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FOREWORD

This report describes work conducted within the Air Force Aero
Propulsion Laboratory, Turbine Engine Division, Components Branch (TBC),

Wright-Patterson Air Force Base, Ohio.

The work was accomplished under

Project 3066, "Gas Turbine Technology," Task 06, "Turbine Technology,"
Work Units 02,"Turbine Aeromechanical Analysis," and 19, "Low Aspect
Ratio Turbine Technology," between July 1978 and December 1978.

This report was submitted by the author in May 1979.
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1. INTRODUCTION

The use of digital computers to solve partial differential equations
in two or more dimensions, e.g.,in fluid dynamics or structural
mechanics, typically involves the generation of numerical values for the
dependent variable (or variables) at descrete points on a surface, which
may or may not be a plane. If more than a few points are involved,
graphical presentation of the results is virtually mandatory for human
comprehension. Contour plots of the dependent variable convey infor-
mation very effectively and hence are popular. Two algorithms which can
be used when the descrete solution points are arranged on a rectangular
grid are described in Reference 1.

However, not all problems are amenable to description on a rectangu-
lar grid. Finite element methods frequently use triangular elements and
some solution domains simply are not rectangular. One also occasionally
encounters data which is scattered irregularly over the surface. The

algorithm described herein works very well in such environments. Though

it requires a great deal more memory than LEVEL 1 or LEVEL 2 and requires
more effort to set up, it is not difficult to use and produces high
quality plots with little expenditure of computer time.

2. THE ALGORITHM
2.1 Overview
The algorithm presented here as ISOVAR2 and subsidiary routines
ISOVAR3, FOLLOW, DRAWBND, DRAWL, and LABEL is a FORTRAN recoding of the

Algol procedure tricont 2 described in Reference 2. It retains all the

capabilities and limitations of the original. Because of the differences
between FORTRAN and Algol, the method of invoking the algorithm is

greatly different and is described in detail below and with some examples.
2.2 Operation
ISOVAR2 requires the user to supply several arrays and simple
integers which describe the arrangement of the grid and the data on it.
Some must be preset by the user while others may be treated as working i

storage. We shall describe them in order:




EL

EP

PX, PY, PZ

HTS

LL, LP, LR

UNUSED

Integer working array dimensioned (E, 3).

Integer array dimensioned (E, 3) in which EP (R,S),
(S =1, 2, 3,) are the subscripts in PX and PT of
the vertices of element R, proceeding clockwise

around the element. See Figure 1.

The number of triangular elements in the grid.

Integer.

Real arrays dimensioned (G) containing the data to
be contoured, X, Y, and Z values respectively.
They may be doubly dimensioned in the calling pro-
gram, in which case G is the product of the two
dimensions. Note: PX and PY must be scaled to
represent actual inches of pen movement on the

plot. See the examples.

The number of points in each of PX, PY, and PZ.

Integer.

Real array containing the contour heights to be

drawn.

The number of contours in HTS. Integer.

Integer working arrays, dimensioned (N, 2).

Logical working array, dimensioned (N).

Maximum number of lines bounding the triangles.

Lines common to two triangles are counted once. N

is never more than 3*G, nor less than E + G - 1.

See Figure 3.
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EP(R. 1)

EP(R. 3)

EP(R.2)

Figure 1
Definition of EP

ISOVAR2 will print the contents of the various arrays if the logical
variable DBUG in labelled COMMON /BUGBUG/ is set .TRUE. This option
should be used with discretion. Large meshes will yield very large
quantities of printout.

2.3 A Simple Example

Consider an array of 30 Z values arranged on a 6 x 5 grid as
shown in Figure 2. X values run from O to 5 and Y values from 0 to 4.
Let us create a triangular mesh by running diagonals from upper left to
lower right of each mesh rectangle as shown in Figure 3. Understand that
this choice is completely arbitrary for this example and the other dia-
gonal would have served just as well. In other applications, circum-
stance- may favor a particular choice or combination of choices. In this

example we could have taken some diagonals one way and some the other.
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Figure 2

Sample Z Array

We can then create the PX, PY, and PZ arrays. From the description

of the problem, G is 30. Thus:

DIMENSION PX(6, 5), PY(6, 5), PZ(6, 5)
DATA (PZ (T, 1), T = 1, 6) [ 2.0, 3.0y 60, 7.0; 4.0, 3.0 [

DATA (PZ (I, 5), I1 =1, 6) etc. DO1J =1, 5
gl = 3 =1

Dol11=1, 6

PX (I, J) E=1

PY (I, J) J1l

CONTINUE

Then the EP array is set up. From Figure 3, we know there are 40

triangles. Therefore E is 40. For our own reference (The information
4




is not passed explicitly to ISOVAR2) we need to adopt a numbering con-

vention for the triangles and their vertices.

Let us therefore start in

the lower left corner of the mesh and proceed to the right, numbering

the triangles in sequence, with odd numbers going to the lower triangles

and even numbers to the uppers,

as shown in Figure 3.

(1.5)
32 34 36 38 40
31 33 35 37 39
(1.4)
22 24 26 28 30
21 23 25 g7 29
(1.3)
12 14 16 18 20
11 13 15 17 19
(1.2]
2 4 6 8 10
1 3 S it 9
(1.1) (2.1) (3.1) (4.1) (5.1) (6.1)
Figure 3

Triangular Mesh

Numbers in parentheses are
FORTRAN subscripts for PX,
PY; PZ

Numbers in triangles count the
mesh elements and correspond
to the first subscript R of
EP (R, S).

We also need a system for identifying the vertices of the triangles.

Therefore, let us start at the lower left vertex of each lower triangle

and at the bottom vertex of each upper triangle and count clockwise around

each. 5




All that remains is to convert the double FORTRAN subscripts to
single integers for EP. For this we use the same method FORTRAN uses:

The relative location of Azj in an array dimensioned A(I, J) is given by

L=41i-1+1%¢( -1) (1)

so that the location of the first element relative to itself is zero.

Since we want equivalent subscript, we use

Ll=41i+1%(j-1) (2)

The entries in EP are the equivalent subscripts of the three vertices
of the Rth triangle. Thus EP(l, 1) points to the first corner of the
first triangle, EP(1l, 2) points to its second corner, and so on. In car

example,

EP(l, 1) =1 +6 * (1 -1) =1
EP(l, 2) + 1 +6 * (2 - 1) =
EP(l, 3) =2+ 6 % (1 - 1) = 2
EP(40, 1) = 6 + 6 * (4 - 1) = 24
EP(40, 2) =5+ 6 * (5 - 1) = 29
EP(40, 3) = 6 + 6 * (5 - 1) = 30

The choice of contours depends on the prcblem. We will use the
sequence 2.5 to 8.5 in steps of 1.0, which makes K = 7.

Lastly, we must establish the size of the arrays LL, LP, LR, and
UNUSED, i.e., the value of N. We know that N is not more than 90(= 3 * G)
nor less than 69(=E + G - 1). If we count the lines in Figure 3, we will
find 69. For simple geometries like this, the lower limit will always
suffice.

With this, we are ready to plot. The complete driver program is
listed with ISOVAR2 in the Appendix and the completed plot is shown in
Figure 4. Note that ISOVAR2 draws the grid boundaries; no special

provision for those is necessary.




()

Figure 4

Sample Coitour Plot

2.4 Multiple Data Sets on the Same Mesh
If one wishes to plot contours of more than one variable
over the same mesh, he can bypass ISOVAR2 on the second and subsequent
calls and enter the algorithkm at ISOVAR3. The arguments are EL, EP, E,
PX, PY, PZ, G, HTS, K, LL, LP, LR, UNUSED, and N. All have the same
meanings as for ISOVAR2 except that PZ would be the alternate dependent
variable set. The user must establish a new plot origin or the new
plot will be superimposed on the old. Figure 5 shows a sample obtained

by '"relaxing" the first data set one cycle, i.e., for every point not on

a boundary

ZP (I, J) = (PZ(I, J + 1) + PZ(I, J - 1) + PZ(I1 + 1, J) + PZ(L -1, J)) / 4.0

pre
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Figure 5

Contours of Second Data Set

2.5 An Example from Fluid Mechanics

The primary reason for developing ISOVAR2 from tricont 2 was to
plot aerodynamic data at the exit of a turbine blade row. The general
grid arrangement is similar to Figure 3, but with three differences.
The upper and lower boundaries are circular arcs and the left and right
boundaries are identical curves separated by the blade pitch angle. The
grid is typically around 30 x 30 with density increasing toward each of
the four walls. Figure 6 shows a typical plot of kinetic energy distri-
bution, the highest levels being near the center.

Figure 6 required only five seconds of CDC 6600 central processor
time to generate, but the total array storage (including PX, PY, and PZ)
was more than 31000 (decimal) words.

2.6 Potential Improvements

"yi 2.6.1 Memory Requirements

Lo As seen in the last example, one of the obstacles to the
! 8




Figure 6
Kinetic Energy Contours at Stator Exit Plane

general application of ISOVAR2 is the large amount of memory it requires
for the working arrays EL, EP, etc. Only the PX, PY, and PZ arrays are
floating point and use an entire computer word for each element, The
remaining arrays are integer or logical and therefore use only a fraction
of a word per element. The EL and EP arrays for instance are dimensioned
(E, 3). These could be packed by threes into a 60 bit CDC word. Allowing
18 bits each would permit a maximum value of 777777 octal or 262143
decimal, large enough for any application. The LL, LP, and LR arrays are
dimensioned (N, 2). These could be packed two to a word or, by storing
corresponding elements of LL, LP, and LR together, three to a word. Thus,
half to two thirds of the integer array storage could be saved. The
logical array UNUSED uses only one bit per word. These could be bunched
60 to a CDC word to save more than 987% of the required storage.

Packing and unpacking is a simple operation in CDC Fortran because it
includes shift and mask instructions. IBM 360/370 Fortran allows a




length specification in type statements, e.g., INTEGER * 2 E, which
specifies the number of bytes each variable is to occupy. Other com-
puters may require assembly language subroutines for packing and
unpacking. In any case, the modifications would require only a few
hours' work, save much memory, and increase execution time by only a
very small amount.
2.6.1 Labeling the Contours

Many times the plotted contours fall close together,
double back, twist and turn, and generally become hard to distinguish.
Figure 6 is a good example. For these cases, subroutine DRAWL can be
modified to mark the beginning, eund, and selected intermediate points of
a contour with a distinctive symbol. The Calcomp routine SYMBOL has a
repertoire of 15 suitable symbols which could be invoked by passing the
value of the contour loop counter J from ISOVAR3 to DRAWL through a
labelled COMMON block. Alternatively, one could cause DRAWL to print
the X and Y coordinates at selected intervals on the contour. The
latter method is used in the program which generated Figure 6. Annota-
ting the contours directly is possible but would be difficult for the

very reasons stated above.

3. CONCLUSIONS

ISOVAR2 has proven to be a useful and versatile algorithm which
produces very satisfactory contour plots. It requires a lot of memory
but very little execution time. The memory requirement can be reduced,

as described in Section 2.6.1.
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APPENDIX
PROGRAM LISTINGS

The complete FORTRAN code of ISOVAR2 and the driver program TWO
which was used to generate Figures 4 and 5 are listed herein.

The listings contain occasional continuation lines marked with a
dollar sign. These were created by the listing pProgram to maintain the

right-hand margin and do not appear in the actual code.




PFOGRAM TWNGC (FLCT, OUTPUT=4023, TACCE=OUTPUT)
GINMFNSION H(7), LLIAD,2), LF(59,2), LK(6G,2), X(6,5),
$ Y(6,5),

1 21645), 22(6,5)

LOCICAL NRUG, L(FO)

INTEGES EF(40,3), FL(40,3), F, G, O

COMMON /3UGPUG/Z CBUG

BATA M 7 2.5y %55 %s5; Se5s 6oy 75y 8o5 /

CATA (Z(Jy1)41=1,46) 2¢My 3efly Be™y 7ely Gy 30
CATA (Z2(T142),47=1,6) Yely Cofy QeMy 76Ty BNy el
CATA (Z2(I,2)yT=1,6) be "y EeNy 847y 5,0, 6475 Suf
JATA (2(I,4),I=1,6) 30Ny Cely 7ely 6olly EeTy 36 C
DATA (Z(IQS)’T=1’6’ ggﬂ’ “00, 6.0, 5.0, 4.0, ex

NNNNN
NN NN N

K(I,3) =1 +6 % (3= 1%

157 A T
FI
oo 1 J
X(I,))
Y (I,J)
1 CONTINUF

nou
LI I I
-
ne
e o
[&N
w
T

«
]
-

DBUG «FALSE,
uc
30
(X
7

D2ZOM™m
oW oHonon

LOADN FE WITK X, ¥, AND 7 SUBSCPIPTS

o0 N

ro > 1 = 1, 5
on 2 Y =1, &

LOWFK TEIANGLE HAS SUESCRIPT b TN FP: UF ER HAS
SUZSCF IFT Le

OO0O0
L

2 * (I «+5* (J=1))
L - 1

K(TyJ)

K(Ied ¢ 1)

K(I ¢+ 1,))

K(I + 1,J)

K(Iyd ¢ 1)

5
5B |
K(I ¢+ 1,) + 1) 52 1
~
»r
it |
292
mg
1%}
~

L
(Y]
EP(M,1)
EO(M,2)
EP (My3)
EPALy1)
EP(L,2)
EP(Ly3)

2 A ONT INUE

O

CALL PLOT (2.”, b.ﬂ, -3

N ..,

13




] 3
CALL TSOVPERZ (Ely FPey Fye Xy Yy 24 fy Hy Ny LLy LP,
£ LRy Uy N)
C
i GFNEPATE SECCMD OATA SETY
C
no 3 1 = 1, 3}
s 22(I,1) = Z2(T,1)
3 CONT INE
nn o4 ) = Zy &
22(1,4J) = Z7(1,))
22(hR4J) = Z2(6yJ)
4 CONT INUF
no 5 Y = 29 B
go s J = 2y &
Z2¢1,J) 2 pech * T2€F,0 * 1) & Z(1sJ = 1) #
S Z(T ¢+ 1,4) ¢
1 72(T = 1,J))
5 CONT INUE
[
f CALL PLOT (10,7, 0.0, =3)
3 CALL TSOVPI"2 (Xy Yy 22y Gy Fy Dy Ly LFy LRy Uy N)
CALL PLOT (8.5’ ?’éoc, -2)
CALL SY™EBCOL (Cefy De5y 0410Ey *"FINISHED™, 90, 0y B)
CALL PLOTE
STOF
END
ﬂw
ml w‘i
FRO®
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el ,|

F SURRQUTTNE ISCVAR2 (cL, EF, E’ r‘, V".Y, "Z, Gy H’F,
‘ $ ¥, LL, LF,
1 L®, UNUSEC, M)

CCMMON  /BUG3LG/ CORUG

CCMMON  /ISOLIKF/ Ly LB

THIS ALGOFITHKE IS USFC FOF CONTAUKING OVER AN
b IRREGULAF,
TRIANGULAP HMESH, THF PAPAMCTFErS FEQUIRED ARE:!
3 - THE NUVMBER OF TFTANGULAR FLAMENMNTS, TNTEGELF,
L= - INTFGE+ WORKYNG AFFAY, CIMFHUSTONED (Z, 2),
FP = INTEGER AFRAY DIMENSIOMEN (7, ), IN WHKICF

* FE(R, S,
(S = 1, 2y, 3), APL THFE SUETZFIPTS IN FX ANC
< PY OF ThE

ACIINERS OF THE ELENMENT 7, APPANG=U CLCCKHWISE
AF OLND THF ELEMENT,
PX = KEAL AFFAYS TONTRAINING THE DATA TO B2

$ CCNTOLFEC,

oY

ny

G~ THE NUMEFE OF BCINTS TN EACH OF PX, PY, PZ,
¢ INTEGF®,

HTS =~ REAL AFFAY OF CCNTOUR HETCHTS TO BE NRAWN,

K ~ THE NUMEEF OF CONTOURS IN HTS, INTEGER,

LL ~ INTEGFF WORKING ARRAYS, DIMFNSIONFD (N, 2).

Le

LF

UNUSEN - LCGTCAL WORKING AFSAY, NIMENSTUNF) (N).

N ~ MAXTMUM NUMPBFR CF LINFS RCUNDING THE
2 TRIANGLES,

NEVER MORE THAN 2 * £, NOF LFSS THAN € & C =
$ i.
EXAHPLYE

FOR A BFCTANGULAR AFPFAY CONTATMING o FLEMENTS IN
b THE

e =t e 2o B gl Th o el S i S

OO OO DO ODHODODDIOOOOONOHO D

X DIRECTIChN ANC N ELEMENTS IN THE Y DIRECTION,
F=2%(¥<1) * (0= 1) g
i G = ¥v *» 0 <
; K = YNUR CHOICF &
| N = F + G
i A DETAHILED CFSFRIPTTION OF THE ALGORTTHM IS GIVEN E3
| $ IN S a
§ SEFTION 3 OF THE ORIGINAL SEPORT, 58 :
e ADAFTER FRCM YHE ALCCL FROCECUNT TRTICONT 2, FCUMND B2
k L T\' m:
pet 2 ‘.i
'r- -
i d >
¢ .3
| 15 o |
| -
;' .




MAOMAIMNANNNOO

MOHOMOOD

AOOOOONO D

= o

(WPL=NAC=1() ALGIFIYHMS FNR THF PRODUCTION NF
CUNTOUF MAES,

3ele HEAF (NATL. PHYT, LB34, T7NOINGTON, FnGLAND)

MARLH, 1972 PAGF 21,

INITTALLY THE PUUNDAFY LTNFE FONNT, L3y ANLC THE
FLEMENTS

OF THE AFPAY EL AFE SET T0 ZERC AND THE TOTAL
LINE CCUNT,

Ly IS SET TC ITT MAXINUF POSSIBLE VALUE,

DIMENSICA HTS (K), LL (Nyg2)y LE (Ny2)y LF (Ny2),

ey (G,, 124
(G)y PZ (G)
INTLGER Egy EL (E93)y EF (Fy?)y Gy FA, F3, ©2C,y F,
S, 4, SB
LPG1CAL CEUGy UlUSE™ (N)
LE = 3 % E
L = LE
Le =0
o 1 R =1, F
no 1 ¢ =1, 2
ELERy S) = B
SONTINUE

FACH ELEMENT OF THE MESK IS EXAMINED IN TURN, TTS
FOINT

LABelLS EXTRACTFUs AND TFF APPROFFRTATS ENTERIFS TN
Tyr

ARFaY EL MACE USTNG SUFRNUTINE LAREL.

o 2 R = 1, F

P8 = FP(F, 1)
=4 ] = FV(F, 2)
eC = EF(R, 3)

IF (EL(Fy31) «EQe 0) CALL LABEL (Fyg1eP3yPCyESFF,HEL)
IF (EL(R,2) oE0e ) CALL LABFIL (Fy2,PCyPRyELZERHEL)
IF (FEL(Ry2) <ENe 0) CALL LABEL (“33,PA,PRB, E4EP,EL)
CONTINUF

THE LINFE COUNT, L, IS AMENDFT AND THE LINE LAFELS

ADJUSTED SO THAT THE BOUNNAFY LINES HAVE LAGRELS
14293

esey L2y ANC THE INTEFRICP LTNES HAVE LABFLS LE+1,
LPRe2,

eoey Lo

IF (L3 +ENe LE) GO YO &
Le s LE = LB

16




MHMOOHOO O D

OO0 NHNOO

LC

L S L=
no 3 P =1, F
no 2 S =4, 3
IF  (CL(R,S) oGT. L83) EI (FyS)Y = EL (R,S) = LC
FONTTINUE

THE NIMENSICAS OF THE AFFAYS {P,LL,LP (L,2)
FEQUIFEC

FOR ISAVAF2 ARc NOW ¥NQWNM,

THTTTALLY ALL ENTFIES TN THFE ARFAYS Lk AND LL

ARF SET TO 2FF Q.

fONT INUE
IF (L +LE. N) GO TO S
PRINT ¥, *“TNCREASE N TO *, L

STNP
CCNT TNUF
0o 6 F = 15 L
0o A < = 1y
LR(F, S) = LL(Ry, S) =N
CONTINUE
THE AKFAYS LFy L7y, AND LL APF SET UP 83Y SCANNINC
THRCUCH
ALL ELEMFNTS COF THE MFSH AND EXTRACTINS THE
AFFROFFIATE
ENTRIFS CF ARFAYS EF ANC FL.
Do 7 r =1, F
80 7 S £ 1y 3
MA = tL(Py, )
SA =S + 1 #
IF (S «FGCe 3) SA = 1
<8 =8 = 1
IF A4S JEGe¢ 1y SB = 3
NA = 2

IF (LR(MA,1) +ENQe 0) N2 = 1
LR(MA, NA) = FL(F, S8)
LL(M, NA) = ELIP, SA).

IF (NA (MT, 1) GO TO0 7
LP(MA, 1) = EP (%, SR)
LP(MA, 2) = EF(R, SA)
CONYINUE
IF  +tC7e CBLG) GO 7O 12
PFINT 1010
no R I =1, €
PP INT 101, T, (EP(I, Ny J=1, %)
CONTINUF

ORINT 102, L, LR
PRINT 102




- A

0

10

1
12

OO0

100

; 101
F 102
| 102

= &9

194
105

- 8

196

Rk

on g9 B = 1, L

PE INT 1045 Ry LF (Ry 1)y PX (LP (Rs 1)) FY (LF
(Py 1)), LF

(Re 2V BY (LPUFEy 2¥lg Y (LF Ky 2)2

CONT TNUE
PRINT 410€

no 1f F G L

PP INT 1019 Fy LL (Ry 1), LL (Ky 2)y LR (R, 1), LR
(Ry 29

CONT TNUIE
PRINT 10¢

N0 11 ® = 1, F

PRINT 101, Ry TEL(Rs S)y S=1, 3}

FONTINUE
CCNi TNUS

VCONTQURS AFE NOW CRAYN USTNC SUSFQUTINE ISCVARZ,
CALL TSOVAER3 kX, FY, F7Zy Gy, HTS, ¥, LLy LFy LR,
UNUSED, M)

RETUPN
FOOMAY { 4H1, 9X, 1HI, 33X, 7HFF(I,1)y IX, 7HEF(1,2)
y 3y
THEP(I,3) )
FOTMAT ( 1H 4 EI40 )
FORMAT ( %8 L =%y I3y * LB =%; I3 )
FORMAT ( %4 LUNE LIST*® 7 7Xs &HEINEy 6Xy GHFRCEF,
99X, 14X,y 9X,
1HYe B8Xy 2HTO, GXs 1HX, SX, 1HY )
FORMAT ( 1H 4 T10, 2(I10, 2F10,1) )
FORMAT ( *1 LINF LINKAGES*® / 7Y, LHLINE, 3X,
THLL (Py1), 3X,

THLY (Ry2)y Xy THLREIE 1)y U, THLK(R,2) ) :
FOFMAT ( *1 COUNDAPY LINFS* /7 ¥, SHTKIANGLE, 3X,
THEL (Py1),

3%y 7HFL(R,2)y 3Xy THELIR,3) )

FND
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OO N OOMNMOOO0

DIOOINAAONOOOD

(i

SUBRNUTTNE TSCVAFZ (PX, FY, F2, G, HIS, K, LL, LF,
LPy UNUSFC,
N)
CCHMON /RUGRUG/ DARUG
CCMMON  /CLUFS/ OFEM, FIRST, LAST, H
CCMMON /ISGLTM/ L, L&

THIS PFCCECLRE TS A SUBFHGCFDOUTE OF ISOVARZ BLT
CAN BF

USELD SECARATELY. IT IS ALSC FOP CONTOURING OVER
N

IRPEGULAFR TFIANGULAR MESHe THT PAPAMETERS
PFAUIVEC ARE

LBy, THF NUFBEF OF BOUNDAFY LINFS IN THE H4ESH,

Ly THE TOTAL NUMBER CF LINES TN THE MESH,
INTEGFFE AEPAYS

LP, LF’, lL, WHER® LG(""\), (N=1y2), ARE THE
LARELS CF THE

PATINTS AT THE FNDS PF LINT ¥, AND THT ENTPIES IN
LR (MyN)

AND LL(My4N) SPECIFY THE LARELS OF THE LINES
JOINING AT

THES® FOINYS, ALSO MEECFN ARE THF ARAYS FX, FY,
ENT B2

AND THE INTEGER K, WKICHK ARKS AS FOF ISNVARZ,
FULL CETATL®

ARE GIVEN TN SECTION 2 OF THE NPIGTMNAL RZIPORT.,

THE RCUNDAFY OF THE MESFKF TS NOW DiRAWN,

DIMENSLICN HYS (Kdy LU (Ny2) 9 LF (Ny2)y LR (Ny2),

PX (G), PY

(G)y PZ (G)
INTEGFF Gy FAy FB, TEMF
LOGINAL CRUGy UNUSFD (N)

CALL OFRAWAND (FXy PY, Gy LF, N)

EACH LTNE IS EXANINED IN TUFN, THE HEIGHTS QF I7S

ENC

POINTS EXTRACTEN, ANDC THF ENTRTES IN THE ARRANS
LFy LF,

AND LL INTERCHANGEN IF NFCESSERY SO THAT CONTCURS
ATE

THACEL WITH FIGH GROUND ON THE RIGHT,.

N0 1 ™ = 14 L

PA = LF(My, 1)
PA = LF(My, 2)
ZA = F2(FR)

19




R
IF (78 6T
LP (M, 1)
L (my 2)
TElF
LR(M, 1)
LR, 2)
TEMP
LL (M, 1)
LL Gy 2
1 CONT INUF

IF € <MNOT, OBUGY GO TQ %

FPRINT 102

0y 2 M = g |
RREENT 181, ky EE (M o LR (8, 2)y LI €ty 1) 4 LL

€ (M 235 LR
1 (*s 1)y LF (My 2)
2 CONTINUE

PLINT 102
3 CCNT THUF

FZ(PR)

Z8Y GO TO ¢4
e

FA

LR(¥, 1
LE(M, 2)
TERE

LL(M, 1)
LL(M, 2)
TERE

noown e

FACH CCNTOUF HEIGHT TS CFALT WITH IN TURMN.

(9 I M |

po 6 J
H

HTS €J)

THE AFRAY CNUSED I8 SET UP FOF THIS HETIGHT

$ UNUSET (V)
BFING SET (TFUF. IF A FCNTOUR 1. TNE OF THIS HEICGKT
CROSSEFS LINE Mo

OOOOHOO

no 4 M =1, L

UNUSEN (M) = PZ(LC(H’ 1’)'GECHlﬂNC.p7(LF(~' 2
$ .LT.H
4 CONTINUF

THF ARFAY CUNUSEN IS SCANNED FOR THE STAPT CF @&
CCNTOUF

AND THE CONTCUFR IS TRACED USING SUBROUTIME

¥ FOLLCW.

OOOOMNmO
9

ey 5 M =1’L

WE USE I INSTFAC OF M HERE BFECAUSE FOLLOW RESETS
THIS IVTEGEY BND WOULD MESE UF THE LOOP S CUNT.

eNeNe Ne)

T = v

IF (UNUSEC(*) oANDe LP(ry1) oNFe &) CALL FOLLCHW
T (TyPXyPY4E7,6
b | ' QLlQLF,',FQUNLSan”)
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5 CONTINUE

& CONTINUF
FETURN
C
168 FOPMAT  *1 FREORDERFO FOINT AND L TNE LISTS* 7/
$ 10X, 1H#, 22X,
1 THI.P(My1)y 2X, 7HLP(My42), X, THLL(My1), 3X,
T THLL (My2) 5 3IX,
2 THLR(M,1),y 3IX, THLR(M,2) )
101 FERMAT ( 1H , 7118 )
102 FORMAT " ¢ $H1 )
c

END




OOOOO0OMNmO

OO OD O

DOOOO

OADIOOOOO Y

R

SUBPOUTINE FOLLOW (M, PX, PY, TZ, Gy LLs LP, L%,
NS e n v N}

CL¥#“ON  /2UGRLC/ DRUG

CEMMaNR £TSGEIVMZ L, LP

CCMMON  /CLUES/ OFFN, FIRST, LAST, H

THIS SUFRRCUTINF T& USED TO FOLLAW A PARTICULAK
CCNTOUK

THROUGE THF M&SH, THE FARAMFTER & IS THE LAREL
e THE

LINE CM WHICE THE CONTGUR BEGINS,

DIMENSTON LL (Ny2)y LP (Ny2)y LF (Ny2)y FX (5) 4y FY
(G)y PZ (C)

INTEGET Gy, Th, PR, TEMEF
LOGICAL CELGy FIKST, LIST, OFFN, UNUSED (N)
MSTART = 9

THE PRCCEDOURE BEGINS BY SETTING THE INITIAL

VALUFS OF
FIRST, LAST, AND CPEN,
FEIRST = o TFUE,
L A< = oFALSF.
OFEN = MoLF.LE
s}

IF (DBUG) PRINT 106,H

NEXT FCINT,
THE FCINT WHERF THFE LINE CFCSSES THe LTNT M I<
DETEFMINED BY TNVEFPSE LINCAR TNTERPOLATION,

()] = LF(VM, 1)

PB = LF(v, 2)

ZA = FZ(Fp)

ZR = PZ(FB)

TR = 0.0

ON = 78 =« Z8

TF (ON oMEe Lo0) TA = (W - ZBY /7 DN
TR = Jell = TA

XF = TH ® PXIPAY & IR * RY(PR)
) i = = TA % PY(PAY + TR * PY(RE)

IF (DRUG)Y PRINY 1Q1,XP,4YF

THE APCFGECIATE ENMTRY TN THF ARPAY UNUSED IS SET
T0

«FPALSEs UNLESS IV 15 THE FIRST POINT OF A& CLOSEC

CONTAOUF, JIF 1T IS THE FTRST PNINT OF 4 CCNTOLR,
THE

LABEL OF THE INITTAL LINF TS STYORFDe OTHERWISE,
TESTS
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DOOOOMNMOD OO OO0 OMOO

OO0

190
101

&

ARE CAPRIEC CUY TO S€F IF T IS THE LAST PCINT CN
"’PE
CONT NUR,

UNUSEN (M) = FIRSToAED, 10T (OPEN
IF (FIPST) GO TC 2

LAST = (CFENGAND M LELLR)
eOR ¢ (oNOT (OPEN(END oMo EG o MSTARPT)
6o TN 3

MSTART =

THE COCRCINATES OF T AFF OUTPUT TO THF PROCEDLRE
ODRAKL o N

CCNT INUE
CALL PRAWL (XF, YF)

PROVICEE THEEYT IT IS NMCT .THE LAST POINT, THE LABEL

NF THF
NEXT LINE THAT THE CONTQUR CPOSSES IS DETFRMINEC
ANT THE
SOUTTNE GOES EACK TC FIND A NEW POINT T,
F1FST = JFALSE,
IF (LAST) RETURN
TEMP = LF (M, 1)

IN CASF WE FNC UP I THE BOONIES

IF (TFMP ,FQBs C) RETURN

M = LL(v, 1)
TF  (UNUSEFU(TENF)) K = TEMF
GG 7O 1

FORMAT ( *0 X AND Y FQR CONTOUE®, (G1i5,7 )
FCP¥AT ( 5X, 261547 )

END
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ODOOOODOHODINHOD

SUBROUTINE DFARBNT (PXy Y, Gy, LT, N)
CCMMON  /ISOLIM/ L, LP

THIS FROCFECURE TS USED TO DFAW THF EDUNDARY OF
THE MESH,

FACH BCUNDATY LIME IS SCANNFD 1IN TURN, THE
CCOROINRTES OF

ITS END POTNTS EXTRARTEL, AND THE APPROPRIATE FEN

MOVFMENTS MACE,

OTHENSIGN LF (Ny2), FX (C)y FY (6)

INTEGEF Gy FA
no 1 I = 1, IR
" A = L5(I, 1)
CALL PLCT (FX(PA), PY(PL), 3)
PAa = LF(T, 2)
CALL BLCT (FX(PA), PY(FR), 2)
CONTINUE

PETURN

END
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SURROUTINE  LAGFL (2, S, PA, PR, £, EP, EL)
COMMON /ISOLIKZ 4, LB
c
i C THIS FFCCECULRF IS USFD 70 LAREL THE LINE JCINIANG
E C POINTS FA ANC PB ANT GFPOSTTF TN YHFE POINT EP(F,
£ ? $)
£ IN ELEMENT Ry AND TO PUT THE RPOKROPFTIATE LARELS
c IN THE ARRAY EL.
L
c ALL ELEMENTS J () «CGT. F) ARY SEAKCHED FOR 4 FAIR
C @ 0F
c POTNT LARELS INEMNTICAL WTTH FA AN[C £33,
€
DIMENSION  EL (F,3), EP (F,3)
INTEGE® By FLy TPy PAy PB, OBy GB, OCs Ry Sy T
JR = R ¢ 1
] nn 1y ® J8y F
’ 0A = EF(J, 1)
Q3 = EF(Jy, 20
1 ac = FF(J, 3)
3 op = 3
JF (PR +EB0e GE +ANDe PE «EQe NA) GO 79 2
¥ A
IF (PA +EQe GC JAMDe R ,FQ, Q8) GC TO 2
¥ = 2
IF (FA JECe CA (ANUe PB FQQe Qf) GO TO 2
i CONTINUF
- i
¢ NO FAI® CF LARELS HAS BEEN FOUND, SO THE LINE
€ ¢ MUSTY 8E
C A 3CUMPAFY LINE. THE BCUNDARY LINE COUNT, LR, IS
£ UPNATET ANC ASSIGNEUL TO EL (R,S),
c
L8 2 LE + 1
EL(F, S) = 1LF°
RETUREN
C
c INSIPL,.
£

2 CONTINUE

A PATF OF LAEFLS HAS EFEN FOUNM, SO THE LINE MUST
[E

Bl INTERNAL LINE TN THF MESHe THFE LTNE COUNT, L,
LS

UPNATEC ANC ASSIGNEL TC THE APFFOFRIATE TWC

3 ELEMENTS

IN THE ARRAY FL.

OO DA OOD
-

L =L +1

ELIRy S) = EL(Jy T) = L
PETUFRN

FNO
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SUBRAOUTINS  CRAWL (X, Y)

CCMMON /FLUFS/ OPSN, FIRST, LAST, H

LOGICAL FIKST, LAST, OFEN
IF ( NOT. FIFST) GO TO 1
CALL PLCT (X, Y, 3)

FETURN

CALL PLOT (Xy Y, 2)

RETURN

ENN
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