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SUMMARY

This 1eport contains a listing and instructions for Progiam NONCON
for which the mathematical development 1s presented in reference 1 The
computer program determines tae disiribution of Iift, pitching moment, and
pressure on nonconical slender bodies with leading-edge separation Input

dala 1s obtained from Program SMITH (ref 2}, which 1s valid for conical
wing-bodies only.

The program is written in FORTRAN IV language for the CDC 3600C
digital computer at the University of Califormia, San Diego With only mino:
modifications tne program has been adapted for the IBM series 7040 and
7090 computers at the NASA Ames Research Center



PROGRAM DESCRIPTION

Program NONCON consists of one main proaiam contarnme tweniy -
three subroutines The tunction of caclt subioutine has beon sapociliod e
Listing

Input Des cription

Pirogram NONCON 1s designed to read two kinds of inpul data
1) regular input data at the imtial station from Piogram SMITH, and
2) restart input data for continuing the program from any station at which 1t
may have stopped prematurely due to the time limailation

The 1nitial inputl dala are read in by using the format-free subrouline
INLIST provided by the UCSD Computer Center At most other compute:
centers and with only slight changes, the data can be read by using the
format-free NAMELIST feature of FORTRAN IV version 13

Regular input data specifications. - Definitions of the various para-
meters used in the regular input are given below

Configuration and sheet parameters: The following daia are read in
from ithe Program SMITH output. Units and normalization are the same as
for Program SMITH, viz., velocities by the axial free stream compon-
ent U, and vortex strengths by U tan .

NSHAPE for circular, NSHAPE = 0, for ellipse, NSHAPE =1

RADIUS radius of circular body

AZAXIS semmianor axis of elliptical body

BYAXIS semimajor axis of elliptical body

N numbezr of sheet segments, number of pivotal points
(3< N = 25)

BETA dihedral angle

DELTA(T) difference of polar angle between two pivotal points

AE desired value of angle of attack paramecter,

AE = sin e/tan &



-

YSTARV

ZS5TARV

GVORT

D(I)

GS(I)

real cooadinate of 1solated voriex i tiansformed planc

imaginaly coordinate of 1solated vorlex in transformed
planc

isolated vortex sfrength,normalized by Ulan §

distance from the 1solated vortex to a sheetl point
I = even for a pivotal pont and I = odd for a middle pon
only the pivotal point polar distance must be read in

sheet strength at a pivotal point (I = even} and middle
pownt (I = odd), normalized by U tan 6, only the pivolal
pownt stiengih musl be 1cad in

Nonconical shape paramelers The following paramelers are defined

1 figure 1 for two conligurations, either with or without incidence

The -

pul of Program NONCON mustl bermodified for different configurations. In
order to read in tabulaied datla for noncomical shapes, the main program and
appropriate subroutines must be changed. Any set of consisteni umiis can be
used for the following inpul variables, except that angular input 1s Lo be 1n de-
grees, The axial component of the free siream velocity U 1is taken as unily
in Program NONCON, and all output vortex strengths are therefore 1n effect

normalized by U.

ICASE

LINC

X0

' XF

bBX
XCF
XCFS

SPANF

DELTA
DELTAF

EDETAF

ICASE = 1, double-delta wing configurafion
ICASE = 2, ogive nose configuration
LINC = 0 without incidence effect

It

LINC = 1 with incidence effect

inmitial station and starting point of nonconical section
final siation of the configuration

increment 1n x

final stalion of nonconical section

station shown 1n figure 1

semispan at the final station of nonconical section, 1l is
sufficient to know erther XCFS or SPANF

semi-apex angle of initial conical section {deg)
semi-apex angle of final comecal seclion (deg)

final incidence angle (deg)



Tolerance limits

ACL upper tolerance Iimit for all three loops, 1f the earor
exceeds this limit, the program will sltop automatically

ACCI lumit of percent’change 1n vortex strength {occurs in
LOGPI)

ACC2 hmit on adjustment of zero force condition {occurs in
LOOP2)

ACCS3 Iimit on percent adjustment of sheel shape {occurs in
LOOP3)

Iteration limits

NLOOPI himit for LOOP1, generally set to 25
NLCOPZ Limit for LOOPZ, generally set to 10
NLOGCP3 limit for LOOP3, generally set to 15

Parameters involving pressure-

LPRES LPRES = 0, no pressure will be calculated, LPRES =1,
pressure will be calculated at prescribed station

NP total numbexr of p;r—eésﬁ_re stations

NPRE number of locations on the surface per station at which

pressure coefficients are to be calculated (NPRE <100}

PDX increment in x when pressure coefficients are Lo be
calculated. DX/ PDX must be an inleger greater than,
or equal to, one

PRPRIT(I) x stalion al which pressure coefficients are Lo be calcu-
lated (I=10)

Restarf parameters
IRESTA IRESTA = 0, program staris at imitial station,

IRESTA =1, program starts at the station where 1t
stopped previously

non

LPUNCH LPUNCH = 0, no punched output, LPUNCH = I, punched
output i1f the program stops due to the time limitation

TIME maximum runmng time



END, STOP cards An END card should be inserted after the imput
data for each scparate case Afier all cases have been specified, a STOP
caild i1s needed Lo end the reading process.

Typical 1egular mnpul datar Typical regular inputl data are shown m
figuie 2 The vider of the data can Ive allernated. Some of the unnecessary
data can be ncglected as shown 1n the second case of figure 2

Re-slari input data specification. - The restart input data specification
15 divided into iwo paits. The data f£or the first pari consisis of the same
input parametiers requirled for the regular input data specification. The second
part consisis of a set of prepunched data cards (with a defimite format and
order) obtained from the outpul of the previous inlerrupted calculation. This
part must be added afier the END card of the regular data wnput as shown 1n
figure 3.

Output‘De sé;iptlon

The calculated results will be printed out by the program at ithe wmitial
station as shown in figure 4, Print out at intermediate stations 1s simuilar,
except for omission of the title and some parameters A description of the
important oulput parameters 1s given below.

General ouipul specification. - General outpul paramelers are defined
below. Quantities referring to geometric properties of the model or to
properties of the vortex sheet in either the physical cross-flow plane
(Z = v 4+ 12) or transformed cross-flow plane (Z>5c = y* +1z¥) are defined in
figures 1 through 3 of references ! and 2.

X x station of the configuration

S semispan

AZAKIS semuminor axis of elliptical body at 1mitial station
BYAXIS sermmajor axis of elliptical body oxr radius of circular

body at 1mitial station

YO y coordinate of the tip of the wing 1n physical plane

Z0 z coordinate of the fip of the wing in physical plane

GVORT I"v, voriex strenglh of the 1solated vortex {based on U =1}

YSTARV y\;:‘, real coordinate of the 1solated vortex in transformed
plane



ZSTARYV

RSV

THETASV

YV

AY

RV

THETAV

GS(I)

YS(1)

Z5(1)

RS(I)

THETAS(I)
D(1)

Y1)

z”, unaginary coordinate of the 1solated voriex in trans-
v

formed plane

sk v 2 *Z
r '-(y: + oz )

1/2

-

-1
0% =t *ryFy(a
an”" (z/y%) (deg)
Y, real coorvdinate of the 1solated vortex in physical plane

Z imaginary coordinate of the isolated vortex 1n physical

plane
L 2 + ZZ \ 1/2
Ty TV v !

-1
6, =tan (z-v/yv) {deg)

polar angle of each middle and pivotal point (deg)

index for vortex sheet points (I = even for a pivotal point
and I = odd for a maiddle point)

strength of the sheet segments (based on U = 1)

ufe
-

¥;

formed plane

, real coordinates of the sheet segments in the trans-

2%, imaginary coordinates of the sheet segments in the
1
transformed piane

1/2
r;:c = (y;kz -+ zjz)

-1 .
oj‘ = tan (zf‘/ y*) (deg)
pelar distances of the sheet segments

¥,, real coordinates of the sheel segments in the physical

plane



Z(I) z , imagmary coordinates of the sheel segments in tle

physical plane

1/2

2

R(1) ro=(vfrs®)
THETA(I) o = tan”" (z /v,} (deg)

Additional output are prinled 1n self-explanatory titles, such as
ANGLE OF ATTACK, LINEAR LIFT COEFF, etc.

Pressure output specificalion, - At prescribed axial stations
PRPRIT, upper and lower surface pressure coeffients are printed out
Pressure output parameters are described below.

Y real coordinate of a point on the body or wing surface

Z imaginary coordinate of a point on the body or wing sur-
face

CP pressure coefficient

3 % = () reliable data, * = 1 unreliable data due to the un-

defined log O

Add:tional ocutput - I the tolerance Iimit has been relaxed inside a
loop, the maximum tolerance will be printed out before the general output
as shown in figure 5,

When the indicator LPUNCH has been set equal to 1, a set of data
cards with prescribed format will be punched out i1f the progiam has stopped
due to timme limats, This set of data must be kept in order, and will be used
as a part of the restart input data



PROGRAM LISTING

The FORTRAN IV lLisiing of Program NONCON 15 given on pages
15 to 53
Air Vehicle Corporation

San Diego, Califormia
October 1969
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I) Double-delta wing configuration

DELTA F

2) Ogive nose configuration

Figure 1, - Nonconical shape parameters for
double~delta wing and ogive nose configurations
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LHb -
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END

STOP
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)
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- QQ .
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S

Figure 2. - Regular input data
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Protispy =00
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Figure 3. Restart input data
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PROGRAM NOMNCON

THIS PROGRAM 15 DIS]eNrD T9 CALCULATE VORTEX SHIFLTS By S4ITII
NOMCONTICAL THLOPY

COMONZ L/RABTUSy AZAYIS s BYAXIne 5, BETA

LMUIION/ 2 /NSHA R

T WMUNZIZDXs X oe AXAC X5 o0

CIMAONSA7ALPHAS AlLs DLLTAS DELTAF s SPANFs XS5PF 4 TANAF. SINATS SINS
129 COSAZs ASAS. COSET -

COMMON/S /0T TWOF T PIC2s THPTO?2:s RAD s Ne N2y MNPM1« N2ZP1

COMFOMZ&/GYORT . GVDRTOs GSE50 ). GENISNY, BS(51)s THETAS{EN) - YS{BD
11y ZS(R0Y D{%TYs HIB21 s R{80)s ROU(SO)s THETA(RO) s Y{BQ)s ZIA0D),y -
25Ve THETILRY Y YSTARVs ZS5TARVSs YVa YV s 2V, ZV0s Rvy RV, THETAV

CPMONZ T/7ROs THETAD. YO~ 20

COMMON/Q/EPS

COMMON /10 /L TNC

COMMOR/Z1L/7DWDSGRI2%)Yy DWOSGI(2%)s FI(25), CASPHI(2E )y SINPHTI{24) .
TRSDE25)

COMMOMI /127Ky NPREs IPRIT

COMMON /187 ACL

COMMON/ 23/ XICPF s EDELTF

COMMON/21/DELTAHISS)Y

COMMON/22/DGVYDXs DYSVDXs DLZOVDX s DDDX{25) DGDA{(Z5)s 2 XY TIHES
IPRPRIT(10)

COMMON/23/1CASE

COMMONZ24/WN1.O0EY s ACCls SUMI(2H)s SUMIO(25)s SUM11{28)s SSLMI[25]1.
1 SUMZ(25) s SUM2UI25), BSUM211{26)s SSUM2(25)s CSPIX0{25)s DUDEXD(25)
2y RXO{251

COMMONZ25/NLLCOR2 s ACC2y STEP

COMMON /246 /NLOIPR3s ACC3s COTPHI(Z25), THETAQ(S(Q)

COMMON/2T7/DH(5Q) s HD(25)Ys DDIS50)s DRR{50) s HH{Z25)

COMMON/28/As By Cs P

OIMENSION FORCE(15)s DGDX1(251s DGDX2{25})s DDOX1(25)s DRDX2{25), D
10(25)

NAMEL IST/INPUT/NSHARE s RADIUSs AZAXISs BYAXIS» Ms BETA, DELTAH. AF
le ¥YS5TARVs Z5TARVS GVYORTs D» GSy ICASESs LINCs X03s XFs DXs XCF. XCFS
2+ SPANFs DELTA, DELTAF, EDELTF » ACLs ACCT1s ACC2, ACC3, NLOGPL. ML
300UPZs NLOWP2s LPRESs NPREs PRPRITs NPe PDXs IRESTAs LPUNCHs TINFS
LMETHODS FORCE

Nw=THLIST({INPUT, LL}

IF (NWw «FQs 3HEND) 21+ 22
PRINT 19

CALL PESTAT {(LPUMCH., 1)
CALL CONST

MP=0

IF {(LPPES FQe. 0} GO TO &9
KCONT=0

KREL=DYX/PDX

STEP=,001

ALPHAA=ALPHA /RAL

REPF=XCF

XFPF=¥(Cr

KaTOP= (XF=XD)Y/DX+2,

IT (LINC «Fe 0] 5P, B9

IF UICASFE I'Ge 1) 13, 14
SPANF=(XCF~XCFE I ®DELTAF+XCFSRDELTA
GO, T 23
SPANF=(XCF-XCF&I*otLTAF

15



P30 =ALL TIT (X7 XOFy SPARNF . DFLIAs DILTAM« &8 By Ty Py
GO TY 60
B RAE = (YCF=¥OF Gy RENT LTI
CALL TIT IX7s XCFy OPANE, ey FNOFLTFE » Ay fis Co P
0 1T LIPFSTA «EQe ) 128 77 -
17 X=X}
ARO=N
XXK=XD
CALL NCOMGH (M)
CALL SPTup
IF (NSHAPE «EQs V) 334 34
33 BRYAXIS=RADIUS
IF (RLTA «FN. 0) 2?5, ag
35 IF {(RADIUS EQ. () 38, 39 -
38 PRIMT 51

GO To 50
39  PRINT 52
o0 17 50
36 PRINT 53
GC TO BQ

34  IF (BETA «FQe Oe) 45, 46
45 PRINT 54
GO TOo 50
46 PRIMT 55
53 IF (1CASE «E0Qe 1) 1%, 18

18 X¥Y=X
IPRIT=2 .
GO TO 17

e X¥=X+1l4s4
IPRIT=1]

17 PRINT 14 XYsSa AZAXIS. BYAXIS:e YO 720, ALPHAA
CALL CORIGR (1) .
PRINT 2» GVARTs YSTARYs ZSTARV, RSV, THETSVs YV, 2V, RV THETAV.
LIH{I)s I=15s N2)
DO 25 I=1s p2 i

25 PRINT 24 Is GS{T)s YS{IVs ZS{I)s RS{I)s THETAS(I)s D(IYs Y(1)s ZI(1]
1}y R{IYs THETA(D)
CALL LIFT (O
CALL USEFUL
DO 26 I=ls N
L=2%xI-1
CSPIXUGUTY=COSPHI(])
DUDSXO( T} =DWDSGR{ 1)

26  PXO{I)=RI{L)
DO 27 I=1+4 N
SUMI{I} =0, -
SUMP(1)=0.
SUMIC{ T }=COSPHI( 1)

27 SUM2.11)=DWDSGRI{1)
DGVDX 1 =GVORT /X0
DOGVDX2=FNRCF (3)%CELTAFK®D
DGYVDIX=DGVDX1
DYVDX1=YSTARV /YU
NYVDX2=FORCE( L) #PELTAF
DYSVDX=DYVDX 1

" DZVDX1=ZSTARV/XO

DZVDX2=FORCE (2)*DLLTAF
DZSVDX=DZVDX1
DO 28 I=1s M
DODXLLII=GS(2%1) /X0
PGDX2 (1)=FORCE( [+Q ) kDI L TAF#%2
DODXI(I)=D(2 41 ) /X0

16



11

32

18

24
37

an

&3
64
&5

43

66
47

LR
49

DODXP {1 =FARCE(T43) %DFLTAF
PEOXE T =HGPYX1(])

PLDX (T =0RNXI ()

FK=1

GO TN T4 .
Call. RESTAT (LPUMCH. 2)
‘\i(lK"‘]

DN 29 <=<KKs KST10P
GVORTO=GVORT

YSYD=YSTARVY

Z25V0=2STARV

RVI=RY

Yo=Yy

ZVD=7V

DO 11 I=1s M2
GSNL1)=G51{1)

ROET)=R{1)
THCTAD ([ )=THETA(T)

DO 32 I=ls N

DOCIY=Dt2*])
COTPHI{I)=COSPHI(I)/SINPHI(I)
XD=X

X=X +DY

XXX =X

IF (ICASE «FQe 1) 18s 24
XY=X

GO TO 37

XY=X+1444
GVORT=GVORTN+DGVDX3#DX
YSTARV=YSVO+DYSVDX¥%DX
ZSTARV=ZSVU+DZSVDR%DX

DO 30 I=1s N

[2=2%]
DII2i=D0C1Y+DDDXII)I#DX
GS{I2)=6GS{12Y+DGDX( 1) *DX
CALL NCONSH (1)

CALL SETUP

CALL LNOR3 (ISTOP3)

IF (ISTOP2«EQs 1} GO TO 8
PRINT 73 XYs> S

PRINT 41,GVORTs YS5TARVs Z5TARVs RSV THETSVs YVs 2V,

DO 5 I=1s N2
PRINT 3s I» GSUI)s YS(I)s ZS(I)s RSEI)s THETAS(I)»
1)s RUIYy THETALD)

CALL LIFT (1)

IF (LPRFS «"Qe 0) 425 63

IF (MD JFQ. 0) 64s 43 ,

IF (XY=PRPRIT(IPRIT)I+DX+e0Ul] 4235 655 65

DELTAL=DX

DX=PDX

MP=1

K=K -1

KCONT=KCONT+1

IF (KCONT/KDEL oLTs 1} GO T0O 66

K=K+1

KCONT=0

IF (ABS{{XYtDX)—PRPRIT(IPRITY) JLE. »001) 475 48
CALL PREPRS (1)

GO TO 42

IF (ABS(XY~PRPRIT(IPRIT)] «LE. .701) 49, 47

CALL PREPRS (2)

DX=DE LTAX 0

Y{I)~

THETAY

2!



O 7

&8

&7
56

31

&2
61
29

22
o7
98
99

o O W

19
4]

Mp =0

DO 12 I=le N
SN {TY=55UMI (1)
SUAT LIY=05UM211)

St i iy= AmI1(i}

SUNEICT y="101*21( ]}

[F {METIHY™ of Qe 2 GO FO 6T

DOV DX = W RI~GUNRTOY /DA
DYSYDA=(YSTARY~YSV: /DX
D7SVYOX={ZSTARY-/5V2) /DX,

DO 66 I=1+ N

L=2%l

DGDX(I)Y={GS{L)Y-0GS0(L) ) /DX
DDDALTy={DILY-Dr (1)) /DX

GO TO Al -

IF (X «LEs XCF} 56+ 57
XD=(A~XXKO)Y/(XCF~-XxD) 7
DGVDY=DOVLY 1 +ADX{DGYRX2-DBGVDX1)
DYSVDX=DYVOX 14 X¥{DYVDX2-DYVDX 1)
DZSVLAX=sLZVDX L AR (DZVDX2~DevDX])
PO 31 I=1+ N

DGDX{ 1) =uGDX LT v4XD¥(DGDX2(FY-DGIRI (]}
DRDOXELY=0DDX1 (I )4 XD#{(DDOX2{T1-DDDXY (11}
GO TO 61

DEVDX=DGVDX2

DYSVOX=DYVDX2

DZSVvDX=DZVDX2Z

DO &2 I=1s N

DGHX (1 =DGDX2( 1)

DODX (1) =PDLX2 (1) e
CALL RESTAT (LPUNCHy 3) , _ £ )
1

—

CONTINUE NOT REPRODUCIBL

GO TO 20

IF (N¥W «EQe &4HSTOP) 97y 98 ’

5TOP

PRINT &

NWs INLISTOINPUT, LL}

IF [NW «fde 3FHEND) 20, 99

PRINT 9

0 TO 20

FORMAT (1HG, 23X+ ZHYX=F10a5s 5Xs Z2ZHS=FI10.5s HXs THAZAXIH=F10.5, HX
1s THBYAXIS=F1De5//742Xy 2ZHYO=E1Z05s SX9 BHIO=E1Z2e5//44X« 1O6HANGLE O
2F ATTACK=F1(0e5s 1X. 6HDEGREE//)

FORMAT (1HJs 51>y GHGVORT=E1Z.5//20Xs THYSTARV=L12.5, 2X, THZSTARV
1=E12«5s 2Xs 4HROV=E1ZeL» 2Xs BHTHETASV=E£12.5//25X, 3HYV=2EL2.5s 2XT
2 3HIV=ELlZ2«5s 2Xs 23HRV=E12e59 Z2Xs THTHETAV=E1Z2e5//717Xs Z2HH=6(L124%y
2 2X1//719Xs H(EL245s 2X)/772Ry 1HIs 5X» 2HGSs 92 2HYSe 9Xs 2HZISs X
Ly 2HRSs 7Xs 6HTHETAS, 8%, 1HDs 10X, 1HY, 10Xs 1MHZs« 10Xs 1HR, 7Txs B
EHTHETA)

FORMAT (1HJs 2y 1001X» E1043))

FORMAT (1H1ls 20Xs 26H This CASE wlILL BE LIGNORED)

FOURMAT (1HW//36xs 'THE RESULTS AT X=1F10.5s 1Xs 'AND S='F1l0.5%, 1X»
1+ 3HARE)

FORMAT (1HJs T3HTHE PROGRAM IS STORED DUE TO THE NONCOMVFRCGENCE TH
1 ONE OF THE THRLE LOOPS)

FORMAT {(1H1, 48X+ P2AHNONCONICAL SMITH PROGRANM)

FORMAT (1Huy 51Xs GHOVORI=L172e45//20%Xy THYSTARY =129« 229 THZHTARY
1=F12+s09 2Ky AHRLVSFIZ2ebs 2Xs BHTHITASV=E1265//29XK e 3HYV=C124s Py
2 3HAVEFIZ2eRs 2X» THRY=F 125 24y /HIHFTAV=FEL1245//2X, MHI« SXy 2H0C
39 9% 2HYLs 9XKe JelZSs Ty s PHRYGe 7Xe 6HTHETALs 8Xs 1HDs 10X, 1HY. ]
GuXy 1HZs TuXse 1HIZe TXs 2HTHETA)

FORNAT (IHuy 52Xa 16HFLATL PLATE CASLC//)


http:2HH=6(E12.59
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SUBROUT INE CONST
THIS SUBROUTINL CALCULATLS SOME USEFULL COMSTATHTS.

CUNMMON /T /RADLLUSS AZAXIS, BYAXISe S5 BETA

COMMaL/n7hLEHAs ALy DLLTAs DFLTAFs SPANFs X5PF« TANAF, SINAl. SINA
12 CO%m2y CO5A3« (OG0T N

COMMOM /R /7P s TWOPEy PIJ2s THPIOZ2s RADs MNa NZs NPMls NPP1
COMMON/G/GVORT, GVORTOGS uS(bOJ, GS0{50Ys RSE(51)s THETAS.R(OYs Y559
1Vs 250501y D{B1)s HIB2)e RIS5CYs RI{5GYs THETAL(SO)W Y IB0NYy Z6001s R
25Vs THETSVs YSTARV, ZSTARVY YVs YVOs« 2V ZV0s RVe RVO, THETAV
‘COMMON/ZQ/XEPFQ EDELTH
TCOMHMAN/21/DFLTAHIS))

COMMON/27/DHISu) s HD{(2%)s DO(50}s DRR(50) s HHIZS5)

NZ=2%M

NZM1=NZ2-1

N2P)l=NZ2+1
PI=3.141592653589793
TWOPT=2.%P1

PIQOZ2=P1/2.

THCIQZ2=PI+PIO?2
RAD=P1/180.
EDELTF=TAN{(ERELTF#RAD)
DELTA=TAN(DELTA%®RAD)
DELTAF=TANIDELTAF®RAD)
TANAF=AC%DELTA
ALPHA=ASIN( TANAF}
SINAI=SIN{ALPHA}
SINAP=S5IN{ALPHA)%##%2
COSAZ2=COSTALPHAY X2
COSA3=COS(ALPHA) *¥%3
COSBT=COS{BFTA¥RAD]
H{2)=DELTAHI 1 Y%¥RAD

DO 23 I=2, N

12=2%1
HUI2)=H{I7-2y+DELTAH{ T Y%#RAD
H{l)=H(2)/2

DO 33 T=3, NZ2Mlas 2
H{IY=(H{I=-1)+H{I~-1)Y/7.
HINZPI1=H(NZ)
HIN24+2)=H{N2}

DH(L)=H(2)

DO 34 I=2., N2
DH{I)=H{I+1)~H(I=1}
NM1l=N-~1

HD(1)=0Co
HD(2)=(H{6I+H{a) ~-HI2)Y )Y 4.
HO(NI=S (3¢ ¥HINZ) -2 #H(NZ2=2)-H{NZ~4)) /b
DO 35 1=3. NML -

[2s2%]
HOUT )= (H1 1242 +H12)=A012-2)V~H(12~4) ) /4,
HHE1 Y =H{4)

DO 36 122 N
HHODY=H{2%[+2)~H(2%]-2)
RETURN

END

210



T IORMAT 11U,
FORMAT (11
FORMAY {11y
FulRe AT (1H13.
EMND

20

AY % ARHCIPCULAR BADY WITH STRATGLHT STRAKES, /)
7% MHUHCIRCULAY B0pRY WITH DIHTDRAL SThayry s/
FXe VL LLIPTICAL BUDY WITH SIPATGHT STRPAKE S/ /)
IO, ATHILLIPTIOAL BODY WITH DIHIBRAL STRAKES//)
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SUBROUT INE PESTAT (L M)

THIS SURYOUTFINE PILADS ALD PUNCHES NECFRSSARY DATA FOR PraTarTING
THE PROGPAM HCACOM. .
L=0e THE _PROGEATT pOMCONSM DOES NOT NFED TO RESTART.
Lrle THL PRGGFRAN BONCORSY WILL BE PESTARTLD AT aNY Ti%l.
Wele PREPARLS FUR KRESTAPTING,
Me2, RuADwe AR ChECKLS THE RESTARTING DATA
M=3, PUNCHES OUT THE NECERSSARY DATA FOR RESTARTING.

COMMON/3/DXs XOs XXXe XXO :
COMMON/S/PLs TWOPL, PIOZs THPIOZs RAD, N N2, M2M1, M2P]
COMMON/6/GVORTs GYORTGs G53{50)s G50(5N01s PS5(51)s THETAS(HOY. YSIOC
11s Z5(50)s DB« H{B2Yy NRNIB0)s ROISD)y THETA{SD) s Y(B0O): Z069), R
25Ve THETAVs YSTARV. Z25TARVe ¥Vs YVO« ZVs 7V(s RVy RVCs THE[AY

COMMON/T/ROs THETAGs YOs ZO .
COMMON/ 11 /DWDSGR(25) s DWDSGI(25) s E{25)s COSPHI(25)y SINPHI(?5)s A
1B5D(25)

COMMON/12/Xs NPRE, IPRIT

COMMON/1T/RADISSs 2AXIS5S5s YAXISS
COMMON/19/DBDXs DRDUX
COMMOUN/22/7DGVEX s DYSVDXs DZSVDXs DDRDX{25)s DOGDX{(25)s Ky XYy TIMD,
IPRPRIT (10}

COMMON/24/NLOOPL s ACCLls SUMI{25), SUMIO(25)s SUMIL(25), HSUNMI{25),
1 SUM2(25)s SUMZO(25) s SUM21(25), SSUMZI(25)s CSPIX0D(25)s DWDSXD{2%)
2+ RX0(25)

COMMON/29/5UM3 s SUMALS SUM31s SSUM3s SHM4s SHMAGOs SUM&Y, 5S1M4, SU
IMBs SUMBS0, SUMEL, SSUMS, SUMAs SUIMGEQ. SUMGLs SSUMG

NAMFLIST/S0G/K» IPRIT. GVORTs YSTARV, ZSTARV, RVs YV 2Vs G&s Ry T

" 1HETAs D»s DGVDXs DYSVDXs DZSVDXs DGDXs DDEDXs Xs DXy RADISSs ZAXISS

NG

44
[}5
71

0

2 YAX15Ss XXUs RXuUs CSPIXDs DWDSX0s COSPHIS SINPHI, 5SUMI0s SJUM1s SU
3M20, 5UM2y SUMB0. SUM3s SUM4O. SUM4s SUMSOs SUM5, SUMAOD. SUMGs RO,
4 THETAOQ, YO, 20, DBDXs DRDDX

IF (L «EQs 0) 1s 2

RETURN

GO TO (3. 4 51 M

CALL STARTIME NOT REPRODUCIBLE |
LTIMFO=0 {
LTIME=TIME#60000

RETLIIRN

RrAD 9y Ks IPRIT

SEAD 95,

IGVORT,y YSTARVY ZSTARVs RV YVae 2Vs (GS5{1)s I=1s N2Ye (RUI)s I=1, N
22y (THETALI ) I=1ls N2}s (D{I)y [=1s N2)s DCVDXs DYSVDX. DZOVDX, U
JOOGDX{EYs Iwls NYs (RDUX{E)s I=ls NYs Xs DXy RADISSs ZAXISSs YAXISS
44 RXO . {RXU{I)s I=1s NI {CSPLIXN({TI Y, I=1s M) (DWDSXOUT ), i=
51y NYs (COSPHI(IYy Tz=1le M)s (SINOHIC(I}y I=1ls Mls {SUMIN{1)e I=1, N
6t {1SUMLI{IYy TI=1ls N)y (SUM200T)s I=1, NYs (SUM2C01)s TI=1, N}s SUMD
Ts SUM3, SUMAODS SUM4&, SUMB0s SUMS, SUMAQs SUM&E. PO« THETADRSs YO, ZGs
8 DBNXs DRDDX

CALL QUTLIST (500}

RETURN

LTIMEI=LAPSTIME { BUMMY }

IF ((XY+Z2e%¥DX)}-PRPRIT{IPPIT) JLE. Q1) 44, 45

IT (LTIME ~G#| TIMFI+34¥LTIMIMN=-30000 )70 71 71

IF (LTIMF=2ALTIMFLALTTIMFO=-30000) 10y 71, 71

LTTMEO=L TIMF Y

RICTHRN

PUNCH 964 K IPRIT

PUNCH 95,

21



94
95
6

22

LOVORT « YSTARVS ZSTARV. RVs YV Zvs {GHI1)e I=1y N2Y, (RU11}, I=ts M
P2y (THETAUD)s Imle N2Ys (DUI)s I71s N21s DCVDXs DYSVOYX, DZSVLY. U
ADEDXIIrs I=7 s NYs (ODLX({TI)s I=1s Nis Xs DX+ RADINSSs ZALTISG,s YAXTIST
e XU (RX30IYs Tt NI {CSPIXNLL)s T2+ Nl (Do XN ] )~ T~
1y NYo (COSPHULTYs Tzls Mys (STHMPHI{I)s Txle M)s (SUMIN(TYy i:1. i)
Gy (SUMIITYs I=1s Mls (SUMZ20IYs I=21s wds (SUMPIDIYw I=7e w)e SUYO
To SUAd, SUMAG, SiH4, SUMSD, SUMS s SUMEDs SUMEs RO THFETADS YUs 70,
8 URDXs DRDDX

FORMAT (1Xs 3(0L23415+ 2X1}) -

FORMAT (3t 23«15)

FORMAT (21103

5T0P

END


http:3(L23.1S

SUBROUTINE FIT (XDe XCFs SF» DELTAs DELTAF» As By G5 P)

TIHIS SUPROUTINE FITS THE CURVE OF NONCONICAL SLCTION BY A
THIRD ORDFP POLYNOMIAL «

SO=x0¥DI LTA
XO2=X0%r2
¥QF=X0¥EeE3
¥F2desXCFaskg
KF3=XCF#¥%3
A3=XF3-X073
B3=XF7?=X02
CCA=ROCF~XG

F3=5F-50
Al=3#¥X02#C3-AD
Bl=7 .xX0O¥(3~B3
Fl=DFLI1A%C3-F3
Azﬁac*BB

BZ=2.%C3
F2=DELTAF-DELTA
DV=A1%B2-A2%B1
A=(DB2¥F1-BI¥F2)/DV
B={AL*F 2~-A2%¥F1)/DV
C={F3-A3%A-B3%D} /(3
P=50-X03%A~XUuZ2¥B~X0*C
RETURN

END

23
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SUBROUTINE NCONSH (L)

THIS SUBPOUT INE CALCULATE S SOME INPUT DATA FOR FACH SCCTION AF e
L=0s FOR X=XU0e  L=1s FOR ANY X.

COMMOM/ 1/RANDTUS s AZAY 15, BYAXISs S5 BETA

COMINN/ 2 /NSHRPE

COMMON/3/DXs XJs Xs XXO

CUMMON/4& ZALPrHAs AL LELTAs DELTAFs SPANFs XSPFs TAMAF s SINAT« SINA
12+ COSA2s COSA3s COSHET -

COMMON/S/PLs TWOPIs PI02y THPTOZs RAD« Ns N2s N2M1s N2ZP1 .
COMMON/5/GYNRT s GYORTOs GSI50)1s GSALHNYs R5(511s THITAS(HN], ¥Y&(6A
11s Z5E50)s D(51)s HIB2)s RIBN)s RO{5N}s THETA(SD)s Y(RA). 7(37), O
25Vs THETSVs YSTARVS ZSTARVs YWs YVOs ZVs ZV0Ds RVs PVA, THCUTAv
COMMON/9/ERPS .
COMMON/10/L11NC

COMMOMN/17/RAD1ISSs ZAXISSs YAXISS

COMMON/19/DBDXs DRDDX

COMMON 7 20/XEPF s EDELTF

COMMON/23/1CASE

COMMON/2R/As By Cs P

IF (L +EQa 0) 1. 2
X1=1+/DELTA
RATI10=XX0/X1
EPS=0. :

IF {NSHAPE UQ. 0) 44 5
RADIUS=RADIUS*RATIQ
DROBX=RADIUS/XXD
RADISS=RADIUS
GO TO 6
AZAXIS=AZAXISHRATIC
ZAXISS=ALAXIS
BYARIS=BYAXIS¥RATIO
DBDX=BYAXIS/XXO0
YAXISS=EYAXIS
YSTARV=YSTARV¥RATIO
ZSTARV=ZSTARVKRATIO
DO 3 I=24 N2Zs 2
GE{I}=GS(11*¥RATIO®(DELTA)
DII)=DRII}*RATIO
GVORT=GVORTHRATIO*DLLTA
S=RAT 1O
RETUIRN

IF (LINC .EfR. 0) 19+ 21
IF {XelLBEo XSPFY 10. 11
S=AXKEETHBAX#* 24 CE KNP
RATIO=X/XAv
[F {NSHAPE LQ. 0) 7+ B
IF (ICASE «FQ« 1) 124 13
RADIUS=RADISS*RATIO
GO Te 2G
RADIUS=5%2./3.
DRODX=2 4 # {3 a® AR EXZ2+2 4 #B#X+C) /3.
RETURN
S=5PANF+{X—~X5PF ) *DELTAF
RATIO=Y /XX

[F {NSHAPF «i0Qs 0} 14+ 8
IF (ICASE «FQe 1) 15, 16
RADTUS=RADISS#RATIO
6D TO 20
RADTUS=5%2e/3



21

17

18

G TO 20

AZAXT 9=ZAXTS6RRATIO
BYAXIS=YALTSSHRATIO
PETURH

RATTO=X /KX
RADTUS=PADRTISLHARATIO
S5-¥xDFLTA

TF (X «\.Fe XFPF)Y 17y 18
FRS=23aKAXXER 2+ 2 ¥BAXAC
FETURM

EPS=FDELTE
 RFTURN

“FRHD

25



SUBROUTINE SETUP
THIS SUDROGUTINE SETS UP ALL CONSTANTS FOR THE TPANSGTORMATIM

COMMONZ T /haD lUS s AZAXTISs BYAXISs Sy ALTA

COMMON /2 /0. SHART ‘
COMMPONZS /P Ly THOPILy PINP, THIIOZ2: RADs N» MZ2e N2MIL NPPY
COMMNON/T7/RDy THETADSs Y04 70

COMMON/B/5PRSEQS s SMREQS

CLMMONZLS/ CAy CBs CBMAs CUMASQs C FTAZs CPEQ
COMMON/Z14/AZs BYs AZSODs BYolWs X1Zs [ AZs BMA. BSIMAL, RLQ
COMMON/15/ As Ke RODT&e SINANGs COHANGs BETAR
COMMON/Z30/TLIFTy UPPERs XLOWER

COMPLEXN CAs CB, CBMA, CBMASG. CPFETAZ. CRSC

IF (NSHAPF «FQe 1] ls 2

1 AZ=AZAXIS
CA=AZ
BY=BYAXJS
CB=RY
AZSQ=AZ®¥2
YGO=RY#%2
BETAR=RETA*RAD
T=2 «XBETAR
BMA=BY—-AZ
CBMA=BMA

~, BMASQ=BMA#H 2

2

A CBMASO=RMASO
L BSMAS=BY##2—-AZ%%2
L A=COS{TI-BSMAS/S%x2
T B=SINIT)
ﬁZFOOT&=SQRT{SQRT(A**2+B**2])
o THET=ATANZ2(Bs A)
ff‘IF (THET oLEe Ge) 39 &
3 £ THET=THET+TWOP1
a~ ANG=S#THET
SINANG SIN{ANG)
cnsqNG COSLANG)
FACT=RY*RCOT4
X17=S%{FACT#COSANG~AZ *C0O5H (BFTAR) ) /BIA
XIZSQ=X17%%2
ETAZ=6% (FACTHSINANG-AZ*SIN(BI TAR) ) /BMA
CIFTAZ=FTAZ#{0uas 1o}
TLIFT=X17#%2+RY5Q
UPPEFR=3GRT (4 SYAG-HMALETAZY X0/ “IAGQ+Y 1250
KLAWER = w502 T CIRSANAGIPIAFTAZ Y » 2 /PHASO+X T 7 57)
anoTo 7
2 RSO=RADIUS*E?
CRS0=R3D
IF (RSO +F Qe Oe} 54 &
& BLTA=Q
6 BETAP=BITA¥RAD
SPRSQS=S+RSN/S
ETAZ=(S4P50/ 51 %S IN{BETAR)
CIFTAZ=FTAZ7%(0.s 1,
SMRSOG- 5RO/ S
X1/7=05-RS075) RCLS BT TAT)
X]250=X12%%2
TLIFT=X128%24P S0
UPPER= S IRT 2« ¥RADIUS=! TAZ Y RXP+X12L50Q)
XLOWE R=—SNRT ( (7« *RADIUSHE TAZ)H 24X T/ 40)

"'F

&=
.

26
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CALI Y;conwvo (3ay Nay v,
R()':“;“R'I"(‘(0“'*7-’-?’}3\'*‘?)
"THFTAO:ATA.\H/_O/Ym

Rt TURN

FND

70)

21
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SUBROUTINE Y7570 (Y, Z. Y52 25)
THIS SUBROLTINE DOCS THF TRANMSFORMATION RLTWEEN Z AND Z5TAP

COMMAON Y 2 /NSHADE
CoMBent/s7PT. TUGPT s PIO2y THPICZs TADs Me N2y NZ2M1s H2Z2P1
Corrue /10 /nd e e AZ,50 BYSQy X129 ETAZ s HHMAC BSMAL L RS

IF (NSHAPE F0De 1) 1y 2
DENOMs Y% 24 7 =X
PEL=Y-RS0%Y /D NOV
AlM=Z+RSO*Z/DFHONM-ETAZ
TOP=2 « *REL*A LM

BOTTOM=REL##2 ~AI¥Ex2-XIZ%#%2
RG=SQRTISOQRTATORXx24BOTTON#*%2))
IF {(TOP) 8+ 12, 8

CALL ANMGDET (RFLs AIM, PHIs BOTTOM, COSTRY: STHTE)
GO TO 10

TOP=2 . ¥Y¥]
BOTTOM=Y#¥ 2= Z ¥t 2-BYS50+AZ 50
R=SORTISART(TOP*%24+40TTOM*%2) )

IF {TOPY 4+ 5 4

CALL ANGDET (Ys Za PHI»s BOTTOMs COSTRM» SINTRM}
GO TO 6

THET=ATANZ(TOPs BOTTOM!

IF {THET oLlTe Qe THET=THFT+TWORI
PHIz o5 #THET

COSTRM=COS{PHI)

SINTRM=SIN(RHI )

IF {COSTRM +0LCe D0 By 7
COSTRM=~=COSTRHM

SINTRM==SINTRM
REL=HY+R®¥COSTRM~-AZ*Y
ATM=BYRR*SINTRM-AZ#Z+BMAXETAZ
TOP=(2«#REL®¥ATM) /BMA®#2
BOTTOM=(REL¥¥2-AIM#%2 ) /BMAR#D-XTZ#42
RS=SQRT(SORT (TOP#¥2+BOTTOM%#2})
IF (TOP) Bs 9 8

CALL ANGDET (RFL/BMAs AIM/BMAS PHIs BOTTOMs COSTRMe STNTPM)
GO TO 10

THET=ATANZ(TOP» BOTTOM]

IF (THET oLTe Q4] THET=THET+TWOPRT
PHI=« 5% THET

COSTRM=CNS{PHI)

SINTRM=SIN{PHI}

IF (COSTRM «GFe 0O&) 10s 11
LOSTRM=~COSTRM

SIMTRM=-SINTRM

YS=RSACOSTINY

25=REXSINTRM

RETURN

END
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SURROUT IR YZCOMME (YSy Z5s Y L)
THIS tBROUT THE. DOES THI TFANSFORMATION BETUWLEN ZSTAp apn 4

COMMOIE/ 2/ NSHADNE
COMMON/S/PTs 1VUuPTy PIOU2s THPIOZ2« RADS by N2y N2'1a MR
COMIAON /14 /AL DY s AZ50s DYols X1Zs ETAZs BMAS BSMAS, RS

TOD=2a2Y437 G
BOTTOM=YS#¥P—2G8#2+X17>%

RHO = SORT(SQRT (TOP*#24B0T 1 OMX 2 1)
IF (TOPY 14+ 29 1

CALL AMGDET (YSs 7Ss PHI. BOTTOMs COSTRMs SINTRY)
GO TO 3 '
THET=ATANZITOD . BOTTOM)

IF (THFT +LTe Oa) &4a 5

THE TETHL T+ THOR |

PHi=«eSLTHET

COSTRM=CNSIPHT )

SINTRM=SIN(PHI) ,

IF {COSTRM «GE. 0.) 3, &
COSTRM=-COSTR

SINTRM=-SINTRNM

IF {NSHAPE .EQ. Q) 7. 8
AL=BMAXRHO“CNSTRM

BE=BMA* {RHO*SINTRM+ETAZ)

TOP =7« %ALXDE
BOTTOM=BSMAS ## 2+ AL K52 ~BE %% 2
RHO=SQRT{SQRT(TOP*%2+RBOTTOM# %2 )
IF [TOQP) $slus @

CALL ANGDFT (ALs BE,s PHIs BOTTOMs COSTR#s SINTRM)
GO TO 11

THET=ATANZI(TDPs BOTTOM)

IF {THET «LTe 0.) 12, 13
THET=THET+TWOR ]

PHI=« 5%THET

COSTRM=COS{PHI}

SINTRM=SIN{PHI}

YTERM=RHOXCOSTRM
ZTERM=RHO*SINTRM

Y= { AZ*ALHBY*YTERMY/BSYAS
Z=(AZXBE+BY%ZTERM} /BSMAS

IF {¥) las 15s 15

IF {(AZ¥AL-BY®*YTERI) 164+ 173 17
IF {{(Y/BY)®#24+(2/A2)%%2+4U0001) #GE. 1a) 16y 14
Y= (AZ*AL-BY*YTERM) /BSMAS

7= (AZ#BE-BY*#ZTERM) /BSHMAS
CONTINIE

RETURN

A=RHNOXCNSTRM

B=RHO®SINTR+ETA7

TF (RSO) 18, 19, 18

T

=8

50 TO 20

TOP =24 #A%D
BOTTOMSA¥ R P =D X244 AR S0
RHO=SGRT(SORT{TOP#+ 24 A0 TTOMN¥%2 ) )
IF (TCP) 21y 22y 2]

CALL ANGDET (As By PHIs BOTTOMs COSTRMy SINTEM)
GO TO 23

THET=ATAN2{(TOP, BOTTOY)

29
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28
26

20

30

TE(THLT «llTe 943 24,

THET THETH{wpp

PHI=a b T |

COSTRM=COS!IDHT)

STHIRM=SINIPHT )

YTCRM=RHORCOSTRM

FTERM= DS [NTR Y

Y=o BE{A4YTI [0
SRR+ ITIR A

TE (AYYTERM) 265 27,
IF (A=YTFRM] 20, 28y
TE 00y #e2q 7ns24,00001)
Y= Bk {A-YTLRI)

L=aS¥(A=ZTLRM)

CONTINUE

RETURN

END
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SUBROUTINDG DFRIVE (Y5, 7%, Y Z« DR DI

THIS SUBROQUTINE CALCULATFS NDZ/DZS

COMMOM /2 A TIGHARES .

COMMON/S/PTs TwOPI~ PIO2s THRIOZs RADs Ny N2s N2M1s NZPI
COVMON, 13/ CAs CHy (BMAL CRMASRs CIETAZs (RSO
COMBMON/34 /M2 BYs 82509 LYSGs X1Zse ETAZ. RiA, BSMAS, RSO
COMMON/Z16/R0GT ~

COMPLEX ROOTs CAs CBs CBMAs COMASQs CIETAZSs CAPLS ., CAPZ, DZ2D7%. CP
150, FACTOR

CAPZ7S=rMRPLXIYSHs 725}

CAD/=CMPLX(Ys Z})

I {NSHAPE +FQe O) 1s 2

TOP=2.%#Y%Z

BOTTOM=Y ¥# 2 Z##2-BSMAS
RHO=SQRTISORTITOP##Z+B0OTTOM*#2) )

IF (TOPRP)Y 3s 45 3

CALL ANGDET (Ysy Zs PHIs BOTTOMs COSTRMs SINTRM)
GO0 TO S

THET=ATANZ [TOP» BOTTOM)

IF (THFT «LT. 0.) &5 7

THET=THE T+TWOP [

PHI=e5%THET

COSTRM=COS(PHI)

SINTRM=SIN(PHI)

IF (COSTRM 2GEe D) 54 8

COSTRM=~COSTRM

SINTRM=-SINTRM

ROOT=CHMPLX (RHO*COSTRMs RHO#SINTRM)

DZDZo= ((BMASQ*CAPLSEROUT I/ ([ CB#ROOT-CA*CAPZ-CBMA#CIETAZ ) ¥ (CB¥CAPZ~
ICA¥RODT 1)

GO TO 9

FACTOR=CRSQ/CAPZ

DZD2S=CAPZS/ { {CAPZ~-FACTOR~CIETAZ)#{(les0o ) +FACTOR/CAPZ) )
DR=REAL(DZDZS)

DI=ATMAG(DZIDZS)

RETURN

END

31
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SUBRDUT INF ANGDET

THIS SUPPOUTINE DETIPMINLS ANGLE OF ((Y+IZ)¥A24REAL) #%, SLWHER ¥, 0

7 FouALS 200830
COMPONZ /P T

1F 2w
G

2y

(Y T
IF Y)Yy S
15 (7)) 4.
PHI=P102
COSTRM="N.
SIMTRM=],
PETURN
PHI =0,
CO5TRM=1.
SINTRHM=D,
RETIIRM
PHT=THPIOZ2
COSTRM=N,.
S5INTRM=-1a
RETURN

END

TWOR!»

2
5
ts

{Ys

Zs

PIGZs

PHIT »

R-

THRIOZ »

COSTRM

RAD o

Ha

STHTRMY

N2 s

N2M1 .
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SUBROUTINF COFIGR (M)

THIS SUBROUTINF CALCULATILLS ALL CONFIGURATIONS OF

T ISOLATILLD YORTEX

A=1, GIVE YLV, /Z5V, PIPIVEs HIPIV]y GV,

CALCUTF ALL THE OTHERS

M=r) CALCULATE G(PIV}Y ONLY

COMMON/3/DXs XOs X XXO
COUMMON/ZS/PLs TWOPIs PI0O2s THPIOZs RAD

COMMON/&/OGVORTs GVORTOs GSE50) s GSDILNDY,
1)s Z25150)s DIR1) s HIBR2)s RI50) - RO(RD)

Ny NZo»

25Ve THETSVs YSTARYS ZSTARVSs YVs YVIs ZVse 7VDa

COMMON/T7/R0Os THETAC, YO, Z0

COMMON/Z7/DHISDY s HDI25)Ys DDISCYs DRR(50)

NMT =N-1

IF (M «FEQe 111y 2
REV=SORTIYSTARVE##2+ZSTARVEE2)
THETSV=ATAN {ZS5TARV/YSTARV)
CALL YZCNMP (YSTARYs ZSTARVS YV ZV)
RY=SQRT{YVE£24ZVHx2)
THETAV=ATAN(ZV/YV)
D{1)={RSV+D(2))7/2.
ARG=THFTSV+H (1)
YS{1)=YSTARV-D(1)1%*COS{ARG)
285111 =2STARV~-D{1)*SIN{ARG)
RS{1)=SORT(YS(1)##24+75(1)1¥%2)
THETASL LI =ATAN(ZS(2)Y/Y5(1))
CALL YZCOMP (Y¥YS5{1)s 25(1)s Y{1}y Z(1}}
RIIISSQRTIY (LI #%24+7 (1) #%2)
THETA{1)=ATAN(ZI1)/Y(1})

DO 12 1=%» N2VW1s 2

DiIY= (D(I+1)+D(I=11)/2

DO 13 I=2s N2

ARG=TRETSV+H(T)
YS{I1)=YSTARV-DI{ 1) *COS{ARG)
ZS5(11=7STARY-D{I)1*5IN(ARG)
RSETI=SARTIYS(T Y E%24ZS5(T)*%2)
THETASI I} =ATAN(ZS{I}/YS(I N
CALL YZCOMP (Y¥YS({I)s ZS(T11s Y(I}y Z(I))
RIIY=SORTIY(II%#2+2(1)%%2)
THETALT)=ATANIZ{IV/Y(11)
DINZPLIY=DIM?)

RINZPI I =R (ND2)

DDI1Y=D{2)—R5V
DRR{11=R(2)-RD

DO 15 1=2» N2

IPL=1+1

IMl=1-1

EOCIYsDOIPLI-D(IMLY
DPR{II=R(IP1I=R(IML)

GSINZ=1)={(DHIN2=11+DH(N2=2) 1% IGSIN2)+GS(NP=2) 1 Z( 2 ¥ (DHIN2=T1)+DHN?

1-3))1)
DO19 I=2s NML
[2=2%{N~1+1)

GOUI2-1)1={(DH{IZ2=1)+DH{I2+1 11 RGSOIZI-DH{IP=1)¥GS(12+1 1y /D {T2+1)

SHITTS AND

SS5{PIV)

NZMT -
RS(51 1
THETA(50) 4

RV

HH{25)

RV,

NZ2P1
THETAS{ 0
¥{GBO e (BN}

THETAV

GS{T1)={H{41RGS{2 ) =2 ¥H2)X¥2¥GS{3 ) /{HI2)+H{4)) )/ (2. %DH{2))

PETURN

33
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34

L&

GSIP)RIP2 e EDHI 2V RAS (1 )40, a2y #E2 2083V LHIZ M aY Yy i1t 4
O 18 I=0, MM1 ¥

VRN

CHUT 2 eI =1 1805 (T4 1) +DHI T2+ 13Y0SUI 2= Y1 /(0H (T 210+ 2 01 ) )
GSIM2) = ({2« DI {211 +UHINI=3) ) FOSIM2~T1=-DHIN =T 1 RGOS 2 =311 2 (O [0 2 -
TIV+DHINS =3} ]

RFETURM

END



)

SUBROUTINE SOURCE (Y, 7. DRy UTs SR ST
THIS SUBROUT INT CALCULATERS THP SOURCE TIRM N COMPLEY VFLOCTTY

COWHON /T /IVSHAD

COMMQMN/Z IR/ CAs CBes CRI'Ay CHMASQ S CIFTAZ s CPS%
COMMON/1G6/7ROOT

COMMON /19 /DBBDX, DRDDX

COMPLLX ROOTs DZDZS»> S» CAs CE, CBMA, CBMASW. CILTAZ, CR3D. Cai/,
1CDRDDXY s COBDX

CAPZ=CMP] XYy 2)
DZDZS=CMRLX (DR DI

IF (NSHAPE JEQe GY 1, 2
CDBDX=DBDX#{1las0e)
S=CAXCDBDX*¥DZDIS/RGOT
GO 1O 2
CORDDX=DRDDX* {1+ +04)
S5=CSQRT(CRIQ I *CDRDDX*DIDZS/CAPZ
SR=REAL (S}

ST=AIMAG(S)

RFTURN

END
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SUBROUTINE FPSLN (YSs Z5, ¥y 72, DRy DI, FRa £7)
THIS SUBROUTENE CALCULATLS £PS=w.5%((D2Z/DZ52) /(07/D29)

COMMOM, 2 /NSHAPE
COMMONZ YR/ CAs CB+s CDMAS CBMASTDs CIETAZ. CRSY
COMMONSTAE/PODT

COMPLEX CAs OBy CRMA, COMASQe CIFTAZY RONTs Vs of, CAPZS, CAPFy 7N
1Z5s EPS« CRSQs Tle T2 Dl Dz

CARZS=CIPLX(YSs 25)

CAPZ=CHYPLXIYs 2}

DZLLS=CMPLX(DR, D)

TF (NSHAPE +£0. 0] 14 2

V=CR¥ROGT~CA*CAPZ-CIETAZ%CRMA

V=CR*CAPZ-CA%R0O0T
EPS=(~-59U0}“((1-90-)/CAPZS+BZDZS*(CAPZ/PDOT*W/V*fCB*RDOT»Cﬁ*CAP?}
1/7W) /ROOT)

GO TO 3

T1=CR5Q/CAPZ

T2=T71/CAPY

D1=CAPZ-T1-ClETAZ

D2=(1es0,)+T2
FPS:{.%sOc)*f(DZ/DI-{?.-H.]*fT?/CAPZP/D?)*DZDZS—(]-sﬂ.)/CAP?SJ
ER=PFALIFPS)

EI=AIMAG(EPS)

RETURN

END


http:SIlI(3R0TINIFP.LN

SUBPOUTIEF DYINC (Y5« 7% DID7SP. DINZST}
THIS CIBRAUTING CALCULATES THE TERY DWUINC)/RZ

COMMN/L/RANDIUS s AZAXTS . HYAXTIS, S« UETA

COMPON/S /Py TWOP T P10Zy THPIGZy RADS Ms NZ2w NZ2MT. NZPL
('(,MV(\H/B/ o e 5‘:‘5 4 E:Vh’\i O

COMNMOM /97BN

-

COMPLFY C25y Chy CBy CD. Cis CFy CTs CDINZS, CFPS, (TT7T, CPIZ. {9}

TT=ACNS{Z e ¥RACTULS¥S/ { Hx#2+RAGTUSH*2) )
IF (1Y5 «EfQe Co) «ANDs {Z5 «FGe D)) 62 7

6 DIDZSR=N. -
DIDZSI=-ERPSH¥(TT/PIF.5)
RETUPH

7 C75=r¥PLX{YSs ZS)
CD=CMPLX(Uey, SMRSQS!
CEPS=CMPLXIIPSy 0.)
CPIP=CMPLXITWORI, Q.
CTT=CMPLX{uss TT)
CPI=CHPLX{PI, (o)
CE=(2e%RADIUS#E(Ley Nal)H*CZS
TOP=2a%¥725%Y5
BT TOM=YG#22 782 %2+ SDRSASH+2
RG=GSGRT{SORT (TOP#%24BOTTOMER) ) }
IF (TOP) 1a 2a 1
24 CALL ANGDET (YS, 7S, PHIs BOTTOM, COSTRM. SINTRM)
= GO TO 3
r%‘THET=ATAN2(TOPs BOTTOM)
¥, IF (THFT oLEe Cs) THET=THET+TWOPI
FPHI=S*THFT .
= COSTRM=COS{PHT )
A, SINTRM=SIN(PHI )
SETF (COSTPM «GEe Cs) 34 5
5 ICOSTRM==COSTRM
LSS INTRM=~SINTRM
3% CT=CMPLX{RS*COSTRM, RS(SINTRM)
S CF=CDRCT
CA=CLOGICF+CI)
ChR=CL0GICF—CF)
AAR=REFALICA}
AAJ=ATMAG(CA)
IF (AAT JLF. 0.} AAI=AAI+TWOPI
CA=CMPLXI{AAR s AAL)
BER=RE AL (CH)
HB1=AIMAGICA)
TF (BB] oLEs Oe) BRI=ABI+TWOPI
CR=CMP| X {(@ARr, BRT) )
COHIDZS= CFAPOL*{CIZS¥{CA-CBY/(CPI2#CTI~CTT/CPI={0es J)¥((Tas 0u}-C7°¢
1/7CT3/{7es Dad)
DIDZSR=RFAL{CDIDZS)
DIDZSI=ATMAGICDIDZS)
RETURN
FND
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SURRPOUTFINF USFRUL

THIS SUDRQUTENE CALCULATES SOME USEFUL EXPRELSTORS FOR
THE (00P1 AMD THE LOGP3 ’

COMMOMZ3 /DX e X0 X XXO

COMMONZG 7ALPHASs AFy DFLTAs DELTAFs SPANF, XSPFy TANAF, SINAL. S1:N
17, COSAZ?, COSA3s COSRT )

COMMON/S/FTs TWOPT,s ©I02, THPIO2sy RADs Ns N2y N2M1le N2P1
COMMOM/6/GVORTs GVORTO, GSI501s GSO(50Ys R5(51)s THETAS(S501, VS{A{
1)y ZS{5CYs D(H1) e H(B52)« R{50)s RO(S0)s THETAIS0)s Y(80), Z{50). D
Z25V,. THFT3Vs YSTARV . Z5TARVe YVae YV ZVe ZVDs RV RHYNy, THETRV
COMMOK/T/ROs THETAD« YO, 20

COMMONZIO/LTINC ) -
COMMNON/ZLI/DWESGRI25), DWDSGI(25)y E{25)s COSPHI{Z25} . SINPHI( 1y A
135029 N

COMMON/2T7/DHIEGY s HD(25)s DD(6H0OYs DRRISO)s MH(25)
DIMENSICN DR(25) s DI(2%)s DWDZSR(25)» DWDZSI(25)

DO 3 I=14 N

- L=2%1-1

CALL PRERIVE (YS{LJ}s ZS3(L)sY(L)s Z(L}s DR{IYs DICIYN)
AB%D(I)~]-/SQRT(PD(I)*42+DI(I)**2)

DO 1 1=1s N

12M1=2+1-1

CALL SQURCE (Y (I2M1)s Z{I2M1)s DRI(IYs DI{I)s SRs 5D

—alF ALINC #EQe 0Y 6. 7

1

38

PIDZSR=0.

‘DJD?GI O

GO TO 4

GALL DWINC (YS{I2M1)s 2S(IZ2M1}s DIDZSRs DIDZSI)
YSMYSV=YS(I2M1)-YSTARY

.%SPY%V YSUI2ML)+YSTARY

aswzsv ZS{I2MIY~ZSTARY
%DENV—(YqMYbV**2+ZbMZSV*“2)*(YSPYSV**?+ZSMLSJ**2)

SUMR=0,

SUMI Qe

‘DO?K]aN

K2=2%K

YSMYS=YS{I2M1)-Y5(K2)

YSPYS=YS{I2M1 1 +YSI{K2)

2SMZ5=25(12M1)~ZS(K2)

YDENS= (YSMYSH*#2+ZSMZS##2 1% { YSPYS#¥2+75M75%#2)

SUMR=SUMRHGS K2 ) ¥HH (K ) #YS({K2 ) ¥ Z2SMZS*# LYSMYS+YSPYS) /ITWORI*YDFNZ)
SUMI=SUMIHGS (K2 I #HH (K I #YS (K2 ) ¥ (YSMYSKYSPYS~ZSMZS#%2) /( TWOP I 2 YDENS)
DUNZSR(I)=—GVORT FYSTARVEZSMZSVH {YSHMYSY+YSPYSVY /(PI#YDUNV) ~SUMR+
1SR+DIDZ SR

PDWDZS (1) =—(LVORT HYSTARV® (YSMYSVHYSPYSV-ZS5MZSV*%2) /(PI#YDERV)+S
TUMI+TANAF=ST~DIDZST)

PO S I=1s N

L=2%]-~1

PEI)"HQRT(U(L)*N?+(DD(L)/DH(L))**?)

COSPHL LI Y=DRROLY#ALSD (T) 20t (1Y RDH L))

SINPHI (1Y =50RT(14=COSPHI (] ) %%

ANG=THETSVY+H (L)
ONFI=1COSTANGID (L)Y +STMNANG)Y ¥DRDILY/DH LYY 7B (T Y #(~14)
TWOR=(COS{ANGI*¥DD{L) /DHILY=-STNIANGI*D LI /70T 1 #(~14)

DUDSGRE I =ABSDI T} ( TWOR2DWDZSR (1) —ONEIXDWD2STI (1))

DUDSGI T ) =ABSD{ I H ( TWORSDWLZST (1 )+ONEI#DWDZSR (1))

RETURN

FND
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SUBROUTIHE COJGDW {(CDWZVR, CDWZVI)

THIS SHBROUTINE CALCULATES THE COMPLFX CONJUGATF OF THE |
VELODCITY FIFLD AT THF TSOLATFD VORTFX )

COMMONZLZALPHAS Ak o BILTAs DELTAFs SPANF s XSPF s TAMAR, S5IMAT- SITHA
12+ CO552« COLAZ, COSHBT

COMMON/ZR/PTS TWOPT, PIOZ2y THRIOZ, RADs Ns NZy N2M1s NZP1
COMMON/A/GVORT s GVORTOs G550y GSNDIR0Y sy RS{51)e THETASI®BO) s YS5(5N
1)y Z5(50Ys DI31) e HIB2)s RIS0)y HO(B0)s THETA(BOYs Y(50)s Z{'D)s R
25V THETSVs YSTARVs ZSTARV. YV YVDs 7V, ZVDse RVs RVA, THETAW
COMMON/1D/LINC

COMMON/2T/DHIBC) s HDI25)s DDIS0Yy DRR(50Ys HH{Z2%9)

CALL DERIVE (YSTARVs ZSTARVs YV, ZVs DVRs DVI)
CALL SOURCE (YVs ZVs DVRs DVIs SVR, SVI)
CALL EPSLN (YSTARV. ZSTARVs YVs ZVs DVRs DVIs EVRs EVI)
IF (LINC «EQ. 0) 1y 2 :
DIDZSR=0. -
DINZSI=N.
GO TN 3
CALL DWINC (YSTARV, ZSTARVs DID2SRs DIDZSI}
SUMR=04
SUMI=0.
DG 4 K=1s N
K2=2%K _
YSVMYS=YSTARV~YS(K2)
L.YSVDYSSYSTARVAYS(K2)
- HZSYMIS=ZSTARV-ZS(K2)
L YDENSV=(YSYMYS#% 242 SUMZS®%2) ¥ (YSVPYS# %242 5VMZS#%2)
.}5UNR SUMR~GS  (KZ)#HH(K)I*YS(K2)#ZSVMZS* (YSYMYS +YSVPYS)/(TNOPI*YDEH
Jsv)
MSUMT=SUMT+GS (K2) ¥HH(K)*YS(K2) % (YSVMYSYSVPYS5-ZSYMZS*#2) / (TROP I+
thNSVJ
HSUMR=SUMR+SVR+GVOR THEVI/THOPI+DIDZSR
SSUME=~( TANAF=GVORT/ (2« #TWOP [ #YSTARV )+ SUMI+GVORT*EVR / TWOP T -DIDZST -5
BV ' '
TABDVEDYR¥%2+DV I %%
‘DZSZVR=DVR/ABDV
DZ252VI=-DVI/ABDV
COWZVR=DZSZVYR* SUMR-DZSZV I *SUMI
COWZV1=~(DZSZVI*SUMR+DZSZVR*SUMI)
RETURN
END.

J
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T SUBROUTINE GAMERV (GVORD)

THIS SUBROUTINE CALCHLATES THE NEW VORTEX STRENGTH OF THE j50LATIR
VORTEX BY SATISFYING THE KUTTA CONDITION

COMMON/4 /ALPHAS APy DELTA, DFLTAMs SPANF, XSPFs TANAF, SINALl, SINMNA
12y COSAZ2. COSA3. COSHT

COMMON/R/PLs TWUOPLs PINZ, THPID?. RADs MNs NZ2s MN2M1s NPP1

COMMON/6/GVYOETs GVORT(, 65501, GS0(580Yy RS{ALI- THETAS(RBNY, ¥Y5¢(4N
1)y 250501 DU{DBL) s H(52)s R{50)y RO{50}, THETAISGY s Y{S0)s Z(50)s R
25Vs THETSVY YSTARV. ZSTARVs YV YV ZVe Z2VDs RVe RVDO, THTAY

COMMON/Z10/LINC

SUMzﬂ -

DO 1 I=34 N

[2=2%1

SUM=SUM+ {H{TI242)~H{I2=-2) }*¥GS{ T2V #COS{THETASIIZ2)}/RS(T?)

IF [LINC «EQe O) 24 3

LIBZSTI=0.

GO TO 4

CALL DWINC (Ues Qes DINRZSRY DIDZSIY

DIV=COS(THETSV)/ (PI*RSV)

GVORD=TANAF -GS (Z ) ¥R {4 ) %% 2#COSITHETAS( 2}y /{THOPI#{H{4)~H(2 1} *R5(2))
1-GS(a)#(H(6 ~HIZ2I¥H(4 )}/ (H{4)-H(2) ) ) *COS(THETAS(4) } /{TWOPT¥RS(4) )-S5
2UM/THOPI+DIDZST

GVORD=GVORD/DIV

RETURN

END



27

10

SUBROUTINE LOOPL (1STOPT) 7
IH1S SUBROUTINE IS DESIGNED TO SATiSFY THE PRISSURE CONDITION

COMMOM/2/7DXs %Cs X XXO .

COMMON/B/PTs THWOPI . PI0O2s THPIOZ2s RADs No N2s N2ZM1s NPP1
CCOMMON/G/GVORT s GVORTO,s GS(50)s GSN{S5N}, RS(51)s THETAS{50). YS(&RA
TYe 28505079 D{B1) s H{B2)y RI50)s RO(SN)s THLTAIBND) s Y(BQYs 7(65%)s R

- 25Vs THETSVs YSTARV, ZSTARV S YV YVNs 72V ZV0Os RVse RVYO, THETAV

COMMON/11/DWDSGRI25) s DWDSGI(25)s E(25)s COSPHI(25), SINPHI(25), A
185p(25) =

.COMHMON/18/ACL

COMMON/Z4/NLOOP LS ACCls SUML(25)s SUMI0{25}s SUMI1(25), SSUMLIPS9.
1 5UM2(251s SUM20(25),s SUM21(25)s SS5UM2(25)s CSPIX0(25)s DWDSXO(25)
25 RXO(25)

COMMON/27/DH(50)s HD{25)s DD(5N)s DRR(501)s HHI25)

DIMENSION AD(25)s G(%0}s ERI(25)

ISTOP1=0

ACC=ACC1

NITER=C

CALL COFIGR (1)

IPASS=0

DO 3 I=1, N2

G(11=GS(1)

GVORD=GVORT

CALL USEFUL

PO 1 I=1a N

L=2%1-1

SUM11(I13=COSPHI(I)

SSUMILIT)=SUML {1+ {SUMIO(T)I+SUMIL{T) I *(R(LI-RO(L ) /2,
SUM21(T)=DWDSGR( 1)

SSUMZ (1) =SUM2{ 1) +{SUM2C (1) +SUM2] (1) }1# (X~X01/2. _
AD({1}={CSPIXULII)#RXC (1) +SSUMI~DWDSXO (1) %XX0=-SSUM2 (1)) *ABSD(1)/E(])
SUM=SSUM=0

DO 2 I=1, N

IN=N+1~1

SUM=SUM+SSUM

L=p*IN-1

GS{L)=(~GVORT~SUM) /(4 5*DH{L)+AD(IN))
SSUM=HD (IN) %GS5 (L)

CALL COFIGR (0)

DO 4 I=1s N

12=2%]

ER(T)=ARS({GS(12)=G(12))/G(I2))

IF (ER(I) «GT. ACC1) IPASS=]

CONTINUE

- CALL GAMERV (GVURT)

FRROR=ABS ( { GVORT~GVORD Y /GVORD)

IF {(FRROR «Lbs ACLL JAND I1PASS o[O« 0) GO 10 5
NITER=NITER+1 |

I (NITER oLEe NLOOP1Y GO TO 9
ACCI=ACCI+ACC

IF (ACC1 +GTe ACL ~ ) 224 O

ISTOP1=]

"PRINT 70« (FR(I}s I=1s N)s ERROR, ACC1
RETURN

GVORT=({ GVORT+GVORD) /2.

DO 1G I=1s N2

GS(IV=(GS{IY+G{I}) /2,

GO TO &

41
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S S ]
.

COMTIMOF
TE (ACCY WEQas ACC) GO TO 75

FRINT 20s (FR{IJ+-T=1ls N}s ERROR, ACCI

TACC1=ACC T a

RE TURN . - _

FORMAT (1Hus Z2OHERRORS ARE TOO LARGEs 2Xs 2HUR=6(E12.%5s 2X) /71K T
IHERROP= E124%, 2Xs SHACCL=E1Z2.5) .

T END



1n
28

Sy

W

76

SUBRGUTINL LOOPZ2 (Ms T5TOP2)
THIS SUBRQUTINK IS DESLIGNFD TO SATISFY THE FORCE BALANCE LQUATION

COMMON/3/MX s Xe X, XX0O -

COMAON/B/PLs TUOPT, PIO2, -THPIC?: PADs Ms NZs N2MIs N2P)
COMMON/R/GVORT s GUYCRTOs GSE50) . 6520501 s RS(51 1+ THETAS{S0O}s YS{%0
1}s 250500 DIB1) s HIB2)s RIS0)s ROIB0)s THETA{SD1s Y(50), Z{50}, R
25vs THETSVs YLTARV, ZSTARVs YV YVOs ZVs ZVNs RVe RVNe. THETAY
COMMON /18 7ACL =

CUMMON/ 25/7NL0O0OP2 s ACC2s STEP

DIMENSTIGON YSV(3)s 25VI3)s VORLFT(4)s ZFTAR(&Y}s ZETAT{41s FR{4)

ISTOP2=0

ACC=ACC?

IF (M) 3, 24+ 3

CALL LOOr]l (IS5TGOPL)

IF (1570P]1 «F03- 1Y GO TO 28

RFETURN

PRINT 31+ ERI{&)s ACC2

ISTAP 7=

RETURN

NITER=O

I=1

¥YSVY{1)=YSTARV

ZS5VI1)=2STARV

CALL LnNHPl (ISTOPL)

IF (ISTORPL LEQ. 1) GO To 10

NITER=NITFR+1

VOPLFT{T1=GVORT#YSTARV*4,

CALL COJGDW (CDWIVR, COWZVI)

ZETAR{ 1) = {GVORT=-GVORTO ) /DX¥(YV=Y{N2) ) =GVORT# {COWZVR—~{¥YV~YVN} /DX
ZETAI{ 1) =(GVORT-GVORTO)} /DX¥(ZV=Z2(N2) ) ~GVORTR{CDWZVI—=(ZV~ZVD) /DX)
ER(IIZHZETAR‘I)**2+ZETAI(I)%%z)/VORLFTtI)**E

IF (ER(1) «LEe ACCZ) 1s 4

I.F {ACC? oFQ. ACC) GO TO 35

PRINT 31s ER{a)s ACCZ

ACC2=ACC

RETURN

GO T (54 &s 7+ 8) 1

YSTARY=YSVY (1 }+5TEP

YSVIZ)=YSTARV

25V {2)=Z5TARV

I=2

GO TO 9

YSTARV=YSVI(])

YSEV(3Y=YSTARV

ZSTARV=ZS5V(1 1 +5TEDP

ZSVI(3)=2STARY
I1=3

GO TO 9
RSVOLD=PRY
RSY=SQRTIYSTARY®#2+72STARY#¥2)
DLLRSV=RSV-RSVOLD

TERM=DELRSVY/HIN2)

DO 26 J=1s N

12=7%1

DII2)1=D(T2Y+DELRSV-TERME¥H (12}

GO TO 27
TERMI=ZETAR(Z I HZETAT (3 -ZETAR (3 ¥ZETATI (7))
TERMP?=20TAR{1I#ZFTAT(A)-20TAR(IVHZETAT(] )

i
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20

19
21

16
22

TLRMA=ZEFETARIIIAZETAR( ) =ZFTAR( 2} HZETATI(Y)
DETFRY -TORMI-TFERM2 £ TMRMR_

VOV (YO UL Y RTERML-Y Ly i 2 ) ¥ TERM2+Y SV IR I HTERM3 Y /DETERM
ZEVL={LSv () A TERMI =25V (2 ) ¥ TERM2+ZSV{3 1 #TERM3 1 FDETERM
Ir EABS((Y&VZ"YQTAPV)/YSFARV) «GFas «5) 12 13
IF [AESUIZOVE-ISTARVI/ZETARVY «GEs o5) 125 1%
FRR¥AX=AMAYIIFRI]1)« LR{?Ys ERE31))

iF (ER{4Y «GTe ERRMAX) 154 1&

1IF IMTRY «6GTe 6) 30s 18

ACCZ=ACCZRACC

IF [ACC? «GTa ACL } 10, 18

NTRY=NTRY+1

NITER=NITER-1

ERRMIN=AMINLIIER{I)s ER{2)s ER$2))

DO 19 J=1+ 3

IF {(ER(J) «NFes ERPMIN) 19y 20

L=

GO T 2]

CONTINUF

¥YSVZ=YSVILI+(YSVZ-YSVILYI /2

LEVZI=ZSVILYI+ (LBVI-ZE5VIL) )1/ 2.

YSTARV=YSVZ

ZETARV=L5VZ

1=4

MM=1

GO TO 9

IF INITFR «EQe. NLOOPRZ2)Y 30s 22

NTRY=Q

LO 23 J=1s 3

IF [ER{J) «EQ. ERRMAX) 24s 23

COMTINUF

YSV(JI=YSVZ

ZSV(J1=¢5VE T

ZETAR(J)=ZETAR{4)

ZETAI(J)=ZETAI {4)

ER{J)=ERI(4}

VORLFTIJ)=VORLFT(4)

GO TG 7
TARU=ATANI{ZEVZ-Z5TARY )/ (YSVZ-YSTARV )]
YAVZ=YSTARV+.O1¥COS(TAU)
ZAVZ=ZSTARV+«OIFSINITAL

GO TO 14

FORMAT (1MHUys 1BHERRUR 15 TOO LLARGE s 2X» 6HERROR=F124590

1F12.%)
END

44
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-DO0 2 I=2+ N

SUBROUTTWE LOOP3 {I15TOP3)

i

THIS SUSRGUTINL IS DESIGHLD 10 SATISFY THE NORMAL VELOCITY

COMMONZIZKADTUS s AZAXISs BYAYISs S BETA

COMMANZZ/DX s Xy X XX0D

COMMONZS/ETs T'OPTs PL0O2s THPIO2s PADs Ms N7y MN2M1e N2PI
COMMONZG/CGVORT s GYORTOS G5150)y GSM{GOYs RS{NB1 )y THOTISLH0)y Y= {HN
1) 250501 3051 )a HIR2) Ri&0)sy ROIBO), THETA(FO)Ys YI(BD)s Z(B50V, R
25V, THETSVs YSTARV. 2STARYS YVs YVDs ZVs Z2VDNe RVs RVH, THETAVY
COMMOR/ZIYI/DWOSGR25) . DWDLEGI(Z25). E(25)y COSPHI{ZE), SINPHI(ZE YL A
1B5D(25)

COMMONZTIB/PCL -

COMMON/26/NLOOP3 s ACC3, (OTPHT(25)y THETANIBO)

COMMON/27/DHIHGYs HDIP29Ys DRI5T)s DRR{H50)s HH{Z5)

DIMERSION ETA(Z25)s DOLD(25) s DELI25)s ER{25)

153T0P3=0

ACC=ACC3

DELOLD=N,

APRIME=415

MITFR=0

M=0

CALL LOOP2 {Me ISTOPZ}

IF (1STOP2 .EQ. 1} 6O TO 23

DO 6 I=14 N

DoLD( D) =Di2% 1)

DG 1 I=1s N

L=2#]-1

FTACT = (URILI-RYILY-ROCLY¥COTPHI( Y #(THFTA (L) =THETAQ (L} )} /DX-DWDSH
TI{I)/SINPHI{I) ) /DWDSHSRITI*SINPHE(T)

ETA{I}=ASINIETAL{TI})
DELLT)Y=~ETALLIR{D(2) ¥HE24RSYH¥H2-D 4 HD {2 ) RREV¥COSIDH (1} )/ {RSVESINIDH
1{1)}]

L=2#%#1-1

12=2%1

12M2=12~2
DEL{II=(DUIZIRDELI T2 1) /D(IoMPI-ETALI ¥ ID{I2 ¥ % 2+DLIPM2 ) ¥ %P -2 XN (]

123 #DCI2KM2 ) #COSIDHIL) )/ (DLIZ2MN2)*SIMIDHILY ) )

14
1%

16

PO 3 I=1ls N
ER{II=ABS(DEL(IY/D(2%]I))
MITFR=NITER+]

ERRMAX =ARRAYMAX (TR N)

IF (FRRMAX +LEe ACC3) 7.8
IF (NITFP «GE«. NLOOP3)Y 9 10
NCCI=ACCI+ACC

I {(ACC3 «GTe ACL Yy 13. 10
PRINT 25%. LRRMAXs ACC3
Isftop3=1

RFTURN

M=1

IF (DELINIHDFLOLD) 4+ He B
DELCLD=DFL (M)

RO TN 14

APRTMWE=ADRIME /2.,

DELNOLD=0,

IF (ERRMAX +LE. APRIME) 15s 16
FACTER=1.

GO TO 17
FACTER=APRIMIL/ERRMAX



17

16

COMTIM
nn 18

e

[:]q ]

DIPEII=DOLD IV +DFLL 1) #FACTER

GO TD

1z

1f (ACCA oFNe ACC) (O TO 30
75+ ERRMAXs ACC3

PRENT
ACCa=!
RETUHRN
FORMAT
1C124%)
END
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SUBRODUTIME LIFT (K)

THIS SUBROUTING CAl COLATES LINFAR LIFT COEF. AND 'NONLIMEAR LI T
COLFT o« K=ls CALCULATES EVERYTHING AT X0 STATICN.
K=ls CALCULATES EVIRYTHING AT ANY STATION.

COMMON/ L/RADIUL s AZAXISs BYAXIS, & BLOTA

COMMON/ /DXy Xo o Xy XXOG

COMMON 4 Z7ALPHA S Al s DELTﬂs’DfLTAF; SPANF s XSPF, TANAF L STINAT, =INA
12 CNSA?s COSA3, COSKHT

COMMOINJE/PT, TLOPIA PIO2.s THDIOZ2, RADs Ns N2s N2M1, MPR]
COMMON/ZE6/GYORTs GVDRTOs GSI50)}s GSN{ARN)s RS5{51)s THFIAS(5N) . YS(&F
1) 75(59)5 DIB1Y, H(52), RIS0), RO(SG)s THETA(BC), Y(50), 7(R0). R
25Vs THETSVs YSTARVS ZSTARVSs YV YVOs Zvse 7VDe RVse HVN, T-IETAV
COMMON/Z7B8/SPRSODS s SMRSOS )

COMMON /% /EPS

COMMON /1N /L INC

COMMNN/27/DHIBUY s HD{P5)s DDIRO)s DRR{AN)s HH(25)

COMMOM/20/5U%2, SUM20, SUM31a. S$SUM3. SUM&, SUMan, SUM41, SSUML4, St
IMG, SUMS, SUMB1, SSUMS. SUMGE, SUME0s SUMELs SSUME
COMMON/30/TLIFTs UPPIRs XLOWFR

IF (K «FNe 0) 5y &

S5UM30=5

SUM3=,525%X
CLI=PI*SINAI¥COSAZ*TLIFT/{COSRT*SUMI]
5U“=O.

DO 40 I=1s N

L=2xl

SUM=SUM+GSIL 1#2*YS{L)*HHIT)
CL2=2-*{GVORT*Z.*YSTARV+SUM/2:)%COSABI(COSBT*SUM3*2.)
CL=CL1+CL?

SUMLD=CILL1#%2« ¥5UM3

SUMBO=CLZ2¥? 4 #5UM3

SUM4=2 « #CL1 /3 #2 « #SUM3I#X0

SUMS=2 o ¥CL2/ 3«42« ¥5UM3#XD

AOM]I =SUML/ {2 « #SUM3 %X}
ADMZ2=SUMS5 /(2 . #SUM3¥X(0}

AOM=AOMTI+AOM2

RATIOC=A0OM/CL

CLIN=O,

SUMEN=04

SUME=0 e

S5UM6=0.

Go TO 8

S5UM31=5

SSUM3=SHM3+{ SUMB0+SUM3L I #(X-X0) /2.
CL1=PI#SINAL*COSAZETLIFT/AICOSBTHSSUMS )
SUM=00

N 1 I=1s N

L=z2#T

SUM=SUM+GS{L)*¥7. *YS{L)*¥HHT)
CL?=?.*(GVORT*2-*YSTARV+HUM/?.)*CO%A?/(CO%BT*SsUMgag,)
CL=Cr L2

SUMAL=CILI#2 #H5UM3

SUMB 1=C| 2824 #55UM3
SSUM&=SUMA+{K+XH)*(ﬁUW#]"fU““”1/9.
AOMITSAUNMA /[P« HSSUMI XY

SEUMSTQUMA+ [ X+X0 )% { SUMBT-GUMBAT /2,
AQM2=5SUMS /{2 ¥ SS5UIMI XKD
AGM=ANM]1+AOM?

RATIQO=A0OM/CL
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IF (LINC JEQe D) 3, 2

Cl. INTI) e

oo T 7

R2=PARFHSHYD

THET=ATAN2{SHE2-R2, 2.%¥RADIUS*S)

1F (THFT oLEe Ca) THET=THET+TWOP]
CLIN=FPS*COSARE((TLIFTHRZIFACOS (2« ¥RADTUSRS/ (S%#24R2) 1 +THET# (SPR 0
188k 2=TLIFT=R21+SMRSUSF(PI#SMRSOS/2e =4« ¥RADIUS) I/ (COSBTHSSUM3 Y ¥,
CL=CL+CLIN -

SUMGI=CLIN#2 . #SSUM3

SEUME=SUMA+ [ X+X0 ) % { S1IME1-SUMED 1 /7«

AQYT=SSUVE/ [ 2« #S5UM3%#X)
AOV=AOM+AOM T

SUMAN=SUMS]

SUMAU=SUM4]
SUMBO=5LiM5]
SUM3=55UM3
SUM&=S5UME
SUMS5=S5UM5
SUME=SSUME
PRIMT 4+ CLls CL?» CLIN, CLs ANML1s AOM2, AOM, RATIOQO
FORMAT (1H0s 12Xs 1BHLINEAR LIFT COEFF=£124%s 2Xs 21HNONLINEAR LIF
1T COEFF=FE12+45s 2Xs 17HINCOT LIFT COEFF=E1245//33Xs 1THTOTAL LIFT C
20EFF=E12.5/7/13Xs 14HLINFAR MOMENT=E1245s 2Xs LTHNONLINEAR MCUENT=F
312.%s 2X, 19HTOTAL MOMENT COEFF=E12.5//32X, 6HCM/CL=F1045)

RETURN

END



SUBARDUTLE Y BREPRS (L) .
THIS s RPOUTUNL PREPARY 5 onb CALCULATLS ThE PRECSUPT .
Eel=ls PREwA 5 AL TR-ORMATIONS AT 148 FIPST STATIO Y.
Lh=2s  CFLCULATES THED PRESOLUNE AT SUCCHD STATIOM.

Crm 2 /RAD e A2AYT%e IYAXISs Ss BETA

COAMOR 7T HSHAR]

COAMOM/DN e 2uas XXX XX

Coiv0N/5/PTs TL,0R L, PIOZs THPICZs RAD, Na Nla NPMI, MN2D)

CoM D /76/,6V0RT sy GYORTO. CS(EN)1s GHO{E0)s RS(HLYs ThETAS{B0)s Yo (%
1Ys 25(5%)s NM{51) s HI{B2Y, R{KIY, TO(50), THETA[RQ). Y(R0OY)s i8N}, P
2Lvs THTTSYs YOTARV, ZSTARVs YV AV0s 2V, ZV0y PVe PVD. THLTAY

CrmnM/1n /X MPRE, IPPTT

CAYUNNZRY/TLIET s UPPER, XLOWJEP

COMMONS3I 702V s (25125

-

DIMEASTON YRS(202), 2PS(202)« YPUI2N2), Z2P{202) s PHIXQ{262). PHIX(?
102y, PI{202). NOPHI(202), PAIXY{2C2)s PHIXZ(202)

ComplLEX C2ZVSs CZ256

MI=MPRF41
M2Z=NPRI+2
M3I=D 4MBRE+D
DO 3 KJ=1, M3
3. NNDHI(K )y =0
THIF OILM WEQe 1) 1, 2
10 X=X+DX
S UXX =X
CALL NCONSH (1}
M CALL SETUP
~ YPS{1}=0.
"YPS5{M1)y=n.
YRS {M2i=0.
¥YPS{M21=0,
ZPS 1)Y= OOUT #UPPEPR
ZRPS M1 )=,9999¥%UPEFER
ZRSIM2Y =2, Q0N 1#XLOWER
7RSS {3y, 9909 %X LOWLR
CALL YZCOME (YPS( 1)s ZPSL 1) YP(O 1) ZP( 1))
CALL YZOOIP [ YPS{MI)s ZPS(M1)e YP(MI) s ZP (M1}
1)
i)

5
want

.« =
P Pt A

CALL YZOOMP (yPS(nl2)s ZPS(M2) s ¥YP(M?2)s ZP(M2
CALL YZCWiE (YRS {AM3) s ZPS(M3]s YP(M3)s ZP{M3
UPPER=1URER/LPPE
XLNWER=YI NWFR/IPRE
GG 44 1=2+ NPRE
YPSULT)=0.
FOSTTIY=UePEP*(I-1)
CAlLL YZCOMP (YPS({11s ZPSITI)s YOU[1)s ZFR(11})
J=1+mMl
YPS(JI=G.
FPSTIY=XL NWFR+(I-1)

4 CALL YZCOMP (YPS({J)s ZPSUJYs YP(JIs ZPUUM)
X=X~DX
AAA =X
CALL NCOnsH (1)
CALL SFTUIR
CZVS=CHPLX{YS5TARVs ZSTARV)
DT 8581 I=1s N
172=2%1

91 CZ78(0y=MPLYIYS{I7 e Z5(12))
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Do a6 I[=1s M1
CALL  YZAHCOP (¥R ({IYs JPCI)Ys ¥YPS(T)s 205011}

IF (Z2P501) «FGa 04) Z2PS{1)22PS5[1 )+ .F~8
CALL PhRIT IYP {T)he ZPS(IYs YPR{I)s ZPUTYy PHIXO(I} s ML)
1T (L& JL0e 1) 4bha Hi
& MOPHI(L =
S J=l4al
CALL YZSCOP (YP(J)e ZP(J) s ¥YPS{J)y ZRSEIN)
IF ({{AZAXTS Qe D) «ANDe (NSHARE «FQe 1)) 0ORe [ {(RADRTIIS JF0O. DY
1« ANDo (MSHAPLE oEC. 0})1 594 60
5 ZPS{UY=—-7P5(J)
GO TO 40
tD IF (ZP{J} «EGe Ul ZPS{.J)=—/PS1J}
IF (ZPS({J) «R«Ga) Z2PS{U)=ZPS1J)-1.E-8
45 CALL PHIT {YPS({J), ZPS{JYe YPIJLs ZP{J)Ys PHIXOC(JY, MLP)%
IF (MLP «fQs 1) 861+ 46 .
61 MOPHI(JY=1
4e  CONTIRUD
PETURN
2 PRINT 61
¥YPS{11=0.
YRS (ML }=D,
YPS(M2i=%.
YRS (M3 ) =D,
IPS {11 =001 *UDPLP
ZO5(M] ) =,9999%xUPPER
IPS{MZ2)1=. 000 1#XLOWER
ZPS (M3 )= 9900 RXLOWER
CALL YZCOMP {YPS{ 1) ZPS{ 1)s YP{ 1)s ZP{ 113
CALL YZCOMP {YPS(M1l), ZPS{M1)s YP(M1)s Z2P(M1))
CALL YZCOMP (YPS{MZ)y ZPS(M21, YP{M2)s ZP(M2})
CALL YZCOMP {YPS (M), ZPS{M3)s ¥YRP{M3)s ZP(M3))
UDPER=UPpLRIMPRE
XLOWER=XLOWER /NPRE
DO 50 =2+ NPRE
YPStT)=0.
ZPS{I=UPPER#{1~1}
CALL YZ2COMP (YPS(1)}s ZPS{1}s YP{T}s ZPU11)}
rd=T1+M1
YPS(J)=0a
IPRPS{JY =YL LOWFR:(]I-1)
50 CALL YZU0MP (YPS{J1 - ZPS51JYs YP{J) s ZP(UYY
CZvS=CMPLLIYSTARV. ZS5TARV)
DO 52 1=1ys N
[é=2%]
52 CZS5{I)=CHPLX(YS(12),y Z25(12))
O 53 1=2, M1
J=T+M]
IMI=1-1
MY =]
CALL PHIT (YP53[1)s ZPS({I}s YP(I1)s ZPU{T)y PHIX (1)1, MLD)
IF (MLP .EQ. 1) 54, 55
54 NOPHI(I)=1
5% CALL PHIT(YPS(IMIYs ZPSUIYs YP({IML)s ZP(IYs PHIXYI(I), MLP)
IF (MLLP LEQs 1) 44 5

W

4 NOPHI{I)=1
o CALL PHTIT(YRS{T)s 7PSC{IMI)e YR({I}s ZP(TM1)s PHIXZ(T)Y, MLP)
I (MLDP JEQ. 1) 6s 7
6 NOPHTI(IY=1
T OCALL PRIOHS (YPSUT1Ys Z2PL0T)s YPRPLIYs ZPUT) s PHINDITHIY « PHIX (1) PIHIT

LXYthys PHLX/UYs PREGIN)
CALL PHIT (YPHUJ)s ZPS(0JYs YPU(JYs ZPUJ)Y s DHIX (J] s MLP)Y
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10
11

5%

12

61

IF {"MLD T e 1) B&s 57

MOPHTIC 1) =1

CALL PHITIYRPSIJIMY ) s Z2PS5007e YR( MY e 2P (JYs PHIXY{J) . MLD)
IF (MLP «f0e 1) 8y 9

NOPHI(T =1

CALL DHLITEYPGLGIJ)Yy ZPSH{UMIYs YR(JYy ZP{JML)Yy PHIXZ{J), ML)
IT (MLP oFQe 1) 104 11

NOPHICI)=1
CALL PRESS (YPS(Jis ZPS0JYs YP(J)e ZP(J)s PHIXO(IMI)y PHIX(J)s Pl

ILXYtJ)s PHIXZUJYs PRECJ))

PRINT 6ns Ty YPUI)e ZP(E)s PRE(IYs NOPHI(I1s Ty YPUJYs 7P(JYs PRF(
1JYs NOPHIUS)

DO 12 KJd=1y M3

NOPHI(KJ)=0

IFRIT=IPRIT+1
FORMAT {1Hus 1Xs 36-4PRESSURE (OCFFe ON UPPER SURFACE ARF s« 24k« 34K

IPRESSURE COEFRFe ON LOWER SURFACE ARE //1H0s 1Xe 1dls 8Xs 1HYs 13X
2 1HZs 12Xs PHCPy TXs 1H¥s 1Xe 1H®s 1Xs JHIs 8Xs 1HYs 13Xs 1HZs 124
e PHCPy 7Xs 1H®/E1Xe 1HS)

FORMAT (51Xs 1HS/1¥s 125 3(2Xs E2245)s 2¥y Ils 1Xs 1HSs 1Xa 12+ 2§
12%y Fl245)s 2Xs 112

RETURN

END



SUBRCUTINE PHIT(YPSs /PSS YP, 7P PHI L M)

THIS h%IJbROUTINF_ CALCULATES ThF IMAGINE PART OF THE POTENTIAL
FUNTION AT ANY POSITION X

COMMAN/ZT/RADTIUSs AZAXTSs BYAX1Ss S» BETA

COMMON /2 /NSHAPE

COMMONZ&4/ALPIIAs ALy DELTAs DELTAFs SPARNMs XSPF, TANAF, SINA1,
12+ COSA2+ CDSA3, COSBT

COMMON/5/PI+ TWGPIs PLOZs THRIOZ: RADs Ns N2y N2M1s N2P1
COMMON/&/GVORTs GVORTOs G550y GSNIS5NY s PSI51)s THETASISN) s
11s 250500 DI51)s HI52)s R{50)s RO(50)s THETA(S50), Y(5N)s Z{5
25Vs THFTSVy YSTARV, ZSTARV. YV YVO, 2V, ZV0a. RV, RV, THETAV
COMMON/16 /RTDTRs RUOTI

COMMON/19/DBDXs DRDDX

COMMON /27 /DHES )Y s HDI251s DD(57) s DRR(57)s HH{25)

COMMON 731/C2VSs CZS(25)

COMPLEX CZPSs CZVS5s €45, CL

M=0
CZP5=CMPLX(YPSs ZPS)
SUM=0,
DO 1 I=1s N
12=2%1
CL=CLOG{(CZPS-CZS(T)1 1/ (CZPS+CONJGICZS(IIN))
IF (2P5S «GTe ZS(12}) 25 3
IF (ZPS +EQe ZS(12)) 45 5
IF (ZP5 +GT. 0e) 65 7
6 GL=CL+(TWOPI*(0e» le))
Go To 2
7 JIF (ZPS «EQe Do) 45 2
2 BFACT=AIMAGICL)
1. SUM=SUM+GS{12)¥HHIT)*FACT
GL=CLOG((CZPS—C2VYS) / {CZPS+CONJGICZYS)))
4F (ZPS «GT« ZSTARV) 8, 9
9 ‘EF (ZPS5 «EQs ZSTARV) 4, 10
19 HF (ZPS 4GT« 0e) 11, 12
11 GL=CL+(TWOPI*(Css 1le))
GO TO B
12 IF (ZPS .FQe De) 45 8
8 FACT=AIMAGICL)
IF (NSHAPE +FQ. 0) 14, 15
14  WSR=RADIUSHDRDDX* 4 SHALCGIYP¥*2+ZP%%2)
GO TO 16
15 WSR=AZAXISHDBDX #a5%ALOG{ (YPHRODTR)®¥2+(ZP+RONTI) **2)
16 PHI=TAMAF®ZPS+GVORT#FACT/TWORT+SUM/ (2. X TWQPT ) +W5R
RETURM
4 M=1
PHI=0.4
RETURN
£ND

W
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SUBPOUTING PRLSS (YPS, ZPEs YPs 7Py PHIOs PHIs PHIXYW PHIXZ+ CP)

THIS SUBROUTIML CALCULATES PRISSUPE COFFFICIENT

COMMNN /370Ky XMy Xy XXNG

COMBON/ZGZALPHAS Aty DELTA, DLLTAF s SPANF W XSPFs TANAF . STNATs SINA
12, COGAZs CNSA%, COSBT "

COMMON/S/PLs FwQRI. PINZ, THPIN2y RADs N» N2y NPMI1s N2PI
COMMON/E/WORT s GVORTOs GSH(50)s GSO(BN)s RS{BI)s THETAS({SA) s Y5(RO
1)y 25(500s DI(B1Yy HIB52). R{57)s RO(5D)y THETA(SO) s YI60)s Z{50, D
25V, THFETSVs YSTARV, ZSTARVs YV =YV0Os ZVs Z¥0s RVe Pvo, THETAY
COMMONZ27/DHES ) » EDI25)y DD(50) s DRR(56) s HH(Z5)

CALL DERIVE (YP5s ZPS, vy ZP, DRy DI}

ABSDSU=1 ./ (DR*#2 4D 222}

CALL SQURCE (YPs ZPy DR+ DIs SRs 511

YSMYSV=YPS—YSTARY -

YSPYSV=YRS+YSTAPY |

ZSMZSV=7PS—-751 ARV

YDENV={ YSMYSV R #D 4 Z25MISVHX 2 ) % (YSPYSVHE 24 Z5MZSY*#2)

SUMP=0,

SUMI=",

DO 2 K=1« N

K2=7%K

YSMYS=YRS-YS5(K?)

YSPYS=YPS+YS{K2)

2SMZS=ZPS—25(K?)

YDENS=[YSMYS#¥ 2+ Z5MZS% %2 15 [ YSPYS#%#2425MZS%%2)
SUMR=SUMR4GS(K2) *HH (K ) #YS K2 ) *2SMZS* (YSMYS+YSPYS) / { TWOPI#YDFNS)
SUMI=SUMI+GS (K21 #HHIK I¥YS (K2 )% (YSMYS#YSPYS~ZGMZS%#2) /{TWOP T ¥YLENS)

DiwDZSR ==GCVORT #YSTARV*ZSMZSV*(YSMYSV+YSPYSY) /7 IPIxYDENV) —SUMR+
15R
DWDZSI =={OGVORT FYSTARVE(YSMYSVRYSPYSV-ZSN7SVRE2 ) /(PTI#YDENV I+

TUNT+TANAF-ST ) .
DWSQ=D'IDZSREFDP+DWDI S #4 7
PHIX={PHIXY+PHIXZ-PHI-PHIC) 7/ {X~X0)
CRP=SINAZ- (2 ¥PHIX+AB3IDHQADWSQ ) ¥COSA2 -
RETURN
END
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