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COMPUTER PROGRAM FOR CALCULATING SUPERSONIC FLOW
ON THE WINDWARD SIDE OF CONICAL DELTA WINGS
' BY THE METHOD OF LINES

By E. B. Klunker, Jerry C. South, Jr., and Ruby M. Davis
Langley Research Center

SUMMARY

This paper is a user's manual for a program which calculates the supersonic flow
on the windward side of conical delta wings with shock attached at the sharp leading edge
by the method of lines. The program also has a limited capability for computing the
flow about circular and elliptic cones at incidence. It provides information including the
shock shape, flow field, isentropic surface-flow properties, and force ceefﬁcients. A
description of the program operation, a sample computation, and a FORTRAN IV program
listing are included. '

INTRODUCTION

In reference 1 the so-called method of lines was developed for obtaining numerical
solutions of general supersonic conical flow problems, that is, those gas-dynamic prob-
lems in which the fluid properties do not vary along rays emanating from a common point
in the flow. The method was applied to circular and elliptic cones and to the windward
side of conical delta wings with shock attached at the sharp leading edges.” )

This paper describes a computer program which uses the method of reference 1
and which is primarily designed for the delta-wing problems just mentioned, 'The program -
provides information including the shock shape, flow field, isentropic surface-flow prop-
erties, and force coefficients. The program also has a limited capability for the calcula-
tion of flow about the circular and elliptic cones, but a more efficient version is available
for those problems and is described in reference 2. Some remarks concerning the oper- .
ation of this program for the circular and elliptic cones are relegated to appendix A,

The present program has a built-in capability f_or three different comcal-wmg
cross sections: flat plate, circular :irc, and modified wedge. The modified wedge is a
wedge cross section with the center ridgeline rounded by a circular arc of user -specified
radius; a sharp ridgeline is approximated by a very small radius. Other cross sections
can be included in the program without much difficulty.



The mathematical method and coordinates are described very briefly, and details
of the operation of the program are given herein. A listing of the computer program is
given in appendix B together with a list of the subroutines and a flow chart. Appendix C
presents a sample computation.

METHOD OF LINES

The method of lines was developed in complete detail in reference 1; hence, only a
brief description is presented herein. The flow equations are initially written in a body-
oriented, orthogonal, conical coordinate system (r,7,7), as shown from below and behind
the wing in sketch (a), where r is the distance along a conical ray, 7 is the angle mea-
sured from the body surface to the ray in a plane where 7 1is constant, and 7 is a mea-
sure of the arc length along the intersection of the body surface with a sphere of radius r
centered at the body apex. Specifically, 7T is determined by numerical integration on the
unit sphere. The free-stream velocity vector V_ lies in the YZ-plane of symmetry,
and the origin of the arc length 7 is taken in the windward plane of symmetry. All com-
putations are made in the right half-plane. The integration of the system of equations is
facilitated by a coordinate transformation which maps the region bounded by the shock and
the body into a rectangular domain. The transformed variables are

and E=1

Sketch (a)



where 7 = ns(‘r) is the shock surface. Thus, ¢ =0 on the body, and ¢ =1 on the
shock.

The £,{-plane is divided by N +1 lines parallel to the ¢-axis; the line I=1 is
taken in the windward plane of symmetry, and the line N+ 1 is at the wing leading edge,
where the shock is assumed to be attached. The layout of the computational lines for
N =6 is shown in sketch (b). At each line the system of differential equations is reduced
to a set of ordinary differential-difference equations by replacing the derivatives 8/a¢
by finite differences. The derivative of the Lagrange interpolation polynomial is used in
this program with an equal number of lines on either side of the line at which & /8¢ is
computed; therefore, central differencing is obtained when the line spacing is equal. The
initial values for the system of equations are determined from the shock relations once
the shock shape is specified, and the equations are integrated numerically from the shock

" to the body. The system of equations is integrated simultaheously along each line
I=1,..., N. The differential equations along any line are coupled to those along the
other lines through the finite-difference approximations to the cross derivatives 8/0f.
The equations are integrated by a fourth-order Runge-Kutta method. The accuracy of
this method allows the use of relatively large integration steps. The integratioh step
size can generally be taken in increments of -0.1 from the shock to a value of ¢ of 0.1
and in increments of -0.05 and -0.025 thereafter. An iterative process based on the

~. Newton method is utilized to adjust the shock shape to satisfy the conditions of flow
tangency on the body.

; Shock wave
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Conical wing surface :
Physical (T, n) plane Transformed ( ¢, { ) plane
Sketch (b)



CONICAL-WING GEOMETRY

Three wing shapes — flat plate (M = 3), circular arc (M = 4), and modified wedge
(M = 5) — are built into the program and are selected with the use of the body-selection
trigger M. It is possible to substitute other wing cross-section shapes with little
change in the program provided the wing shape is defined by a function with continuous
first and second derivatives. For such wing shapes, the body geometry can be substituted
into the logic for the circular-arc wing, and the computation for the new wing shape is
found with the body-selection trigger M equal to 4. The changes required for wing
shapes with discontinuities in curvature, such as the modified wedge cross section
(M = 5), are more involved. No description of such changes is givén herein, since each
shape with curvature discontinuities must be considered individually to insure proper
numerical integration for the body geometry.

The compression surface of the conical wing is defined by an equation of the form

G(xo,yo) =0

where X, and y o are the rectangular coordinates of the wing and are related to the

Cartesian coordinates X,Y,Z by
X, =X/Z and Vo = Y/Z

The coordinate X is in the spanwise direction, Z is along the axis of the conical
wing, and the YZ -plane is the wing plane of symmetry. The windward side of the wing is
in the lower half-plane; hence, it should be noted that Y and Yo have negative values
there,

The functions required are Gy, Gyy, Gy, ny, and ny, where the subscripts
denote derivatives with respect to the indicated argument. These functions, with their
appropriate FORTRAN name, which replace those for the circular-arc wing, are as
follows: )

Gy (GX(1)), G, (GXX(I)), and Gy (GY(D)) in cards B3010, B3020, and B3030
of subroutine BG, respectively.

Gyy (GYY(D)) and Gxy (GXY(D)) in cards B3080 and B3090 of subroutine BG,
respectively. '

Yo (YOO), Gx (GXI), and Gy (GYD) in cards D500, D510, and D520, of sub-
routine DERIV, respectively. At this stage x, is the quantity F(1).



Gx (GXI) and Gy (GYID) in cards D910 and D920 of subroutine DERIV,
respectively. At this stage x, is F(2) and Yo is F(@3).

APPROXIMATE SHOCK SHAPE FOR CONICAL WINGS

The approximate built-in shock shape for the conical delta wings is generally satis-\
factory for starting the computations. This shock shape is an even function of £ which
gives both Ng = 0 and the correct value of dng /d§ at the leading edge of the wing.

The function is

_ 2 2
£ £, Ener (I
’]7 s = 1 - 1 > 7] - <_1> 77 + + <_S.>
1 <§N+l ;1 EN+1 s 2 \dE /N4t

The value of Ns )1 used in the program is a tangent-cone approximation increased by a
factor of 1.2 to av01d the Mach wave conditions for very thin wings at small incidence.
In a few computations, the approximate starting value of 7 s.1 Wasso inaccurate that

b

the required corrections An were sizable; thus, a substantial ''roughness' in the
shock shape resulted and subsequent iterations failed. Even so, the first correction
for Mg 1 has been quite good, so that using that value in the approximate shock shape
and restartmg the program have always been successful. The value of Mg 10 ETAS(1)
in FORTRAN notation, is set in cards E710 and E720 of subroutine APPROX

PROGRAM OPERATION

In general, the program operation for_the conical -wing computations proceeds with
little difficulty and can be made by starting from the built-in approximate shock shape.
Instabilities can arise in some cases, and a change in some of the parameters involved
will sometimes yield converged solutions. A number of parameters can be adjusted
which can affect the convergence and computing time. Some discussion of these param-

eters is given subsequently with general recommendations for their values.

Input Description .

The following list contains the program input variables, which are arranged
according to order of presentation in the program.



' Input FORTRAN

card no. variable

1 STMACH

2 GAMMA

N

NCASES

NREAD

Description

Free-stream Mach number, M

Ratio of specific heats, ¥

Number of lines. Line 1 is in the windward symmetry
plane.

For conical wings, line N + 1 is at the leading edge,

For elliptic cones, line N is in the leeward symmetry
plane. ’

To obtain force coefficients, N must be an even number
for the conical wings and an odd number for the elliptic
cones,

Body-selection trigger
M =0 for circular cone at zero incidence
M =2 for circular and elliptic cones

for windward side of flat-plate wing

M=3

M =4 for windward side of circular-arc wing

M =5 for windward side of modified-wedge wing
M

=1 and 6 are not operational

Number of cases to be computed in a natural sequence
where the converged ns,i values for one case are used
as the starting values for the next case. NCASES is
equal to or greater than one,

Trigger for reading in shock shape

NREAD = 0 for built-in approximate shock shape. This
option is satisfactory for elliptic cones which are nearly
circular and small angles of attack.

NREAD =1 when input shock shape is to be read in



Input FORTRAN

card no. variable Description
2 NSPACE Line space trigger
NSPACE =1 for equal line spacing
NSPACE = 2 gives piecewise constant line spacing in
three segments with NA lines in the first segment,
(NB-NA) lines in the second segment, and (N-NB) .
lines in the third segment. This option is not recom-
mended. (See input card no. 6 for further description.)
NPLOT Trigger for punched card output used for plotting (see
subsection entitled Plots)
NPLOT =0 no punched card output
NPLOT =1 punched card oufput
NPUNCH Punched card output for U
NPUNCH = 0 no punched card output
NPUNCH = 1 punched card output for each case
3 This infdrmation read in only for M =5.
PHIWD Wedge angle in the plane Z =1, ¢, degrees (sketch (c))
BX

Parameter locating x, coordinate of junction of wedge

with circular arc in the plane Z =1, A sharp center
ridgeline is approximated by a 'small value-for BX, for
example, BX =0.001. Whenever BX < XOBAR(2). (see
section entitled Summary Print Block), line 1 is the only
line on the curved segment. In this case, the program
sets the body-curvature terms to zero in the differential

equations at line 1, but not in the body-geometry equations.
y0

\E/-l/%/ )

BX = BB/AB

Sketch (c)

AB



Input FORTRAN

i ription
card no. variable Descripti

4 This information read in only if NREAD =1.
ETAS(I) Values of 7 s.i which are used to start the computations
2

5 VTESTHD Accuracy criterion on maximum normal velocity component
at body surface, in which usually a value of 10-3 suffices

VTEST1 Trigger for modified Newton iteration. When the maximum
magnitude of the normal velocity component on the sur-
face VMAX lies between VTEST and VTEST1, a modified
Newton method (ref. 1) is incorporated where the old
Jacobian matrix of influence coefficients is used.

6 This information read in only if NSPACE = 2,

NA Number of lines equally spaced in first segment; must be
an odd number to obtain force coefficients (sketch (d))

NB Line number at end of second segment; must be an odd
number to obtain force coefficients

ANA For conical wings, ANA = XI(NA)/XI(N + 1). For elliptic
or circular cones, ANA = EI—(N;A)
XI(N)/2

BNB For conical wings, BNB = XI(NB)/XI(N + 1). For elliptic
XI(NB)

or circular cones, BNB = .
XI(N)/2

XI(N)

XI(NB)

+

XI(N+1)
"’/XI/(NB)

| XI(NA)
XI(1)

XI(NA)
XI(1)

XI is arc length along surface contour.

Sketch (d)



Input FORTRAN

card no. variable Description

i This information read in only if M =5,

THETAD The semiangle between the wing leading edge and the
Z -axis, 0, »degrees -

ALPHAD Angle of attack, «, degrees
8 This information read in only if M # 5.

T For conical delta wings, T is the ratio of center-line.
thickness to semispan.

For circular and elliptic cones, T =b/a, where b is
the semiaxis in the YZ -plane of symmetry (which con-
tains the velocity vector) and a is the semiaxis in the
XZ -plane of symmetry.

THETAD . 0, degrees

For the conical delta wings, the angle between the wing
leading edge and the Z-axis (complement of sweep
angle).

For the circular and elliptic cones, the cone semiangle in
the XZ -plane of symmetry.

ALPHAD Angle of attack, «, degrees

Output Description

Among the first items printed are some of the input parameters (see section
entitled Input Description), and in addition, some preliminary computed quantities and
control parameters (quantities described in the sections entitled Auxiliary Definitions
and Secondary Parameters) which are not input data but which can be readily changed
within the program. A sample computation is presented in appendix C.

The following output information is printed for each pivotal (trial) shock shape:
ETAS(I), ETASP(I), CP(I) (pressure coefficient) at shock, CP(I) at body, and V(I) at body
for I=1,...,N+1 for the conical wingsand I=1,...N for the circular and elliptic
cones. After the print of V(I) are the values of KCOUNT, VMAX, EPSIG, SPACER,
and DETERM, followed by the corrections to the shock shape DETA(I).



After the solution has converged (that is, VMAX < VTESTHD, where VTESTHD
is VTEST in the sample computation), the full results are printed, starting on a new page,
with the input and much of the preliminary information repeated in an orderly fashion.
This arrangement allows the printing for the preliminary iterations to be separated and
discarded if desired. For conical wing calculations, information relating to the wing
leading -edge shock follows this printing. The following quantities, which are measured
in a plane normal to the wing leading edge, are printed: DELTA(N+1), BETA(SONIC),
DELTA(SONIC), BETA(DET), DELTA(DET), BETAD(N+1), SIGMAD, VNS, and AMN. The
coordinates of the tip Mach cone XMACH and YMACH are printed in the next block
together with the scaled values XMACHB and YMACHB which are nondimensionalized by
the wing semispan. The summary print block is then printed followed by the arc length
XI(I), the body coordinates XO(I) and YO(I), the shock quantities ETAS(I) and ETASP(I),
and finally the zeta print blocks.

Windward-line zeta limits.- Following the ZETA = 0 print block, the limiting
values of certain flow properties which are dependent upon the direction of approach to

the nodal-point singularity, as described in reference 1, are printed. The values printed
in the ZETA =0 print block are the limits obtained by approaching the Symmetry plane
along the surface. The limits corresponding to an approach in the symmetry plane are
tabulated in the output under the heading WINDWARD LINE ZETA LIMITS. (The entropy
function SBAR is printed under the heading labeled 8S.)

Force coefficients. - After the windward-line zeta limits, the aerodynamic force

and moment coefficients are printed as well as the center-of -pressure location. The
quantities printed are axial force (CZ), normal force (CY), drag (CD), lift (CL), moment
about X-axis (CM), and the coordinates of the center of pressure (YBAR and ZBAR). The
reference area for the force and moment coefficients is the plan area.

Plots.- The program has a plot-option trigger, NPLOT, which can be used to obtain
punched card output for use in another program which, in turn, rearranges the cards in
an order suitable for plotting cross-flow streamlines, cross-flow sonic lines, and cross
sections of the body and shock, as well as surface and shock pressure coefficients, and
surface quantities U, W, RHO, and CROSSM as functions of the nondimensional spanwise
coordinate, X. This second program is not included, however, because each different
computer system has its own variations in plottihg routines and requirements. It is
hoped that the user can adapt the punched card output for these plots to his specific
requirements.

Appropriate_ labels identifying the inputs for the case for which the punched card
output is obtained are punched in the MAIN program at cards A1310 and A1320, and the
body coordinates, surface quantities, and sonic-line coordinates are punched at cards
A6960 to A7070. The quantity NZETA punéhed at card A6950 in the MAIN program

10



(computed at card L1750 in subroutine PRINT) is a counter of the number of integration
steps from the shock and is used in the plotting program. In subroutine PRINT, xg,
-whicH is the value of X along the shock, and the shock pressure coefficient are punched
at cards L540 and L550. The coordinates of the shock and cross-flow streamlines are
punched at cards L800 and L810. R

Auxiliary Definitions

Several quantities appear in the printout of the preliminary iterations, some of

which can be useful in evaluating the sequence of iterations. Several auxiliary quantities
that have not been defined elsewhere are defined in the following list:

FORTRAN
variable

AAST

AMN

BETA(SONIC)
BETA(DET)
BETAD(N+1)

DELTA(N+1)
DELTA(DET)
DELTA(SONIC)
DETA

DETERM

EPSIGOM

Description
Ratio of critical speed to free-stream speed

Mach number based on component of stream velocity in a plane
normal to wing leading edge

Shock angle for sonic velocity behind shock, degrees
Shock angle for shock detachment at wing leading edge, degrees
Shock angle at wing leading edge, degrees

Flow deflection across leading-edge shock measured in a plane
normal to wing leading edge, degrees

Flow-deflection angle across shock at detachment condition, - -
degrees

. Flow-deflection angle across shock for sonic velocity condition,

degrees
Correction applied to each value of 75, A7

Determinant of the Jacobian, or influence coefficient, matrix
(This matrix is normalized so that the sum of squares of the
elements of each row is 1.)

Parameter for controlling step size during the numerical integra-
tion of the body geometry; used in cards C580 and C590 of sub-
routine RUNKUT and set in card A530 in the MAIN program

11



FORTRAN
variable

EPSIVAR

ETASP
INTCNT

KCOUNT

NCYCLE

PTINF

RANGLE

SIGMAD
VMAX

VNS

XINI

12

Description

Perturbation parameter; changes Ng to (1+ EPSIVAR)77S for
each perturbation integration; set in card A2690 of MAIN pro-
gram and used in cards A8060, A8160, and A8210 of MAIN
program

Derivative of the quantity Ng with respect to the arc length 7,
dn s /d'r

Number of integration steps used to determine £(N)/2 in body-
geometry computation

Total number of pivotal and variational integrations

Number of iteration cycles. The first cycle always consists of

.one pivotal and N variational integrations to generate the
Jacobian matrix. Subsequent cycles may or may not include

the N perturbation integrations. No perturbation runs are
made when VMAX < VTEST1 (modified Newton computation),
and the old Jacobian matrix is used to obtain the corrections An.
In this case a cycle is one integration, When VMAX > VTESTI,
one cycle consists of the pivotal integration and the N pertur-
bation integrations required to generate a new Jacobian matrix.

Free-stream total pressure referenced to product of free-stream
density and square of free-stream velocity

Relative angle of incidence for circular and elliptic cones, «/0,
where 6, isthe cone semiapex angle in the vertical plane of
symmetry and o is the angle of attack, degrees (not printed
in delta-wing computations) ’

Angle between wing and shock at leading edge, degrees
Maximum magnitude of normal velocity component on body surface

Component of unit free-stream velocity in plane normal to wing
leading edge

Arc length to wing leading- edge on the intersection of the unit
sphere with the wing



~Secondary Parameters
A number of secondary parameters which control various computations have been
built into the program. Those related to the size of the integration steps are given in the

following list:

FORTRAN .
.variable Description
EPSIG Control parameter for triggering the extrapolation to the

surface. When the G function in the denominators of
the equations for the zeta derivatives becomes smaller
than EPSIG, the program extrapolates to obtain values of
the normal velocity component at the surface. This
parameter is used in cards J960 and J980 of subroutine
EQNS and set in card A2660 of the MAIN program. The
normal value is 10-3, This parameter must be reduced
in value when small integration steps are used near the
body.

EPSINT, DSMAX, DSMIN Parameters used in variable-step integration. Variable-
step integration is not recommended for either engineering
computations or for computations within the entropy layer.
The program uses a fixed-step mode by setting
DSMIN=DSMAX in cards K350 and K360 of subroutine
RUNKUT2. Value of EPSINT is set in card A2700 of the
MAIN program and is used in cards K1250 and K1370 of
subroutine RUNKUT2.

SPACER Sets the minimum distance between points to be used in the
formula for extrapolation to body surface. This param-
eter is used in card K540 of subroutine RUNKUT2 and set
in card A2670 of the MAIN program. The recommended
value is SPACER=EPSIG.

Summary Print Block

The notation used in the summary print block is as follows:

FORTRAN . e
variable Symbol Description

I Line number

13



FORTRAN
variable

PSID
PSISD
X0, YO

XOBAR, YOBAR

XS, YS
XSBAR, YSBAR

ETAS

BETAD

X1

CPSHOCK

CPBODY

Symbol Description
Arc tan (yo/xo)’ degrees

Arc tan (ys/xs), degrees

Xo Yo Cartesian coordinates of body in plane Z =1

X Yo Cartesian coordinates of body referenced to X5, max’
where xo,max is the maximum value of x,

Xgs ¥g Cartesian coordinates of shock in plane Z =1

Xg, g's Cartesian coordinates of shock referenced to X0, max

g Value of 7 at shock, radians (see section entitled
Zeta Print Blocks for description of %)

B Angle between free-stream velocity vector and tangent
plane to shock, degrees

¢ Arc length along the intersection of the body surface

and the unit sphere
Pressure coefficient at shock wave
Pressure coefficient at body surface

Zeta Print Blocks

The notation used in the zeta print blocks is as follows:

FORTRAN
variable

ZETA
P/ROVSQ
P/ROASTSQ

P/PTINF

P/PINF
14

Description

Independent variable, n/ng; € =1 atshockand § =0 on body
surface

.Pressure p referenced to product of free-stream density and
square of free-stream velocity

Pressure referenced to product of free-stream density and
square of critical speed

Pressure referenced to free-stream total pressure

Pressure referenced to free-stream pressure



FORTRAN
variable

RHO

UV, w

ucC, VC, WC

vCC, wWCC

VX, VY, VZ

PSINOR

THETNOR
XBAR, YBAR

XBHLD, YBHLD

ETA

DEQNS

AM

CROSSM

Description
Density p referenced to free-stream density

u-, v-, w-components of velocity in r-, n-, 7-directions,
respectively, referenced to critical speed

Quasi-cylindrical velocity components in Z-direction, and directions
normal and tangential to body contour in plane Z =1, respectively

Circular cylindrical components of velocity normal and tangential
to a circle in the plane Z = 1, referenced to critical speed.
UCC is same as UC.

Cartesian velocity components, referenced to critical speed

Arc tan (VX/VZ), degrees

Arc cos (VY/M(VX)2 F (VD24 (VZ)2>, degrees

Cartesian coordinates referenced to xo,max

Cartesian coordinates, referenced to X5 max’ of cross-flow
b

streamline (isentrope) that intersects the shock at line I

Angle measured in a plane normal to the body from ray on surface
of body to ray in field, 7, radians

Function that appears as a factor in the denominator of most of the
equations for the {-derivatives and which vanishes at the body
(g inref. 1, p. 12)

Function which is a factor in the denominator of the equations for
¢-derivatives (D in ref, 1, p. 13). It vanishes when a line
¢ = Constant becomes tangent to a conical characteristic.
The tangency can occur only when regions of supersonic cross
flow (CROSSM z 1) appear. |

: 2 2 2
Local Mach number, Y2 _* ‘; + W where a is the speed of
sound
v2 4+ w2

Cross-flow Mach number,

15



FORTRAN

variable Description
SBAR Entropy function, S= logEP /PINF)p’j
POROGAM (P/ROVSQ) /0"
PT/PTINF Ratio of total pressure to free-stream total pressure
PT Total pressure referenced to product of free-stream density
and square of free-stream velocity
BERNOUL Error in Bernoulli equation, 1 —( 2y T % + u2 +v2 4 Wz)/y + i
) Y - Y -

dp du dv dw dS respectively

DPDZ, DUDZ, DVDZ y ==, = , )
’ ? ’ de’ de’ de¢’ de’ dg

DWDZ,DSBDZ
. N p du o8v 8w S
- PP, UP, VP, Finite-difference approximations for 3 37 Bar or a7’
~ WP, SBARP respectively
XBSONIC, YBSONIC Sonic-line coordinates referenced to wing semispan, X, max

Accuracy Control Parameters

The accuracy of the computations improves with increasing number of lines N and
with increasing number of points NP in the cross-derivative approximation formula
only within certain limitations., Instabilities can arise for both the elliptic cones and the
conical wings, and the instabilities are accentuated for the larger values of N. The
integration step size, particularly near the body surface, can also influence the accuracy
of the final results. Recommended values for computations to engineering accuracy
(three to four figures) are given for the principal parameters.

FORTRAN o
variable Description
DS Integration step size from shock to body; set in cards K420 to K470 of

subroutine RUNKUT2, Recommended values are
DS=-0.1 for 0.1=ZETA=1.0

DS = -0.05 for 0.05 = ZETA =0.1

DS = -0.025 for 0.025= ZETA = 0.05

DS = -0.0125 for 0= ZETA = 0.025

16



FORTRAN

variable Description

N Number of lines
For conical wings, N =8 to 14.

For circular cones at small incidence (RANGLE < 0.5) or elliptic
cones of moderate axis ratio (T 2 0.7) and small incidence,
N = 5 to 11,

NP Number of points used in computation of cross derivatives; set in
cards A680 and A690 in MAIN program

NP = 3 for computations where computing time is a prime
consideration.

NP =5 for the most cbmputations. Larger values increase the
computing time substantially with little change in the overall results.
The accuracy with NP = 5 is noticeably better than with NP = 3,

VTESTHD Convergence criterion on the normal velocity component at the body
surface. VTESTHD = 10-3 to 10-4 for most cases.

VTEST1 Parameter for selection of regular or modified Newton procedure.
The modified Newton procedure is used after all the normal velocity
components on the body are less than VTEST1. This value is 0.01
to 0.05 for most cases.

Limi_tations
The limitations of the method are described in detail in reference 1. For the sake

of completeness, some of the important points in regard to the delta-wing calculations are
repeated here; the elliptic-cone cases are discussed in references 1 and 2.

As stated earlier, this program is restricted to the supersonic flow on the windward
side of conical wings without yaw and with shocks attached at the sharp leading edge. An
obvious limitation in the angle-of-attack range is that a can not exceed the value corre-
sponding to leading-edge shock detachment and should not be less than the value which
corresponds to an expansion on the lower surface. Other limitations are in Mach number
and number of lines. All delta-wing cases attempted by the authors with M, 2 3 have
been successful. If the Mach number is too low, the shock wave may lie a considerable
distance from the surface, and unacceptable error growth may occur, as described in
reference 1. Similar instability arises if too many lines are used; 19 lines appear to be
the practical maximum in many cases. This maximum is not a severe restriction for the
delta wings,'since usually the use of eight to 14 lines yields excellent accuracy.
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~ Special System Features

The program makes use of .certain features which are special to the Control Data
series 6000 computer system at the Langley Research Center, and some changes may be
required for other systems. The word length of this computer is 60 bits; consequently,
double precision may be required on systems with 32 or 36 bit word lengths. Some
seven-character variable names, which may not be acceptable to other systems, have
been used in the program. The program is written in FORTRAN IV and requires a field
length of 70Kg to compile and execute on the CDC 6000 series computer system at
Langley Research Center.

Langley Research Center,

National Aeronautics and Space Administration,
Hampton, Va., November 23, 1971.
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APPENDIX A
REMARKS ON COMPUTATIONS FOR CIRCULAR AND ELLIPTIC CONES

As already mentioned, this program has a limited capability for computing the flow
past circular and elliptic cones, but a more efficient version is available for such prob-
lems. (See ref. 2.) When the present program is used for such problems, the following
remarks should be noted:

(1) Line N lies in the leeward plane of symmetry. (There is no line N +1 as in
the wing problems.)

(2) The elliptic cone solutions can be quite sensitive to the accuracy of the shock
shape; consequently, they must be developed in incremental steps. A limited provision
for this type of computation is provided by the parameter NCASES, where NCASES is the
total number of cases in the sequence. Its use allows the converged shock shape for one
computation to be used as the initial shock shape for the next computation in the sequence.

For example, to obtain calculations for an elliptic cone with T = 0.5, a sequence of cal-
culations starting with a circular cone (T = 1.0) and NREAD =0 should be input; sub-
sequent calculations in the sequence should have values of T decreasing in small incre-
ments to T = 0.5.
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APPENDIX B

PROGRAM LISTING, LIST OF SUBROUTINES, AND FLOW CHART

The computational program listing is given in this appendix together with a list of
the subroutines and a flow chart.

Program Listing

The computational program listing is as follows:

PROGRAM MA[NI{{NPUT.0UTPUTTAPES= INPUT (PUNCH}
CONICAL FLOW BY THE METHOD OF LINES

COMMON F(334DF (314FC(31+0FCI3)+881(314AB2(3),AB83(3)AB4A(3)

COMMON FUN(2046) s DFUN(2016)«FUNCI2046)+DFUNCI2016)+B1(2046)182(200
161+B3(20¢6)+34(20+6)SBAR(201+DSBOZ (20) « SBARP (201.DSB1 (2010582 (20
2340583(201,058a (201 x1(2051X0(201,YO(201 AT (201+AZ (201443 (20} A4(2
30)+A5120)sA6420)A7(20)+AB(203+AKB(201+GX{20)«GY {203 +GXX(20)+GYY (2
4031 +GXY{20)sETA(20)+ETAS(20) «ETASP(201+8ETAD(20)RHOI201 R (20342 (20
S)4U(20)+VI20)W(20) PP (20)+UP(20) VP (20} WR(20)+XS(20)1YS5(20}+0UDZ
6(20)+DPDZ(20)4DVDZ(271+DWDZ(20) ¢ AMI201+5(20)+ZETAL (20)+2ETA2(20)+2
TFETA3(20)«ZETA4(2011DUT(20)+DU2(2011DU3(20).DUA (20)«DWE (20)+DW2(20)
B1DU3(20)¢DWA 201DV (20)+DV2(201+DV3I(20)1+0VA(20)+G(20)sPSID20) «DP
91120 :DP2120),DPII23),0P4 120 ) DEONSI20} .CROSSMI20 1 «RHOI SENI2T}

COMMON UISEN(20) +POROGAMI20)+G(201¢GP(20)PSISD(20) +BERNOUL (20) +XS
1BAR(20) «YSBAR(20)4XORAR(20)+ YOBAR(20) +XBAR{201)+YBAR(20)

COMMON AASTIB11+B12+R13+¢B21+B22+B23+NSPACEIPTsMINILL s TITHETARGAMM
1ASDXI+GON1 1CONZ+STMACHIABLAI 1+ A12:A130A21+A224A23¢A311A32,A2DALPH
2AR«N] «NDEBUG »HHK +S [ GMA +RAD + NF ¢ NLINES +EPS 16y NPRINT 4 SPACER s ULEEs UWI
3ND «RHOLEE « RHOW INO +NEXTRAP (EPS 1 GOMeEPSINT o X N1 « S 1GNP

COMMON XP+X1P,PHIWR+ASBAR,DS RS+ X1B58AR
COMMON ZERRORy/ ER(12)+ERR(12)+BLK(12)

COMMON VCC(2C ) WCC{22) 1 SBARHLD (20 )+ XBHLD (20 )+ YBHLD (20)

COMMON CP (201 s XMACHB (20 + YMACHB (201 +UCI20),VC(20) 1 WC (20 s VX (20) «VY
1120)  THETNOR (203 +PSINOR (201 +POPT1(201+PTOPT1(2014PT(20) POASTSO (20
2) +POPINF (20) «XMACH(20) + YMACH (201 +CPSHOCK {201 +CPBODY (20
DIMENSION IDATE(2)s ETASQ(20)s VO(20)s D{20420}1s B{20w1)s
10)s DETA{201+ XREAL(20)+ YREAL(Z0)s X(20)s Y(20). FI(20)0¢
2 DF1IDU(20,20)

DIMENSION DHOLD(20+20)

OIMENSTON XBSNC(50). YBSNC(50)

EQUIVALENCE (0.OF {DUy
COMMON /BLOCK1/ ISTL (NCYCLEZNCOUNT

COMMON /BLOCKZ/ NAwNEaANA BNB s CNC «XJUNC

COMMON /BLOCKS/ NEGP .

COMMON /BLOCKB/ NCNT

IP{VOT (2
FIBt20)s

DATA (BLK{1}e1a1412)/4HBLK] +4HBLK2+8HBLKI14HBLKA +4HBLKS s 4HBLKG+4HB
1LK7¢4HBLKE+4HBLK D +SHELK 10,4 SHBLK114SHBLK 12/

DATA (ER(1)e121¢12)/3MER] (IHER2+ INERD « 3HER « SHERS « 3HERS 4 IHER7 1 IHER
18¢3HFRY¢AHER104AHERL | + 4HERT 2/

DATA (ERR{1)s1mt¢12)/8HERR] + AHERR2 +4HERRI 1 AHERRS , AHERRS , AHERRS « 4HE
1RR7 ¢ 4HERRB+ 4HERRY 1 SHERR 10, SHERR 1 1 + SHERR 12/

CALL DAYTIM (IDATE)

PRINT 111. 1DATE

PRINT 110

PRINT 111+ 1DATE

PRINT 145

PRINT 146

PRINT 147

RAD=STs2957795)

P1=3.1415926336

EPS1G60M=,001

PGAM=14.0 -
NDEBUG=1

15TL=1

NCNT=0

KTRANSF=1{

SLOPF=1.

Bx=1,

(3,106) STMACH.GAMMA
1F (ENDFILE 5) 1052

2 CONTINUE

NEGP=1
ABST =SORT ({GAMMA=1 4 ) /{GAMMA+ 1 o ) +20/ L {GAMMALT o JESTMACHEE2 ) )
AASTCSORAAST#&2

READ (34107) N«MyNCASES«NREADNSPACE «NPLOT (NPUNCH
IF (N+EGel) M=0
1F (N.E0.2) NPs3
1F (NeNE.2) NP=S

BODY GEOMETRY INDICES

M=0 ZERO-INCIDENCE CIRCULAR CONE

Mzl 4&% NOT OPERATJONAL ~WINDWARD SIDE OF ELLIPTIC CONE
M2  GCIRCULAR AND ELLIPTIC CONE

Mx3  WINDWARD SIDE OF FLAT PLATE WING

M34  WINDWARD SIDE OF CIRCULAR ARC WING

MODIFIED WEDGE
#%% NOT OPERATIONAL -
EOGES

WINDWARD SIDE OF PLATE WiTH ROUNDED

>PEPBPPRPBEOPPBPBPBEBEPEDEPBEDBRLBEBEEREBD Db

L R N e I R S R )

370

380
3%0
400
410
420
430
440
430
460
470
480
490
500
s10
Sz20
530
540
550
560
570
580

EL
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
730
760
770
780

“190

Boo
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nonannnn
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nnon

non

w

>

o

-

NTF=N

IF (%sEQe¢1+ORMsEDe6) NTFaN-1

IF (MlEDel} READC (5,106) CNC

1F (w.EQs5) READIS«106) PHIWDBX

1F (M.EQeS) PHIWR=PH1¥D/RAD

NLINES*N

NLINFPI =N+

LImITeN

IF (MsEQe3+s0RMeEG4,0ReM,EQ.S) LIMIT=NLINEP]

IF (NREADJEQ+1) READ (5:123) (ETAS(1)eIS1sLIMIT)

VTEST! MUST BE GREATER THAN OR EQUAL TO VTESTRHD

READ (5+106) VTESTHD,VTESTI
KCOUNT=0

BNB=0 O

FOR Mx0+2 NeNASNB ALL ODD FOR BOTH NSPACE=1.2
IF  NSPACE32 SET NeGTeNBeGTeNAGTole IF ANY OF THESE GUANTITIES
ARE EVEN-THE FORCE COEFFICIENTS ARE NOT COMPUTED

M33.4 N MUST Bg EVEN AND NA AND NB MUST BE 00D

M33.4  XIN] TAKES ON THE VALUE OF X1{N+1)

FOR
FOR
IF (NSPACE+EG.2+ANDsMeNEs6) Na 4 NB s ANA «BNB

READ (54118}

KJUNCT MUST BE INTEGER OR ELSE CHANGE COMPUTATION OF AFaC
IF (NSPACE-EG.2+ANDsMcEGe6) READ (541803 NAGNBXJUNCT+ANA +CNC
PRINT 109+ Ns™M NREAD (NSPACE + NP

IF (M4NE6) PRINT 116+ NAJANANB.BNB

IF (MsEGe6) PRINT 141+ NAJNBJKJIUNCT 1 ANAJCNC

PRINT 127+ VTESTHDZVTEST1

IF (NeEQe1) VTEST1aVTESTHD

DO 108 L131NCASES

NCNT=NCNT+1

PRINT 110
IF (MeEQeS) READ (5.106) THETAD.ALPHAD
1IF (MoNE+S) READ (5+106) TsTHETADALPHAD

1F (Mu.NE«S) GO TO 3
AB=TAN(THETAD/RAD)
BSBAR=BX*4B

RS=BSBAR/S IN(PHIWR)
TsRS/AB¥(14~COSIPHIWR) I+ TAN(PHIWR)# (] «=-BX)
CALL OAYTIM ({DATE}

PRINT 111+ IDATE
PRINT 1084 STMACH:GAMMA, T, THETAD s ALPHAD
IF (MsEQsS) PRINT 151« PHIWD.BX

IF (NPLOT.EG.1) PUNCH 123.
IF (NPLOTLEQ.1) PUNCH 107,

STMACH GAMMA s T+ THETAD + ALPHAD + SLOPE
NoM K TRANSF

PRINT 113+ EPSIGOM

THET aR= THETAD/RAD

ALPHAR=ALPHAD/RAD

IF (MeEQe2) RANGLE=ALPHAR/ATAN(TSTAN(THETAR)}
IF (MsEQe2) PRINT 142+ RANGLE

IF (MoEQs2) AxPI*TSTAN(THETAR)##2

IF (MJNE+2) AxTANITHETAR}

ARZ1 ./ (GAMMARSTMACH# #2)

GAMX 31, /GAMMA
PTINFRAAY (104 (GAMMA=14)/2, #STMACHE#2 ) %% (GAMMA/ (GAMMA=1 1)
PRINT 125. AAST<PTINF

SINALPaSIN(ALPHAR)

COSALP=COS (ALPHAR)

SINTHET=SIN(THETAR)

COSTHET=COS (THETAR)

SELECTION OF BODY GEOMETAY Ms0 - ZERO-INCIDENCE CIRCULAR CONE.
M=2 CIRCULAR AND ELLIPTIC CONES

IF (L1.NEei) GO TG S

THOLD=T

THETHLDSTHETAR

EPSTHLD*EPS1GOM

GO T0 6

1F (ABS{THOLD-T)sGT 41 ¢E-05+ORsABSITHETHLD-THETAR)«GTe1.£-05) GO TO

e
IF (MsEQeIORIMeEDL,ORMERS) GO TO 7
GO To 17
CALL BG
IF (M,EQ.3e0RIMeEQLE,0RIMEQS) GO TO 7
G0 To 16
CALCULATION OF SIGMA ON LINE N+l FOR M33/4.3
VNS=SQRT(S INTHET#42#COSALP#$ 245 [NALP##2)

LN+t

PP PP EDPEDEBRERBPBDBRBD
0
Q
o

Al2s0
Ai250
a1270
Al280
A1290
A1300
At310
41320
A1330
A1340
A)1350
A1360
A1370
A1380
41390
A1400
Alazo
A1a20
Ale30
Alaa0
A1a80
Alas0
ala70
AlaBo
A1490
A1500
AlS10
£5520
A1530
AlSa0
A1550
A1560
A1570
A1580
41590
41600
A1610
1620
Al&30
A1640
A1650
A1660
A1670
A1580



APPENDIX B

AMN=STMACHBYNS

IF (MeEQeS) GO TO 9

ANUM2GX (1 )25 INTHETSCOSTHET#COSALP-GY ([ ) #SINALP+(XO (1 )®GX ([)+YO( [} *
1GYU[)IRSINTHET##28COgALP

DENOM=SQRT(A2(1))#VNS

IF (DENOMsGT+1.E-10) GO TO 8

PRINT 1144 ER(2)¢1eVNSeAMNIANUMISINTHET « COSTHET o SINALP 1 COSALPGX (]
11.GY (L1 eXOUL)aYOUI)ea2¢] ) s DENOM

STOP 0103

8 SINDELN*ANUM/DENOM

DELTANSASIN(STNDELN)
Go To 10

9 PHIWB=ATAN(TAN (PHIWR)/COS(THETAR))

ALPHABXATAN{TAN(ALPHAR) /SINITHETAR Y )
DELYAN=ALPHAB+PHI WB

10 COTANDN=1+/TAN(DELTAN)

11

12

1F (NDEBUG.EQ.0) PRINT 114s BLK(Z)41+VNSesAMNYANUM,DENOM ¢ S INDELNSDE
1LTAN, COTANDN «PHI WB . ALPHAB

QUAN=L 4/ (4cHGAMMASAMNSS2 )

GAMP | TGAMMA+] o

QUAN] =GAMP | % (GAMP1 SAMNEF4 48,8 (GAMMA=] ¢ ) RAMNE# 24160 )

QUANZ=GAMP L # (GAMP | SAMN# 4420 % (34~GAMMA ) #AMNSR24GAMMA+D s )

IF (QUANI«GTe1+E-20+AND«OUANZ.GTo1,E-20) GO TO 11

PRINT 114+ ER(3}+1+0UAN1 «QUANZ

SToP 0104

SINBD=SORT (QUANS (GAMP | FAMNN® #2-4 4 +SGRT (QUAN1 ) } )

SINGS=SORT (QUANS (GAMP 1 FAMN®# 2= (3. ~GAMMA } + SORT (QUANZ) 1)
BETOR=AS IN(S NSO}

BETSR=ASIN(SINBS)

IF (NDEBUG.EC,0) PRINT 138 BLK(3)41+0UANGAMP] . QUAN] ¢QUANZ+SINBD o
1SINGSIBETDRIBETSR
COTDDET=TAN{BETOR)# (GAMP | SAMNSR2/ (2, # (AKNS#2ES [N (BETOR) #8214 )31+
1)
COTDSON=TAN(BETSRIE(GAMP | BARNERZ /(2 , # (AMNARZES IN(BETSRI##2-1,))~14
1

¥
DELTADT=ATAN(] ,/COTDOET)
DELTASNSATAN(1 4 /COTDSON)
DEL TAND=DEL TAN#RAD
BETS0+BETSRAIRAD
DEL.TASD=DELTASN4RAD
BETDD=BETDR#RAD
DELTADD*DELTADT#RAD

PRINT 128+ DELTAND.BETSD:DELTASO

PRINT 129+ BETDDsDEL TAOD

1F (DELTANCGTL,DELTADT) PRINT 130

IF (DELTANSGT.DELTADT) GO TO 104

BETAN®.B#BETSR

AS=2 , FAMNEE24COTANDN

BSa- (2.4 (GAMMAS1 4 ) FAMNIS2 )

CSR2 FAMNRED

TERMA=2 « #COTANDN

IF (NDEBUG:EG.0)} PRINT 1144+ BLK(4),1.COTDDET+ COTDSONsDELTADT + DELTA
1SNDELTAND«BETSO«OEL TASO+8ETDD+DELTADDBETANIA5+85+CS ¢ TERMS
SINBETN*SIN(BETAN)

COSBETN=COS{BETAN)

SNSQRTN=S INBETN##2

TANBETN=TAN(BETAN)
FUNCTON=AS#SNSGBTN+BS# TANBETN4CS# T ANBE TN# SNSQBTN-TERMA
DFUNCTNS2,#AS#S INBETN#COSBETN+OS/COSBETN##2+CS# (L TANBETNS® # 242 , #SNSQ
187Ny B

DBETAN= -FUNC TON/DFUNCTN

BETAN=B8ETAN+DBETAN

IF (NDEBUGSEC.0) PRINT 1145 BLK(5),]+SINBETN»COSBE TN,SNSOBTN TANBE
1TN+FUNCTON DFUNCTNOBETAN +BETAN

1F (ABSIDBETAN)«GT4+1,E~06) GO TO 12

SIGNP1 =BETAN-DELTAN

BETAD(N+1 }=BETANSRAD

ETAS(N#1)20,0

ETASP(N$[ }=-TAN(SIGNPI §

SIGMAD=S 1GNP 1 #RAD

PRINT 132+ BETADIN+1)1S5IGMAD (VNS¢ AMN

1F (NDEBUGeEQ+0) PRINT 1141« BLK(6)+1+SIGNP1+BETADIN+L ) +ETASINAL)E
1TASP(N+L)

IF (MsEQs3) GO TO 123

1IF (MeEGe4) GO TO 14

IF (M.EQ4S) DYQDX=TAN(PHIWRY

1F (MsEGeS) GO TO 153

DYODX=0e0

Go To 18

RCNTAN(THETAR)® (1,4 T##2)/(2+%T)

DYODX=AB/SQRT(RCHE2-ADH#2)

TANPHIN®DYODX/COS (THET AR)

PHIN=ATAN [TANPHIN}

DYSOX=COSI{THETAR) STANISIGNP 1 +PHIN)

IF (NDEBUG+EQe0) PRINT 114+ BLK(7)4]1+DYODXIRC+TANPHINPHINDYSDX
I¥ (NREADJEQs1 +ANDGL1+EGs1) GO TO 17

1F (L1«NEel) GO YO 17

CALL APPROX

A1690
a1700
Al1T10
a1720
a1730
Al)740
A1750
A1760
A1TT0
Al17B0
A1T90
A1800
A1810
A1820
A1830
A1840
A1850
A1860
A1B870
A1880
A1890
A1900
2910
A1920
A1930
A19a0
A19%0
A1960
A1970
Al1980
A1990
A2000
A2010
A2020
42030
A2040
A2030
A2060
A20T0
A2080
A2090
A2100
A2110
a2120

A2130
A2140
A2180
A2160
A2170
A2180
42190
A2200
A2210
A2220
a2230
A2240
A2250
A2260
az270
42280
A2290
42300
42310
A2320
a2330
A2340
22350
42360
Az370
a2380

- -A2390

A2400
A2410
42820
A2a30
A2aa0
A2e50
A2460
A2470
AzaB0
A2490
A2500
42510
A2520
A2530
42840
AZ550
A2560

ann

INITIAL VALUES OF [NTEGRAT(ON PARAMETERS

17 J=0
NCOUNT =0
NCYCLE®1
NPIva0
NSTER=1
NPRINT=Y
EPSIG*«001
SPACER*EPSIG
EPSIGMX*EPSIG
EPSIVAR®1 +€-06
EPSINT=,028
NMAX=20
INTSTEP=0

COMPUTE INITIAL VALUFS FOR INTEGRATION

18 NLINESaN
IF {NCOUNT+EQe0cANDeNPIVeLEs1) NSKIP=0
IF (NeNEs1) DXI=X[{2)=-X111)
IF (NPRINT:EQe 1 sANDINPIVSEQsD) GO TO 19
6o To 20

19 CALL DAYTIM (IDATE)
PRINT 180« NCYCLE,IDATE
PRINT 122+ (ETAS(I)s[=1sLIMIT)

20 CONTINUE

1IF (NCOUNT ¢EQs0sANDNP1VeEGa 0o ANDSNPUNCHoEQe 1) PUNCH 1264

1 1ALPHAD oM

IF (NCOUNT:EQeO0aANDeNPIVeEQe0s ANDINPUNCH.EQs 1 ) PUNCH 1234

Lol LIMITY

00 Z1 1et.LimIT

IF {ETASC(1).LT.0.0) STOP 0177
21 CONTINUE

DO 30 I=1.LIMIT

XZERO=X1(1)

IF ([EQWNLINEP1) GO TO. 22

TsTHETAD

(ETAS(])

IF (MeNE.O) CALL LGRANGE (M 1¢NPoNLINESINLINEP s NDEBUG « XZERO o X[ 4ET

1ASeX . Y<ETASP(]))
IF (MeEQ40) ETARP(1)20.0
22 ZETA=l.0
ETAC]I=ZETARETAS(!)
CONIZSINIETALL))

CON2sCOSIETA(LY)
M=CON2-AKB( 1) #CON1
HK=CON1+AKS ( 1) #CON2
XOBAR{2)=X0(2)/A8B
1F (MeEQ.SsANDBX LT, XOBAR(Z)) HECONZ
1F (MeEG.SeANDWBX.LT,XOBAR(2)) HK=CON1
IF (1+EQ.NLINEP1} SIGMA=SIGNP1
IF 11.EQNLINEP]) GO TO 24
IF (ABS(H)+GEs1E~AT) GO TO 23
PRINT 114+ ER(1)41.2ZETAETAS(])
sTOP

23 TANSIGe-ETASP(I}/M
SIGMA=ATANITANSIG)Y

24 S1GMAD=SIGMASRAD

TA{I)+CONI ¢CONZVAKB ([ ) oHIHK

1F (NDEBUG.EQeQ) PRINT l1lae¢ BLK(1)el«ZETAJETA{])¢CONI ¢CONZJETASC(L)

1¢AKB ) eH HK s TANS G+ SIGMA,SIGMAD
CALL OfRCOS (1)

CALL SHOCK (1)

IF (I+NENLINEP!) GO TO 29
UCI)=ALIRV (1) +AZISW(]1)+AI3PUC] )
VCt11=Bl1 V1Bl 29w 1 )1+B1 %01 Y
WCLI)=B214V(1)+B220w (114B23%U(L)
DENOM®1 4424/ { LGAMMA= ] 4 ) #STMACHR 2
BUSQRUL [ ) #22+V 1) 882,W( [ ) 422
BERNOUL (1 1el e~ (24
104

ASO=GAMMA#P (13 /RHO(1) - T oa em
AM(1)eSORT{AAST *#24BSQ/ASO)
CROSSM(1)=SORT(AAST##2% ({BUSO-U(1)#82)/7A5Q) )
PORGGAM ([ )=P {1 1/RHO(T I R#GAMMA

S(1)=ALOG (P (1 )}#GAMMASSTMACH##2/RHO( | 1 #3GAMMA )
SBAR(L1=S (1Y

IF (NCYCLE<EQ.} sANDNPIV.EG.O) GO TO 25

GO TO 29

COWPUTATION OF MACH CONE FROM WING APEX

25 DENOM=SORTIU(])I#824w(l)Re2)
AR} =LY )/ DENOM
AAZaw{])/DENOM
AMUSASINCLo/AMCT) )
ClI=aAA2#A214AAL#AD
Cl2=AA22A22+AAL #A32
C13=AR2#A2I+AA *AD3

GAMMASE (17 (RHO(1)% (GAMMA=14) }+BUSO#AAST42)/DEN

A2570
A2580
22590
A2600
A2610
A2620
42530
42640
A2650
A2660
A2670
42680
A2690
A2700
A2T1I0
A2720
42730
A2740
A27s0
42760
A2770
A2780
42790
A2800
A2810
A2820
A2830
42840
A2B80
A2860
A2870
Az880
A2890
42900
A2910
42920
42930
AZ940
42950
42960
A2970
A2980
42990
A3000

A3010
A3020
A3030
A3031

A3032
43033
A3040
A3050
43060
A3070
43080
43050
A3100
A3110
43120
43130
43140
43150
43180
43170
23180
A3150
43200
A3210
43220
A3230
A3240
A32s0
A3260
A3270
A3280
43290
A3300
A3310
43320
43330
A3340
A3350
A3380
43370
43380
43390
A3400
A3a10

21



CI1=aA) ®A2]1 -AA2%A]}

CI2=aAl #A22-AA2%A02

CI3=aAl #A23-AA2%a33

B1GA=AL 1 ##24CIINBA_Cy | #H2STANIAMY) #22

B1GB=A] 24#24C32882.C) 20 R28TANIAMU ) #52

FAC™1+/COSTAMUY #82

BIGCx-24%C118CI28PAC

BIGD=—2e#CI1%C13%Fac

BIGE=-2.%C12%C13nPaC

RIGF=A| 38#24CIDRE2_C) I8R2HTANIAMY) #52

IF (NDEBUGCEG.O) PRINT 114+ BLK(2)21+ZETAA21+1A220A234431,432,4A33,
LDENOMsAAL s AA24UCT )W (1) eAMULAMIT4C11eC124C13+CD14C324C33,81GA+SIEG
2B.FACBIGCBIGD+BIGE ,BIGF

QSORT=ABS(BIGD*#2-4, s81GA*B1GF )

XO0= (~BIGD+SORT (ASQRT I/ (2. #BIGA)

Y0000

DYSDXSO=DYSDX##2

AS=01GA+BIGBIOYEDXS0481GCHDYSDX
BS=~2.*ABSBIGBDYSOX50-B1GC+AB*DYSDX +B1GD+8GE*OYSDX
CSTB1GR*ABE2¥DYSOxSO-B I GE*AB*DYSDX +81GF

QSGRT=ABS (BS##2-3,446%CS)

XSHOCK ® { ~BS+SART(ASGRT ) 1/ (24 #AS)

YSHOCK® {XSHOCK-AB ) #0YSDX

NJ=)

XMACH( 1 1 ®X00

YMACH(1)20,0

XMACHB (1 18XMACH (T )/ TAN(THETAR}

YMACHB (1 )XYMACH (1 }/TAN(THETAR)

1F (NDEBUGsEQs0} RRINT 114+ BLK(3)¢1¢X00+YOO1DYSOXSQ1AS+BS¢CS o XSHO
JCK s YSHOCK « XMACH (1), YMACH{ 2} s XMACHB (1) + YMACHB (1)

DO 26 NJ*2.10

ANJENS

YMACH NI Y= ¢ L # (ANU=| o y #YSHOCK

BWIG=BIGCSYMACK (NJ)4+RTGD
CWIG=B1GB#YMACH (NJ) #8248 [GE# YMACH (NJ) +B1GF
OSART=ABS(BWIGH#2-4, 8B 1GASCWIG)

XMACH(NJ )= (-BWIG+SQRT(3SORT 1)/ (2.4BIGA}

XMACHB {NJ) sXMACH (N ) s TAN(THETAR )

YMACHB {NJ)eYMACH (N ) /TAN(THETAR )

IF (NDEBUG+EGe0) PRINT 114+ BLK(4) 4 NJsYMACHIN) 1BWIGICW1G o XMACH (NJ
11 0XMACHB (NJY « YMACHB (N)

26 CONTINVE
NJ=1)
XMACH { NJ } =XSHOCK

YMACH (NJ ) = YSHOCK
XMACMHB ( NJ) sXMACH (N ) T AN( THE TAR )
YMACHB (NJ)8YMACH (N} /T AN (THE TAR )
POASTSA(11*P (1 1/445T50
POPT L{11EP{1)/PTINFE
POPINF {1 )1=P (1) #GANMASSTMACHS #2
VX(1)=AIIRVIIISAZ I swe] )+A31 RUL1 )
VYOI y=A128V 1) +A220w (| )+A3ZRUCT )
XBAR (112431/(A33#48)
YBAR (1124327 (A33%40,
QUANZ=XBAR( [ 15824 vgAR (] )42
IF (MeNE4340R. (MeEQ, 31 ANDsQUANZGT414,£-071) GO TO 27
VCCLTysvXIl)
WCCIyy=VYLL)Y
GO To 28
27 RBAR=SORT(JUANZ)
VECE 1) (XBARIIIAVX ([ )+YBAR( ] }#VY (1)) /ROAR
WCC( 1) (~YBAR(I)BVx ([ )+XBAR(1)#VY(1)13/RBAR
28 PSINOR(1)=ATANZAVX(1)sUCT]}}#RAD
THETNOR (1 3=ACOS CARS (VY ([ })/SART (BUSG) ) *RAD
PTOPTI{1)% (POROGAM([3/AAI#%(~1¢/(GAMMA=101)
PT(]=PTOPTI (1)1%P T NF
29 CPUL)a2e(PI)=10/ (GAMMASSTMACH##2) )
CPSHOCK (133CP (1)
30 CONTINUE
IF (NPRINT+EQe20ANDe (MeEQe10ReMsEGe6e0Re (MeEQe2eANDsToL To14011) G
10 10 31
6o To 26
31 00 33 f=1eN
Mtmy-1
IM2e (-2
IF* (14EQa1)
IF (14ECe1)
1F (1.EQe2) IMI%]
1F (1:EQe2) IM2x2
1F (SBARII)eLT+SBAR( M1} +ANDSBAR( 1M1 }+GT2SBAR(IM2)} GO TO 32
60 To 33
32 gu=t
JIMLs ML
JumM2e M2
33 CONTINVE \
DENOMS (X1 (JJ)=X1(JUM) ) I#SBAR (JIM2) = (X1 (IS 1=X1(JIM2 ) I #SBAR (JIM1 )+ (X
11 CIIML ) =X T CJIMZ 13 45BAR I}
ANUM==(XT (JIM] ) RE2051 ()82 ) 8SBAR (JJM2) = (X1 (JJ)HR2-XT (JIN2) 82 ) 85

M2
m2x3

22
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A3420
A3430
A3440
A3as50
43480
A3470
A3480
A3490
43500
43510
a3s520
AIS20
43540
A3SS50
A3560
A3STO
A3seo0
43390
43600
A3610
43620
A3630
A3640
Ade50
A3660
A3670
A3680
' A3690
43700
A3710
A3720
A3730
A3740
A2TS0
A3T60
A3TT0
A3780
43790
A3800
A3810
A3820
A3830
A3840
A3850

A3B60
A3870
A3880
A3890
A3900
AJ510
A3920
A3930
AJSa0
A3950
43960
A3970
A3980
A2990
Aa000
AdQLO
A4020
A4030
A%040
A4030
A4060
A4070
A4080
A40S0
aa100
Aa110
A%120
A4130
44140
48150
As160
AS1LT70
AL1BO
A%190
A4200
A8210
AA220
AA230
AN240
AA280
44260
As270
A8280
24290

aaca

TBAR(JJM] )+ (X1 {JIM| ) FR2-X]| [ JIM2) #32)25BAR L)
XIST=e S*ANUM/DENOM

IF (UJeNEL2) GO TO 3a
X1ST=0,
SBARMX=SBAR(L)

Go Yo 35

34 CONYINUE
TERMI=(XIST~XT{JIMI })#(XIST=XI(JJ)I#SBARIIIMZ I/ CIXT(IIM2)-X1 (JIML )
IR OXTCIIM2)=XT (L)) )
TERM2= (XIST=X1 (JIM2) ) ¥ (XIST=X11JJ) 14SBAR(JUM] 1/ CEXTEIIMI ) =X T EIIM2 )
1IREXT(IIMI)=XT LIS Y
TERMA= (XFST=XI{JJM2)3# (X1ST=X1(JIM] } HESBAR(JJ)/LEXTCIINI=XT(JIM2 ) )¢
TIXT () =X (IIML ) )y
SBARMX = TERM| + TERM2+ TERMI
35 PGAM=AA*EXP (5B8ARMX)
36 IF (NPRINT+EQ:1+ANDeNPIVEQ.O} GO TO 37
60 To 38
37 PRINT 131, (EVASP(I)el=l+LIMIT)
PRINT 133s (CPI1)l=14LIMIT)
38 IF (LIMIT.EQsN) GO TO 39
FUNLIMIT+2)sUILIMIT)
FUNCLIMITe I =P (LIMIT)
FUNILIMIT a1 =VILIMIT)
FUNCLIMITS)mw(LIMIT)
FUN(LIMIT,6}=SBARLIMIT)

DUMMY INITIALIZATION OF EXTRAPOLATION PARAMETERS

39 DO 40 [=1sN
ZETAL(1)=140
ZETA2(1)1=1.0
ZETAZ(IIm1L0
ZETAS(11=1,0
OVl (1)1=1e0
OU2(1)=1.0
OU3(T13=140
DUA (13140
DP1(1)=1+0
DP2(1)=1e0
0P3(13=140
DP&(1)=140
DV1{1)=140
DV2(11=140
DV3(1)=1.0

OVa(1)=140
oWl (1)1=1.0
DW2{13=1.0
DW3(1)=1.0
DWa(1)=1e0
DSB1(f)=1.0
DSB2(1)=1,0
DSBI(1121.0
0584 (115140
40 CONT INUE
NZET1=0
NF=6
ZETA=z1.0
DZETA 1
DO 41 1=1eN
FUN(1e1)=ZETA
FUNC1e2)=ULL)
FUN(Te3)=P(T)
FUNUTea)=vL])
FUN(T«S)=w(])
FUN(T46)=SBAR(I)
DFUN(141)=02ETA
FUNC (T1+2)sUC 1)
41 CONTINUE

INTEGRATE EQUATIONS FROM ZETAel TO ZETAeO

00 72 INTCNT=1,10000n

CALL OERIVZ (DZETAWN®)

1IF (NEGP+EQ«O+AND.NPRINT.EQ.1) GO TO 73

IF {NEGP .EQeQ+AND.NPRINT+EQs2eANDsL1 «EQsNCASES) GO TO 104

IF (NEGP.EQ+O4ANDNPRINT.EQ, 2+ AND L] s NEoNCASES) STOP 7776
42 1F (NPRINT.NE.2) GO YO 66 .

NZET1=NZET141

00 43 [=1.N

ZETA=FUN(1 1)

YT 1=FUNCT+2)

PII)1=FUNCLe3)

VEE)aFUNCEsa)

W) zFUNLE+S)

SBAR(IYEFUNIL61

DZETASDFUN(T1)

DUDZ (1 1=0FUNILT2)

OPDZ (1)=DFUN{T43)y

24300
44310
A4320
44330
24340
44380
44360
44370
A4380
44390
A4ap0
Asa10
Aea20
Asa30
Asa40
Asas0
Adas0
A8a70
A4480
A4490
A4500
Aa510
A4s20
Aas30
AsSa0
A4550
44560
ALSTO
A4580
Ae590
Ass00
A4610
44620
A4630
24640
As650
44660
A4670
44680
24690
As700
As710
A47T20
A4730

A4T7a0
A4TS0
44760
A4770
A&780
AATOO0
A4800
As810
AaB20
A4830
A8BAD
A4850
A4860
Aa870
A4B80
AABS0
A4900
A4910
Aa920
A8930
A4940
A4950
48960
24970
A4980
44990
A5000
AS010
45020
A5030
AS040
45050
AS060
AS070
AS080
45090
AS100
A5110
ASt20
AS130

AS1aD

AS51%0
AS160
A5170



Aaan

noon

a3

a

]

45
a7

a8

ap

50

st
52

s

w

sS4

55

86

58

59

60

APPENDIX B

DVDZ (1 1=DFUN(T48)

OWDZ¢ 1 )=DFUNIT S}

0SBDZ{11*DFUNLI+6)

CONT [NUE

IF (MsEQs3eORWMeED.4,0R MEQeS) PGAMEPOROGAM (N+1)
Uwsu(l 3

RHOW=RHO(1}

SW=SBAR(1)

PORGAMY =PORCGAM (1 )

UL=UIN)

RHOL =RHO (N}

SL*SAAR(N)

PORGAML *POROGAM (N )

TF (MeEQs3s0RMeEQe4,0ReMEQ+S) GO TO a4
IF (T+EQele) PGAMPORGAMY

LIERTI-N

WiNy=w Ll

1F (M.EQ.0) GO TO 60

IF (ZETAGNESD40) GO TO 60

COMPUTATION OF CORRECTED SURFACE VALUES

EPSISENST +E-07

TERMI=(1s42e/ ((GAMMA14 ) #STMACH®#2))/AASTSO

FACE (20 #GAMMA )/ ( (GAMMA=1 ¢ ) #AASTSO)

0O a7 1#1,.N

IF (TeGTele) GO TO A%

RHO (1 )= (P{1}/PGAM)SSGAMX

GO TO 46

IF (W(I}eGEQs} RHO([)I=(P(1)/PORGAMY ) #EGAMX

1F (W(1)eLTe0esORIeEQeN) RHOUL}®IP(])/PORGAML ) #8GAMX
U1 3=SORT(TERM]I ~FAC#P (1) /RHO L1 ) =W (1) #42)

CONT INUE

EPSIU=1.£-08

60 To s6

DO-49 1%1¢N
FIB(1)=TERM1~FAC#P {1} /RHO(1}1-U(1)#82-UP () na2
VISENCI)=UC L)

DO 52 J=1.N

1=1

ULJ) =1 e+EPSIUIRUISENIS) . -
CALL LGRANGE (M+1oNPNLINESINLINEP] «NDEBUGXT (1) eX[sUsX 1Y eDYOX)
UP (1)=DYDX
FICTy=TERMI-FACHP (1) /RHOL[I~UCT ) R82-UP ([) 282

OFIDU(1 ¢ /)3 (FT(11-F1B(11)/(EPSIUSUISEN(I})

[F (1+EQ.N) GO TO St

Imley

GO To 50

U aULSENLD)

CONT INUE

DO S3 I=1.N

Bils1)==F1IBCI)

NM1 =N~ 1

CALL SIMEQ (DFIDUsNe@¢1+OETERMe IP{VOT «NMAX(1SCALE)
00 Sa I=1.N

ULEISUISEN(T)+BETe1)

0O S5 1=1.N

1F (ABS(B(I41))eGTLEPSISEN) GO TO 86

CONTINUE

GO0 To 58
DO 57 f*1.N
CALL LGRANGE
UP(1)=DYDX
GO To 48
00 59 1s1.N
WCly=URLT)
POROGAM (1) 2P (1)/RHO ([ 1#2GAMMA

SBAR (1) =ALOG (GAMMAR STMACH##2 #POROGAM (1))

DENOM=SORT (GAMMASP ¢ 13 /RHO (1)

CROSSM{ [ )=ABSIW(]))/NENOM*AAST

ASQTGAMMASFUN{ [+ 2} /RHO(T)

BUSAUI 1) 8824v (1) 282,w () Re2

AM(1)=SORT(AAST#4288USQ/ASO)

DENOM=1 0424/ ( (GAMMA=] o J8STMACHE#2)

BERNOUL (1)21 o= (24 *GAMMARFUN( 1433/ (RMO( 1% (GAMMA=-14))+BUSQNAAST##2)
1/DENOM

ASO=GAMMARFUN (1+33/RHO( L)

A1SQ=ASG/AASTSO

WOAzW(])#82/A185Q

DVDZ(1)==ETAS{1)#{(1,~WOA I FWP ([ J+U{ 1 1#(2.-WOA))
DPDZ(1)#~ETAS(1)#RHO (1) #HKSW( 11 ##22AASTSO

CONT INUE

(Mol oNPNLINES«NLINEP] «NDEBUG X1 {131 4X1+UsXsYBYDX)

COMPUTE SPECIAL QUANTITIES FOR PRINTOUT

DO &5 I=1.N
IF (ZETALEQe0.0) ETA(1)20.0
CONL=SIN(ETA(I)) .

AS180

AS190,

AS200
AS210
AS220
AS230
AS240
AS280
AS280
AS270
AS280
AS290
AS300
AS310
AS320
A%330
AS340
AS350
AS360
AS5370
AS380
AS390
ASa00
Asal0
AB420
AS430
ASe40
ASas0
AS460
ASA4T0
ASago
AS490
ASS00
ASS10
AS520
ASS30
ASS40
ASS50
ASS60
A8S70
AS380
AS590
AS600
AS610

AS620
A5630

ASE50
AS660
ASe70
ASe80
AS&90
AS700
AS7i0
AST20
AST730
AS740
ASTS0
AST60
ASTTO
AS780
AST90
AS800
As810
A8820
AS830
AS840
45850

48870
Aseso
45890
AS900
45910
5920
45930
A5940
A5950
AS960
AS9T70
48980
45990
46000
A6010
46020
A6030
46040
A6030

ano

61

62

&3

68

&5

&6

67

o

k{

71

73

74

-

a

CONZ=COSIETALL))

CALL DIRCOS (I} .
UC(I)=A13SV(1)4A230W(1)+A339UC(T)
VCI13sBLIRVII)+B128W(1)+8138U(T)
WC(I)=@21 4V 14822%w () )+B23%UCT)

XBAR (1)=A317(A33%AB)

YBAR(1}8432/(A33%AB)
BUSO=UCT 18024V (11ER2,w([)082
VXUT)=ALLOVI1)+A210W(1)+A319U(1)

VY (1)=A128V(1)+A228W(1)+A320U(T)
GUANZ2XBAR (1) #824+YBAR() 582

IF (MaNEe3.0R4 (MeEQe30AND. GUANZ +GTa1 «E=07)) GO TO &1
VEC(T VXt

WCCOr)sVY ()

G0 Yo 62

RBAR=SGRT {QUANZ)

VCC 1= (XBARCII#VX (T )+YBARC1)#VY (1)) /RBAR
WCCEyIw(=YBAR(1)I¥VX ([ )+XBAR(1I#VY ([))/RBAR
THETNOR ([ 1=ACOS (ABS (VY (1)) /SORT (BUSQ})#RAD
PSINOR ([ )=ATAN2 (VX([)sUC (T ) )#RAD
POPTL1)=P(1)1/PTINF

PTOPTI{1 )= (POROGAMC L )/AA) #4 (=1 o/ (GAMMA~] o )}
PT(])=PTOPTI (1) #PTINF

POASTSG([)=P (1)/AASTSQ

POPINF (1) 2P (1) BGAMMASSTMACHS#2

IF (I1+NEs1¢ANDe1.NEN) GO TO 65

IF ([4€Qe1) GO TO 63

IF (1<ECeNsAND.M.NE+2} GO TO 65

IF (14EQ.NsAND.MJEGs2) GO TO 64
ucwW=a33suw

vCu=R13%Uw

wCw=R238uw

VXW=a319Uw

vYw=a32suw

VZW=A3ISUW

PTOPY W= (PORGAMW,/AA ) ## =14/ (GAMMA=14) )

GO To 63

UCL=AZISUL

VCL=R138UL

WCL=B23%UL

VXLeAd L ML

VYLead28R .
VZL=AIISUL

PTOPTIL= (PORGAML /AA) 8% (=1, /(GAMMA-14)}

CONTINUE
PRINT 1184 ZETA
LPRINT=L

MAIN PRINT OUT

CALL PRINT (LIMIToNLINEP1LPRINT+ZETAsDZETA «NPNPLOTNZETA)
IF INPRINT.NE.2) GO TO 70

IF (MsEQe3.O0RMeEQe4 ,ORMETS) GO TO 67

GO To 70

NM1=N-1

DO 68 1=1+NM1

IF (CROSSM(1)eLTelesANDCROSSM(I+1)4GTele) GO TO 69

IF (CROSSM(1)+GTeleeANDCROSSM{1+1)eLTele) GO TO 69

CONT [NUE

DENOM=CROSSM{[+1)-CROSSM(1)

XYZx (1 e~CROSSM( 1) )# (XBAR([+11=XBAR () )/DENOM

XBSONTC=XBAR (1)+XYZ

XYZm (] +=CROSSM{1))® {YRAR(I+])~YBARC(I ) )/DENOM
YBSONICSYBAR(1)+XY2

PRINT 143, XBSONIC.YRSONIC

XBSNC (NZET1 ) =XBSONIC

YBSNC (NZET1)=YBSONIC

IF (FUN{1+1)eLEeOs) GO TO 74

CALL RUNKUTZ (DZETAWNP)

1F (NEGP.EQ.0.AND.NPRINT,EQs1) GO TO 73

IF (NEGPsEQa0+ANDINPRINT 4EG. 20 AND oL 1 +EQNCASES) GO TG 104
IF (NEGP.EQGeOsANDeNPRINT JEG+2: AND L1 +NENCASES) STOP 7776
IF (NDEBUG.EGe0) PRINT 117+ INTCNT(NEXTRAP

IF (FUN{141)+ECe0+0+ANDNEXTRAPCEGel) GO TO 42

IF ((FUN(141)14DFUN(1,11).GEOs) GO TO 72

DZETA
00 71 1
DFUN(!+1)sDZETA
CONTINUE

1F (NEGP.NE.0) GO TO 74

DO 78 I=1.LIMIT

CPI1)m2e® (FUNITeI)=1,/(GAMMARSTMACHN22))
CPBODY (1 }1=CP (1)

CONTINUE

IF (NPRINT.NE.2) GO TO 77

A&060
A6070
As080
A6090
A6100
A8110
A6120
A6130
AG140
A&150
A6160
A61TO
A6180
A6190
A6200
As210
A6220
A6230
A6240
AL250

As270

- AS280

A8290
A6300
As310
A6320
A6330
A6340
A8330
A6360
A8IT70
A8380

A6400
As410
A6420
A6430
AG4a0
A4S0
A6460
ASATO
AG480
AS490

A6500
ABS10

A6530
AGS40
A6550
AGS560
ASST0
A&380
A8590
Ass00
A8610

A5630
46640
A6650
As660
A670
A6680
A6690
46700
46710
48720
46730
A6Ta0
A6TSO
A6760
AsTTO
46780
46790
A8800
46810
As820
46830
48840
As850
A8860
46870

A6890
A6900
A6910
AB920
A6930

23



ann

ann

non

nnon

APPENDIX B

IF (NPLOT.EQ.0) GO TO 76

PUNCH 107+ NZETA
PUNCH 123+ (XBAR(TI)s12]1+LIMIT)
PUNCH 123+ (YBAR(I)s1=1:LIMIT)

IF (MsEGe2) PUNCH 123,
IF (MeNE.2) PUNCH 123

(PSIDII)sI=1LIMIT)
(XOBAR(1)slal LIMIT)

PUNCH 123+ (CPBODY([jelal L IMIT)

PUNCH 123s (ULL)alx]lLIMNIT)

PUNCH 123+ (WU1)iIml LIMIT)

PUNCH 123+ (RHO(1)s1ulsLIMIT)

PUNCH 123+ (CROSSM([)e¢I31.LIMIT)

IF (MeEGs2) GO TO 76

PUNCH 123+ (XBSNCUI),1=14NZET1)

PUNCH 123+ (YBSNC(I)41=1sNZET1)
76 PRINT 138

PRINT 137

PRINT 1364 UW+RHOW:SwePORGAME sUCE ¢ VCWWCW s VXW s VYW e VZWPTOPT IW
1F (MaNE«2) GO TO 77

PRINT 139

PRINT 137

PRINT 136+ UL ¢RHOL ¢ SL ¢ PORGAML sUCL s VGL s WCL s VXL s VYL s WZL o PTOPT IL
T7 1F (NPIVWEQ.O) PRINT 134+ (CPUI)slxl LINIT)

IF (INPIV.EQ.D) PRINT 120¢ (FUN(T+a)eIn14LIMIT)

INTSTEP - TOTAL NUMBER OF GOOD INTEGRATION STEPS

INTSTEP = INTSTEP+INTCNT
IF (NPRINTNE«2! GO 10 78
IF (MeEQ40eOReMEQs ] 4ORMEQ.6) GO TO 104

FORCE AND MOMENT COEFFICIENTS

IF (MOD(LIMITe2),EQe0eORMODINAL2)JEC0ORMODINB214EGQe0) GO TO I
104

CALL FMCOEFS
INALP,COSALP)

(LIMTT eNACNBINSPACE X1 1A sMeAAAAAIP A2 A1 ¢AGGY YOS

TESTS FOR CONVERGENCF

78 IF (NCOUNT.NE.0) GO TO BS
VTEST=VTESTHD
DO 79 [%1.N
IF (1eEQe1) VMAX2ABS(FUN{1+8))
IF (ABSIFUN(1481}4GT,VMAX) VMAX=ABS{FUN(I44))

79 CONTINUE
IF (NCYCLEJEGs1l+ANDsyMAX«GT+VTEST) GO TO 85

IF (NCYCLEsGT.1+AND.VMAX.GT.VTEST1) GO TO 85
IF (yMAX.LE.VTEST) GO TO 80

IF (NsEQ.1) GO TO 8%

IF (NCYCLE+GTel¢ANDsvMAXLT,VTESTI) NSKIP=]
IF (NCYCLE+GTel o AND.VMAX,LT.VTESTI) GO TO 86

80 NPRINT2NPRINT+1

IF (NPRINT.EGe3) GO TO 104
KCOUNT2KCOUNT+1
IF (MsEQ.0) GO TO 81
GO To 82
81 PRINT 119
PRINT 108¢ STMACH(GAMMA.T(THETADWALPHAD
PRINT 113, EPS1GOM
PRINT 109+ N«MNREAD ,NSPACE NP
PRINT 1245 KCOUNT.VMAXJEPSIGSPACER\EPSIVAR
GO TO 8&
PRINT OUT OF INPUT AND SHOCK AND GEOMETRIC OUANTITIES

82 CONTINUE

PRINT 110

PRINT 109+ NeMNREAD NSPACE «NP

PRINT 116+ NAJANAINB,.BNB

PRINT 108+ STMACHJGAMMA+T¢THETADALPHAD

IF (MeEGe2) PRINT 1424 RANGLE

PRINT 154, NCYCLE(NSTEP VTEST+VMAX1AAST4PTINF
PRINT 124, KCOUNT.VMAXEPSIG«SPACER.EPSIVAR

IF (MeNE+3+ANDWM.NE o4 s AND.M.NESS) GO TO Ba

PRINT 128+ DELTAND.BETSDDELTASD
PRINT 129. BETDD.DEL TADD
PRINT 132, BETAD(N+1)¢SIGMADVNS AMN
DO B3 NJU=1.11
B3 PRINT 135: NJXMACH (NJ) s YMACHINJ) « XMACHE (NJ} s YMACHB (NJ)
B84 PRINT 112
LPRINT=2
CALL PRINT (LIMITsNLINEPILPRINTZETADZETANP «NPLOTeNZETA)
GO To 86

VARIATION OF SHOCK DISTANCE FOR NEWTON-RAPHSON COMPUTATION OF SHOC
NCOUNT = COUNTER OF PIVOTAL AND VARIATION INTEGRATIONS NCOUNT =1

B85 NCOUNT=NCOUNT+1

24

A6940
A6950
A6960
A6970
A6980
A6990
AT000
A7010
ATO020
A7030
47040
AT0S0
A7060
A7070
A7080
A7090
AT100
47110
AT120
AT130
A71a0
A7150
A7160
Aia0
A7180
A7190
AT200
A7210
AT220
A7230
A7240
A7230
A7260
A7270
27280
AT7290
47306
A7310
A7320
AT7330
AT3a40
AT73%50
A7360
47370

A7380
47390
47400
a7410
A7a20
AT430
47440
A7450
47460
A7a470
A7480
A7490
A7500
a7510
47520
A7530
247540
47550
A7560
A7570
47580
A7590
27600
A7610
A7620
47630
47640
47630
A7660
247670
A7680
A7690
A7700
a7710
247720
A7730
A7740
47750
ATTEO
A7770
A7780
A7790
A7800
A7810

no nnon

nna

no

86

87

@
-

96
97

101
102

KCOUNT=KCOUNT+1

NP IVaNP IV+1

IF INCYCLE.GT+50) STOP 0777

IF (NCOUNT+GT+1) GO TO 89

DO 87 I=1.N

VOI1)=FUNITs4)

IF (14EQs1) VMAXZABS(VO(1})}

IF {ABS(VOI1))+GTVMAX] VMAX=ABS(VO(1})
ETASO(115ETAS(])

IF (NPIVJEGs1+ANDWNLEGHT )
1vAR

IF (NPIVWEGs1+ANDeNSEC.1)
IF (NPIVJEQ.2) GO TO 88
1F (NPRINT.EQ1+ANDWNPIV.EQel} PRINT 1244
1.EPSIVAR

IF (NPRINTJEQe1+ANDGNSKIPEG.1)
IREPSIVAR

IF (NSKIP.EGe1} GO TO 93

IF (EPSIG.EQ.EPSIGMX) GO TC 88
NCOUNT=0

GO To 18

PRINT 124+ KCOUNT1VMAXJEPS1G+SPACER.EPS]

GO TO 88

PRINT 124, KCOUNT:VMAXERS1G«SPACE

BEGIN ETAS(I) VARIATION

ETAS(J+1)=ETAS(J411% (14 +EPSIVARY
6o To 18

J=dsy

IF (MNEst) GO TO 90

COMPUTE DETA FOR TAYLOR-MACCOLL

DETA(1)=+EPSIVARYETASO(1)/(14~FUNI144)/vOL1))
GO To 102

TF (Jel.TeN) ETAS(J+1)1=ETAS(J4+11¥ (1 +EPSIVAR)
ETAS(J)=ETASO(J)

COMPUTE ELEMENTS OF JACOBIAN MATRIX

DO 91 T=1.N
DUl e )= (FUNC1+8)=VO(]))/(EPSIVARSETASO(J))
DHOLD( I+ ) =DUIe )

CONT INVE

IF (J+EQeN} GO TO 92

G0 To 18

SECTION TO PREPARE AND SOLVE D(1.J) MATRIX
CONTINUE

0O 9a I=1.N
B(1e132-vO(1)

1F (NSKIPJEG.O)
1F (NDEBUG.EQ.0)
DO 96 1m1N

00 95 J=i.N
D{1¢J)=DHOLD(Ts)

IF (NDEBUG.EQ.0) PRINT 148+

GO To 97
PRINT 149

(DITeJ) =1 «NI BT

CONT INUE

00 100 I=1«N

SASUM0 .

DO 98 J=1.N
SQSUMTSQSUM4D (T o J) w82
CONTNUE

TEMP=2SORT (S0SUM)

00 99 J=1«N

DUl ey =D(1e IV /TEMP

B(Ie1)=B{le1)/TEMP

CONT INUVE

CALL SIMEQ (DsNsBe1 «DETERMIPIVOT ¢NMAXY ISCALE)

PRINT 152. ISCALEDETERM

1IF ((MaEQs1+0RaMiEGe2,0RMeEQe6 ) ANDWDETERMILEC020) PRINT
0O 101 I=1eN

DETA(1)=B(1¢1)

PRINT 121+ (DETACT)e1cisN)

Ju0

NCYCLE*NCYCLE+1

NCOUNT*0

NP1Ve0

DO 103 I=1eN

ETAS([1=ETASO(I }14+DETAL])

GO0 To 18
CONTINUE
PRINT 110
G0 TO 1§
CALL DAYTIM
PRINT 164,
5TOP 0101

153

CIBATE)
IDATE

KCOUNT +VMAX 1EPS 16+ SPACER

A7820
A7830
A7Ba0
A7830
A7880
AT870
A7880
47890
A7900
a7910
A7920
A7930
AT7940
AT950
A7960
47970
A7980
AT990
248000
ABO10
A8020
ABO30
ABQaO
48050
AB060
ABQTO
A8080
AB350
A8100
AB110
AB120
A8130
ABl 40
ABISO
AB160
A8170
48180
ABI90
48200
as210
AB220
48230
aB2a0
48250

A8260
AB82710
AB280
48290
A8300
AB310
28320
48330
AB240
A8350
A8360
48370
AB380
28390
28400
408410
ABAZO
AB430
28440
28450
48460
28470
A8480
A8490
48500
48510
ABS520

ABS230

A8540
A8550
48560
248570
ABS580
48590
A8600
48610
AB520
AB&30
48640
28650
AB660
AB670
ABGBO
AB690



APPENDIX B

106 FORMAT (SE14.81)

107 FORMAT {1015)

108 FORMAT (@H STMACHRE | 6o 802X+ 6HGAMMAZE) 648+ 2Xe2HTRE164642X ¢ THTHETAD®
LE1608+2Xe THALPHADE 1 808/ )

109 FORMAT (3M Nel242X,2HMa L 112X s SHNREADS [ | +2X s THNSPACE= 142X+ 3HNP* 12)

110 FORMAT (1W1//)

111 FORMAT (2A10/)

112 FORMAT (/)

113 FORMAT (9H EPSIGOMSE1648)

114 FORMAT (IXIAG.15/(8216+8))

11S FORMAT (215.2E1648)

116 FORMAT (AH NAZIZ242X,4HANASE164B42XsIHNES12.2X ¢ 4HBNBZE16468/)

117 FORMAT (BH INTCNT=15,2XOHNEXTRAP=L1}

118 FORMAT (/4BX<BHZETAsE1648/)

119 FORMAY (//29H ZERO=-INCIDENCE CIRCULAR CONE//)

120 FORMAT (2M V/(1XBE16,8))

121 FORMAT (SM DETA/(1X8E1648))

122 FORMAT (SM ETAS/(8E14.8))

123 FORMAT (SE16.8)

124 FORMAT (BM KCOUNT®15,2X¢SHVMAX=E1648¢2X+ SHEPS1G=E1608: 2X1 THSPACER=
1E1648+2XeBHEPS [VARAE1 648

125 FORMAT (6M AASTEE]S,a.2X+6HPTINFSE1608/)

126 FORMAT {JH T=E164842x 7THTHETADPE16 842X+ THALPHAD*E 1648+ 2X ¢ 2HM=12)

127 FORMAT (7H VTEST=E16,842X THVTEST12E16.8)

120 FORMAT (12M DELTA(N¢+])@E164812X¢13H BETA (SONTCI=EY6e842Xs 1 INDELTAL
1SONICI=E1648) R

129 FORMAT (28X+10HBETA(DET)I=E16¢815X s { 1HDELTA(OET 12E1608)

130 FORMAT {40H FLOW DETACHED FROM LEADING EDGE OF WING)

131 FORMAT (6M ETASP/(8E1648))

132 FORMAT (12H BETAD(N+] )SE1608:2Xs THSIGMADSE]162B842Xe 4HVNS=E162842X+4
1HAMNZE1648)

133 FORMAT (15H CP(1) AT SHOCK/(BE16.8))

134 FORMAT (16H CP(1) AT ZETA=0/(BE16+8))

135 FORMAT (QH NJ=124 2%, GHXMACHEE164812X¢6HYMACHSE 1648 ¢2X s THXMACHBE16
1s8:2%e THYMACHBRE1648)

136 FORMAT (11E12.4)

137 FORMAT (133M u RHO s POROGAM u
1c ve we vx vy vz
2 PTMPTINF /)

138 FORMAT (/72H WINDWA
1RD LINE ZETA LIMIT,)

139 FORMAT (/TIH LEEWAR

1D LINE 2ETA LIMIT/Y
140 FORMAT (J[S2E16.8)

141 FORMAT (&M NA®12:2X(3HNB*12¢2X¢ THKIUNCT=12,2X« SHANASE 1648 ¢ 2X s 4HCNC

1=£16,0)
142 FORMAT (/BH RANGLE=E(6.+8/)
143 FORMAT (/9H XBSONICap16+8+2X+8HYBSONICIEL6.8/)
144 FORMAT (1H1+.40H DAVIS - A218081 FINISHED COMPUTING AT +2A10)
148 FORMAT (//44H DAVIS-pLD-A218081~APPLIED MECHANICS-8~13-68)
146 FORMAT (27M BERNIE K| UNKER-JERRY SOUTH)
147 FORMAT (36M CONICAL FLOW BY THE METHOD OF LINES//)
148 FORMAT (1XBE16.8)
149 FORMAT (7H D(1+J})
180 FORMAT (/8M NCYCLE®,12+6H AT +2A10/)
151 FORMAT (7H PHIWOSETS 842X IHBX=E1648)
152 FORMAT (BH 1SCALE=18,2X. 7THDETERM=E (6.8}
153 FORMAT (/27H CHECK FOR $SHOCK DETACHMENT/)
154 FORMAY (BH NCYCLE®12,2X+sOHNSTEP= 122X+ 6HVTEST=E1648+2X+ SHYMAXSE 16

1842X ¢ SHAASTAE16+8 42X ,6HPTINFRE1648/)
* END .
SUBROUTINE B6
BODY GEOMETRY

COMMON F(3):DF (3)¢FCIIOFC(IIABL{3)+AB2(3)+AB3(3)+ABA(3)

COMMON FUN(2046)+ DFUN(20486) «FUNC (2016)¢DFUNC (20061 ¢B1 {2051 +B2(204
18)+83(20+¢6)+B84{2016),SBAR(20)+0SBD2(20)«SBARP(2014DSB1(20)+DSB2 (20
2)«DSB3(201+DSBA (201 x] (20)+XO0(201+Y0(203¢A1(20)¢A2(20)+A3(20)4A84(2
301¢AB(20)+A6(201sA7(20)414AB(20)+AKBI20}+GX(20)+GY(20)«GXX(20)+GYY (2
A0)+GXUY (20} ¢ETAIZ20)1ETAS(20)+ETASP(20) +BETADI20)+RHO(20)4R(20).P (20
$14UC20) sV (20)¢WI201.PP(20)+UP (201 VP (203 +WP(2014XS(20)+YS(20)+DUDZ
6(20)+DPDZ(20)+0VDZL20) «DWDZ(20)+AMI203+S5120)+2ETAL (20)«ZETA2(20)+Z
TETA3(20)+ZETAA (20 14Dyl (20)+DU2(20)1,0UI(20)40U4(20) «DW1(20)OW2(20)
BsDWI(2014DWA(20)50V] (20) +OV2(20) «DVI(20)+DVA(201+G(20)+PSIDI20)0P
91(20)+DP2(20)+0P3(20)4DP4(20)+DEANS (20) 1 CROSSM (20 ) WRHOISEN(20)

UISEN{20)+POROGAMI20)+Q(20)+QP (20),PS150(20) «BERNOUL (201 +XS

1BAR(20) 1 YSBAR(20) s X08AR (201 YOBAR(20) +XBAR (20} +YBAR (20}

COMMON AAST+BE1¢B12.813+821+B224B23/NSPACE«P] «MeN+L1 T+ THETARGAMM
5ACDXT«CONI oCON2eSTMACHABLAT LoA12,AI34A2141A22+A234A431,A324A334ALPH
ZAR IN1 «NDEBUG ¢H K + § [ GMA + RAD 4 NF « NLINES1EPS 1G o NPRINT « SPACER « ULEE s UW1
3ND +RMOLEE + RHOW IND ¢ NEXTRAP (EPS [ GOMJEPSINT 4 XINT + 1GNP

COMMON XPoXIP+PHIWR,aSBAR.BS RS+ XIBSBAR

COMMON /ERROR/ ER(12),ERR(12)+BLK(12)

COMMON VCC(203.WCC(201+SBARHLD(20)+XBHLO(20)+YBHLD(20)

COMMON CP (20) ¢ XMACKHE (203« YMACHB (20) +UC (20} VCI20) 4 WC (2034 VX (20) o VY
11201 s THETNOR (201 +PSNOR(20)POPT1(20)PTOPTI(20)+PT(203.POASTSQ (20
2) JPOPINF (20) «XMACH(20 )+ YMACH (20 ) «CPSHOCK (20 )+ CPBODY (20

A8700

A8
AB
AQ

710
720
730

AB7a0
AB730
AB760
A87TT0
48780
A8790
A8800
ABB10
A88z0
AB830
ABBa0
A8850
ABBS0
A8870
ABBEO
AB890

AB
A
A
LY

900
1910
920
930

A89a0
A8950

A8
Ag!
Ap!

960
970
980

48990

A9

00C

A9010
A9020
49030
A9080
A9050
A9060
A9070
A9080
29090
A9100
AS110
A9120
49130

COOACPUCUORIDNOUIEODORDNDDB® y @

o6o

COMMON /BLOCKZ/ NA'NBvANABNBCNCIKJUNCT
NDEBUG=1 )

INT10%40

XTIBSPAR=]1,

IF (M.NE.4) GO TO 1

AC®(1o~To821/(2,8T)

ACC=ACHRTAN(THETAR)
RCETANITHETAR)$ (144 T##2)/(2e#T)

NLINEP] =ML INES+]

LImMITSN

IF (MeEQ3.0R.MEC.4,0RM,ECeS) LIMITENLINERPL
NFa2

AB=TAN({THETAR)

IF (MsEG.S) YWIG=RSSCOS(PHIWR)ISTAN(PHIVR)S (BSBAR-AD)
XP=(]e-T)eAS

BOOY SELECTION

1F (MsE0.0} GO TO 2
IF (MsEGe]+ORMIEQ.2,0ReMEQ+4+0RM.EQ:S) GO TO B
1F (MsEQ¢3) GO TO 3
IF (MsEQe8) GO TO 4S5

TAYLOR-MACCOLL

2 tw=i .

XI1{1)=0+0

X0(1)=0.0

YO(1)=-AB

GX(1)=2e#X0(1)
GY(1)=2.8Y0(1)

GXX{I}=20

GYY(1)y=2,e

GXY (112040

IF (NDEBUGSEQe+0}) PRINT 75+
IF {NDEBUGeEG.0) PRINT 764,
GO To 64

TeXTCI)eXOCL)eYO(L)
TeGXUI1aGY L] ) aGXXCI }aGYY L1 14GXY(])

FLAT PLATE =~ Mx3

3 XI(N41)=THETAR

DO 4 I=14NLINE®]
YO(1)%040
GX(1)=040

GY{l)s=~1.,0
GXX (11200
GYY(])=0.0

4 CONT [NUE

XINT=X1 (N1}

IF (NOEBUG.EQ.D) PRINT 79
12eGYYI)o1=1«NLINEPT )

GO To 14

BLK(1)oXTINS1)s (YOUT}aGXETIoGY (1) eGXX (]

CIRCULAR ARC- Maa

% NINT=3

NF=2

TANTHET s TAN(THETAR)

00 & INTCNT=14100000

CALL DERIV (ACC+RCsTHETARNINT « NCHANGE « NDEBUG+ TeAB +F s DF s NF « XOOs X IN
11 eXINsXP+RSIPHIWR X 1ASBAR YW ]G« BSBAR)

CALL RUNKUT (ACCRC s THETARNINT « NCHANGE «NSTEP+NDEBUGs T+ AB+F1DF +FCo
10FC.BSeAB1 < AB2 4 ABI+ AR «NF + EPSGOM (NQUAD ¢ XOO s XTN1 s X IN+ XD (RS «PHIWR 4 X
21858AR YWIGBSBAR) -

1F (ABS(F(1)1~TANTHET)sLE+1+E-07) GO TO 7

IF JFU1140F (1 1oL T«TANTHET ¢ ANDGABS{TANTHET=F (1) =DF (1) )1eGTe1+E-07) G
10 T0 &

DS=TANTHET-F {1}

OF (11205

CONT{NUE

XT(N+1)*F{2)

G0 7o 13

~ o

ELLIPTIC CONE- Ma2

NSTEP=2

CIRCULAR AND ELLIPTIC CONE - COMPUTATION OF
NINT=1

NCHANGE #1

NGUAD=1

F(1)20.0

F(2)=0,0

DS=+01 #AB

OF (1)=05

X0O0%0e0

IF (MJsEC.4) GO TO 5
IF (MsEQ48) NINT=7

X1(N1y

280
290
300
301
310
320
330
3a0
aso
360
7o
280
3%0

a10
420
430
440
450
460
470

490
500
510
520
330
540
850,
60
570
s80
590
600
610
620
630
630
650
660
670
680
690
700

PEOUODCOTROROR OODRNANDDNPRDPODDPRODEPNICOIROE D
2
@
°

70

BODOO AN A S
PUN=OVDIOA BN
oGoco00000000b0

OOPUUODEOCOROTPROTTRIOTOTORROEROD
Q0 VO OYVVOO OOV VOO [}
- PWN=O - a
283883282 382388388

B1020
B1030
810a0
B10S0
B1060
B1070
81080
81050
B1100
Bitio
B1120
B1t30
B11a0

25



non

°

12
13

17

aano

26

APPENDIX B

INTEGRATION WITH XO OR YO INDEPENDENT VARIABLE - NINT=1
INTEGRATION OVER X0 - NCHANGE=1+ VARIABLE STEP - NSTER=2

CMECK I =AB/SORT (1 44T#82)
CHECK2=-T#¥2%AB/SART (144T#E2)
CHECKI=0+0

1F . (MsEQeS) CHECK!=BSBAR

1F (DSeGT+CHECK]) DOS=sS#CHECKE

DF tiy=Ds | .

TF (MeEQeS) CHECK3=AR

DO 12 INTCNT=1,100000

CALL DERIV (ACC+RCsTHETAR,NINT«NCHANGE « NDEBUG:T +AB ¢F +OF sNF 4 XOO« X IN
11+XINsXP+RS+PHIWR+X IRSBAR, YWIG+BSBAR)

1F (NCHANGE +EQ+2¢AND,ABS(F (11=CHECK3)+LE,1+E-10) GO TO 13

CALL RUNKUT (ACC+RCsTHETARNINT «NCHANGE «NSTEP 1NDEBUG (T4 AB +F «DF «FC s
1DFCeDSAB1+AB2+AB3+ ARA sNF s EPSIGOMNOUAD + XO0 s X INI « X TN+ XP (RS PHIWR 4 X
21BSBARYW1G+BSBAR)

IF (INTCNT.EO.1) DSOABSDS/AB

IF (NDEBUGEQ+0)} PRINT 76, INTCNT

IF (NCHANGE+EQq1+ANDLABS(CHECKI —F (1)1 sLE14E=-0T73 GO TO 10

IF (NCHANGE +EQs1 s AND¢ (F (13}+DF (1)) eLE«CHECK? eAND« CHECK = {F () y4DF (1)
11eGT41+E-07) GO TO 12

IF (NCHANGEsEQe1 ¢ AND4 (F (1) +DF {113 eLE«CHECK] +AND#CHECK 1= {F (1)4DF (1)
1)eLE,10E~07) GO TO 9

1F  (NCHANGE+EQe1 ¢ AND, (F (1)+DF (1)) 4GT+CHECKI) GO TO 9

1F (NCHANGE +EQa24AND4 (F[1)4DF (1)) sLE«CHECK3«ANDsABS(F (1 J40F (1)=CHE
1CK3},GTa1.E~07) GO TO 12

IF (NCHANGE «EGe2»AND, (F{1)4+DF {1)3oL.EsCHECKIeANDsABS(F (1 }4DF (1)~CHE
1CK3)LEW1 4E-07) GO TO 11

IF (NCHANGE+EQe2+AND, (F(1)+DF (1})+G6T «CHECK3) GO TO 1
DS=CHECKI-F (1)

DFt1)=DS

G0 To 12

INTEGRATION OVER YO - NCHANGE=2+ VARIABLE STEP - NSTEP=2

NCHANGE =2
1F (NINTeEG.7) XIBSBAR=F(2)
IF (NINT.EGes7) XOBSBAR=F (]}
IF (NINT.EQGe1) FU1)=cHECKZ
OS=.01%A8

DF (1)=DS

GO To 12

DS=CHECK3-F (1)

CONT INUE

IF (NINT<EQe7) XI(N41I=F(2)
XINL=F(2)

IF (NINT+EQeT§ PRINT 83,
PRINT 76+ INTCNTeXIN1
XEANA)=ANA®XINY
XTINB)=BNB#XINT

IF (MsEQe3+0RMEQL 4, ORIMEQLS) GO TO 1S
XTANY=2 o EXINT

ABBSBARIRS 1 X[HSBARXOBSBAR

IF (MeEGe1) XIUIN)I=CNCEXIN]D

XIN=XT(N)

IF (NDEBUG.EQ40) PRINT 68+ XI(131eXI(NA)yXINLIsXTINB) Xt (N}
IF (NSPACE«EQe1) GO TO 16

AREX](NA}/FLOAT(NA-1)
ABB= (X1 (NB)=X1(NA))/FLOAT(NB-NA}

TF (MeEGe]1+0ReMeEQe2) AN={XI(N)I-XI(NB))/FLOAT(N-NB)

IF (MeEQe3sOReMeEQe s ,ORMeEAS) AN=(X]{N41})-XI(NB))/FLOAT(N+1=-NB}
IF (NDEBUG+EQeN) PRINT 77+ AAABB.AN

DO 18 1=1eN

1F (NSPACEsEQ.1) GO 10 17

IF (1eGEs1eANDSloLENAY XI(1)SAARFLOAT(I-1)

IF (§aGTeNASANDeIsLELNB) XI(11=X1(NAY+ARBFFLOAT(I-NA)

IF (1eGEs+NBeANDsIeLELN3I XTUI)2X1(NB)I+ANFFLOAT(I=NB}

CONT INUE

IF (NDEBUGsEQ4¢D) PRINT 67+ (XIC1)el=LoeLIMIT)
CIRCULAR AND ELLIPTIC CONE - COMPUTATION OF X0(1)
INTEGRATION OVER X1 =~ NINT=2.VARIABLE STEP SI1ZE - NSTEP =2

(MeEQe3) GO TO 232

IF (MsEQe4} NINT=za
1IF (MeE0eS) NINT=8

NGQUAD=2 N

NSTEP=2

1P (NSPACE+EGe1) DXI=AN/FLOATC(INTION
TF (NSPACE.EQ.2) OX1=zAA/FLOATC(INT10)
1P (NDEBUG+EQ.G} PRINT 78+ OXI
X1(13=040

XO0(1)=0,0

YO(1)ye~THAB

1F (MaEQLS) YOLL)1sYWIG-RS
Ftly=XIan)

81150
B1160
B1170
B1180
81190
B1200
Blz210
Bi211
Bla21z
81220
81230
B1240
B1230
61260
B1270
81280
B1290
B1200
81310
B1320
B1330
81340
81350
B1360
81370
81380
81390
61400
B1410
Blazo
81430
Blaao
Bl14SO
B1460
B1470
81480
B1a90
81500
B1510
81520
81530
81540
B1550
81560

B1570
arsao
81590
81600
81610
81620
81630
81640
81650
81660
B1670
Bi68BO
B16%90
81700
81710
B1720
81730
81740
81750
B1760
B1770
B1780
B1790
81800
81810
81820
81830
BiBa0
81850
81860
81870
81880
B18%0
B1900
B1910
81920
81930
81940
81950
B1960
81970
B1980
81990
82000

fon

1
2

2

2

2

2a 1F

F{2)=x01(1)

Fi3)=y0(1)

IF (MsEQ4S+ANDDX]+GToXIBSBAR) DXI=eS¥XIBSBAR

DX T+ D=DX T

OF {1y=0x1!

NCHANGE =1

IF (MeEGeS) GO TO 23

00 22 1Z32.L1MIT

DO 19 [=2,100000

CALL DERIV (ACCIRCITHETARNINTINCHANGE sNDEBUG T+ ABoF «DF ¢NF s XCO+ XIN
11eXINsXP¢RS¢PHIWR+ X IRSBAR, YW IG/BSBAR )

CALL RUNKUT (ACCeRCsTHETARNINT 1 NCHANGE «+NSTEP +NDEBUG+ T+ AB+F 1DF ¢+ FCa
1DFCoDXT¢ABI « ABZ+ABI ¢ ABA o NF s EPSTGOM NOUAD + XOD ¢ X IN1 s X 1N o XP ¢RS «PHIWR Y
2X1BSRARYW!G 1ASBAR)

IF (NDEBUG.EQ+0) PRINT 72. IsF{1)+F(2)sF ()

IF (BBS(F(1)-X1{121),LEe1,E~10) GO TO 20

IF ((FC1)4DF (1311eLEeXTI (IZ)oANDeXTEIZ)—(F {1 }+DF (1))eGTal4E-07) GO T
10 19

OX THLD=Dx 1

DXT=XE(1Z)-F (1)

DF €1 )=DX1

9 CONTINUE

0 IF

1

n

3 DO M

(NSPACE<EQs1) DX1=DX1HLD

(NSPACESEOCs1) OF (1)=DX1

(NSPACE+EG.1) GO TO 21
(F(1)aGE«XT(NA)ANDAF (11+LTeX1(NB)) DX
IF (F(1)eGEeXIINB)+ANDaF (1 )sLEXI(N)) DXI
IF (NCEBUGEQ.0) PRINT 78, OX!

OF (1y=DX1

X1€1Zy=F 1)

X0¢tzy=F (2}

YOU1Z)=F(3)

1F (NDEBUG.EQ.0) PRINT 73,
CONT INUE

GO To 2a

1F
1F
1F

ABB/FLOAT(INTIO}
N/FLOAT(INT10)

TZaXT(1Z1aXAL1ZYa¥Y0 {2

CALCULATION OF BODY GEOMETRY FOR MODIFIED WEDGE ~ M=S
1Zs2.L 1M1 T

00 28 1=24100000

CALL DERIV (ACCIRCs THETAR(NINT¢NCHANGE \NDEBUGs T+ AB «F +DF 4 NF « XOOW X IN
11 XINIXP+RS+PHIWR + X IRSBAR, Y¥ 1G¢BSBAR )}

CALL RUNKUT (ACCoRCs THETAR «NINT s NCHANGE +NSTEP sNDEBUG s T+ AB oF ¢ DF s FC s
10FC+0X 1 +AB1 s AB2+AB3 + ABA +NF +EPS1GOMs NGUAD + XOO0 + X INL + X IN+ XP ¢+ RS 4 PHIWR s

2X185BARYW1GBSBAR)
1F (NDEBUGEQ.0) PRINT 72, 1+F(1)4FI21+F(3)
TABS(F (1)=-X111Z)3,LEs]14E~10) GO TO 29

CFCI340F (5 ) oLEeXT (1210 ANDeABS (XTI (IZ)~F (1 J=DF (1§1+GTs[+E-CT} GO
24

IFU1)4DF(1)aLEeXT (1234 ANDeABSIXT(1Z)=F{1)1=DF (1))eLTe1.E-0T) GO
27
(FELI4DFL1)4GTex] (120}
(NCHANGE+EQ.2) GO TO 28
TF  (NCHANGE+EQe1 +AND,ABS (X1BSBAR-F (1))sLEs1+E-10) GO TO

IF CNCHANGE«EQu1 s ANDLF (11 4DF (13sL.Te X IBSBAR,AND+ABS (X IBSBAR-F (1) -DF
1(1))46Te1.E~07} GO TO 28

IF  (NCHANGE +£Q4+14ANDLF (1 14DF {1)sLT+X1B58ARLAND+ABS (X IBSBAR-F (1)-OF
1(13).LTa14E-07) GO To 26

IF (NCHANGEJEQe1 +ANDF (114DF (1)46T.X1B5BAR)

5

1F
iF
110
1F
170

1F G0 TO 27

G0 TO 26

2% NCHANGE=2

OXI2DX IHLD
OF (1)=DX1
60 To 28

26 OXIHLD=DX1

OX1=x1BSBAR-F (1)
OF ¢1)=Dx1
GO Ta 28

27 DXIHLD=DX1

DX I=xI CI1Z)-F (1)
OF (1}=DX1

28 CONTINUE
29 DX!=DXIHLD

DF 1 1=OXT

1IFf (NSPACE.EQe1) GO TO 30

IF (124GEJNAJAND, 1Z.L T.NB} DXI=ABB/FLOAT(INT10)
IF {12 4GENBIANDSTZLE,N) DXI=AN/FLOATCINTIO}
DF {1 )=DX1

30 X1EIZ)=F (11

X0 (12)y=F (2]

YOU1Z)=F(3)

IF INDEBUGeEQ+0) PRINT 73s 1ZeXI{]Z}eXOU12}4YOI1Z}

IF (NCHANGE+EQe1 «AND.F (1)4DF (1)sGT«XIBSBAR) DX)=X1BSBAR-F (1}

16 (NCHANGE o EGel ¢ ANDWF (1 )4DF {1 }eL T+ X1BSBAR, AND + ABS ( X IBSBAR—F (11 -0F
16113,LTe14E-07) DXIaX1BSBAR-F (1)

OF t13*DX1

1F _(NDEBUGSEG.0) PRINT 78+ DX!

31 CONTINUE

GO To 3a

B2010
82020
B2021
82010
82040
B2050
B208&0
B2070
82080
B20%90
82100
B2116
B2120
82130
B214a0
B21s50
82160
B2170
B218o
82190
B2200
sa2zi10
B2220
82230
B2240
B2250
B2260
B2270
B2280
B2290
82300
e2310
|az320
82330
B2340
B2350
82360
82370
82380
823%0
B2400
B2a190
B242¢
B2430

82440
82450
82460
B2470
B248Q
82490
B2sa0
B2s1¢
B2520
B2530
B2540
82550
82560
B2570
B2580
82590
B2600
B2610
B2620
82630
82640
B826%0
B2680
B2670
B2680
B26%9¢
B2700
82710
82720
82730
B2740
82750
82760
B2770
82780
82750
828p0
B2810
Bz820
82830
B2840
82830
82860
82870



nan

aono

38

8

a0

a

a3
as

0BG 33 IslaLiwgT
XOCT)sTANIXT (11}

GEOMETRIC PARAMETERS FOR CIRCUL-AR AND ELLIPTIC CONE

1F (NDEBUG.EQ.1} GO 10 36

00 35 te1.LIMIT

PRINT 69+ 1eXI(11sXO(1}¢YO(I}
1F (MsECQe3) GO TO 64

DO 44 T=1.LIMIT

1F (MsECea) GO TO 27

IF (MeEQe140RsMeEQ,2) GO TO 38
IFf (M.EQ.S) GO TO 40
GX(1y=24%x0 1)

GXX(])=2,
GY{[)=2.8(YO(I)-ACC)

GO To 29

GX(1)=2.4Taa28x0(1)
GXX(]})m2,8T882
GYtly=2.4v0¢1}

GYY(])=2a

GXY(1)=040

GO To 423

1F (XOU1)4LT.BSBAR) GO TO 41
IF (XO(])sGE«BSBAR) GO TO 42
GX(1y=2,#X0¢ T}
GY(132-2,#SORT(RS®#2_X0(])2e2)
GXX{]1%2,

GYY(1)a2,

G0 To 43
GX(1)sTAN(PHIWR}
GY(1)==1.0

GXX( 112040

GYY(11=0.0

IF (NDEBUG.EG.0) PRINT 74,
CONT INUE

GO To &4

14GKEEICGY TP eGXXEII2GYYIIIeGXY (1)

CALCULATION OF BODY GEOMETRY FOR WINDWARD SUDE OF PLATE WITH
ROUNDED EDGES - Meb

NSTEP=2
MINTaS
NGUAD=1

F{1315040

Fi{2)=0.0

DS=.01#48

OFt1)sDS

NCHANGE =1

CMECK 1 =XP
CHECK2aXP+TEAB/SART (24
00 St INTCNT=1.,100000

CALL DERIV {ACCsRCsTHETARININT(NCHANGE «NDEBUGsT + AB+F «DF «NF 1 XO0«XIN

11 1XINeXPsRS«PHIWR s X 1BSBAR. YW 1G:BSBAR)
1P (NCHANGE +EQ+ 3+ AND.ABSIF(11).LEs14E-10) GO TO S2

CALL RUNKUT (ACCsRCsTHETAR+NINT tNCHANGE +NSTEP«NDEBUG T+ ABF+DF +FCe
B2,AB3.ABA 1NF . EPSTGOMINQUAD s XOO s XINT s X IN+XP s RS (PHIWR s X

1DFCDSs ABI

21BSBAR«YWI1G:BSBAR)

as

.7

IF (NCHANGE «EQG+1+AND,ABS (CHECKI-F (1})eLE+1.€-07} GO TO a6
IF (NCHANGE +EQ+2+AND, ABS (CHECKZ=F (11} eLEC14E-07) GO TO 47

IF (NCHANGE «EQ+1¢AND, {F(1)4DF (111 eLEsCHECK] + AND»CHECK I~ (F (1}4DF (1)

1)eGT414E-07) GO TO 5

IF (NCHANGE oEQ o2+ AND, (F(1)+DF {1 1) eLE+sCHECK24AND + CHECK2~ (F L 1)4DF (1}

11eGT,14E-07) GO YO 51

IF (NCHANGE +EQ4+1+AND, (F(1)+DF (1 1) eLEsCHECK] + AND#CHECK | = (F {1)4DF (1)

1)eLE.1+E-07) GO TO 48

If (NCHANGE oEQe2+AND, (F (1) 40F 1} oL.E+CHECKZ » AND « CHECK2- (F (1 14OF (1}

11eLEL]1+E-07) GO TO a0
IF (NCHANGE +EOQ.14AND, (F(1)+4DF (1))eGT+CHECK] )} GO TO 48
IF (MCHANGE ¢EQ.2AND (F (114DF (111 4GT«CHECK21 GO TO 49

1IF {NCHANGE +EQe3+AND, (F(1)+¢DF(13)¢LEs0e0sANDeABS(F (1)4DF(1))sGTole

1€-07) GO TO 5

IF (NCHANGE ¢EQa3+sAND, (F(1)4DF (13} 2LEcOs0¢ANDsABS(F (1)4DF(1))aLlEele

1E-07) GO TO S50

1F (NCHANGE+EGQaJ¢AND, (F(1)1+DF(1})eGT40.0) GO TO S0
NCHANGE =2
DS*DSHOLD

OF {1)=0S

XIP=F(2)

GO To 51

NCHANGE =3
F(1)e-T#AB/SORT(24)
DS=DSHOLD

DF(1)=DS

GO To 51

DSHOLO=DS
DS=CHECKI1-F (1)

DF (1)y=DS

APPENDIKX B :

a2eaq
B2890
B2900
82910
B2920
82930
B2940
82950
B2960
B2970
B2980
B2990
B3000
B3010
83020
83030
B3040
83050
83060
83070
83080
83090
83100
83110
a3izo
B3130
83140
83150
83160
Bn7o
83180
83190
B3200
B30
83220
83230
B3240
aazso
83260
B3a27o
83280
B3290
B3300
83310

83320
83330
83340
83330
83360
83370
83380
83390
83400
B3a10
83420
B3430
B2440
83450
Bl460
B3a70
83480
83490
83500
83510
83520
833530
B3540
B3Ss0
83560
8357qQ
83580
8339¢
83600
83510
B3620
83630
B3640
83650
83660
83670
83680
83690
83700
83710
83720
83720
B3740
8IS0

<o

T s

49 DSHOLD=DS
DS=CHECK2-F (1)
OF (1)=0S

GO

To 1

50 DS=-F(1)
81 CONTINUE
82 XIN1=F(2)

Sa

PRINT 81

X1P s XP ¢ AD

X1 (NA}=ANA®X [N]
X} (N)=CNC#XINT
AFAC=2#KJUNCT# (N-NB }

1F

(NDEBUGEQs0) PRINT 824 KJUNCT«NeNBLAFAC

XI(NB)= (AFACHXIP4+XT IN))/(AFACHL o)
X3 (NB-11=XTP=(X1(N)~X]| (NB})}/AFAC

IF
1F

(NDEBUGEQ.0) PRINT 80+ XINIoXI(NA)«X] (N} 1XT(NB) oXT(NB-1)

INALEG.l) GO TO =3

AA=X| (NA)/FLOAT (NA=1)
$3 ABB= (X1 (NB-1)-XT1(Na))/FLOAT(NB-1-NA}
ANE(XTENI=XL1(NB1)/FLOATIN-NB}

F
Do
1F
IF
1F
L3

{NDEBUG+EQ+0) PRINT 77
58 [w1.N

INAJEQ.1} GO TO 54
(TeGEal1eANDs oLEoNA) X (1)=AARFLOATC(E-1)

(1eGEs (NA+] ) eAND o 1+LE« (NB=111 X1¢1)ax| (NA)+ABBRFLOAT (1-NA)
(1eGEsNBANDToLE,N) X1(1)xX1(NDI+ANRFLOAT(1-NB)

AAABB . AN

55 CONTINUE

1F

(INDEBUGEQe0) PRINT 67+ (XI(I)aI=1+LIMIT}

NF=3

NINT 26
NOUAN=2
NSTEp=2

iF
IF
iF

INALNEo1} DXISAA/FLOATC(INTIO)
INALEQ.1) DXI=ABBFLOATCINTIO)
{NDEBUG.EQ.0) PRINT 78+ OXI

X1¢1)80.0
X0(1)20e0
YO(1)=-T#AB
FLlaxitly
F(Z2)=X011)
F(3)=Y0(1)
o (1 y=DXT
1Z=1

17,

(NDEBUGEQ0) PRINT 73¢ 1ZsF(1)eF(2)F(3)

NCHANGE =1

00
Do

&1 1Zs2.LIMIT
59 1=2.100000

CALL DERIV (ACCsRCeTHETARNINT ¢ NCHANGE + NDEBUG: ToAB +F 1 DF o« NF 4 X000« X IN
11eXTNXPyRS«PHIWR + X TRSBAR « YWIG 1 BISBAR)

CALL RuUNKUT

tACC+RC« THETAR +NINT s NCHANGE «NSTEP ' NDEBUG+ T+ AB»F +DF s FC o

\DFC!DX(cAB\-ABZ-ABB-IBI‘NF-EPSIGOM.NOUAD.KDG&XIN\nXlN.XD.RS-ﬁH!HQ.

2XIBSRARYWIG+8SBAR)

IF (NDEBUGWEG.0) PRINT 724 1+FU1)eF(2)4F (3}

IF (ABS(F(1)=X1(121),LEs1.E=10) GO TO 60

IF (1Z+EQ.NB+AND NCHANGE +EG+ 1 +ANDLABS(F {13 ~XIP)eLEsl «E-07) GO TO' S
16

IF (1Z+EQuNBeANDINCHANGE+EQ e 1 sANDSF (1)14DF (1)eL TeX IPsANDABS (XTP~F (
11)-DF(11)4GTe1+E~07) GO TO 39

IF (1Z+EQeNBsANDINCHANGE«EQs1oANDoF {1 140F (1)aLTeX IPsAND ABS (XIP-F (
131)-DF 1) 1eLEe1+E-0T} GO TO 57

1F (1Z.EQ.ND+ANDsNCHANGE «+EQ+ 1 s ANDWF (1 34DF (11+GToX1P) GO TO S7

1F (IZ-EO-NB-AND-NCNANGE-EO.Z.AND.Fll)6DF(|)-LT.XI(NB)-AND"SS(XI(
INBI-F(1}~DF (1)1+6Te1,E~07) GO TO 59 - - - ~

IF (1Z4EQeNB+AND . NCHANGE o 50.2.AND.F(|700F!1).LY.xx(Nay.AND.ABS!xx(
INBI~F(1)-DF (1))sLEW1,E~07) GO TO =8

IF (124EQsNB+ANDJNCHANGE +EQe2e ANDLF (1)+0F (1)+GTax1INB)) GO TO 58

TF (1Z4NEoNBANDeF (1 140F (19eLEeXT(1Z)aAND X1 (IZ)~FC13~DF (1)eGTa1E

1-07) GO TO 59

GO

To =8

B4 NCHANGE=2
DX12ABB/FLOAT(INT10)
OF (1 y=DX1

60

GO

To 39

DXTaxIP-F(1}
DF (1)=0X1

Go

To 59

OxT=xlt1Zy=F (1)
DF (11=DXI
CONT INUE

1F
"

F
DF {1 350X1

XT41Zy=F (13
X0 (1Z)=F(2)
Yot1z)=F(3)

81

1F

(1Z+EQ.NB-1) DXI=ABB/FLOAT(INTIO)
(1Z.GEJNB) DX1=AN/FLOAT(INTIO)
{NDEBUG.EQ.0) PRINT 78. DXI

INDEBUGEQ.0) PRINT 73, IZaXI(IZ}eXOCIZ)eYOCIZ)

CONT INUE

B3ITEO
83770
83780
83790
83800
|asio
813820
Blaso
B3840
83850
83850
B3870
B3880
83890
83900
83910
83920
83930
B3940
B1950
B3960
839710
83980
83990
Baoo0
Ba010
84020
84030
B4040
Ba0SO
84060
84070
Ba080
84090
Ba100
84110
Ba120
84130
BA140
Ba150
Ba160
Ba170
B8a180
04190

284200
84210
84220
84230
BA240
Bazso
Ba269
84270
84280
B429Q
B4300
Ball0
Ba320
Ba330
842340
84350
B4360
84370
84380
B42330
84400
B4410
Baaz0
84430
B44aQ
Baasg
B3a60
B4a70
84480
84490
B4560
Bas10
84520
04530
84540
BaSS0
Ba560
Bas7O
B4580
Bas590
Bas0O
BA&10
BaG20
84630

27



ana

oanan

aan

anon

28

APPENDIX B

00 63 [514N

IF (1.GEsNB) GO TO &2

GX(1)=0.0

GY(I)=-140

GXX{1)=0.0

GYY({)=0.0

GO To 63

GROT =2 % (X0 (1)=XP)

GY(1)22.8Y0(1)

GXX(11=2,

GYY(Ir=24

63 CONTINUE

68 IF (MeEGe0) LIMITL=1
[F (MsEQe1+0RMEGI2,0ReMEQe6) LIMITIEN
IF (MsEQe3ORMEC.4,0ReMiEQLS) LIMITIZNSL

[

N

GEOMETRIC PARAMETERS

DO 66 [=1.LIMIT]

A1C1 1=l e4XOUTI8B24Y0¢] 1042

AA Ty =XOIIRGXIII+YO(1I#GY(T)
AZ(L)=GX(TIRR2+GY (] )uB24AQ (T )R"2
ASEl ) =GY(1)+YO (1) #AA (1)
ABLTyEGX(1)4XO(T I RA0 (1)

A7 U =XOU1IRGY (1)=YO eI )¥GX{T)

THE TERM
SINCE GXxv
PROGRAM

-2 GX GY Gxy HAS BEEN OMITTED IN THE E0UATIONS FOR A8
1S ZERO FOR ALL BODI!ES TO BE CONSIDERED FOR THIS

AB(1)=GY(114#28GXX (] )46X (1 1#424GYYV (1)

IF (MeEGe6ANDsl LToNB) AKB (115040 .

1F (MeEGe6+AND=1+GE+NB) AKS(1)=-AB(I)I#(AL(])/AZ(1)) %415

IF (MeNE+6) AKB(I)2=aB(1)#(A1(1)/A2(1))%%1,5

IF (ABSIXO(1)1sLEe1sE-10eANDABSIYO(1))eLELIE-10) GO TO 65
PSIO(1)1557 29577951 #ATANZ(YO(§)+XO( 1))

0(11x1.0

QP (1)=0.0

IF (NDEBUG+EQ.0} PRINT 70

1F (NDEBUG.EQ.0) PRINT 714 A1(1)eA2(11¢A3(1)+A8 1) ASII)eAG(I1ATL
11)sABCI IV AKBIL)eGXIT)eGY (1) PSID(T)
66 CONTINUE

RETURN

65

67 FORMAT (6H X1(1}/(8E£1648))

68 FORMAT (7H X1(1)5E16,8+2Xs THXI(NA)=2E1648+2X«SHXINIZE16484¢2X ¢ 7THX T (N
1B)TE164842Xe6HXI(N)2E1648)

69 FORMAT (3H 1515+2Xe6HXT{1I=E1640+2Xs6HXO(] IRELISB+2X16HYO(1 )=E1648
1

70 FORMAT )

71 FORMAT

72 FORMAT

73 FORMAT
11648y

74 FORMAT (3H 1= 14¢2Xe6HGXIII=E16eBv2X16HGY (1)ZE1648+2X+ THGXX ([ I1=E160

182X THEYY (1) 2E16.48.2Xe THGXY (1) =E16.8)

FORMAT (3H I1=18¢2X«6MXI(1)=E164B42X46HXO(LIRE16:842XEHYO ([ 1ZE1648

(10H AT(11ETC,)

C1XBE16.8)

{IX154aE16.8)

1M 1Z815:2Xe7HXI (12)3E1 6B+ 2%X s THXOL 12)3E164B42X ¢ THYO 112 12E

75

1)

76 FORMAT (BH [NTCNTS18,2X SHXINISEIG28/)

77 FORMAT (4H AASE16.8,2X+4HABS=E1G6+B42X+IHANEL16.8)

78 FORMAT (SH DX1=E16.8)

79 FORMAT (1A6/(BE16.8))

B0 FORMAT (6H XINIZEl6.B+2X e+ THXTINAIZE1608+2X,6HXT(N}=E16e8+2X ¢ THXT (N
1B)=E16+8+2X IHX1 (NB-1)=E1648)

Bl FORMAT (5H X1PzE1628,2Xe3HXP=E16:8¢2X¢3HABZE1648)

B2 FORMAT (312.€1648)

83 FORMAT (4H AB2E16¢6.+2X«6HBSBAR=E164B 12X+ 3HRS2E164812X BHXIBSBARSE]
1648 2%+ BHXORSBAR=E16,6)
FND
SUBROUT INE RUNKUT (ACC+RC+THETARNINT sNCHANGE +NSTEP sNDEBUGs T +AB +F ¢
10F sFCeDFC D5 AB1 +AB2 ,AB3+ ABA «NF «EPS 1 GOM «NQUAD s XOO0 4 X IN1 ¢ X IN s XP RS P
2ZHIWR X IBSBAR «YWIG+BSRARY

INTEGRATION FOR BODY GEOMETRY

DSMENSION F(NF).
1}e ARS(NF)

NDEBUG=1 .
IF {NDEBUGsEQ.0) PRINT 10+ NF¢F(1)+FI21¢DF(1)+DFt2)

DFC(NF )+ FCINF)s DFC(NF). ABLINF)+ AB2(NF1+ AB3(NF

FIXED STEP INTEGRATION
OUADRATURE - NOUAD=1,

- NSTEP=1s VARIABLE STEP INTEGRATION - NSTE
NOT QUADRATURE =~ NQUAD=2

TESTMAX =« S#EPSIGOM
DSMAXS.02%AB
DSMINT1 E-06
DO 1 J=1NF

BAGA0D
84650
BA660
B4a6TO
BasBD
84690
B&700
B4710
Ba720
84730
BaT7a0
Ba750
Ba760
Ba770
Ba780
BaT90
B4B00O
84810
84820
84830
84840
84850
84860
BaB70
[-2-1-1.1
Ba890
84900
Bas10
B4%20
84930
84940
BAa9S0
Ba960
84970
84980
B4990
BS000
BS010
85020
85030
85040
B%5050
BS060
83070

annoNNANROANANADNANN
o
a

o

c

o

Aannonnaono

DFCCI)=DF (1}

1 FCtIy=Fely
2 1F (NDEBUG.E0.0) PRINT 11. DS
OF (1)=DS
DO 3 1%24NF
AB1 ([ )=DS#DFC( )
3 FC11=FCUI)+ABL (1372,
FU1)=FC(11405/20
IF (NDEBUG.EQ.0) PRINT 12, (1+AB1(1}¢F(I3v1=1sNF)
CALL DERIV (ACCIRCe THETAR(NINTYNCHANGE s NDEBUG + T+ 48 +F « OF « NF 4+ X004 X IN
11+XINGXPIRS+PHIWR + X IBSBAR (YW 1G+3SBAR)
DO & 122.NF
ABZ(1)*DS*DF (1)
4 FC1)=FCIII+AB2(1) /24

IF (NDEBUG.EQ.0) PRINT 134 (1+4B2([)F(1)el8isNF)

CALL DERIV {ACCRC+THETAR(NINT1NCHANGE +NDEBUG: T +AB+F 1DF «NF4X00s X IN
114X INeXPIRSsPHIWR « X IASBAR YW IG1BSRARY

DO 5 1224NF

AB2([)*DS*DF (1)

5 F(I)=FC(13+a83¢1)
F{1)sFC(1)+4DS
IF (NDEBUG.EQW0) PRINT 184 (T4ABIC(13+F (1) a1m1NF)
CALL DER[V (ACCIRCtTHETARININT+NCHANGE NDEBUG+T s AB+F ¢ DF o NF +XO04 X IN
11eXINeXP+RS1PHIWR X IASBAR. YW1 GoDSBAR )
DO & [¥24NF
ABA (1}=DS*DF (1)
6 FUIN=FC(1)+1e/64%LAB) (1142, #AB2(1)+2+*AB3(1)+ABA (1))
IF (NDEBUG.EQ«D) PRINT 15, (1+ABA(I)+F(I)elmloNF)
IF (NSTEPLEQel 1 RETURN
IF (NOUADSEQ+1:ANDF (1)oLToo2#AB) RETURN
DO 7 1=2.NF
IF (NOUAD+EQe2+AND+ARS(AB2(1)/DS)WLESI +E-06) GO TO 7
IF (NGUAD+EQe1+ANDARS(AB] (1)/DS)sLEel s£-06) GO TO 7
IF (NGUADEOs1 ¢AND.ABS(ABA (11/DS).LE¢1«E~06) GO TO 7
IF (NQUAD.ECe2) TEST=ABS(1.-AB3(1)/a8B2(1))
IF (NOUADJEQe1) TEST=ABS{1.-ABl (11/7ABa(1})
IF (1.€0.,2) TESTMAX=TEST
IF (TEST.GT.TESTMAX) TESTMAX=TEST
7 CONTINUE
IF (TESTMAX.GE.EPSIGOMsAND+ABS(DS)+GTsDSMINY GO TO 8

GO TO 9

IF (TESTMAXJLE. {4 1 #EPSIGOM) )
RETURN

9 IF, ((1.,9¥DS)+GT+DSMAX) RETURN
DS=1,
OF (113DS
RETURN
10 FORMAT (7H RUNKUT/14.8€16.8)
11 FORMAT (4H DS=E16.8)
12 FORMAT (1X+2HI21542X6NB111)=E1648,2XsSHF (1)=E16.6)
13 FORMAT (1Xs2HIRISI2X6HBRL11=E1648,2XvSHF 11 17E1648)
14 FORMAT (IX+2HI2IS 12X 6HB3(115E168+2XsSHF (1 12Ej6a81
15 FORMAT (1XsZHIRIS.2X(5HBA (1}1=E£164812XeSHF(1IZE1648)
END

SUBROUTINE OERIV (ACCIRC+THETARNINT ¢NCHANGE «NDEBUG + TvAB +F « DF oNF ¢ X
100X IN1 X INeXP RS PHIWR, XIBSBAR . YW 1G+B5BAR)
COMPUTE DERIVATIVES FOR BODY GEOMETRY INTEGRATION

DIMENSION F(NF ).
NDEBUG=1

OF (NF )

NINT=1 COMPUTES XIN1 FOR M=1.2

NINT=2 COMPUTES XOG+Y0 FOR Mx1:2

M=3 DOES NOT NEED DERIV

COMPUTES XIN1 OR XJ(N+1) FOR M=4
COMPUTES X0.YD FOR M=4

COMPUTES XIN1 FOR M36

COMPUTES XD+YO FOR M=6

COMPUTES XINI FOR Ma5

COMPUTES XO+YQ FOR MeS

€(145:641707418,19.23) 0
(24370 NCHANGE
#SORT(AB*#2-F(1)%%2)
eeTHRZEF ()
«+F (1) RE24Fp1IRe2
60 TO a
3 X001 e/THSORT(AGRS2HTHE2_F (] )##2)
=T#*SGRT (AB*#2-X00#*%2)

T0 NINT

To

A11%1e4X00¥22+FB1 002
a4 GYl=-2,*FB1

AQ 122, 7 ABRN2¥TeR2

AZ1=GX]RR2HGYI#RZIALT ¥R

AN AANAANOANANNAANANNANNNNNAANNNNANDNAANNNNAGAN

DO0VVODODOOODODUORDUOOUVOCTDLVOVDRAANANANANNONA

190
200
210
220
230
240
250
260
270
280
290
300
N0
220
330
340
aso
360
370
380
390
400
410
420
430
240
as50
460
479
480
490
500
810
520
530
540
550
360
570
580
590
600
810
620



APPENDIX B

IF (NCHANGE+EGe1) OF (2)==~SGRT(A21)/ (A1 [#GY])
IF (NCHANGE +EQ.2) DF (2)=SORT(A21)/ 1AL 1¥GX1)
IF (NDEBUGeEQ.0) PRINT 26+ NINTT4ABF (1)4F(2)4FBI+GX1GY 1ALl A]
1+AZE4F1+DF (1) DF (2)
RETURN
S GQUAN=ABF#2-F (2)##2
FBIST#SQRT (ABS(QUANY Y
GXI®2. 8 THE2RF (2)
GYI22.,8F (3)
AL T=1o4F (2)19824FB 1R 2
AR IXD  RADER2ETHED
A2T=GX [ NS24GY | SRZLAL [ #E2
DF (2)==A11#GY1/SART (A21)
DF (3)=A1 I #GXI/SORT (A21)
1F {NDEBUG.EQ.0) PRINT 26,
IF 121 F3),DF 11)+DFE2)eDF t3)
RETURN
6 QUANSSQRT (RCH¥2-F (1) a22)
YOO*ACC-QUAN
GXIx2e#r(1)
GY1%-20 2QUAN
ALL%]e$F (1) R824Y00E2
A2T=GXI#424GY #4424 (F (1 )#GX1+YOOKGY ) #82
DF (23=-SQRT(A21)/ (A1 12GY])
RETURN
7 1F (NCHANGE+EQel) GO TO B
IF (NCHANGE+GTe1) GO TO 10
B YOO=~THaAB
GX1%040
GYlx-tsQ
9 AVIRIL4F (1) 9824 YOORR2
AMIEF (1 ) #GXI+YOORGY [
AZI=GXIRR24GYIRR2+AR 1 $22
Go Yo 13
10 [F (NCHANGE.EQ+.2) GO TO 11 -
1P (NCMANGEWEQs3) GO TO 12
11 YOO=-SART(TH#RZRAB*E2_(F(])-XP)¥##2)
GX1=2e ¥ (F (1}-xP)
GYI=2,%Y00
GO YO 9
12 XOO=XP+SART(THE2#AB¥2Z—F (1142
GXTw24 % (XQO=XP )
GYiw2.8F (1)
ALI® 1+ XOORR24F (] )82

NINTOToABFBIsGXToGYIeALT A2 vAST4F (1)

AR T=XOORGXT4F (11#GY L
AZI%GXIRE24GY I #B24A4 | 242
13 IF (NCHANGE +EQ+1+ORaNCHANGE +€Qs2) DF (2)==SORT(A21)/(ALI*GY1)
IF (NCHANGEEQ+3) OF (2}*SORT(A21)/(A11%GX1)
1F (NDEBUGeEG.0] PRINT 27+ NINTNCHANGE F{l1eF(21eAlT A414A210F (1
134DF (21 +GXT4GY1+XP+T, Y0048, X00
RETURN
14 IF (F(2)LTexP) GO To 1S
IF (FI2),CE4XP) GO TO 16
15 GX120.0 .
GYI=-1.0
GO To 1@
16 GX1=2e#(F(2)=XP}
GY =20 #F(3)
GO To 18
17 GX1=2e%F(2)
GYI=2e#(F(I)-ACC)
18 ALI=1e+F(2)R824F (D) 4a2
AZT=GXI#SZEGYI#¥24 (K (Z)CNT+F (IINGY] ) 442
OF (2)=-~A1T#GY[/SORT(A21)
DF (3)=A118GX1/S0RT A1)
IF (NDEBUGEQG.0) PRINT 27+ NINTsNCHANGE +F {1):+F(2)¢F(3)eA11+A21,0F ¢
111sDF(2)4DF (3) 46X 1sGYIsXP+ T4 ABs YWIG
RETURN
19 GO TO (20421)+ NCHANGE
20 QUANSORT (RS#RZ2-F (1)8#2)
YOO=YWI1G-QUAN
GXI=2e%F (1)
GYTe-2,#QUAN
60 To 22
21 YOOsTAN(PMIWR)#(F(1)-AB)
GXI=TAN(PHIWR)
GYl=-140
22 All=1e4f(1)8824Y00%%2
A4 1=F (1 }#GX[+YOORGY [
A21=GXISRZAGY LRI +ARTRED
OF (2)%~SQRT (A211/ (A1 [#GYI}
1F (NDEBUG.EG,0) PRINT 27,
1H1s0F L1 1eF(2)4DF (2)
RETURN
23 GO TO (24.25),
‘24 GX12248F(2)
GY1r-2. #SORT IRS*¥2-F (2)982)
60 To 18 )

NINT s NCHANGE 2 YOO 2 GX I s GY1 oA s 88 A21 »F (

NCHANGE
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2% GXIxTANI(PHIWR)
GYiz-1+0
G0 To 18

26 FORMAT (17H SUBROUTINE OERIV/115/(8E1648))
© 27 FORMAT ([7H SUBROUTINE DERIV/2(5/(8E16.8))
END
SUBROUT INE APPROX

COMPUTE APPROXIMATE SHOCK SHAPE

COMMON F (3)4DF (314FC(3)eDFCI3)0AB1(3)+AB2(3)+AB3(3),ABA (D)

COMMON FUN{2016)sDFUN(20+6)+FUNC(2046)+DFUNC(20+6)+81 (20+6)4B2(200
16)+B3(20+8)+B4(20+6),SBAR(20 ) +DSBDZ (20 ) » SBARP (20 )+ DSB1 (20 +DSB2Z (20
2)+D563(20)+DSBAI20}1 X1 (201 eXOt20)4YO(20)+A1(20)«A2(Z0}+AII20)AB12
303 +A5(201,A6(20)+A7(20)+AB(201+AKB(20)+GX(20)+GY (201 +GXXI20) ¢GYY (2
40)+GXY (20) ETA(20)ETASIZ20 31 ETASP (201 ¢GETAD(20 ) ¢RHO(20) 4R (20) 4P (20
5)1U€201+VI20) +W(20) PP (20) «UP(20)4VP (201 +WP(20)+XS (20)+YS{20)4DUDZ
6(20) 4DPDZ(20)+DVDZL201+DWDZ(20) v AMT20)+5(20)+ZETAL (20)+ZETAZ2(20)+2
TETAI(201+2ZETAS(20)4DUL (20) +DUR (203 4DU3 (20 «DUS(20) +DW1 (20) sDW2(20)
BeDW3(20)+DWA20)+DVI (20)+sDVZ2(20) +DV3 (2035 DVA(20116(20)+PSIDI20) +0P
91(20)+0P2(20)+0P3(203¢0P4(20) +DEANS (20 )« CROSSM(20) sRHOISEN(20)

COMMON UISEN(20)+POROGAM(20)+0(20)4QP (201 +PSISDI20) +BERNOUL (20) + XS
1BAR(20) +¥YSBAR(20) s XOBAR (20 )+ YOBAR t20)+XBAR{20)+YBAR(20 )

COMMON AAST,B119812:81 3532148225823, NSPACESP] sMsNeL ) »To THETAR 1GAMM
1AVDXTsCON] «CON2+STMACH ABIAL1+A12,A134A21 122214235431 +3324433,ALPH
2AR +N1 1 NDEBUG s HoHK + S 1GMASRAD«NF «NLINES s EPS 16+ NPRINT + SPACER o UL EE s UW T
3ND «RHOLEE » RHOW IND « NEXTRAP s EPS I GOM . £PS I NT » X INT +STGNP1

COMMON XP4X1P.PHIWRgSBARBS RS X1BSBAR

COMMON /ERROR, ER{123+ERR(12)+BLK(12}

COMMON VCC(20)+WCC(20)+SBARHLD (20 ) JXBHLD (20 )+ YBHLO (20)

COMMON CP (203 +XMACHB (203 s YMACHB (20} ,UC 120) s VC {20 ) ¢ WC (201 o VX(20) oVY
1020) ,THETNOR (20 ) +PSINOR (20)¢POPT[(20) +PTOPT1 {20) +PT (20) +POASTSO (20
2) WPOPINF (20) s XMACH(20) « YMACH (20} s CRSHOCK (20} + CPBODY (20)

COMMON /B(LOCK8/ NCNT

NDEBUG=1

IF (NDEBUG.EG40) PRINT 12

IF (MsEQeD4ORMeEQe2) GO YO 1

IF (MeEQe3.0ReMeEQ4,0RMEQ.S) GO TO 5

IF (veEQe1s0ReMeEG,6) GO TO 7

APPROXIMATE SHOCK SHAPE FOR CIRCULAR AND ELLIPTIC CONES

THETA1=ATAN{T&AB)

THETAN=THETAL

THETAN1 =THETAR

SINSGB® {GAMMA+1 ¢ ) /2. SSIN(THETAL } #8241 o /STMACH##2
BETAI=ASIN(SORT (S [NSQB} |

BETADI=BETA] #57+29577951
SINSGB=(GAMMA+1 03 /24 #SIN(THETAN] ) #8241 o /STMACHS#2
BETAND =ASIN(SQRT (SINSCB) )
BETADNI =BETANI #57 229877951
IF (NDEBUGWEQs0} PRINT 13.
BETAN=BETAL

BETAND=BETAD!

IF (NDEBUG.EQ.0) PRINT 1S,
ETAS ([ }=BETAI-THETAL

IF (MeEQeQ) RETURN
ETASN1*BETANI-THETAN]
ETAS(N)*BETAN-THETAN

QUAN =ETASNI ~ETAS (1)
QUANZ=ETASN] ~ETAS (N)
QUAN3=XT (N) =X INT
NM1=n—1

DO 4 1=2.NmM1

IF (X1E1)=XINI)

THETA1+THETAN] «DETAD! «BETADNL

THETANJBETAND

24243

2 ETAS({I)=ETAS (1 1+QUANT#(XT{[)1/XINL )} ne2

GO To 4
3 ETAS(I)ITETAS (NIFOUANZ# ( (XTI (N)=XT (1)) /QUAND) ##2
4 CONTINUE

6o To 11

APPROX IMATE SHOCK SHAPE FOR WINGS wiITH DETACHED SHOCK

5 PSIBeATAN(TH*TANITHETARY)

SINSOB= (GAMMASS »)/2+ 45 INIPSTB+ALPHAR ) #8241 . /STMACHS#2
BETA1=ASIN{SGRT (SINSGB))

ETAS(1)=BETA1-PSIB-ALPHAR

ETAS(13=1,24€TAS 1Y

TANS [G=TAN(S 1GNP )

DO & 1=2:%

QUANGS (X1 (11/XT (N+1) ) #e2
ETAS(I1=(1¢~QUANA)S (ETAS(] )+ (oS®XIIN+1) #TANSIG-ETAS (1 ) }#QUANS }
GONT INUE

6o To 11

o

APPROXIMATE SHOCK SHAPE FOR BODIES Mz1,6
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APPENDIX B

7 THETAISATANIT#AB)+ALPHAR
THETA2=ATAN (T *#AB) —AL PMAR
SNSGEY 1= (GAMMAS| ) /2, #SIN(THETA] } #8241 . /STHACHN 22
SNSQBT2= (GAMMA+] ¢ ) /2, *SINITHETAZ ) #8241 s /STMACH#2
BETA)xASIN(SORT{SNSGAT! )}
BETA2=ASIN(SORT(SNSOBT2))
ETASt=BETAl-THETAL
ETAS2=2BETA2-THETAZ
SNSQRN1= (GAMMA+] ,)/2,#SINITHETAR) #8241 .7STMACHR#2
BETANI=ASIN(SORT (SNSGBNI 1)
ETASNI=BETANI -THETAR
[F (NDEBUGsEQs0) PRINT 16+ BLK(1)+THETALs THETAZ+SNSGBT14SNSQBT2.0E
1TA1+RETA24ETASIAETAS2+ SNSOBNI +BETANI «ETASNL
0O 10 1o1N
1F (X1C11~XIN1) 8.8.9
8 ETAS(1)=ETAS14(ETASN]-ETASI)I®(XI (1) /XINT)#82
GO To 10
9 ETAS(1)=ETAS2+{ETASN]~ETAS2)#( (243X INI=XI (1 )I/XINL)#82
10 CONTINUE

31 IF (NDEBUG.EG.D) PRINT 14 ([«XICI}+ETASCIIoIa1sN)

RETUBN

12 FORMAT (18H SUBROUTINE APPROX)

13 FORMAT (BH THETA;=E164842X+B8HTHETANIZE1648.2X+ THBETADI *E16+8¢2X ¢ TH
1BETAD2=E1648)

14 FORMAT (3H I=1432X.6MX] (118E16.842X BHETAS (] }2E1648)

15 FORMAT (8H THETAN=E)§+B+2X+ THBETAND=EL 6481

16 FORMAT (1X1AG/(BE16481)

END
SUSROUT INE LGRANGE (Ms]+NPJNLINESNLINEP] sNDEBUGs XD« XREAL + YREAL « X ¢
1Y+DYDX)

ESTABLISHES LINE ARRANGEMENT«
APPROPRIATE: FOR COMPUTATION OF
DIF

ACCOUNTING FOR SYMMETRY WHERE
X1 DERIVATIVES FOR FUNCTION

DIMENSTON XREAL (NLINEP1)s YREAL (NLINEP] ) s
COMMON /BLOCKL/ 1STL JNCYCLE «NCOUNT
NDEBUG=]

1F (NDEBUG«EQG.Q) PRINT 123
IF (NDEBUG.EG.0) PRINT 184
1F (NDEBUGSEG.0) PRINT 15,

X{NP)e YINP)

1.NPeNLINES X0
$3TsXREAL €1 1)sYREALTE!)+] =] 4NLINES)

NE= (NP-113/2

N=NE+1

XN} =XREAL (1)

Y{N)=YREAL (1)

IF (MeEQ.0sORMLEQ,2) GO TO I
IF (MsEQe1.0RMEDH) GO TO 2

NTEST=NLINES+1-(NP-1)/2
1F (I=NTEST) 1.4,8
1 122=0
DO 2 11=1.NE
IF ((T+1T1)eGTeM INES) 122=12Z+1
IF ((1401T)eGTaNLINES) IXi=N_INES-122
IF Ce14519eLEM INES) IXI1#1ABSUI+IT)
IF ((1=111sLEs0) IX2a1ABSII~T11+2

IF (¢1=T13e6GT40) IX2a21ABSCI~11)
IF ¢ri+1T1sLESNLINES) X(N+T[)1sXREAL (IX]1)
IF (C141116TaNLINES) X(N+T1)=24#XREAL (NL INES}-XREAL ¢ [X1)

X (N~ 1) =XREAL (1X2)

IF €(1=-T1)eLEeO) x{N-11)=-XREAL{IX2)

IF €(1+411)+GT«NLINES,ANDs1STL#EGeS) Y(N+IT)==YREALtIXI1)

IF (014111 eGTNLINESAND, [STLeNE«S1eORG LI+ T11eLENLINES)) YIN+LI
1)=YREAL (IXT)

IF CC(I~T1)eLE+O.AND. ISTLLEGeS) YIN-1]}e-YREAL(IX2)

TF Cei=1114LE«DeANDLISTLeNE+S)aORs ((I1=1174GTo03) Y(N=11)aYREAL (IX
12y
2 CONTINUE

NP1 eNP

6o To 8
3 NTESTIS=NLINES-(NP-1)/2

TF (1-NTESTIS) 1.1.%

»

NTESTI=NLINES+1 -1

NTEST2= (NP-1)/2

IF (INTEST1.EQ.NTESTZ) NP1sN®
IF (NTEST1+LTeNTESTZ) NPJ=2# (NLINES+1-1)+1
JB=NL INES-NP1+2

NE=(NP1=1)/2

NENE+1

LLE=NL INEP?

GO To 6

S IF (T1«EQ.NLINES) GO TO 9
NP1=2% (NLINES~-1)141

JBENL INES-NP1+1

NE=(NP1=-11/2

NeNE+l

mMMmMEMmMmMMM@@MMAMMMMMAMMM"
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aa
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I3}

LL=N_INES
NN=0

o

DO T JRJIBLLL

NNENNS 1

X (NN EXREAL (J )

Y (NNy=YREAL(J)

If (NDEBUG+EG.0) PRINT 1te

1F (NDEBUG:EQ+0) PRINT 16,

DYDX=DIF (NeNE+NP1 X1V}

G0 To 10

DYDX= (YREAL {NL INES ) - YREAL (NL INES =11 )/ (XREAL (M_INES ) -XREAL (NL INES=])

1

10 IF (NDEBUGEG.D) PRINT 12+
RETURN B

L]

CELeXEITIeY T o IT=14NPT)
NeNE NP1

©

oYDX

11 FORMAT
12 FORMAT
13 FORMAT
14 FORMAT
15 FORMAT
16 FORMAT
END
SUBROUT INE DIRCOS

(4H [1=14:2X«6HX(I112E164B:2Xs6HY(IT1)5E1648)

t6H DYOX3E16.+8)

{19H SUBROUT INE LGRANGE}

13H 13 18.2X¢3HNP=1442Xe THNLINESS 14 42X« JHXO0%E16.8)

(4H 1I51442X0e10HXREAL {11)XE16+8+2X¢10HYREAL{11)2E16483
{3H N=1242XeIHNE=12.2XaHNP)=12/)

1y
COMPUTE DIRECTION COSINES OF R.ETA.TAU COORDINATES

COMMON F(3}4DF (3)«FC(3)+DFC(I1¢AB] {310AB2(3)1<ABI(3)+484(3)

COMMON FUN(20+6)+0FUN{20¢6)¢«FUNCI20+6310FUNC(20+6) 8] (20:6)1682(200
£61+B3(2046)+84 (2046) . SBAR(20)+DSBDZ (20) + SBARP (20} ¢DSB1 (2040582120
2)4D583(20110SBA(29) ¢ X[ (201 X020 sYOI20)+A1 (20}+AR120)+A3(20)+44(2
301:AS(20)+A6(20)+A7(20)+AB(20)+AKBI20)+GXI201+GY(20)1GXX(20}+GYY (2
4031+GXY(20)141ETA(20)1+ETASI20) ETASP(20)BETAD(20) «RHO(2014R(201,F (20
5) U201 V1203 W (20 4PP(20)1UP (201 VP (201 W (201 +XSL20)» ¥S(201.0UDZ
6(20),CPDZ(2C) «DVDZ (20 ) +DEDZ (20 ) ¢ AMI20345(20)+ZETAL L20)«2ZETA2(20) 2
TETA3(20) +ZETAS (20) DUl (20)+DU2(20) +DU3 (201 +DUA (20) «DW) ¢20):DW2(20}
B.DW3(20)+DW4 (20 ) +0V1 (201eDV2(20) +DV3I(20)+DVA(20)1+6120)¢P51D{20}+DP
©1420)+DP2(20) +DPI(20)10P4 (203 +DEINS(20) +CROSSM(20) «RHOTISENI20)

COMMON UISEN(20)«POROGAM (201 +@(29)+AP{20)+PSTSD(20 1 +BERNOUL (207 XS
1BAR(20) «YSBAR (20) «X0BAR (20)+« YOBAR (20 +XBAR(20) ¢« YBAR(20)

COMMON AASTIB11+B12:n13,821822+B231NSPACE(P] +MeNsL1 T THETAR (GAMM
1AJDX1eCONI +CONZISTMACH ABL AT 1 sA12.A134A21 ¢A221A234A31,432,A334ALPH
2AR N1 «NDEBUG « HaHK + S 1GMA s RAD + NF s NL INES s EPS1G « NPRINT « SPACER o UL EE +UW [
3ND +RHOL EE s RHOW IND « NEXTRAP, EPSIGOMs EPSINT s XIN1 + SIGNRPY

COMMON
COMMON

XP4X P +PHIWR «BSBAR,0S vRS 1 XIBSBAR
/ERROR/ ER(12)¢ERR(12)+BLK{12)

COMMON VCC(20) ¢WCC (201 ¢ SBARHLD (20) ¢ XBHLD (201 s YBHLD (20)

COMMON CP {201 +XMACHB (20}« YMACHB (20} 4UC(20) 4 VC 20 ) ¢ WC(201+ VX (201 o VY
1(20) s THETNOR (20 1 »PSINOR (201 1POPT1(20)+PTOPT1(20)+PT(20) POASTSA 120
2) «POPINF (20 ) s XMACH(20 ) « YMACH (201 « CPSHOCK (20 ) « CPBODY (20}

1F (NDEBUG.EG0) PRINT 2

1F (NDEBUGeEQ.01 PRINT 1a I+ETATI)eAI(I)eAZCIDeABII) AG(T)+AS(I) oA
1611 AT IS ABIIIeGX T )aGY (1) eXOCE)sYOL1Y

QUAN1=CONI/SQRT (A1 (1))

QUANZ=CON2/S0RT(A2(1))

QUANI=CON2/SQRT(AT(]))

QUANS=CONI/SORT (A2 (1))

QUANS=1 ¢+ /SORT (AL L 1)%82¢1))

A11=2XO0(1)#QUANT+GX ( | ) #QUANZ

A12=-YO(1)1%QUANT4GY{ | ] #OUAN2

A13=-QUANI-2A4 ([ ) #OUAN2

AZ1z-QUANS# (GY(1)+YO (1)%A4 (1))

A22xQUANSS (GX (1)+XO (1 1#A8(T))

A23=QUANS#AT(])

A31=X0 (1 )FOUANI+GX ( | ) #*QUANS

A32=¥0 (1 )#OUANI+GY ¢ 1 ) #OUANS

A33=QUANI-A4 (1)*GUANa

IF (NDEBUG+EQ.0) PRINT 1+ I+3UAN]1QUANZ<QUANI«QUANAIQUANS AL 1+A120
1A13.A214422,423443144324433

PHIR=ATANZIGY (114GX(11)

SINPHIR=SIN(PHIR)

COSPHIRECOS (PHIR)

Bil=all$COSPHIRIAI2HSINEKIR

B12=A21 $#COSPHIR+AZ2¥SINPHIR

B813=231 7COSPHIR+A328SINPHIR

B21=-A114STNPHIR+A128COSPHIR

B22=-A21%SINPHIR+A228COSPHIR

B8232-A31#SINPHIR+AI2COSPHIR

IF (NDEBUGYEG.0) PRINT 1o [+GY{I}1GX 1) sPHIRSINPHIR.COSPHIRBI1 ¢8
112¢813.821+822.823

RETURN
1 FORMAT (3H [=15/(8E16481)
2 FORMAT (18H SUBROUTINE DIRCOS/)

END
SUBROUT INE SHOCK (1)

DOROONAORONOCOPOAAOOATI AN ANAANTA AN AT RTIRATANT
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220
230
240
280
260
270
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320
330

350
380
370
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400
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430
a0
450
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a80
490

s10
820
530

80
560
570
580
%90
600

620
630~
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APPENDIX B

COMPUTE FLOW QUANTITIES AT SHOCK

COMMON F(3)+DF(3)¢FC(3)+DFCI3}1AB1(3)11AB2(3)+AB3(3)4+ABA(3)

COMMON FUN(2046) s DFUN(20+6) «FUNC (2046 )¢ DFUNC (20461181 (20161 «B2( 20+
16)+B3(20+6)+BA(2046)4SBAR(20),0S60Z (20)+SBARP (200581 {20)+DSB2 (20
2)+DSB3 (20150584 (20) +x1 (203 4X0(20)4Y0(20)+A1(20) +A2(20)+A3(20)+A4(2
303+A3(20)+A6(203¢A7(20)+AB(20)+AKA(20)+GX(20)+6GY(20)1GXX(20)+GYY (2
401 ' GXY(20)+ETAI20)1ETAS(20)+ETASP(20) ¢+BETAD 120} +RHO(2014R (201} 4P (20
51.UL20)0V(2014W (20} ¢PP (201 1UP(20)4VP (20} +WP (201 ¢ XS (20 1+ YS(20140UDZ
6(20),DPDZ(20) +DVDZ(20) +DWDZ(20)+AM(20115(20)+2ETAL (201 +ZETA2(20)9Z
TETAI(20)+ZETAA(20),0Ul (20)+DUZ(20)DUI(20)+0U4 (20) «DW1 (20 )+DW2(20)
©:0W3(20)+DW4 (20) .DV1 (20)+DV2(20} +DVI(20) +DVAL20)¢G(201+P510(20) 0P
91(20)10P2(201+0P3(20)+DPA(20),DEONS (20) + CROSSM (20} +RHOISEN(Z20)

COMMON UTSEN(20) +POROGAMI20)+Q(20)+GP(20)+PSISD(20) +BERNOUL(20) +XS
IBAR{20) 1 YSBAR (20 ) . XOBAR (20 ) s YOBAR (20} + XBAR (20) s YBAR(20)

COMMON AAST1B11.812+8134821:822+823,NSPACE,PI¢MoN L1 ToTHETARIGAMM
1A1DX1+CONLICONZLSTMACHI AR AT 4A12,A134A214A224A23,A431 ¢A324A334ALPH
2AR eN{ oNDEBUG +HHK «STGMA + RAD o NF o NL INES +EPS 16+ NPRINT + SPACER s ULEE s UN |
3ND *RHOLEE » RHOW IND (NEXTRAP ¢ EPS1GOM EPSINT s X IN1 + SIGND L

COMMON XP+X1P1PHIWR +8SBARBS «RS « X 1BSBAR

COMMON /ERROR/ ER(12)+ERRI12)48LK(12)

COMMON VCCI20)+WCC(20) s SBARHLDI20 )+ XBHLD (20 )+ YBHLD (20 )

COMMON CP (20 ) +XMACHB (20) « YMACHB (20 ) +UC (2012 VC (203, WC120) s VX (20) s VY
1420) s THETNOR (20) 4PSINOR (201 sPOPT 1 (20) +PTOPT] $20)+PT(20):POASTSA (20
2) sPOPINF {20 ) +XMACH(20) s YMACH (20 ) s CPSHOCK (20 ) + CPBODY (203

IF (NDEBUG.EQ+03 PRINT 3

STREAM VELOCITY COMPONENTS

VETAwA129SIN(ALPHAR ) $A13%COS [ALPHAR )
VXESA22%S IN(ALPKAR) +A233COS (ALPHAR )
VREA3ZRS IN(ALPHAR ) +A334COS (ALPHAR)
CONI=SINISIGMA)

CONA=COSLSIGMAY

SHOCK FUNCTIONS B

SINBETAS~ (VETARCONA+ VX [ #COND )

BETARSASIN(SINBETA}

BETAD (1 )=BETARSRAD

RHO(] )% { (GAMMA+] o )8 STMACHR#2#SINBETARE2)/(2s+ (GAMMA~] ¢ }#STMACH® 228
1SINBETASSZ)

PUId=1e/{GAMMAS (GAMMA+]4) #STMACHE 2218 (24 ¥GAMMASSTMACHT#22SINBETASS
12-(GAMMA-14})

UN®S INBETA
UT=-VETARCONI+VX] #CONG
Ut1}1=VR/AAST
1IF (ABS(RHO(1)},GE«1,E~10) GO TO 1
PRINT 4. ERR(1)414ALPHARYAIZ2+A13,A22 0423040321433 +VETACVX]+VR¢STGMA
B eCONIICONAISINBETABETARSBETAD([3oRNO(T 4P () sUNSUTU(T) RROCT)
STOP
1 VCTim=1a/AASTS (UNSCONA /RHOC T 4UTSCOND)
Wl a=1s/AASTH# (UNSCONI/RHO (1 )-UT#CONS)
S(T)eALOGIP (1 ) SGAMMARS TMACH® #2 /RHO (| ) HOGAMMA )
SBAR({11=S(1)

SHOCK COORDINATES

x=A31

vaA32

ZaA33

IF (ABS(Z)1eGTe1,E-10) GO TO 2

PRINT 44 ERR(2)y14vOIIeWiTIeETAIT) AL AI2,A134A214A22,A23,A31,A32
14AD3XI(T)eXeY o2

2 xStly=xXs2

YStiysys2

PSISO(IISATANZ(YS (1) X511 ))*RAD

XSBAR(IY=XS(|)/an

YSBAR(I)eYStIy/AR

XOBAR(I)=xO( L )/An

YOBAR{I}wYO(l)/aB

IF (NDEBUGeEQe0) PRINT 4+ BLK(1).1,ALPHAR AL I 212,413,421 ,A22,A230
1AL +A32¢AIIeXT(1)+SIGMALVETALYX] s VR+CON3<CONA+SINBETA BETARIBETAD(
21)+RHOCII«PIIIsUNWUTUCT ) oViT) ot 11eXeYeZaXSUI)eYS(IIiS(1)+SBARCT)
3+XSBAR(I1)+YSBAR(] ) s XOBAR( 1)+ YOBAR (T )

RETURN

3 FORMAT (17M SUBROUTINE SHOCK)
4 FORMAT (1X146.15/(BE1648))

END
SUBROUT INE DERIVZ2 (DS«NP)

EXECUT IVE SUBROUTINE TO COMPUTE DERIVATIVES FOR INTEGRATION OF
EQUATIONS

COMMON F(3)4DF (3} sFC(3)+0FC(3)¢AB1 (3)1AB2(3)+AB3(3).A84(3)

IrIXTIXITIIILIIIIIIITIIIIIIIXIIIIIIIIIIIIIIIXIY
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nnn

COMMON FUN{2046)¢DFUNI20+6)«FUNC (2046 1DFUNC(20+6)+B1 (2061482120
16)sB3(2046)+»B4{20+61,SBAR(201.0S802(20)+SpARP (20 ) +DSB] (20)+DSB2 (20
2)+0583(20)+0584 (201 +X[(20)+sX0(201s¥0(201+A1(2019A2(20)«A3(20)+A8(2
301 +AS(20)14A6(20)4A7(20)+AB(20) ¢ AKBL20)1GX(20) +GY (20)¢GXX(20)+GYY2
401 sGXY(20)+ETA(20)ETAS(20)+ETASP (20)+BETAD(20)«RHO(20) +R(20) «P (20
514UE2015V(20)W{20)PP(201:UP(20)14vP(20)+ wP{20)+XS5(20)¢YS(20).0UDZ
6¢20) +DPDZ(20)+DVDZ(20) 1D¥DZL20)+AM20) 45203+ ZETAL(20)+ZETA2(20)+2
TETAI(201+ZETA4(20) DU 120} +DU2(20)+DUI (20 ),DU4(20)+DW1(20)+0W2(20)
B4DWIA(20) +DW4 (20)+DVI (20)1DV2{20) +DV3I(20 )+ DVA (201 +G(201+PSID(20) 0P
91(203+0P2(20)s0P3(20)+DP4 (20} «DEGNS (201+CROSSM(20) +RHOISEN(20)

COMMON UISEN(20)+POROGAM{20)+0(20)+QAP(20) «PSISD(20) +BERNOUL (20)+XS
1BAR(20) 1 YSBAR(20) 4 XOBAR (20 )+ YOBAR (2019 XBAR{20 }+YBAR (20}

COMMON AAST+S114812:813¢821+8221823,NSPACE LI +MeNoL 1o TeTHETAR JGAMM
1AIDX1+CONE eCON2+STMACHVABLAL1+A120A130A21 42244234431 1A32,A33,ALPH
2ARN] +NDEBUG sH MK s STGMAS RAD s NF «NLINESEPS1GeNPRINT « SPACER JULEEUW ]
3ND +RHOLEE « RHOY IND «NEXTRAPJEPSIGOMIEPSINT ¢ X IN1 «SIGNP L

COMMON XPoX 1P+ PHIWRASBAP JBS RS+ XIASBAR

COMMON /ERROR/ ER(12)1«ERR(121+8LK(12}

COMMON VCC(20) WCE(20) ¢ SBARHLD(20)«XBHLD( 203+ YBHLD(20)

COMMON CP (2075 +XMACHB (20) « YMACHB (20} +UC (20 ) «WC (20 )+ WC {200 « VX(20) VY
10203 THETNOR (20 +PSINOR (203 +POPT1(20)«PTOPTE (20) «PT(20)POASTSA (20
23 POPINF (20 ) +XMACH(20) s YMACH (20} +CRSHOCK ( 20 » CPBODY (20}

COMMON /B8LOCK1/ 1STL (JNCYCLE s NCOUNT

COMMON /BLOCKS/ NEGP

DIMENSION XREAL (20)+ YREAL{20)s X(20)e Y(20)

CIMiT=N

TF (MeEQe3sORMaENes ORI MIEQWS) LIMITENS]

NUINFP1=NUINES+1

IF (NDEBUG.E0,0) PRINT 6

IF (MeNE.O} GO TO 1

ETASP(11=0.0

UP(13=0.0

PP11)e0.0

YRl yn0.0

wP (112040

SBARP (1 )=040

G0 TOo S

1 00 4 t=leLImIT

DO 3 ISTL=2NF

DO 2 IX=1.LIMIT

YREAL (IX)eFUNLTXs [STL)

2 CONTINUE

CALL LGRANGE
1

(Mol NP NLINESeNLINEPE +NDEBUGXT (1) 9X1 +YREAL sX oY +sDYDX

1P (1STLeEQe2)
IF (1STLEQ.3)
IF (1STL.EQe4)
1F (ISTL.EQS)
1F (ISTLeEQ.6)
3 CONTINUE
4 CONTINUE
1sTL=t
S IF {NDEBUG.EQ.0) PRINT T+ (1eUP(11\PPIII VE(1)eWPI()eSBARP(I) lnls
tLIMITY
CALL EONS
RETURN

UP (1)=DYDX
PP (1)2DYDX
VP (1 12DYDX
WP (11=DYDX
SBARP (1 1=0YDX

L+ 3]

& FORMAT (1B8MH SUBROUTINE DERIV2)
7 FORMAT (3H [=[4s2Xe6HUP(1)3EL16eB8e2X46HPP ([ )12E164B8+2Xs6HVP(113E1648
1+2XeEHWP (1) =E16+8 42X FHSBARP (| 1%E16.8)

a - . e sim s

END
SUBROUT INE"EQNS (DZETA)
COMPUTE ZETA DERIVAT[VES

COMMON F(3)sDF (3)¢FC(3):0FC(3)+ABI (314+AB2(3)+AB3 (3} +ABS(3)

COMMON FUN(2016)10FUN(20+6) vFUNC (2046} sDF UNC (20+6) 101 (2046 ):B2(20+
16)+B3(20+6)+B4120:6)SBAR(20)+DSBDZ(20)+SBARP(20),D581(20)+DSB2(20
23+DS@3(201+D584 (201 +X1(20)+X0(201+Y0(20)+411201+A2(20)+A3(20) sAS(2
30)1AS(20):46(20):A7(20)+AB120)<AKB(20}1+GX (20)+GY (2011 GXX(20)4GYY (2
40}1+GXY120)+ETAI20}1+ETASI20) +ETASP(20)«BETAD(20)«RHO(20)+R(20)+P 120
B)sU20) V(201 +W(20).PP(20)1+UP{20).VP(20)+wP(20)+XS(20)+YS120)0UD2
6120) «DPDZ(20).0VDZ (20} +DWDZ (20 ) +AM(20)+5( 20y +ZETA1 120)+ZETA2120) 2
TETA3(201+ZETA4(20)¢DUL (203 1DUZ(20) DU (20).DUS(20) +DW1 {20) «DW2(20)
B8+DW3 (20 )+DWA (20)»DV1 (20) +DVZ (20) +DVI{20) 5 DV4 (20)+GI20)+PSID(20) 2 0OP
$1(203+0P2(2C)1OP3(20 y+DPA (20 1+ DEGNS (20 )+ CROSSM (201 +RHO I SENL20)

COMMON UISEN(20)+POROGAM (20)+0(20)+QP (20} «P5 ISD(20) «BERNOUL (20) o+ XS
LBAR(20 )+ YSBAR (20) +XOBAR (20) + YOBAR(20) 1 XBAR (201 + YOAR (20)

COMMON AAST«B811+,012.013:B21+B22+B23+NSPACEP1oMiNILL+ToTHETARIGAMM
1A10X1+CONI «CON2¢STMACH ABsA111A12,A134A21 (A22¢A231431 1A32,A33ALPH
2ARIN) s NDEBUG 1 HoHK « 51 GMA 1 RAD s NF s NL I NES+EPS 16+ NPRINT « SPACER +ULEE» UW I
3ND +RHOLEE + RHOW IND +NEXTRAP . EPSIGOMIEPSINT » X IN1+SIGNP1

COMMON XP+XIP PHIWR «8SBARSS RS« XIBSBAR

COMMON /ERROR/ ER(12)¢ERR(12)+BLX(12)

COMMON VCC (20 ) +WCC (201 + SBARHLD (20 XBHLO (201 s YBHLO (20)

COMMON CP (20 ) + XMACHB (201 « YMACHB {20 ) +UC (20 ) VC (203 s WC 12019 VX (207 +VY
112034 THETNOR (20} +PSINOR(20 1 +POPT(20}+PTOPT] (20)+PT(201POASTSA (20

L Ll eeElelEEl el Ca Cm mm oo s m o bm o o ot on e o
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APPENDIX B

2) «POPINF (20} «XMACH(20 1+ YMACH (20 ) 1+ CPSHOCK (20} « CPBODY (20)
COMMON /BLOCKG&/ NEGP

1F (NDEBUG.EQs0} PRINT 12
GEOMETRIC PARAMETERS
NEXTRAP=0

ex=i,

IF (MJEQsS) Bx=BSBAR,AB
00 It [={.N

ANUM=2 . BFUN(1e1 ) RETASILY
SORTI=SORT(O (11##244 ¥ FUN(T 118 (1,-Q(L13})

1F (G(11eGEe0s0) ETACII*ANUM/(G(1)+SORTL)

1F (Q01)4LT+040) ETA(I)ZANUM/(GL1)-SQRT1)

1€ (NDEBUG.EQ.0) PRINT 13+ BLK(1)¢{+ETAS(I)+ETASP(I)+ETACI heANUMLS
JTORTIVFUNCT 1) «FUNCTs2)sFUNCE 31 sFUNTT oA ) sFUN(T+5)¢Q(1) QP (1) +AKB(
2) sGAMMA LSTUACHIAB PP (1 11UP (1) sVP ([ ) e WP L1 ) ZETAL (1) +2ETA2( )4 ZETAS(
31)eZETAG(114DUIC1)4DUR(I1+DUICLIeDUALTIIDPL(1)DP2([1:DP3(1) 0P (1
4)eDVEC11eDV2C(11eDVI(T 1eOVAL] ) aDWI (1) eOW2(11-OW3L1)0OWA (1) +FUNIIL6)
FIBZ0(1)42,#(1+-Q(I 11 PETACI) /ETAS(])

GIBCETAC[ 1% (OP(1 1% (1,~ETACI)/ETAS(11)-ETASP U1 )#FIB/ETAS(I))

CONI=SIN(ETA(1Y)

CONZ=COS(ETALL))

HECONZ-AKB (T ) *CONL

HXE2CON] +AKB( [ ) #CON2

IF (M EQeSsANDJBXLT XOBARIZ)) MaCONZ
IF [M,EQ.S+ANDJBX+LT XOBAR(2)}) HK=CON1
IF (ABS(H}+GE.140E-07) GO TO 2

PRINT 13: ERR(1)eI«FUN(101}vETASCT)4ETALT)sCONI»CON2 s HIHK
STOP 1201

TANSIGs-ETASP (1) /H

SIGMA=ATAN{TANSIG)

FUNCTIONS AND PARAME TERS

BUSQ=FUNIT2)8824FUN (148 ) S#24FUN(] (5) 442
DENOM=EXP(FUN(T+6))

IF (NDEBUG.EQ.0) PRINT 13+ BLKI2),+CONIICON2+AKB (1} HIHKETASP (]
1¢TANSIG+SIGMABUSO«GAMMA +STMACHDENOMF 184618

IF (ABS{DENOM)sGE+1 sE~07«ANDaFUN(]1,:,3)2GT+0.0} GO TO 3

PRINT 13, ERR(2)+1+GAMMASTUACH TANS1G+SIGMA +BUSQ « DENOMIFUN(] o1 ) oF
TUNCTS2) oFUNTT43) «FUNEI34) oFUNCLSS)

NEGP=0

PRINT 14

RETURN

3 RHO(I )= {GAMMASSTMACHS#2¥FUN T [+3)/DENOM) #% (1 2 /GAMMA )

a

s

o

DENOM= ) ,+22/{ (GAMMA~] 4 1 #STMACH® %2

BERNOUL {1 )21 ¢~ (24 ¥GAMMARFUN( 143}/ (RHO(1 ) #(GAMMA=1+) 3 +BUSORAAST*#2)
1 7DENOM

IF (RMO(1)+GEs1+E-10) GO TO &

PRINT 13, ERR(3)+1,BUSO«DENOMeRHO (1) sFUN(I,I)

STOP 1203

ASOTGAMMARFUN(1+3)/RHO(!)
IF (NDEEUG.EG.0) PRINT 13. BLKI3)41+RHO([).ASG
IF (ASQ«GTe1+E-20) GO TO S

PRINT 13, ERR(4)+1sFUNCI+11sFUNCLL3)4RNO(T) BUSO.AST

STOP 1204

AM{1)=SORT(AAST##2#BUSQ/ASQ)
CROSSM(1)=SGRT (AAST##2% ( {BUSO-FUN(]+2)%#2)/450))

POROGAM (1)«FUN(]43)/RHO (T ) #RGAMMA
SC1)=ALOG(FUN(T 131 %GAMMASSTMACH® 82 /RHO [ ) #¥GANMA )

FESETAS (1) (H® (FUNT](8)R®24FUNITe8)##2)—FUNTT18)%UP (1))

FIETAS (1) #(FUNCIa5)1 8PP (1) /RHOCT ) /ASO+WP L1 )42 #H¥FUNT 42 )~HK#FUN(T
1441y

F2RETAS(II¥ (FUNIT S aVP (1) +H¥FUNI 142 I¥FUNIT 48 )4+HKEFUN(]+S)1%%2)
FA=ETAS(1)#(PP(13/(RHOCT ) RAASTH%2) 4FUNLT5) #WP (| J+HPFUNIT +2 ) #FUN(L
LeS)=HKREFUN(T 41 8FUN(T43))

GUIIEHEFUN(] 48 )*F1B4FUNTT.5)*G18

DEONS (131 (HSF1B/AAST 1¥ 824 (G1B/AAST I#42-G(])##2/AS0

1F (NDEBUG.EQ.0) PRINT 13s BLK(8),1yAMI1),CROSSM(1)+POROGAMII S (1
1IUR{I1+PPIT)eVPII) «WP (1) +SBARP (11 ¢FF1F1.F24F3.QUANFIBIGIBIGIT ) 0
2EQNS (1)

IF (NEXTRAP.EQ.1} GO TO 10

IF ((G(1)4GT+EPSIGORDEONS1114LT . EPSIGIeANDSFUN(I1114GEe+B80) GO T
10 &

IF (ABS(G(1))sLTeEPSIGaORG(1)eGT.00ORWDEONSt1)eLTe0.} GO TO 8

ZETA DERIVATIVES

OFUN(1+2)=FF/G(1)
DFUN(1¢3)=RHO(]1}/DEQGNS ([ ) #(F1#G(1)-F2oM2F1B-F38618)
DFUN{1,8)2~1+/G(] 1% (HEFIBPOFUN(143)/ (AASTHR2¥RHO (1) }4F2)
1+/GE1 1 (GIB*DFUNIT+3)/ (AAST#¥2%RHO (1)1 14F3)
ETAS(II*FUN(]5)#SBARP(11/6(1)

1F (FUN(14134GTs405) GO TO 7
1F (1.EQs1) GO TO 7

1P (4.EQ.2.ANDs1,EQeNY GO TO 7
1F IDFUNCT1+834GTe0s1 GO TO 8
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820
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960
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41000
Jio10
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41090
Jitoo
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7 IF (NDEBUGWEG.0) PRINT

13« BLK(6)414DFUNILY13s0FUNCT42)eDFUNCT 3}
IDFUN(1+4)sDFUNCT4S)aDFUN(T6)
GO Yo 11

EXTRAPOLATION OF VELOCITIES AND PRESSURE

8 NEXTRAP={
00 9 11=1.N
FUNCITo11=FUNCETTal)
FUNCIT121FUNCCTT2)
FUN(T1e3)=FUNC(T143)
FUN(114a)=FUNC(TT a)
FUNLTT«5)=FUNCI1T45)
FUNCIT«6)1sFUNC{TIT 8

9 CONTINUE
GO To 1

10 DENOMI= (ZETAA(1)=ZETA3(1))# (ZETAQ ([)-ZETAZ(1))
DENOM2= (ZETA3(1)-ZETAG (1)} # (ZETAI([)-ZETA2(1))
DENOM3= (ZETAZ (1 )-ZETA4 (13 )% (ZETAZ2(1)~ZETA3(1))
FFI=FUN(I41)##3/3,
FF2=FUN(1¢1)882/20
TERMII=FUN(1+11¥2ETAZ ([I#ZETAD(T)
TERM32=FUN (141 1#ZETAQ(1I#ZETAR(T)
TERMIISFUNCT 11 %ZETAG (I #2ZETA3(T)
FACI=(FF1-FF2# (ZETAJ(1)+ZETA2(1))4TERM31 ) /DENOM]
FAC2=(FF1~FF2# (ZETA4 (11 +2ETA2(1))+TERMI2) /DENOMZ
FAC3=(FF]~FF2% (ZETAA (1)+ZETAZ(1 )1 +TERMII) /OENOM3
FUN(1+2)2FUN(1+2)~FACIDUA(1)-FAC28DUI(1)-FACI#DU2(T)
FUN(143)5FUN(1+¢3)-FAC1%0Pa(1)-FACZ2#DPI(1)~-FACISDP2(1}
FUNUIWA)RFUNTT¢8)~FACI®DVA11)~FAC2#DYII1)-FACISOVRITY
FUN(I«5)aFUNLT(5)-FACI¥DWA(11-FAC20DWI(1)-FACI#DW2(1}
FUNCT6ITFUNGT (81 -FACIYDSBE (1)-FAC2¥DSE3(1)-FAC3*DSB2 ()}
FUN([+1150.0
TF (NDEBUGEQ.0) PRINT 134 BLKI(9).1¢FUNIT+2) FUNTTeI)FUNILA ) FUN
1(145)sFUN(La6)

11 CONTINUE
RETURN

12 FORMAT (16H SUBROUTINE EONS)

13 FORMAT (1X186,15/(BE16.8})

N -

FORMAT (//28H OUCH - NEGATIVE PRESSURE//)

END
SUBROUTINE RUNKUTZ (nSsNP)

INTEGRATION OF EQUATIONS

COMMON F(33.0F (31 4FC(3140FC(3)+AB] (3)+AB2(3)+AB3(3)+A84(2)

COMMON FUN(2046)30FUNI(2046)+FUNC(20+6)<DFUNC{20+6)+81(204614B2(200
161483(20+6)+B4(20+614SBAR(20):DSBDZ (201+SBARP (20 1+1DSB1(20),0SB2 (20
2),DSB3(20)+D5B4(20)+X1(20)sX0(20),YO(201+A1120)+A2(20)+A3(20)+A4(2
30)1AK(20)+A6120)1A7(20)1ABI201¢AKB (20)+GX(20) +GY (20)+GXX(20) +GYY (2
40)«GXY{20)1ETA{20)+ETASI20),ETASP(20)+BETADI20)+RHO(2034R(20)4P (20
5)eUt20)eVI20) W (20)1PPI20)+UPI203,VP(20) WP (20)+XS(20)+YS(20)+DUDZ
6(20)+DPDZ(20)+DVDZL20)+DWDZ(20)+AMI20)+S(20)+ZETAL (2071« ZETA2(20)42
TETA3(20)«ZETA4(20)+DU1 (20)5DU2(20)10U3(20)+.DU4 (201 +D¥1 (20} DW2(20)
8:DW3(20)«0OWA(20)+DV1 (20)41DV2(20):0V3(201+0Va(201+G(201+P51D(20) 4DP
91(20)+DP2(20)+DP3(20)4DP4(20)1DEONS (201 CROSSM(20) +RHOISEN(20)

COMMON UTSEN(20)+POROGAM(203+G(201.0P120)1PSISP(20) «BERNOUL (20) +XS
1BAR(20)+YSBAR(20) «X0BAR (2014 YOBAR (201 +XBAR(20)+YBAR(20)

COMMON AAST 811+B12+R13+821 +B22+B23+NSPACEP1+MiNsL1 1 TeTHETAR,GAMM
1ACOXIsCONI sCONZsSTMACHABLAL 1 0AT2,A13.A21 (A22+A23¢A31 1A32,433,ALPH
2AR ¢N1 s NDEBUG +H HK 1 STGMA'RAD « NF y NL INES «EPS 1G s NPRINT s SPACER «ULEE s UW 1
3ND +RHOLEE s RHOW [ND sNEXTRAP ,EPSIGOM.EPSINT « X INT ¢ SIGNP1

COMMON XPoX1P+PH[¥R+BSBAR ,BS (RS« X]8SBAR

COMMON /ERROR/ ER(121+ERR(12)+BLK(12)

COMMON VCC (201 WCC(20) ¢« SEARHLD(20) . XBHLD (233 + YBHLD (20)

COMMON CP(20) 1 XMACHE (203 s YMACHB (20) +UC(20) «VC (201 1 WC {201 4 VX (20) o VY
1€203 s THETNOR (201 +PSINOR(20)+POPTI(20)PTOPT1¢20)1+PT(20)+POASTSC (20
2)POPINF (20) ¢ XMACHI20 )+ YMACH (201 s CPSHOCK (20 ) + CPBODY €20)

COMMON /BLOCKS/ NEGP

NDEBUG=1

1F (NDEBUG.NE.0)

PRINT 27

DO 1 1=1N

PRINT 28+ 1+ (NXFsFUN(IoNXE ) DFUN T NXF ) JNXF =1 o NF )

TESTMAX=.SHERS INT

OSMIN=a1

OSMAxE, |

G0 10 2

(DSMINEQ.DSMAX}
{DSM[N«NE.DSMaX}

GIVES A FIXED INTEGRATION STEP
GIVES A VARIABLE INTEGRATION STEP

IF (DSMINGNE.DSMAX) GO TO 3
DS=-DSMAX

IF (FUN(141)=21+GTal E~07) DS=~el

IF (FUN(1sl)=e1sLEol E~07) DS=~405
IF (FUN(Ie1)1~a05:LEe1E~QT) DS=~4025

Jine
J1120
J1130
J11a0
J1150
J1160
J1170
J1180
J1190
J1200
Jz210
41220
J1230
Ji1240
J1250
J1260
Ji1270
J12so
J1290
J13o00
J1310
J1320
J1330
J13e0
J13%0
21360
J1370
Ji3eo
J1390
J1800
41410
J1820
Jlado
J1a40
J1as50
J1860
J1670
Jiago
J1490
J1500
J1510
J1520
J1530-
K 10

AR RRARARAARAR R ARAA AR AR ARARAARAARAARAAAARARRAARAARRAR
19
>
o

450



ano

APPENDIX B

IF (FUN(1+1)~4a02%5eLE,1+E-07) DSx-,0129
3 IF (FUN(1:1)aNEs1sD3 GO TO 5

00 & I=14N
4 DFUN(T+1)=DS

SET eXTRAPOLAT[ON PARAMETERS

5 00 6 I=1.N )
IF (ZETAG(I)=FUN(1+1)4LT+SPACER.ANDeFUN(1+1)eLTola) GO TO &
1F (GLIILGTSEPSIGLOR,DEGNS(1)4LT.EPSIG) GO TO &
ZETA(1)=2ETAR(T)
ZETA2(1)=ZETA3(1)
ZETAN(1)=ZETAG(T)
ZETAACT)SFUNLTL1)

DU (F3=DU21T)

DU2(13=DY3(T)

DUI(1I=0UA(T)
DUACTI=OFUN(T42)
OP1(1)sDP2(T)

OP2(131=0P3(1)

OP3(11=0DPall)
DPALTISDFUN(T 43}
DVicrysdva(ty

D¥2(y)=Dv3(])

OV3(1y=Dvatl)
DYA(T)=DFUNIT,8)

DW1 (1 )I=DUR11)Y

DwW2(1yaDwa(l)

DW3C1)=Dwa(l)

DWA (1 )=DFUNCTLS)

DSB1 (1)=DSB2(1)

DSB2 (13=DSBIM1)
DSB3(1)=DSB4 (1)

DSBA (1)=DFUN(T461

CONTINUE

DO B t=1.N

DO 7 NXF=1sNF

DFUNC T oNXF ) =DFUN (1 JNXF )

FUNC (1 «NXF)=FUN{T sNXF )

CONT INUVE

0O 10 I=14N

DFUN(T+1)=DS

1F (NDEBUGEQ.0} PRINT 29. OS
DO 11 I=14N

o

o0

DO 11 NXFe2+NF
B1 (1 sNXF ) xDS*#DFUNC (1 yNXF )
311 FUNCTaNXF ) =FUNC (T oNXF 1481 ¢ T oNXF 3 /2,
DO 12 let.N
12 FUN(I+1)=FUNC(1+114D5/ 20
IF (MDEBUGSNE.Q) GO TO 14
DO 13 I=1.N
13 PRINT 30 Te(NXFeBI(JINXFIeFUNTTINXF ) JNXFEL oNF)
14 CALL DERIV2 (DS+NP)
IF (NEXTRAPEQ.1)} RETURN
IF (INEGP,EQ«0) RETURN
DO 15 [wi+N
DO 15 NXFa2oNF
B2 (1 JNXF ) «DS#DFUN (1 JNXF 3
15 FUNCTsNXF }SFUNC (T oNXF14B2 (1 NXF ) /24
IF (NDEBUGNE.O) GO T0 17
60 18 Is1.N
16 PRINT 31¢ [s¢NXFeB2UTI1NXF)FUNTToNXF ) (NXFE1NF )
17 CALL DERIVZ {DSsNP)
IF (NEXTRAP.EQ.1) RETURN
IF (NEGP.EQ«Q) RETURN
‘NCCNT=0
DO 19 !=1,.N
FUNTI»1)=FUNCIT1)4DS
0O 19 NXFe2.NF
B3 MXFI=OSROFUNTIL JNXFY
IF (ABS{B2(1«NXF1/DS)eLEs1+E-03) GO TO 18
TESToABS ([« Q3 (ToNXF/BE([+NXF} 3
NCCONT=NCCNT+1
IF {NCONTEQs1) TESTMAXSYEST
IF (TESTGTeTESTMAX) TESTMAX=TEST
18 FUNCIWNXF)aFUNC{T sNXFI4B3 (1 ¢NXF)
IF (NDEBUGSEQ.0) PRINT 324 1«NXFeBI(INXFI1FUNIINXF)eTEST
19 CONTINUE
IF (DSMIN.EQ.DSMAX) GO TO 20
IF (TESTMAX+GELEPSINT.AND.ABS(DS)+GT+DSMIN) GO TO 24
20 CALL DERIV2 (DS«NP)
IF {INEXTRAP.EQs1) RETURN
IF (NEGPJEG.0) RETURN
B0 2t I=1.N
DO 21 NXF=2eNF
B4 (1 NXF)IeDSEDFUNL] s NXF )
21 FUNTToNXFIAFUNC UL INXF I 41 o /60 B(B1 (] o NXF Y420 RB2 LT oNXF 342438301 JNXF )1+
184 (1 4NXF))

ARXRRERRRRA
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1F (NDEBUG.NE.O) GO TO 23
D0 22 I=1.N
22 PRINT 33« 1¢(NXF(BA (TNXF}FUNCIJNXF ) NXF=] oNF)
23 IF (TESTMAX.LE. (JIPEPSINTI] GO TO 25
RETURN
24 DS*4GROS
G0 To 9
2% IF (DSMINLEQ«DSMAX) RETURN
IF (ABS(1,9%#D5)6TeDSMAX) RETURN

D82y ,9%0S .
DO 26 J=1.N
26 DFUN(141)xDS
RETURN
27 FORMAT (19H SUBROUTINE RUNKUTZ) N
28 FORMAT (3H 1s=1S/(8H NXFxI13+42Xs 1IHFUN{I+NXF)2ET1 648 ¢2Xs 12HDFUN( ]« NXF
119€1608))

29 FORMAT (4H DS=E16.8)

30 FORMAT (3H 1=15/(SH NXFz13+2X¢10HB] (14NXF)I=E1648+2Xs 1 1HFUNCToNXF )=
1E1648))

31 FORMAT (3H 1=IS/(5H NXF=18+2Xe10HB2 (] \NXFI=E16¢B12X+1 1HFUN(I «NXF )=
tE16.81)

32 FORMAT (3H 1=13¢2XsaHNXF=1342X+10HBI(1sNXF)I2EL6e8+«2Xs LIHFUN (T oNXF}
I%E16,8+2XSHTEST=EL6,8)

33 FORMAT. {3H 1=I5/{5H NXF]3¢@Xe10HBA (] NXFI1=E1848¢ 22X IHFUNII oNXF |=
1E16.8))
SUBROUTINE PRINT (LIMIT'NLINEPI+LPRINT+ZETAIDZETA +NP(NPLOTINZETA)

COMMON £ (3)+DF (3)4FC(3)+DFCI3)+AB1 (3),ABZ(3)+AB3(3),4B4(3)

COMMON FUN(20¢6)+DFUNT20¢6)+FUNCI20+6)«DFUNC(20¢6)+B1(2046)+B2(20s
16)4B83(20+6)+B4(20+6),SBAR(20 )«DSBDZ (201 +SBARP (20) +DSB1 (20),DSB2 (20
21+0583(2031+DSBAI20)¢X1(20)+X0C20),YOI201+A1(2034A2(20)+A3(20)044¢(2
30)eAS(20) A6 (201 +AT (20 31AB(201+AKB(201+GX(2011GY{201+GXX(20}2GYY (2
40)9GXY (20)+ETAC20) +sETAS(20)+ETASP(20) +BETAD (201 +RHO(20)+R120) +P (20
B)el20) V{201 sWI201¢PPL20}1 ¢ UP (20 1, VP20 ) WP (2C) XS {201+ ¥S{201+0UDZ
6(20),0PD2(20) ¢0OVDZ(20) +DWDZ(20)+AM(20}+5(20)+2ETAL (201 +2ETAZ (20142
TETA3(20)¢ZETA4(20)4DUL (20) +DUZ(20)4DUI (201 «DUS (20 +DW (20 ) +DW2(20)
BsDW3I(20)«DWA(20)¢DV) (20)+0V2{20}+DVII20)+DVALIZ20)+G(20)4PSID(20}DP
91(203+DP2(20) +DP3 (20 ) «DP4 (20 )+DEGNS (20) +CROSSM(20) sRHO1SEN(20)

COMMON UTSEN(20) +POROGAM(20) +Q(20)+GP (20} +P5150(20) +BERNOUL (20} +XS
1BAR(201 1 YSBAR(20) +X0OBAR(20 )4 YOBAR(20) +XBAR (20 ¢ YBAR(20)

COMMON AAST+B114B12.813+821,B22+B23NSPACE +P1sMsNsL] T THETARGAMM

1AIDX]+CON] s CONZISTMACHABIAL 19A1 248131421 «A22,A231A314A32,A3344LPH
24R sN1 + NDEBUG s H 1 HK + S 1GMA s RAD « NF v NL INES ¢ EPS 1 G+ NPRINT s SPACER « UL EE e UW ]
3ND sRHOLEE « RHOW [ND s NEXTRAP 4 EP S {GOM(EPSINT X IN1 4 SIGNP1

COMMON XP4X1P+PHIWR sBSBARBS 1RS+ X IBSBAR

COMMON /ERROR/ ER(123¢ERR(12)+8LK(12)

COMMON VCC (203 +WCC(20) 1 SBARMLD(20) ¢ XBHLD(20) ¢ YBHLD (20)

COMMON CP (201 ¢+ XMACHB (20) + YMACHB (20) «UC(20) +VC(20) «WC {2014 VX(20) 4 VY
11201 THETNOR (20) +PSINOR(20)+POPTI[20)+PTOPTI{20)+PT(20)«POASTSO (20
2)4POP INF (20 ) e XMACH(20) + YMACH (20) +CPSHOCK {20+ CPBODY (20)

OIMENSION NAME (163« NAMEL(16)s NAME2(16)+ NAME3(8) 1 NAMEA4 (20)

DATA (NAME(1)¢1=1416)/1HP(3HRHO IHS 1 1HU+ 1HV ¢ L HWs 4 HOPDZ + 4HDUDZ + 4 HDV
1DZ+4MDWDZ+ IHETA « 1HG +SHDSBDZ « SHSBARP « THRERNOUL./

DATR (NAMEI (1) ¢12) ¢163/2HPP ¢ 2HUP s 2HVP « 2HWP ( SHDEONS ¢ 3HAMU ¢ 2HUO ¢ 2HAM
1 16HCROSSM « THRHO I SEN + SHU 1 SEN « THPOROGAM + AHSBAR « 2HUC « 2HVC « 2HWC/

DATA (NAMEZ(1)4151414)/4HPSID«2HX0s2HY0¢2HXS+2HYS+AHETAS 1 SHBETAD,2
THX T« 2HAM s 2HUP » ZHWP s 2HPP 4 2HRP « 2HVR /

DATA (NAME3(I1)s1=144)/SHXOBARSHYOBAR +SHXSBAR + SHYSBAR,

DATA NAMES/SHPSISD«&4HXBAR 1 4HYBAR « 2HY X s 2HVY +2HVZ s 6HPS INOR « ZHTHETNOR
1e7HP/PTINF « BHPT/PTINE » THP/ROVSG 3 SHP/ROASTSO » 2HPT « 6HP/PINF ¢ BHVCC + 3H
2WCC 4 THCPSHOCK + 6HCPBODY + SHXBHLOD » SHYBHLD,

IF (1L PRINT+EQe2) PRINT 30

tB=1

IF (LIMITOLESIO) "LLm IMIT =5 = = - =

1F (LIMITGT10) LL21C

PRINT 23

GO TO (1.181s LPRINT
1 IF (NsEQe1) GO TO 12
IF (ZETALEQele} GO TO 2
IF (ZETA,EQ+0e) GO TO 9
LIMITNS =L IM]T-1
GO TO 4
DG 3 t=i.LIMIT
XBHLO( 1) =XBAR(T)

YBHLD(T)=YBAR(T)

SBARHLD(11sSBAR(I}

NZETA=0

IF (MsEQ.2.ANDJNPLOT,EQe1) PUNCH 29+ (PSISD(I}el=1+LIMIT)
IF (MuNE.2¢ANDJNPLOT ECe1) PUNCH 29, (XSBAR([) 1=1.LIMIT)
IF (NPLOT,EQe1) PUNCH 29+ (CPSHOCK(I)aT=laL[MIT)

GO To 11

4 D0 8 J=2,LIMITNL

DO 7 TI%1,LIMITNL

1F {SBARMLD(1)14LT SBARHLO(I-13 sAND.ToLTol e} GO TO 5

IF (SBAR(IT)+LEsSBARMLD(1)¢AND¢SBAR(IT+13sCGE«SBARHLD(I)) GO TO &

~

w
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170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
azo
330
340
350
360
370
380
a%0
200
410
420
430
4a0
450
460

480
490
S00
510
s20
530

550
560
570
580
590
600

33



L)

11

>

]

o

34

APPENDIX B

IF (T+GTe10sANDsSBARHLD(141).6T+SBARHLDIT1)) GO TO 7 L 610
IF (SBAR(11)+GE-SBARNLD(1)+AND+SBAR(1]41)sLE+SBARMLD (1)) L 620
Go To 7 L 630
XBHLD( 1 }=XBAR (1114 (SBARHLD( [ 1-SBARCI1) )% (XBAR(I141)-XBAR(11)}/(S3A L 640
IR{TI+1)-SBAR(I1)) L ssC
YBHLDC( 11=YBAR (1114 (SBARHLO (1 )~SBARCI 1) # (YBARCII+1)-YBAR(I[)1/(SBA L 660
IR(ET+1)-SBAR(IT)) L 670
60 To 8 L 680
CONT INVE L 690
CONT INUE L 700
GO To 11 L 710
DO 10 I=z.LIMIT L 720
XBHLD( [ 1o XBAR(LIMIT) L 730
YBHLD( 1) xYBAR (LIMIT) L 740
NZETASNZETA+1 L 750
XBHLN{ 1 )=XBAR(] ) L 760
XBHLD (L IMIT)=XBAR (LIMIT) L 770
YBHLO (1 1=YBAR(] ) .« 760
YBHLD(LIMIT)=YBAR(LIMIT) L 790
IF (NPLOT,EQs1) PUNCH 29+ (XBHLD(I3els1.LIMIT) L BoO
1F (NPLOT.EGe1) PUNCH 29+ (YBHLD(1)s1e1sLIMIT) L 810
PRINT 25 NAMEA(11)+(PlI)ei=LBLL)Y . L 820
PRINT 25, NAME4 (12}, (POASTSO(T1ssLBLL) L 830
PRINT 28. NAME&(9J+(POPTI(!]1oLBILLY L 840
PRINT 28, NAMEA(1#) . (PORINF 1) 1aLBslL) L 850
PRINT 25. NAME(2)¢(RHO(L}41=LBoLL) L 860
PRINT 25, NAME(&4)stUr])sI=LBsLL) L 870
PRINT 285: NAME(S)v(V{I)eIvLBoLL) L 880
PRINT 2S¢ NAME(6)v(W(l)el=LBoLL) L 890
PRINT 25, NAMEL(14)s(UCI1}e1sLBeLL) L so0
PRINT 25. NAMEL {15} (VC(I)sI2LBLL) L 910
PRINT 25, NAME} (16)+(wC(l)e13sLBaLL) L 920
PRINT 2. NAMEA (1514 (VCClTI.1=LB LY L 930
PRINT 2%, NAMEA(16), (WCCI1)I=sLBsLL) L 940
PRINT 25. NAMEA(41+(yX(]1)¢lsLBaLL) L 950
PRINT 28. NAMEA(S)c(yY{l)elatBell) L 960
PRINT 28, NAREA (&)1 (UCII}eI=LBILL) L 970
PRINT 25+ NAMEA4(7)s (PSINOR(]3,1xLELL) L 98¢
PRINT 25, NAMEA (8)¢ (THETNOR( 1)+ I=LBLL) L 990
PRINT 28, NAME4 (2)s (XBARII).1eLBeLL) L1000
PRINT 25¢ NAMES (191 (XBHLD(])e]15L8.LL} L1010
PRINT 25, NAMEA(1)e(YBAR([},]5LBLL) L1020
PRINT 25¢ NAMEQ(20),(YBHLD(1)«15LBLL) L1030
PRINT 25. NAME(I1)s(ETALI)v[=LBWLL) L1040
PRINT 2S¢ NAME(12)+1G{I}+15LBLL) L1050
PRINT 25« NAMEL(S5)¢(NEANSETsel=LBoLL] L1060
PRINT 25+ NAME1 (8¢ CAMITIoT=LBILL) L1070
PRINT 25+ NAME (S )+ (CROSSMUT )+ l2LBaLL) L1080
PRINT 25 NAME] (134 (SBAR(I)+I=LBLL) L1090
PRINT 25, NAME} (12), (POROGAM(I)e12LBLL) L1100
PRINT 28, NAMEG(10}e (PTOPTI(1)eInLBeLL) L1110
PRINT 25. NAMEA (133, (PTUI)s]sLBeLL) L1120
PRINT 25« NAME(1S1+(RERNOUL (1)+13LBeLL) 11130
IF INEXTRAPSEQ.1) PRINT 25, NAME(9)s (DVDZ(I}.[5LB.LL) L1140
IF INEXTRAPLEO.L) PRINT 25, NAME (73 (DPDZ(13.1=LBLL) 1150
1F (NEXTRAPJEQ.1) PRINT 25¢ NAMEI (1), (PP(1)s13LBLL) L1160
1F (NEXTRAP.EQ.1) PRINT 25, NAMEL (21, (UP(T3e1=LBILL) L1170
IF (NEXTRAP.EG.1) PRINT 25, NAME] (&), (WP(I)s13LBoLL} L1180
1F (NEXTRAP.EQs1) GO TO 13 L1190
PRINT 25, NAME(7)+(DBDZ (1) I=LBLL) L1200
PRINT 25. NAME(8)¢(DUDZ (1)) I=LBaLL) L1210
PRINT 25, NAME(S)¢(DVDZII}s1=LBeLL) L1220
PRINT 25, NAME(10)+(DWDZ(1)«]15LBot Lt ) L1230
PRINT 25« NAME(13}+(DSBDZ(1)+12LBeLL) L1240
PRINT 28, NAMEL(130(PP(1)e]=LBILL) Lizso
PRINT 25, NAMEL(29s(yP(1)¢]12iBeLL) L1260
PRINT 25. NAMEL (33e(vP{1)s[sLB.LL) L1270
PRINT 25¢ NAME! (4)s (WPCI)s[=LBelL), L1280
PRINT 2%, NAME(14)3 (SBARP(1)4{LBILL) L1290
TF (LLJEG.LIMITY RETURN L1300
IF (LIMIT.GToLLAND.LL.LEL10) GO TO 14 L1310
IF (LINIT.GToLLeANDLLLsLEL20) GO TO 15 L1320
[F (LIMIT.GTelL »ANDSLLeLEI0) GO TO 16 L1aze
IF (LIMITGTeLLeANDLLL+LEL40) GO TO 17 L1340
LBELL+1 L1380
TF ALEMITILEL20) L= imiY L1360
1F (LINIT.GTe20) tL=20 L1370
PRINT 24 L1380
GO TO 1124183« LORINT L1390
LB L1400
TF (LIMITWLES30) LL=( TMIT L1410
IF (LIMIT.GT+230) LL=30 L1420
PRINT 26 L1430
GO TO (I2+18)+ LPRINT L1aa0o
LB=Lt 4} L1as0
IF (LIMIT.LE.40) LL=g IMIT L1460
1F (LIMIT.GT+40) LL=40 L1a70
PRINT 27 L1a€0

na

GO TO (12,181 LPRINT
17 Le=LL+1
LtLsLimT
PRINT 28
GO TO (12418)4 LPRINT
16 PRINT 25, NAMEZ{11+(PSTD(1)¢T=LBsLL)
PRINT 25, NAMEA(1)s (PSISDC1)+17LBLL)
PRINT 25, NAME2(2)s (x0(1)elalBell)
PRINT 25, NAMEZ (310 {yOUI)e1=LBoLL)
PRINT 2%, NAMEA(11s (XOBAR([)+15LBLL)
PRINT 25+ NAME3(2)¢ (YOBAR(131+1=LBoLL)
PRINT 25, NAMEZ (43 (XSCI1,12L8LL)
PRINT 25, NAMEZ2(S)+{¥YS5{1),.1=LBe0)
PRINT 25+ NAME3(3)+ (XSBAR(1)+15LBL)
PRINT 25, NAME3(4)e (YSBAR(I}e]=LB.LL)
PRINT 25, NAMEZ(6)« (FTAS(1),1sLBL)
PRINT 25, NAMEZ{7)+ (BETADU])13LBLL)
PRINT 28, NAME2(8)+ (XTI ) 1=LBoLLY
PRINT 25 NAMEA (§7) ¢ (CPSHOCK (1)al=t Bt}
PRINT 25. NAMEA(18)+(CPBODY(I)sixtBLL)
IF (NEXTRAP.EG.1) GO TO 19
PRINT 25, NAMER2 (103}« tUPCL)+1=LBLL)
PRINT 25, NAME2(121¢ (PRI, 1aLBLL)
PRINT 28¢ NAME2(187+(VP{I}a1=LBell)
PRINT 25: MAMERU1L 1 (MPIT 1 17LBLY
PRINT 25, NAME(14)¢ (SBARP (1) I=LBeLL)
19 IF (LL.EQ.LIMIT) GO TO 20
1F (LIMIT.GT+LL +ANDeLLALEL10) GO TQ 18
TF (LIMIT.GTeLLeANDLLWLE,L20) GO TO 15
IF (LIMIT.GTsLLoANDeLLsLEL,20) GO TO 16
IF (LIMITGT+LLsANDeLLILE.4D) GO TO 17
20 PRINT 22

PRINT 21 (TeXl(1)eXOtI)aYOUTII+ETAS(IIETASP(IIol=1LIMIT)

PRINT 22
RETURN

21 FORMAT (3M [21442XeOHXI{1315E1668¢2Xe6HX0(IIZE168+2X16HY0(11=E1600

142X BHETAS(11=E16¢8¢2X 9HETASPI115E1648)
22 FORMAT (/)

23 FORMAT (14X3H1219%43HI=29X s 3HI 239X 3HI 249X« IH[25IXIHI 269X +3HIsTH

1Xs3HI#89%+ IHT 99X+ 4H ) =10/ )

24 FORMAT (/18X¢4MIal18XsaHIZ12BX¢aHIx13BX+4HI» 148X aHI=158x 1 4H1+168%

144HI =1 TEX+4HI X1 BAX AR ¥ 198X aHT =20/ )

25 FORMAT (1X1410410E12,4)

26 FORMAT (/16X+aMIn218X+aH]=226X16H) 238X +aHI 238X +6H1=250X,4M] +268%

1+4HI 227BX+4HT 22B8X«4H12298X 411 =30/ )

27 FORMAT (/18X+aN(=31BX+aH]=326X+4H] 2338X+4H1=38BX«4H]=358x,4H12368x

1414HIx378X4AHI=38BX+4HI=398X . 4H1 240/)

28 FORMAT (/14X aMIz41BX+AHI 428X+ 4HI=438XaH]Z48BX4HI=458x+4H12468X

104HT x4 78X+ 4H1 24BEX 14K X498X (4H1 250/ )
29 FORMAT (SE1648)
30 FORMAT (//55X19HSUMMARY PRINT BLOCK//)

END
SUBROUT INE FMCOEFS (LIMIT.NA NG «NSPACEsXTsAsMeAACAAAIPvAZ VAL 1ASGY

1+Y0sSINALP COSALR)
COMPTE FORCE AND MOMENT COEFFICIENTS

DIMENSTON X1CLIMIT)e P(LIMIT)e A2(LIMIT)S
LOLIMETye YO(LIMIT)
IF (NSPACE.EGe1) GO T0 S
SUM1«0.0
5UM220,0
SUMI=0.0
NCOMD=1
OX11=X1{NA}=X]{NA=1)
DO 2 1=1«NA
GO To 11
CONT INUE
CONT [NUE
AINT2DX§1/3eRSUML
AINT22DX11/3.#SUNR
AINTI=DX11/30 #5UMD
SUM1=0.0
SUM24040
SUM32040
NCOMP =2
DX12=X1 (NB}=-XT (NB-1}
DO & 1=NANB

G0 To 11

CONTINUE

CONT INUE
AINTQ=DX[2/34#5UM]
AINTS=DX12/3¢#SUM2
AINTE=DX12/34¥SUMI
8 SUM1=0,0

S5UM220,0

=

s

L1890
L1500
Li1s10
L1520
L1530
LisaC
L1850
L1560
Lis70
L1580
L3590
L te0a
Lisio
Lie20
L1630
L1640
L1650
L1660
L1670
L1680
L1690
L1700
Lino
L1720
L1730
L1740
L1750
L1780
L1770
L1780
L1790
11800
11810
L1820
L1830
LiBaO
L1850
L1860
L1870
Lisso
L1890
L1500
L1910
L1920

ZFZXXTETXTXZIIXFTXTIZITTIITZIXXTIZITIXXRERTRTE
@
o



no

onn

onn

“o

o

12
13

~

® ~o s

°

SUM3e0,.0

NCOmMP =)

DX13eX ] (LIMIT)=X] (LIMIT=1)

DO 7 I=NS.LIMIT

G0 To 11

CONT [NVE

CONT INUE

AINT750X13/3,#5UM1

AINTB=DX13/3.#5UM2

AINT9=DXI3/3e#SUM3

GO TO (849)s NSPACE

CZe2,/ASAINT?

CY®=-2./ARAINTS

IF (MsEGs3) YBRR=0,0

IF (MoNEL3) YBRR=4./(3.#AKCZI#AINTS

GO To 10

CZe2,/A*(AINTI+AINTA+AINTT)

CY®-2./A% (AINT2+AINTS+AINTSE)

[F (MeECGe3) YBRR=0,0

IF (MeNEL3) YBRR=4,./(I.#ASCZI® (AINTIHAINTEHAINTS)
CD=CZ#COSALP4CY#SINALP

CL=~CZ#SINALP+CY#COSALP

ZBAR=2./3,

CM=YRRR®CZ-ZBARSCY

PRINT 18
PRINT 124
PRINT 13,
RETURN
ARARP (1 )-AA

DENOMsSQRT(AZ2(1))

QUAN{|SARA#AS(1}#A1 (1)/DENOM

QUAN2= AAARGY L T1#AT L 1) /DENOM

QUANI=QUANI#YO (T}

I (MOD(F42)+EQe0) FACTwA, O

IF (MOD(1,2)sNEeD) FACT®2,0

IF (1eEQeleORe1¢EGNACORC 14EQeNBIORS 14EGLLIMIT) FACT=140
SUM] «SUM] +FACT#QUAN]

SUM2eSUNZ +FACT SQUANZ

SUM3=SUMI+FACT#QUAND

GO TO ¢14306)+ NCOMP

CZeCy CDCL
YBRR +ZBAR + CM

FORMAT (4M CZeE16+B12X¢IHCYZELI68:2X s IHCOSELE+Be2X +IMNCLEL648)
FORMAT (8H YBARSZE16+8¢2XSHZBARTE]648+2X ¢ IHCM=E16.8//)

FORMAT (/S0X419H FORCE COEFFICIENTS/)

END

SUBROUTINE SIMEG (AJN+BsM.OETERM.1PIVOT (NMAXISCALE)
SOLUTION OF SIMULTANEOUS LINEAR EQUATIONS

DIMENSION [PIVOT(N).
EQUIVALENCE (TROW:JROW)«

ACNMAX NI B INMAX M)
CICOLUMJCOLUMY o

(AMAXsT «SwaAP)
INITJALIZATION

1SCALE=O
R1=10.0%##100
R2=1,0/R1
OETERM=1.0
DO 2 J=1.N
IPIVOT(J)eD
DO 38 I=1+N

SEARCH FOR PIVOT ELEMENT

AMAX20e0

DO T JsieN

CIPIVOTCJI~1) 3.7,3

6 K=leN

(IPIVOTIKI=1) 846,39
(ABS(AMAX}-ABS(A(JIK}))
TROWs=Y

1COLUYM=K

AMAXEA L JeK)

CONT INUE

CONT INVE

IF (AMAX) 9.8.9
DETERM=0.0

1SCALE=O

GO To 39
IPIVOT{ICOLUM) = IPIVOT L ICOLUM)+1

S5e846

INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL

1F (JROW-ICOLUM}
DETERM=—DETERM
DO 11 L=1.N
SWAP=A(IROW.L)

10+14410
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2X¥2FITIZ XTI RXRXXTETEERZIECXTTIIXIEXISXZIIEIIEITIRILS

Z2222zZ22Z2222ZZZ22Z2ZZZ22Z22XZ2ZZ22Z22T2ZTZZZXX

aao

annnannnnnn

a

12

13
14

19

20

21
22

28
29

30
31

ACTROWSL)=ACTCOLUML Y
ALICOLUMIL ) =SWAP

IF (M) 14s14412

DO 113 L=1em

SWAPLB ([ROW L)
B{TROW,L)=B(1COLUM.L )
BUICOLUML ) sSWAP
PIVOT=A (1COLUM, 1COLUM}
1F (PIVOT) 15.84+15

SCALE THE DETERMINANT

PIVOTI=PIVOT

IF (ABS(DETERM)~R1)
OE TERM=DETERM/R1
1SCALE=ISCALE+]

IF (ABS(DETERM)-R1}
DETERM=DETERM/R1
1SCALE=ISCALE+L

GO To 21

IF (ABS(DETERM)-R2)
DETERM=DETERMER]
ISCALE=15CALE-1

IF (ABS(DETERM)-R2)
OETERM=DETERMERT
ISCALE=1SCALE-1

IF (ABS(PIVOTI}-R1)
PIVOTI=PIVOTI/R1
ISCALE=ISCALE+]

1IF (ABS(PIVOTI)=R1)
PIVOTI=PIVOTI/RI]
1SCALE=ISCALE+]

G0 To 27

1IF (ABS(PIVOTII=R2)
PIVOTI=PIVOT1#R1
1SCALE=1SCALE-1

1F (ABS(PIVOTI)I=R2) 26426+27
PIVOTI=PIVOTI#R1
1SCALE=ISCALE-1

DE TERM=DETERM#P [VOT |

18416416

21e17417

1941921
20420.21
24422422

27.23.23

2%.25.27

DIVIDE PIVOT ROW BY PIVOT ELEMENT

DO 29 L=1«N

1F (IPIVOTIL)I=1) 28429439
ACICOLUMSL) A (TCOLUM,L ) /PIVOT
CONT INUE

IF (M) 32.32.,30

DO 31 L=1M

BOICOLUMIL ) =B (ICOLUM,L )/P1VOT
REDUCE NON-P IVOT ROWS

DO 3B LizieN
1IF (LI-1COLUM)
TaA{Ll+ICOLUM)
DO 3% L*1eN

33.38,33

1IF (IPIVOT(L)-1) 34435,39
ACLLWL)2AILLIL)-ACTCOLUM,L)*T
CONTINVE

IF (M) 38,3836

DO 37 L=tem
BIL1 LI=B(L1LI-BIICOLUMILIST
CONT INUE
RETURN

€ND

FUNCTION DIF (LsM:NP,VART 4VARD)
THIS FUNCTION SUBPROGRAM FINDS THE DERIVATIVE AT A GIVEN POINT.
Ls FOR THE DESIRED X AND Y IN & GIVEN TABLE. THE N-POINT
LAGRANGIAN FORMULA 15 USED WHERE N 15 00D.

THE POINT OF X AND Y AT WHICH DERIVATIVE IS FOUND
1-5, TO DETERMINE THE POINT FORMULAW Ne N=28M+1
THE NUMBER OF POINTS IN TABLE OF VARIABLES

OF INDEPENDENT VAR[ABLEs Xo VARI(NP)

OF DEPENDENT VARIABLE: Yo VARD (NP}

L = INTEGER.
M = INTEGER.
NPs [NTEGER.
VARI = ARRAY
VARD = ARRAY
DIMENSION VAR]INP), VARDINP}s X(11)e Y1)
OIF=0177700000000000n0000
IF (MeLTo1) RETURN
N=2%M+1
IF (MeGTeBsORNLGT NP
MiEMsl
M2END-M+1
K=t
IF

RETURN

(LsLEM1:OR,N,EQeNP) GO TO 1

2Z2222222222222Z22222L2ZZZZZZ2ZZ2Z222X22ZTLTZ2XZ22

zzzzzzz2z22222

000000000000 0G0000000

220

35



36

w

»

K=My

IF (LeLTeM2) GO TO
K=l~ (NP=N}

X =L -

00 2 JalN

xS

X (I rRVARS (MJ)

¥ (J)=VARD (M)

A=1,

e=0,

c=0,

DO &4 J®1.N

IF (JeEQsK) GO TO &
pat,

0O 3 t=1eN

1F (1.€0.J) GO TO 3
PuPR (X (J)-XET 1T
CONTINUE
TEX(KI=X(J)
B=E4Y () /(PET)
A=AwT

CuCetorT

CONT INUE .
DIF=ASBIYIKI%C
RETURN

END

APPENDIX B
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APPENDIX B

Subroutines

A list of the subroutines used in this program is presented.

FORTRAN
name

BG

RUNKUT
DERIV

APPROX

LGRANGE

DIRCOS

SHOCK
DERIV2

EQNS

RUNKUT2
PRINT
FMCOEFS
SIMEQ

DIF

Called by

MAIN

BG

BG
RUNKUT

MAIN

MAIN
DERIV2

MAIN

MAIN

MAIN
RUNKUT2

DERIV2

-MAIN

MAIN
MAIN
MAIN

LGRANGE

Function
Executive subroutine for computation of body
geometry
Runge-Kutta integration for body geometry

Computation of derivatives for body-geometry
integration '

Computation of approximate shock shape for
NREAD = 0

Establishes line arrangement, accounting for
symmetry where appropriate, for computation
of £-derivatives for function DIF

Computation of direction cosines of r-, -,
T-coordinates

Computation of flow quantities behind shock

Executive subroutine for computation of deriva-
tives for integration of equations

Computation of {-derivatives for integration of
equations

Runge-Kutta integration of equations
Print instructions
Computation of force and moment coefficients

Solution of simultaneous linear equations to eval-
uate corrections A7n to the shock shape

Computation of derivatives from the Lagrange
formula

37
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APPENDIX B
Flow Chart

flow chart of the computer program is given:

Read initial
input

1

Beginning
IF(M.EQ.5
IF(M.NE.5

of "DO 104 L1 = 1, NCASES" Loop
; Read &5, 9003 THETAD, ALPHAD
Read (5, 900) T, THETAD, ALPHAD

38

IF(ABS(THOLD-T). GT.
1.E-05. OR. ABS(THETHLD-
THETAR. GT. 1.E-05))

es
IF(L1.NE.1) y -

no

 THOLD =T
THETHLD = THETAR
EPSIHLD = EPSIGOM

IF(M.EQ.3.0R.
M.EQ.4.0R.
M.EQ.5)

i
< SUBROUTINE BG >

®

O

Compute SIGMA
online N+1 for
M= 3,4,5
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IF(NREAD.EQ. 1,
AND.
LLEQ.1)

1F(L1.NE.1)

: éBROUTINE APPR9

Set parameters

Compute initial values for integration by
a) Call LGRANGE (to compute ETASP)
b) Compute ETA, H, HK, SIGMA _
c) Call DIRCOS (to compute direction cosines)
d) Call SHOCK (to compute shock relations)
e) IF (LEQ.N+1) compute Mach cone from wing apex

39



APPENDIX B

@

Compute PGAM

IF(NPRINT.EQ,.2.AND.(M.E
M.EQ.6.0R.(M.EQ.2.AND.T

®

IF(NPRINT.EQ.1.AND.

Y

V. EQ.0
NPIV. EQ.0) Print ETASP

Print CP
for intermediate runs

no

Dummy initialization
of extrapolation
parameters

|
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INTEGRATION SECTION
Integrate equations from ZETA = 1. to ZETA = 0.

R

SUBROUTINE DERIV2 3

/ SUBROUTINE LGRANGE
{computes XI derivatives)

(Executive subroutine

to compute derivatives)

SUBROUTINE EQNS
(computes ZETA derivatives)

no

IF(NPRINT.NE.2)

Compute special quantities
for print run
Compute gurface conditions
if ZETA =0,

avmsovtos pruery

no

IF(ZETA.EQ.0.AND,
NEXTRAP.EQ.1)

.OR. yes
.OR.

Compute XBSONIC, YBSONIC

SUBROUTINE RUNKUT2
(Integrates equations)

®

(This test causes the computer to go
back and correct surface conditions
if it is a print run.)

41
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BLOCK A

APPENDIX B

(Negative pressure has
been computed and results
are printed.)

Set NPRINT=2
NEGP=1

l

IF(NEGP.EQ.0.AND.
NPRINT.EQ.1)

IF(NEGP.EQ.0.AND.
NPRINT.EQ.2.AND.
L1.EQ. NCASES)

IF(NEGP.EQ.0.AND.
NPRINT.EQ.2.AND.
L1.NE. NCASES)




APPENDIX B

IF(NEGP.NE.0) >

Compute pressure coefficient
at surface

If print run and plotting is

no desired, punch cards

I NPIV=0, print CP and V

SET NPRINT=2
NEGP=1

SUBROUTINE FMCOEFS
(Compute force and
moment coefficients)

TESTS FOR CONVERGENCE:

Compute VMAX
IF(NCYCLE.EQ.1.AND.VMAX.GT.VTEST) GO TO 85
IF(NCYCLE.GT.1.AND.VMAX.GT.VTEST1) GO TO 85
IF(VMAX.LE.VTEST) GO TO 80

IF(N.EQ.1) GO TO 85
IF(NCYCLE.GT.1.AND.VMAX.LT.VTEST 1; NSKIP = 1
IF(NCYCLE.GT.1.AND.VMAX,LT.VTEST1) GO TO 86




44
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NPRINT = NPRINT + 1

IF(NPRINT.EQ.3)

KCOUNT = KCOUNT + 1

Print headings for
zero-incidence
circular cone run

no

Print headings
for M2 0

-

<SUBROUTINE pm@
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NCOUNT = NCOUNT + 1
KCOUNT = KCOUNT + 1
NPIV = NPIV +1

IF(NCYCLE.GT.50)

yes

=

IF(NCOUNT.GT.1)

J=J+1

Compute ETAS variation

for Newton-Raphson iteration.
Compute matrix

elements D(L,J)

Compute VMAX
Set ETASO

IF((NPIV.EQ.1.AND.N.EQ.1).OR.
NPIV.EQ.2.0OR. EPSIG.EQ.

- EPSIGMX)

IF(NSKIP.EQ.1)

Begin ETAS

variation @

for new DETA
Compute new ETAS.
Reset counters.

" Solve 'mia.'ti‘ix‘D(Is‘J) )

(This path is the modified

Newton method
(D(1,J) not recomputed))

End of "DO 104 L1 = 1, NCASES" Loop

45



APPENDIX C
SAMPLE COMPUTATION

A Sample computation, which required 63 seconds on the Control Data series
6600 computer system, is presented for a conical wing of circular-arc.cross section.

The input is

Input card no. ‘ Input
1 | STMACH = 4.0, GAMMA = 1.4
2 N =8, M= 4, NCASES = 1, NREAD = 0,
NSPACE = 1, NPLOT = 0, NPUNCH = 0
3 VTESTHD = 0.001, VTEST1 = 0.03
4 T = 0.06, THETAD = 40.0, ALPHAD = 5.0

Explanations of sections of the sample-computation output are provided at the end
of this appendix. Circled numbers at the left side of each section indicate the appropriate

explanatory note.

Input Cards for Sample Computation

4000N0NA+0 ] 14nannsnent
8 a 1 o 1 A 0
«001 e03 '
-XalalelatalaloPrial] 4NNN0CNNL A2 SO0 NENT

Conical Flow by the Method of Lines

N= 8 M=4 NREAD=0 NSPACE=1l NP= &
NA= 1 ANA= 0. N3d= 1 BNB= O.

VIEST= 1.CC00CQOCOE-03 VIESTl= 2,CCCCO000E-D2

46
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APPENDIX C

1C/718/71 CS.36.34.
p—
STMACH=  4,C0000000E¢0G0 GAMMA= 1.4CCCCCO0E+00 Tz 6.00CCO0CQE-02 THETAD= 4.00C00000E+01 ALPHAD= 5.00000000E+00
_EPSIGCM= 1.,0C000000E~-03
TAAST= 4 6TTCTLT3E-CL PVINF=  £,771E35793E+00
JATCNT=  €2¢  XINl=  7.CC138440¢-C)
DELTA(N+1)s 1.6€854120E+C1 EETL{SCNIC)= 6.28541702E+01 DELVAISONIC)= 3,055Z13S1E+C)
- . BETALCET)= &.48525564E+01 CELTA(DETL= 3.06670273E+CL i
ETAC(A®Ll)= 3.75356441E+¢01 SICMEC= 2.11502315E+01 VNS= 6.46245696E-C1 AMN= 2,58498278E+00
NCYCLE= 1 AT 10718771 CS5.26.35.

ETAS
_1.96074822¢~01
ETASF
~3.97505029E-15
~3.8687546TE=-01
CRUI) AT sr(CK
.-02846042C8E-02
. 1.51729710€-01
CFLID AV 2£T4=0
_ 7.81534261E-02
. 15172571 CE-01

v . .
_.=1.0274347)FE-02 ~1.54B61C64E-(2 -2.494551T6E-02 ~-3.17337925E-02 -3.62433711E~02 -4.07820733£-02 ~2.971619308-02
. 9.21210155€E-11

1.86269468E-01 1.74993488E-01 1.56742131E-CL  1.3231C811E-C1 1.02820109€-01 6.9T7107713F=-02 3,47437090E-02

~§.67717320E-02 =-1.6%885150E-01 =2,45681939E-C1 -3.105037€6E-C1 -3.¢0692377€-C1 ~3.92589397E-01 ~3.982684985-01

7.09433824E-C2 1.82317573E~L2 §.96587168E-02 1.04184704E-01 1.2039€004E-01 1.36472568E-~01 1.47911371E-01

1.E7719C52E-C2 £.04518587E=02 0,29055452E-02 8.80157326E-02 9.35569747E-02 1.09247799E-01 1.33933437€-01

-9.8968766TE-03

L KCCUAT= 1 VMAX= 4.C7€£20723E-CZ EPSIG= 1.CGCOQ0CCE-C2 SPACER= 1,C0000000E-C3 EPSIVAR= 1.00000J00E-06
1SCALE= 0 DETERM= 1.E5186886E-02
DETA

7.189303226-03 7.479529C0E-03 B.34519596E-03 7.43707963E-03  4.42494704E-C3 1.345618856-03 7.041325228-04

TNCYCLE= 27 T

ETAS
. 1.S7264125€-01

CETASF .
22.67€351756-15
<3.868754¢7E-01
SCFUI) AT seCCK
1.58102710E-02
. 1,57729710€-01
CPIT) AY 2E1A=D
. 8.406C4849E-02
1.51725710€-01

TNCYCLE= 3 a7

1666358E-01

Qs .
JETASP |
72.69521829E-15

9T1CE-01

2101G9E~-11

86BT5467E-01
1) AT srcck
£2686232E-02
+51929710E-01
CPIIL AT ZETA=0
_ 8+45451920E-02
1.51125710€-01

477696-03

7.27806226€-05

AT L

1.5712571¢E-01
S60514B9E~04

9.31310199E-11

0814C6E-03 -1.5€491204E-04 -2.147E5CSIE-03 1.213304236-04 3.29330426E-03 -3.26140127€-04 -1.15092288£-03

9 VMAX=
0 DETERM=

361074€-05 ~T.2571466TE-C6 $.33015996E~05 8.37617964E=C6 3.67I81C34E-C4 2.337B0010E-04 ~4.14470139E-05

CPII) AT SECCK __
—1.62132476€-02 1.797943C06E-C2
T1.51125700E-01, .

2ETA=0_ _ _ _.
__B.4%4427C0E-02  B8.42022€17E-C2

~3.98756129E-04

1718771 (S.3g.55.

1.937439STE-01  1.£3338684E-01 1.64175211E-01 1.36735758E~01 1.04165728E-01 7.04149038E~02 3.43449528E-02

~7.79262519E~02 -1.67576308E-01 ~2.69703933E-C1 ~3.49625977E-01 -3,.81574609E~01 ~4.01663843E~01 =-4.0225131TE-0L

1.80024240E~02 £.65356TS8E~D2 1.017468STE-01 1.184509C1E-01 1.28508494E-01 1.40825104E~01 1.49516954E-01

8.37489419E-C2 €.568C6S505E=-02 9,306C5938E=-02 1.06533517E-01 1.13594297€-01 1.23730702E~0t 1.395S7589E-01

32372523E-03 -3.81062426E-09 2.34943304E-03 6.C53217TE9E-03 1.24512301E-03 =4.72590541F-03 -4.40879567E-03 -8.84720008E-04
76.31310159E-11
L KCOUAT= S VMAX= 6.09321765E-C2? EPSIG= 1.000CO0CCE-02 SPACER= 1.00000000E-03 EPS{vAR= 1.00000000E-0s
1SCALE= 0 DETERM= 1.E51B6£66E-02
DETA :
T #.02272390E-04 —1.6363155TE=04 4.52267928E-04 2.62971557E=04 1.06839548E=C3 =5.5321590TE-04 1.67068287E-04 -5.74513474E-04

10/18/71 CS$.29.¢7.

1.935803€56-91 1.8379CS52E-01 1.64442182E-C1 1.37BC4158E-C1 1.03612512E-01 7.05819721E~02 3.37704394€-02

~7.7950€6172E=02 =1.64960922E=01 ~2,6463956¢E-0) -3.55575154E-01 -3.B87643089E-01 ~%,00B808756E~01 -4.03245804E-01

7.785469C4E~C2 B.66774086E~-02 1.011029¢3E=-01 1.209$5818E-01 1.29884031E-01 1.40644918E~01 1.49449640E-01

8.44352046E-C2 E.£5225197E~02 8.98196435E~-02 1.05151827E-01 1.16730671E~01 1.25637082E~01 1.40012675E-01

=3.62743993E-04

34293304 2¢E-(3
1.E518668¢6E-02

EPSIG= 1.COGO0CCCE-03 SPACER= 1.00000000E-C3 EFSIVAR= 1.00000000E-06

2.85154590E-04

107148/71  €S.39.18.

1.935731C8E-Gt  1.63684253E-01 1.644505566~C8 1.38UTU4239E-01 1.03846292E~-GL 7.05405251E-02 3.405559408-02

~7aTT11593€E-02 -1.65134580E-01 ~2.62782030E~0) ~3.53730424E~01 ~3.91020138E-01 ~4.0006T686E-01 -4.03009011€-01

T-78716483E~02 €.67963858E-02 1.00772543E-01 1.20934037€-01 - 21193563E-01  1.40305642E-01 1.49559337€-01

8.416915E2E-C2 €.7188ES17E-02 9.058C04585E-02 1.03133691E-01 1.17084420€-01 1.26363302E-Q1 1.40176250E-01

[ L3142Z544€-03 - (€60TTT64E-04 -1 515C53$2E-03 T.66523IL11E~04 7.4940T610€-04 ~1.39387242¢-0% -1.574850006-05

1.515CE362€-(2 1.00000000E-03 EPSIVAR=

1.65186686£-02

EPSIG= 1.C000UOCOE-03 SPACER= 1.00000000E=0¢&

1.03219190E~-C4 ~T7.902353469E-05 1.00638526E-04 ~T.34754¢554E-C5 3.17454440E-04 -8.71735178€~05 2.82C61778E-04

16718/71  €5.39.20.

3.43376557€E-02
4.02510975€-01

E.67140648E-02 1.00922343E-01 1.20470561E-01 1.31601735E-01 1.40356878E-01 1.49617978E-01

€.6ETSSCL9E-02 6,1305647€E~02 1.02859553E-01 1.16611576E-01 1.26561459E-01  ,1.40185612E~01

1.37705286E=-04 7.87970758€-05 6.76C6T275E-05

4.02041730E~0% -3,57441640E-04 =3.B1E99463E~04 4.45118496E-04
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APPENDIX C

N= 8 Mc4 NREAD=L NSPACE=L NF= 5
NA= 1 ANAT  w. NE: ) ENB= 0.
STMACKE  4,C00CCA00E+LY  GAMMAZ  1.4CCCCCCOEYUO  T=  ©.CCOCUGGUE-02 THETAD= 4.00000000€+01 ALPRAD=  5.00000000€¢00
NCYCLE= 5 NSTEP= I VTEST= 1.C(CCCCOCE~C3  VMAX= 4.45118496E-u4 AAST= 4.67707173E-C1 PTINF= 6.T7835793E400
©KCCLAT= 10 VMAX=  4,451134SeE-(4 EPSIG= 1.CODUDOCOE=02 SPACER= 1.CCOOCQOOE-02 EPSIVAR= 1.00000000Z-06
ODELTA(N#L)= l.c&ES54l2ut+C)l RE1ACSUNIC)= €.2ES417026+CE DELTA(SONIC)= 3.05521391E¢01
BETA(CET )= €.485255€64E+01 CELTA{UETI= 2.C6670273E+(L
Lo—q BETACIN+1)= 2.33537002c¢C1 SIGMID= 2.115U23156¢01 VNS= 6.46245696E-Cl  AMN=  2.58498278E+00
Nd= L XMACH=  4.GUT7379424E-CL Ca 4. 6549€368E-01 0.
NJ= 2 XMACh=  4.12%5C741E~¢l ~1.89155824€-02 4.92135525E-01 -2.254319C0E-02
3 XMACk=T  4.17341428E-() . 78315643E-02 4.97368147E-0) -4.50863800F-02
4 XMACHE  4,20557333E-01 5.6T4T94726-02 5.01248383E~C1 . 76255659E-02
5 XMACK=  4.22750251€-01 -1.5663$256E-02 5.03814131E~01 -9.01727599€-02
6 XMACK=  4.23320037€-C1 ~5.45755120E-02 5.05085C52E~C1 -1.12715950€-01
7 XMACh=  4.2381562CE-01 YPACh= -1.134S558S4E-01 5.05083787E~C1 ~1.3525914CE-01
& AMACH=  4.22735444E-01 -1.32411377€-01 5.037564ESE-CL -1.57802330E-01
= 9 XMALH=  4.205073G7E-Cl -1.51327959E-01 5.012127C6E-01 -1.8034552C€-01
Q0 AMACH=  4,172b6lS6E~C1  yMACH= -1.70243542E-C1 4.57304709E-01 -2.02888710€E-01
XMACHE 4, 12002159E-01 YFACH= -1.37159824E-01 XMACHB= 4.9203CCOSE-CL YMACHR= -2.254319Q0E-01
SUMMERY PRINT BLCCK
I=1 1=2 123 [=4 1=5 I=6 1=7 1=8 1=9 1=10
PSID “9.00CUE+UL —2.5547E4L1 ~1.5204E+01 =$.53T6E400 -6 .37G7E+00 ~4.24B5E+C0 -2.6166E400 ~1.2443E+00 1.44T1E-08
PSISD -9 OUOUE+DL —6.58506+C1 -S,248TE+CL -3.82126¢01 -2.6808E4+01 -1.7430VE+01 -1.0406E+01 -4.6061E+00 1.4471E~08
xC £.7d4BE~CZ 1.7703E-01 2.€856E-0l 3.6522E-01 4.6770E-Cl 5.7869E-01 7.0116E-01 8.3910E-01
2 —5.03«0& 02 =4.575¢eE-Cz =4.8113 ~4.519CE-02 ~4.C836E~02 ~2.4744E-02 =2.6446E-02 ~1.5230E-02 2.1193E-10
XGEAR 1.C469E-{1 2.,1{$6E-01 3.2053E=Cl 4.3526E-01 5.573BE-Cl 6.8965E-01 B8,3562E-01 1.0000E+00
YCBAR -e OGUUE-U2 -5.9345(-02 -5.7239E-02 ~5.3355E-02 -4.8566E~02 ~4.1406E-C2 ~3.1517€-02 ~1.8150E-02 2.5256E-10
xS S.1226E-Cz 1.83€1E-01 2.7420E-Gl 3.7624E-01 4.7901E-01 5.8894E-01 7.0786€-01 8.3910€-01
¥s -2.5317: UL =2.4915E-41 -2.3518E-C1 -2.1901E-Cl -1.9012E~01 -1.5085E-C1 -1.0815E-01 ~5.7030E-02 2.1193E-10
ASBAR 1.CET2E-C1 2.1£82E~01 3.3154E-Cl 4.4839E~01 5.7086E-01 7.0187E-01 B8.4360E-01 1.0000E+00
YSBAR ~3.0L716-0L -2.9693E~C1 ~2.8504E-CL =2.c10LE=Cl =2.2658E-01 = 1. T9T8E=C1 ~1. 28B9E-01 -0.7965E-02 2.5256E-10
ETAS Le97€56-01 1.5366E-C1 1.8381E-Cl 1.64565-C1 1.3810E~01 1.0416E=Cl 7.0453E-02 3.4338F-02 0.
BETAD 1.92CTE+UL  1.93C4E+C1 1.STBLE+0l 2.0536E+C1 2.1539E¢01 2.20S3E+Cl  2.2522E401 2.2968E+01 2.3354E¢0L
X1 Ca £ 7€176-C2 1.7503€-01 2.6255€-01 3.5007E~UL 4.3759E-Cl 5.25105-01 6.1262E-01 7.0014E-01
CFSFCCK T.0213E-02 T.T$7SE~Ci B.C114E-02 1.CJ92E-01 1.2047E~0L 1.3[60E-01 1.4036E-01 1.4962E-01 1.5T73E-0!
L cesovy He4544E-02 B.4202E-(2 d.668UE-02 6.1306E-02 1.C280E~01 1.1661E=Cl 1.2656E-01 1.4019E-01 1.5773E-01
t C. » (1= C. YO{1)= ~5.034551719E-02 ETAS(I)= 1.97653455€-01 ETASPI1)= 1,56992519E-15
2 5.75173050E-02 »C{I)= €.78478420E-02 YO(I)= -4,979611266-02 ETAS(I)= 1.93676327E-01 ETASP{l}= =7.77263118€-02
3 1.75034€1CE~CL  3COI)=  1.770295556-01 YU{[J= =4.B8l1127259€-02 ETAS([i= 1.83910218E-01 ETASP(I}= ~1.65092636E~01
4 2.62551915€-C1 3C{I}s  2.68S5ST2BE-01 YC(I)= -4.5189S987E-02 ETAS{I)= 1.64559197E-01 ETASP(I}= -2.62981758E-01
5 3.5000922CE-01 xC(I)= 3.65224070E-01 YOUI}= -4,083573406-02 ETAS(I)= 1.38C9T963E-01 ETASP{I)= -3.52127250E-01
6 4.375€c5258-C1 XC{l)= 4.67656161E-01 YO(Il= -3.474371016-02 ETAS((}=x 1.04163747E-01 ETASP(I)= -3.912896165-01
7 5.2510383CE-01 XC(I)= 5.78€B854S1E-01 YU(I}= -2,€44572876-02 ETAS(I)s 7.04533516E-02 ETASP(I}= ~4.00407253E-01
5 €.12021135E-¢1 »CCI)=  7.011647S0E-0L YCI1)= -1.52259632E-02. ETAS{[}= 3.43376557E-02 ETASP{I)= ~4.025L0975E-01
9 7.0u13844CE-C1 XC(IJ= E.39C5S€31€-01 YC(I1= 2.11926C88E~10 ETAST(I)= 0. ETASP([)® ~3.8687546TE-01
ZETA=  1.0CCCUULDE+ID
1=t 1=2 1=3 1=4 1=5 1=6 I=7 1=8 1=9 1=10
P/RCYSQ 8.2750E-02 0.3633E-C2 8.3000E-02 $.5104E-02 1.0488E~01 1.1044E-Cl 1.1482E-01 1.19456-01 1.2351E-0L
P/ROASTSQ  3.782BE-UL  3.€2328-C) 4.C229E-01 4.3476F=01 4.7944E~01 5.0489E=C1 $.2490€-01 5.4607E-01 5.6461£-01
P/PTINF 1.22CHE-02 1.23386-02 L1.2$62E-C2 1.4021E-C2 1.5472E~02 1.6254E-C2 1.6$39€-02 1.7623E-02 1.8221E-02
P/PINF 1.8536E+CC  1.E734E+CC  L.9T12E400 2.1303E+00 2.3493E+U0 2.4739E400 2.5720E¢00 2.6757E+00 2.7666E+00
PLO 1294346000 1.554LE¢(C 1.6CS2E+00 L. E950F+CQ L 8CB0E+00 1.8697F+00 1.9169E+00 L.9658E400 2.0076E+00
u 2.0151E+00 2.013BE+C0  1.5966E+00 1.9093E+00 1.93C0E+00 1.8783€E+C0 1.8101E+00 1.7279E+00 1.6316E¢00
v ~4.5573E-01 —4.4352E-C1 -4.0378E-01 -3.3739E-01 ~2.5274E-01 -1.7460E=-01 -1.0684E-01 =4,.4477€-02 9.3131E-11
" -3.6552E-16 —1.6208E-uUl -3.1722E-01 -4.605SE-01 -5.9566E-01 -7.4248E=C1 -8.9183E~01 ~1.0333E+00 ~1.1701E+00
uc 2.€692E4uy  2.067EE+LC 2.CSSBE+00 2.046dE+00 2.0285E+00 2.0178E+00 2.0095E+00 2.0006E+00 1.9929E+00
Ve 5.3740E~02 5.7536E-02 2.61756-C2 1.0329E-C1 1.3066E-01 1.5454E-CL 1.6976E-01 1.8540€-01 1.9995E-01
WC -2.9335E-16 1.742EE=(2 3.S665E-02 6.92SBE-02 1.0237E-01 1.19316-01 1.2757E-01 1.3605E-01 1.4044E-01
vee 5.374UE-0Z 0.CC59E=0Z B.4920E=C2 1.1972E-01 1.5674E-U1l 1.6730€-01 1.6748E-01 1.6712E-01 1.6334€-01
wCC ~3.8552E-16 ~2.0651E-(3 -1,2765€~02 -3.3726t-C2 -6.7733E-02 ~1.0064F=Cl -1.3056E~01 -1.5797E-0L ~1.8172F-01
VX -3.85E2F-lo 1.8i47E-(2 4.1574E-C2 7.3206€-02 1.09356-01 1.2934E=01 1.4114E~01 1.5389E-01 1.6334E-01
vy ~5.3740E-02 -5.7313E~62 -1.515JE~02 -1.0056E-Cl -1.3115E-01 =1.4625E-C1 =1.5B66F~01 -1,7088E-01 ~1.8172E-01
v .GOG2E+00 2.C6TEE+CC 2.C5SBE+00 2.0468E+00 2.0285E+00 2.017dE+CO 2.0CSSE+OC 2.0006E+00 1.9929E+00
PSINCK -1.U675E-14 5.C286E-01 1.15€3E+00 2.04B4E¢CC 3.CB56E+00 3.607HE¢CO 4.0176F+00 4.39B6E+00 4.6857E+00
THETNCK B.B512E+01 b.£412E+C1 Q.79L1E+UEL 8.718SE+0l B8.6306E+0l 8.5863E¢01 B.5497E¢01 8.5132E+01 8.4807E+01
xeap C. 1.CET2E-G)  2,1EE2E-01 3.3154E-Cl  4.4839E-01 S.7086E-01 7.0187E-01 8.4350E-01 1.0000F+00
XBHLY C. 1.C3d72E-C1 2.1882€-01 3.3154E-C1 4.48395-01 5.7086E-Cl 7.0187E-01 8.4360E-01 1.0000E+00
Yeag ~3.G171E-C) —2.9€653E-C1 =2.8504E-Cl -2.6101E-Cl -2.2658E~01 =~1.7978E-C} -1.2889E-01 ~6.7965E-02 2.5256E-10
YBHLE “3.0L71E-01 ~2.5693E-C1 ~2.E504E~Cl -2.€101E~Cl -2.2658E-01 =1.7978E=Cl -1.2889E-01 -6.7965E-02 2.5256E-10
ETA 1.97€56-01 1.5308E-C1 1.8381E-Cl 1.6430E-01 1.3910E~01 1.0416E-01 7.0453E-02 3.4338E-02 0.
G =4.5961E-01 —4.6C13E~C1 =4.EC36E-01 -4.€275E-01 -4.6605E-01 -4.6764FE-Cl ~4.6531E-01 =4.6076E-01 1t
DECNS 1.6353E+¢00 1.ETICE+LC 2.C236E400 2.2746E4C0 2.5933E400 2.7597E+4C0 2.8409E¢0C 2.8921E+00 et
av 3.5336k+0C S25:E+(C 3.4E47€+400 3.4220E¢C0 3.3409E+00 3.2971E+00 3.2637E+00 3.2292F+00 3.1998E+00
CROSSM T.7800E-01 B.C4T6E-C1 B.6T96E~0L 9.53356-01 1.0620E+00 1.2405E4CC 1.4507E¢00 1.6585E400 1.8647E+00
SEAR S.5057€-03 1.CCCIE~C2 1.2¢16E-C2 1.7412E-C2 2.4982E-02 2.9730E-02 3.3662E-02 3.7993E-02 4.1920E-02
PORUG &M 4.5069E-02 %.5092E-02 4.5210E-02 4.5427€-02 4.5772E-02 4.59S0E=C2 4.6171E-02 4.6372E-02 4.6554€-02
PT/P1INF 9.7652E-01 $.7531E-C1 9.6855E=01 9.574DE-01 9.3946E-01 9.2837€-C1 9.1929€~01 9.0939E-01 9.0050E-01
PT 6.61S2E+00 ©6.6110E¢CC €.5679E400 0.4396E+00 06.3680E400 €.2928F400 6.2313E+00 6.1642E¢00 6.1039€+00
BERNCLL 3.55218-14 3.5527€-14 3.5527E-14 2.8422E-14 3.5527E-14 3.5527E-14 3.5527€-14 3.55276-14 4.2633E-14
DPDZ 1.5044E-02 =1.1350£=C2 $5.7C38E-04 1.47036-02 1.7373E-02 1.1109E-C2 Y9.9101F-03 5.5813E-03 ey
ooz “GGTOE-02 =8.5911E-C2 =7.4178E~02 =5.5536E-02 -3.4728E~02 ~1.83467E-C2 =7.4376€~03 ~1.8593E-03 mint
ovoZ “9665E-Ul —4.T20EE-01 =3.9€19E~0i ~2,9846E~01 -2.23356-01 =1.6339E-C) -9.7288E-02 =4.2071€-02 1
DwCZ 1.7357€-15 1.45476-G2 3.45S2E-02 S.11BSE-C2 3.5480E-02 2.1699E-C2 1.8557€-02 B8.9573€-03 13901
DSBCL -B.7335E-32 -1.1352E-C2 =5.2€30E=03 -1,2361E-02 =1.3J258-02 -1.6947E~C3 -6.32156-03 -3.6329E-03 i
PP L.2720€-15 2.5C71E-KZ 6.6213E-02 1.0304F-C1 9.1312E~02 £.2559E=C2 5.088lE-02 4.9627E-02 iy
up -5.5UGUE-15 -1.2985E-C1 —Z.5419E-01 ~3,7787E~C1 -5.1604E-01 ~6.8378E-C1 -B8.6120E-01 -1.0196E+00 i
vp ~4.8274E-15 2.94656-01 6.1516E-Cl  8.9450E-01 9.5734E-01 B.3252€-C1 7.5052E-01 6.1038E-01 1
wP ~1.8652E+00 ~1.823164LC ~1.7CSBE+0U ~1.56B84E+00 ~1,5971E+00 = 1. TL11E¢CO ~1.6€B5E400 ~1.5897E+00 1111
“— sBARP 5.267¢E-16 1.063SE-0Z 4.1716E-02 7.540$E-02 7.3794E-02" 4.6526E-C2 4.6814E-02 &4.7177E-02 1oy
@ XBSCAIC=  2.81723225E-CE  ¥BSCAIC® -2.4€223328E-01



=1

P/ROVSQ 8.3951E-02
P/RCASTSQ  3.8378E~01
P/PTINF 1.2385€~-02
P/PINF 1.88GC5E+50
RFO 1.5554E+00
© 2.0276E+CO
~4.0755€-01
-7.4160E-16
2.0672E+G0
6.1689E-02

- —€6.3579E-16
6.168YE-02
-7.4160E-16
-7.4160E~-16
~6. 1689E~02
2.0672E400
_—2.0554E-14
8.6291E+01

0.

0.
~2.7677€-01
-2.761776-01

1.7789E-01
~4.1140€-01

2.4125E+0C
3.5234E+00
6.94326-01
& 9.5057E-03
_ [PCROGAM_ 4.5069€-02

PT/PTINF 9.7652E-01

P 6.6152E+00
. BERNOUL ~1.1420€E-09
£Po2 -5.6453E-03
oupz. -8.0554E-02
DVDZ ~4.7017E-01
~2.6472E-17
- 1.6592E-32
-7,6832E-17

3.4992E-14
~7.3634E-16
~1.8781E+00

4.6568E-17

i=2

8.4566E-C2
3.8€65%-(1
1.2476E-02
1.8642E+GC
1.5669E4((C
2.€22CE+0C
~3.$731E-C1
~1.6328E-01
2.066CE*CC
6.4473E~C2
l.6ll4E-C2
«5571E-CZ
-8.C181£-C2
1.6920E-Cz
~€.4266E~02
2.C66CE+CC
4.0922€-C1
8.821BE4(1
1.08306-01
E.5457€-(2
=2.7244£-01
-2.7335E-C1
1.7431E-0G1
~4.1264E-01
2.43C8E+CO
SS1T1E+CO
7.3C876~-C1
1.0134E-C2
4.5098E~02
S.T4SEE-C]
6.6088E+00
-1.8991E-C¢
-1.66928-02
=7.£919€-02
~4.5416E-01
1.0020€~-0z
=145437E-(2
2.2120€E-02
=1.3749E-01
2.4821E-C1
-1.8354E+0C
2.C163E-C2

. XBSONIC= 3,546B€104E-01 YBSCMICs

e 1=1
T e/RCVSG 8.4761E~02
_P/RCASTSQ  3.8748E-01
" PYPTINF 1.2505€-02
P/PINF 1.B986E+00
1.5701E+00
2.0352E+00
-3.6126E-01
~$.3143E-16
2.0659E +00
6. T680E-02
-8.1535E-16
6. T6BOE-02
=9.3143E-16
29.3143&-16
-6.7680E-02
2.065SE+00
-2.5832E-14

~2.5205€-01
-2.52C5E-01
1.5812£-01
-3.6486E-01
2.9015€+00
3.5166E+00
6.14€2E-01
. 9.5057E-03
_4.5065E-02
9.7652E-01
6.6152€+00
. ~1.3543E-09
-6.7852€-03
«1405E-02
-4.5695E-01
1.1330E-15
5.72686-32
1.3085E-16
1.2424E-15
. 3.4618E-15
<1.B8TTE+00
-1.1350E-16

1=2

B8.5216E-(2Z
3.8956E-C1
1.2572E~(2
L.SCBBE*L(
1.5752€+C0
2.C292E+0Q
-3.5241E-01
=1.8413€6-C1
2.C645E +(0
7.0009€-02
L.5184E-C2
7.0427E~-02
-1.21C8E-C2Z
1.6C55E-02
~6.5€13E-C2
2.,CE4SE+(C
4.4559E-C1
8.80¢84E+01
1.0759E-01
E.SEBTE-CZ
-2.4816E-C1
=2.4967E-C1
L.5494E-C1
=3.6623E-C1
2.9124E4CC
3.5114E+00
6.6CTOE-C1
1.0318E-C2
4.5106£-C2
$.7454E-01
6.6058E+CC
-3.8317E-C¢
~5.5071€-03
-6 ELG9E-CZ
~4.4473E-C1)
7.1891E-C3
-2.17137E-02
L.8046E-02
~l.4511E=-01
2.1603E-C1
-1.€453E+00
2.5043E-C2

_XBSGAIC= 4.C5287673E-C1 YBSCNICH

APPENDIX C

1=3

8.801T7E-02
4.0236E-01
L.2S€5€E-02
1.5716E+00
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6.2391E-02
~1.0105E~01
2.0494E+00
1.7438E¢00
8.7178E+01
3.2708E~C1
2.2046E-01
~1.7695E-01
-1.90%2E-Cl
9.8736E-C2
-2.8384€-C1
3.7524E+C0
3.4344E+C0
8.625EE-01
2.4366E-02
4.57T44E-02
5.4090E-01
6.3778E+00
-6.627T7E-05
4.30%3E-03
-3.1965€-02
-3.4144E-01
$.8311€-03
=2.3047E-02
6.7235€-02
-4.522¢E-01
4.9448E-CL
~i.612CE+CO
8.4210E-02

-g1

T.CLCCOCUVE-DL

1=5

LauCotE-01
4.6920E-01
144851E-02
2.2550E+00
L.T507E+00
1.8389E+00
~1.8214E-01
~0.0548E-01
2.0332E+00
1.2742E-01
9.346TE-02
1.3748&-01
~1.7925€~02
9.6512E~02
-1,2239E-01
2.0332E+0C
2.8149E+00
B.6560E+01
4.4439E-01
3.7503E-01
-1.,7247€-01
=1.8757E-01
Y. 0669E-032
=3,3355€-C1
3.5764E+00
3.3618E+CC
1.0423E+00
2,9080E-02
4.5960E-02
9.2986E-01
6.3030E+00
1.5133E-04
1.0923E-¢2
~2.4050E-02
~2.4593E-01
2.6232E~02
~1.3G43E-02
9.2502€-02
=5.7215E-~01
6.9273E~01
=1.569TE+DJ0
5.5619E-02

6.CCCCOCUOE~OL

1=5

9.9650E~02
4.5557E~01
L.47T02E~02
2.2323E+00
1.7364E+00
1.9411E+00
=1.5727E~01
-6.C7S3E~01
2.0342E+00
1.2555E~01
9.1182E~02
1.3189E~01
-8.1752E~v2
9.7592£-02
=1.2064E-01
2.0342E¢00
2.7466E+00
d.6610E+0Q1
4.430d4E-01
3.3878E-01
-1.54608-01
=1.7469E~01
8.2859E-02
-2.8740E-01
3.8463E+00
3.3663€£400
1.0361E+00
3.0464E-02
4.6024E-02
9.2667E-01
6.2813E+00
2.1038E-04
9.3207€-03
=2.0354E-02
-2.5125E-01
2.2589€E-02
=1.3531E-02
2.0631E-02
~5.8591E-91
9.9445E-01
=1.5723E+9u
4.€321E-02

1=6

1.0747€-G1
4.9130£-C1
1.5455€£-C2
2.4074£+00
1.83Q5€+00
1.8330F+00
~1.2438E-01
~7.4857€-CL
2.0216F+CO
1.4625-01
1.1410€-01
1.5279F-C1
=1,0519€~01
1.2360E-01
=-1.3832¢-CL
2.0216£+C0
3.4986E¢00
B.06093F+01
S.6678E-CL
4.TU64E-0L
~1.3786€-C1
-1.6506E-01
1.2915€-02
~3.3082F-C1
3.6863E+00
3.3119€+C0
1.2379€E+00
3.2089€-C2
4.6099€-02
$.2251E-Ct
6.2558E+C0
~2.3389E-C5
8.74755-€3
-1.2785€-02
=1.7EHL6E-CL
1.8754€~02
=8.2133E-C3
6.3633E-C2
-7.2364£-01
6.0521F-C1
-1.6801E+00
3.4846E-C2

I=6

1.0663£-01
4.8747E-C1
1.5732€-C2
2.3886E+C0
1.8192E+00
1.8842E+00
-1.07156-CL
-7.5038E~01
2.0227€+C0
1.4393E-Cl
1.1252€-C1
1.4319E-01
-1.0685E-01
1.2186E-CL
-1.3611E-01
2.0227E+C0
3.44T8E+QO
8.6157€+CL
5.6542E-01
4.29126-0)
-1.23986-C1
-1.5729€-01
€.2498E-C2
-2.8438E-C1
3.9294E+00
3.3158E+00
1.2376E+00
3.2940E-C2
4.61386-02
5.20956-C1
6.2425€+00
-4.5380E-C5
8.0203€-03
-1.08936-02
-1.73526-C1
1.7419E-02
~8.903UE-C3
6.5706E-02
~7.3366E-Cl
5.24026-C1
-1.6720E+00
3.2392E-C2

I1=7

1.1221E-01
5.1298€-01
1.6555€-02
2.5136E+00
1.8829£+00
1.8120E+00
-7.65C7E=~02
-8.96€6E-01
2.0129€+00
1.6205€-91
1.2360E-01
1.56526-01
-1.3053€-01
1.3654E-01
-1.5131€-01
2.01295¢00
3.8806E+00
d.5711F+01
6.9818E-01
6.2287E-01
-9.9498E-02
~1.2149E-01
4.9317E=-02
~-3.2856E-01
3.7243E+00
3.217159E€+00
1.4572E+00
3.57758-02
4.6269€-02
9.1445E£-01
6.1584E+00
-5.1863E~-05
7.67276-02
~5.2107€-03
=1.0433E-01
1.3894E-02
~7.9473E-03
5.7392e~02
-8.3471E-01
5.3324€£-01
~1.6506E+00
4.1333E-02

1=7

1.1147€-01
5.055%E=01
1.6445£-02
2.49T70E+00
1.8729E+00Q
1.8125E+00
-6.5586E~02
~8.9798E-01
2.0138E+00
1.5987E-01
1.2250€-01
1.5321E-01
-1.30735-0L
1.3526E-01
~1.4922¢-01
2,0138F+00
3.8427€¢00
8.5772€+01
6.9696£-01
5.9130E=-01
-8.9739F-02
“1l.1724€-01
4.22726~02
-2.8227€E-01
3.9555E+400
3.2791£+00
1.4589€+00
3.6609E-02
4.6307€-02
9. 1254F-01
5.1855E+00
-7.5684E-05
T.14%4E-03
-4.4176E-03
=1.060Q7E-01
1.2462F-02
-8.76645-03
5.9053E-02
-3.9064E-01
4.5910£-01
-1.6449E+00
3.9113£-02

1=8

1.1786E-01
5.3880E-01
1.7388E-02
2.6401€+00
1.9455€+00
1.7284F 400
-3.1613€-02
-1.0358E400
2.0027€+00
1.8062€-01
1.3412€-~01
1.6165€-~01
-1.56478~01
1.5149E~01
~1.6632E-~01
2.0027€+00
4.3259E+00
8.5266E 401
8.4120E~01
7.9305E~01
-5.2976E~02
-6.8638E~02
2.4036E-02
-3.23¢5E~01
3.7533E+00
3.2365€+00
1.6643E+00
3.9119E~02
4.6424E-02
9.0683E~01
6.1468E +00
-2.8374E-06
5.0226F-03
-1.36526~03
-4.3680E-02
7.7658E-03
-3.8584E~03
6.4524E-02
-1.0305E¢00
4.3710E-01
-1.5620£+00
3.5110E-02

1=8

1.1737E-01
5.3654E-01
1.73156-02
2.6291F+00
1.6391E+00
1.7285E+00
-2.7219E-02
~1.0366€+00
2.0033E400
1.7913E-01
1.3353F-01
1.5952E-01
~1.5603E-01
1.5076E-01
~1.6489E-01
2.0033F+00
4.30386+00
8.5303E+01
3.40408-01
7.65478-01
~4.7989E-02
~6.9797E-02
2.0603€-02
-2.7770E-01
3.9746E+00
3.238T€+00
1.6660E420
3.9507E-02
4.6442E-02
9.0595£-01
6.,1409E+00
2.7144E-06
4,84828-03
-1.1978£-03
~4.4182F-02
7.3728€-03
-3.8891¢-03
6.87556-02
-1.J332E+00
3.7699E-01
~1.5545E+00
3.0342E-02

I=9

1.2351E-01
5.6461E-01
1.B221E-02
2.T666E+¢00
2.0076E+00
1.6316E+00
9.3131%-11
-1.1701E+00
1.9929E+00
1.9995€-01
1.4044E-01
1.6334F-01
-1.8172€-01
1.6334E-01
-1.8172E-01
1.9929E+00
4. 6B85TE+ 00
8.480TFE+01
1.0000E400
1.0000E+00
2.5256F-10
2.5256E-10
0.
Ity
Ity
3.1998E+00
1.8647E+00
4.1920€-02
4. 6554€-02
9.0050E-01
6.1039E+00
4.2633E-14
e
ITIry
ey

1=9

1.2351E-01
5.6461€-01
1.8221E-02
2.7666E400
2.00T6E+ 0O
1.6316E+00
9.3131E-11
-1.1701E+00Q
1.9929E+00
1.9995€-01
1.4044E-01
1.6334E-01
=1.81T2E-01
1.6334E-01
-1.8172€-01
1.9929E+00
4.6857E+00
8.4807E+01
1.0000E+00
1.0000F+00
2.5256E-10
2.5256F-10
0.
It
ITETY
3.1998E+00
1.8647E+00
441920E-02
4.6554E-02
9.0050F=-01
6.1039E+00
4.2633E-14
1911
148881
ey
11ri
irt
[ X4801
it
ey
1rtt
terre

I=10

1=10



. 1=1 1=2
_P/RCVSQ 8.6109E-U2 8.£314E-02
P/ROASTSQ  3.93£4E-01 3.9456E-Cl
_P/PTINF | 1.27C4E-02 1.2734E-0:
._P/PINF 1.9288E$00 1.9334E+GC
RHO 1.5879E+00 1. 5682E40C
2.0526E+00 - 2.0457E+0C
~2.2694E=01 -2.2C74E-C1
~1.4020€=15 -1.6520E-01
2,0€36E400 2.0625E+00
8.0555E-02 8.3033E-C2
-1.2639E-15 1.3968E-02
8.0555E-02 T1.E£662E-C2
~1.4020E~15 -3.0029E-(2
—1.40206~15 1.5006€-C2
..78sU555E-02 -8.28516-Cs
2.0636E400 2.C625E4CC
-3.89286-14 4.1685E-01
8.7764E+401 8.7700E+01
0. 1.C668E-C1
0. 2.53106-02
.. =1e79C6E-0L -1.7642E-C1
=1.7906E-01 - 1.7843E-G1
9.6827E~02 5.6838E-C2
-2.2902E-01 -2.2920E-C1
3.9649E+00 3.9728E¢CC
3.5055E400 3.50C2E+00
_._ 3.85226-01 4.6750E-C1
$.50576~63 1.15556-C2
4.5069E-U2 4.5164E-02
9.76526-01  $.7143E-C1
6.61S2E+00  6.5847E+CC
-1.4873E-09 -2.2603E-G5
_=2+8905E-03 -2,2989E-C2
«4855E-02 ~4.1754€-02
—4.423BE-01 -4.3647E-C1
. =1.7205€-15 =8.5117E-C4
~1.2051E-31 -7.8C626-C3
~6a2633E-16  1.1TS$5E-(2
T44547E-14 ~1.6529E-01
_c4.1737E-15 1.5145E-C1
-1.9022E+00 -1.8508E+CO
_9.9924E-17 5.5520E~-C2
4.22915314E-01  YBSGNIC=

1=1 =2
_PIRCYSQ 8.6364E-02 8.6511E-02
_P{RDASTS 3.9481E-01  3.5548E-01
_P{RTIMNF 142741€~02 1.27€3E-0z
PAPINE . _ . 149346E+00 1.937SE¢(C
1.5913€+00 1.5857E+(C
2,0567E+00  2.C4S5E+(C
~1.82756=01 ~1.7705€-C1
—1.54496-15 -1.6487E~C1
2,0631E+400 2.C618E+CC
8.6558E-C2
1.4251E-C2
8.0C28E-C2
-3.6975E-C2
«£339E-G2
-8,4095€-02 -8.68126-02
2.0631E400 2.061BE+CC
-2905E-14 4.2626E-(1
8.7666E4+01  8.758SE+C1
0. 1.0628E~01
0. 1.6914€-02

=1.5504E-01

_ =1.5504E=01 ~1.5468E-01
7.9061E-02 1.7471E-C2
“1.8424E-01 ~1.8362E-C1
4. 19936400 4.2082E+00
3,5034E+00 3.4968E400
4.L994E-01
5057 1.2621€-C2
[ 4,50696-02 4.5210E-C2
9.76526-01 $.6894E-01
6.5678E+CC
~3.5642E-L5
~1.6647E-02
-3.2232¢-02
«3745E-C1
-6.1959¢-03
y -1.3305E-¢2
~6.4082E-16 1.04426-CZ
8.7976E~14 ~1.72556-C1
<41T70E-15 1.3467€-C1
-1.8996E+00 -1.8413E4C0
3.1334E-16  T.6510E-C2
6CE~C1  YBSCMICS

APPENDIX C

2ETA=s  5.00C000GOE-O1
I1=3 I=4 I=5
8.8300E-02 9.1451E-02 9.8796E-02
4.0366E-01 4,1806E-01 4.5164E~01
1.3C27E~C2 1.3492E-02 1.4575£-02
1.9779E+00 2.0485E+00 2.2130E+00
1.6C61E+00 1.6373E+00 1.7241E£+00
2.0239E+00 1.9Y99SE+CO  1.9430E+00
=-2.01C7E~01 -1.7286E-01 -1,3193E-01
~3.2272E-01 =-4.7281E-01 =-6.10C9E-01
2.0569E¢00 2.0491E+00 2.0350E+00
943€24E-02 1.0491E-01 1.2412E-01
3.37446-02 5.7709€-02 8.9140E-02
8.58C4E=-02 $.9981E-0C2 1.2650E-01
~5.0417E-02 -6.537SE-C2 -8.5725E-02
3.6065€-02 6.1688BE-02 9.5478E-02
=9.2743E-02 -1.0262E-01 -1.1931E-01
2.0569E+00 2.0491E+00 2.0350E+00
1.0CS3E+00 1.7244E+00 2.6862E+00
8.T7419E+01  §.7134E+01 B.6548E+0L
2.1485E-C1 3.2598E-Cl 4.4176E-01
1.2212E-01 1.9464E-01 3.00C80E-0OL
=1.6965E-01 -1.5623E-01 ~1.3680E-01
=1.7£45E-01 ~1.7092E~01 -1.5927E-01
9.1905E-02 8.228CE-02 6.9049E-02
=2.2561E-01 -2.3665E~C1 -2.4059E-01
4.0046E+00 4.0222E+C0 4.0T784E+00
3.470TE+00 3.4331E¢00 3.3699E+00
6,4100E-01 8.4201E-01 1.0307€+00
1.8748E-02 2.4807E-02 3.1775E-02
4.54B8E-02 4.5856E-02 4.6CB4E-02
9.5421E-01 9.3514E-CL 9.2363E-01
6.46E0E+00 6.3390E+00 6.2607E+00
=3.81C5E-05 -6.5062E-05 2.6518E-04
=2.9C02E-C4 3.4311E-03 7.9212E-03
=3.3874E-02 -2.5394E-02 ~1.6710E-02
=4.,08CTE-01 -3.4440€-01 =2.5547E-01
=8.2506E-"03 4.1784E~03 2.0462E-02
=2.4458E-02 -2.5644E-02 -1.2643E~02
2.7C48E-02 6.1337€-02 8.8413E-02
-3.2111E-01 -4.6390E-01 -5.9693E-01
2.7425E-C1  4.0193E-01 4.9479E-01
=1.7623E+00 -1.6303E+00 ~1.5781E+00
9.4673E-02 T7.8010E-02 3.6102E-02
=1.39964%47E~-01
1ETA=  4.COCO000JE-OL
1=3 1=4 [=5
8.8313E-02 S.1140E-CG2 9.8064E-02
4e0372E-01 4.1664E~01 4.4829€E-01
143029E-02 1.344€E-C2 1.4967E-02
1.S782E+00 2.04)5E+00 2.1966E+00
1.6029E+00 1.6303E400 1.7135E+00
2.0268E+00 1.9921E+400 1.9445E¢00
=1.6023E-01 -1.3835E~01 -1.0621E~-01
=3.2146€-01 -4.73056-C1 -6.1204E-01
2.C558E¢00 2.0486£900 2.0357E+00
9.7133E-02 1.C66CE-01 1.2302E-01
3.4E56E-02 5.7353E-02 B8.7276E-02
B.5216E-02 9.6845E-C2 1.2119€~01
=5,82C6E-02 -7.2622€-02 -d.97S8E-02
3.72956-02 6.1396E-02 9.3560E-02
~9.6223E-02 -1.0432€E-01 -1.1831E-01
2.0558E+400 2.04B6E+00 2.0357E+¢00
1.0353E400 1.7166E+00 2.¢315E+00
8.7221E+01 8.7086E+01 B8.6677E+0L
2.1407€-01 3.2488E-01 4.4045E-01
1.0613E~01 1.0346E-01 2.6140E-01
=1.4701€-01 ~1.3561E-01 ~1.1907E=-01
-1.5281E-01 =1.4973E-C1 -1.4214E-01
T.3524E-C2 6.5824E-02 5.5239E-02
=1.8279E-01 -1.8925E-01 -1.9326E-01
4.2340E+00  4.2399E+¢0C 4.2088E+00
3.4€65E¢00 3,430BE+00 3.3728E¢00
6,0%BBE-01 8.239BE-01 1.0264E+00
© Zal€53E=02 2.9446E-02 3.2988E-02
4.5620E-02 4.5977E-02 4.6140E-02
$.4731E-01 9.2903E-01 9.2084£-01
6.4212E+400 6.2973E+00 6.2418E+00
=3.0308E-05 ~5.2048E-05 3.0340E-04
1.6355E-C5 2.8177E-03 6.7407E-03
=2.4104E-02 -1.8856E-02 -1,3218E-02
~4.CEGOE-01 =-3.4554E-Cl -2.5881E-01
-1.7030E-02 1.2138E-03 1.8647TE-02
=3.4204E-02 -2,6731€-02 -1.1658E-02
2.,4117€-C2 5,6515€-02 B8.6071E-02
~3.3C08E-CL -4.7190E-01 -6.0526E-01
2.2196E-CL  3.1152E-01 3.9518E~01
=1.TE48E+00 ~1.6531E+400 -1.5851E+00
1.05€1E~01 6.4986€-02 2.6655€-02

=1.21229972e-C1

. 1=6

1.0587€-C1
4.83S7E-01
1.5618£-02
2.3714E4C0
1.8086E+00
1.8851E+00
-8.9681€-02
-7.5204E-01L
2.0236E4C0
1.41826-01
1.11C6E-CL
1.43736-C1
-1.0857E-G1
1.2026€-01
-1.3411E-CL
2.0236€E4C0
3.4011E+00
8.62156+C1
5.6408£-01
3.9409E-CL
~1.1314E-01
~1.44B0E~0L
£.2002E-C2
~2.3758E-01
4.1363E+C0
3.3193€+00
1.2374E4C0
3.38956-C2
4.6182E-C2
S.1875E-C1
6.2276E+00
~1.9792E-C5
1.33156-03
~8.9617E-C3
~1.75768~01
1.5604E-02
~1.0346E-C2
6.7087E-02
~7.42C9F-G1
4.4080E-01
~1.6645E+00
3.1377E-C2

=6

1.0517E~Cl
4.80766-01
1.55156~C2
2.355764C0
1.7986E+00
1.8859€+C0
~7.1998€=02
~7.5347E-C1
2.02644€400
1.3991£-01
1.09778=C1
1.3947E-01
~1.1033E-C1
1.13856-01
~1.32286-01
2.0244E+00
3.3601€+C0
8.6268E+01
5.56273E-01
38166-CL
£6333E~02
-1.34286~C1
4.1665E6~02
-1.9044E-01
4430538400
3.32196+00
1.2373E+00
3.5056E-02
4.62366-02
$.16098-01
6.2056E+C0
-1.2892E-04
6.,6865E-03
-6.8676E~C3
~1.7789E~01
1.2888E-C2
-1.3190E-C2
6. 78826~02
-1.4907E-C1
3.5599€-01
~1.65T0E+CO
3.2004E-02

I=7

1.1078E~01
5.0644E-01
1.6344E~02
2.4815E400
1.8634£+00
1.8129E+00
=5.5300F-02
=B8.9916E-01
2.0146E+00
1.5783€-01
1.2151€-01
1.5005€-01
=1.3099€-01
L.3411E-01
=l.4728E-01
2.0146E +CO
3.8085£+00
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1.8221E-02
2+7666E+00
2.0076E+00
1.6316E+G0
9.3131E-11
-1.1701E+00
1.9929E+00
1.9995€-01
1.4044E-01
1.6334E-01
-1.8172E-01
1.6334E-01
~l.8172E-01
1.9929€+00
4.685TE+00
8.4BOTE+0L
1.0000F+00
1.0000E+00C
2.5256€E-10
2.5256€-10
0.
11!
ey
3.1998E+00
1.8647E¢0C
4.19208-02
4.6554E-02
9.0050€-01
6.1039E+00
4.2633E-14
1111t
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e
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et

i=9

1.2351E-01
5.6461E-01
1.8221€E-02
2.7T666E+00
2.0076E+00
1.6316E¢00
9.3131E-11
~1.1701E+00
1.9929F+00
1.9995E-01
1.4044E-01
1.6334E-01
-1.8172E-01
1.6334E-01
-1.8172E-01
1.9929E+00
4.6857E+00
8.4807E+01
1.0000E+00
1.0000E+30
2.5256E~10
2.5256€E-10
0.
Irt
[RRER!
3.1998E+00
1.8647€+00
4.1920£-02
4.6554E-02
9.0050E-01
6.1039€+00
4.2633E-14
et
{1111

1=10

f=10
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APPENDIX C

ZETA= 1.6CCCUC00E~01
=1 i=2 1=3 1=4 1=5
P/RCVSQ 8.63376-02 8.6764£-62 B8.81714E-02 9.0470E-02 9F.6457E-02
P{RCASTSQ 3,96G7E-01 3.86€4E-C1 4.0308E-01 4.1356E-Cl 4.4CSS5E-O1
P/PTINF 1.2811E-02 1,28C08-02 1.3008E-02 1.3347E-02 1.4230E~02
P/PINF 1.945LE+00 1.54352+00 1.G751E+00 2.0265E+0C 2.1606E+00
RhO 1.5975E¢00 1.5774E+40C L1.5833E+400 1.6L55E¢0C 1.6846E400
u £.0635E+00 2.C528E+(C 2.C290E+00 1.9959E+00 1.9460E+00°
v ~4.B2B0E-02 ~4,448TE-C2 -3,8583€-02 -3.4976E-C2 -2.7249E-02
L] -2.5765E~15 =3.1388E-01 -4.7513E-0) -6.1423E-01
uc 2.U619E+00 2.0503E+00 2.C482E+00 2.0355E+00
v 9.63G3E~02 9.5535E~(2 1,0649E-01 1.1147E-01 1.2132E-01
W =244113E-15 2.3410E-L2 4.1672E~C2 5,5166E-02 8.4831E-02
vee Y+630U3E-02 ©.CS57E-02 7.6615E-02 8.24456-02 1.0751€-01
(1103 =2.5765%E-15 -€.3)5¢EE-(Z -B.3C3HE-02 -9.3122E-02 -1.0177E-01
vX ~2.5765E=15 2.4659E-0Z 4.4345E-C2 S5.9398E-02 9.1030E-02
vy ~9.6303=02 -65.5635£-62 -1.0540E-0) =1.0927€-01 -1.16T4E-01
vz 2.0619E¢00  2.C566E4GC 2.05C3E+00 2.C482E+00 2.0355E+0C
PSINCR =T.1560E=14 6.8656E-01 1.2390E+00 1.6611E400 2.560TE+00
TEETACR B.7326E¢01 5.7227E+CL E.7C58E+C1 d.€947E+C1l  8.6721E+01
XBaR 0. 1.C509€-01 2.1174E-01 3.2162E-01 4.3655E~01
XBhLD . - 3,CE65E-C2 1,9369E-02 4.9232E-02 9.6366E-02
YBAR ~8.3642E~02 ~B.2556F-02 -T7.5€53E-02 -7.42C05E-C2 -6.6204E~02
YBHLD ~8.3€42E-02 #3chlE-L2 -8.3449E-02 -8.3152€-02 -d4.2683E~02
ETA L.97€5E~02 1.6368E-Cz 1,8381E-02 1.645¢E-C2 1.3810E~02
6 ~4.8415E-02 -4.581CE-(2 =4.3865E-02 ~4.T557E-02 »4.8939E-02
GECAS 4e564LE¥0U  4.560BIE+LC  2.5715E+400 4.5683E+00 4.5680E+00
AM 3.4956E+00 3.4TCHE+CL  3.4297E+00 3,4275E+C0 3,3713E+00
CROSS¥ B.1869E~02 2.7236E~-C1 5.2572E=C1  7.9578E-01 1.0157E+00
SBAR 9.5057E-03 2.£382f-02 3.72B0E-D2 3.483S$E-02 4.0288E-02
POKOGAM 4e506SE~02 4.5836E-(2 4.t339E-02 4.6226E-02 4.6478£-02
. PT/PTINF 9.7692€E-01 9.3617E-() S.1101E-01 $.165$E-01 9.0419€-01
PT 6.61G2E¢0U  £.3457E+CC 6,17152E400 6.2130E+00 6.1289E+00
BERNCUL 1.2B00E~08 —4.L614E-CE L.B458E~C4 -4.26795-04 - 4.51 T6E=-04
oPOL ~G.8450E-04 -5,4008E~05 6,3998E~04 1.EL27E-C3 4.1683E-03
tuoz =9.5443E-03 2.€565£-(2 3,1257E-~C3 -1.638SE-03 1.2925£-02
ovoZ ~4.0021E=01 ~4.4586E-(C1 -3,9¢34E~01 =3.44756-C1 -2.6137E-01
OwGZ “5.856bE=15 -G.C5076-0Z ~2.0T82E~C3 5.2549F-03 =2.0651£-02
[££:1°14 ~7.7656E-30 -1.3367€6-01 -4.6171E~02 - 1.5646E~02 ~6.T929E~02
PP -2.4066E-1lo €.€583E-C3 1.9C67E-02 4.7233E-02 7.9386E-02
up =B.0279E-15 ~2.C396E-0G1 -3,21E2E~() ,~4,7424E-01 -6.2429E-01.
ve l.838iE-l6 6.4B69E-GZ 5.2419E~02 6.0953€-02 1.0460E-01
aP <1eT6SIE#DU =1 79CEE+LC =1.B5)11E$00 -1.7160E400 ~1.5T7BBE+QD
SEARP T.4018E-16  2.,0352E-01 3.5104E~02 $.5164E-03 3.9189E-02
XESINILE=  4.283T704756-Ct VBSCNIC= -6,67742518E-02
LETA=  C.
I=1 1=2 1=3 I=4 (=5
P/RCVSQ £.6916E=-02 B8.6744E-C2 B.8(E2E~02 $.C295E~02 9.60T3E-02
P/RCASTSQ 3.9733E-01 3.9655E-01 4.0266E~01 4.1278E-Cl 4.3919E-OL
P/PTINF 1.2823€-02 1.2797€~-C7 1.2S55E~02 1.3321E-02 1.4173E-02
P/PINF 1e9469E+00  1.5421E40C 1.S730E+Q0  2.0224E¢00 2.152QE+00
RHG 1.562CE+00 . 1.5558E¢CC 1.5769E+00 1.6051E+00 1.6778E+00
u 2.0541E400 2.C4S3E+0C 2.0283E+00 1.9946£+00 L1.9462E+00
v -3.8551E-04 1.3703E-C4 3.9875E-04 -3.5704E-04 ~3.8212E-04
W 1.9827E~14 -1.4451E-Q1 =3.1254E-Q1l -4.7071E-Cl =b.1641E~-01
uc 2.0515E400 2.0514E+CC 2.0492E+00 2.0454E+00 2.0362£E+00
ve 1.0290E-0U1 1.C454E-C1 1.0€11E-01 1.1305E-01 1.2136E-0%
(14 2.QUU3E=-14" 3.3B65E~(2 4.1423E-02 5.9018E-02 8.2781E-02
vie 1o 0U2S0E=01 E£,1934E-C2 T7.C663E-02 8.0734E-02 1.0142E-01
wCC 19827614 ~7,.3222E-02 -5.17C9E-02 -S.8723E~02 -1.0627€~01
VX 1.9827E-1s 3.5171€-C2 4.4138E-02 6.3305f~-02 8.8985E-02
vy =1.U250€E-01 —1.04L1E-0t =1.C7C3E=01 -1.1074E-C1 -1.1688E~01
vl 2.0515E¢00 2.C3514E+0U 2.0492E+00 2.0454E+00 2.0362E+00
PSINCR 5.5372E=13  5.8222E-01 1.2339E+00 1.7725E+00 2.50231E+00
THETACR d.7129E+U1l  B.TCSSE+C] B.7CL1E+01 d.€702E+01 4.6718E¢0L
XeaRr 0. 1.C466E-CL  2,1C98E-01 3.2053E-01 4.3526E-01
XBHLD Qe 1.COUCE+00 1.0LUUE+OU 1.0000E+00 1.000UE+0Q0
YBAR ~6.QU0CBE=D2 -5,9345E-02 ~5.7339E-02 -5.38556-02 -4.806665E-02
YBHLC ~6,QULOE=-U2 2.5256E-10 2.5256E-10 2.5256E-10 2.5256E-10
ETA 0. Ua Q. 0. 0.
G ~4,8415E-02 ~4.561CE-02 -4.3€65E-02 -~4.7>57E-02 ~4.8937E-02
OECAS 4.5046E400 4.5683E40C «.5TLSE+Q0 4.568IE+0C 4.56B0E+00
Ay 3.4421E+0C 3.4435E+0C 3,4328E+00 3.4154E+00 3.3723E+00
CROSS¥ 3.3223E~14 2.42226-C1 £.2508E-C1  7.8448E-C1 1.0182E+00
SBAR 4.1920E=-02 4.19208-(2 4.1920E-02 4.1920£-02 4.1920E~02
PCROGAM 406554E-02 4 €554E=(2 4.£554E-02 4.6554E-02 4.6554E-02
PTIPTINF 9.0050€-01 9.0u50f~G1 9.0C50E-01 9.005GE~CL 9.0G50E-01
PT 6.1035E+00 6.1C39E+C0 6.1C39E+00 6.1039E+0C 6.1039E+00
BEFACLL =204TTUE=04 =3.G559E-LY =2,.5580E~C8 -2,4020E-GB ~2.8449E-08
ovo2 ~4a THO5E=-01 -4.4C7BE-C1 =3.9212€-01 -3.4727€-01 -2.6701E-01
DPDZ 6.7270E-30 3.45THE-C4 1.5837E~03 3.2443E~-C3  «.HBB804E-03
PP 6.1037E~-16 6,07458-C3 1.8642E-02 4.6281E-02 7.8407£-02
uP 1.9827E-14 =144451€=01 -3.1394E-Cl -4,T707LE-Cl =641641E-01
(14 ~1.68C5E¢00 ~1.BCBZE+CC ~1.8833E+00 ~1.6937€+00 -1.6012E+00

XBSCNIC= 4.263062€2¢~Ul  YOSCMIC=

v ’ RHO
2.0t 40E+CC
CPIL) AY 2ETA=G

1.5575E+CC

H POROGAM

S«5C57E-C2

4. 5C6%9E~02

=4,5C71C252€E-C2

WINDJARD LINE ZETA LIMIT
uc vC

2.0614E40C 1.C378E~0L

I=6 =7
1.0342€-C1 1,0843E-01
4a7219E-C1  4.9567E-01
1.5258E-02 1.5996£-02

2,3167€+00 2.428BE+00

1,7704E400 1.8304E+00
1.8870E+00 1.8137E+00
-1.7824F-C2 -1.1223E~02
=7.55$8E-01 -9.0263F-01
2.0255E+C0 2.0168E+00
1.35196=-C01 1.5095€-01
L.0741E~0)1 1.1850E-01
1.2816E-C1 1.386BE-01
~141571€E-01 -1.3265E-01
1.1618E-01 1.3055E-01
~1.2773E-C1 ~1,4067E-01
2.0255E+C0 2.0168BE+00Q
3.2828E+C0  3.7035E+00
8.6398E+¢01 B8.6019€+01
545871E-CL  6.9086E-01
1.3785E-01 1.7634E-01
-5.5099E-02 -4.1186E-02
-8.1692£-02 -8.0630E-02
L. 041 6E=C2 T.0453E-03
~4,7439E-C2 -4.7382E-02
4.5686E+00 4.5655E+¢00
2,32476+C0  3.2903E+¢00
1.2367E¢00 1.4661F+00
4.0453E-C2 4.1039E-D2
4.6486E-C2 4.6513E~-02
‘9.0381E-C1 9.0249E-01
6.1264E+00 6.1174E+00
-3,3708E~04 3.4899€-06
4.9943E~C3 5.1936E-03
-6.8445E~03 6,8026E-04
~1.8252E~01 ~-1.1249E-01
1.5388E~C2 4.0899E-01
6.984LE~C4 =6.4870E-03
6.7T02E~C2  6.34S0E-02
=7.5374E~0] ~9.J%64E-0L
S.3128E~C2 T7.4960E-02
=1.6592E+00 =1.6333E+00
~4.2074E~C4  4.8333E-03
1=6 1=7
1.0295E~01 1.0792E-01
4. TU62E~-CL  4.9336E-01
1.5183E~02 1.5922€-02
2.3060E+00 2.4175E+00
1.T627E+00 1.8232E+00
1.8868E+00 1.8138E+Q0
4.4522E-C4 T.87172E-05
=7.5564E-01 =9.0325€-01
2.0252E«C0  2.0173£+00
1.3378E~01 1.4951E-01
1.0761E-C1 1.1800E-01
1.2533E-Ct  1.3615E-01
=1.1735E-01 -1.3319F-01
1.1629E=C1  1.2992E-01
-1.2631E=-01 ~1.3927€-901
2.0252E+C0  2.0173€E+00
2.2863E+00 3.6850E¢00
8.643TE+Cl  3.6059F+01
5.57388-01 6.8965€-01
1,0000€+00 1.0000E+00
~441406E-C2 -3,1517€<02
2.5256E-10 2.5256E-10

[]

. 0.
~4.T439E~C2 -4.7382E-02

4.5686E+C00 4.5655E400
3.3245E400 3.2920E+00
1.236UE+Q0. 1.46TSE+00
4.1920E-C2 4.1920F-02
4.6554E-02 4.6554E-02
3.0U50E-€C1 9.0050F-01
6.1039E+00 6.1039E+00
~3.0347€E-CB 3.5163E-0¢
~1.8408E-C1 ~l.1252E~01
5.8119E-03 5.8095E-03
6.7382E-C2 6.36085-02
~1.5564E-01 =-9.0325€-01

~1.6600E+400 =-1.6259E+00

WC vx

1.7800E~16 O.

1=8

1.1514€-01
5.+2635E-01
1.6986E-02
2.5791E4+00
1.9103E+Q0
1.7290E +00
=~4.5T73E-03
=140399E+00
2.0059€E+00
1.7229E-01
1.3095E-01
1.5183E-01
=-1.5421E-01
1.4751E-01
=~1.5835E-01
2 .0059F+00
4.2058E+00
8.5499E+01
8.3641E-01
3.8815€-01
-2.3114E-02
~6.9515-02
3.4338E-03
~4,6437E~02
4.5613E+00
3.2485€+00
1.6T43E+00
4,1292E-02
4,6525E-02
9.0192€E-01
6.1135€¢00
1.0122E-04
4.,1009E-03
~4,9960E-04
~4,6276€-02
6,1086E-03
~3.8687E£~03
8.6150£-02
=1.0402E+00
6.4121E-02
-1.52719E +00
5.0313E-03

1=8

1.1474E-01
5.2451€-01
1.6927€-02
'2.5701€+00
1. 9046E +00
1.7289€+00
6. T609E-05
-1.0407€+00
2.0065E+00
1.7104E-01
1.3024£-01
1.5005€-01
-1.5395€6-01
1.466TE-01
-1.5T17€-01
2.0065€+00
4+ 1808E +00
8.5533€401
8.35626-01
1.0000E +00
-1.8150€p02
2.5256E-10

0.
~4.6437E-02
4.5613E+00
.3.2500£+00
[ <6761E+00
4,1920€E-02
4,6554F~02
9.0050€-01
6.1039€ +00
5.4987€-09
~4.6974E-02
3.9269£-03
B8.7611E-02
=-1.0407E+00
-1.5295€+00

vY

=-1.0378E~0L

1=9

1.2351E-01
5.6661E-01
1.8221E-02
2.7666E400
2.0076E+00
1.6316E+00
9.3131E-11
-1.1701E+00
1.9929€+00
1.99956-01
1.4044E~01
. 1.6334E-01
-1,8172£-01
1,6334€6-01
-1.81726-01
1.9929E+00
4.6857E400

B.4807E+01 .

1.0000E+00
1.0000€+00
2.5256E-10
2,5256E-10
0.
Irgy
. Irrt
3.1998F¢00
1.864TE+00
4.1920E-02
4.6554E-02
9.0050E-01
6.1039E+00
4.2633E-14
11

1=9

1.2351E~01
5.6461E~01
1.8221€~02
2.7666E400
2.0076E+00
1.6316E+00
9.3131E~11
-1.1701E+00
1.9929E+00
1.9995€~01
1.4044E=01
1.6334E=01
-1.8172€-01
1.6334E-01
~1.8172E-01
1.9929€+00
4,6857E+00
8,4807E¢01
1.0000E+00
1.0000E+00
2.5256E-10
2.5256E-10
ey
Iy
3.1998€+00
1.8647F+00
4.1920E-02

4.6554E-02

9.0050E-01
6.1039E+00
4.2633E-14
(23801
11513
[RS8 8!
1y
reet

vl

2.0614E+0C

1=10

I=10

PT/PTIRF

9. 7652E-01

8.45452257E-02 £.420315895~Cz  8.687512776-02 9.130521BEE-02 1.028595675=01 1.16611573E~01 1.26561463E-01  1.40185432E~01

1.5272571CE~01
v

~3.85513890E-04
§.31310199€~11

Cl=  T.£872C441E-C3
YBAR=z —1.!$E83533E-02

1.3703455SE-04

Ccy=

1.121¢ZESE-C1 D=

FORCE COEFFICIENTS

1.76305127€-G2 CL= 1.1

IBEF=  6.EE66666TE~DL CM= -7,48594030E-02

1022161E-01

3.GET4555TE=04 ~3,57)41751E-04 =3.82119113E-04 4,45217430E-04 7.87718496E-05 6.76090849E-05
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APPENDIX C

Explanatory Notes

Some input and auxiliary parameters.
Initial shock shape and quantities computed from the first pivotal integration,

Change in the shock shape computed by regular Newton method. (See ref. 1.)
Note that the results of the N variational integrations are not printed.

Shock shape for second pivotal integration and computed quantities from this
integration. Since VMAX < VTEST1 at this stage, the modified Newton
method (ref. 1) is used to compute corrections to the shock shape; that is,
the previously computed Jacobian matrix is used, and consequently, DETERM
is equal to the value from the previously computed value. Note that a modified
Newton iteration cycle requires only one integration, since the N variational
runs are bypassed.

Change in shock shape computed by modified Newton method.

Shock shape for third pivotal integration and computed quantities.
New correction to shock shape computed by modified Newton method.
Shock shape for fourth pivotal integration and computed quantities.
New correction to shock shape computed by modified Newton method.

Shock shape for fourth pivotal integration and computed quantities, The solution
now satisfies the convergence criterion VMAX < VTESTHD,

Some input, auxiliary, and secondary parameters printed beginning on a new page.
Coordinates of Mach cone behind shock cenfered at wing apex.

Summary print block.

Arc length, wing coordinates, and shock quantities.

Zeta print block at shock.

Sonic-line coordinates referenced to wing semispan.

Zeta prinf block at wing surface.

Windward-line zeta limit.



APPENDIX C
Surface-pressure coefficients and normal velocities-

Force coefficients and center-of -pressure location,
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