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A COMPUTER PROGRAM FOR CALCULATING INVISCID, ADIABATIC FLOW
ABOUT BLUNT BODIES TRAVELING AT SUPERSONIC AND
HYPERSONIC SPEEDS AT ANGLE OF ATTACK

By Richard W. Barnwell and Ruby M. Davis
Langley Research Center

SUMMARY

This paper is a user's manual for a computer program which calculates inviscid
plane, axisymmetric, and three-dimensional flow about blunt bodies traveling at super-
sonic and hypersonic speeds in a uniform free stream. An exact time~dependent finite-
difference method of second-order accuracy which is described in NASA TN D-6283 is
used. The bodies which can be treated include plane and axisymmetric bodies with sharp

shoulders and smooth nonaxisymmetric bodies. Equilibrium-air and perfect-gas thermo-
‘ dynamic models can be used. A procedure for approximating equilibrium gases with the
perfect-gas model is described. The results of the program include the shock-wave loca-
tion and the flow properties at a number of grid points on the body surface, on the shock
wave, and in the region between the body and shock., The paper contains descriptions of
the input and output, a Fortran IV program listing, and an input and output for a sample
case.

INTRODUCTION

This paper is a user's manual for a computer program which calculates inviscid
plane, axisymmetric, and three-dimensional flow about blunt bodies traveling at super-
sonic and hypersonic speeds in a uniform free stream. The bodies which can be treated
include plane and axisymmetric bodies with sharp shoulders and smooth nonaxisymmetric
bodies. Equilibrium-air and perfect-gas thermodynamic models can be used. A curve
fit is used in connection with the equilibrium-air model. A procedure for approximating
equilibrium gases with the perfect-gas model is described. The results of the program
include shock~wave location and the flow properties at a number of grid points on the body
surface, on the shock wave, and in the region between the shock and body.

The numerical method which is employed is an exact time-dependent finite-
difference method of second-order accuracy and is described in detail in references 1
and 2. Results for steady flow are obtained with time~dependent methods by applying
them to the solution of initial-value problems. An approximate method is employedto



determine a starting solution at the initial time. The time-dependent method is used to
calculate the solution at subsequent time steps. Results for steady flow are obtained
after many time steps when the difference in the solutions at consecutive time steps is
sufficiently small.

A Fortran IV program listing is given in appendix A, and a sample input and output
are given in appendixes B and C, respectively. The minimum number of computer stor-
age locations required to execute the program on the CDC 6600 computer is 70 000g.

SYMBOLS

a speed of sound

Bg bluntness of initial shock shape

C, time-step coefficient

d length characteristic of subsonic region of blunt-body flow field

e internal energy (heat of formation chosen so that e=0 at T =00 K)

f(e/emax) function plotted in figure 9

g function which accounts for nonorthogonal nature of computational coordinate
system

h static enthalpy (heat of formation chosen so that h=0 at T =0° K)

I index which indicates method of solution at points of curvature discontinuity
on body

j number: j =0 for plane and axisymmetric flow fields; j =1 for three-
dimensional flow fields

K curvature of ith segment of reference-surface generator

k1,k9,k3,kg values of ¢ where curvature of reference surface changes

i{,m,n ' grid indices for X~, Y-, and ®&-coordinates



Ybo

Mach number-

number of mesh spacings AX on ith reference-surface segment
static pressure

perpendicular distance from axis of initial shock shape

radius of curvature of ith body segment

nose radius of initial shock shape

perpendicular distance from axis of reference surface

arc length of ith body segment

absolute temperature

velocity components

magnitude of total velocity

distance along reference-surface generatqr from axis

distance along axis of reference surface from intersection with body surface
distance shown in figure 7

Cartesian coordinates

quantity proportional to distance from body along lines perpendicular to ref-
erence surface: Y=0 atbody; Y =1 at shock

distance from reference surface to body along normals to reference surface
constant value of Yo

angle of attack



i

AX,AY,AD

AT

["a 3 |

Xo

Subscripts:

max

min

ratio of specific heats

ratio of static enthalpy h to internal energy e (heat of formation chosen
sothat h=e=0 at T =0°K)

mesh spacings for X~, Y-, and $-coordinates
mesh spacing for time given by equation (8)
distances between shock and body along normal to reference surface
damping coefficient
reference length used to normalize distance
angle between normal to reference surface and axis of reference surface
scale factor for X-coordinate
density
time
azimuthal angle
distance along axis of initial shock from intersection with shock
diétance shown in figure 7

distance from origin of X{,X9,Xg coordinate system

largest value of grid indices [,m,n
maximum value
minimum value

quantity evaluated immediately behind normal shock



t quantity evaluated at stagnation point
o quantity evaluated in free stream
Barred quantities are dimensional, and unbarred quantities are nondimensional.
DISCUSSION

Type of Bodies Treated

Superéonic flow fields about two classes of two- and three-dimensional bodies can
be calculated with this program. Class I bodies are symmetric about an axis and can
have discontinuities in both slope and curvature. Class II bodies must have continuoué
slope and curvature. Two-dimensional class II bodies are not required to be symmetric,
but three-dimensional class II bodies must be symmetric with respect to a plane.

The generator of a class I body surface can have a maximum of four points of dis-
continuity in curvature or three points of discontinuity in curvature and one point of dis-
continuity in slope. The portion of the generator of a class I body immediately upstream
of a discontinuity in slope where the flow becomes sonic (point A in fig. 1(a)) must be a
segment of constant curvature (circular arc or straight-line segment). Also, the portions
of the generator on either side of a discontinuity in curvature where the flow-property dis~
tributions have discontinuities in slope (point B in fig. 1(a)) must be segments of constant
curvature. These requirements occur because of the way in which the program is for-
mulated. The curvature of other portions of the surface generator of a class I body can
vary continuously.

It is required that the flow fields about three~-dimensional class II bodies have one
plane of symmetry. Therefore, the free-stream velocity vector must be parallel to the

Direction of flow

‘_v/ Axis F Axis

(a) Class 1. () Class II.

Figure 1.- Types of bodies treated.



plane of symmetry of the body. It should be noted that three-dimensional class I bodies
are axisymmetric so that the flow fields about them always have one plane of symmetry.

Nondimensional Quantities

In this computer program, all lengths are normalized with some reference length E
which is chosen by the user. The velocity components are made nondimensional with the
magnitude of the free-stream velocity Voo ; the density, with the free-stream density p_;

2

and the pressure, with the product 50;\700 . The speed of sound is made nondimensional

with _V:O'o, the enthalpy and internal energy are normalized with Veoz, and the time is non-

dimensionalized with the quantity E Voo. It should be noted that the nondimensional free-
stream pressure is
b, 1
Po = = (1)

where vy is the free-stream ratio of specific heats, and M_ 1is the free-stream Mach
number.

Basic Geometry

Coordinate system.- A nonorthogonal computational coordinate system is used.
This coordinate system is oriented with respect to a reference surface which is sym-
metric about an axis and which has a generator composed of segments of constant curva-
ture (circular arcs and straight-line segments). The computer program is set up to use
a maximum of five segments. An example of the computational grid for a three-
dimensional flow field is shown in figure 2,

The region on one side of the symmetry plane is divided with a number of evenly
spaced half-planes which pass through the axis. The angle &, which is used to identify
the various half-planes, is measured from the leeward side of the symmetry plane. Each
of the half-planes is subdivided with lines of constant X and Y. The coordinate X is
the distance from the axis along the reference-surface generator. The grid lines of con-
stant X are straight lines which are perpendicular to the reference surface and which
are spaced so that the distance along the reference-surface generator between adjacent
lines is the constant AX, The line X =Xy 5x must be located so that it is downstream
of the sonic line in each half-plane of constant &. The quantity Y is a normalized
variable which is measured along the lines normal to the reference surface and has the
value 0 at the body surface and 1 at the shock wave.

As shown in figure 3, the distance from the body to the shock wave along the lines of
constant X in each plane of constant & is designated as 0, and the distance from the
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Front view

Leeward

Half-plane of constant &

Shock

-\

\ ' v

Reference surface

maXx

— . Symmetry
plane

7
; £ +
/Q l Reference-surface axis
/X —v,,— '
- Shock
// ocC Ybo

o )</ \_ Axisymmetric

- reference
surface N

Windward

Figure 2, - Computational grid for sharp-shouldered axisymmetric body.



reference surface to the body surface along these lines is called y;,. The shock-layer
thickness 6 is a function of time 7 as wellasof X and & because the position of
the shock wave adjusts with time during the course of the computation. In general, the
distance y;, is a function of X and &. The velocity components which are used are
oriented with respect to the reference surface rather than the body surface. The com-
ponent u lies in the plane of constant & and is perpendicular to the normal to the ref-
erence surface; the component v is in the direction of the normal to the reference sur-
face; and the component w is perpendicular to the plane of constant &.

Reference Shock

‘Reference-surface axis

o

X -

Figure 3.- Velocity components, auxiliary coordinates, and geometric parameters.

An auxiliary coordinate system x,r is used to locate points in the planes of con-
stant ®. In this system, which is shown in figure 3, the coordinate r is the perpen-
dicular distance from the axis of the reference surface, and the coordinate x is the dis-
tance from the body along the axis in the upstream direction. The angle between the
normal to the reference surface and the direction of the axis is denoted by 6.

The points of discontinuity in curvature and slope on the body-surface generator of
class I bodies must lie on normals to the reference surface which pass through the points
of discontinuity on the reference-surface generator. Because of the way in which the
computer program is set up, the distance y,(X,®) from the reference surface to the
body surface along normals to the reference surface must have a constant value yy, for
the segment of the body surface located immediately upstream of a sharp sonic corner
(point A in fig. 1(a)) and for the segments on either side of a point of discontinuity in cur-
vature on the body-surface generator where the flow-property distributions have discon-
tinuities in slope (point B in fig. 1(2)). It should be noted that when y,(X,®) = Ypo»
straight-line segments on the reference-surface generator are paired with parallel
straight-line segments on the body-surface generator, circular arcs on the reference~
surface generator are paired with concentric circular arcs on the body-surface generator,
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and a circular arc on the reference-surface generator with a radius of yy,, subtends a
sharp corner on the body-surface generator. Also, when y,(X,®) =y, the velocity
components are oriented with respect to the body surface as well as the reference surface.

Grid indices.- The grid indices which are used for the X-, Y-, and &-coordinates
are !, m, and n, respectively. The following grid indices are used for the boundary
locations:

AXis (X=0) . v v v v vt e e e e e e e e e e e e e e e e e e e e e e e e e e =1
Line X=Xmax « -+« «. e e e e e e L=1
Body ................. m=1
SHOCK « v v e v e e et e e e e e e e e e m = mg
Leeward side of symmetry plane (3 =0) . . .. .. ... ... n=1
Windward side of symmetry plane (® =180°) . . . . . . . . . .. ... .. D=0y

The curvature of the reference-surface generator can be discontinuous at four
points. The indices of these points are ! =XKj, kg, k3, and k4 where kj <ks <kg <ky.
The grid indices for the body shown in figure 2 are given in figure 4.

Half-plane of constant ®

Front view

Leeward
=1
o L n=2
RN Axisymmetric
\\ reference
surface
X
Shock

n = nf
Windward

Figure 4. - Grid indices for sharp-shouldered axisymmetric body.

The values of the indices I;, m¢, nf, ky, kg, k3, and ks must be supplied by
the user. Because of the way in which the program is set up, the value of m; cannot be
less than 3. For axisymmetric flow or symmetric two-dimensional flow, only one plane
of constant & is needed; therefore, ngy can be set equal to 1. For nonsymmetric two-
dimensional flow ng; must have a value of 2. The program is written so that each



segment of the reference-surface generator except the first must have a length of not
less than 3 AX. The first segment must have a length of at least 2 AX. Therefore,
the indices of the points of discontinuity must satisfy the relations

k1 z3
(2)
kizk 1 +3 : (i=2,3,4
The unused indices k; should be set equal to some number greater than .
Geometry Input for Class I Bodies
Consider class I bodies for which yp(X,®) =y, Let 8§ and Ry; (i=1,...,5)

be the arc lengths and radii of curvature of the segments of the body-surface generator.
The curvature of each of the corresponding segments of the reference surface is deter-
mined with the equation

Kj=— 1 G=1, ..,5) (3)
Rpi* Ybo

The body shown in figure 4 is a class I body with a generator which, for the purposes of
this prograin is considered to be composed of three segments. The second segment is
associated with the corner and has an arc length S9 and a radius of curvature Rb 2

of zero. However, the ratio Sz/Rb 9 1is a finite number equal to the angle between the
lines normal to the upstream and downstream surfaces at the corner. In this program,
the curvatures of convex and concave arcs are positive and negative, respectively. The
radius of curvature of an arc has the same sign as the curvature of that arc. For exam-
ple,l the arcs on the generators of the reference surface and body surface shown in fig-
ure 4 are convex and hence have positive curvatures and radii of curvature. All arc
lengths are considered to be positive.

All arcs of the reference-surface generator must be integral multiples of AX, If
the body surface is located a constant distance yy,, from the reference surface, the mesh
spacing AX is related to the quantities §8j, Rb,i, and yp, by the equation

S; [
AX =L

0,1~ “bo (4)
Ni\ Rpj

where N; is the number of mesh spacings associated with the ith segment of the body
surface. If the body-surface generator has only one segment with a radius of curvature
Rb,‘l, the values for the quantities 83, Nip, and y}, can be chosen independently. If

10



the body-surface generator has two segments with radii of curvature Rb,l and Ry o,

b
the values of the quantities Sj, Sg, Np, and Ny can be chosen independently, but the
value of yp, must satisfy the equation

+
s | ererett—————— =———'——————’ (5)

If the body-surface generator has more than two segments of constant curvature, all of
the quantities Ry, i, Si, and N; (@ = 1,2,etc.) cannot be chosen independently if
yb(X,rIn) =¥po for all the segments. The index kj is related to the number Nj of
mesh spacings AX on the ith arc by the equations

k1 =1+ Ny

ki =k;_1+N; (i=2,3,4
i i-1 i

Spherical cap-cylinder.- Consider the spherical cap~-cylinder shown in figure 4.
Let the scaling length be the radius of the cylinder fb so that the nondimensional radius

of the cylinder is 1, and assume that yb(X,<I>) =Vpo @s shown. Let the nose radius have
the value \/5 It follows that the arc length S has the value (11/4)\]§. The radius Ry 9
and arc length Sg of the corner are both zero, but the ratio Sg /Rb,z is w/4. The ’
radius of the segment of the body-surface generator for the cylinder Rb,3 is o, and
the arc length S3 is unspecified. From figure 4 it is seen that ky; =7 and kg = 10.

It follows from equations (5) and (4), respectively, that Yho = VE and AX = \[517/ 12,
From equation (3) it is found that the curvature for the segments of the reference-surface
generator are Kjp = \/5/4, Ky = \/5/2, and K3 = 0.

Spherically blunted cone-cylinder.- Consider a spherically blunted cone-cylinder
with a sharp corner at the junction of the cone and cylinder, a cone semiapex angle of 60°,

and a ratio of nose radius to base radius equal to 0.5 as shown in figure 5. The scaling
length is chosen to be the cylinder radius I"b. The indices kj, kg, and kg are chosen

to have values of 4, 10, and 13, respectively. Also, Si = 7/12; Rp,2 = «; S9 = \/§/Z;

Ry 3 =0; S3=0;and Ry 4 =«. From equations (5) and (4), the values of the quantities
Ypo and AX are found to be

133 )
Voo = 5(—77- - > ~ 0.32699334

11



J
___9‘ Ybo &__
Figure 5. - Reference surface for spherically blunted

cone-cylinder with cone semiapex angle of 60° and
ratio of nose radius to base radius equal to 0.5.

and

i ~
AX = 7{1 + Zybo) = \/3/12 ~0.14433757

From equation (3) it is found that

27
K{=—~1,2091996
1 3\/§
K9 =0

Ky = —21 _ ~3,0581662
3\!§ - m

K4=0

It should be noted that the product K3¥po must not differ from 1 by more than 1 x 10-6
if the sharp-corner option is to be activated. The angle subtended by the third segment is

3/9
Ag=3AX_ V3/ 7 ~1.3242248 rad = 75.872493°
ybo 3\/§ - T

12



The function yb(X,<I>) is equal to the constant y;,, for values of X not greater than
12 AX (in other words, I =kg = 13). For values of X greater than 12 AX, the equa-~-

tion for yu(X,®) is
yb(X,Q) = Yo - x-12 AX)tan(AG - 13T-> = yb(X)

Geometry Input for Class II Bodies

For class II bodies it is recommended that a one~-segment reference-surface gen-
erator be used so that curvature discontinuities do not occur on the reference surface.
However, it should be noted that this is a recommendation and not a requirement. The
expression for y,(X,®) must be derived for each body and reference surface. It should
be noted that y,, is defined as the distance from the reference surface to the body sur-
face along normals to the reference surface and is positive when the reference surface
lies outside the body as it does in figures 2, 3, 4, and 5.

A prolate spheroid is an example of a class II body. This shape is generated by
rotating an ellipse about its major axis. The body which is considered here has semi-
major and semiminor axes of 1 and 2/3, respectively, and is alined so that the major axis
is normal to the free-stream direction. This body is shown in figure 6.

Top view ' Side view
Reference Reference A X3
surface surface
.~
Voo VOO //
— / ) —> /
/ / 2/3
|
x| 2/3
X 1
\
\

Figure 6.- Prolate spheroid with axis ratio of 2/3.
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The coordinates xj, Xg, and xg are relatedto the angles 6 and & and the distance
from the origin w by the equations

x1=wcose
x2=wsinesin<I>

X3=wsin6cosd>

The equation for the prolate spheroid is

— 4 XZZ +l——=1 =1
2/3 2/3
It follows that the distance from the origin to a point on the surface is 2 .
{9 - 5 sin?6 sin2s
The reference surface is chosen to be a sphere with the curvature K; = 1. Therefore,

the distance Yp from the reference surface to the body along lines normal to the refer-
ence surface is

2
|9 - 5 sin26 sin2a

Yb(xyq)) =1-

Initial Values

The shape of the initial shock wave which is used in this computer program is a
conic section of revolution with the axis of symmetry alined with the free-stream direc-
tion. The plane of symmetry of a typical flow field is shown in figure 7.

Shock

X ————f—

Figure 7.~ Coordinate system for initial shock shape.
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The quantity @ is the angle of attack. The x,r coordinate system has already been
introduced. The y,R coordinate system is oriented with respect to the initial shock as
shown in the figure, The initial shock shape is specified by the equation

R? = -2Rgy - Bx®

(6)
where Rg is the nose radius of curvature and Bg is the bluntness. The bluntness val-
ues are -1 for a hyperbola, 0 for a parabola, 1/2 for a prolate ellipse, 1 for a circle, and
2 for an oblate ellipse. It should be noted that the major axis of a prolate ellipse and the
minor axis of an oblate ellipse are alined with the y~axis. The initial shock shape for a
given angle of attack « is specified by the parameters x,, x,, Rg, and Bg. These
quantities must be supplied by the user. An approximate location for the shock wave can
be determined from experimental or theoretical results for similar bodies and flight con-
ditions or from empirical formulas such as those of Kaattari (refs. 3 and 4).

It is assumed that the shock is not moving initially. Therefore, the flow properties
at the initial shock wave can be determined from the assumed shape and the Rankine-
Hugoniot equations. The initial surface-pressure distribution is assumed to be Newtonian.
There are several exceptions. At sharp shoulders where the flow would otherwise be sub-
sonic the pressure is adjusted to a sonic value. If stagnation pressure is not achieved
anywhere on the surface, the pressures are scaled up so that the largest pressure is the
stagnation pressure. This situation arises for a flat-face cylinder at angle of attack. In
shielded or wind-shadow regions the surface pressure is assumed to be equal to that at
the last unshielded point in the same plane of constant ®. There is a provision for spec-
ifying a minimum surface pressure pp,i, for the initial solution. The density at the
surface is determined with the normal-shock entropy, and the surface velocity components
are determined from the total enthalpy and the Newtonian streamlines. The flow proper-
ties at points between the shock and surface are determined by interpolation.

It is the opinion of the authors that the most important part of establishing the ini-
tial solution is positioning the shock wave as accurately as possible. In many cases, a
considerable amount of computer time is required to move the shock wave a long distance.
It is not of particular importance to determine the flow properties at the grid points with
great accuracy. If the shock wave is accurately positioned, it will require about the same
amount of computer time to obtain a converged solution from very good initial data for the
flow properties as from fair data. As an illustration of this feature, consider a converged
solution. Now, let this solution be altered at one grid point in the subsonic region. If the
time-dependent calculation is continued, this disturbance will travel outward from the
grid point, in the form of acoustic waves as shown in figure 8. If d is a characteristic
length for the subsonic portion of the flow field and a; is the speed of sound at the

15



Origin of
-acoustic
disturbance

Figure 8.- Acoustic waves propagating
from point of disturbance.

stagnation point, the time required to reestablish steady flow is of the order of 1 to
10 times the characteristic time d/ajs.

Thermodynamic Models

The flow of perfect gases and equilibrium air can be calculated with this computer
program. The task of the thermodynamic routine, which is contained in a subroutine of
the program, is to determine the speed of sound a and ¥, the ratio of static enthalpy
per unit mass h to internal energy per unit mass e, for given values of e and the
density p. It should be noted that the heat of formation of the gas must be chosen so
that h=e=0 for T =0°K.

Perfect gas.- For a perfect gas, y is a constant which is supplied by the user,
and the speed of sound is simply

a =~|/)7(? - De

The program is formulated so that ¥ can be given one value in the free stream and
another value in the shock layer between the shock wave and the body surface. This pro-
vision permits the approximation of real-gas phenomena with a perfect-gas model. It
should be noted that if the free stream is cold, the free-stream value of % is the same
as the free-stream ratio of specific heats y_. A valueof ¥ which is suggested for use
in the shock layer is the normal-shock value ¥ . This quantity is related to the normal-
shock density ratio pPg / Po, the free-stream Mach number M_, and y, by the equation

16
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This equation is obtained by solving equations (23) in reference 5.

Equilibrium air.- The ratio ¥ =h/e and the speed of sound for equilibrium air are
determined with a curve fit which is discussed in references 2 and 5. This curve fit is
valid for the following ranges of the density p and internal energy per unit mass e:

107* =5/p, < 10 and §/RT, = 1500

where the reference quantities have the values

3

P, = 1.292 kg/m3 (2.507 x 10~ slugs/{t3)

RT, = 78.40 kJ/kg (8.439 x 10° {t2/sec?)

The user must supply values of the free-stream density in kilograms per cubic meter and
the free-stream velocity in meters per second. The user must also supply the value
(1.405) for the free-stream ratio of specific heats y, and an approximate value for ¥
in the shock layer. This value of ¥, which is used to calculate the initial solution, can
be obtained from equation (7). The density ratio /')S / p,, in equation (7) can be obtained
from tables of the equilibrium normal-shock properties of air for various velocities and
altitudes, such as those in references 6 and 7.

It should be noted that the gas-model subroutine is written so that other equilibrium-
gas models can be added to the program.

17



1.0

f(e/e max)

/¢ max

Figure 9.- Function which gives influence of damping coefficient on time-step coefficient.

Computational Parameters

The stability of the numerical calculation is governed by the time-step coefficient
C, and the damping coefficient ¢, which are specified by the user. The equation for
the time step is

min(A AX,5 AY,r Ad) (8)

C
AT = Tg
V+a

where V is the magnitude of the velocity, a is the speed of sound, g is a function of
the independent variables and the shock-layer thickness which accounts for the nonorthog-
onal nature of the coordinate system, and X is the scale factor for the X-coordinate.
The function g, which is determined within the program, is obtained in appendix B of ref-
erence 2. The time step is calculated in subroutine DELTAT for each cycle. ‘

Let the parameter j have values of 0 for plane or axisymmetric flow and 1 for
three-dimensional flow. The damping coefficient must satisfy the inequalities

18



1

O<e<e R (9)
T 8 +2)
The time-step coefficient C; must satisfy the inequality
<_1 f
C; = f(e/emax> (10)
j+2 '

The function f(e /emax)’ which is derived in reference 2, is plotted in figure 9. As a gen-

eral rule, the coefficient C, should be as large as possible. It has been found that a
practical value of the damping coefficient is €/ep, 54 = 0.75.

There are two options for calculating the flow at points on the body surface where
the curvature changes discontinuously and where the flow is subsonic. These options
involve the manner in which the scale factor in the governing equations is treated. In
general, the first option (I = 1) should be used. However, if the flow-property distribu-
tions have severe discontinuities in slope at surface points where the flow is subsonic and
where the curvature changes discontinuously, the second option (I = 0) must be chosen.

PROGRAM INPUT

- The computer program has 16 fixed-point and 24 floating-point input parameters.
The symbolic program name, the symbol used in the discussion section, and a brief
description for each parameter are as follows:

Program name Symbol Description

IYREF1 Geometry index: 0, two dimensions;
1, three dimensions

LF, MF, NF lg;mg,ng Largest values of grid indices for
X~-, Y-, and ®&-coordinates (see
fig, 4)

DX AX Mesh spacing for X-coordinate
KURVE1, KURVE2, ky,kg,kg,ky Values of X index where reference-
KURVE3, KURVE4 surface generator changes curva-

ture discontinuously (see inequali~
ties (2))
CURVE], CURVE2, K{,K9,K3,K4,K5 Curvature of segments of reference-
CURVE3, CURVE4, surface generator (see eq. (3))
CURVES
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Program name

YREFY

YREF1, YREF2,
YREF3, YREF4

IYREF2, IYREF3,
IYREF4

RS
BS -
Xy

CXg

IGAS

DENS{, VELg

GAMMA
GAMM

PINF

ALPHAD
KPg

20

Symbol

ot
<

ol

<1

Peo

Description

Perpendicular distance from reference
surface to body surface (see figs. 2
and 4)

Unused floating-point parameters

Unused fixed-point parameters

-Nose radius of initial shock-wave shape -

Bluntness of initial shock-wave shape

Distance along axis of reference sur-
face from body surface to intersec-
tion with axis of initial shock-wave
shape (see fig. 7)

Distance along axis of initial shock~
wave shape from shock surface to
intersection with axis of reference
surface (see fig. 7)

Gas-model index: 0, perfect gas; 1,
equilibrium air

Free-stream density and magnitude of
velocity in kg/m3 and m/sec, respec-
tively, which are used in equilibrium=
air thermodynamic model

Free-stream ratio of specific heats

Ratio of static enthalpy h to internal
energy e in region between shock
and body (see section entitled
"Thermodynamic Models")

Nondimensional free-stream pressure
(see eq. (1))
Angle of attack in deg

First time cycle at which output is -
printed



Program name Symbol Description

KPP Number of time steps between successive
printing cycles

KF Index for final time step

IYREF¢ 1 Index governing computation of body points
where curvature is discontinuous (see

section entitled "Computational
Parameters")

CT C, Time-step coefficient (see inequality (10))
EPSI € Damping coefficient (see inequality (9))
PMIN Pmin Minimum nondimensional surface pressure

for initial solution

The program is set up to use reference-surface generators with a maximum of five
segments of constant curvature and four points of curvature discontinuity. If it is desired
to use fewer than the maximum number of segments, the unused indices KURVE4,
KURVE3, and so forth should be set equal to some number greater than LF. Some value
should be given to all unused parameters such as the curvature CURVE5, CURVE4, and
so forth of the unused segments of the reference-surface generator and the quantities
VEL@ and DENS@ when a perfect gas is being treated.

The distance yb(X,tI>) from the reference surface to the body surface along lines
normal to the reference surface is specified in subroutine START. The equation for Yb
which is used in this program is

Yb(X>q’) = Yo (11)

Thus, class I bodies which are located a constant distance from the reference surface
along lines normal to the reference surface can be treated without any changes to the
computér program. The Symbolic program statement for equation (11) is
YREF(L,N) = YREF@. This statement immediately precedes statement number 4 in
subroutine START,

In order to treat class II bodies and class I bodies which are not located a constant
distance from the reference surface, it is necessary to replace the statement for
YREF(L,N) in the program. It should be noted that the angles 6(X) and & are known
at this point in the program and have the program names THETA(L) and PHI. Several
unused fixed~point and floating-point parameters have been provided for use as the need
arises. It is suggested that these parameters can be used in the new program statement
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for YREF(L,N). It is emphasized that the parameter YREFf should not be used in any
statement other than the one discussed above.

The program treats class I bodies with corners. The curvature of the arc of the
reference-surface generator subtending the corner is 1/ Ybo (1./YREF{). In order to
actuate the sharp-corner option of the program, the product of the value of the curvature
of the arc subtending the corner and the value of YREF( can differ from 1 by no more
than 1 x 10~6,

PROGRAM OUTPUT

The first quantities to be output are the geometry parameters for the reference and
body surfaces. These are

Program name Notation Description

THETA(L) o(X) Angle between normal to reference surface
and free-stream direction (see fig. 3)

CURV2(L) K Curvature of reference surface

XREF(L), RREF(L) Coordinates x and r of points on reference

' surface

YREF(L,N) yb(X,cb) Distance from reference surface to body
surface along normals to reference
surface

PYBPX(L,N) oy}, / 80X Partial derivative

PYBPPH(L,N) oy, / 9% Partial derivative

The complete solution at each grid point is output for the initial cycle (K = 0) and the
regular printing cycles (K = KP@, KPg + KPP, KPO + 2KPP, . . .). The output for each
grid point is composed of four fixed-point numbers and 12 floating-point mimbers. Four
additional floating-point numbers are output for points on the shock wave. For each
printing cycle the nondimensional time which has elapsed since the calculation started is }
printed. The unit time is f/ Voo. The program name for this quantity is TIME.

Program name Notation Description
K , Time index
L ‘ l Index for X-coordinate (L =1 at X=0

and L=LF at X=Xpyax)
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Program name

M

N

UN, VN, WN

RHJ
P(L,M,N)

H(L?M}N)

PHI
RAD, XAD

GAMM

ENTR@P
AMACH
DELTA(1,L,N)

PDPT(1,L,N)

PDPX(1,L,N)
PDPPH(1,L,N)

Notation Description

m Index for Y-coordinate (M =1 at body
and M = MF at shock)

n Index for &~coordinate (N=1 at & = 0°
and N=NF at & = 180°)

u,v,w X-, Y-, and &-components of velocity
made nondimensional with V_,

P Density made nondimensional with 7,

p Pressure made nondimensional with
PooV oo

Total enthalpy made nondimensional with

7,2

d Azimuthal angle

r,X Perpendicular distance from axis of ref~
erence surface and distance along axis
from body surface in upstream direc~
tion (see fig. 7)

vy Ratio of static enthalpy h to internal
energy e

p /py Function of entropy for perfect gas

M Mach number

5(X,®,7) Distance between shock and body along
normal to reference surface

95/07 Component of shock velocity in direction
normal to reference surface

86/8X Partial derivative

85/ Partial derivative

PROGRAM DETAILS

Arrays Used in Program

A number of arrays are used in the program. Many of these arrays are funcﬁons
of L,M, and N, the indices for the X~, Y-, and $-coordinates. The arrays which depend

on L,,M, and N are
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A1(L,M,N), A2(L,M,N), A3(L,M,N), A4(L,M,N), A5(L,M,N), H(L,M,N), P(L,M,N),
R(L,M,N), U(L,M,N), V(L,M,N), W(L,M,N), C1A(L,I1,N), C2A(L,I1,N), C3A(L,I1,N),
C4A(L,I1,N), C5A(L,I1,N), C1A@(12,11,N), C2A@(12,11,N), C3A@(12,11,N), C4A@(12,I1,N),
C5A@(12,11,N), DELTA(I3,L,N), PDPT(I3,L,N), PDPX(I3,L,N), PDPPH(I3,L,N), D1A(L,I1),
D2A(L,11), D3A(L,I1), D4A(L,I1), D5A(L,I1), YREF(L,N), PYBPX(L,N), PYBPPH(L,N),
THETA(L), CURV2(L), RREF(L), XREF(L)

The arrays are dimensioned for maximum values of L,M, and N of 17, 6, and 9,
respectively. These maximum values can be changed by the user if necessary. The
maximum values of the indices 11, I2, and I3 are 3, 4, and 2, respectively, and should not
be changed.

Error Statements

The program contains five error statements which are located in three of the sub-
routines. The triggering of any of these statements results in the termination of the
calculation,

Subroutine DELTAT.~ The error statement in this subroutine is triggered when the
nondimensional quantity V +a in equation (8) is less than 1 x 1012, When this occurs,
the calculation is clearly unstable. The quantities which are printed in the error state-
ment are the time index, the position indices of the point where the instability occurs, and

Y5 -y, %, 0, 1, AX, AY, A®, A AX, r A®, min(A AX,5 AY,r A)

The error statement is followed by the complete output at the previous time step. The
suggested remedy for avoiding the instability is to decrease the coefficient C, . If the
instability occurs repeatedly for smaller and smaller values of Cr, a more fundamental
problem which is peculiar to the particular case may be present.

Subroutine SHOCK.- There are two error statements in this subroutine, both of
which indicate a breakdown in the solution of a cubic equation at the shock wave. Let
CSSHK be the cosine of the angle between the outward normal to the shock and the free-
stream direction, and let CSBX, CSBY, and CSBP be the direction cosines of the shock
normal, The breakdown of the solution generally occurs because the shock wave develops
a kink, the magnitude of CSSHK becomes so small that the discontinuity can no longer be
interpreted as a shock wave, or the flow at the downsiream boundary has become sub-
sonic. The suggested remedy is to change the location of the initial shock wave.

BLK(1): The quantities which are printed are the time index K, the position indices
L,M, and N of the point of instability, and the quantities F4, F5, CSSHK, CSBX, CSBY,
CSBP, F9, and F10, where F4, F5, F9, and F10 are functions of the flow properties. The
error statement is followed by the full output for the time cycle at which the error occurs.
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The quantity F9 should always be positive. The error statement is triggered when the
value of F9 becomes less than 1 X 10-6.

BLK(2): The quantities which are printed are those listed for the previous error
statement and the quantity ¥11, which should never be greater than 1 in magnitude. The
error statement is triggered when the magnitude of F11 exceeds 1.

Subroutine START.- There are two error statements in this subroutine, both of
which indicate that the shape which was input for the initial shock wave cannot, in fact, be
interpreted as a shock wave. If one of these errors occurs, the user should change the
shape of the initial shock wave.

ER(1): The quantities which are printed are the time index K = 0, the position
indices L,M, and N of the point where the error occurs, and CSSHK, the cosine of the
angle between the normal to the initial shock shape and the free-stream direction. It
should be noted that CSSHK should always be negative. The error statement is triggered
when CSSHK becomes greater than -1.0 x 10-6.

ER(2): The quantities which are printed are the time index K = 0, the position
indices L,M, and N of the point where the error occurs, and the shock density ratio. The
error statement is triggered when the density ratio becomes less than 1.

Conservation of Total Enthalpy

One application of the present method is the generation of an initial data line for a
method-of~characteristics calculation of the supersonic flow on the afterbody. For such
a calculation, it is necessary that the total enthalpy be conserved, and even small excur-
sions can jeopardize the characteristics calculation. In the present program the total
enthalpy is a computed rather than a constrained quantity. The ability of the method to
conserve this quantity is considered to be an indication of the accuracy and proximity to
convergence of the solution. In general, the total enthalpy is conserved to within a per-
cent or so for a converged solution. However, at points on the body surface downstream
of a sharp shoulder, the error in the total enthalpy is much larger. This is probably due
1o the fact that the flow there is highly expanded, and the entropy layer lies between the
surface (m = 1) and the first line of grid points in the shock layer (m = 2) and hence is not
resolved. This discrepancy in the results for the total enthalpy is of concern from the
point of view of establishing an initial data line for a characteristics calculation, but it is
not so important from a purely physical point of view since the flow at the surface down-~
stream of a sharp corner is viscous dominated and probably separated so that the inviscid
solution in this region does not represent reality.

. The total enthalpy at grid points on the surface and in the region between the shock
and surface can be constrained to a constant value with relatively simple changes to sub-
routine PDE. These changes are given in terms of Fortran IV statements:
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(1) At the beginning of the subroutine define the total enthalpy as
HTOPT=GAMMAx*PINF/(GAMMA-1.)+.5

(2) If the equilibrium-air gas model is being used, place the following statements
immediately after statement 26 in order to estimate the value of the ratio ¥ =h/e at
the grid location

HXX=(HTFT*R(L,M,N)~.5%(U(L,M,N)*+2+V(L,M,N)**2+W(L,M,N)**2) /R(L,M,N))/P(L,M,N)
GAMM=HXX/(HXX-1.)

Omit these statements if the perfect-gas model is being used.

‘ (3) Replace the statement following statement 30 with the statement
ENERS=(HT@T-.5*(U(L,M,N)**2+V(L,M,N)**2+W(L,M,N)**2) /R(L,M,N)**2) /GAMM
(4) Replace the statement following statement 31 with the statement

H(L,M,N)=HT@T

It is not recommended that the total enthalpy be constrained in this mammer unless
it is absolutely necessary since the effect is to ignore the corrective influence of the
differential-energy equation and hence retard convergence. No attempt should be made
to constrain the total enthalpy at the shock since this could interfere with the solution of
a cubic equation for the shock speed.

It has been found that in highly expanded regions of flow the pressure can assume
small negative values. In particular, this has been found to be true at grid points on the
surface downstream of a sharp corner, starting several mesh spacings from the corner.
Requiring that the total enthalpy be constant does not prevent the negative pressures.
Constraining the surface entropy to be constant does not help since the effect is to
decrease the value of the density and hence cause instabilities rather than increase the
value of the pressure. It is recommended that characteristic initial data lines for bodies
with sharp corners be located just downstream of the corner in order to avoid the nega-
tive pressure values.

Alternate Expressions for Shock Slopes

Under certain conditions the converged results of many time-dependent, blunt-body
methods for the shock-layer thickness (distance between the shock and body) do not vary
smoothly with distance along the body but contain oscillations. The wavelength of these
oscillations is usually two mesh spacings. Although no oscillations of this type are
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exhibited by the results computed by the present method and reported in references 1
and 2, it is possible that they may occur in other cases.

In some instances the oscillations are due to the type of finite-difference expres-
sions which are used to represent the derivatives of the shock-layer thickness with
respect to the coordinates. Under such circumstances, improved results can sometimes
be obtained by substituting other finite-difference expressions for these derivatives.
Unfortunately, the expressions which are less likely to produce oscillations are also gen-
erally of a lower order of formal accuracy.

In the present program three-point central-difference formulas are used to evaluate
the derivatives 96/0X and 85/8% if the velocity components tangent to the shock and
in the X~ and &~directions, respectively, are less than the local speed of sound. These
formulas are of second-order accuracy. Two~-point upwind-difference formulas are used
if the velocity components are greater than or equal to the local sonic speed. Although
these formulas are only of first-order accuracy, they correctly prevent the influence of
downstream points on the shock-layer-thickness derivatives in supersonic regions.

In the event that central-difference formulas permit the development of oscillations
in the shock-layer-thickness distribution with respect to the X~ or ®-coordinate, it is
suggested that upwind-difference procedures be employed for that coordinate in the sub-
sonic as well as the supersonic regions to calculate the shock-layer-thickness derivatives.
These changes in the differencing procedure can be effected by modifying subroutine
SL@PE. In order to obtain windward difference expressions for the derivative 86/8X
at all points, remove the second statement after statement 6 in subroutine SLFPE and
replace the next statement with the statement

IF(PDPX(KKK,L,N).LT.0.)G# T@ 7

Statement 8 should also be removed. In order to obtain upwind-difference expres-
sions for the derivative 85/8® at all points, remove the third "IF'" statement following
statement 9 and replace the next statement with the statement

IF(PDPPH(KKK,L,N).LT.0.)G¢ T¢ 10

Langley Research Center,
National Aeronautics and Space Administration,
Hampton, Va., July 2, 1971,
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APPENDIX A
PROGRAM LISTING

The computational program is listed in this appendix in the Fortran IV computer
language. This program consists of the main executive program and 11 subroutines.

PRCGRAM EXEC{ INPUT=201,0UTPUT ,TAPES=INPUT, TAPES=0UTPUT)
Cetxd CAVIS~DLD-A2636~-APPLIED MECHANICS
Caaxs CICK BARNWELL
Ckx%% TIME ODEPENDENT METHCD FOR CCMPUTING FLOW ABCUT BLUNT BODIES
[ 22 1] TRAVELING AT SUPERSONIC SPEEDS AT ANGLE OF ATTACK

CCMMCN IGAS) ISND 2 JyXoKKoKURVEL ¢KURVE2,KURVEZ ;KURVES 2LE s M, MF MM )Ny N

1F s LLO;DENSQ ) VELO s KP4 KPP oK F oL HI ,LCORN
. CCMMON ALPHA,BS,CSALP,CURVEL,CURVEZ,CURVE3,CURVE4,CURVES CX0,0DPHI,
10T, DX oDY,EINF yENERS,EPSIy GAMM, GAMMA, PINF,PMINs RHO, RSy SNALP,SNDy X0,
ZYREFO, YREF1,YREF2,YREF3,YREF 4

CCMMON Al{1756,9)9A2(17¢6,9)9A3(179649)0A41174695)9AS{1746,9),HILT
19699} 9yP{175649)1sR(1756,9) ,ULL1756,9)5V(17,6,9),H(17,6,9),C1A(17,3,9
219C2A0174359),C3A(175399),C4A017+3+9)C5A(17¢349),C140(4,3,91,C2A0
*3(493,49) 9C3A0(4+3,9)4,C4A0(4+399),C5A0(443,95) .

CCMMON D1A{17,3)4D2A(17,3),03A(17,2),D4A(17,3),05A(17,3),CURV2(17)
1o THETAULT)+RREF(LT) yXREF(17) o YREF(1749),PYBPX(17,9},PYBPPH({17,9),D
ZELTA(241799),PCPT(2+17,9),PDPX(2,17,9),PCPPHI2,17,9)

CCMPON AAA(S5,5),AAB(5),BlA(3),B2A(2),B3A(3),B4A(3),B5A(3),RRXF(5),
IXRXF{5) yCToTIME,IYREFC, IYREFL, IYREF2, IYREF3, IYREF4

CCMMGN/ERROR/ER(12) ,BLK(12)

CEVMMCN/RBLCCKL/KFO

DATA{ER(I)»1=1,12)/3HER],y 3FER2,3+ER3,3HERS , IHERS ,3HER6,3HERT, 3HERS
1,3HERGy 4HERL O, 4HER 11y 4HER 12/

CATA (BLK{1)41=1,12}74HBLK]4HBLK2,4HBLK 2, 4KBLKSG4HBLK S, 4HBLKS »4HB
1LK7+4HBLK8y4HBLK9, 5HBLK 10, SHBLK1 1y SHBLK12/

NAMELIST/NAME/IYREF1,LF yMF,NF,DX¢KLRVE14KURVE2,KURVE3 sKURVE4 »CURVE
11,CURVE24CURVE3,CURVE4y CURVES » IYREF2,IYREF3,IYREF4, YREFO, YREF1,YRE
2F2,YREF3, VREF44RSyBS, XU4C X0y IGAS 4DENSO,VELO+GAPMA,GAMN 4 PINF, ALPHAD
24KPOy KPP, KF 4 I YREFO,CTHEPST,PMIN

80C FORMAT(//#* DAVIS~DLD-A2636-APPLIED MECHANICS-9-22-69%)
801 FORMAT(* DICK BARNWELL *}
802 FORMAT(#* TIME DEPENDEAT METHCD FCR CCPFPUTING FLOW ABOUT BLUNT BODI
1ES TRAVELING AT SUPERSONIC SPEEDS AT ANGLE OF ATTACK#%//) .
803 FCRMAT(1H1//})
804 FCRMAT{2A10)
805 FCRMAT(#* 22636 COMPLETED AT CENTER AT *,2A10)
CIMENSICN IDATE(2)
CALL CAYTIM(ICATE)
PRINT 8C4,IDATES PRINT B803$ PRINT £04,IDATE
PRINT 800% PRINT 801$ PRINT 802
FEAC (5,NAME)
IF(ECF,515993,9990

-

9990 CCANTINUE
KP=KPC
BLPHA=ALPHAD/ 57,25577951
HRITE (6 ,NAME)
CALL STARY
CALL RESULT
2 KK=}

TK=K+1
TF{KeGTKFIGO TC 1
CALL DELTAT
CALL A

3 M=ME

CO 4 J=1,3

FN=ME -3

CALL €

CCNTINUE

CALL SHCCK

FMIHI=MF~1

CC 7 MMZ=1,MMIHI

M=MF~MMZ

TF{McEC01.,0R MVZ.EQ.11G0 TC 6

00 5 I11Z=1,2

J=6=-1112

CALL TRANSC

CONTINUE

J=1

¥M=M-1

CALL C

CALL PDE

CONTINUE

TF(KK.EQ.2160 TG 8

KK=2

.6 T0 7
8 IF(K.AELKFIGO TD 2
CALL RESULT
KP=KP+KPP
ca TO 2
9999 (ALt CAYTIMCICATE)S PRINT €05,IDATE

STCP C1C1
END

>

V]

~ o
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1

4

63

89

72

SUBROLTINE A

CCMMON IGAS,ISND»JyKsKKyKURVEL sKURVE2 yKURVE3 o KURVE4 o LF oMy MFy MM, N, N
1F4LLO,DENSQyVELO)KP KPP ,KF,LHILCORN

CCV¥MON ALPHA,BS,CSALP,CURVEL,CURVE2,CURVE3,CURVE4,CURVES ,CX0,DPHI,
ICT,DX+0Y,EINF,ENERSEPSI, GAMV,GAMVA,PINF,FVMIN,RHC,R S, SNALP,SND,XO,
2YREFO,YREF1,YREF2,YREF3,YREF4

COMMCN AI(1796+9)+A2(17964+S)9A31179699),R84(17,649),A5117,6+9),H(17
19699} 4P{179699)sRILT9699) yUl1T796,9)3VIL1T9699) 4W(17,699),C1A(17+3,9
21+C2A(17+3,9) ,C3A(17+3,9) +C4A(17,2,9),C52(17,3,91,C1A0{4,3,9),C2A0
2044349)3C3A0(493,5),C4A004+3,5),C5A0(443,45)

CCMMCN C1A(17,3),02A(17,3),03A(17,3),D4A(17+3),DEA(17,3),CURV2(L1T)
1y THETA(17) 4RREF(17) o XREF(17)yYREF(17,9),PYBPX(17,9),PYBPPH(17,9),D
ZELTA(2+1749),P0PT(241749) ,PDPX(2,17,9),PDPPHI2,17+9)

CCMMON AAA(5,5),AAB(5),81A(3),B2A(2),83A03),B4A(3),B5A(3) ,RRXF(5),
1XRXF(5) yCTo TIME,IYREFQ,IYREFL, IYREF2, IYREF3,IYREF4

CCMMON/ERROR/ER(12),BLKI12)

MEM1=NF-1

ISND=1

CC 11 F=1,MFML

LLC=1 .

£0 10 N=1,NF

I1KZ=0

CO 9 L=LLCyLF

IF(MeEQaloANDoLoGToaLCCRNs ANDoLoLTLHIIGO TC 9

IF(MaEQe1ICIA(L,M,NI=1,

€0 7 11I=1,5

LL=t+11-3

IF{LL.LELLF)GO TQO 2

B0 1 JJd=1,5

TIM1=TI~1

TIN2=11-2

AAA(JJ11)=24 *AAALJJyTINMLI=ARA(JY,TIM2)

CONTINUE

CC TC 7

IF(L+EQaLLOCReTI.EQa51GO TO 4

IF{McEQaloANCoLoEQ.LKINGO TO 4

C0 3 JJ=1,5

1IP1=11+1

AAAUIISIT)=AAA(CSI,T11IP])

CONTINUE

€C 10 7
- IF{LL.LT41)1GC TO 5

LLi=LL

M=N

Fl=1,

€C TO 6

LtL=2-LL

AM=NF+1-N

Fl=~1l.

AAALL,T1)=R(LLL,M,NN)
AAA(2,TT)=F1*UILLL,M,NN)
AAAL3,T1)=V(LLLM,NN)

BAALG»T1)=HILLL.MsNN)

AAALS G TI)=ROLLL My NNIEH{LLL Mo NN} =PILLL, M, NA)
CCNTINUE

1F(FoNEo11GO TC 70

LPl=L+1

IF{KURVEL o NES LP1ANDKURVE2NELLPLoANDKURVE3.NELLP 14 AND o KURVE 4, NE
1.LP1.AND, IKZL.EQ.D)GO TD 70

TF(IKZ.EQe11G60 TN 74

IF(IK2.EQ.2360 TO 75

IFUIKZ.EQ.31G0 TO 72

t=t+1 ’

RHC=R(L,M,N}

ENERS=H (L yMyNI=(PIL My NI+ SH{ULL sM NI ZX24VIL My NI %24+ W(L My N) %22} /
IR{L, MyNY D) ZRIL M,y N)

CALL GAS

CHECKO=U(L My NI/ (R{Ly M,y N)2SND)

L=lL~1

IF{LPL.NE.LCOANIGC TO 69

IKZ=1

€0 10 72
TF{CHECKI«LTo1aoANDGCHECK9aGTa~142ANDe IYREFC.NELCIGC TO 70
CHECKB8=CURV2{L)-CURV2(LP1)
TF{CHECKI4GEo1laaANDSCHECKBLGT 400 } IKZ=1
TF(CHECKIoLE e —1a e ANDLCHECKB4LT 0,1 IKZ=2
TF{IKZ.EQa0)IKZ=]

GC 10 173

£0 80 JJ=1+5

PABTJIN=AAALI I3 )-EPST*(6. #AAA(JI 1214 (AAA(JI,2)+AAALT U, 4)) +RAATL
TJJ e 11+8AALUT,5))

CENTINUE

GC 70 8

1KZ=0

73 EC 83 JJ=1,5
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83

74

75

16

360
86

132
11

12

13

14

15

16

17

18

19

29
21

229

30

AAB{JJY=AAA(IJ+3) +EPST* (AAA(JI 2012, %0AA(JJ,3)+AAA(JI],4))
CCNTINUE

tC 10 €

1y1=2

142=1

IF(LsNE.LCCRNIGC TO 76
{FACHECKI.LTo 1. 1C1ALL ,M,N =0,

GO TO 76

1J1=4

1J2=5

CC 86 JJ=1,5

TF{L.EQeLCORN ANDW2CHECKD.LTo1.1G0 TO 860
AAB(JJ)=AAALIU3) —EPSTR{AAA(UJ 43 )-2.%2AALJII,TIL1)+AAA(II,1I2))
€0 1O 8¢

AAB(JJ)=AAALST,3)

CONTINUE

1K2=3

AL{L,M,N)=AAB (1)
A2(L,MyNI=AAB(2)
A3(LyVMyN)=AAB(3)
A4{L,¥,N)=AAB(4)
A5{L+ My N)I=AABI{5)

CONTINUE

LLO=2

CCATINUE

CCNTINUE

IF(NF.LE.2)1GC TO 220

0O 22 M=1,MFM1

AUP=1

CC 21 L=1,LF
TF{MeECo1laANDe Lo GToLCORN, ANDoLoLToLHINGO TC 21
£0 20 N=1,NUP

CO 18 TI=1,5

AN=N+11-3
IFINNLCTaNFLANDLITLEQL5)GC TC 12
IF(N.,EQe 1sOR, I1.,EQ.51CGO TC 15
1IP1=11+1

F2=1,

G0 TO 13

F2=~1,

TF(NoLToNF)IIP1=3
IF(N.EC.NF}IIP]l=1

C0 14 Jd=1.5

IF(JJoNEa4)F3=1,

IF(JJoEQe 4)F3=F2
AARLID, 1T )=F3*AAALII,11IP1)
CCNTINUE

G0 TO 18

IF{NMN.LT.11GC TO 16

F4a=1,

NAN=NN

€0 TO 17

F4==1,

ANA=2-NN

ABA(L,I1)=R(L,M,NNN)
AAA(2,TT¥=U(L +M,NNN)
AAA(3,T1)=VI(L,¥;NNN)
AAA(G, [T )=Fa%Wil s MoNNN)

AAA(S ¢ IT)=ROL N NNN)2H{Ls By NANI=P {L,M,NNN}
CCNTINUE

£C 19 JJ=1,5

AAR(JI)=-EPST* (6. %ABA(JJy3)=4o ¥ (AAAIIS,2V4AAA(JJ 4) }+AAA(JT, 1) +AAA
1(3Jy5))

CONTINUE

F5=1,.

IF{MsEQa1IFS5=C1A(L,M,N)
AL(LoMoNY=AY(L,M,N}+F5*AAEB(])
AL+ Mo N)=AZ2{L My NI+F5*AAEB(2)
A3{LyMyN}=A3{L,VM,N)+AAB(3)
A4(LsMyN)=A4(L,M,N)+AAB(4)
AS{Ls My N}=AS(L,MyN)4FE*AAE(S)
CCNTINUE

KNUP=NF

CCATEINUE

CCNTINUE ’
IF{MF,LE.3)GO TC 3

NUP=1

CO 38 L=1,LF

MLC=1
IF(LaGToLCCRNAND Lol To LHEIMLE=2
LM1=L-1

IFIL.EQa1ILMI ]

£Q 37 N=1,NUP

€0 36 M=MLO,MFM]

AV=M

1ILG=1



TF(ML,EQe1)I1L0=3
TF(M. EC.2)11L0=2
Tiup=5
TF (M. EQ.MFM1) TIUP=4
ce 25 II=TILC,1IUP
IF{M.ECoMLOsCR,TILEQ.5)GO TO 24
I1P1=11+1
CO 23 JJ=1,5
RAALIS,IT)=AAA(JI,TIP])
23 CCNTINUE
cC 10 25
24 FM=M+I[-3
ANM=MM
ALAMB=1.+CURV2(LML)*{ (AMM~1, }*DY*DELTA({L+LsN)-YREF(L,N})
BAA(L»TI)=R{L VM, NI *ALANB .
AAA(2,11)=U(L yMM,N)*ALAMB
BAA(3, E1)=VIL MM, N} +ALAMB
ARA(G4 T TI=HIL yMM,NI#ALAMB .
AAALS,TT)=(RULMMyN) #HIL MM NI ~P (L ,MM,N} ) *ALAMB
25 CCNTINUE
ALAMB=1,+CURV2{LMLY#( (AM=1,)*DY*CELTA(L, L, N)I-YREF(L,N))
IF{M.EQ.1)GD TO 27
IF{M.EQ.2)60 TC 31
IF(M.EQ.MFM11IGC TO 32
£0 26 J4J=1,5
AAB(JJV=—EPSTH (6. %AAA(II 3 )4 #{AAA(II 2V +ARA(II4) VHAAALII, L) +AAA
1(JJ+5))/ALAMB
26 CONTINLE
GO Ta 35
27 12=4
13=5
29 €0 30 JJ=1,5
AABLJ I =—EPST*(AAA(JI 93 )-2.FAAA(JJHI2)+A2A(JI,13))
30 CONTINUE
€C TC 35
31 I1=2
12=3
13=4
14=5
GO TO 33
32 11=4
12=3
12=2

14=1
33 D034 JJ=145
AAB(JJV=-EPST#(AAA(JJ,14) =AAA(JIJ,11)~3a%(AAA(UI,I3)-AAA(JIILI2)))}/A
1LAMB
34 CCNTINUE
35 FS=l.
IF(MEQ.1IFS=CLA(L,V:N)
BLILy P NI=AL(L, M, NI+F55AAR(])
A2(Ls Mo NI=A2{L oM, NI +F5*AAE(2)
A3(LsMyN)=A3(L,M,N)+AAB(3)
A4(LyMgN)=A4 (LM, N)+AAB(4)
AS{LsMyN)=AS{L My NY+F5*AABLS5)
36 CCNTINUE
37 CCANTINUE
NUP=NF
38 CCNTINUE
39 RETURN
END



SUBROUTINE C

CCMMON TGAS, ISND»Ja Ko KKyKURVEL JKURVEZ s KURVE 3y KURVEL yLF s M MF MM Ny N
1F2LLOS0ENSO, VELO KPP KPP 4KF ,LHI ,LCTRN

CCMMON AL PHA,BS,CSALP,CURVEL1,CLURVE2,CURVE3,CURVE4,CURVES ,LXO,DPHI,
ICT,DX DY EINFLENERSSEPSTy GAMMyCANNA, PINFy PMIN) RHOy RS, SNALP,SND X0,
ZYREFO,YREF1,YREF2,YREF3,YREF4

COMMCN AL{1746¢9)90A2(17+96,9)9A3017+695)19R4(17+6+5)9A5(1746,9)H(17
196991 9P{179639)9R{1T+6+9) 2UlL1T7¢649)¢VI1T46455),W(1746,9),C1A(17,3,9
2),C2A(17,3,9),C3A01743,+9),C4A(17,3,9),C5A(17+4349),C1A0(4,3,91,C2A0
2(64399)4C3A0(493,9),C0A0(4+3,9),C580(4,3,5)

COMMON O1A(17,3),02A(17+3),D3A(17,3),D4A117,3),D5A117,3),CURV2(17)
1, THETALLT},RREF(17)XREF(17)},YREF(17,S),PYBPX{17,+9),PYBPPH(17,9),D
2ELTAL2417+9) 4PCPTI2,17+9) ,PDOPX{2417+9),PCPPH{(2,17,9)

- COMMON AAALS,5),AABI5),BLAL3),B2A(3),B3A(3),B4A(3),B5A(3),RRXF(5),

10

1XRXF (5) ,CT,T [ME,IYREFQ, IYREF1, IYREF2, IYREF3, IYREF4
CCMMEN/ERROR/ER{12},8LK(12)

ANM=MM

LLo=1

£3=0.

DO 4 N=1,NF

£O0 3 L=LLO,LF

Y={ARN¥~]1,)DY

FAD=RREF (L)+{ Y4DELTA(KK,L ,N) ~YREF (L ,N) J*SIN{THETA(L))
F4=POPX(KKyLyN)

Le=tL

ALAMB=14+CURV2(LJ V¥ YADELTA(KK (L yN)=YREF (L 4N} )
IF(L.EQe1160 TC 10
F3={PYBPPHIL s N} +Y*PDPPH{KKsL N1} *ALANB/RAL
F1=Y*PDPT (KK, L N} #ALANS

F2=PYBPX(L,N) +Y+E4

ClO=ALAMBAV{L yMMyN)=FL¥R(L sMM, N} =F24U (L, FM A ) =F34R{ Lo MM, N}
€2C=CLO*ULL MMyN}/RIL, MMy N)=F24P (L,MM,N)
€30=C1O%V(LoMMyN} /RIL MMy N)+ALAMBEP (L, MM, N)

C4C=CLCHH (Lo MMoN)/RL oMMy N)=F3#P (L yMN,N)
CSC=CLCHHILy MM NI+F1¥P{Ls M¥,4N)

IF(L,CT.LJIGO TO 2

CLALL,J,NI=CIC

C2ALL 5 4,N)=C20

C3A(L,J,N)=C30

C4ALL +JyNI=C4C

C5ALL+d,N)=C50

TF(LoNELKURVEL oAND oL oNEoKURVE2,AND oL e NEoKURVE 34 ANDo Lo NEo KURVE4)GO

170 3

ty=L-1

F4=F4% (1o +CURV2(LJ) *(DELTA(KK Ly N} =YREF(L A1) 1/ (1o+CURV2 (L) *{DELTA
1(KKsL s N}=YREF (L N1}

cc 10 1

IF{L4EQ.KURVE1}JJJ=1

TF (Lo EQLKURVE2)JJJI=2

IF(L.EQ.KURVE3) JJJ=3

IF (Lo ECKURVEA IS =4

C1ADUJJJ,J¢N) =C10

C2A0(JJJ,JeNI=C20

C3AC(JJJpd9NI=C30

C4A0(JJded s N} =C40

€5801JJJdyJsNI=C50

TF(MMoEQe 1o ANDs IYREFOLEQe O1CIALL 12 oNI=VEL,2,NY/REL, 24N}
CONTINUE

tLC=2

4 CONTINUE

FETURN
END

32
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SUBROUTINE D

CCMMON IGAS,ISNCyJ KKKy KURVEL ,KURVEZyKURVE3,KURVE4L 4 LF Mo MF,MMyN, N
1FLLO,DENSO,VELC KP, KPP ,KF 4LHT ,LCCRN

COMMON ALPHA,BS,CSALP,CURVEL,CLRVEZ,CURVEZ,CLRVE4,CURVES,CX0,DPHI,
1ICT,DX LY, EINF ,ENERS,EPSY, GAMN, CAMVMA, PINF, FPMIN, RHO,RS, SNALP, SND,+ X0,
ZYREFO,YREF1,YREF2,YREF3,YREF4

CCMMON AL(17:6+9)1,A2(179699),A3(17,699)9A4(17+6+9)2A5(17,649),H(1T
19659) 4P (173649 sRI1T9699) yULLT 9649 VI1T46,9),W(17765,9),C1A(17,3,9
2)9C2A017+3,9)5C3A01793+9),C4A(17+3,9),C52(17+3+9),C1AC(4,3,9),C2A0
2(%453,5) yC3AC1443,9),C4A0{4+3,9},C5A0(4,3,5)

CCMMON D1A(17,3),D2A(17,3),D3A(17+3),D04A(17,3),05A(1743),CURV2(17)
1,THETAL1T7),RREF(17),XREF{1T),YREF (17,5}, PYBPX{17,9),PYBPPH(17,9),D
ZELTA(Z2,1749),PCPT(2,17,9),+PDPX(2,17,9),POPFK(2,17,9)

COMMON AAA(S,5),AARB(5),B1A(3),B2A(2),B3A(3),B4A(2),B5A(3),RRXF (5],
1XRXF{5) ,CT,TINE,IYREFC,IYREF1,TYREF2, IYREF2,IYREF4
CCMMCN/ERROR/ER{12),BLK{12)

AN=M

CO 10 IJ=1,3

IF{NsEQeNF.ANDWIJEQ.31GO TO 6

TF{NeGTaloANDs 1JoLT«3)G0 TC 7

IF(NoEQalcANDoIJoEQ.31G0 TC 6

IF{NaEColaANCTJ.EQ.1)GO TC 1

AN=N+1J-2

Cl=1.

€C TO 2

AN=2

€l=-1,

DO 5 L=LLG,yLF

IF(MoECoLloAND L oGToLCURNS ANDoLoLToLHIIGO TC 5

IF(NF,LE.2)GC 7O 40

IF(L.EQ.1)G0 70 3

Y={AM=~1,) *DY

ALAMB=1 4 +CURV2 (L)% (Y*DELTA(KK Lo NN} ~YREF (L yNN})

LMl=L-1

IF(MeEColoaANDoLoEQeLCCRN) ALAMB=1 o~CURV2{LM1)*YREF (L ,NN)
RAD=RREF(L)+{ Y*DELTA(KK,L o AN)~YREF (LoNN} IXSIN(THETA(L))
C2=ALAMB/RAC

€0 10 4

G2=0,

CLA{L, 1J)=G1*G2#H (L, M, NN)

C2ATL s TJY=DIA(L,TIIHU(LsMyAN) /RIL 4 MyNN)
C3ALLTJ)=DLALLy TJIRVIL, M, ANY/RIL,MpNN)

CA4ALL, TJI=G2# (PLL yMyNNI+W (L, ¥ o NN)#%2/R{L yM,4NN) )
CSAILy LJ)=DIA(L, IV *HIL,MyNN)
¢C 1D &

C1A{L,1J)=0.
C2A(L,14)=0C0
C3A{L,1J)=0.
C4A{L,1J)=0,
DEA(L,1J)=0,¢

CONTINUE

GG 70 10

1Jd=1

.Gl==1.

GO TO 8

1Jd=1J+1

Cl=1l.

CO 9 L=LLOsLF
CIA(L,1J)=G1l*D1A(L,1JJ)}
C2A{LTJ)=GL*L2A(L,TJJ)
€3A(L,TJ}=CGL*L3A(L,T1JJ)
C4ALL 1 JY=DaA(L,TJI)
CSA(L,TJ)=G1*DSA(L,1JJ)
CCNTTINUE

CONTINUE

RETURN

END
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SUBRQUTINE DELTAT

CCMMON IGAS; ISADsJsKoKKyKURVEL yKURVE2,KURVE3,KURVES 4LF M, MF,M¥,N, N
1F,LLC,DENSGO,VELOyKPy KPP, KFLHI,LCORN
CCMMON ALPHA,BS,CSALP,CURVEL1CURVEZ,CURVE3CURVE4,CURVESCX0+0PHI,
1CT,0OX,0Y, EINF, ENERS,EPST, GAMM, GAMMA,PINF ,PNIN,RHC,RS, SNALP,SND, X0,
ZYREFG,YREF1,YREF2,YREF3,YREF4

CCMMCN A1(17+6+9)9A2017+649)4A3(17,64+6),24017,649),A5(17,6,9),HIL1T
11649) yP174699)yR{I1T79619)5UC179649)4VI17+696)yW(1746,9),C1A017+3,9
21,C2A(17,3,9)+C3A(17,3+9),C4A017,3,9),C58(17,3,9),C1A0(4,3,9),C2A0
2(493,9),C3A0(4,2+9),C4A0(4,3,3),C5A0(4,3,6)

COMMON C1A{17,3),D2A017+3),03A(1742),04A(17,3),05A{17,3),CURV2(17}
1, THETAL17)9RREF(17) 4 XREF(17) s YREF(17+49)4PYBPX{1749) PYBPPE(17,91,0
ZELTA(24517+9)+PDPT(2417+9) +PDPX(2917+9)+PDPPH{2,17,9)

COMMON AAA(S5,5) ,AAB(5),BLA(3)4B2A(3),B3A(3),B4A(3),B5A(3},RRXF(5),
1XRXF (S5} 4CT, TIME, IYREFO,IYREF1sIYREF2,IYREF2,IYREF4
CCMMCN/ERRCR/ER(121,8LK{12)

FORMAT(#* SUBRCLTINE DELTAT #*,1A6,4I5/{8E16.8))

ISND=1
CT1=190.

00 7 M=1,¥F

AN=M ’

Y={AM-1,)*0Y

LiLc=1

L0 6 N=1,NF

CO 5 L=LLOsLF

FO=Y*DELTA(1+L,N)~-YREF(L,N)

IF(MaEQe1sANDsLoGToLCORNc ANDoLoLToLHI)GO TC 5

LP=L

IF(MeEQe 1o ANDW Lo EQeLCCRNILP=L-1

ALAMB=1,+CURV2(LP)*FQ

Fl=(Y2POPX{1,L,N}+PYRDPX(L ,N}}/ALAMR

£S1=ALAMB*DX

TF(L.EQ.1)GO TC 3

RAD=RREF(L}+FC*SIN{THETA(L))

F2={Y*#PDPPHI1,L,N)+PYBPPHIL,N) }/RAD

CS2=RAD*DPHI

CO 10 4

F2=0.
€52=100.

CC=SQRT(F1#*%24F2%%2)

F3=SQRT (4, +CC**2)

CT1=14/SQRT{1,+,5%CC*(CC+F3))

CS=DELTA(1,4L,N)*DY

IF(DS1.LT,DS)DS=DS1

IF{DS2.,LT.DS)DS=0S2

ENERS=H(L yMyNI—(PIL M NI+ SR {ULL MyNIER24VIL, MaNIEH24W (L g My NI %%2) /
IR(L,MyN))/R(L¥yN)

RHC=R{L yM4N)

CALL GAS

DENOM=SQRT(U(L My NI2¥k2+V L M, NI 2¥24W (L M NIRE2)}/R(L 4My,N)+SND
IF(DENCMeGTo 14E~12)G0 VO 40

FRINT 900,BLK{1)sKsL,M,N,FC,ALAMB,DELTAL]),L,N),RAD,DX,DY,DPHI,DSL,
1CS2¢DS4CCHENERS,RHC»SND

K=K-1

CALL RESULT

ST0P C5C1

€T2=1./DENCM

CT1=CT#CT1*CT2%DS -

TF(DT14LT.DTIDT=DT]

CCNTIANUE

LLC=2

CCNTINUE

CCNTINUE

TIME=TINE+DT

RETURN

END
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SUBRCUTINE GAS

CCMMON TGAS+TSNDyJsKoKKyKURVEL yKURVEZ s KURVE 3, KURVE4 o LF oMy MFy MM, N, N
1F LLO,DENSO(VELG +KP KPP (K F ¢LHI 4LCCRN

CCMMEN ALPHA,BS,CSALP,CURVEL,CURVE2,CURVE3,CURVE4,CURVES 4CX0,0PHI ,
1CT DXy DY, EINF o ENERSyEPSE, GAMY , GANNA, PINF, FNINy RHC (R Sy SNALP , SND X0 o
2YREFC,YREF1,YREF2,YREF3,YREF4

COMMCN A1017,645)5A2(17+6+9) 1A3L17,6,9)484(17+649) 4 AS(174659) 4H(1T
106091 sPL1Tv659)sRI1T46+9) dUILT 4649} ,VI174649) 3W(174659),C1ALL17¢3,9
Z)+C2A01743,9)4C3A(17,3,9) ,C4A(17,3,9),C54(1743,91,C1A04,349),C2A0
3(493+9) +C3A0(443,9),C4A004,3,9) 4C5A0(4¢349)

CCMMUN £1A017,43),02A(17,31,03A017,2),D4A017,3) ,05A( 1743) 4CURV2(1T)
1, THETACLT) JRREF(1T) o XREF( 170, YREF (17491, PYBPX(1749) ,PYBPPH(17,9) 4D
ZELTA(241749) 4 PLPTUI241749) ¢PDPXI2,17,5) PLPPHI2,17,9)

COMMON AAA(S,5),AAB(5),B1A(3).,B2A(31,83A(2),B4A(3),B5A(3) ,RRXF{5),
1XRXF{5) 4CT,TIME,IYREFQ, IYREF 1, IYREF2,IYRFF3,1YREF4

CCMVCN/ERROR/ER(12},BLK(12)

TF(IGAS.GT.01G6C TO 2

IF{ISND.EQ.0}GO TO 101

GAME=0,

GAMR=0.,

co TC 100

IF(IGAS.GT.1)6C TO 7
RHO=ABS (RHO)

Y2=ALCG10 (RHCXDENSD/1.292)

73=ABS{ENERS)

72=ALOG10(Z3*VELO*%*2/78400. )

IF(22.6T..8C1)60 TO 3

GAMM=1,405

TFCESADLEC.0)GC TO 101
GAME=0,

GAMR=0.

G0 TO 1C0

1F(22.67,2.316C TO §

TESTY2=(3,255-2.278%22)/( 1o=822%22)

IF(Y2.6T.TESTY2)GO TO 4

GAS1=1,637~,04064%Y2

€AS2=,2175~,0332%Y2

CAS3=,1266-,03E6%Y2

CAS4=,0833-,0248%Y2
GAS5=00404=-0 0332472

CAS6=.0366—,0248%12

CAST=EXP(~1843%22+.586%Y2+35,57)

CAS8=-1€.3
GAS9=45C3
G0 TC 6

CAMM=1, 5055~ 1255%72

TFCISNDLEQ.,0)GC TO 101

CAME=-, 2892

GAMR=0,

G0 TC 100

GAS1=1,5004~,0038*Y2

CAS2=61342~,CL84%*Y2

GAS3=,3274+,0C81%*Y2

CAS4=41342+,0016%Y2

CAS5=,0C38-,0CE4%22
CASH6==(,0091-4CC16%*72)

GAST=EXP(=15, E5%Z2+,507%Y2442,91)
CAS8=-15,85

CAS9=,5C7

CAS1C=1./(1,+GAST)
CAMM=GAS1-GAS2%22-(GAS3-GAS4*72)%CAS10
TF{ISNDL.EQ.CIGO TO 101
CAS11=(CAS3~CGAS4*72)*GASTHCAS10%*%2
CGAME=2, 304%(~GAS2+GAS4*GAS1C+GAS11*GAS8)
CAMR=2,304%{~CAS54GAS6*GAS10+GAS11%GASY)
G0 70 100

€0 10 101

SNDSQ=ENERS*( (GAMM=-1,)*{GAVM+GAME) 4GAMR }
SND=SQRT{ABS{ SNDSQ))

FETURN

END
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+

SUBROUTINE PDE
COMMON TGASy ISNDyJeK KK KURVEL yKURVE 2 s KURVE 3, KURVES yLF oMy MF (MM, N4 N
1F ,LLO,DENSO,VELC ,KP KPP {KF ,LHI ,LCOFN
COMMON  ALPHA,BS,CSALP ,CURVEL,CURVE2,CURVE3,CURVE4 ,CURVES ,CX0,DPHI,
10T DX LY 4 EINF  ENERS , EPST, GAMM, CAMMA, P INF,PMIN, RHC,R Sy SNALP, SND , XD,
ZYREFO,YREF1,YREF2,YREF3,YREF4

COMMON A1(174655)582017964G)12A3(17+6+5),A4017,6,5)2A5(17,6,9),H(17
196990 4PULT4649) sR(1746,9) pUL1796,9)3VI1746359) sW(1746,9),C1A(17,3,9
Z1,C2A0174399)9C3A017,259) ,C4A017,3,9) ,C52(1743,9),C1A0(4,3,9),C240
2(493,9) ,C3A0(493,9),C4A004,3,9),C5A0(4,3,5)

CCMMON T1A(17,2),D28017,3),D3A117,21,C4A117,3),05A117,3) ,CURV2(1T)
14 THETA(L7),RREF(17 Y, XREF( 17}, YREF(17,9),PYBPX{ 1749} PYBPPH( 17,5} 4D
ZELTA(2+17,9) ,PCPT(2,17,9) 4POPX(2,17+9),PEPFH(2,17,9)

COMMON AAA(5,5),AAB(5),81A(3),B2A(2),B3A(3),B4A(3),B5A(3),RRXF(5),
IXRXF (5) CTyTIME, IVREFCs IYREF L, IYREF2, IYREF3, [YREF4

CCMMGN/ERROR/ER(12) ,8LK(12)

aN=p

PHI=0,

ISND=0

KKK=3-KK

LLC=1

11=2

N=NF

Fl=—1,

£O 33 N=1,NF

CALL D

IKURV=0

pC 32 L=LLO,LF

TF(M.EQeleANDoLoGToLCORNGAND WL LTJLHIIGO TC 32

E17=1.

IKURVL=TKURV

IF (Lo NEoKURVEL oAND oL oNE (KURVE2 o AND oL o NEo KURVE 34 AND4 Lo NEo KURVE4 GO
170 2 :

IKURV=1

IF{MNEo1)60 TC 102

ISND=1

FHO=R{L oM, N)

ENERS=HIL ¢MoN )= (P LMo NI+ o 5HLUEL y Mo NIRH24Y (Lo Mo NI ZE24W (L oMo N) %22} /
IR(L,MyNDI/R(L VM oN)

CALL GAS

ISND=0

CHECK9=ULL 4 My NI/ (R (L My N) #SND)

IF(L.EQ.LCORNIGE TO $9
CHECK8=CURV2({L-1)-CURV2(L)
IF(CHECK946Ta 1o AND, CHECKE,GTo0. 1GC TC 100
IF(CHECK94LTa=1+sAND,CHECKB8oLTo 04160 TO 1C1
IF(IYREFQLNE.0)GO TC 102

IKURY=-1

€C To 3

IF(CHECK94LTo1.)F17=0,

IKURY=3

GC TC 3

IKURV=4

GO TO 3

CHECK={CURY2 (L~1)-CURV2 (L) )% ((AM=1,1*CY*CELTA(KK, Lo N)-YREF(L,N})
IF(CHECKaLT.C.)G0 TO 3

TKURV=2

€O TO 2

IKURV=0

CO 12 I=1,3

IF(M.FQoloAND,LoEQ.LHIIGD TO 4C
IF({LoNEoLLO.ANDs TeECo 2 AND4 IKURVLLNE, 1160 TC 10
TF(T.EQe3,AND4LeEQ.LFIGO TC il
T1F(L.EQaleANT. I,EQe1)G0 TC 4
TF{LaNESLLO.ANDeIoEQalo.ANDL IKURV.NEL21G0 TC 10
h1=N

Fl=1,

Ll=t+[-2

IF(MyECe1oANCLLoEQ.LCORN. ANDs1.EQ.31G0 YO 12
TF({IKURVeEQe 1o AND e ToEQe3 ) olRe [IKURV.EQe 2, ANDL[.EQs 11160 TO 5
BLA{T)}=F1*U(L1,MyN1}
B2ALI)1=P(LL,¥,N1)+U(LL, My N1I2#*2/R(LLyM,N1)
B3A(T)=BLA(T)#VIL1,M,N1}/R(LL1,¥,N1}
BAACTYI=BLALTISW{L 1, My, NL)/R{L L, M, NYY
BSA(I)=BlA(T)*H(L1,¥,N1)

€0 1O 12
F201={AM=1,)%CY*DELTA(KK, Ly N1)=YREF{LN1)
ALAMP=1,+CURV2(L)¥F201

Le=L-1

ALAMM=144CURV2(LQ) #F201

LG=L+2-1

IF(I.ECe1)GC TC 6

F4=ALANM/ALAND

¢c 10 7

F4=ALAMF/ALAMM



T IF{F4,.GTols)F4=10

192

11

12

16

F4=2,%F&4/{1ls+F4)

FS=1.~F¢

THETAA=2, *THETA(L)-THETA(L1)-THETA(LG)
THETAB=2,*(THETA(L)}-THETA(LG))

IF{I.EQ.1)G0 TO 8

RNEW=R{L1,MyN1)

UNEW=U(LL, My N1}*COS{THETAA)-V(L! M,N1)XSTN{THETAA}
VNEW=U(LT +M,NLI*SINCTHETAA)+V(L) M N1 )*COS{THETAA)
WNEW=k{L1,M,N1)

FAEH=P{L1,M,N1)

HNEW=H(L1,M,N1}
UCLD=UOLD1*COS(THETAB)-VOLD1+SIN{THETAB)
VOLD=UOLD1*SIN(THETAB)+VOLDL*COS{THETAB)

€0 76 ¢

ENFW=ROLD
UNEW=UOLD1*CCS{THETAA)-VOLDL*SIN(THETAA)
VNEW=UDLD1*STN{THETAA}+VOLD1*#COS(THETAA}

WNEW=WOLD

FNEW=POLD

HNEW=+OLD

RCLD=R(LG+M,N1)

UOLD=U{LG My N1)#COS{THETAB)}-VILG4M,N1)*SIN(THETASB)
VOLD=U{LG My NLI*SINITHETAB) +VILG4M,N1I*CCS{THETAB}
WOLD=W{LGyM,N1)

FCLD=P(LG,M,N1)

FOLD=H{LG+M,N1)

E1AUT }=F4*UNEW+FS*UDLD
B2A(I)=F4*({PNEW+UNEW#%2 /RNEW ) +FS* (POLD+UCLC##2/R0OLD)
B3ALT )=F4*UNEW*VNEW/RNEW+F5#UQLD*VCLD/RCLD

B4ALI }=FARUNEWEWNEW /RNEW+F5*%UOLD*#WGCLD/ROLD
B5A(1)1=F4*UNEWKHNEW+FS*UDLD*+OLD

¢C 10 12

1G=1+1

B1A{I)=BlA(IG)

B2AL{T1)1=E2A(1¢€)

BE3A(I)=B3A(IG)

B4A(TI)1=B4A(IG)

BSA(T)=B5A(1IG)

GG 10 12

E1A(3)=2.%#B1A(2)-81A(1)

B2A(3)=Z.%*B2A(2}-B2A (1)

B3A(3)=2,%B3A(2)-B3A(1)

B4A(2)=2, #B4A(2)-B4A(1)
ESA(3)=2,*B5A(Z)-85A(1)
CCNTINUE
TF(L1oNESKURVE14AND 4 L1oNE o KURVE22AND oL 1o NELKURVE3,ANDaL] s NEo KURVES
1)GC TC 13

RCLD=R{LyMyN)
UCLD1=U{L My N)
YOLD1=V(LyMsN}
WOLD=WiL,M,N)
FCLD=P{L,M,N}
FCLD=H{L My N)

rFé=.5/0X

IF(IKURV4GEo3)F6=24*F6

IFUIKURV.EQa-11G0 TO 240

F7=F6

TF{LaEQel1oAND, IYREF1.NELO)F6=1./0X

ITH=3 :

TFIIKURV.ECe3) TH=2

=1

IF(IKURV.EQa4 ) IL=2

CIFBLl=F6*{B1A(IH)~-B1A(IL))

CIFB2=F7*(B2A(IF)-B2A(IL))

DIFB3=Fo*{B3A(IF)~B3A(IL))

CIFB4=F7*(B4A(IF)-B4A(IL)}

CIFBS=F&6*(BSA(TIRI-B5A(IL)?

IF{LoNEe1oOReNF4LEL2)GO TC 17

M11=NF-1

DIFBL=DIFBL+FT*{W(2,M,2)-W(2,M,N11))/DPHI
CIFB2=DIFB24FTH(U(2,M 1) %%2/R(2, My 1) -U(2,V,NFIFE2/R(2, My NFI+{U(2,M
192V%W{29My2)/R(2,My2)+U(2yFyN1T)*W(2,MyN11}/R(2,MyN11))/DPHI)
CIFB3=DIFB3+FT#(V(2,My2)*Nh(2yMy2) /R{24My2)-V(2,M,N12)*W(2,MyN11)/R
1(24MyN11))/DPHI ’
CIFBS=DIFBS+FTH{W(2,M,2)%H(2,M42)-W{24M,N11)*H(2,MyN11))/DPHI
TF{F170GTaelcORNFLLEL2)GC TC 17

LAX=L-1

ALAX=1,-CURV2 (LAX)*YREF(L,N)
RLAX=RREF(L)=YREF{LyN)*SIN(THETA(L))

WLAX=W(LyMyN}/RI{LyMyN)

ULAX=U(Ly¥yN}/RIL4MyN)

CIFW=WLAX*( (WLAX*(D1A(Ls3)~D1A(L 1V)-CAACL 31 4D4A{L 41} )}/ (2. %DPHI*A
ILAX*ULAX)-WLAX*COS{THETA(L)}/RLAX)

CIFBl=DIFBI+DIFW/ULAX

CIFB2=DIFB2+42.#DIFW

317



17

CIFBS=DIFBS+CIFWHH{L ;M,N) /ULAX
F8=05/{DY*DEL TA(KK,LsN))
IF{M.EQ.1)F8=2,%F8

IH=3

IF(M.EQal}IH=2

It=1

23 TF(IKURV.EQel.0Re IKURV.EQ.3)G0 TO 21

21

22

23

24

243

38

CIFC1=FB8*%(CLA(LsTH,N}-CL1A(L,IL,N})
CIFC2=F8%(C2A(L,TH,N)I-C2A (L, ILsN))
CIFC3=F8%{C3A(L,THyN)~C3A{L,ILN))
CIFC4=FB*(C4A{LyTH,N}-CAA(L,IL,N)}
DIFCS5=FE8* (CSA(L,IH,NI-CSA(L,IL,N})
F9=,5/DPHI ’

F10=F9

GC TO 22

IF(L.EQ.KURVELYJJI=1

TF{L. EC.KURVE2)JJJ=2
IFILEQ.KURVE2)JIJ=3

IF(Ls EC.KURVE4LDIJJI=4
DIFCL=FE*(CL1AC{JJI s TH,NI-CLAC(JJIJI,IL,N))
CIFC2=FB%{C2ACIJIIy THyN)-C2A0{JJJ s ILyN)}
CIFC3=FE*{C3AC(JJIs I+ ,NI=C3AC(IIJ, IL,N))
CIFC4=FB({C4ACIJII»THNI-CAAD(IIIsILsND)
CIFC5=FB8*(C5ACIJJJ IHyNI-CSAQLIJIy IL NI}
IF(MEQs1oANCoLoEQ.LCCRNIGC TC 22
IF(NFoLE.2)GC YO 22

LMi=L-1

AM1=N~-1

AP1=N+1

IF{N.EQs1)NM]1=2

IF{N.EQ.NF)INP1=NF-1

Y=({AM=1,)*DY

F9=, 5% (14 +CURV2{LAL)I*(YEDELTA{KK L, NPL}-YREF(L NP1} )/ ({1.+CURVZIL
1)%(Y#DELTA(KK, L NPL)=YREF{L,NP1}})#DPHT}
FL0= 5% {1, +CURV2ILMLI*(YRDELTA(KK,LoNF1I-YREF(L,NML 1))/ (1. +CURV2Y
1L )*(Y*DELTA(KK,L,NML)-YREF (L NM1))} })*0PHI)
CIFD1=F9*D1A(L,3)-F10*D1A{L,1}
CIFD2=FS*D2A{L+3}-F10*D2A(L,1)
CIFD3=F9*L3A(L,3)-F10%D3A(L, 1)
CIFD4=FS*¥D4A(L,3)}-F10%D4A(L,y1)
EIFD5=F9*L5A(L,3)1-F10%05A(L,1}
IF{TKURV,EQe.-1)G0 TC 241

Y=(AM=1,)*DY

Le=L

IF(IKURVoEQe1oCRe IKURV.EQ42)LQ=L~-1

F14=CURV2(LQ)

ALAMB=1o+F14* {Y*DELTA(KK, Ly N)=YREF{L,N)}
RAD=RREF(L)+{Y2DELTA(KK,L ¢+ N)-YREF{L,N) ) RSIN{THETA(L))
IF(LeECo1e0R. IYREF1,EQ.0)CGL TO 23
F11=ALAMB*PDPPHI{KK,L,N)/RAD

F12=ALAVB*CCS (TRETA(L))/RAC

F13=ALAMB*SIN(THETA(L))/RAD

€0 TO0 24

f1ll1=0.

F12=0,.

F13=F14

IF(IYREF1.EQsC)F13=Q,

E1=(POPT(KK L +y NI RALAMBAR(L sMoN)I+PDPXIKK, L, NI RULL M, N) ¢F1 1RH(L s M,N)
1) /DELTA(KK, Lo NI#FL12%UIL M, NI +F13%VIL,M,N)
E2=({EL+F14*VIL My NI IRULL gy Mo NI =FL2%WIL M N)X%2) /RIL 4MsN)+PDPX(KK, L
TyN %P (L ,M,N)/DELTA(KK,L,N}

E3={EL1*VIL My NI=F13%FW(L yMyNIFKR2=FLLRU(L )My NI #X2) /R(Ly My N)=FL4XP(L,
1¥4N) -

F4=(E1+F12%UIL My NI4FLI3AV LMy N) IR (L s My N} /RIL My N} 4FL11*P(L,MyN}/D
1ELTA(KK L 4N)

ES=E1#H(L ¢yMyNI-PDPTUIKKyLo N} *ALAMBXP(L My N) /CELTAIKK L 4N}
CC 10 242

ALAMR=1,

LJ=L~-1

ALAMM=] o—CURV2(LJ) *YREF{L,N)

ALANP=1,-CURV2{L)*YREF{L,N)
CIFBl=F6#x{{(BLA(3)-81A(2))/ALAMP+IBLA(2)-B1A(]1))/ALAMM)
CIFB2=F6*((RB2A(3)-B2A(2})/ALAMP+(BZA(2)~B2A(1)) /ALAMM)
CIFB4=F 6% [(B4A(3)-B4A(2)) /ALAMP+(B4A(2)-B4A (1)) /ALAMM)
CIFAS=F6*((BSA(3)-BSA(2)) /ALAMP+(REA(2)-ESA(L))/ALAMM)
FB8=C3A(L 424NV /{DY*DELTA(KK,L,N))

CIFC1=R{L,M,N}%F8

CIFC2=U{L,M,NI*F8

CIFC4=W{L M, N)%*F8

CIFCS=DIFCI*H{L . M,N)

F9=,5/{CPHI*ALAMP)

Fl10=FS

€8 TC 22

FAD=RREF(LI-YREF(L 4NI*SIN(THETA(L})
F37=COS(THETA(L)}/RAD

TFUIYREFLL.EC.D)F3N=0,



EL=F37%U{L,M,N)

E2=F305 (UL oMy NIERX2—W (L My N)*¥2} JR(L,MyN}
E4=2a #F 0% UL 4 Mo NIERNLLy Mg NI /RIL My N}
ES=E1RH (L, MyN}

242 IF(KK.EC,2)GC TC 25
A10=ALAMBER (L ,M,N)

PRT=ALANBRULL s ¥4 N)
A30=ALAMBHVIL ¥ yN)
B4C=ALAMBRW L yM,N)
ASC=A10*H{L s My NI ~ALAMBZP{L,M,N}
co 10 26

25 ALC=ALAMB*ALIL,¥,N)
A20=ALAMB*A2(L yM,N)
A3C=ALANB*A3(L,M,N}
A4D=ALAMBEAG (L, My N)
AS0=ALAMBXAS{L My N)

26 ALAMA=1,4CURVZILQ)*{YEDELTA(KKK,L ,NI=-YREF(L,N})
IF{IKURVeEQe=1)ALAMB=1.
RILsMyNISLALC~CT#{DIFBL+F 17 (DIFCL4DIFOI4E1))) JALAMB
L{LyMyNI=(A2C~CT*(DIFB2+F L7#(CIFC2+4DIFN24E21 1) 7ALAMB
WLyMyN)=(AL0~-DT*(DIFB4+DIFC4+DIFD4+E4) ) /ALAMB
IF{M,EQs1)GC TC 27
VIL M N)={A30-CT*(DIFB34D [FC34DTFC2+E} ) /ALAMR
GO TO 30

27 F15=PYBPX(L,N)/ALANB
IF({L.EQ.1)60 TC 28
F16=PYBPPH{L,N})/RAD
GO TO 29

28 F16=0,

29 VILsMyNI=F15%U(L s My N} +FL6#W{L P, N)

30 ENERT=({AS0-DT*(DIFBS+F1 74 (DIFECS+DIFNS+ES I I/(RIL M, NIZALAMBY
ENERS=ERERT=a5#{U Ly My NIXR24V (L Mo N)H224W (L Mg NIEK2 ) /R{L oMy N) %2
IF{IGAS.EQe 0o ANDe (Mo NEa 1o CRs Lo NE4LCORN}YIGC TO 31
ISND=1
RHO=R (L yM,N)

CALL GAS

1SND=0

IF{MsNEo140Rs Lo NELLCORNIGE TQ 21
CAMOO=GAMM
BETASQ={ULL M +NI/IRIL )My NYRSND) D 5%2-1,

31 PLLsMNI=(GAMM-1, Y XENERS*R{L ,M,N)}
FALoMyNI=ENERTHPIL, My NI /R (LM, N)
IF{MsNEoleMRsLeNEaLHIIGC TC 32

LHIVI=LHI~1
ALAMBL=14~CURVZ(LHIMI}*YREF(LHIM1,N)
F17=PYBPX{LHINM1,N)/ALAMBL
F18=14 /SQRT{ Lo 4F17%%2)
THRETAB=ATAN(F17)
F19=SQRT((GAMOC+]1, )}/ (GAMOG=-1.}}
TF{BETASQ.LT.1.E~09)G0 TO 210
F20=SQRTIBETASQ)
F21=F20/F19
ANU=F19*ATAN(F21)-ATAN(F20)
cQ 10 211

318 ANU=0.

311 AMLHI=2,/{{GAMO0-14 )*(THETA{LCORN)}~THETA(LHIM1)+THE TAB+(F19=-1, %1,

17CT7964-ANWY)
EXPF=1,/{GAMGO~1.)
F22=24 % (GAMOC-1o ) *¥H{LCORNyMsN}/ {2, 4 (GAMOC-1, ) AMLHI #%2)
F23=(F22*R{LCORNyMyN)/{GAVCO*P{LCCRN,¥,N) ) )*#*EXPF
ROLHIML yM,;N)I=R{LCORN, M, N) *F23
FALHINMY yMeN)=P{LCORN, ¥ 4N} *F23%%GANCO
FOLHIML My N)=H{LCORN,M,N}
L{LHIML yM,N)=F18%SQRT(F22 ) *ANLHIS*R(LHIML ¥, N}
VILHIML yMyNI=F1THU{LHIML, MyN)
WILHIMY M N)=HW(LCORN, My N) 2F23

32 CONTINUE
LL0=2
IF(N.FQe1)GC TO 33
PHI=PHI+DPHI
FI1yMyN)=R(14M,s1)
L14M,N)I=U(]1 oM, 1)%CCS(PHI}
VIIgMyN}=V(1eM,1)
W{1yMeN)==U(1sMyTI%SIN(PHT)
Pl1sMyN)=P(14M,1})
L1, M,NY=E(1,M,1)

33 CONTINLE
RETURN
FND

39



SUBRNUTINE RESULT
COMMON IGASy ISNDsJyK KK KURVEL yKURVEZKURVE 2y KURVESG (LF , M, MF, MMyNo N
1F LLO,DENSO¢VELC 4KP KPP ,KF4LHI,LCCEN
CAMMON ALPHA,8S,CSALP,CURVEL,CURVE2,CURVE3,CURVE4,CURVES5 ,CX0,DPHI,
1CT,DX DY, EINF, ENERSyEPS T, CAMM, GAMMA, PINF PV INyRHCyR Sy SNALP ySND ¢ X0y
© ZYREFO,YREF1,YREF2,YREF3,YREF4
CCMMCN AL{1746,G1¢A2017964S)4A3117965919A40174645)2A5(1746,9)4H(17
15659 4PULT9649V4,R{LT 1699 3U(17+6+9)2V(1T7 4649} ,W{1746,9),CLA(L1743,9
Z)eC2R01 753450 ,C3A01743,49),C4A(17+2+9),058117,3,9},C1A0(4,3,9),C2A0
21443,9),C3AC14,3,9),C4A0(443+514C5A0(4,4345) .
CCVMMEN C1A{17,3),D2A017,3),C3A(17,3)404A(17,3),D5A017,3),CURV2(1T)
1, THETALL17 )4 RREFILITYy XREF(1T),YREF(1T+5),PYBPXI1749) +PYBPPH(1T,9),D
ZFLTA(2,1749) 4 PDPT(2+17,9),POPX{2,417,91,PCPPH(2+17,9)
COMMON AAA(5,5),AAB(5),B1A(3),B82A(3),B3A(3),84A(3),85A13),RRXF(5),
1XRXF(5) yCTyTIME,IYREFO, IYREF1, IYREF2, IVREF2, [YREF4
CCMMCN/ERROR/ER(12)48LK(12)
CCMMON/ BLOCK 1/KPC
9n7) FORMAT(* GRICH*//4H LF=13,2X3PMF=13,2X3HNF=12//
14K DX=E16.8,2X3HDY=E164 84 2XS5HDPHI=E1648/7/
2% REFFRENCE~SURFACE PRNFILE®//
IEH KURVEL=13, 2XTHKURVE2=13,2XTHKURVE3=13 4 2XTHKURVFE4=13//
48H CURVELI=E16,8y2XTHCURVE2=E1648+2X THCURVE 2=E 164 8¢ 2XTHCURVE4=E1648
€y 2XTHCURVES=F16.8/)
971 FORMAT(3H L=I3,2X9HTHETA(L)=E16, 8,2XIHCURVZ (L }=E16e 8+2XBHXREF({L)=E
11648, ZXBHRREF (L1=E164.8)
992 FORMAT(//* BCDY SURFACE®//7H YREFC=E1648,2XEHYREF1=EL64.8y 2X6HYREF2
1=E164 8, 2X6HYREF3I=E16484 2X6HYREF4=F 16,8/)
993 FCRMAT(3H L=13,2X2HN=13,2XI0OFYREFIL,N)=E1648, 2X11HPYBPXIL,N}=E16,8
1,2X12HPYBPPHIL \N)=E164.8)
94 FCRMAT(//% INITIAL SHOCK*//
140 RS=E16.8,2X3HBS=E 1648y 2XIHXC=E16,8,2X4HCXO=EL16,8///
2* CAS MODEL PARAMETERS*//6H IGAS=If//
17H DENSC=E1648,2XS5HVELD=E164877/
4% NCNDIMENSICONAL FLIGHT CONDITICNS®//
STH GAMMA=EL6.8+2X5HGAMM=E 16,8, 2X5hP INF=E1€ 48+ 2X6HALPHA=E 648/ //
&% PRINTING AND CUTOFF PARAMETERS*//
TEH KPO=15,2X4HKPP=15,2X3RKF=15///
8 CCMPUTATIONAL PARAMETERS#//#* 1YREFO=%,13//
G4H CT=E1l648,2XSHEPSTI=EL64B42X5HPMIN=EL6,8//7/)
905 FLRMAT(415,6E1648/(20X6E16.8))
306 FCRMAT{20X%6E1648)
907 FCRMATLY)

908 FORMAT{4X1HK+ 4XIHL 14 X1HM, 4XIHN, TX2HUN, 14 X2HVN, 14X 2HWN, 13 X3HRHO, 11X
LBHP (L oMy N 15 8XBHHIL ¢ MyN}/26X3HPHI , 12X3HRAD y 13X3HXAD, 12X4HGAMM, 11X6H
ZENTROP, 11XSHAMACH/ 22X 1ZHDELTA{1 Ly N 4XLIHPEPT{L,LoN1, 5X11HPDPX( 1,
3L,N) 4 SX12KPDPPRIL, LN}/ 7/ /)

909 FORMAT(* TIME=%,E16.8///}

91) FORMAT(BH LYREF2=13,2XTHIYREF3=13,2XTHIYREF4=13//)

911 FORNAT(//% TYPE OF FLOW®/ /# [YREF1=#,13//)

912 FCRMATL//)

913 FORMATUIM1//)

914 FORMAT(3H L=15,2XZHN=15,2X13FDELTA(L L NI1=E 160 B, 2X4HRAD=E 16, 8, 2X4H
1¥AD=£16.8)

PRINT 913
ALPHAD=ALPHA%57,25577951
TRIK.6T.01G0 TC 3 00000568
FRINT 911,IYREF]
PRINT 9GO ,LF ,MFoNF,DX DY, DPHI s KURVEL JKURVE 2, KURVE3 ,KURVE4 ;CURVEL,C
1URVE2, CURVE3, CURVE4, CURVE S
LHIN1=LHI-]
€0 1 L=1,LF
THETAD=THETA(L)*57,25577951
L PRINT 9C1,L, THETAC,CURVZIL) 4XREF (L) RREF (L}
PRINT 902,YREFQ,YREF1,YREF2,YREF3,YREF,
FRINT 910,[YREF2, IYREF3,IYREFS
TO 21 N=1,NF
£0 2 L=1,LF
2 PRINT 903,L 4N, YREF(L,N) ,PYBPX{Ly N} 4PYBPPHIL,N)
FRINT 9C7
2¢ CONTINUE
PRINT 9G4 ¢RSsBSsX0sCXBy IGAS,CENSCyVELT,GAMNA,GAMN, PINF ) ALPHAD 1 KPO,
1KPPKFy [YREFC ,CT,EPST, PHIN
FRINT 913
IF{K.EQ.01GE TC 3
LO 32 N=1,NF
U0 30 L=1,LF
FL=DELTA{L 4L\ NI=YREF (L, N}
PAC=RREF({L}+FLSIN(TFETA(L)}
XAD=XREF(LI+FLACOS(THETA(L )}
32 PRINT 914,L,N,DELTACL,L,N),RAC,XAD
/ RETURN
i 3 FRINT 909,TIME
! FRINT 9C8
[0 6 N=14NF
o AN=N

j
|
!
|
,
|
!
,
|
{
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PHI=57,2957795 1% ( AN~1. ) ¥DPHI
CO 5 ¥=1.MF
AM=M
DO 4 L=1,LF
IF{MaEQs 10 ANDo Lo GTeLCORNs ANDoLLTALHINIIGC TC 4
Fl=(AM=1, )*DY*DELTA(L,L,N)-YREF(L,N}
RAD=RREF{L)+F1#SIN(THRETA(L)}
XAD=XREF({L)+F1#COS(THETA(L))
UN=U(L ¥y NI/R(L,M,N}
VN=V{Ls¥,N) /R{L,M,N}
WN=WILs¥s N)/RILyMoN)
ISND=1
REO=R{L sM,N}
F2=UN#¥ 2+ VN¥ 2 2 +4WN**2 .
ENERS=H (L sMsN)=PLLsNyN)/R{LyMyN) -0 5%F2
CALL GAS
AMACH=SQRTI{F2 ) /SND
ERNTROP=P{L My N)ZABS(R{L yMoN) I XRGAMYV
PRINT 905 ,KsL g MaNoUNJ VN, WNyRHOGP (L MR H(L My N) ,PHI,RAD, XAD,GAMM,
1ENTRQOP , AMACH
IF{M. EQaMFIPRINT G06,DELTALL,L+N}-PDPT(1,L,N},POPX{1,L,N),PDPPH(],
1L,4N)
4 CCOATINUE
IF(M NELMFIPRINT 907
5 CONTINUE
FEINT 912
6 CCNTINUE
RETURN
END



SUBROUTINE SKOCK

COMMGN TGAS, ISNDsJ KKK KURVEL yKURVE2yKURVE 2, KURVE4 4 LF 4 My MF ,MM N, N
1F 4y LLIyDENSOyVELOyKP ¢ KPP 4KFoLHI,LCCFN

COMMON ALPHA,BS,CSALP,CURVE],CURVE2,CURVE3,CURVE4,CURVES ,CXO4DPHI,

. ICT DX +DYEINF,ENERS,EPS T, GANY, CAMMA, PINF, PV IN,AHO,RS,SNALP,SND X0,

909

41
42

45

46

47

48

2YREFO,YREF1,YREF2,YREF3,YREF4

COMMEN A1(1796+9)9sA2(1746,9)9A3(17,6,5)9A84(17,649),A5017,649),H(1T
19699) 9PU1T79659)sR{1T4649) sUL17464¢91,VI1746591,R(174649),C1A(17,3,9
219C2A(179399)4C3A017,:3,9) ,L4A017+3,9)+C5A(1743,9),C1A0(4,3,9),C2A0
3(493,5)9C3A0(443+9)+C480(41399),C50004+3,9%)

COMMON D1A(17,3),02A(17,3),03A(17,3),D04A(17+3),D5A(17,3),CURV2(1LT}
1sTHETA{1T7),RREF(17),XREF( 17}, YREF{17,5),PYBPX( 17,9} ,PYBPPH(17,9),D
ZELTA(Z241749) 4PCPT(2417+9) 4PDPX{2+17+9)yPCPPH(2,17,91)

COMMON AAA(5,5),AAB(5),B1A(3),B2A(2),B3A(3),B4A(3),B5A(3),RRXF(5),
1XRXF{5) ,CT,7T IME, IYREFC, IYREFL1, IYREF2, IYREF 2, [YREF4
CCMMON/ERROR/ER(12) ,BLK(12)

FORMAT (% SUBRNUTINE SHOCK #*,1A6,415/(B8E1¢a8))

KKK=3~KK

ISND=1

M=MF .

MN1=M~]

NM2=M~2

LLO=1

CO 66 N=1,NF

CC 65 L=LL0,LF

IFILoNEGKURVE L o ANDo Lo NEoKURVE24ANDs Lo REoKURVE3 . ANDo Lo NEL KURVES 16O
1TC 41

IKURV=1
CRECK=(CURV2(L-11-CURV2(L) )} *(DELTA(KK Ly N)-YREF(L,N))

IF{CHECK LT404)G0 TC 42

IKURV=2

GO TQ 42

TKURV=0 -

ALAMB=14+CURV2ULL I *{DELTALKK,L N ~YREF(L,N))

SNTHE=SIN(THETA{L})

CSTHE=CCS(THETA(L))

FAC=RREF(L)+(CELTA(KK, L yNI-YREF{L N} }I*SNTHE

[F(L.EQs1)GC TO 43

FI1=(PDPPHIKK,;L,N)+PYBPPHI(L,N}) /RAD
cQ TO 44
F1=C.

F2=(PLPX(KKyLyN)+PYRPX(L,N})/ALAMB

FI3=SQRT(L1.+F1%%24F2%42)

CSBX==F2/F3

CSBY=1,/F2

CSBP=~F1/F3

IF{IKURV.NEL1}GO TO 45
ALAMB=14+CURV2{L~1)#(DELTA(KK L4 N)=YREF(L,A))

F2=(PCPX{KK,L NI+PYBPX{L, N}}/ALAMB

FI=SQRT (1. +F1*¥24F2%%2)

FHO=R{L ¢+MyN}

ENERS=HIL yMa KV =(PIL M N H QUL oMy N RR24V (L, ¥ NI RR24W (L, My NI%2) /R(OL
1My NYY/R{L, M,y N}

CALL GAS

VN1={CSBX*ULL y¥yNI+CSBYRV LM N) +CSBPEW(L 4V ¢ N) ) /R(L M, N)
VN2=(CSBX*U{L ¢yMM1,N) +CSBY*V(L ,MM1 N} +CSBPEW (L ,MM1,N) ) /R{L,MML,N)
VN3=(CSBX*UILyMM2yNI+CSBY*VIL,¥M2,N)+CSBP*H (L yMM2,N)})/R{L4MM2,N)
LG=L :

IFUIKURVLEQe11LE=L-1

IF(KKsEQe 1) AL (L, M N)=P Ly M,yN)

IF(KK.EQeLYAS(L,MyN)=VN1

ALEL ¥y KYI=RE{L,¥,N)*SND

A2(L s MaNI=ALLL My NI+ALIL My NIEASIL ¢MyN)=CT /7 (DELTA(KKSL yNI*DY ) *{F3 %
T(VNL4SND)=POPT(KK Ly N) VR 58 ( 3 2P{L My NI -4 #¥P(L,MM1,N}+P (L, MM2,N}+A
LIS NN H (3, RVUNL~4, 5 YUN2+VAS)) »
A3{LyMyN)==DTHSND*CURV2(LG)/ALAMB* (SND*AV(L yMyN)-U(L yM,N}/R{L,MyN}*
1(CSBY*UIL yMyN)=CSBX*VIL yM,NI))

IFILLEQ.LF)GC TO 46

IF(IKURVLEQa1)GC TO 49

LPl=t+1
VN5={CSBX¥U(LPL,MyNI+CSBY*VILPLyMyNI+CSBP¥W(LPLyMyN}}/RILPLyMyN)
LIXS=(U(LPL ¥ N} =CSBX*(CSEX*U{LPL, M, NI+CSBY*V(LPIsM,N)+CSBP*WILP],
IMND)Y)/RELPL o M,N)

IFITKURVLEQ.,2)€CC TO 49

IFIL.EQLLIGE TO 47

LMl=| -]

N=N

Fa=1,

GG TO 48

LM1=2

N1=NF

F4=-1,
UNA=(FAXCSBXFU{LML M NI+ CSBYRV(LF 1, MaNLI+CSBP W (LML My N1} }/R{LML,
1¥,N1)

LTX4=(F4%U{LM],M,N1)~CSBX* (F4*CSBX*U(LNLyM,NL)+CSBY*V(LML,M,N1)+CS
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18PRWILNL, My NLYBI/RILML, M, 010
GO TO 54
49 L1=L+2-2%IKURV
LQ=L+1-TKURV
CHECK=ABS(CURV2(LG))
TF{CHECKoLTW1,E-09)CGC TO 50
RR1=RREF(L)I+(DELTALKK,L N}=YREF(L,N))*SIN{THETA(L})
XX1=XREF(L)+ (DELTA(KK, L yNI=YREF(L,N)}*COS{THETA(L})
RR3=RREF(LL)+ (DELTA(KK,LL 4N)=YREF(LL1,N))*SIN{THETALILL})
XX3=XREF(L1)}+ (DELTA(KK,LL1 N)-YREF(L1,N}}*COS(THETA(LL))
RADA=SQRT{{RR1-RR3I ) %#2+ (X X1=XX3 )} **2)
IF(IKURV.EQe 11F5=1.
IF{IKURV.EQe2)F5=~1.
RADB=1¢ /CURV2{LG)+DELTA(KKsLyNI-YREF{L,N}
RR2=RR1-RADB*SIN{THETA(L))
XX2=XX1-RADB*CCS(THETA(L)) i
RADC=SQRT((RR2-RR3 )} %% 2+ {XX2=XX3 ) %%2)
IF(CURV2(LG) o GT.0,}F6=1,
IF{CURV2(LG) e LTeDaIF6=~1s
CYHETA=FS5*F 6 *ACOS(F6* (RADB**2+RADC**2-RACA%%2) /{24 *RADB*RADC))
THETAA=THETA(L}+DTHETA-THETA(L1)
IF(IKURV.EQe 1L 2=L-1
IF(IKURVLEQe2)L2=L+1
F7={THETA(L)-THETA(L2))/DTHETA
€g TN 51
5) TFETAA=THETA(L)-THETA(LL}
RADB=1. /CURV2(LQ)+DELTA{KK,L1yN)~YREF(LL,N}
RARC=RACB*ABS{SIN{THETAA))
F7=DX/RADC
IF(F7.GTals )FT=1,
UNEW=U(L1yMyNIZ*COS(THETAAI=VIL1,M,N}*SIN(THETAA)
VNEW=U(LT My N)XSIN(THETAA)+V(L1,M,N)*COS(THETAA)
VNN={ CSEX#*UNEW+CSBY#VNEW+CSBP*W(L14¥,NV} /R(LL,M,N)
UTXX=(UNEW-CSBX*{CSRX¥UNEW+CSRYRVNEW+CSBPH*W{LLyMyN) })/R(L14MyN)
IF(IKURVLEQe 2160 TG E2
VN5=VNN
LTX5=UTxX
CCo Tr 46
VN4=VAN
LTX4=UTXX ’
54 LPl=L+]
LMi=L-1
IF{L.LTLLFIGC TO 55

5

—

n
~

CIF2=P(LyMyN)=P(LML,MyNI+AL(L,MyN)*(VNLI-VNG)
LTXI=U(LyMyN}/RIL yMyN)~CSBX*VYNL
CIF3=UTX1-UTX4
GO TO 59
55 F8=,5
IF(IKURVsEQe Lo ORe TKURV.EQe2)F8=FT/ {1, +FT)
N=N
TF(L.NEs11GO TC 56
N1=NF
Lr1=2
56 DIF2=F8%(P(LP14MyN)=P(LML,M,NLI+ALIL M, NI*(VN5-VNE))
CIF3=FB8#(UTX5-UTX4)
59 A2{LyMsNI=A2(L MyN}=DT*#DIF2/(ALAMBRADXIX(U(LyMyN)/R{LyM,N}+CSBX*SND
1)
ABLL MaNY=AB (L M N} ~DTHDIF3/ (ALANBADX)*R (L4 ¥, N} *SND#%2
IF(IYREF1.EQ.0)GO TO 65
IF(NsNEL1oANDN.NEJNFIGO TC 63
CA2=0,
TF{L.EQ.1)GC TC 62
IF{Ns EG.NF}GO TC 60
N1=2
F8=1,.
€0 TO €1
63 N1=NF-1
IFENFL,EQa1IN1=N
F8==1le
61 CIFA=F8#{1.~CSBP##2)*W (L MyNII/RIL,M,NI1})
DA3=~DT*SND*% 2 /RAD* (R{L My NI #DIF3/DPHIHV (L M NI ESTN(THETA(LY ) +U(L
1V yN)*COS{THETA(L)))
GC TC &4
62 N1=NF-1 .
IF(NF.ECL.1INLI=N
DA3==DTHSND*%2/ALAMBR(R{L s My NI RTUT2, My 1) /R (2, My 1)+U (2, M, NFI/R( 24 M,
INFI)#,5/DX+VIL,M,N)*CURVZ(LG) )
IF(NFLLE.2)1GC TC 64
CAR=DAZ-DTHSND*%2/ALAMBR{ 1o=CSBP XX 2 £ (W2, My 21 /RI24 My2 W2, M4NL Y/
IR(2)MyNL})/DPFI *.5/DX*R{LMyN)
€0 TO &4
63 NP1=N+1
AM1=N-1
UNT={CSBXRUCL y¥yNPL)+CSBY*VIL, My NPL)+CSBPEWLLMsNPL})/RIL,MyNPL)
UN6={CSBXRU(L yMyNML I +CSBY#V(L M) NMI)+CSBPEW(L M, NML) ) /R(L My NM1)
UTP7=(HW{L MsNPLI=CSBPR{CSBX*ULLyMyAPL)4+CSBYXVIL,M)NPL)+CSBP*W (LM,
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64

65

66

N -

32
31

311

310

32

44

INPII})/REL M, NPL}*RIL,M,N)

UTP6={(W (L MsAM1}~CSBP*{CSBXRU(L My AM] }+CSBYHV{L ,M)NM1}+CSBPFW(L M,
INMID) ) /R{L o M NML)*R L, My N)

CA2=~o 5%DT/RAC*{H{L,M,N}/R(L M N)+CSBPESNC}/DPHI*{(P (L M;NPL) =P (LM
1yNM1} +AL(L My NIR(VNT-VNG) )
CA3=-DTASNO/RAD*{SND*{UTPT7-UTPEI2,5/DPHI+ { SNDRV(L ,M,N)-W (L, M,N}/R(
1Ly MyN)*{CSBY*H(LyMyN)=CSBPHV(LyMyN) V) XSINITHETA(L) ) +{SND#*U(L,MsN) -
2H(LyMyN)/RILy Mg NI X{CSBXRW{L oMy N)~CSBP*U(L 4M,N) ) V*COSITHETAIL)))
B2{L oMo N) =A2(L My N} +L A2

A3(L,sMyN}=A3(L,M,NI+CA3

CONTINUE

LLC=2

CCRTINUE

LLEC=1

€0 & N=1,NF

AN=N

PHI=(AN~1,)%*DPHI

SNPHI=SIN(PHKI)

CSPHI=CCS(PHI)

CO 2 L=LLO,LF

SNTHE=SIN(THETA(L))

CSTHE=COS{THETA(L)}

CSAX=SNTHE*CSALP+CSTHEXCSPHI#*SNALP .
CSAY=~CSTHE#CSALP+SNTHE®CSPHI*SNALP

CSAP=-SNPHIXSNALP

RLAMB=1,+CURVZ2{L ) *{DELTA(KK Ly N)=YREF{L,N}))
RAD=RREF(LI+{DELTAIKK,LyNI=YREF(LsN) I*SNTHE

TF{L.EQ.1)GC TC 1

F1=(PUPPHIKK, LAY +PYBPPH(L,N))/RAD

GO TO 2

F1=0.

F2={POPX(KK,L,N)+PYBPX(L,N)}/ALAMB

F3=SQRT(1.4F1%42+F2%%2)

CSBX=-F2/F3
CSBY=1,/F3
CSBP=-F1/F3

CSSHK=CESAX*CSBX+CSAY*CSBY+CSAPRCSEP

ES=H(L MFyN)=(P(L,ME N) 4, SH(UIL MF NI*¥24VIL, MF,NIZ%24+W{ L, MF, N} %%2
1)/RILyMFyNYY/R(Ly MF4N)

ITERU=%

IF(IGASEC.O0) ITERU=1

nC 32 ITER=1,ITERU

RHO=R (L ,MF,N)

ENERS=ES

CALL GAS

IF{ITER.GT.1}16C TO 30

F4a=Al(L M,N}

F5=A2 (L MyNI+A3{L,M,N)

GC 10 21

TF(ITERLEQ.ITERUIGO TO 32 :
F6=(GAMMA—GANM)/{GAMMA-1o Y*¥PINF/ (F5-(CAMM-1,}/ {GAMMA-1, )} #PINF-F4%C
18SHK)

FO={1.~FO+FEA 12 ) F4%424 ), E#( 1o~FE)# ( (GAMM+1,) ¥ (FE-F 4:CSSHK)+{GAMM~
11, )*PINF)

FLlO=(2» % (1o +F6¥%3) =2 kF 6% (1o +F€) VRF4RE244, S %( 1, ~FEX%2 )k (GAMME1, ) % (
1F5=F4*CSSHK) ~4,5% ({50 *GAMN#1 o) =6, #CAMMAF €4 (CAMM=1,) ¥F6X %2 )*PINF
IF{F9.GE.1.E-CE)GO TO 311

FRINT 900:BLK{1}yKsLyMyNyF4,F5,CSSHK,CSBX,CSBY,CSRP,F9,F 10

CALL RESULT

STCP 1101

Fll=, 5¥F4*F1G/F9%%1,.5

IF{ABS(F11)l.LE.1.1G0 TO 310

PRINT 9004+BLKI2)yKyLsMyNyF4yF5,CSSHK,CSBX,CSBY,CSBP 4F9,F10,F11
CALL RESULT

sTCoP 11C2

FSA=ACCS(F11}/3.

F7=(SQRT(FI)*{COS{PSA)+1.732C508%SIN(PSA) )-F4*(1,+F6))/3,
F12=PINF/FT7%%2

FR=FTH(GAMMX(FLZ4+14 )-SORT{(GANNRFL2=14 %9242, % (GAMM+1, } £ (GAMMA-GAM
1IM)*F12/ (GAMMA~1.1))/(GAMM+1,)

R{LyMF,N)=F7/F8

ES={FB/FT*P INF+F8*(FT7-F8) ) /(GAMN-1,)

CCATINUE

RHO=R {L 4MF 4N}

FILyMFyN)=(GAMM~1, ) #3RHO*ES

ULy MF,N) = (CSAX+(F7~F8) *C SBX)*RHO
VILyMF,N)=(CSAY+{FT-F8)*C SBY ) *RHC
WIL,MFyN)=(CSAP+(F7~FB)*CSBP)*RHD

FO=14 +{FT7~F8) % (2. *CSSHK+FT-F8)

FILyMFyN)=ES+45%F94P (L, MF,N} /RHO

WS={CSSHK+F7)*CSBY

CELTA{KKKsL s N}=DELTA(LsLsN)+oS*¥DT#(WS+PDFT(1,L,N))
POPT{KKK L sNI=kS

IF(KK.EQa1)GC TC 3CC

F10=5QRT(F9)

F1l1=CSAX*CSBY-CSAY*CSBX



300

409

F12=CSAP~-CSSHK%(SBP

Fl3=1.

Fl4=1,
IF(F1le1T40,)F13==1,
IF{F12.LTe0s ) Fla=-1,
POPX{KKK,L,N)=F13%F10/SND
FOPPHIKKK L 4N =F14%F10/SND
¢o 1O 3

POPX (KKK Lo NI=PDPX{KK,yLsN}
POPPHIKKK,L yN)=PDPPHIKK,L NI
CCNTINUE

LLG=2

IF(N.EQ,1YGO TC 4
R{1sMF,N)=R(1,MF,1)
L{1,MFyN)=U(1 4¥Fs1)*CSPHI
VI1yMFyNI=V(1,MFy1)

W{LyMF N =—Ul 1 4MF, 1) %SNPHIT
P{1,MFyNI=P(1,VF,1}
FLL1yMEN)=H(1,MF,1)

CELTA(KKKy1yN}=DELTA(KKKy1,1) -

PDPT(KKK,y14N)=PDPT(KKKy 101}
IF(KKeECo 11GO TC 40C
PDPX(KKKy19N)=PDPX{KKKy1s1)
FOPPH{KKK,1yN}=PDPPF(KKKy 141}
GO 10 4

PCPX (KKK, 14 N)=PDPX(KK,1,N}
FDPPH (KKK 1 4yN)=PDPPHIKK,14N)
CONTINUE

IF(KK.EQe2)CALL SLOPE

RETURN

END
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SURROUTINE SLOPE
CCMMON IGASs ISNDsJsK KK KURVEL yKURVEZ KURVE 2, KURVE4 (LF oM, MF MM, N, N
1F 4LLJ, DENSO s VELC KP KPP yKF yLHI LCCRN
CCMMON ALPHA,BS,CSALP,CURVE] CURVEZ,CURVE2,CURVF4,CURVES ,CX0,DPHI,
1DT 0K yDY EINF yENERS (EPST, GAMM, CAMM A, P INF,P¥ IN yRHC ;RS ¢ SNALP s SND 4 XDy
ZYREFD,YREF1,YREF2,YREF3,YREF4
COMMCN ALU17+6+9)+A2(1716,9)4A3017,6+5),A4017,6,5),A5(17,6,9),H(17
126490 2P 1T46+9) R(1746,9) sUL1T+6+9),VI1T4649) ,H(17,6,9},C1A(17,3,9
21,C24(17,3,9),C3A(17,3,9) ,C4A(17,3,9),C5A€17,3,9),C1A0(4,3,9},C2A0
204,3,9) 3C3AC(41355),C44A004,3,91,C500(4,3,%)
CCMMON C1A(17,3),D2A(17,3),D34(17,3),C4A(17,3),DSA(17,3),CURV2(1T)
1, THETA(171,RREF(1T),XREF(17) ,YREF(17,5),PYBPX(17,9) ,PYBPPH(17,9),D
ZELTA(2,17,9),PDPT(2417,9) 4PDPX(2,17,9),POPPH(2,17,9)
CCMMON AAA(S5,5),AAB(5),B1A{3),B2A(3),B3A(3),84A(3),B5A(3),RRXF(5),
IXRXF (5) 4CT,TIME,IYREFC, IYREFL, IYREF2, IYREF 2, [YREF4
CCMMCN/ERROR/ZER(12) ,8LK(12)
IF{K.EQ.0)GC TO 1
KKK=3-KK
€0 TO 2
Kkk=1
D0 13°N=1,NF
CO 12 L=1,LF
CC 6 ILG=1,5
LLQ=L-24TLQ
TF({L.ECe10Rs ILQ.EC.5)G0 YO 3
ILQP1=TLQ+1
RRXF{ILQ)=RRXF{ILQP1)
XRXF (ILQ}=XRXF(ILCPL)
€0 10 6
3 IF(LLQ.CTLLFIGC TO 5
IF(LLQ.LT.11G0 TO 4
M1=N
F100=1.
GO TO 40
4 N1=NF-N+1
LLG=2-110
F100=-1,
40 FRXFUILQ)=RREF(LLQ)+(DELTA(KKK,LLGsN1}=YREF(LLE, N1} J#SIN(THETA(LLO .
1)
RRXF{ILC)=F100*RRXF (ILQ)
XRXE{ILQ)=XREF{LLQ)+(DELTA (KKK, LLQ,NLY=YREF(LLQ,N1} )%COS LTHETA{LLO
1)

N

co 70 6
5 1LQM2=1LQ-2"
RRXF(TLQ)=2,*RRXF(TLQ)I-RRXF(ILCM2)
XRXFOILQ)=2.*XRXFUILQI-XRXF( ELCM2)
6 CCATINUE
IF{K+EQs0IGC TC 8
IF{PCPX KKK L yN1oGE o=1e o AND POPX{KKK,LyN)oLEL1:)GO TO 8
IF (PDPX{KKKsL yN)aLTo-1o9GC TC 7
TGTME=~ (XRXF(3)-XRXF(2) )/ (RRXF(3)~RRXF(2))
co T0 9
7 TGTME=—(XRXF({4)~XRXF(3) )/ (RRXF{4)-RRXF(3)}
€0 TO 9
8 TGTME={XRXF {4 }-XRXF(2))/{RRXF {4} =RRXF{2) )~ {XRXF(4)-XRXF{3})/(RRXF(
14)-RRXF(3) )= XRXF{2)-XRXF {3)) /{RRXF(2)1=~RRXF(3))
S TGE=(SIN(THETA{L))~CCS{THETA(L)I*TCTME)/ (CCSITHETALL) }+SIN{THE TA(L
1} )*TGTME) R
PLPX (KKK, Ly N =TGE® {14 +CURV2{L ) *{ CELTA(KKK, L N)-YREF (LN} })-PYRPX(L
12N}
TF(KeEQ.0)GC TC 11
IF(NoECe1sORsNsEQ.NFIGO TO 11
IF{POPPF(KKK L yN) s GEo=10e ANDLPDPPHIKKK,LsN) oL Eala}GO TO 11
TF(PDPPH(KKKsL N} ,LTa~1.)GC TO 10
AM1=N-1
IF(NM1.LT.1INME=2
PDPPHIKKK L N I=(DELTAIKKKyLsNI=DELTA(KKK (L ,AM1)})/DPHI
€O To 12
13 AP1=N+1
IF(NP1.GT.NF)NP1=NF-1
POPPHIKKK,L o N)={DELTA(KKK 3L 4 NP 1) ~DELTALKKK oL ,N}) /DPHI
¢C TO 12
11 APL=N+1
TFINP1+CTNFINPI=NF-1
IF{NF4LE«2INPL=N
AM1=N=-1
TF(NMILLTL1)AML=2
IF(NF.LES2)NM1=N
POCPPH KKK 3L ¢y N)=o5% (DELTA{KKK,L ¢NPI1)I-DELTA(KKK,L,NM1)) /DPHE
12 CONTINUE
13 CCNTINUE
FETURN
END
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SUBROUTINE START

COMMON IGAS,ISAD,JsK KK, KURVEL ;KURVE2 ,KURVE3,KURVE4L ,LF yMsMF,MM,N,N
IFLLOB,DENSO,VELOKP,KPPKF,LHI ,LCCEN

CCMMON ALPHA,BS,CSALP,CURVELl;CURVEZ,CURVE2,CURVE4,CURVES5,CX0,DPHI,
107 yDX DY, EINF,ENERS,EPSI,GAMNM, CAMMA,PINF,PMIN, RHO,RS, SNALP,SND, X0,
ZYREFQ,YREF1,YREF2,YREF3,YREF4

COMMON AL(17,6:9)4A2(17969919A3(17,69G)yA41174649)9A5117464+9)H(17
15699} +P{1796¢9)yR(1T46,9) sUlL1T746+5)yVI1T2649),W{1746,49),C1A(17,3,9
2),C2A(1753+,9),C32(17,3,9),C4A(17,2,9),C5A(17,3,9),C1A0(4,:3,9),C2A0
2049349 ,C3A004,+3,9),C4A0(4,3,%),C580(4,3,¢%)

COMMON C1A(17+3)4D2A(17+3),D3A(17+2),D4A(1743),D5A(17,3),CURV2(17)
1+ THETACLT ) s RREF(L7), XREF{L1T7),YREF( 17,9}, PYBPX{17,9) yPYBPPH(1749),D
ZELTA(241759) +PCPT(291759) 4+POPX(2717,+9),PDPPH{2,17,9)

CCVMON AAA(5,5),AAB(5),BLA(3),B2A(2),B3A(31),B84A(3),B5A(3),RRXF(5),
IXRXF{S) sCT, TIME,IYREFC, IYREF1.IYREF2,IYREF2,IYREF4
CCOMMCN/ERROR/ZER(12),8LK(12)

FCRMAT (2% SUBROUTINE START*,1A6,415/(8E16.8))

AMF=MF

ANF=NF

TF(NFoECeo 1V ANF=2,

CY=1s/{AMF-1,)

CPHI=23,141592€54/ (ANF=1,)

FINF=PINF/(GAMMA-1.)

LCCRN=0

LHI=0

TIME=C,

D0 1 L=1,LF

TF(L.LT.KURVELJCURV2{L)=CURVEL
TF{LoCEoKURVE1sANDoLoLToKURVE2ICURVZ2(LI=CURVE2
TF(LoGEaKURVE2,ANDo Lo LToKURVE3ZICURV2{L )=CURVE3
TF(LaGEsKURVE34ANDoLaLToKURVE4ICURV2IL}=C(URVES

IF{LsGE-KURVE4 ICURV2{L)=CURVES

CCNYINUE

THETA{1)=0.0

KREF(11=0,

XREF{ 1)=YREFD

CC 3 L=2,LF

LtMl=L~-1

THETA(L )=THETA(LML)+CURV2{LM1) *DX

IF(ABS{CURV2(LM1})eGTWa1.E~CS)IGC TO 2
RREF(L)=RREF(LM1)+COS(THETA(L) ¥*DX
XREF(L)=XREF(LM1)~SINITHETA{L))*DX

G0 1O 21
RREF({LI=RREF{LMI)+(SINITHETA(L))-SIN{THETA(LM11))/CURV2{LMD)
XRFE(L)= XREF(LN1)+(COS(THETA(L))-COS(THETA(LMl)))/fURVZ(LMl)
F99=ABS{1s-YREFCG*CURV2{LM]1))
TF(LCORNNE.Q)IGC TO 30
IF(F99.LToleE-CEILCCRA=LM]

GO 70 3

IF({LHI.NE.0)GO YO 3
IF(F994CEaleE~CEILHI=L

TF{L EQ-LF)ILHI=S9

CONTINUE

CC 5 N=1,NF

AN=N

FHI=( AN-1,)%DPHI

B0 4 L=1,LF

YREF{LyN}=YREFC

CCNTINUE

CONTTIAUE

CO 12 N=1,NF

CO 11 L=1,LF

IF{NoNEo1sANDN.NE. NF)GO 1C &
FYBEPH(L,NVI=0,

¢0 70 7

AP1=N+1

MM1=N-1

PYBPPH(L,N)‘—.S#(YREF(L:NPI) YREF{L,NM1}}/CPHI
IF{L.NEL.1¥G0 TO 8

YREFP1=YREF(2,MN)

AXY=NF-A+1

te1=2

LM1=2

¢C TC 10

LMl=L-1

tPl=L+1

MXY=N

TF(LPl.LELLF)GC TO 9
YREFP1=2,%YREFIL,N}-YREF{LM1,N}

GO TO 1¢C

YREFP1=YREF(LPI1,N)

PYBPX{LyN)=~o SX(YREFPLI~-YREF(LM1,NXY}) /DX
TF(LPL1.EQoLHIIPYBPXIL yNI=Zo*¥PYBPX(L4N)
CCNTINUE

CONTINUE
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SNALP=S IN{ALPHA}
CSALP=CUS(ALPHA)
£0 18 A=1,NF
AN=N
PHI={ AN-1,)*#CPFI
SNPHI=SIN(PHI)
CSPHI=~COS(PHI}
CO 17 L=1,LF
SNTHE=SIN(THETA(L)}
CSTHE=CCS{THETA(L))
R1=RREF (L)-YREF (L, N)*SNTHE
XT=XREF (L)-YREF(L 4N} *CSTHE-YREFQ+YREF (1,1}
F1=CSTHE*SNALP-SNTHE®CSPHI*CSALP
F2=CSTHEXCSALP4+SNTHE#CSPH I#SNALP
F3=R1*CSTHE-{ X14+X0) *SNTHE
F4={RS—BS#CXC)¥CSTHE
F5=SNPH [#%24C SPHI*# 2% (CSALP*#2+BS* SNALP*%2)
FO=F1#%2+ (SNTHEXSNPHI }%¥24BS$F24#%2
FT=F2%F4—({F1%CSALP-F2¥BS*SNALP)I*CSPHI-SATHE*SNPHI**2)%F 3
FB=F3%#24F5+42 ,¥F3%F4¥CSPH I ¥ SNALP~ (RSACSTHE4F4 ) #CXO*CSTHE
IF(ABS{F6).LT.1.E-09)G0 TC 13
F9=SQRT (ABS(F7#%2~-F6%F8))
IF(CSTHELLT.04)F9=-FS
X2={FS-FT}/F6-XO0
0 TO 130

13 X2=-,5%F8/FT-X0

132 IF(ABSICSTHE) oLTeo01160 TC 14
R2=R1+SNTHE*({X2-X1}/CSTHE
GO TO 1¢

14 FLO=SNPHI®#24 (CSPHI®CSALP ) #%24BS*(CSPHI®RSNALP ) %%
F11=(BS-1)%{X2+XO}*CSPHI #*SNALP*CSALP+(RS~BS*CX0)*C SPHI*SNALP
F12=({X24X0) *% 24 (SNALPX#2+ RSECSALP*%2) 42, #(RS—BS*CXO) ¥ (X2+X0) *CSALP
1-2,¥RSECXO+BS *CXO*%2
IF(ABS(F10)4LTe14E-CS)IGO TC 15
F13=SQRT(ABS{F11*¥¥2~F10%F12))
R2={F13~-F11)/F10
€O TO 1¢

15 R2=-,5%F12/F11

16 DELTA(L 4L N)=SCRT((X2-X1)##2+(R2-R1)*%2)
CELTA(24L4N)=DELTAUL4L,N) ’
FOPTU1,L,N)=0,

17 CONTINUE

18 CONTINUE

K=0

CALL SLCPE
CSROMX=0,
LLo=1

L0 22 N=]14NF
AN=N

PHI=(AN-1, ) *CPK]

SNPHI=SIN{PHI)

CSPHI=COS(PHI)

CO 21 L=LLO,sLF

SNTHE=SIN(THETA(L))

CSTHE=CCS(THETA(L)}
CSAX=SNTHE#CSALP+CSTHEXCSPHI#SNALP
CSAY==CSTHE*C SALP +SNTHE*C SPHI*#SNALP
CSAP=-SNPHI*SNALP
ALAMB=1,+CURV2{L)*(DELTA(1,L4yN)=YREF{L,N})
RAD=RREF(L)+{DELTA(14LsN)-YREF(L N} )*SNTFE
TF{L.EQ.1)G0 ¥C 19
F14={PDPPH(1,L,N)+PYBPPH(L,N))}/RAD

ce T0 20

13 F14=0,

23 F15=(PDPX(1,L,N)+PYBPX(L,N))/ALAMB
F16=SQRT( 1. +F14%%2+F]15%%2)
CSBX=-F15/F16
CSBY=1,/F16
CSBP=-F14/F1l6
CSSHK=CSAX*CSBX+CSAY*CSBY+CSAP*CSBP
IF{CSSHK.LE.—1.E~06)GC TO 201
PRINT 900,ER(1)4KsLyVMF 4N, CSSHK
K=~1
CALL RESULT
STOP 1301

271 IF(L.GE.LCORNIGO YO 200
F98=—PYBPX{LyN)/(1e-YREF{L,NI*CURV2({L}}
FI9T=14/SQRT(1,+4FOB%%2)

CSBD={C SAX*FGB+CSAY)*F37
IF(CSBLCLGTLCSBCMXIGO T 200
CSBDMX=CSBD

207 F17=1e+PINF/CSSHK%%2
F1B=1,+2.%GANMA/(GAMNA-1, Y¥PINF/CSSHK*%2
F19=SQRTIFL1T#%2-(le~14 /GANMR*2}%F18)
RILyMFyN)=(GAMM 41} /(GAMMR(F1T7~F19) )
TF{R{L,MF4N)sCEe1ls}GC TO 202
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22

23
24

PRINT 900 ,ER{2)eKyLyMFyNyRIL:MF,N)
K==1

CALL RESULT

STCP 1302
LALsMFyN)=R({L,MF,NI#{CSAX~CSSHK*CSBX)+CSSHK*CSBX
VAL MF 4N} =RI{L MFyN)#{CSAY-CSSHK*CSBY}+CSSHK*CSBY
WILsMFyN}=R(L #FyN)E{CSAP-CSSHK*CSEP) +CSSHK*CSRP
FLLsMFyN)=PINFHCSSHK*22%({ 1 ,~1, /R(L s MF,N) )
FILyMF o N)=o5+GAMMA/ (CAMMA-1 ) *PINF
CONTINUE

tLc=2

IF(N.EQ,1)GC TC 22
RU1yMFyNI=R{1,MF,1)
L{1sMFyNI=U(1,NMF,1)%CSPHI
VI1sMF,N)=V{1,¥F,1)

W{1sMF N)=-U(1,MF,1)2SNPHI
PU1sMF,N)=P(1,MF,1)
F{1aMF,N)=H(1,MF,1)

CCNTINUE

F17=1.+PINF
F18=1.42,%GAMMA/(GAMMA-], ) *PINF
F19=SQRT(F17%*%¥2-{1,~1, /GAMM*%2)%F]8)
ENS={GAMM41, ) /{GAMM%(F17~F19))
FAS=PINF+l.~1,/RNS

AMSQ=14 7{GAMMERASHENS )

EXPO=CAMM/ (GAMN-1.)
F20=1la+o5%{GAMM=1, ) 2AMSQ
FNST=PNSRF20%%EXPD

EXPC=EXPO/GANMM

RNST=RNS*F20%+EXPQ

ENST=GAMM/ (GAMM=1. } 2FNST/RNST
EXPO=1,/GAMM

CC 27 N=1,NF

AN=N

PHI={ AN-1, 1 *DPHI

SNPHI=SIN{PHI)

CSPHI=COS(PHI}

COQ 26 L=1,LF

SNTHE=SIN(THETA{L})
CSTHE=COS{THETA(L))
CSAX=SNTHE*CSALP+CSTHEXCSPHI#SNALP
CSAY=~-CSTHEXCSALP+SNTHEXCSPHI*SNALP
CSAP=-SNPHTI*SNALP

LAL=L
IF{LsGESLCORN 4 ANDoLCORNSNESO)LAL=LCORN~1
ALAMB=1,-CURV2{LAL)*YREF{L,N}
RAN=RREF(L)}=-YREF(L N}*SNTHE
IF(L-EQ.11G0 TO 23

F21=PYBPPHIL s N)/RAD

CC TO 24

F21=0.

F22=PYBPX{L,N)/ALAMB
F23=SQRT( 1 +F21%%2¢F22%%2)
CSB8X=-F22/F23

CS8Y=1,/F23

CSBP==-F21/F23
CSBD=CSAX*CSBX+CSAY*CSBY+CSAP*CSBP
IF{L-GTL.LCCRNICC TO 240
P{Lo1sN)=PNST.{CSBD/CSBDMX}%%2

GC TO 241
F{Ly1yNI=PNST*CSBD**2+PINF#(1.-CSBD¥%2)
[F(LCORNLEQ.01G6C TO 241

IF{PILs1aN) o GToPILCCRN, 1o NIIPIL, 1, N)=P{LCCRA,1,N)
LM1=L~1 ’
IF(CSBDaGT a0 0IP{Ls14NI=P{LM1,1sN)
IF{P{LsI¢NI o LToPMINIP(L,1,A)=PVIN
RILs1sNI={PL{L,1sN)/PNSTI®*EXPOXRNST
LT=SQRT (ABS{2 ,#{HNST-GAMM/ {GAMM=1,)*P(Ly 14y N)/R(Ls1,N}}})
F24=SQRT{ARS(1.-CSBD**2)})
IF(F24,1lT.1,E-CG)F24=1,

UT=UT/F24

CLy Lo NI=RIL, LoyNIRUTH{C SAX-CSBD%L SBX)
VL1 yNI=RIL, 1,N)*UT*(CSAY-CSBL*CSBY)
KILs1yNI=RIL, 1, MNYRUTH(CSAP-CSBL*CSAP)
IF{LNELLCORNIGG TO 242
WCHK=W(Ls 1o N} /R{Ls14N)

FCHK=HNST—o 52WCHK*% 2
EXPCK=GAMM/{GAFMM=-1,)

PCHK=PNST%{ 2, #*HCHK* (GAMM= 1, } #RNST/ {GAMMX (CANM4 ], ) ¥PNST) ) 2 €EXPCK
TF{P(Ly14 NI LELPCHKIGO TN 242
PlLy L yN)=PCHK
R{Ls1yN)=RNST*{PCHK/PNST) *¥*EXPC

LT=SQRT (GAMM¥PCHK/RI{L,s14N})

ULy LoNI=R{L,14N)Y*UT*CSBY

VIt 1yN)==RIL, 1, NI*UTHCSBX

WLs1 ¢y NI=hCHK*R(Ly1,N)
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25
26
27

50

F{Ly1,NI=FNST
FUP=MF-1

€O 25 M=2,MUP

AM=M

Y={AM-1,) #DY

R(LyMyNI=YER (LyMFo NI+ {1o=Y)2R{L, 14N}
LILyMyNY=YRU L, ME N4+ {1e=Y1RU(Ly 14 N)

VILy My NISYRVILMF N+ {1o=Y)%V(L, 1,N)

WILyM NISYEN (L PEo N+ 01, ~Y ) *W L, 1, N)
PLLyMyN)=YRP (L, MF NI+ {Loa=Y}*P(L,1,N)

ALy MoN)=(GAMM/ {GAMM=11%P (L yMyN D+, S#{UCLy My NI FX24Y (L M, N) $52+ W (L,
IN,NIER2)/RIL oM oK) D /R (Lo My N}

CONTTNUE

CCNTINUE

CONTINUE

RETURN

END



SUBROUTINE TRAASC .

CCOMMON IGAS,; ISNDyJyK¢KKyKURVELKURVE2KURVE 3, KURVE4S yLF M, MFyMM,Ny N
1F,LLO,DENSOVELC KP KPP 4 KF L HT L CORN

COMMON ALPHA,BS,CSALP,CURVEL,CURVE2,CURVE3,CURVE4,CURVES ,CXD,DPHI,
ICT DX 4DY s EINF s ENERS,EPS Ty GAMN, GAMMA, PINF,PMIN,RHO,R Sy SNALPSND 4 X0,
ZYREFQO,YREF1,YREF2,YREF3,YREF4

CCMMCN AL{175695)482(179699),A3{17962G)yA4(179649)4A5{17,6+9),H{17
11699) 3P{1T7¢64S)sR(179649) 2 U(1T746+9)9V(174659)4W(1746,9),CLA(L1T743,9
Z299C2A(179259)4C3A017,3,9),C4A(17,3,9),C5A(17,3,9),C1A0(4,3,9),C2A0
2(443,9)4C3A0(443,9),C4A0(443,9),C580(4,3,%)

CONMMON C1A{17,3),D2A(17,3),03A(17,3),C4A(17,3),D05A017,3}),CURV2(17)
1, THETACL7),RREF(1T), XREF(17},YREF(17,$),PYBPX(17+9),PYBPPHI{17,9),D
ZELTA(2,17+9) 4POPT(2,17,9),PDPX(2,17+9),PCPPH(2,17,9)

COMMON AAA{5,5),AAB(5),B1A(3),B2A{3),B3A(3),B4A(3),B5A(3),RRXF(5),
IXRXFU{5) ,CT,TIME,IYREFC,) IYREF1, IYREF2, [YREF2, [YREF4
CCMMCN/ERROR/ER(12),BLK(12)

TJ=g-1

tic=1

€0 2 N=1,NF

CO 1 L=LLC,LF

CIA(LyJoN)=C1A(L,TJ,yN)

C2A(L+JyN)=C22(L,y IJ4N}

C3A(L s JoNI=C3A(Ly LJyM)

C4A(LJyNI=CLAIL,TJsN)

C5A(L,JyNI=CSAIL,TJsN)

CONTINUE

LLe=2

IF(KURVEL,CEaLF)GC TC 3

IF(KURVELl oL TaLF)JJIJIH=1

TF(KURVEZ L ToLFIJJJH=2

[F{KURVE3.LToLF)JJJH=3

IF{KURVE4.LToLF}YJJJIH=4

00 2 Jdd=1lyJdJdJdH .

ClAC(JIIJrd o NI=CLAD(J ST TJ 4 N)

C2A0{JJJeJrN}=C2AC(JJJdy IJ4N)

C3AC(JJJaJsN}=C3A0(JI Iy TJ4N)

C4A0(JIJedsN}=CHATIIIIy IJ4N)

CSAC{JJJyJaN)=CSA0(JIde [J4N)

CCNTINUE

CONTINUE

RETURN

END
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APPENDIX B
SAMPLE INPUT

The input for a sample case is presented in this appendix. The case involves the Apollo configuration traveling
at 6935 m/s (22 750 ft/sec) and an angle of attack of 220 at an altitude of 45.87 km (150 500 ft) in the atmosphere of

the earth.

SNAME YREF3 = 0.1E+01,
IYREF1 = 1, YREF4 = 0.1E+01,

LF = 10, RS = 0.1253E+01,
ME = 4. BS = 0.1E+01,

NF = T, Xa = 0.1015E+01,
DX = 0.14096201E+00, txo = 0.107E+01,
KURVEL = &, IGAS = 1.

KURVE2 = 99, DENSO = 0.16688-02,
KURVE3 = 99, VELD = 0.6935E+04,
KURVE4 = 99, GAMMA = 0.1405E+01,
CURVEL = 0.57043531E+00, GAMM = 0.1142E+01,
CURVEZ = 0.16582451E+01, PINF = 0.1583E-02,
CURVE3 = 0.0, ALPHAD = 0,22E+02,
CURVE4 = O0.1E+Ol1, kPO = 100,

CURVES = 0.1E+01l, KPP = 100,

IYREF2 = 99, KF = 300,

IYREF3 = 99, IYREFQ = 1,

IYREF4 = 99, cT = 0.54E+00,
YREFO = 0.55304716E+00, EPSI =  0.3125E-01,
YREF1 = O0.1E+01, PMIN = 0.1E+00,
YREF2 = 0.1E+01, $END
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APPENDIX C
SAMPLE OUTPUT

In this appendix, the output for the calculation described in appendix B is given. This solution was calculated in
10 minutes on the CDC 6600 digital computer. '

TYPE OF FLOW

IYREF1= 1

GRID
LF= 10 MF= 4 NF= 7

OX= 1.40962010E-01 OY= 3.33333333E-01 DPHI= 5.23598776E-01

REFERENCE-SURFACE PROFILE

KURVEl= 6 KURVE2= 99 KURVE3= 99 KURVE4= 99

CURVEl= 5.70435310E-01 CURVE2= 1.65824510E+00 CURVE3= Q. CURVE4= 1.00000000E+00 CURVES= 1.03000000E+00
L= 1 THETAlL)= 0. CURV2{L}= 5.70435310E-01 XREF{L)= 5.53047160E~01 RREF{L)= 0.

= 2 THETA(L)= 4.6CT13689E+00 CURV2(L)}= 5.70435310E-01 XREF{L)= 5.47382856E-01 RREF{L)= 1.40810156E-01
= 3 THETA(L)= 9.21427379E+00 CURV2{L)= 5,70435310E-01 XREF(L)= 5.30426548E-01 RREF{L)=" 2,80710362E-01
L= 4 THETA({L)= 1.38214107€¢#01 CURV2(L)= 5.70435310E~01 XREF{L)= 5.,02287811E~-01 RREF{L)= .4.18796552E-01
= 5 THETA(L)= 1.84285476E+01 CURV2{L)= 5,70435310E-01 XREFI[L)= 4.63148486E-01 RREF(L)= 5.54176379E-C1
= 6 THETA(L)= 2.30356845E+01 CURV2{L)= 1.65824510E+00 XREF(L)= 4.13261499E~-01 RREF{L)= 6.85974986E-01
L= 7 THETA(L)= 3.,64285478E+01 CURV2{L)= 1.65824510E+00 XREF(L)= 3.43511075E-01 RREF{L)= 8.08101384€-01
= 8 THETA{L)= 4.98214112E+01 CURVZ2{L)= 1.65824510E+00 XREF({L)= 2,47369793E-01 RREF{L)= 9.10750459E-01
= 9 TPETA(L)= 6.,32142746E¢01 CURV2(L)= 1.65824510E+00 XREF(L)= 1.30066829E-01 RREF{LI= 9,88339074E-01
L= 10 THETAlL)= 7.66071380E+01 CURV2(L)= 1.65824510E+00 XREF{L)= -2.01764858E~-03 RREF({L)= 1.03664714E+00

BODY SURFACE
YIEFO= 5.53047160E-01 YREFl= 1,00000000E+00 VYREF2= 1.00000000E40) VYREF3= 1.00000000E+00 VYREF4= 1.00000020E+00

IYREF2= 95 [YREF3= 99 [YREF4= 99
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YREF(L,N)= 5,53047160E-01 PYBPX{L(N}= 0, PYBPPHIL,N)= 0.

YREF(LsN)= 5.53047160E~01 PYBPX(L.N)= 0. PYBPPHIL,NI= 0.
YREF{L,N)= 5,53047160E-01 PYBPX{L NI= O. PYBPPHILsN)= 0.
YREF{LsN}= 5.53047160E-01 PYBPX(L.N)= 0. PYBPPHIL N} = Q.
YREF{L,NI= 5.53047160E-01 PYBPX{L,NI= 0, PYBPPH(LsN)= 0.
YREF{L N}= 5.53047160E-01 PYBPX{L«N)= 0. PYBPPH{L N)= 0.
YREF{L,N)= 5,53047160E~01 PYBPX{L.N)= 0. PYBPPH{L.N)= 0,
YREF(LNI= 5.53047160E-01 PYAPX{L,N)= O. PYBPPH{L,N)= O.
YREFILsN)= 5.53047160E-01 PVBPX(L:N)= 0. PYBPPHI{L,N}= O.
YREF{L N}= 5,53047160E-01 PYBPX{L.N)= 0. PYBPPH(L N}= 0.
YREF{LsN)= 5,53047160E~01 PYBPX(L.N)= 0. PYBPPHIL,N}= O,
YREFILN)= 5.53047160E-01 PYBPX(L,N}= O, PYBPPH(LN)= O.
YREF{L+NI¥= 5,53047160E~-01 PYBPX(LsNI= O, PYBPPH{L,N}= 0.
YREF(LN)= 5.53047160€-01 PYBPX{L,N}= 0. PYAPPHIL sN}= 0.
YREFILsN)= 5.53047160E-01 PYBPX{L,N}= 0. PYBPPH{L+N}= 0.
YREF(LsN)= 5.53047160E-01 PYBPX{L,N}= 0. PYBPPHILNI= 0.
YREF(L+N)= 5.53047160E-01 PYBPX{LsN)= 0. PYBPPH{LyN)= 0.
YREF(LoN)= 5,53047160E-01 PYBPX(L,N}= 0. PYBPPHIL,N)= O.
YREF(LsNI= 5.,53047160€~01 PYBPX{L.N)= 0. PYBPPHIL.N)= O,
YREF({LN)= 5.,5304T160E-01 PYBPX{L,NI= O, PYBPPHIL N)= 0.
YREF{L,N)= 5.53047160E-01 PYBPX{L,N)= 0. PYBPPH{LsN}= 0.
YREF({LsN)= 5.,53047160E~01 PYBPXIL.N)= 0. PYBPPH{LsN)= 0.
YREF{LWN)= 5.,53047160E-01 PYBPX{L:Ni= O, PYBPPHILyN)= 0.
YREF{LsN)= 5,53047160E-01 PYBPX{L.N)= O, PYBPPH{L,N}I= O.
YREF(LsN)= 5,53047160E~01 PYBPX{Ls,N)= O PYBPPH(LN}= 0.
YREF{L,NI= 5,53047160E-01 PYBPX{L,N)= 0. PYRPPHIL+N)= O,
YREF{L+N})= 5.53047160E-01 PYBPX{L.N)= 0. PYBPPHI{LsN)= 0.
YREF{L«N)= 5.53047160E-01 PVBPXI{LsN}= O, PYBPPH{LyN}= 0.
YREF(L+N)= 5.53047160E~-01 PYBPX(LsN)= 0, PYBPPHIL N} = 0,
YREFLL,N)= 5,53047160E-01 PYBPX(LsN)= 0. PYBPPH{L NI= O
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YREF{LsN}=
YREF(L NI=
YREF{L«N}=
YREF{L,N}=
YREF{L+N)=
YREF{LN)=
YREF(LN}=
YREF{L.N)=
YREF{L,N)=
YREF{L,N}=

YREF(LWN}=
YREF{LoNI}=
YREF{L.N}=
YREF(L,N)=
YREF{L+N}=
YREF(LWN)=
YREF{L+N)=
YREF{L.N)=
YREF(LN)=
YREF{L+N}=

YREFIL NI=
YREF(L,N)=
YREF({LoNi=
YREF(L N}=
YREF(L N)=
YREF(L,N}=
YREF(L,N}=
YREF{L NI=
YREF(L,N)=
YREF(L,N)=

5.53047160E-01
5.530471606-01
5.53047160E-01
5.53047160£E~-01
5.53047160€E-01
5.53047160E-01
5.53047160E~01
5,53047160E~01
5.5304T160E-01
5.53047160€E-01

5.53047160€-01
5.53047160E-01
5.53047160E-01
5.53047160E-01
5.53047160E-01
5.53047160E-01
5.53047160E-01
5,53047T160E-01
5.53047160E-01
5.5304T160E-01

5.53047160E-01
5.53047160E-01
5.53047160E~-01
5.53047160E-01
5.53047160E-01
5.53047160E-01
5.53047160E~01
5.53047160E-01
5.53047160E-01
5.53047160E-01

PYBPX(LsN}=
PYBPX{LsNi=
PYBPX(LsN}=
PYBPX(LoN}=
PYBPX(L.N}=
PYBPX{L.N}=
PYBPX(L,N}=
PYBPX{L NI=
PYBPX{LsN)=
PYBPX{L N}=

PYBPX(LsN}=
PYBPX(L N)=
PYBPX{L+N}=
PYBPX(L N}=
PYBPX{L Nj}=
PYBPX(L N}=
PYBPX{L,NI=
PYBPX(LoN}=
PYBPX{L NI)=
PYBPX{LeN}=

PYBPX{L.N}=
PYBPXILWN)=
PYBPX(LyN)=
PYBPX(L,N)=
PYBPX(L N)=
PYBPX (L NI=
PYBPX(LoN}=
PYBPXIL.NI=
PYBPXILN)=
PYBPX(L.N)=

0.
0.

0.-

0.
0.
0.
0.
0,
0.
0.

0.
(¢S
00
0.
0.
0.
0.
0.
0.
0.

C.
0.
0.
0.
0.
0.
0.
0.
0,
0.

PYBPPHIL N} =
PYBPPHIL N} =
PYBPPH(L ¢NI=
PYBPPHIL N} =
PYBPPHIL ¢N) =
PYBPPHIL 4N} =
PYBPPHIL NI =
PYBPPHI{L N} =
PYBPPHILN) =

CPYBPPHIL,,N) =

PYBPPHILyNI=
PYBPPHIL N} =
PYBPPH{L4N)=
PYBPPH{L 4N} =
PYBPPH{L N} =
PYBPPH{L,N)=
PYBPPHIL 4N} =
PYBPPH{L N)}=
PYBPPHIL 4N} =
PYBPPHIL 4N} =

PYBPPH{L N)=
PYBPPH(L N} =
PYBPPH{L N} =
PYBPPHIL,N)=
PYBPPH{L,N}=
PYBPPHIL N =
PYBPPH{L4N)=
PYBPPH(L4N) =
PYBPPHIL,N) =
PYBPPHIL 4N) =

0.
0.
0.
Oa
0.
0.
0.
0'
0.
0.

0.
0.
o.
0.
0.
o.
0.
0.
0.
[+

0,
0.
0.
0w
0.
0,
O,
0.
0.
0.
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L= 1 N= 7 YREF({L.N)= 5.53047150E-01 PYBPX{L.N)=
t= 2 = 7 YREF{LsN)= 5,53047160E~-01 PYBPX(LN)}=
L= 3 = 7 VYREF{L,N}= 5.53047L60E-01 PYBPX{LsN)=
L= 4 = T VYREFULsN)= 5.,53047160E~01 PYBPX(L.N)=
L=- 5 N= 7 VYREF{L+N)= 5.53047160E-01 PYBPX{L,N)=
L= 6 = T VYREF{L.NI= 5.53047160E~01 PYBPX{L:N)=
L= 7 = 7 YREF{LsN)= 5.53047160E-01 PYBPX(L.N)=
t= 8 = T YREF({L.N}= 5.,5304T7150E-01 PYBPX{L,N)=
t= 9 = 7 YREF(LsN}= 5,53047160E-01 PYBPX(L.N)=
L= 10 N= 7 YREF(L.N)= 5,53047160E-01 PYBPX{L,N)=
INITIAL SHOCK

RS= 1.25300000E+00 BS= 1.00000000E+00 XO0=

GAS MQODEL PARAMETERS
[GAS= 1
6.93500000E+03

DENSO= 1.66800000E-03 VELO=

NONDIMENSIONAL FLIGHT CONDITIONS

GAMMA= 1.40500000E+00 GAMM= 1.142C0000E+00 PINF=
PRINTING AND CUTQFF PARAMETERS

KPO= 100 KPP= 130 KF= 300

COMPUTATICNAL PARAMETERS

IYREFC= 1

CT= 5.40000000£-01 EPSI= 3.12500000E-02 PMIN=

0.
0.
O.
0.
0.
O.
0.
0.
0.
0.

1.01500000E+00 CX3J=

1.58300000E-03

1.00000000E-01

PYBPPH({LN)= 0.
PYBPPHIL N}= 0O,
PYBPPHILN)= 0.
PYBPPH(L)N)= 0,
PYBPPH{LN}= 0.
PYBPPH{LIN)= 0.
PYBPPH(LN)I= 0.
PYBPPH{LsN)= 0.
PYBPPH{L N)= O,
PYBPPH{L+N}= 0.

1.07000000E+00

ALPHA=

2.20000000E+01



LS

TIME=

300
300
300
300
300
300
300
300
300

300

300
300
300
300
300
300
300
300
300

300

2.07263396E+00

10

10

UN
PHI
DELTA({lsLsN}

8,98355684E~02
?:286558376-01
?:63678001E-01
2:95007449E-01
2:22413795E—01
3:513309986—01
2:23037988E—01
2:97762628E-01
2:55612542E—01
%:06550282E—01

1.,63291730E-01
22087453986—01
2:52080056E-01
2:93489189E-01
2:282569285—01
3:53006400E—01
2:66601957E-01
2:80698641E-01
2:11212016E-01
2:98841891E-01

VN
RAD
PDPT{1,LsN}

9,63877017E~02
2:92152523E-01
g:86675609E°01
5:79346129E-01

© 4.69565224E-01

2:79690999E—01
2:88201866E—01
2:94634913E—01
2:986402#4E-01

-1.68684C79E-02
0.
-1.61573847E-02
9.81940048E~-02
-1.49552171E-02
1.95938980E~01
-1.48313182€-02
2.92733201E-01
~8,46801014E-03
3.88200491E-01
2.17906278E~-02
4.826T1237E-01
T.48911851E-02
5.01818957E-01
1.23667817E-01
5.22427035€-01
1,55791440E-01
5.46992331E-01
1.67157102€-01
5.80979650E-01

WN
XAD
PDOPX{L1otLoN)}

3,95391614E-12
3.55271368E~15
6.12473820E-13
-3.87734284E~-03
~1.78137211E~13
-1.54843151E-02
-1.51068438E-13
—3047459096E~02
~3.59217734E-14
~60,15376536E~-02
1.43607998E-14
-9.56864122E~-02
6.66006112E~15
-1.01469577€-01
3.43889315E~15
-1.09440868E-01
2,12030507€-15

~-1.19166721E-01

1.33189849E-15
-1.30118144E-01

8.88681512E-12
2.13209011E-02
1,47718268E~12

" 1.85379660£~-02

-5,08548331E-13
7.85713160€-03
-3,75893845E~13
~-1,01235375E-02
-9.35505276E-1%
-3.496467T16E-02
3.96000456E-15
-6.48639670E-02
1.33562120E-14
~-7.14872332€E-02
7.33668589E~15
-8,05402740E-02
2.83848387E~15
-9.27354575E-02
4,70573406E~15
-1.10512970E-01

RHO
GAMM
POPPH{ 1L N}

1.29678747E+01
1.14504882E#+00
1.2278C700E+01
1.14530028E+400
1.15518717E+01
1.14551615E+00
1.05207478E+01
1.14551904E+00
8.80338647E+00
1.14512952E+00
6.42701840€+00
1.14452572E+00
4.62810039E+00
1.14531072E+00
3.30694317E+00
1.14725795E+00
2.51926588E¢00
1.14931027E+00
1.98071323E400
1.15144715€+00

1.30359501E+01
1.14639301€E+00
1.23236163E+01
1.14723908E+00
1.16317757E+01
1.14827952€E+00
1.08494739E¢01
1,14946946E+00
9.84159600E+00
1.15048873E+00

- 8.62554061E+00

1.15099842€+00
T.48T16929E+00
1.15102210€E+400
6.05542377E+00
1.15092769E+00
4.37354151E4¢00
1.15115555€+00
2.5823295TE+0Q
1.15502816E+4+00

P{LMyN)
ENTROP

8,24937531E-01
4.38663956E-02
T«7434688TE~-01
4,38081123€-02
7.22050969E~-01
4,37806713E-02
6.50646190€-01
4.39107684E-02
5.35515469E~-01
4.43634882€~02
3. 79568658E~01
4,51338766F-02
2.61977733F~01
4.53076413E-02
1.77735949E~01
4,506T70189E-02
1.29450343E-01
4.47625553E-02
9. 76166154E-02
4.44374734E-02

8.19450798E-01
4031649360F-02
7.63779361E~01
4.28184036E-02
7.09485669E-01
4.23920213E-02
6.4966140TE-O1
4.,19291839F-02
5.T77750563E-01
4,16130622E-02
4496924195E-01
4.16103683E-02
4,24751453E~01
4,18577554E-02
3.36142378E-01
4,22991322F-02
2.34187371E~01
4,28415045€-02
1.26819499E~-01
4.23936640E-02

H{LsMoN)
AMACH

5.,06218276E-01
3,43016968E-01
5.05392870E-01
4.93901867E~01
5.05441028F-21
6.31836570E-01
5.05847797E-01
7.57571933€~01
5.04711700E-01
8.72344400E-01
4.99276998E-D1
1.00278939E+30
4.,98333326F~01
1.32200519€E+00
4.,97834466F-01
1.67895888F+00
4.99318999E-01
1.97477918E+)0
5.02997762E-01
2.24970543E+00

5.05733052F~01
6.31955587F-01
5.04821625E-01
8.13260991F-01
5.04234143F-01
9,90748490E-01
5.03671277E~01
1.16613352€+00
5.02712566E-01
1.31866998E+20
5,01687351€E-)1
1.43609897E+00
5.02377668E-01
1.5328684TE+D]0
5.03421935£-01
1.66040691E%20
5.04476481F-01
1.86228793FE+30
5.,04287259F-01
2:34073966E+20
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300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

10

10

2.42881190E-01
2:963777215-01
3:526355296-01
2:04362561E—01
2:41964565E-01
2:56907608E-01
2:60430446E-01
2:56056670E-01
2:45282968E-01
%:26718473E-01

3.22915611E-01
0.
6.39627034E-02
3.84058445E-01
o‘
6.,74639105E-02
4.57200924E-01
0.
7.09397174E-02
5.13863636E-01
0.

‘T1.60697091E~02

5.,59035780E-01
0.
8.40280184E-02
5.57939571€-01
O @ ’
1.00479433E-01
5.46606067E-01
0.
1.11791267€-01
5.17334470E-01

O

1.34385486E-01
4.63788848E-01
o'

1.75952260E-01
3.98869770E-01

2.53923740E-01

-3.46192830€-02
O.
-3.17647460E~02
1.00000308E-01
-2.800929C1E-02
1.99725437T€E-01
-2,29185177E-02
2.98T790793E~01
~T7.30919040E-03
3.97054853E-01
3.98904015E-02
4,95777250E-01
1.26002738€E-01
5.23946915€-01
2.18869655E-01
5.56652205E~01
3.,14613541€-01
5.99349T748E-01
4.25865829E-01
6.63319057E~01

-4.98713933E-02
0.
~8.,78227822€E-04
~4.02636100£E-02
1.01806611E-01
-1.,21073483€E-03
=3.46233671E-02
2.03511895E-01
—~1.42196186E-03
-2.18616584E~02
3.04848384E-01
-1.62834304E-03
~2.32421368E-03
4.05909215€6-01
-1.87722221E-03
4.22860303E-02
5.08883264E~01
-1.92829294E~03
1.67392237E-01
5.46074873E-01
-1.99875467E-03
2.88754003E-01
5.90877374E-01
-2.24590178E~-03
4.,05014714E-01
6.,51707165€E-01
~2.193293C4E-03
5.16729123E-01
T.45658463E~01
~Te97417623E-04

1.40788620E-11
4.26418022E-02
6,57362581E~13
4.09532749E-02
-9.44353936E-13
3,11985783E-02
-3.91116129E-13
1.44988346E-02
~6.16739097E-14
-8.39168966E-03
9.30672944E-15
-3.40415218E-02
9.30325496E-15
-4.15048891E-02
3.57257339E~-15
~5.16396801E-02
8.99417431E~15
-6.63041935E-02
-2.70165735€E~-18
~9.09077963E~02

0.
6239627034E-02
4.24657514E-02
OII
6.33685837E-02
5.40176403E-02
0.
5.45400249E-02
5.39158290E-02
o.
3.91212067E~02
6.58605292E-02
o'
1.81812923E-02
8.63346063E-02
o.
~3,21907660E-33
4.98406533E~02
0.
-1.15225450E-02
1.18570333E-01
0.
~2.27390862E-02
2.20242822E-01
0.
~3.98729296E-22
4,08658497E-01
o.
~7.13026227E-02
8,10005915E-01

1.33845359€+01
1.14891828E+00
1.27807897E+01
1.15072641E+00
1.21832780E+401
1.15319431E+00
1.16105282€+01
1.15603755E+00
1.11166064E+01
1.15837732E+00
1.06552150E+01
1.15924949€+00
9.96700818E+00
1.16019252E+00
8.94380287€+00
1.16193982€+00
7.71574880E+00
1.16489047E+00
6.46088017E+00
1.17044272E+00

1,39433576E+01
1.15268699E¢00
O.
1.36733031E+01
1.15584231E+00
0.
1.32788132E¢01
1.16068452E+00
0.
1.29219890E+01
1.16531899E+00
O,
1.26011923E+01
1.16970725E+00
0.
1.25966857€E+01
1.16977046E+00
0.
1.25026563E+01
1.17109953E+00
O. . .
1,23337573E+01
1.17353643E+00
0.
1.21382518E+01
1.17643905E+00
0.
1.18332569E+01
1.18114942E+00
0.

8.24488422E-01
4.,18609824E-02
T.70451920F-01
4.10582455E-02
T.14418134F-01
3.99811630€-02
6.60078245E-01
3.87781014E-02
6.15847132E-01
3.78305292€-02
5.83006266E-01

3.75380968E~02

5.36919801E-01
3.72719391E-02
4.68805883E-01
3.67605078E-02
3.87676124F~-01
3.58678401E-02
3.02574015€~01
3.40746669E-02

8,33603585E~-01
3.99817873€E-02

T-92535403€E-01
3.85592063E-02

7.33858700€E-01
3.64736206E~02

6.81817127€-01
3.45632597E-02

6.35835088E-01
3.28235099€E-02

6.35194793€E-01
3.27989259E-02

6,218T0539€E-01
3.22850241F-02

5.98105469E~01
3.13572214E-02

5.70855633E~-01
3.02748969E~D2

5.28823916E-01
2.85637071E-02

5.05345155E-01
9.57318564E-01
5.04649774E-D1
1.17887938E+00
5.03984266E-01
1.42277015E+420
5.03215118E-01
1.65914819F+30
5.02882148E-21
1.83822820E+00
5.03477506E~01
1.92097605E+00

5.04087173E-01

2.01721574E+00
5.04043635E~-01
2.16927T66F+20
5.03544202F-01
2.39338679E+00
5.03321922€E-01
2.74823650E+00

5.04718488E-01
1.29940414E+00

5,04452101€E-01
1.56450351€+00

5.04318307E-01
1.90971239E+00

5.04196386E-01
2.19670400E¢J0

5.04047237E-01
2.44588250E+00

5.03989816E~01
2.44891317€+00

5.03840822F-01
2.52021647E+00C

5.03442302E-)1
2,64681242E+D0

5.03145994E-01
20.79429513E+00

5.04443066E-01
3.03742088E¢+00
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300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

10

10

71.77998844E-02
3.00000000£+01
1.17679417E-01
3.0000C000E+01
1.53165229€E-01
3.00000000E¢01
1.84530709E-01
3.000C0000E+01
2.12560557E~01
3.00000000E+01
2.45724661€-01
3.00000000E+)1
3.14637729E-01
3.00000000E+01
3.87911897E~01
3.0C000000E+01
4.44308659E-01
3.00000000E¢01
4.92084133E-01
3.00000000E#01

1.41414786E-01
3.00000000E+01
1.88913748E-01
3.00000000E+01
2.31834223E-01
3,00000000E+01
2.72566634E-01
3,00000000E+01
3.07772628F-01
3.00000000E+01
3.34856800F-01
3.00000000E401
3.52096303E-01
3.00000000E+01
3.68518319E-01
3.00000000E+01
3,99268258E-01
3.0000000CE+01
4.86059497€-01
3.00000000E¢01

O«
0‘
o.
9.63877017E-02
00
1.92152523€-01
0.
2086675609€~01
Oo
3.79346129E-01
o.
4.69565224E-01
0.
4.79690999E-01
00
4.88201866E-01
05
4094634913E-01
0.
4.98640244E-01

-1.68684C79E~-02
0'
~1.59187856E-02
9.82038006E-02
~1.47431197E-02
1.95938714E-01
-1.48755745E~02
20926S3738E-01
~9.85245599E~03
3.88054969E-01
1.688869%51E-02
4.82254905E-01
6.643019E50E-02
5.00939721E-01
1.12848061E-01
5.20664989E~-01
1.43464930€-01
5.43414433E-01
1.53063041E-C1
5.73562880E-01

~40,49177842E-02

3.55271368E~-15
-4,15T779783E-02
-3.87734284E~-03
~3.96747878E-02
-1.54843151E-02
~4.,10135007E~-02
~3.47459096E-02
~4,46546353E-02
~6.15376536E-02
-4+:954655T0E-02
~-9.,56864122E-02
~5.26956090E-02
-1.01469577E-01
~5.52466977E-02
-1.09440868E-01
~5.87262835E-02
-1.19166721E-01
-6.35623518E-02
-1.30118144E-0C1

-8.,16458648E-02

2.13209011€-02
-7.7188776TE-02

1.86595269E-02
-7.86479940E-32

7.85549043E-03
~8+24528730E-02
-1.02839447E~02
~-8.65983328E-02
~3.54014012E-02
-8.97682456E-02
-6.58430892E~02
~8.91600945E-02
~7.26T855TTE-02
~B.76974529E-02
-8.20281899€E-02
~8.70746049E~22
-9.45416647E~02
-8,89036448E-02
-1.12278917E-01

1.29678T74TE#+O1
1.14504882E+00
1.23551229€+01
1.14527414E+00
1.17091759€+01
1.14547548E+00
1.07568286E+01
1.14547856E¢00
9.09195404E+00
1.14512419E+00
6,78507511E+00
1.14459986E+00
4.87622807E+00
1.14524967€+00
3.4953T161E+0C
1.14701901€E+400
2.65573964E+00
1.14892180€+00
2.,09340263E+00
1.15079333€E+00

1.30359501E+01
1.14639301€+00
1.24150862E+01
1.14714942E+00
1.180567609E+01
1.14810116E+00
1.10851746E+01
11491959 7E+00C
1.00979477E+01
1.15016730E¢00
8.84578801LE+00

1.15072359E+00

T.63188068E+00
1.15080376E+00
6.15215651E+00
1.15070464F+00
4.45227560E+0C
1.15082197E+0¢C
2.65191315E+00
1.15450128E+¢00

8,24937531FE-01
4.38663956E-02
T.79954617E-01
4.38132142E-02
7.33286243E-01
4,37827285F-02
6.67165121E~01
4,38996586E-02
5.55098421E-01
4.43188418E-02
4.,02854419E-01
%4e50143294E-02
2.77T720013€-01
4052458957€E-02
1.89328469€E-01
4.50628562E-02
1.37637987E-01
4.48107640E-02
1.04299182E-01
4e45T703129€E-02

8.19450798E-01
4.31649360E-02
T.T70723844E-01
4,28523844E-02
7.22529717F-01
4.24562013€-02
6.66991834E-01
402024891 4E~-02
5.96174304E-01
4.17193145€~-02
5012246910E-01
4.16914T7T81E-02
4.34681310E~-01
4.19213480E-02
3.42747266E~01
4.23678613€E-02
2039525122E-01
4.29485601E-02
1.31167459E-01
4.25428277E-02

5.06218276E~-01
3.43016968E-)1
5.05460802E-)1
4.78846299E-91
5.,05626140F-01
6.10050592E-01
5.06223431E-01
T.33082704E-01
5.05342236E-)1
8.50040494E-01
5.01397638E-01
9.97054856E-01
4.,99950805E-01
1.30085133€4)30
4,99354387E-01
1.64634730FE+00
5.00268355F-01
1.93279598F+00
5.03320833E-01
2:,18967414E#00

5.05733052E-01
6.31955587E-01
5.04911113E-01
T.94277493€-01
5.04477126E-01
9.60283256F-01
5.04119084E-01
1.12824318E+00
5.03355199E-01
1.28019760E+20
5.02348633E-D1
1.40503733E¢+30
5.,02805966E-D1
1.50908188E+20
5.03502309€-01
1.63607568E+00
5.04289090E-01
1.82912579E+00
5.03390587€E-01
2.29228273E+00
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2.10341281€E-01
3.00000000E+01
2.63360404E-01
3.00000000E+01
3.19136537€-01
3.00000000E+01
3.70730110E-01
3.00000000E+01
4.,10351186E-01
3,00000000E#+01
4.30131659E-01
3.00000000E+01
4.39793922E-01
3.00000000E+01
4.42421353E-01
3.00000000E+01
4.38257882E-01
3.00000000E+01
4.25675157E-01
3.00000000FE+01

2.79653122E-01
3.00000000E¢+01
60.39627034E-02
3.30957509E-01
3.00000000E#01
6.78297752E-02
4.10350250E-01
3.00000000E+01
7.09347296€-02
4,68237309E-01
3.00000000E401
7.55741382E-02
5.16825268E~01
3.00000000E+01
8.26470096E-02
5.22977739E-01
3.00000000E+01
9.72875495E-02
5.21840989E-01
3.00000000E+01
1.07349330E-01
5.04894546E~01
3.0C000000E+01
1.27466794E-01
4.62347723E-01
3.00000000€E+01
1.63928384E-01
3.99133470E-01
3.00000000£+01
2.31051410E-01

~3.46192830E-02
0.
-3.213924T6E-02
1.00019900E~01
-2.86158406E-02
1.99724905E~01
~2.41779364E-02
2.98711866E-01
-1.075T1468E-02
3,96 763809E-01
3.1556484TE-02
4.94944585E-01
1.12052261€E-01
5.22188442E-01
2.00906954£~01
5.53128113E-01
2.93624624E-01
5.92193954£-01
4,01780661E-01
6.48485516E-01

~4.98713933E-02
0.
~8,78227822E~04
~4.42804417E-02
1.01835998E-01
-1.16427393E-03
~3.82705891E-02
2.03511096E~01
~1.31453782€E-03
—2.58550432E-02
3.04729994E-01
-1.48352827€-03
~T.7S702987E-03
4.05472649E-01
-1,66024976E-03
3.26208798E-02
5.07634266F-01
~1.62341788E-03
1.49333945E-01
5.43437163E-01
-1.69190988E~-03
2:66404187E-01
5.85591236E-01
-1.56797421E-03
3.81011778E-01
6.40973474F-01
-2.10270637E-03
4.93619071E-01
7.23408152E-01
7.64181017E-04

-1.21440595E-01

4.26418022€E-02
~1.24840360E-21

4.11963966E-02
-1.27526664E-01

3,11952959E-02
~1.29260561E-01

1.41780202E-D2
~1.28603258E£-01
~9.26514883E-03
~1.26107311E-01
-3:.59997662E-32
~1.24767489E-01
-4.,38875382E-02
-1.23658772E-01
~5.46155119€-02
-1.23467858E-01
-6.99166079E-02
~1.24237095E-01
=-9:44396913E-02

~1.61457805E-01
6.39627034E-02"
3.33025500E-02
-1,92888732E-01
6.37332663E-22
5.66394659E~02
—1.81459499E-01
5.45351014E-02
5.12683184E-02
-1.76592592€-01
3.86399851E~02
6.23383745E-02
~1.69607766E-01
1.68711035E-02
7.99407867E-02
~-1.57917001E-01
~6.15644320E-03
4.45324610E-02
~1.53583398€E-01
-1.50965186E-02
1.075894T1€E-01
~1.47454385€E-01
~2.72028339€E-02
1.96988977€E-01
~1.39974793E-01

~4.,52915511€-02 .

3.56314560E-01
-1.,31738579E-01
-7.66004652E-02
6.86038206E-01

1.33845359€E+01
1.14891828€E+400
1.28598237E+401
1.15054840€£+00
1.23331155€+01
1.15277653E+00
1.18020476E+01
1.15535463E+00
1.13029337E+01
1.15756950E+00
1.07848934E+01
1.15858150E+00
1.00363860E+01
1.15967623E+00
8.97909422E+00
1.16156264E+00
T.74076430E¢00
1.16454724E+00
65.47398850E+00
1.16985673E+00

1.39433576E+01
1.15268699E+00
O.
1.36764845E+01
1.15580441€4¢00
6.67350525E-04
1.33282779€+01
1.16006156E+00
~1.43863428E-03
1.30108231E+01
1.16414203E+0C
-4 .,09135564€E-03
1.27139730E+01
1.16813964E+00
-9.32048044E-03
1.26904221€+01
1.16846473E+00
-1.96488501E-02
1.25638119€E+01
1.17023290€+00
-2.60694C56E-02
1.23654020E¢01
1.17307494E+00
-3.78299106E-02
1.21449430E+01
1.17633822E+00
~-5.95549109E-02
1.19008088€+01
1.18008656E+00
-1.02355222E-01

8.24488422E-01
4.18609824E-02
7.77001413€E-01
4.11332699E-02
7.26913561E-01
4,01531535€E-02
6., 76320408F-01
3,90536468E-02
6.31901087€~01
3,81511039FE-02
5.94458536E-01
3.78024741FE-02
5.43598925F-01
3.747T77179E-02
4. T72555637€E-01
3.69159164F-02
3,90248874E-01
3.60006952€-02
3.04950103€E-01
3.42983993€-02

8.,33603585E-01
3.99817873E-02

7.93014732E-01
3.85759782€-02

7.41136021E-01

-3.6735909TE-02

6.94819409E~01
3.50479741€-02

6.51910217e-01
3.34374420E-02

6.48545295€E-01
3.33094493E-02

6.30528773E-01
3.26194662E-02

6.02541852E~-01
3.15315341€-02

5.71783923E~-01

3.03121044E-02

5.38091175€E-01
2.894559756-02

5.05345155E-)1
9.57318564E-01
5.04747555E-01
1.15803523E¢00
5.04197111E~01
1.38279417F+00
5.03540150E-01
1.60332913E+)0
5.,03228990E-01
1.77951063E+00
5.03654342E-01
1.87408355F+20
5:.04137481E-01
1.98283155E+00
5.04070592E-01
2414700531 E+00
5.03564424F~01
2.37379670E40)
5.,03450322E=-01
2.7T1955282E+00

5.04718488E~-)1
1.29940414E¢30

5.04491385€E-)1
1.56194286E+00

5.04401668E-)1
1.86896813F+)0

5.04300406E-01
2.12802556E+J0

5,04198514E-01
2.35971937€+00

5.04216777E-01
2.37815290E+20

5.04097838E-01
2,47511721E+3)

5.04087324E-01
2.62743758E¢))

5.03331098E-01
2. T9053764E+00

5,064477T39E-)1

2099992277F¢+00
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4,49177842E-02
6.00000000E+C1
8.71421525€~02
6.00000000E+01
1.24050465E-01
6.00000000E+01
1.56435566E~01
6.00000000E+01
1.86369830€E~-01
6.00000000CE+01
2.22588283E-01
6.00000000E+01
2.91273731E-01
6 .00000000E+01
3.62133744€E-01
6.00000000E+01
4.15937877€E-01
6.00000000E+¢01
4.58018190E-01
6.00000000E+01

8.164586648E-02
6.00000000E+01
1.33853917€E-01
6.00000000E+01
1.76770687E-D1
6+.00000000E¢01
2.17172114E-01
6.00000000E+01
2.54090395E~01
6.00000000E+01
2.86623885E-01
6.00000000E+01
3+13173042€-01
6.00000000E+01
3.36429092E-01
6.00000000E+01
3.68338414E-01
6.00C00000E+01
4.47373683E-01
6.00000C00E+01

9.63877017€-02
2:92152523E—01
g:86675609E—01
g:79346129E°01
2:69565224E-01
2:79690999E-01
2:88201866E-01
2:94634913E—01
2:986402445-01

-1.68684079E-02
o.
-1.56691772€-02
9.82131562E~02
~1.44843403E-02
1.95898508E-01
-1.50038623E-02
2.92523147E-01
~1.30655916E-02
3.87540724E-01
4073240415€-03
4.80912977E-01
4.48786187E~02
4,98237858E-01
8.49074065E-02
5.15620384F~01
1.11913095E-01
5.34135468E-01
122595321€~01
5.56184350E~-01

~7.77998844E~02

3.55271368E~15
-7.27423886E-02
~3.87734284E-03
~6.87574918E-02
-1.54843151€-02
~6.95844360E-02
~3.47459096E-02
~7.42872982E-02
-6.15376536E-02
-8.08323083E-02
-9.56864122E-02
-8.50512607E-02
-1.01469577E-01
-8.79587845E6~02
-1.09440868E-01
-9.20010171E-02
-1.19166721E-01
-9.75542129E-02
~1.30118144E-91

-1.41414786E-01

2.13209011E-02
-1.36130429E-01

1.87756252E~02
~1.36680952E~-01

T.60764133E-33
-1.40243868E~-01
-1.09773450E-02
~1.45356835E-01
=3.69447109E-D2
-1.50102361E-01
~-6.89990070E~-02
~1e49344612E-01
~7.63394543E~02
-1.46610057€E-01
-8.62879814E-D2
-1.43867516E-01
~9.92259063E-02
~1.41233069E-01
~1.16416780E-21

1.2967874TE+01
1.14504882E+00
1.25776311E+01
1.14519696E+00
1.21623542E+01
1.14534681E+00
1.14669815E+401
1.14533428E+00
1.00358214E+01
1.14501297€+00
T«79592194E+00
1.14451850E+00
5.67977219E+C0
1.14495580E+4+00
4.09484815E+00
1.14629792E+00
3.10474889E+00
1.14781847€+00
2.45470724E+400
1.14907219E400

1.30359501E¢01
1.14639301€+00
1.26647349E+01
1.14690270E+00
1.22885467E+401
1.14760048E+00
1.17555616E+01
1.14842023E+00
1.08669249E+01
1.14920018E+00
9.54143930E+00
1.14975286E+00
8.12229199E+00
1.14992381E+00
6.50848345E+00
1.14982479E+00
4.758398044E+00
1.14975766E+00
2.94391018E+00
1.15200980E+00

8.24937531E-01
4.38663956E-02
7.96200878E-01
4,38293856E-02
7.65887197E~01
4,37968936E~02
7.17342828F-01
4.38837141F-02
6.20204560E-01
4,42327426E-02
4,70396068E-01
4,48440522E-02
3.29698245€-01
4.51274797E-02
2.26888989E-01
4.50823450€-02
1.65010491E-01
4.49525648E-02
1.26046905E-01
4.49153072E-02

8.19450798E~-01
4.31649360E~02
7.89782234E-01
4.29474038E~-02
7.58847722E-01
4.26425644E-02
7.16966583E-01
4.23067602F~-02
6.52401035F-01
4.20552937€-02
5.61918834FE-01
4.20106800F-02
4.69342040€-01

4,22112663E-02

3.67571861E-01
4.26562830E-02
2.60162136E-01
4.32780088E-02
1.50278012€~01
4.33201308E-02

5.06218276E~-01
3.43016968E-21
5.05725226E-01
4.34758667TE~-01
5.06283087E-01
5.44997133E-01
5.07651288E-01
6.60506098E-01
5.08087695E~01
T.T79468072E-01
5.05894082E-01
9,32913199E-01
5.04536534F-01
1.22338594F+00
5.03583956E-01
1.54492416E+00
5.03429615F-01
1.81011798E+30
5.05455475E~01
2,030640734E+20

5.05733052€E-01
6.31955587€E-01
5.05211393E-01
T.41190552E-01
5.05197720€-01
8.,71830733E-31
5,05443047E-01
1.01611243€E¢+20
5.,05348169F-)1
1.16088613E+3D
5.04529978F-01
1.29669302E+3)
5.04407395F~-01
1.41755601E+00
5.04365641E-01
1.54654656E+00
5.04377159€-)1
1.72147114E+00
5.04421271E-01
2.11086941F +00
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1.21440595E£-01
6.00000000E+01
1.73662832E~01
6.00000000E+01
2.29137896E-01

6.00000000E¢01 -

2.81441198E-01
6.00000000E+01
3.27133969%E~01
6.00000000E+01
3.,59919968E-01
6.00000000E+01
3.86098929€E-01
6 .00000000F+01
4.07067225E-01
6.00000000E+01
4.20182191€E-01
6.,0C000000E+01
4.24841313E-01
6.,00000000E+01

1.61457805€E-01
6.00000000E+01L
6.39627T034E-02
1.90956524E-01
6., 0C000000E+01
6.81791991E-02
2.83039359€-01
5.000C0000E#01
7.01814624E-02
3.44248347€-01
6.00000000E+D1
7.34319094E-02
4,04892297E-01
6.,00000000E%+31
T, 77668175E~02
4.32849634E-01
6.,00000000F+01
3.69994356E-02
4.59592543E-01
6+,00000000E+01
9.36994210E~-02
4, 7529T7790E-01
6.00000000E¢01
1.07659100E-01
4.57512119E-01
6.0000C000CE+01
1.32745506E~01
4,106548T7T0E-01
6.00000000E+01
1.77458341E-01

-3.46192830E-02
0‘
-3,28512571E-02
1.00038611E-01
-3.01063106E~02
1,996€44493E-01
-2.74025862E~-02
2.98370685E-01
-1.96201717E-02
3.,95735319€-01
9.82834762E-03
4.,92260729E-01
T.51963064E-02
5.16784717E-01
1.52446789€E-01
5.430389C3E-01
2.36110549€-01
5¢73636022E~01
3.35125750E-01
6.13728455E-01

~4.98713933E-02
0.
~-8,78227822€-04
~5.04623116E-02
1.01864065€-01
-1.07510687E-03
-4 ,50361198E-02
2.03390477€-01
-1.09629037€-03
-3.53570640E~-02
3.04218224E-01
-1.18679572E-03
-2.25543907€-02
4,03929914F-01
-1.17365000E-03
6.08573183E-03
5.03608482E~-01
-1.07784664E-03
1.00840565E-01
5.,3533157&E-01
-1.,07354C71E-03
2.04272600E-01
5.70457421E-01
-1.03288827E~-03
3.14546167E-01
6.1313657T7E-01
~-8.,65002027E-04
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