, 

Appendix A 

This appendix contains a brief outline on the purpose, method 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 

QU 
SGRHBS 

SGTRGL 

SINGUL 

TABLE 

1 
.1 
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PURPOSE: 

METHOD: 

USE: 

SUBROUTINE KERNEL 

To evaluate the reduced kernel function K = yo K/2, 
vhere K  is the supersonic kernel function. 

The nonplanar form of the oscillatory su; jrsonic 
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 

XO, 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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SUBROUTINE LGSPAN 

PURPOSE: 

METHOD: 

To integrate a function with inverse square singularity 
over half of the singular strip by extracting the Cauchy' 
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<^ 

F(n) HI* rj) dS 

eb{r,) - Unl n 

Ewifi 
with 

and 
% = H^. n) 

eb(r}) -ea(r)) Cb(r,) + ea{Ti) 
£.   = -= =  t   +— =— 5i 2 ^i + 2 

where w.   and t,. 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 

/'*' 
y-e 

EM. 
(y - -n)' 

,dy 

life  [l3(F1+F7)+72(F2+F( 

+ 495(F3 +F5) +(-1360) F4] 

For use in this subroutine, the above quadrature i« 
modified to 
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/ 

F(n)   (ly a 
. v2(,y      100 
(y - r?) 

7^Fi +72F2+496F3-680F4 

for the left half, and to 

y+6 

/ 
LLaL, 

(y-rj)' 
dy = TÖÜ7  [l3F7 + 72F6+495F5-680F4] 

USE: 

SUBROUTINES 
CALLED: 

ERROR 
RETURNS: 

for the right half. 

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

Input: 

X,Y Coordinates of the collocation point. 

XEL, Arrays of nodal coordinates of the half 
YEL strip. 

EINT Array of Gauss-Chebyshev quadrature 
abscissas. 

W Array of Gauss-Chebyshev quadrature 
weights. 

MAXINT      Number of integration points. 

Output: 

F Array of integrated values at nodal points, 

KERNEL 

None 
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SUBROUTINE POLYGN 

PURPOSE: 

METHOD: 

USE: 

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

The arbitrary triangular or quadrilateral element is 
mapped into a square region -1 < ^  < 1 and -1 £. r) < 1. 
Integration is accomplished by a repeated application 
of the Gauss-Chebyshev quadrature 'n 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, 
IANGLE) 

Input; 

X.Y 

XEL, YEL 

EINT 

W 

MAXINT 

IANGLE 

Output: 

F 

SUBROUTINE 
CALLED: KERNEL 

ERROR 
RETURNS: None 

Coordinates of the collocation point. 

Arrays of nodal coordinates of the element. 

Array of Gauss-Chebyshev quadrature 
abscissas. 

Array of Gauss-Chebyshev quadrature 
weights. 

Number of integration points. 

Number of angles in the polygon element. 

Array of integrated values at nodal points. 
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PURPOSE: 

SUBROUTINE QIJ 

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

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

Q..   =   -IT     /yV^.^NV.yMxdy.X^ 
n=l   A(e) 

where \^denotes summation over all elements, 

n = l 
f   are the modes, N* are the shape functions and 
i 
\^ is the elemental lift vec.or.    The real and 

3 
imaginary parts are defined as 

USE: 

and 

Q..   -   ReCQ..) 

Q"    =   1x11(0..)/k 

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

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

Input; 

NP Number of nodal points. 

NELEM Number of elements. 

NMODE Number of modes. 

MX Maximum number of nodec 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. 
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Output; 

QREAL Real part of the generalized force 
coefficient, Q.' 

ij 
QIMAÜ Imaginary part of the generalized force 

coefficient, QI'-- 

SUBROUTINES 
CALLED: None 

ERROR 
RETURNS: None 

u 
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PURPOSE: 

METHOD: 

USE: 

SUDROUTINE SGRHBS 

To perform the integration of • »^"C «W thl 
with the singular strip passing through either the 
left, middle or right node. 

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

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

SUBROUI'NES 
CALLED: 

ERROR 
RETURNS: 

Input; 

XNODE, 
YNODE 

XEL, YEL 

EINT 

W 

MAXINT 

DEL 

Coordinates of the collocation point. 

Arrays of nodal coordinai es of the element. 

Array of Gauss-Chebyshev quadrat-re 
abscissas. 
Array of Gauss-Chebyshev quadrature 
weights. 
Number of integration points. 

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

Output: 

F Array of integrated values at nodal points. 

SINGUL 

None 

1 
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SUBROUTINE SGTRGL 

PURPOSE: 

METHOD: 

USE: 

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 can be either 
regular or singular.    The integrations are accom- 
plished by calling another subroutine and the results 
are re-assembled. 

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

Input: 

XNODE, 
YNODE 

Coordinates oi the collocation point. 

XEL, YEL   Arrays of nodal coordinates of the element. 

EINT Array of Gauss-Chebyshev quadrature 
abscissas. 

W Array of Gau as-Chebyshev quadrature 
weights. 

MAXINT       Number of integration points. 

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

SUBROUTINES 
CALLED: 

ERROR 
RETURNS: 

Output; 

F 

SINGUL 

None 

Array of integrated values at nodal points 
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PURPOSE: 

METHOD: 

USE: 

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 «f i£ " i8 

singular or regular,    h or 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 SINGULIXNODE, 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. 

SUBROUTINES 
CALLED: POLYGN,LGSPAN 

ERROR 
RETURNS: None 
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SUBROUTINE TABLE 

PURPOSE: 

METHOD: 

USE: 

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. 

A stencil of uniform characteristic mesh large 
eaough 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. 

CALL TABLE(COEF, DELTA, EINT, W, MAXINT, 
DEL^MAX, JMAX, LMAX) 

Input: 

DELTA 

EINT 

W 

MAXINT 

DEL 

IMAX 

JMAX 

LMAX 

Output: 

COEF 

SUBROUTINES 
CALLED: SGRHBS 

ERROR 
RETURNS: None 

Length of the side of the characteristic 
element. 

Array of Gauss-Chebyshev quadrature 
abscissas. 

Array of Gauss-Chebyshev quadrature 
weights. 

Number of integration points. 

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

Number of elements in the chordwise 
direction for the stencil. 

Number of elements in the Mach line 
direction for the stencil. 

Number of entries to the table. 

Array of the weighted kernel function 
coefficients 
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Appendix B 

PROGRAM LISTING OF FESKAP 

p 

fi 
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c 

c 
c 
c 
c 
C    ^i-AX 

II-IAX 

L.L\JL»t 
i> AX I NT 

L.'iAX 
WL-LC'-I 

INKII-UC 

XK 
XLAMUA 
X.M 

=    WIUTH   OK   TrtL   SlNoULAH   ST.* IP   MtLATlVC   TO   Trlt   VuIJTn   CF 

TMc   tLFi-i-i>lf 
=   Lc.>.oTH   je    Tnc   SIu-L   OF   THt   CMANACTt-WlST IC  tucMt-NT 
=   UyxIWY   ►Jün   TJ   CMtLK   THt   MtSH   cüKHcCTNcbS 

IF   ICHECii»   is   itT   TO   1 
uTHnkWIbi.    ICHLCK    lb   btT   TO   0 

=    IVAXIMOM   .»U-iilth   OF    ^HAhlACTtNlaTiC   tLtN.cNT    IN   THc 

CHOHUWlSt   JlHLCTION 
x    MAXI.'lur',   .«U.-ldtk   OF    OHÄKACTtWlaTl^.   tLUiMuNT    1U   TML 

MACH   LlNt    JlKtOTION 
=    AWKAY   CJMMNINO   THL   LfeAOlNti   cOOt   NOUcb 
=   Hjm&H   Jf    I.ni-OKATION   POINTS   KO«   THt   MOülFIcLl 

GAObS-Crtcb^oHtV   JuAjHATUHt    (,-IAXlMUW   atT   »-T   JOI 

=     1MAX*J^AA-I IMAX»( IMAX-l n/2 

=   NO»   OF    LLfltNTS 
=    NO«    Or    LtAiJl.>iO   ftaläli   NOUtS 
s   NO»   Or   AOOc   iHAPtS 
=    NO«   OF   ,40ÜC.J 
=   WcOOCtiD   K,<t.jOtNtY 
=    SIOLPTOACN   A.lOLt    OF    LtAjJNO   tUOt    IN   OtOrti_=.S 

=    WALH   NUMoLi1* 

O 
c 
c 

DATA    TOL/1.E--S/ i ,    .,,     ^t- 
NAMtLlST    /LlbIl/A!«..XK.üeLTA,MAXlNT.JtL.lHAX.^|.,AX.Xl.A.vlJA.,MMOWL.NP. 

I ,4fcLt.>UlCHeCK«Nk.t«t-t.N00c«X«Y 
I NDHtL ( A . ;3 ) s I F I X ( OST I ♦ « A-fbtTA#Ö ) ■•• «b ) ♦ I 
LiNtAWCI.J)st(l-l)»(JMAX+JMAX-i))/2+J 

HtAO    TlTLt   OAKO   A.4Ü   ,<AMtLIbT    INPUT 

MtAU(ö«4200)    TITLE. 
F(tAD(b»LlSTl ) 
dc.TASu»XM*XM-l« 
utTASSORT(UETASJ) 
OST l = «S*XM/(btTA»ütLTA) 
IF    ( IChtO.EvJ«! I    i«/KlTtt6»V610) 
IF    ( lCrts.CK.EJ.1)    AKlTc.C6fS*2J0» 

TITLE 
(l.X(I)«Y(I)•I I tNP) 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

a 
A 

A 
A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

Out 
wuc 
OwJ 
Oy« 
OCb 
006 
007 
0ÜB 
009 
010 
Oil 
OU 
j i j 
01« 
-1J 

0\fr 
017 
0 lo 
0 iv 
CtO 

0<.J 
Oct 
0<-3 

it! 
Ocu 
OtV 
OJC 

0.;1 
QjtL 
0-J 

OJa 
O-O 
OJV 

0 JO 

C wV 
CtO 
O^l 

003 
S44 
041; 
046 
0'.7 

ä#ü 
J4^ 

Mm 

Obü 
-i3 
?-4 
0b5 
056 
C'JV 

Oiio 
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c 
c 
c 

c 
c 
c 

c 
c 
c 
c 

GfcNtSATt   ELtMENT    INFJWMATION  FHOM  OATA   CARDS 

B£AD«5«V000)    K.MAX 
IF   (ICHeCK.EO*!)   WRITE(6«9620> 
DO   12   KM»KMAX 
HEAD(5*4000>    IRtPT.Il.Nl«N2«N3«N4 
00    10    I>liIREPT 
IMl-I-1 
12x1l+lMl 
INFO«I2il>>Nl+IMl 
INF0(12.2»«N2*IMl 
INFO(12.J>«N3+IMl 
IIMF0( I2.4)»N4*lMl 
IF   (NA.tQ.O)    INFO(I2«4I-0 
IF (1CHUC<.EV3*1) WRITE«6»9600> 12«INFOC12«I)•INFO(I2»2)• 

I INFO«I2«3>*1NF0II2«4) 
10 CONTINUE 
12 CONTINUE 

IF (ICHECK.EUcl) GO TO 5001 

ütNERATc. TMt MOOlFitJ GAUSS-CMEBVSHEV WEIGHTS AND AöbCIbSAS 

CST«3.141b926&3t)V/MAXlNT 
DO 20 1»I.MAX I NT 
ARGS<l-*5)*CST 
EINT«Ii>C0S(AR6) 

20 Ml I)«CST*SlN(ARO> 

CLEAR THE NODAL LIFT VALUES 

DO 30 MODEM »NHUDE 
DO 30 l>l«NP 

30 XLIFT(I«MOOEI>CMPLX(0*«0*) 

GtNEHATfe TMt WfclGMTtO KERNEL FUNCTION COEFFICIENTS FOR THE STENCIL 
ÜF UNIFORM CHARACTERISTIC MESH 

UMAXaLlNEAR« Il>kAX*^MAX) 
CALL TAbLE«C0fcF»0ELTA.ElNT»W.MAXINT»OEL*IMAX.JMAX.LMAX) 

COMPUTE THE SW£EPbACK FACTOR 
FOR SUBSONIC LEAD1NÜ EDGE« SET SWEEPUACK FACTOR TO I« 

CaT»TAN«.l7453292bE-l«Xl.AMDA)/bETA 
SWPbK-1* 
CST»l»-CST»CST 
IF CCST.GT.i.t-10» SWPBK«t*/SURT(CST) 
CbTs-2**SWPBK./BETA 

COMPUTE   THE   STARTING   SOLUTION AT   THE  LEADING   EDGE 

00   40   I»1»NLE 
U.LENOUE« I ) 
XNODE'Xdl ) 
YNODE'VUl ) 
XISO>XNODE*xNUDc 
VlSO«VNODE*VNUDc: 

059 
060 
061 
062 
063 
064 
065 
066 
067 
066 
069 
070 
071 
072 
073 
074 
075 
076 

A,.077 
076 
079 
ObO 
OBI 
082 
0B3 
064 
OBS 
086 
087 
088 
089 
090 
091 
092 
093 
094 
095 
096 
097 
09b 
099 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
1 12 
1 13 
114 
115 
116 
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«O 
ÖOOI 

XL|FT( I 1« 1 )>C1>T*CMPLX(0*«XK) 
XUIFT«Il.i)aCST*CMPuX<l..XK»XNOOc> 
XL I FT < I I .3JrCST»CMPLXlXN0L>E*XN0De.XK.*XlbO) 
XL1FTIIl*4)«CST*CHPLX(0««XK*ylSU) 
XL|FT( I l»5isCST*CMPLX(2.*XNOOE*VlS>U«XK*XISU»YISU) 
XLIFT( I l tNMOt)t-l)»CST*CMPLX(0»«XK*YNüOE) 
XL|FT( I 1 .NMOi>Ll=Ci>T»<.MP(_X< YNOüttX«.*XNÜ.>ä.»VNOüt» 
CONTINUE 
CONTINUE 

L.oüP THROUGH THE UNKNOWN NJUAU POINT;» TO COMPUTE THC LIFT 

«EAD<5«V000» UMAX 
IF (ICrtfcCK.EU.l» MR|Th(6«9910> 
ÜO tOOO LNOoE»l»LMAX 
WtAD(b.yOOO) Nl(N2«N3«IkEPT 
DO 1000 I>I.I KEPT 
IM1«I-I 
NOOE>Nl-»-IMl 
N£L*N2*1MI 
MlRH0HaN3-lMl 
XNOÜE«X(NOOE) 
YNOOE«Y(NOUE) 
IF « ICMtCK.EU»!) <«0 TO 9002 

COMPUTE THE MODAL UPMAbH AT THE COLLOCATION POINT 
XISO«XNOOE*XNOOt 
YISO«YNOOt*Y^0Dt 
UPwASH«I>aCNPLX(0*«XK) 
UPwASH(2)«CMPLX( l««XK*XN0OE) 
UPWASHC 3) «CMPLX ( XNODE'fXNOOE t XK*X I SO ) 
UPWASH(4>«CMPLX(0*«XK*YISU) 
UPWASH(S>>CMPLX(2**XNOOE*YISQ*XK*XISU*YISO) 
UP« A SH ( NMOOE-1) s CMPLX ( 0 • • XK* YNODE ) 
UP«ASH ( NMOUE » «CMPLX ( YNODE• XK«XNOOE*YNOOE I 

C 
C 
C 

CLEAR THE bUMi BEFUKE ACCUMULATION 

00 100 MOO£>l*NNOOE 
SUM<MOOE>»CMPLX»0»«0.) 

100 CONTINUE 
9002 CONTINUE 

: LOOP THROUGH THE FORWARD ELEMENTS 

KOUNT>0 
00 600 L«l«NtL 
IANGLE«« 
IF <INFO<L.4).EU.O) IANGLE-3 

ASSIGN THE ELEMENT NODAL POSITION 

00 200 Ksl«iAN6LE 
KKalNFO<L*K) 
XELlK)aX(KK) 

200 YEL<K>«V(KK) 
XOaXNODE-XEL(1) 
YO«YNODE-YEL(1> 

A 117 
A na 
A 119 
A 120 
A 121 
A 122 
A 123 
A 124 
A 126 
A 126 
A 127 
A 12e 
A 129 
A 130 
A 131 
A 132 
A 133 
A 134 
A 139 
A 136 
A 137 
A 138 
A 139 
A 140 
A 141 
A 142 
A 143 
A 144 
A 149 
A 146 
A 147 
A 148 
A 149 
A ISO 
A Ibl 
A 192 
A 193 
A 194 
A 199 
A 196 
A 197 
A 196 
A 199 
A 160 
A 161 
A 162 
A 163 
A 164 
A 169 
A 166 
A 167 
A 166 
A 169 
A 170 
A 171 
A 172 
A 173 
A 174 
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SKIP   THt   ItST   FC^   TMt   PIVOTAL   tLEMfcNT 

IP    <L..t.U.NtL»    GO   TO   201 

SKIP   THt   ELtMENT    IF    IT    IS   NOT   • I THIN   THE   FOWWARD   MACH   CONE 

IF   ((XO-BETA*AB^(YO)).LT.(-TOL))   GO   TO  600 

201 CONTINUE 
K0UNT»K0UNT*1 
IUUF(KOUNT)sL 
IF « ICHtCK.EU.D oo TO «too 
IF   « IANW-E.EvJ«3)   OU   TÜ   400 

c 
c 
c 

HtGULAR   CHAWACTEKISTIC   ELLMENTS 
COMPOTE   THE HELATIVt   INDICES 

U.>INOREUIXO*YOI 
MM>INOREL(XO*-Y0) 
IF   <LL»GT»MM»   GO   TO   300 

LOWER TRIANGLE OF TAdLE 

LIsLINEAHILLtMM) 
FdJ.COEHl.Ll» 
F(2i«C0EFI2«Ll) 
F(3>-C0EF(3«Lil 
F(4)>C0EF(4,LII 
GO TO 600 

300 CONTINUE 
C 
c 
c 
UPPER TRIANGLE OF TAbLE 

LlaLlNEAH(MM«LL> 
F<|>»C0EF« l.LU 
F(2)«C0EF(««L1) 
F(3>>C0EF(3,Ll> 
F(4>>C0EF(2«L1) 
GO TO 600 

THIANGULAR FILL-IN ELEMENTS 

400 CONTINUE 

TEST FOR SINGULARITY 

00 bOO K«l.lANGLE 
IF <ABS<YNOoe-YtL(K>>«LT»TOL) GO TO 502 

bOO CONTINUE 
C 
c 
c 

c 
c 
c 

NUN-SINGULAR  POLYGON 

CALL   P0LV6N<XN00E«YNOüE»XEL.YEL.EINTt»(.MAXlNTtF.IAN&Ltl 

GO  TO   600 

SINGULAR   TRIANGLE 

5U2  CALL   SGTRGLlXN00E«VNOOE«XEHYtLtElNT«IK«MAXlNT.F.UEL) 

600 CONTINUE 

A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

17& 
176 
177 
176 
17« 
180 
181 
182 
183 
184 
18Ö 
186 
187 
ld6 
189 
190 
191 
192 
193 
194 
199 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 

A 232 
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Copy available to DDC does not 
permit fully logiblo reprcductioa 

COPY AVAILABLE TO DOG DOES NOT 
PERMIT FÜLLT LEGIBLE PBOOUCTION ou 700 ^"l «IAu^Lc 

MV« IMFÜ«L«i< ) 
DO 700 WOUor 1 »N.'iJUt. 
auw (i-iout) = burt ( MVA) + XL I »= r ( KK . KUüE ) «K K.) 

70 C   CONTINUL- 

lr    ( ICrtUw^.NL. 1 )    «»U   TO   =003 
üWITt(6«y,»20)    NOjc.NtL.MlWKOk 
rtKITciö^^ÜO)    < 1OUF«K;).K*1 »KOUNTI 
CJU   TO    luoO 

oOUJ   CONIINUt 

rL.(.«w-.E    THt.   ^ IVO[ ML   ti-tMEM   *Aä   T^tATtU   LAi.T 
rtll    CO'NTAlNb    THt    CULKHUCNT   FO«   TMI.   UNKNOWN   PI VOTAu   Ll(-T 
^JbTiTüTL    liM   v-lrt    r-J«   .v.Irvuc.x    Ii-lAüt    TA^^^ü   MUVMIXTMOU 

A.MTl-SV./1t.TKY 

K   SVi'iM^Tniy   oK 

JO   ->00   MOJt.= i »i^r-iODL 
XuIKTlNoOE.Vwc.£)r«O.^H3103007lb*UPWAi,M»>,OL.k.)-5UK(.WLt;>l/r(n 

X-Jr T(Nli^«0«t.iJUt> -XL IFT (l^ODtt^Oot-) 
•Jvü   L^NT li'Jwc 

Xi-IF T«MI>««>-rtt..^oOt-l )=-XL.IFT<i>ilK«o«tisi».ÜLifc-l ) 
Xi.II-T(fllr<.<OiJ...i'<OJL )x-XLlFT(.'ilKHUH.N.«HJÜt.) 

lOUO   LONTINUL 
ic   ( icHt.c«..1:^«!)   ^To^ 
00 ffOCO   •'\0*j'i= i t<\.->ouL. 
*KI TL(6t'ylOC)    MOJt 
«KlTtJb.VjCO)     (XLlFT( I.^oot» «1 = l.NH) 

2CoO   tUNTINJL 

.   owiHoft   Int   wdNciix^Liii-o   fwH^i-   ctrcFf I^icixTa«    - i ^ 

CALL   ^IO«X.Y» i.'ir JtXLlFTtrHtUHuAL.uIi'-Mü.ixr-tNt-i-L ■.i^.«li-uii«4) 

tfKlTc(b«*300>    TITUl 
IF INV.OJEi»tO»0) WHlTtCbt'J'UlOl 
IK (NI»,UOC..HJ»7) ««|TE(6tvo0ü> 
Uu JOOO I'lti^i-iUJd 
WKlTE(6.9*0r) I»IOWEAL«I.J).J«1.NwoOt) 

30L0 (.UNTINUt 
*«I Tiilb'SlTOO) 
IF    (NMOUc»cQ«6)    *HlTc«6«v>blO) 
IF   (i\,viüJt«Eli.7)    JIHI Tt(6«^B00) 
üo   .UCU   1*1 tN<'<Jüc 
W«I Tt(b»S»4 00) I « tUlMÄÖK I • J) • J«l «NMOOt» 

J1Ü0   LONTINOt- 

l>000   FoW><iAT<blb> 
^100   FOrtWAT« IH1 .34nC>J,-,HLEX   LIFT   JlSTWIuUTlON   Fl/K   ,..vüwtU./> 
4£s»i)   FOHIv>AT(dAtO> 
S><:10   FORMAT« IX« l5»10X»i:Elb.5> 
-JJOO   FORI«IAT( IHl ,// / uKtOAlOS/'") 
.4C0   FORWATI IMÜ« I 5 »i^Ttlt.»*) 
VtJUO   FORl»iAT(2El!3.ö»'»Xtctlt.b»4X«8Elb»B.4X.2fclb.öJ 

VboO   F"ORMAT( IX» l5tlOXt*I5) 
^blC   F^aiiAT(lMl.///.iX.aAlO.////»>X« IbMMtSM   LHtCK /////.-A. 

1 4HNUDt»lPX«10rtX-ÜKUlNATc»3X. lOHV-OWw I N«Tt«//) 
Vc*:o  FuWrtAT(////'/ilX»7HtLfci'1ENT.'*X«3nNOOc.b«//) 
^700 FORMAT<////) 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

2JÜ 
2jb 

£«1 

iAj 

«4& 

c;; ^ 
c^C 
£_7 
t-c 
ti - > 

tbO 
<.-c.l 

2b4 

too 

c(j7 

a7o 
t.71 

«7«; 
c7j 
2 74 
t.7'j 

27b 
277 
<:7o 
t7:, 

COW 

cat 
cac 
SW«k 
2d4 
2d5 
2ob 
«.o7 
2ub 
^u > 
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. 

1 lOXtSMJ • 5.10X.5HJ • 6.10X.bHJ » 7/1 

I lOXiiHJ • b.lOX.bMJ - 6/) 

10 FORMAT«////////•3X.«MNOOE«6X.jnNCi-»-.* 
j üOHINFLULNCING tutMENTS..//» 

99<:0 FORMAT« IX« 16*21 10) 
END 

A 2S»l 
A 292 
A 293 
Tr-29»- 
A 295 
A 296 
A 297 
A 298 
A 299 

44 
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aUBWOUTlNfc KC"<Ntl.«XO.YO.XKWtAl..XKjMA&» 

SUPEHSONIC Kt^lNEL FUNCTION OtHiVEU bV HAHÜtW ANÜ WOUÜcN 
Ab 61VEN BY A M CUNUlNÜMAM IN APPtNÜlX OF   J. AIHCMAFT. 
VOL* 11» NO» 10« 19T** 

DIMENSION A« U) 
COMMON XM.XtObtTASUtÜtTA 4 »«*«  OATA *^.<«i<lLUifelVÖ.jc_.7S»6ö027.-<:*.yW107V.lll.b'»W6.-ii7l.*35<.V. 

I       j03»7aibB»*r.Tb3©30^-SA&_iVöt>J7»«»**.7bl3b»-J«iÖ»7273t). 

g       6<».iii79ali./ "" -____ 
UATA C/»J7«i/ 
H»SUHT« X0*X0-bt T AJ.U*VO«VO) 
IF «XK.LT»l,fe-D) 60 TO 400 
AV0sABä<Y0> 
AHG«XK*X0 
Cä«C0S(AMO> 
i>N«&|NIAx(GI 
IF    CAY0»t-T.l »t-S)   60   TO   500 

C 
c 
c 

GtrtNEWAL  FUHM   OF   KtKiHEL   FUNCTION 

XXAY0»X<«AV0 
XKYOi>0»XK.AYO*AK.AYO 
tSüYO t > I »/ I BE T AiU*AY0 > 
XMRBXM»H 
Ulab2Y01*(X0-XMK) 
u2«82Y0l♦(X0**MK) 
ei-ExP(-c*ABS(uin 
E2«EXP(-C*U2I 
CST>0* 
CSTl'l* 
C&T2>1* 
SUM-0* 
SVJMlRi.>0« 
bUMl1M«0» 
bUM2HI.>0* 
bUM2IMa0* 
DO   100   1*1»1 I 
CST»CbT*C 
tSTl»CSTl»E| 
CSiT2«CST2«E2 
COEF-AI I )/(CST*CST-t-XKV0SO) 
SUM«SUM*COEF 
COEFRL«CST»C0tF 
4.0EF lM«-X<AvO*CUtF 
»OMlHL«i»UMlRL*C0eKHL»C&Tl 
i»OMl|M«i>OMl IM+COtFlM»CbTl 
SUM2Hl.«SUM2Rl.*C0tFHU*CST2 
SUM2|M«SUM2lM*Cv>tFIM«CST2 

100   CONTINUE 
AMG«XKAY0*U1 
C3l«C0i<Art6) 
äN|aSIN(AMG) 
AHG*XKAV0*U2 
CS2-C0S(AR6) 
SN2>SINIAHG| 
XU2HL«XKAV0*iS^2«bUM2«L-CS2»bUM2IM» 

001 
002 
OOJ 

OOA 
009 
00b 
007 
00b 
009 
CIO 
01 1 
01«. 
01J 
CI4 
Clb 
016 
017 
oib 
019 

U   020 
a   021 

022 
023 
024 
02S 
026 
027 
028 
029 
030 

U   031 
a   0J2 
a   033 

034 
0J5 
036 
037 
03b 

D   039 
a   040 

041 
042 
043 
044 
046 
046 
047 
040 
049 
060 
061 
062 

B   053 
b   064 
d   056 
b   066 
j   037 
b   05b 

■J 

4 
J 
3 

i 

b 
o 
b 
-> 

3 

d 

a 
b 
j 

L» 

O 

b 
B 
a 
b 

(3 

3 
O 

3 
3 
B 
b 
b 
a 
d 
d 
d 
b 
b 
b 
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„. _, 

c 
c 
c 

(.STl«äNl*äUMlKL 

CbT3>Ci>l*SUMlKL 

IF   (UI*LT*0«l   öJ   TU   200 
XlllHL»XKAV0»«CSTl-C&T2» 
XlUlM«XK*V0»«CäT3*CST4» 

200  5uiW.-x2AVO*lC*Tl*CST2»*2.«tCSl-l.*XKYOSO#SUM) 
XU HM»XKAyo*«CäT3-CST*)-SNl-SNl 

300   CONTINUE 
tSTl»«XO/H>*l» 
CST2-CSTI-2. 
XKlIHL-CSTl«CSl-XI l IW- 
XK| l lM»-CSiTl*SNi-Xl l I IM 
XK|2RL>CST2*CS2^X112RL 
XK|2IM«-CST2»SN2*XI121M 
bUM|RL>XK| lRL*Xltl2HL 
SUM11M>XK1I|H>XK.12IM 
XW»EAL".5«(CS*SUMlHL*SN»SOMlIM» 
XK|MAC«.5*«CS*SUMIIM-SN«SUMIRU» 

•4&TURN 

bT^AUV   KO«M  <JF   KtKNtL   FUNCTION 

«ÜO XKREALaXO/H 
XKIMAG«0» 
HETUHN 

C 
c 
c 

SPECIAL   FO«M  OF   fctRNtL   FUNCTION   AT   Y0«0 

äOO XKREAL-CS 
XK|MAG«-SN 
HETURN 
ENO 

D 059 
ä 060 
b 061 
b 062 
ö 063 
b 06« 
a 06S 
B 066 
b 067 
B 068 
B 069 
e 070 
b 071 
B 072 
B 073 
a 074 
b 075 
a 076 
b 077 
a 078 
B   079 
a 080 
a oai 
b 062 
B 083 
a 064 
b 085 
B 086 
8 087 
8 088 
B 089 
B 090 
a 091 
b 092 
Ü 093 
o 094 

46 

 —^..■.->. .— 
^^.^.^■.-v.... 

. . .   r :    ■ . -  , 

-       - 



MB wmm mmm 

c 
c 
c 
c 
c 

SUBHOUTlNe L6SPA.<iX.Y.XeL.veU»e.INT.*.MAXlNT.I- » 

lNTt«HATION OVtR HALF Of THE SlNGCH-AH J»THIP 
*ITH v-AUCHYa PWlNv.Ir'A». VAUUt 
USING A SIXTH ÜEÜKtL LAGRANGIAN INTCkPOLATlüN 

MEAL N 
COMPLEX XKdAR»F»SUM 
DIMENSION r-I A> »6UM(4) *N( 4 > 
SIStNSlON ciEM4..S(4).XEt-(A).Yeu.A..ElNT(MAXlNT..-(MAXlNT, 

ÜATA cytF/.l3»»7i»4»9i>t-6»a/ 
DATA S/L.^iJiJiJ^'-^^a-*-*-*-*^'-1»' 
:»FCN<A.U»».25*( l.*AJ»(l.+Ö) 

C 
c 
c 

c 
c 
c 

c 
c 
c 
c 

c 
c 
c 

TtST   TO   SEE   IF   SlWiUuAHITV   IS   TO   1-tFT   OK  HlGMT 

IFLIP'O 
IF   MV*V-V£LU)-tEL«2))»GT«0)    IFUIP«! 
EPS>ABS(YEL(2)-V£LI1)) 
DO   10   11*1*4 

10  Fi I 1»»CMP«-Xl0»»0»> 

ubGIN SPANW1SE   INTEÜKATION 

OO   1000   I"1.4 

wüMPOTE   THE   UPPER   A.HÜ   Lü*t>»   UlMlTS  FOH   TMt   CHOrtOWlSa    INTEGRATION 
HcVEHSE   SIGN   IF   SINGULARITY   IS   TO   THE   MIGHT 

ZlsSCIt 
IF   IIFLlP*EQ«l)   21>-Z1 
bSTl-«5*(l*-Zl) 
CST2«»5*<I•+111 
A«CST I «XEL « 4 ) ♦CSTü*XEI. < 3 ) 
B»CSTl«XEL(l »-»-CbTi^XELCZ) 
Cl>*S*(b-A) 
CZaaStMb+A) 
Y0»Y-CST1*YEHH-CST2*YEL(2I 
00  20   11*1«4 

20  SUMUI l«CMPLX(0* tO«) 

BEGIN CHOROWlSE   INTEGRATION 

OO   100 L*l»MAX I NT 
Z2>EINT(U> 
X0«X-IC1*Z<!*C*) 
CALt-   KEHNEl.(ÄJfYO.XKHEAL»XKlMAG» 
XKBAR *CMPU X ( XM CAL * XK 1 MAG I 
Nil»»SFCN«-21»-^2» 
N(2>*SFCN(Z|*-l^l 
NOlaSFCNIZl »22) 
Ni4>*&FCN(-Zl*Z2) 
00   30   11*1 »4 

30   SUMlll>»SOM«Il»*«HL)»N<II>*XKbAH 

100 CONTINUE 
C 
c 
c 

END  CHOROWlSE    INTC&MATION 

C 001 
C 002 
C 003 
C 004 
C OOt. 
C 006 
C 007 
C 006 
C 009 
C 010 
c on 
C 012 
C ÖIJ 

C 01« 
C 013 
C 016 
C 017 
C Old 
C 019 
C 020 
C 021 
C 022 
C 023 
C 024 
C 02S 
C 026 
C 027 
C 02b 
C 029 
C 030 
C OJI 
C 032 
C 033 
C 034 
C 03d 
C ÜJ6 
C 037 
C 036 
C 039 
C 04C 
C 041 
C 0«2 
C 0«3 
C 044 
C 04a 
C 046 
C 0*7 
C 04b 
C 049 
C CSO 
C Oöl 
C 052 
C 3-J3 

C 034 
C 06b 
C 036 
C 037 
(, 03B 
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^ 

CST>C1*C0£F(II 
Do 40 il>l«4 

«0 F(t I)»F«II»♦CST*SUM(I 1) 
1000 CONTlNUfe 

ÜO   90   tt«!«« 
»o Ft i n«F(i t )/bPs 

c 
c 
c 

tNL»   SPANWISe    INTE&RATIÜN 

UcTURN 
tNO 

C 0&9 
C 360 
C 061 
C 062 
C 063 
C 064 
C 069 
C 066 
C 067 
C 066 
C 06V 
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bOBHOOTlNfe   pül.Vu^lX.Y.XfcU.VELttlNT.linMAXlNT.h.jMNU.t.1 

C    INTeCHATJON  OVtR   A   Kd&ULAM   TWIAN&ÜUAH   UM   UUAUWlJ.MT5.WAj.   G.J.tM&NT 
C   Ab   INÜICATEÜ  ÖY   THE   VALUfc   OF   »ANGUt 
C 

WLAL   N 
COMPLEX X.<aAI<»FtaüM 
DIMENSION F<M tSUMI«)«Nt«)«XEL«Al•VELC4) 
ÜiMENülON El NT (nAXlNT)«)« (MAXINT) 
SFCK(A«ö>«.2:9*( 1»*A)*I|.*Ö) 
IFLAC«lANOUE-2 
00   100   ll>lt<» 

100  F(Il)"CMPUXlO*»0*) 
X3|-XEL(3>-XEl.(i) 
V3laV£L(3>-Vl:i.(;i 
GO  TO   (200*300 M1FUAG 

C 
c 
c 

TKIANGLE 

200  X23aXEL(2)-XEL(3) 
Y23»VEL(2»-VEL<3) 

C 
c 
c 

■ ACOalAN   /   4 

XJCbN-»2S»(Y3l*A23-X31»Y23l 
00  250  J«l*MAXIt>tT 
XJaElNT(J) 
N(2)a.9*(l*«XJ) 
Cla«5«(l«-XJ) 
WJaCt*W(J) 
DO 210 l|al,3 

210  SUM(ll)aCMPLX(0*tO*> 
00 230   |a|«MAXIi*T 
XlaEINT(l) 
N(1)«.5*C1*«1.*X1» 
N(3>"C1-N(1) 
^bTAaN(ll*XEL(l)-»N(2)*XEL(2>^N(3)*XEL(3) 
fcTAaNU»*VEL(l)*^<2>»VEL(2)*N(3)«YfeL<3» 
XOaX-ZETA 
YOaY-ETA 
CALL  KERNEL(XO*YOtXKREAL*XKIMAG) 
XKBARaCMPLX(X^R£AL*XKIMAG) 
Mla«(l)/(YO*Y0) 
00 220 llal«3 

220 SOM(ll>aSUM|II)4>MI*N( II^XKBAH 

230 CONTINUE 
00 240 Il«l»3 

240 F(|l>aF(ll)4<(J*SUM(ll) 
230  CONTINUE 

GO   TO  400 
C 
c 
c 

UUAUNILATERAL 

300 X42axEL(4)-XELI2) 
V42aVEL(4)-VELl2) 

C 
c 
c 

jACOttlAN / ö 

001 
002 
OOJ 
00« 
005, 
006 
007 
OOd 
00V 
010 
Cll 
012 
013 
014 
Ola 
016 
017 
01b 
014 
O20 
021 
02c 
C2J 
024 
029 
026 
027 
Ü2b 
029 
03u 
031 
032 
033 
034 
03» 
036 
037 
OJb 
OJfr 
04U 
041 
04* 
043 
044 
049 
046 
047 
046 
04V 
OsO 

J   091 
D 062 

053 
094 
099 
006 
Ot.7 
096 

J 

pt 
J 
J 
J 
J 

J 
J 
J 
i 
J 
J 
J 

J 
<J 

ü 
J 
O 
J 
J 
J 
J 
0 
0 
u 
o 
J 
o 
J 

J 
o 
0 
0 
D 
0 
o 
o 
J 
u 
Ü 
0 
0 
0 
0 
0 
3 
J 

O 
0 
0 
o 
o 
u 

! 
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XJCbN».l25»(X31»Y«2-V3l»X*2) 
ÜO 350 I'liMAXINT 
JO 310 M» «4 

310 *UM(*)>CMPLXlO**0*) 
Z1*EINT(I> 
00 330 J>1iMAXINT 
22>eiNTtJ> 
N«i)»SFCN(-2lt-i2) 
N<2)-SFCNIZlt-Z2) 
N<3)aSFCNIZltZ2) 
N(4>>SFCN(-ZliZ2) t    ,JtMtl   .. , 
2tTA.Ml)*XeLll)*N(2)»Xfcl.(2)*N«3»*Xtl-t3»*N(4»«XU.t4l 
fcTA.N<l)«YtL«lJ*M«2»»VEL«2l*Nt3»*VtU<3)*Nt4)*YtL<4» 

X0*X-ZbTA 
V0«V-eTA 
CAUU Ke«Nt4.(XÜ»yO«XKHbAL.«XKJMAG» 
XKBARsCMPLX I XNÄtAi- • XK IMAO) 
MJ«W(J|/(V0*YÜ) 
DO 320 Kal«4 

320 SUM«K»»SUM(Kl*»(J*N«K)»XKBAH 

330 CONTINUE. 
OÜ 340 K'l*4 

340 FiKI«F<K»tll(«l)»»UM<f» 
3t>0 CUNTINUt 
400 CUNTINUt. 

OU 500 "-'I «4 
500 F(K>>XJCdN»Ft^l 

HCTUAN 

tND 

0 
o 
o 
o 
o 
o 

Ü 
o 
u 
o 
D 
0 
o 
o 
o 
o 
o 
3 
0 
O 
0 
O 
o 
o 
o 
o 
J 
0 

059 
060 
061 
062 
063 
064 
065 
066 
067 
06B 
069 
070 
071 
072 
073 
074 
075 
076 
077 
078 
079 
oao 
061 
062 
063 
064 
085 
086 
067 
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SUB«OüT»Ne   OlJUtV.lNFO.XUlFT.FFtUHlrAL.^lMAU.NH.NfcUtMtNMOOfc.NX) 

C 
C THIS SubOUTlNE COMPUTES THE OENEBAt. 1 ZC.L> FOBCt cOt^Ki^.^e.NT& 
C FOR A GIVEN LOAD UlbTHIBUTlON 
C 

HEAL N 
COMPLEX XL IFT 
OlMENSIJN X(NP)tY(NP).INFO(NEl.eM.MX»tXLlFT(NP.NMOOfc)tFFiNP»N«OOfc» 
DIMENSION XELU) t VtL« 41 »F« «»7) « SUMU«7» »FH 7 » «NCA ) »E INT 12 I »• tg I « 

1 UREALI7«7ltQIMAC(7«7l 
COMMON XM«XK*dETAs««tdETA 
DATA MAXINT/^/ 
DATA £.INT/.5773a0«toWlöV6«;t»«-»t>77JS)0«:6VldVO«.«>/ 
DATA W/e*l*/ 
bFCN(A«Ö»».2&«(l«*A»»<l.*B» 

C 
c 
c 

INITIALIZE 

DO 2000 l»l»NMOO£ 
DO 2200 J-I.NMODE 
aREAL(l«J>-0» 

2200 ulMAGIl«J)»0» 
DO 2400 K»l,NP 

2400 FF(Ktl)*0* 
2000 CONTINUE 

C 
c 
c 

LUOP THROUGH THE LUEMENTS 

DO 4000 L»l«NtLEM 
IANGLE«4 
IF ( |NFü<U«4)*Ettf*0> 
DO  3000 K«UIANGLE 
KlslNFOiLtK) 
XEL(K|aX(KI) 
ytLlK>>Y(Kl) 

3000   CONTINUE 
IFLAG*IANGLE-2 

\fy 

IANGLE»3 

C 
c 
c 

c 
c 
c 

c 
c 
c 

CLEAN F BEFORE ACCUMULATION 

DO 100 II"I«4 
DO 100 MODE«l»NMOOE 

100 F(II«M0OE)»O« 
X3l«XEL<3>-xEL(n 
Y31>YEL(3)-VEL(1) 

BfcGIN INTEGRATION — OUTER LOOP 

DO 250 J» UMAX I NT 
GO TO (251*252)tIFLAG 

TRIANGULAR ELEMENT 

251 XJaElNTU) 
Nl2la*S*(l*«XJ) 
Cla.S*(i*-Xj) 
WJaCl*WCJ) 
GO TO 253 

E 001 
i 002 
E 003 
E 004 
E 005 
E 006 
E 007 
i 008 
E 009 
E 010 
b on 
E 012 
E 013 
c 014 
E 015 
E 016 
f 017 
E 018 
E 019 
E 020 
g 021 
E 022 
E 023 
& 024 
E 025 
i 026 
E 027 
E 028 
E 029 
E 030 

'A. 031 
T »032 4. 033 
E 034 
E 035 
E 036 
£ 037 
fc 038 
E 039 
E 040 
E 041 
E 042 
E 043 
E 044 
E 045 
E 046 
E 047 
E 048 
E 049 
E 050 
E 051 
E 052 
E 053 
E 054 
E 055 
E 056 
E 057 
E 058 
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C 

c 

c 
c 

c 
c 
c 

at>2   223EINTCJ> 

2bJ  00  210   11» I,'* 
DO   210  MODE»l«NM0üe 

210   &üM(ll«MOÜt)«0. 

ötGlN   INTEGrtATlON   —    l^NEW   LOOP 

00   230   1*1 «MAXMT 
GO   TO   «231 *0'i-\ »l^WAS 

TKlANÖui-AH   tuEMENT 

231 Xl«EINT(l) 
N(l)«.5*CJ*(1»**1) 

XP3N<n»XEL,l)>l>.(2)»XEL(2)*N 3 *Xl_L 3 
YP-N(l)»YEL,ll*^12>*^'-<2»>N(3)*VEL(3) 

CO TO 233 

C 
c 
c 

UUAOWILATEWAI. ELEMENT 

«32 ElsEiNTCl) 

Nt2J»SFCN<Zlt-22) 
N<3)»SFCN(ZnZ2» 

«4N:?^xe[<il"l2).XEU(2)*N(3>.XtU<3)*N«4.«XtL.4. 
y::N!;,*YEl:;ll.tN.|,.VE1.<2.+N.3,.VEL«3.*N.A,*VtUCA. 

COMPUTE THE MODAL DtFuhCTION 

«133 FH 1>«J» 
Fl<2>"XP 
F1(3)«XP*XP 
FH«>"YP*VP 
FI«5)«FU3>»FIU) 
Fl(NMOOe-n«YP 
FUNMODE)«XP«YP 
DO 220 11«J.I ANGLE 
CST«W(I)*N<II) 
DO 220 MODe»l»NMOOE _,..„o^c.-% 

220 SUMU I .MOOC-SU^C . 1 .MOOE)*CST«Fl (MODE) 

230 CONTINUE 

c 

i 
fi 
E 
E 
E 
E 
c 
£ 
£ 
E 
E 
E 
E 
E 
E 
E 
E 
S 
E 
E 
k. 
c. 
E 
E 
E 

Ob« 
Ot.0 
Obi 
062 
063 
06« 
065 
066 
067 
06Ö 
069 
07Ü 
071 
072 
073 
07« 
075 
076 
077 
07Ö 
079 
060 
Obi 
0d2 
0o3 
Ob« 
065 
0b6 
067 

E Obb 
E 089 
E 090 
E 091 
E 092 
c 093 

09« 
095 
096 
097 
096 
099 
IOC 

C 
c 
c 

C.NU    INNER   LOOP 

DO   240   11'l.IANtiLt 
DO   2*0  MODE«l»NM0OE 

2«0  F(I 1.MüUE)-F(11.MODE)*-J*SUM(11.MODE) 

250   CONTINUE 
C 
c 
c 

END OUTER LOOP 

CO TO (200»300)»lfr»-AG 

b 
E 
E 
| 
£ 
t 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
£ 
E 
E 

101 
102 
103 
10« 
lOii 
106 
107 
iOo 
109 
110 
111 
112 
113 
11« 
lib 
116 
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C    TNlANGl)l-AW   LUtMENT 

^00 X23 = XtH2)-Xti-l3) 
Y23=YtL(2>-YtLl3> 
AHEA-.Sb-tYSl'X^-JOl'Y*;!) 

GO   TO   400 

C   UoADftll-ATERAL   tcEMENT 

C 3O0 X*2=XE,-iA,-^J-!51 
YA2 = YEL.(«»-YEL(2) 
AREA = .l2&*«X31»^ü-Y3l«X42) 

400  DO  500   J»l.lXNGLE. 
< = 1 NF 0 < L t J > 
00   500  MOOExUNMÜOE „^oc , 

500   FF(IC.M0Oe.»=FF(K»M0De)>ARtM   r t-- 

4000   CONTINUE. 

C   COMPUTE   THE   GENERALUEU   FOWCE   COEFF.CIENTS   U.IO. 

00 5000 l»ltNMU0E 
U0 50U0 Jsl.N^OtJt 

00   5000   K^l.NP .    1.e<-:.I.»WtAu(XL.lf=T(K.O) > 

ri;i:j;Äi»ii:i:-.«;"-*-<-"  
5000  CONTINUE 

C „. .T   «r   M   r*v   HEDUCtD   (-HEQUENTCY 
C   J1V10E    IMAGINARY   PAKT   OF   U   •*J™™™" 
C   SKIP   THE   CONVERSION   FOR   ZERO   FREQUENCY 

C ,F   ,XK.LT.l.E-5)    ft©   TO   9999 
00  6000   I'ltMOOE 
DO  6000  J»l,NrtOl>t 

6000  UlMAG(l.J>aQlMAG(I.JI/XiC 

■^999  RETURN 
END 

TÜ 

t 117 
e i ib 
t. 11^ 
L 120 
L 121 
t 122 
t 123 
E 124 
E 125 
t 126 
E 127 
E 12Ö 
t 129 
E 130 

E Ul 
t 132 
£ 133 | 
E 134 : 
E 135 
E 136 
E 137 1 
£ 13Ö 
E 139 1 
E 140 i 
c 141 
£ 142 1 
£ 143 i 
t.    144 ■^1 

£ 145 1 
E 146 
£ 147 
L 14B S 
E 149 1 
£ 150 
E 151 
E 152 
E 153 
£ 154 
£ 155 
t 156 
E 157 . J 
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C 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

aUBSOOT J Nc SCiKHdä ( XNOüE • YNÜÜt t XtL • VcL • c I NT • M • MAX 1 NT • r • JtL ) 

THIS bUHROUTJNt PtRKüKMS TMfc iNTtOHATION OF A HHUMulC tLtMLNT 
WITH THfc SlNüOUAK SIKIP PASSING THWOUUH tlTrtLW Tut LLKT. 
MtOOLt OH H1C>HT NOOc 

COMPLEX F.F| 
DIMENSION XELU) tVtL<<»>.XtLI «4 > . VtLH 4) «K*») .Fl(4) 
DIMENSION £INT(MAXlNT)tW<MAXlNT) 

INTEOWATE TMU WIortT HALF TR1 ANOUL.AR RkolON 

CALL SINOUL I XNODt» YNOUE t XtL ♦ Vti- . fc J NT • * . WAX J NT «F « DEL > 

INTEORATE THt L.EFT HALF TWIANCULAW RtOlON 

XELl(I>ZXEL(1) 
YELK I l»YEL(l> 
XELI(2)ZX£LI3) 
YELH2)»YEH3) 
XELl(3>*XEL(4) 
YELM3»>VEU(4> 
CALL SINGUL(X^OL>t*YNOD£*XbLl t YEL 1 «L INT tW«MAXlNT«F 1 «DEL i 
F(1>«FI n+FUl) 
F(3>«F<3»*F|(2) 
F«4)»FI(3) 
RETURN 
ENO 

001 
002 
003 
004 
005 
006 

r 007 
i 00b 
< 00V 

010 
on 
01£ 
013 
014 
Olä 
016 
0J7 
oia 
01« 
020 
021 
022 
023 
024 
02b 
026 
027 
02b 
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C 
C 
c 
c 

c 
c 
c 

c 
c 
c 

SUBROUTINE   sGTRGLCXNOOE.YNOOE.XtL.VtL.IL INT t W.MAX INT.FtOtlL» 

|.>*Ttl.RAT»ON   ÜVER   A   ucNtKAl.   TKlANGUt-AR   tLLMtNT   WITH   TMt 
SINGULAR   blwlP   PA^SU«   THROUOH   tITtitW   ONt   ÜK   Trtu   Vt-WTlCtS 

COMPLEX F.KI 
DIMENSION XELU) . VfcL ( 4 ) . XtH «4 ) • VEL I <« > «F (4 ) .F I « 4 > 
DIMENSION EINT«MAXINT).W(MAX|NT) 
DELI««VEL(1>-YEL(3»»/<YEL(2»-YEL<3)> 
IF (aELl»LT.l.E-6) GO TO »000 
ON'sl «-DELI 
IF <DM.LT.l.E-5) GO TO 1000 

INTEGRATE THE LEFT SIDE. OF THt TRIANGLE 

XEL1< 1> KXEL(1) 
YELl<1 )BYtL(1) 
XtL1(2)»OEL1»XEL« 2 >♦DM«XEL < 3) 
YEL U 2 > »DEL 1 »YEL (2 H-OM»YEL (3» 
XELlt3)»XEL(3l 
YeLl«3)«YELC3) 
LALL SlNGDi-(X^Oi>t.YNODe»XtLl.YtLl.tINT.*.MAXlNT.Fl»üti.> 

F(1)«F1I1> 
F(2)aDELl*Fl (2) 
F<3»=FH3>+0M*F1(2) 

INTEGRATE THE RIGHT SIDE OF THE TRIANGLE 

XELl(3)EXELl(2) 
YELl(3)sYtLl12) 
XELl(2)3XEL(2) 
YELl«2»«YEL<2) 
CALL SlNGUL«X.Wl)£»YNOOt»Xei-I»YELI»EINT.»K.MAXlNT.Fl.DEL) 

F(l)«F(l)*Fl(l» 
F«2)=F(2»+Fi(2l*öELl»FH3) 
FI3)»F(3»*DM*F1(3) 
RETURN 

DtGENtRATE CASE WHEKt THE TRIANGULAR ELEMENT HAS ONt SIDE 
CD INC IDE WITH THE SINGULAR STRIP 

1000 CALL .»lNÜoi.(XMOt>E»*NODE.XfcL»YEl-.EINT.»«MAXlNTtF»DEL» 
WETURN 
END 

COPY AVAILABLE TO DDG DOES NOT 
PERMIT FULLY LEGIBLE PRODUCTION 

G 
G 
G 
G 
C 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
C 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 

001 
002 
003 
004 
00b 
006 
007 
008 
009 
010 
Oil 
012 
013 
014 
OlS 
016 
017 
018 
019 
020 
021 
022 
023 
024 
025 
0c6 
027 
028 
029 
030 
031 
032 
0J3 
034 
03S 
036 
037 
038 
039 
040 
041 
042 
043 
044 
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C 
C 
c 
c 
c 

SUBWOUTlNd    siNOUUXNOJt.VNUat.XLL.VtL.HNT.W.MAXlNT.F.JLL. 

INT^ATIÜN   ÜVta    THt   SPECIAL   TYH£   Of    TRIANGULAR   tUtMtNT   ..OüNütC 

bY    A   VEWT1CAL   LlNt   ANÜ   TWO   OTHtft   STRAIGHT   LlNtS 

TMt    TKlANGLc   MAY   ö£   31NGULA«   OH   RtGULA* 

COMPLEX   F.Fl 

H(A »ül»UcL«A+CM*Ö 
tM=l.-DtL 
IF    (AeS<YEL(l)-YEL(2)).GT.l.E-5)    GO   TO   10 

IF    (ABS(YN0DE-YtH3))»LT.l.E-S>    GO   TO   I 
IF     (AQS<YN0DE-VtL«2)).LT.l.E-b)    GO   TO   1 

10   CONTINUE 
IF    ( ABSlYNODE-Yt.U2»).LT.I.E-bl    GO 

IF    <ABS(YN0DE-Y£L(3)).LT.l»t-b>    GO 

TO 
TO 

C 
c 
c 
c 

NON-blNGULAW   THlAlMGt-t 

CALL   PULYGNjX.MOOt.YNOUE.XtL.Ytl-.tlNT.W.MAXINT.F.J) 

MLTUWN 

T^IAN^LE POINTING Lc.FT WITH ANGULAR STRIP PASblNb THROUGh 

THE VERTICAL SIDE 

I XEL'. < I)=XEL(3) 
YELK I )=YEL<3) 
XELH2)=HIXEL(1) .XEL«3)) 
YLLl«2>*H(Ye.(l).YEL(3)) 
Xc:LH3>«H4X£Lt2l ♦XEL(3») 
YLLI(3)-H(YEH2) |Vc.L«3)) 
XEL1«4>=XEL(3) 

CALL LGoPANlXNOWt.YNÜÜE.xfcH.VEH'EINT.-.WAxINT.Fl) 

F(l)»ÜEL«FI(2) 
F»2»:'D£L»Fl<3) 
F < 3 ) =F Hi > -»-F1 U ) t-CM» ( F 1 ( 2 ) +F 1 « 3 ) ) 
IF (A8S(I.-DEL).LT.1.E-51 RETURN 
XELl«1)SXEL1(2) 
YELK I >*YfcLl U) 
XELl<4)=XELl«3) 
YELl«A)=YEH (3) 
XtLl «2)=Xtl-( 1) 
Yt-Ll (2»=YEL.( II 
XELl «3)=Xc.l.(2l 

CALL PULYGNjXiMJUt.YNOUE.XELl.YtLl.ElNT.W.KAXlNT.Fl,«) 

FM  )=F(l)+Fl«2)+3EL«Fl(l> 
F<2)»F«2)'»-F|(3)+JEL»Fl(4» 
F « 3)»F(3)♦CM»(F1(1)♦F1(4)) 
RETURN 

C TH1ANGLE POINTING rt 1OHT WITH SINGULAR STRIP PACING THROUGH 

C THE VERTICAL SIOk 
C 

2 XELl« nsH(XEL(l) •XEL<2)» 
YtL I « H=H< YEH I I i VEL« 2 » » 

M 
H 
H 
H 
H 
M 
H 
H 
H 
H 
H 
H 
H 
H 
M 
H 
H 
H 
H 
H 

M 
H 
H 
H 
H 
H 

H 
H 
H 
H 
H 
H 
H 
M 
rl 
rl 

H 
H 
H 
H 
H 
H 
H 
H 
H 
rt 
H 

001 
002 
003 
004 
oos 
00b 
007 
006 
oov 
010 
01 1 
Cl£ 
013 
014 
Olä 
S16 
0 17 
010 
OlS» 
020 
021 
Oca 
023 
024 
025 
026 
027 
02b 
029 
030 
031 
032 
033 
034 
035 
036 
037 
036 
03« 
040 
041 
042 
043 
044 
045 
046 
047 
04o 
049 
050 
051 
osa 
053 
05* 
Ooti 
056 
057 
05o 

56 
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COPY AVAILABIE TO DDC DOES HOT 
PERMIT FULLY LEGIBLE PRODUCTION 

c 
c 
c 
c 

c 
c 
c 
c 

XELl«a)«XEL<2) 
YELH2>*YeL(2) 
XcLl(3)«Xt.l.l2l 
VtLH3)»VtL(2) 
XEL1 « 4 > «H i XELI 3 » t XEH 2» ) 
YELl(4)sH(YEU 31 •YEL(2)) 
CALL   LGbPANU^OüE.VNOJE.XtLl.VtLl.feJNT.W.MAXlNT.Fn 

Fi 1 l«OEt-*Ft(il 
Kt2»»FH2)*Fl«3)*CM»(Fl(n*Fl(4)> 
FI3)>0EI.*F1 (<»> 
IF   (AdSU.-0EL).LT.l.E-5>   WETU«N 
XELI < 2 > <"<Eu 1 (11 
YtLU2l»YtLlt I» 
XtLJ<3>»XELl(<») 
YC:LI«3)«YELI(<») 
XEL1>1l>XEL(1) 
YELK I »"YELai 
XELl(4>a)(ELl3) 
YELH4)«YEI.|3> . ^w.^--.    ., LALl.   PüLYGN(XlWL»t«VNÜüE«Xdl.l.VfcLl.tlNT.*.MAXjNT.Flf4) 

F«l)«F(l»*Flll)*jeL»FM2) 
F12)«F(2)*CM*(FH2)*F1(3»» 
Ft3>»F<3)*Fi(<»l*JtL»Fl(3) 
HETURN 

TWIANGLt  POINTING   UFT   WITH  SINGULAR   STHIP  PASSING  TMBÜUGM 
THE   VERTEX  OPPOSITE   Tu  THE  VERTICAL   SIDE 

3   XELUl)«M<XEH3».XEL(l>) 
YtLl(l»"MlYEU3)»VEL« 1)> 
XELl(2)BXEL(i) 
VKLl(2)BYELa) 
XEL1(3)>XEL(2) 
YEL1(3)>YEL(2) 
XELl(«>*H(XEL(3l*XEL(2)l 
YtLM*»«H<VEL(3>iYELt2»> 
tALU   uGäPAN(X.>tJÜt.YNOje.X6.l_l.Ycl.l.blNT.w.^'»Xl.NT.HI 

F«l»■FlC2)+CM*Flll) 
FC2>«FH3>*CM*F114) 
F(3)«0EL»(Fj(l»*Fl<4)» 
IF   <ABSU.-0EL).LT.l.E-5>   WETU^N 
XELl(3>«XELlUi 
YbLl(3>>YEl.lli) 
XtLl«1)>XEL1(4) 
YcLMll'^tuitA) 
XELI(2iaXEU(3i( 

CALL PÜLYGNUi<0l)t«VN0üE«XfcLl»YtH«&lNT.*«N.AAlNT.Kl«3) 

F« I ImFl U*CM«F1(3» 
Fi2>"F<2)*CM*Fl(l) 
Fi3)-FC3)*Fi(2)*l)fel-#«Fl<l>*Flt3») 

RETURN 

TMIANGLE POINTING HlGMT WITH SINGULAR STHIP PASSING THWOUV.M 
THE VERTEX OPPOSITE TO THE VERTICAL SIOE 

4 XELIU>»XEU<1) 
YELl(l)"YEL(ll 

M 0SP9 

H 060 
H 061 

062 
063 
064 
063 
066 

H 067 
H 066 
n 069 

070 
07J 
072 
073 
074 
075 
076 
077 
076 

« 079 
H oao 
n OBI 

M 
M 

M 
H 
H 

M 
H 
H 
H 
M 
H 
H 
H 

062 
0o3 
064 
065 
066 
067 

H 086 
M 069 

090 
091 
092 
093 
094 
09b 
096 
097 
098 
099 
IOC M 

H 
M 
M 
rl 

H 
H 
M 
M 
M 
M 
H 
H 
M 
rt 
H 
H 

101 
102 
103 
104 
105 
106 
107 
106 
109 
110 
11 1 
112 
113 
114 
115 
I 16 
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XtLl«2)=rt(XEH2) •*£»-« >>) 
VtLH2)=H«YEL(2» .VEL<1)) 
Xe;LU3»»M«xE».«2) »XLLO)! 
YtLU3)"M«v''EH2> tYELOn 
XfcLU4»,1XE,-<3l 
SL^L^PANl^OU^YNOÜE.xeLl.VcLl.tlNT.W.^XiNT.FU 

F(j »»Fl« I »♦CM'FKi» 
Fi2)«DtL«iFlU)*F><3> » 
F(3>»FI«4»*CM*F113) 
IF   (AbSU.-DtD.LT.l.e-S»   WETU^N 
xeLnn=xti.i m 
VEUH i »=Yet-i (<!) 
XtLl«2)«xei-(2) 
CA^'pilvON'uWüat.VNUaE.XtU.YtLl.t.NT.-.^XlNT.FlO. 

F(l »«Fd )*CM»H( 1» 
F(2)»F«2>-ffrJ l2»*ÜLL•(FI(1)*Fl,3, * 
F(3)»F(J»*CM*f- H J> 
HETURN 

H U7 
M tie 
ri 1X9 
H 120 
M 121 
M 122 
H 123 
H 124 
M 12S 
H 126 
M 127 
H 12« 
ri 129 
M 130 
rt 131 
H 1Ö2 
H 133 
H 13« 
rt 135 
M 136 
H 137 
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C 
c 
c 
c 
c 
a 
c 
c 
c 
c 

i c 
c 
c 

c 
c 
c 

faUbWOUTlNt TAoLclCOtK.ütLTA.clNT^.MAXiNT.ÜtL.iMAX.^MAX.UMAX. 

Trtlb   bUO^OOTlNt   CKEATcS   A   TABLE   O    THd   WclüHTtO   KLHNLL 
L ..t-PHf ItNTS   FOR   A   KcCiULAW  CMAWACTtH I bT IC   MtSH 

SS«   ti   THt  rtimSvW   PüSSldLt   NUMb^«   OF    tLcMuNTS   iN   Trie   CHO^O-   Sc 
Zx    !|   TH^   «AxUjM   PUSSlbLt   NUMBLM   OF   ELLMLNTS    .N   THt    MACH   UN. 
(.MAX   lb   TMt   MAXIMUM   PoSSlULt   tNTWltS   TJ   Trtt   T-öLt. 
Tnc   TABut    lb  CUMPKCILY   fcTü«lü   INTo   A   «tCTAN^AK   AHKMY 

COMPLEX  F.COEf 
UlMENSiON   FI4I »i-^EFCAfLMAX) 
UiMcNSIÜN   XELU).YLL(4).EINT<MAXINT).K.(*AX1NT) 

COMMON   Xi'.tXKtbtTAäU.dtTA 
UlNEARCI.Jl«« « 1-1)*«JMAX+JMAX-J ) i/2+J 
YOEL»OtLTA/XM 
XDeL»BETA«YO£l- 
DO   20   LL«».»MAX 
DU   20   MMsL.L«JMAX 

ucFi.^.   Tht  CLIENT   i.0L«TJJN  Mv-COMOlNO   To   ITb   «toMTlVE   INOlCcS 

i.«LlNEAM(i.l-*Mi'i) 
XtL < l» ■ * Z-i-L-rtM» *XCEL 
XLL«2)»xeL(I»-XUtL 
Xtl.«3»«XtL«?)-XÜtL 
XEL(4>aXEL(2) 
YEL< l)«<MM-LU*V^tL 
YEL«2»«VEL«1)*Y0CL 
YCL<3»»Y£L(»I 
YEL«*)«YEL<1»-YütL 

criAWALTtrtliTlC   ELtMtNT   COT   bY   TMfc   si NOOuA«   STHIIP 

01PLC 
ÜlWLL 

|r    ! CMM-l_»_>.Lt«i)   LALL SOWHbStXNOÜt•YNÜOC» XEO « YEu.tINT «W «MAX 1 NT » 
F »OED 

C 
c 
C 

HtOUt-AR CMAHACTEKlSTiC ELEMENT 

IF «iMM-LLI.GT.D CALL POLYONtXNODE.YNOUE.XcL.YEL.EINT.W.MAX INT. 

H 

1 
OO 20 I«I•* 
COEFtl»L)=F< 1 ) 

20 CONTINUE 
HETORN 
END 

F*4I 

«BM/T ftiuy ^ßu^ pnoiHjoy^ 

ooi 
002 
003 
004 
005 
006 
007 
00b 
cov 
010 
ou 
012 
013 
014 
Clb 
016 
017 
01b 
014 
020 
021 
022 
023 
02« 
025 
026 
027 
028 
029 
030 
031 
032 
033 
034 
035 
036 
037 
03o 
OJV 
040 
041 
0«2 
043 
044 

. 045 
1 046 
I 047 
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