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Nomenclature

pressure, N/m2

density, kg/ >

velocity vector, m/sec

radial velocity component, m/sec

axial velocity component, m/sec

internal energy, joules/kg

sound speed, m/sec

bicharacteristic angular coordinate, degrees
bicharacteristic angle at the macih cone apex, degrees
bicharacteristic angle at the mach cone base, degrees
radial coordinate, m

axial coordinate, m

time coordinate, seconds
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I. Introduction

This report presents a numerical solution to the problem of
two-dimensional, unsteady, compressible flow of an inviscid, non-
conducting fluid by the method of characteristics.

The numerical method developed here can be applied to many
unsteady fluid mechanics problems, such as the interaction of a
blast wave with solid surfaces, one-phase gas flow in interior bal-
listics, and flow around turbine blades. It may aiso be used to
obtain solutions of two-dimensional steady flow problems by running
the unsteady problem to an asymptotic time limit.

An alternate numerical solution is the finite-difference
method, in which the differential equations are written directly in
difference form and integrated in a step-by-step manner. This tech-
nique is comparatively simple and well suited to the digital computer.
The major disadvantage of the finite-difference method is its lack of
accuracy in regions where shock waves or large property gradients exist.
It also encounters accuracy problems near flow boundaries, where loss
of accuracy results from extrapolation and one-sided difference
equations [1]%*,

The approach presented here is based on the method of
characteristics, in which linear combinations of the equations are
formed in such a way that, at each point in the space of the three
independent variables, differentiation occurs parallel to certain
planes, called characteristic planes. Thus, the combined equations,
known as compatibility equations, become partial differential
equations, and a relatively complex numerical scheme is required
for their integration.

Several techniques of solution have been advanced using the
method of characteristics. Thornhill [2] proposed a finite-difference
scheme applied along three bicharacteristics (lines of intersection
between characteristic surfaces and the Mach cone, the envelope of
characteristic surfaces). A mesh is constructed of points which are
the intersections of three families of characteristic surfaces. Each
new point (Pb in Fig. 1) 1s found by integrating the compatibility

equations along the three bicharacteristics originating at the known
base points (Pl, P2' and P3). The major advantage of this method is

that no interpolation is required to determine the properties at the
base points; however, since the domain of dependence (the Mach cone)
is larger than the domain of the finite-difference scheme, the
calculations become unstable after a short time,**

*Numbers in brackets designate references at end of report.

**According to the Courant-Friedrichs-Lewy stability criterion [3],

a necessary condition for the numerical stability of the solution is
that the domain of dependence of the differential equations fall within
the domain of dependence of the difference equations. See also [4].
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Sauerwein [4] has proposed a version of Thornhill's scheme
called the modified tetrahedral network, shown in Fig. 2. To
ensure numerical stability, the base of the Mach cone is inscribed
in the triangle forming the domain of the difference scheme; a
single interpolation is then required for the variables at each of
the base points P12’ P23, P31. However, in formulating his finite-

difference equations, Sauerwein makes the assumption that the partial
derivatives of the dependent variables remain constant on the
characteristic surfaces, thus abandoning second-order accuracy. The
method is discussed in greater detail in Appendix A.

In another technique proposed by Coburn and Dolph [5] and
later refined by Holt [6], the bicharacteristic lines are arranged
in what has been called the prismatic network, shown in Fig. 3. The
new point P, is found by writing finite-difference relations along
the two bicgaracteristics P P and P and introducing a third
relation along the space curve P =B Tge introduction of this ordin-
ary curve implies that the flow musg be known on some surface other
than the initial surface, such as a plane of symmetry. In addition,
the ordinary curve introduces a disturbance to P from outside
its domain of dependence. Because of this, difficulties are encount-
ered in the handling of boundary conditions at shock waves and con-
tact discontinuities,

Finally, the technique proposed by Butler [7], which is used
in this report, is a combination of the standard finite-difference
approach and the method of characteristics scheme originally con-
ceived by Hartree [8]. As shown in Fig. 4, the new point P is

chosen and the Mach cone projected down to the initial surface.
Four bicharacteristics are used in determining the flow properties
at the new point, one more than necessary. The addition of this
fourth equation and the proper orientation of the bicharacteristics
permit the elimination of the partial derivatives at the new point,
which in other schemes are finite-differenced. The flow properties
at the base points Pl’ P2, P3, and P4 must be obtained by two-

dimensional interpolation. To complete the solution, an additional
equation is introduced along a curve other than a bicharacteristic.
This curve must lie inside the envelope of the characteristic
surfaces through the point under consideration. The solution at
each new point can thus be computed without using conditions

outside its domain of dependence, while at the same time maintaining
second-order accuracy in the solution.

In solving for points along a flow boundary, those equations
written along curves falling outside the flow are replaced by the
boundary conditions, the required number of which will be determined
by the number of lost equations.

2



Although Butler's technique involves considerably more
interpolation, and hence complexity in the computer coding, the
straight-forward logic of the scheme, the facility in the applica-
tion of the boundary conditions, and the ability to maintain second-
order accuracy appear to outweigh the disadvantage.

It has come to our attention during the preparation of the
manuscript of this report that Delaney and Kavanagh [9] have applied
the method of characteristics to transonic flow in turbomachinery
cascades. They used essentially the same approach as ours, but
with least-squares interpolation instead of the second-degree poly-
nomial method. They did not show detailed error analysis, and a
direct comparison of their results with ours can not be made readily.
But, in general, as shown in Appendix F of this report, the least-
squares interpolation is not as accurate as the second-degree poly-
nomial method used in this report.

In this report, the characteristic cones, bicharacteristic
equations, and compatibility equations are first derived. The num-
erical scheme adopted is then explained in detail, An example
problem, the blast wave problem, which has a known exact solution,
is solved by the present method and the error analyzed. It is
shown that after calculation of 50 times planes, the maximum error
in all properties at any point is less then 0.05%. The accuracy of
the method seems satisfactory,
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II. Analysis by Method of Characteristics
Governiug Equations

The governing equations for unsteady flow in an inviscid,
compressible, non-conducting fluid are the continuity, momentum, and

energy equations, from which the following equations can be derived:

%tf +$YL =0 )
V=0 (2)
QE % Qfso 3)

where the total derivative — = _Q,+ v+*V ., Let the

Dt at
equation of state be
E = E(p,p) (4)

For the two-dimensional case, in cylindrical coordinates,
eqs. (1) through (4) represent five equations in five unknowns:
p, pressure; p, density; u, and U, the particle velocities in the

radial and axial directions, respectively; and E(p,p), the specific
internal energy. Before proceeding further, the internal energy E
will be eliminated from the energy equation by means of the equation
of state. Substitution of Eq. (4) into Eq. (3) yields

Qf-_\.% (5)
ot ~ a* ot _©
where the sound speed a is defined as

Y
ot = ?—1 %%jg) ©

Equations (1), (2), (5), and (6) now represent five

equations in the unknowns p, p, Uy U, and a. This set of

equations comprises a system of four first-order, quasi-linear,
hyperbolic partial differential equations in the three indepen-
dent variables r, z, and t, and an equation of state,




Mechod of Characteristics

The application of the method of characteristics to this
system follows essentially the procedure given in Refs. [7] & [9].
It involves forming a linear combination of the governing equations
in such a way that it results in a system of equations where the
partial derivatives occur in two new coordinates only (that is,
within the characteristic plane of the system), rather than in the
three physical coordinates r, z, and t.

To find the proper combination, the governing Eqs. (1),
(2), and (5) are transformed into a new orthogonal coordinate
system (B 5 B » B8,); each is multiplied by an arbitrary factor,
then all are addea together. By requiring that those terms involv-
ing derivatives along one coordinate (say B,) vanish, the appropriate
values of the multiplying factors can be found, and the form of the
transformation obtained. The resulting equatior will then contain
only derivatives in B and 8., which will describe the characteris-
tic planes. The mathematicai details of this procedure are given
below,

Transforming Eqs., (1), (2), and (5) into a coordinate system
( Bys Bos 83) we obtain the following four (scalar) equations:

} =0 €))

MUy 38 .
“z,..‘a?%f- *%iéﬁé&w oy

=



%{}ﬁ% =0 9)

LRl Bl B
{Z:f%w,i 38 ¥,+qu S ¥ w

If we multiply Eq. (7) by )\1, Eq. (8) by )\2. Eq. (9) by )‘3,

and Eq. (10) by Aa, then add all these equations together and

finally group the dependent variables in terms of 81, BZ’ and

83. we obtain

g—;[(A.-ay\‘){% +u,¥;; +u3§%ﬂ+

%%"'[Az %él- ¥ {Azuy+ ?A.}%@ +,\2u}§%']+
RIS o
%/%;[A4%€'+{{-\?—"+,\4ur}§% +{'—;-’+/\4.u)} Aié;']-l'
%Ez[(t\rql/\‘\{%étz +uy¥i} +u$¥§ }] -+ (11)
5“’[A2 5333 +H{lur + A, }%‘ AU %5# ]+
%{LA;% +A3ur +{?A|"‘/\;“3!’¥ ]"l'

%ﬁ ['\39‘% +1% +,\¢u,}¥- +{? +AuUy] %@; 1+

8, L(a-a2a ¥ +u, %g, +uy P 1]



%%:;[Azéﬁ’ + Pauv + 803 )éf +/\z“}% ]+
33?2 [ As 33%3 + Azuy g‘%‘ +1PA+ A Us ) 3;%’ I+
%ﬁblh%{’ﬂ%aﬂ\w,}?j +§_’-\§>+A¢%3} %%]':

£ TN
KA Yy

(11)

where a parameter K has been added to accomodate plane flows; K
equals zero for two-dimensional plane flow, and unity for axisym-
metric flow in cylindrical coordinates.

If the equation is to contain derivatives with respect to
B, and B, only, then the coefficients of a?/.;/g, ,54"/3/3. :

éur/aﬂ, and 5“}/319.

must be equal to zero; thus,
{’\\"0“/\4’3%@' =24 éi‘%*“} %}=o
M2 }3%' i+ oA % *Azl&}% =0

/\553% -\-/\30\,,% + {?z\.+,\3uz} i{%zo
! 72 | 5gi
A4)§ +{-;-; +/\4Uv} %é\-r +{’¥;" +/\4U\2’} j—b:O

12)

Rewriting these equations in vector form gives
K\ 'v/gl"xz’vlgv — /KSV/Bn - Z4_°V/3| =0 (13)
where
A= (N-0PA) (U@ + ux Sy + &4 )
A = (AUy + SANE, +/\zu'353 +/\z£{

7
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A= AW & + (SA 2 A3uUq) 85 + A3 &

e (&R AaUn) &y + (D 1 AUy By 1A &

in which ;;, :'. :; are unit vectors in the r, z, t directions

respectively, and the gradient is also taken in these three
dimensions, The expression Ai . VB1 represent the directional

derivatives of 81 in the directions of Al’ A2. A3, and Aa

Since they are all zero, the vectors A1 must lie in a common

plane normal to the gradient of 81, i.e., in a 81- constant

plane.

Equation (12) can also be expressed in matrix form:

é @, O -Qzé [_Al
?%% é O o A
?%% o @ O A3

o8 4| |
:ur%% +M3%+>ﬁ'

This is a system of homogeneous algebraic equations in the \'s;

where

=0 (14)

for a solution to exist, the determinant of the coefficient matrix

must vanish, Therefore,

FL - |0 w



Thus, the solution for the characterisiic surface consists of a
repeated linear factor and a quadratic cone.

Consider first the quadratic part of the solution:

(¥ +uz§%' + ) - {(%é,‘)ﬂ @éé)‘} = o (16)

We wish to determine the derivatives of Bl (i.e., the orientation
of the Bl = constant surface) in order to obtain the \'s from Eq.

(14), which will in turn yield the compatibility relations on the
characteristic surface upon substitution into Eq. (11). We assume
a direction for VBl as given in Fig, 5 and rewrite the derivatives

of 81 in terms of the new coordinates Y and 6§ to obtain
' = () ces 1 éﬁ-‘: sin § 17 '
%é peesS j 33 y i

In addition, we require that VBl be a unit vector

Lpz+®%' )t = (18)

Solving Eqs. (16), (17) and (18), we obtain

[
¥ . _cosS .
' Y1+ (/%—-o-a)’} 2
i .
' - T sind 19)
9% U+r (g0l
= - Go i
%% L+ (grapi’ t
|
l . where q = urcos 5+ uzsin §, and the signs have been chosen to

agree with a direction of the B, coordinate as given in Fig. 6.
1
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By substituting eqs. (19) into eq. (14), we obtain the
values of the multipliers:

A\ ad
/\7';' E % cosg (20)
-)‘;‘3 = —g— snd

]

With these results, Eq. (11) yields the compatibility equations
for the dependent variables on the characteristic cone,

df, +$0. cosS du, + fa sin Sclu-b = - Pa?s dt

(21)
where
=k B 4 sin? §M! - S\ Co i i 2
SKY-th) sind s‘;:%a-l-c.sé}
The intersections of the characteristic surfaces with the
characteristic cone are the bicharacteristic curves, defined
by the following equations.
A—-: +0 ces
(22)

ﬁ%:Mz-}a sinS

Returning to eq. (15), the repeated linear solution

{W%+u}§%‘ +§f{'}"=o (23)

is the equation of the particle path line. By performing an

10



analysis similar to the one on the cone, it is found that the
energy 1s conserved along the particle path; {.e., the com-
patibility equation is

«a®2f
%f- a” 5¢ (5)

From Eq. (23) can be found the equation of the particle path
line, dr

(24)
(7
dt ¢

In summary, Eqs. (5), (6), and (21) comprise the govern-
ing partial differential equations for the five dependent varia-

bles p, p, U U, and a, on the characteristic surface described

by Eq. (19). It may be seen that, although an infinite number of
equations can be written in the form of Eq. (21), only three will
be independent.

11




III. Finite-Difference Scheme

Orientation of Bicharacteristics

In order to solve an initial-value problem numeric-
ally, Eqs. (5) and (21) must be written in finite-difference
form. Since we will solve the final equations algebraically,
we must consider the partial derivatives du_/9r and 3u_/3z as
unknowns. In other method-of-characteristic schemes, these
terms are often finite-differenced; however, Butler's tech-
nique, the one used here, presents a different approach.

While only three equations of the form of (21) are independent,
four are written for the angles ¢ = 0, n/2, 7, 3n/2, then ap-
propriately combined to eliminate the partial derivatives.

Flow properties at the new point will be denoted by
the subscript 0; those at the point on the t = t(-At plane

(initial surface for the current time step) at the base of the
¢ = 0- characteristic by the subscript 1; those at the base
point of the ¢ = w/2-characteristic by the subscript 2; etc.

Writing Eq. (21) in finite-difference form along each
of the bicharacteristics we obtain

fo "‘fi * _é-[foao “5¢4' *fiai 5059{][”'-,' ur;]"'
Slp.a,sing; +f;a;, sm6; ][ Uy,- H,z? =
oUr
-zlfa 2{’( >+ 5in’P, (“ (25)
Sing;ces¢; a”r )"'6‘054‘ 2?9}*]9444 S‘]At

=/,2

vhere S‘-:.K_‘;_"L.,.s/” /7’_)*5425/_5-1)

—~ sm6; cos 6} { ) /;_,‘39}

where the 6; 's are evaluated in Appendix B and defined in Fig. Bl.
These angles arise from the assumption that the bicharacteristic curves
are not straight lines, thus preserving second-order accuracy.

12



We may also write the energy equation (5) in finite-
difference form along the particle path, the properties at the
base point of which are denoted by the subscript 5.

fo- = - Sl LG+ G, + 3L YAL -

503 Lels + (g + (%:l?)s jat el

If the partial derivatives at the new point are treated
as dependent variables, then we have so far six equations, (6),
(25), (26), in seven unknowns, p , p , a8 , u_, u_, (3u /or) ,
0 0 0 rO z r 0
(auz/az)o, clearly one more equation is required to solve the

problem. We choose to integrate the continuity equation (1)
along the particle path,

s mm 5.1 080, O ot

-1 5 1 B+ A+ G, Tt

Application of Finite-Difference Method

Having completed the mathematical system, it remains
to reduce it to a form amenable to an iterative solution by
the computer. We define the quantities

Ap = -
p Po Ps

np = p =P
0 ]
A=y -u
r rp rsg

Au=u -u
z

Z
2y s

13
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Substituting the values for the ¢ 8, we can rewrite the equations
in the following form:

Ap+1[Sa.+ %0, cos 6,]8uy +1 R0 (Urg-Uy) +
& ?‘a‘ Sin 9. AM} = (27)

Linaz {k%e +@“}) 114t -R,

A‘; +i- §20, cos 8, Auy '\'-%. SO0 [uzs"uZZ] t
T8, +5.0, 508, 18Uy = (28)

-1 [nak (kM + 0851 4t -R,

Bp+4 [-.00+Bagcos B aur - & Raelurs -Un]+
%_ 30a Sin B, AUL} = (29)
-3Ra2 (kY +$h)}1at -Rs
Af» +-‘z- Q04 Cos B, Au, ~ “7'_' I/ [ujs' ub] *
(30)

$-%a. +fa, sin6,)AuUy =

-4 a2 (kY +(W) Ylat -R,

14




ap=-iga ik u«.+@_w +@%})°}A't -Rs (31)

AP = -lz ?o \K Uy “'( (éu}) ’SA{: os (32)

where
Ri= g~ + £, c06 8:Turg-Ue 1 +4 R0y sin & Uy ty]
-L Cats; At yi=1,2,34

A
Rs = § gs03 1k 48 + (), + (330 Yat
Combination of the Compatibility Eguations

As noted previously, these equations may now be appropriately
combined to eliminate the partial derivatives (Bu /Br) 5 (au /az)

Subtraction of eq. (29) from eq. (27) yields

3 [2500+ 510, ces6,-50, cos 831 AUy +15a, [2urs-Uy,-Ury ]+
(33)
% Lfa, sinB, -Ka, sin 6.1 Auzz Re- R,

Similarly, subtraction of eq. (30) from eq. (28) yields:

[ L0, cos By - Si 0, cos B.]au, + + f 0o 2Uys - U}z -My.](;)

} [2%a.+50,51n0,-Ra sinB] AUy = R,-R,

Next, equations (27), (28), (29), and (30) are summed and this
result is subtracted from twice eq. (31).

24p + Ji (S0, 2088, +§.a, cos &y +5,0, cos 6; +5,84 <0584 14Uy +
1(50.5in8 +5.0,5inB, +§,0, 5in 6y + 4, sinb, ] Qus+ (35)
36,0, (U ~Ur +Uge-uza ] =
- Ra3k %o at +2Rs - [Ri+RosRs +R4]

15




Finally, the sum of Eqs. (27), (28), (29), and (30) is subtracted
from twice Eq. (29).

fap-2a’ap+ k[P a,cosb, +f;a,0056;4/54; cos8y +
fpdecosbylAlss i'[ﬁ A,5m 6, +/5 Ay SinBy+ ) Ay SN 5,
+/ a4 smﬁ, Jauy + -ﬁ/’, 5 LUry = Uy, + U3 4~ Uy 1=

-fod, k—f-Az‘+2 Rs- [R+Rr Ry+ Ry ]

S
Thus we have five equations, (6), (33), (34), (35), and
(36), to solve for the unknowns a , Ap, 4p, Aur, and Auz at the

new point (ro, z» t ) For the first iteration, crude estimates
are made for ajs Py p . uro, and u, based on corresponding

0
values in the initial time plane. Then using Eqs. (22) and (24),
the four bicharacteristics and the particle path are projected
down to the initial time plane. The flow properties at the base
points are obtained by interpolation, and Eqs. (6), (33), (34),
(35), and (36) are solved for improved values of a,» Ap, Ap, Aur,
and Auz The process is repeated until the improved values are

close within a certain tolerance to the previous values, 1i.e.,
convergence is obtained. (For details, see Appendix C)

Boundary Conditions

Many types of boundaries may be encountered in formulat-
ing a fluid flow problem. We shall discuss three main types,
namely, the particle-path boundary, the exit boundary, and the
entrance boundary.

The particle-path boundary is the simplest to handle. It
may be a rigid wall with prescribed velocity, a free surface, or
an interface with another fluid. We have formulated the numerical
treatment of the rigid wall only. In this case, among the four
bicharacteristics traced backwards from a boundary point, only one
falls outside the flow domain, Fig. 7. Only one property needs to
be specified, since only one compatibility equation is missing.
For a rigid wall, the vanishing of the normal velocity is the
proper boundary condition. In the example problem to be presented
later, we have prescribed the pressure along a plane of symmetry,
which may also be considered as a rigid wall.

On an exit boundary, among the four bicharacteristics
traced back from a boundary point, only one falls outside the flow
domain, and the particle path falls within the domain, Fig. 8.
Again, only one compatibility equation is missing, and only one
property has to be specified. In the example problem, we have
specified either the pressure or one velocity component as the
boundary condition for an exit boundary.
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For an entrance boundary, three of the four bicharacter-
istics, as well as the particle path line, all fall outside the
flow domain, Fig. 9. Compared to an interior point, there are
five equations missing: three compatibility equations along the
three bicharacteristics, and the energy- and mass-conservation
equations along the particle path. But among the seven unknowns,

Py Py 8, U, U, aur/ar, and auz/az, the last one does not appear

in our calculation scheme. If the tangential velocity u, is
specified along the z = constant boundary, then 3ur/8r may be

considered as known. Therefore, specifying three boundary con-
ditions is sufficient for the solution of the entrance boundary
point. In the example problem, we have specified the two velocity
components and density.

Boundary Finite-Difference Equations

In developing the finite-difference equations for use on
the boundaries, an approach similar to the general-point equations
has been used. First, consider the finite-difference formulation
for the plane-wall (particle-path) and exit boundaries, as shown

in Figs. 7 and 8. To solve for the seven unknowns, Py» po, a,

, u (Burlar)o, and (8uz/32)°, at the boundary point, we

u

ro’ 2o’
write three compatibility equations in the form of Eq. (21) for
the angles ¢ = 0, 7, and 3n/2; these equations are the same as
Eq. (25) for 1 = 1, 3, and 4. See Figs. 7 and 8. Also, we write
energy- and mass-conservation equations along the particle path.
These, coupled with the equation of state (6) and the appropriate
boundary conditions, complete our system of equations.

In a manner similar to that used for the general-point
finite-difference equations, the derivatives (aurlar)o and
(auzlaz)o are eliminated from the system, yielding the following

difference equations for the exit-plane and plane-wall boundaries.

{

i {—Zf. QAo+t Pra,5M6, +L; a; Sinéy+ Zﬁ,a4_s/'n 64}[@,-4351

'f'jif:‘n,i.ayy'-lu;y'*12¢z; -J?@?;,:} = ’?5;
= Bfedlk Al - SR Ry 2R, ]

2 as }
2, 8p = po-ps~Rsl gz~
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7{2pa,+f,4,cos 840y 0058, J sy #
'é‘{ﬁd,.f/ha, -ﬂ;ﬂ_;.f/."%}/“( ‘-[()5}-/"2/'/&,4, {2“}’5

=l - lUysF = Ry R,

where p 1is specified for the exit-plane boundary and u, for
o] Zo
the plane wall.

For a point on the entrance boundary, we may write only
one equation in the form of (21), for the angle ¢ = 3n/2, and
the equation of state (6). The variables to be solved for are
Por Pgr 8 Urgs Uzgs and (Bur/ar)o. To complete the system, we
specify three boundary conditions; the derivative (aurlar)o can
be obtained by differentiating the boundary condition u.. The
single difference equation for the entrance boundary this becomes

fo=ot ?’ﬂc Ay Co564 {“r.' Urgf
bl fode-pop a4 5064 }{Ug-tUsa ]

4 —Z"-[ﬁdf[/(%?-,« .—22—’-;5)‘}+f+ a4°s, Jat

where u. and any two of the set {po, Por 80 uzo} may be speci-

fied. o

Numerical Stability

The stability criteria for first-order non-linear, hyper-~
bolic, partial differential equations has been discussed in Refs.
f4), 9], [11], and (12]. The Courant-Friedrichs-Lewy stability
criterion is a necessary condition for both linear and non-linear
systems of equations. Briefly stated, the CFL criterion requires
that the domain of dependence of the difference scheme must con-
tain the domain of the differential equations. For simple diff-
erence schemes the CFL criterion is both necessary and sufficient,
while for a network such as Butler's (Fig. 4) the requirements
for stability are unclear. However, using the CFL criterion to
regulate the integration time increment does seem to insure sta-
bility for our system. This is most likely due to the interpola-
tion scheme for the cone base points, which effectively increases
the domain of dependence of the difference scheme to such an
extent that it contains the domain of dependence of the differen-
tial equations.
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IV, Example Problem

Application to Blast Wave

An example problem with a known analytical solution
1s solved numerically by the present computer code. The error
between our numerical solution and the analytical solution is
used to judge the degree of accuracy of the present code.

The problem chosen is the cylindrical blast wave
problem solved by Sedov [10]. This problem has axial symmetry;
one space variable, radius r, and one time variable are suffi-
cient. In applying our numerical method, we purposely used two
space variables, r and z, and one time variable, For this two-~
dimensional, unsteady problem the data for the initial condi-
tions and boundary conditions are all taken from the exact so-
lution. After numerical calculation of a number of time
planes, the result is then compared with the exact solution.

The initial time chosen is t = 159.1 usec in the
blast wave problem, At this time, the shock front is at r =
24 units, and a rectangular area in the r,z plane was chosen
as our domain of calculation., This domain was divided into a
grid of 18 axial increments of 0.5 unit ,and 24 radial incre-
ments of 0.5 unit, as shown in Fig. 10. Exact values of all
properties are taken from Sedov's solution and assumed as our
initial values at the t = 159.1 plane at these mesh points.
0f the four boundaries z = 12 (boundary 1) and r = 12 (boundary
4) are exit boundaries, z = 3 (boundary 3) is an entrance
boundary, and r = 0 (boundary 2) is a fixed boundary. The
boundary conditions specified are: u, along boundary 1,

p along boundary 2, p, u. and u; along boundary 3, and p along
boundary 4. Values of these quantities are taken again from
Sedov's solution and prescribed along these boundaries for all
time,

With these specified initial and boundary condi-
tions, we calculated the properties of the interior grid-
points on succeeding time planes until the 50th time plane.
Figure 11 shows the points and lines at which the percent er-
ror has been plotted in Figs. 12, 13 and 14. The exact values
from Sedov are also indicated. It may be seen that the
error in the density, the quantity for which it has been most
difficult to obtain convergence, at the 50th time plane is less
than 0.05% at all points. The data also show no sign of in-
stability at any point.
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Figure 1. Diagram of Thornhill's Characteristic Scheme.
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Figure 2. Diagram of Sauerwein's Modified Tetrahedral

Characteristic Scheme.
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Figure 3. Diagram of prismatic network developed

by Coburn & Dolph and Holt.

Figure 4. Diagram of Butler's characteristic scheme.
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Figure 6. Diagram of characteristic cone and coordinate

system.
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Appendix A, Sauerwein's Finite-Difference Scheme

As presented in the main text, the initial-value problem
may be solved using Egs, (5), (6), and (21) for the five unknowns
Py Py 8y Ups and u,. According to Sauervein's method, three finite-

difference equations are generated from Eq. (21), for the angles
6= 0, 2n/3, 4n/3. The partial derivatives are eliminated by the
requirement that the derivatives are continuous along the three
bicharacteristics.

By writing Eq. (21) in finite-difference form we obtain
the following:

/h- ,h; +-!i {foa. cos*; + f; Q, cos 9,} Luvo-u“'! +

(A1)
iita sinds + S0 sinB:F Wy, uy.) =

i02s,; At risais;at y x=u2y3

So; = & U sin¥s Cry 4 sind; cosdi {L%"{), 3,1+

Ye
c_os"‘;. @%}),
s; =K l‘.t_".;o' +sin™b; e—s&;\; + Sin 6. 40593 {é'};\;*é%»,} +
cos*b; e%-'.;}\o

and 91 {s defined in Appendix B, The subscripts 1, 2, and 3 refer

to properties at the base points of the bicharacteristics, the
subscript 4 to the base point of the particle path line, and the
subscript 0 to the new point (to, L zo).
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The compatibility equation along the particle path,
Eq. (5), is also written in finite-difference form.

*o"k* =°'!i ?oa: iK l% +* Lég%z')o + éfuz}‘b }A't 2]
SRS DL

By requiring the derivatives of the particle velocities

to be continuous along the bicharacteristics we obtain the following
six equations.

eomtr, = 5 {GR + Q) Le-vc 1+ 1 {8 @;‘3’),-}[3:}.-]

+5 {9, + @, at
sty = 4 {O85) +Ci), } e va 1 4 A GV} 13
+4 {38, + Oy Tt yisan

(A.3)

Equations (A.1), (A.2), (A.3) and (6) constitute a system
of eleven equations which may be solved for the eleven dependent
variables:

Po’ ao’ pO' ur°9 uzo, (aur/ar)o’ (3\1!,/32)09 (aur/at)o’

(auz/ar)o, (auz/az)o, (auz/at)o.

36



Appendix B
Derivation of the Bicharacteristic Angle, 61

When the characteristic compatibility equations (21) were derived,
it was determined that the dependent variables varied along the bi-
characteristic curves. Since these are curves, and not straight lines,
the value of the coordinate angle § with respect to the negative r-axis
{Fig. 5 and Fig. Bl} may also vary along the curve between the apex of
the mach cone and the base point.

We can express the relationship between r and z for any point on the
characteristic conoid parametrically as
r = r(¢,t) \ (B.1)
z = z2(4,7)
where 1 = t-tj and ¢ is defined as the value of the coordinate § at the
cone's apex.

By using the relation

B By 5, i, %) 3¢

38 or ds dz 98 it 98
where s is taken in the direction ¢ alcng the characteristic cone,
and the previous result
cos § sin § q+a

VB . (] =
L @) 12 (14(t) 1% [14(qta) )

1/2

we can obtain a relationship governing § along the bicharacteristic
curves

98,/03z
e, kLo
32/29 381/3r tan § (B.2)

Referring to Fig. Bl, we wish to obtain an expression for the
angle 6, which is the value of the angular coordinate & at the base
of the cone. In order to accomplish this, we will write a Taylor's
expansion for the bicharacteristic curve in the direction of constant
$. When the expression for @ is obtained, a particular bicharacter-
istic curve will be designated by a subscript 1.

The dependent variables u_, u , a, and ¢ may be expanded in a
Taylor series about the point r,, » tny in the direction of the
0’ *0* 0
bicharacteristic.
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Substituting u_ Y u, T a= §

ot’ ot

and neglecting second-order terms we obtain

tUr = Up~-Ur T
U= Uy~ Uy T
A=08o-AT
$=¢-ST

Equations (B.4) are now substituted into the bicharacteristic

equations (22),

f}{:=,LA¢3-Civf2:-k'(Cla.-ail:) Cos (cﬁ-—iiii\
43 = Uy, - Ty + (A.-A7) sin ($-$7)
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1f this result is expanded and the small-angle approximation is
used, we obtain

ﬁ:&vﬁa,cu‘f” {av +acas<l>—a,§ sincﬂ'g.,. Soeao::

(3.6)
d3 =Uy,+a,sind- {Ty+Bsind +0.0§ cosd YT+ T

which becomes, upon integration,

(= (o {Uvp +00 cosdTT + 45 Yl +8 cord-0,Ssingd T+

(B.7)

3=3o- {ub,»ra,s;nﬂz +-§_iﬁ'}+5. sind 40,9 cond 1T

We now rewrite eq. (B.2) as

sin S ﬁ = — cosd -é-ﬁ (B.8)
and substitute eqs. (B.4) and (B.7) to get
aog = —S“\+ éu- C—°$+ éﬂ' % (B.9)
which may in turn be integrated with respect to time to yield
Go S T-= -Sm$ N*) —405* é-g-" ﬁ (B.10)

Using eq. (B.7) to expand this result and utilizing the Taylor
expansion for the angle 6 g = 8§, and T =-At:

6; ’4’;*6{ ‘;—-5"\4’;( \; + cosq; L; \ +aos"-+é-") (8.11)
-F‘“4’; “*4;5\@;‘*;,"3,-— }) 'ﬁ smzé @S'iv})
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where the subscript i denotes the particular bicharacteristic and
the partial derivatives are evaluated at time T. Equation (B.11)
will allow the variation of the bicharacteristic angle 6i to be

computed in terms of the derivatives of the flow properties at the
base of the characteristic cone.

e
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Appendix C 1
Iteration Equations

The purpose of this appendix is to present the iteration schemes
for the general point, boundary point and the corner point calculations.

General-Point Iteration Scheme

As presented in the main text, Eqs. (€), (33), (34), (35) and (36)
are used to solve for the unknowns ao, Ap, Ap, Aur and Auz at a new

general point (r ,to) when the fluid properties are given on an

0’ %
initial time plane. In order to solve these equations by an iteration
scheme, we must arrange them in a form which will facilitate the
successive calculation of the improved values of pressure, density and
the components of the particle velocity. To illustrate this, let us
represent Eqs. (33) through (36) in functional form and arrange the
equations in a sequeace which allows the new property values to rapidly
converge; new values of Ap, Ap, Au_ and Au_ can be obtained in the
following manner J %

Ap(l) = fl(Ap, Aur, Auz, Ap) Eq. (35)
Auil) = fz(Ap(l), Aur, Auz, Ap) Eq. (33)
Auil) = f3(Ap(l), Auil), Auz, Ap) Eq. (34)

(1) (1)

Ao(l) = f4(Ap , Aur 5 Au(l)

, s b°) Eq. (36)

where the superscript refers to the improved value. It is noted that,
in the course of the iteration scheme, the value of the sound speed

is continuously refined using Eq. (6) as new values for pressure and
density are obtained.

For the first iteration, crude estimates are made for
ags P Py» U and Yo based on their corresponding values in the

initial time plane. Thus using Eqs. (22) and (24), the four bi-
characteristics and the particle path are¢ projected down to the initial
time plane. The flow properties at the base points are obtained by
interpolation and Eqs. (6), (33), (34), (35) and (36) are solved for
improved values of ay» Ap, Ap, Aur and Auzé This process is repeated

until convergence 1is obtained within .0001 for each flow property. The
reader is referred to subroutine GENCOR in the computer program for
the general point iteration process. |
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Boundary-Point Iteration Equations

As presented in the main text Eqs. (6), (37), (38), and (39) are
used to solve for the unknown flow properties Pos Pg? ao, u o uzo

at a new point on the boundary of a plane wall or exit plane boundary.
Again, in order to solve these equation.s by an iteration scheme, we
arrange them in a form which will facilitate the calculation for the
improved flow property values. To show this, let us represent Egs.
(37), (38), and (39) in functional form and arrange the equations in a
sequence which allows a rapid convergence: new values of Py Por Y

and U0 can be obtained in the following manner

Prescribed Pressure Boundary

Auil) = gl(y, Aur, Auz, Ap) Eq. (39)
Auil) - 8,07, Auil), bu_y 80) Eq. (37)
201 = g (v, 00l 8P, a0)  Eq. (38)

Prescribed Normal Velocity Boundary
(1)

Ap = hl(Ap. Bu, x, bp) Eq. (37)
Auﬁl) a hz(Ap(l), Aur, x, Ap) Eq. (39)
aol) - h3(Ap(l), Ausl), x, Bo) Eq. (38)

where the superscript refers to the improved values of the flow properties
and y 1s the prescribed pressure and x the prescribed normal velocity.

The iteration scheme for determining the flow properties at a
boundary point is similar to that of the general point. The reader is
referred to subroutine BONPT in the computer program for the boundary
point iteration process. It is noted that the difference equation
shown for computing Ap(l) for a prescribed normal velocity in subroutine
BONPT is equivalent to Eq. (38).

Corner-Point 1teration Equations

For the example blast-wave problem, two corner-point iteration
schemes were developed. These handled corner points A (at the inter-
section of boundaries 1 and 4) and B (boundaries 1 and 2) as shown
in Fig. Cl. The corner points C and D on the entrance boundary need-
ed no iteration scheme, since all of the dependent variables must
be specified in the boundary conditions. Points A and B differ in
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the prescribed component of particle velocity with respect to the
local coordinate system, and in the choice of compatibility equations.

For corner point A, the equations used to obtain a solution are
the equation of state (6), two bicharacteristic equations (25) for
i = 3 and 4 and energy - mass - conservation equations (31) and (32).
Two boundary conditions are also specified to complete the system.

After combining these equations to eliminate the derivatives, we may
arrange them in a form suitable for iterative solution.

auy = 1-2 (-h) - S0 Ly ~Uvg + Uy~ Uy ] -

Sa K ‘%? ot - |- Tlo +fa; 51005 + 00 Sin G 2 -U3s]+
2Rs -2 13 +R41} /{-T.00 + 505 cos8; + B0y cosba |

a8 {N-$5-Rs (22 - 111/ at

where Y is the prescribed pressure and Z is the prescribed normal
velocity along boundary 1.

For corner point B, a similar procedure is used to develop
the iteration equations. The only difference from point A is that

bicharacteristic equations (25) are written for i = 2 and 3. The
difference equations are presented below.

AuY’ = {205l - Toao Lurg-tir, + Uge ~U351 +2Rs ~
R05 Ko ot - [-Fo0e + 510,518+ Ta0usinBa 1L 2 -U34] -
2[R +Ra1} /{ $ulo+ P01 038 + TaOacos Ba}

83= 1Y~ 5 -RsL 82 -1}/

where Y is the prescribed pressure and Z is the normal velocity.

The iteration scheme for determining the flow properties at a corner
point is similar to the boundary point. The reader is referred to

subroutine CORNPT in the computer program for the corner point
iteration process.
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Appendix D - Limitations of the Computer Code and Input Preparation

Structure of the Computer Code

The basic structure of the computer code is diagrammed in Fig. D.1l.
Of the nine main parts into which the code is divided, the first two read
in the problem data and nondimensionalize the variables.

The third part scans the mesh data and determines which mesh points
are active or inactive; active points in the rectangular mesh are those
which lie within the region of calculation. This part also decides which
mesh points are "odd"; these are points located in the interior of the
flow domain but too close to a boundary for solution by the general-point
routine. The solution at odd points is obtained by interpolation between
neighboring points on the new time plane.

The fourth section of the code determines the time increment between
the old and new time planes, in a manner to insure stability according to
the Courant-Friedrichs-Levy criterion.

In the next three parts, the difference equations are integrated to
obtain solutions at the boundary corner points, boundary points and general
points in the new time plane.

The last two sections obtain the solutions at odd mesh points by
interpnlation, then transfer the variables of the new time plane into the
arrays where variables in the old time plane are stored. The last part
also re-dimensionalizes the solution data for printout on those time planes
selected by the user.

Limitations and Instructions for Modification

As listed in Appendix E, the code is limited to problems involving a
25 x 25 (or smaller)mesh, fewer than 10 boundaries each with not more
than 20, coordinate points: tabular boundary-condition data may not
exceed 20 entries. These maximum values may be enlarged by increasing the
subscripts of the appropriate variables in the COMMON and DIMENSION state-
ments wherever they appear within the code; however, this will also in-
crease the core requirement of the computer code. An example is given on

page 48.
The boundaries of a problem are numbered counter-clockwise starting

in the upper-right-hand corner, and boundary data must be input in the
same order. The entire flow domain must lie in the first quadrant of the
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r,z coordinate system, and the flow entrance boundary must be on that side
of the flow domain which 1s toward the r-axis (as in Fig. D.2). The general-
point mesh coordinates are represented by ry: and Zi4» where i is the axial
index and j the radial index. The boundary-point coordinates are r,,. and

Zpi4s where i indicates the number of the boundary and j is the indexjalong
the boundary.

The program assumes uniform initial conditions. If the user chooses
to specify other initial conditions, he may do so by inputting all the
initial data at each mesh point. The general mesh-point coordinate data
must begin in the lower-left-hand corner (nearest the origin) of the
rectangular mesh., The axial rows increase monotonically along the z-axis,
and the radial columns increase along the r-axis.

The manner of locating the boundary mesh points is determined by the
angle 8 between the boundary and the r-axis. If —-45° < @ < 459 or
135° < @ < 2259, then the boundary mesh points are located at the inter-
sections of the vertical lines in the mesh grid with the boundary (see
Fig. D.2). For other values of the boundary angle, intersections at the
horizontal mesh grid lines are used.

As listed in Appendix E, the code uses the equation of state for a
perfect gas. To employ some other equation, tiie user must modify the
function SOUND(p,p), which computes the sound speed from the density p and
pressure p.

A variety of boundary conditions have already been implemented, includ-
ing a constant pressure line, stationary solid boundary, free surface, and
flow entrance boundary. Provision has also been made in the code for
additional boundary conditions to be developed in the future; these include
a moving solid boundary, contact discontinuity, and shock discontinuity.

For completeness, input data coding information on accessing these currently
non-functioning parts of the program has been included in the following
pages.

If the user wishes to specify houndary conditions computed from an
analytical solution, he must supply the subroutine EXACT(r,z,t), specify
MCODE(I) = 1 for that boundary, and possibly modify parts of subroutines
CORCOM and BCOMP. However, it is recommended that the boundary conditions
be specified in tabular form.
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Increasing the Code's Problem~Size Capacity

The changes necessary to relax the problem-size limitations
discussed above will be illustrated by an example.

R e S —1

To solve a problem requiring a 26 x 27 mesh, 11 boundaries, 23
points along the longest boundary, and 28 entries in the boundary-
condition data table, the following alterations must be made:

Change the unlabelled COMMON block, wherever it appears in the
code, to

COMMON RM(26,27),2M(26,27),P(26,27,2),A(26,27,2) ,RH0(26,27,2),

UR(26,27,2),U2(26,27,2) ,NOR,NOZ ,RBM(11,30,2),ZBM(11,30,2),

RB(11,24,2),ZB(11,24,2) ,THETA(11,30,2),PB(11,30,2),AB(11,30,2), .

RHOB(11,30,2),URB(11,30,2),UZB(11,30,2) ,NACTVE(26,27) ,NODD(26,

27) ,NBACT(11,30,2) ,NBODD(11,30,2),ITYPE(11,30,2),INUM(11,30,2),

LBPT(11),TAXES(11,30)

Change the COMMON block labelled BOUND, wherever it appears, to

COMMON/BOUND/JCODE(11) ,KCODE(11, 3) , LCODE(11) ,MCODE(11) ,BTIME
(11,28,3),BCON(11,23,28) ,BSPCE(11,23),ACON(11,23,28),CCON
(11,23,28)
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Instructions for Use of Code

This appendix presents the computer code input data and
test case,

The input consists of the following items, where * indicates
fixed-point (integer) data:

l.

Units identification card.
Type 'SI' (left-justified) for S.I. Units or 'English'
for English (f.p.s.) Units.

The first cardeseries contains the following inout
parameters: FORMAT (2(13,2X), 6E10.0,/E10.0, I1, 4X,I2)

a. NBP* - number of boundaries

b. NTIME* -~ number of time-plane calculations
c¢. DELR - radial mesh increment, m or ft

d. DELZ - axial mesh increment, m or ft

e. RINIT - initial radius, m or ft

f. RFINAL - final radius, m or ft

g. BINIT - initial axial-direction value, m or ft
h., 2FINAL - final axial-direction value, m or ft
i. TIMEK - stability time comstant; < .5

j+ KPRINT* - convergence-loop print indicator

= 0, no intermediate print output

= 1, intermediate print output
indicates number of time planes to

be skipped in the printout

k. MSKIP*

On the second card in the first card-series:

FORMAT (6E10.0,I1)

a. PINIT - reference pressure for non-dimensional
purposes, N/uF or lb/ft2

b. RHPINT - reference density, kg/m3, or slugs-per-

cu-ft

c. AINIT =~ reference sound speed, m/sec, or fps

d. TIME - initial time of solution, sec

e. WIDTH - reference dimension for non-dimensional
purposes, m or ft

f. KAXIS - indicates whether flow is two-dimensional

or axi-symmetric
= 0, two-dimensional flow
= 1, axi-gymmetric flow
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g. NC@DE* - indicates if initial mesh data will be
imput or whether the program will generate
the data
= 0, the program will generate the mesh
data (user must supply initialieing sub-
routine INITIAL)
= ], the mesh data will be 1input

4, The second cardeseries contains the boundary-mesh input
data

a., The first card in this series contains the number of
spatial points on a boundary and a boundary condition
function indicator FORMAT (10(I124X)

1. LCPDE(I)* - number of spatial points on the boundary
2. MC@DE(I)* - boundary condition function indicator
= 0, boundary condition will be input
= 1, boundary condition will bhe com-
puted analytically (user must supply
SUBROUTINES EXACT and INITIAL)

b, The second card in this series contains the spatial coor-
dinates of the boundary points, FORMAT (5E10.0)

1. RB(1,J) - coordinate of the jth point on the
ith boundary in the radial direction.
2, 2#B(I,J) - coordiante of the jth point on the

ith boundary in the axial direction

NOTE: J varies from 1 to LC@DE(I) and I varies from
1 to NBP,
5. The third cardeseries contains the boundary condition data
for the boundary mesh points. F@RMAT (10(I2,4X))

a. The first card specifies the type of boundary condition
and the number of time values that the boundary con-
dition is specified.

1. JCPDE(I)* - specifies type of boundary condition
= 1, constant pressure line
= 2, normal velocity line or
stationary solid borni:dary

, free surface

, contact discontinuity

, moving solid boundary

, shock front

,» entrance boundary

2, KCODE(LK)*- specifies number of time values

= O, indicates boundary condition
independent of time

NOTE: K varfes {rom 1 to 3 depending on the boundary condition.

LI I B |
NV W
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7.

b.

d.

The

The second card specifies the value of time for the
boundary condition. FORMAT (5E10.0)
1. BTIME(I,J,K)-time, seconds

NOTE: K varies from 1 to KCADE(I,1). If KC@DE(1,1) is
zero, no card will be input.

The third card in this series specifies the value of
the boundary condition at each point on the boundary
as a function of time. TF@RMAT(5E10.0)

1. BC@N(I,J,K)- value is dimensionless, It is either
dimensionalized with respect to the
reference pressure or reference
sound speed.

NOTE: I varies from one to NBP, J varies from one to
LCPDE(I), and K varies from one to KC@DE(I,1).

If JCADE(I) 1is equal to 7, a second and third boundary

condition are input, i.e., (b) and (c) are repeated.

fourth card-series contains the general-mesh input

data. FORMAT(7E10.0)

a.

The

a.

The cards contain the radial and axial coordinztes of the
mesh point and corresponding properties.,

1. RM(1,J) - radial coordinate of the mesh point, m or ft
2, EM(1,J) - axial coordinate of the mesh point, m or ft
3. UR(1I,J,1) -~ dimensionless radial velocity ratio

4, VZ(1,J,1) - dimensionless axial velocity ratio

5. P(1,J,1) - dimensionless density ratio

6. RHP(1,J,1) - dimensionless density ratio

7. A(1,J1) - dimensionless sound speed ratio

NOTE: This card set only appears if NC@DE is greater
than zero. I varies from 1 to the number of
rows and J varies from 1 to the number of columns.

fifth cardeseries contains the boundary-mesh imput data.

Che cards contain the radial and axial coordinates ef the

boundary mesh point and the corresponding properties.

fhe boundary mesh points should be input in the same

direction as the boundary points in (4b).

1. RBM(1,J,1) - radial coordinate of the boundary mesh
point, m or ft

2. ZBM(1,J,1) - axial coordinate of the boundary mesh
point, m or ft
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3.

5.
6.
7.

URB(1,J,1) - dimensionless
U2B(1,J,1) - dimensionless
PB(1,J,1) - dimensionless
RH#B(I,J,1)- dimensionless
AB(I,J,1) - dimensionless
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Listing of Sample Problem Input Data

*NNO8 1SYld
*NNO8 ¥NO3
*NNDO8 QA¥IHL
°NNJ8 °J3s

*NNDO3 1Sula3

0°1

0°1 0°1 S¢°0

62°0 o°1 1T ¢

§¢°0 0°d a°1

0°t 2°0 0°1

0°c 1681000°2 0°0011 L6%%200°0

5¢°0 o1 ooo~ooooo~¢o.hooooo—¢om

10
L0
10
c0
0°1
i0 20
0°0
10 20
0°*0
10 20
0°1

10 2
8°9112
Q.

S00 %00
HSIT9N3
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Read Input Data
Print Out Initial
Data

|

Non=Dimensionalize
Variables

Determine Active and
Inactive Points in
Mesh Grid and 0dd
Mesh Points

Figure D.1

1

Scan Mesh Data To
Determine Time
Increment, At, For
Next Time Plane

Calculate Corner Point
Properties in New Time

Plane

Flow Chart Showing Structure of Program
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Compute Boundary Point
Properties in New Time

Plane

Compute General Point
Properties

'

Interpolate for 0dd Point
in Mesh Grid

l

Substitute Properties of New
Time Plane into the Ol1d

Time Plane and Begin a New
Loop

Figure D.1

Flow Chart Showing Structure of Program
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Figure D.2

Schematic of Blast Wave

Illustrating Mesh Coordinates
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Appendix E
Listing of the
MCDU 43 Computer Code

Contents
page no.
Main Program 59
Subroutine ABDIF 69
Subroutine ABGEN 72
Subroutine ACTIVTY 75
Subroutine ADJUST 75
Subroutine BCOMP 76
Subroutine BDPROP 80
Subroutine BEGIN 81
Subroutine BONPT 82
Subroutine BOUNDY 83
Subroutine BSERCH 90
Subroutine CNRBD 92
Subroutine COMPEQ 94
Subroutine CONVRT 96
Subroutine CORCOM 97
Subroutine CORNPT 101
Subroutine DERTVE 103
Subroutine DIFBD 106
Subroutine DIFFER 107
Subroutine EXACT 108
Subroutine FIND 109
Subroutine FINITE 112
Function  FLAGRE 112
Subroutine GENCOR 113
Subroutine GENERAL 115
Function GRS 117
Function GR1 118
Subroutine GUESS 119
Subroutine INITIAL 120
Subroutine INPROP 121
Subroutine INTEG 123
Subroutine INTERP 124
Subroutine LAGRNE 124
Subroutine ODDPT 125
Subroutine PHYCHR 128
Subroutine PREPB 129
Subroutine PREPDO 130
Subroutine PREPOD 131
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Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Subroutine
Function

Subroutine
Subroutine

PREPRS
PRINT
REPLCT
RPRIME
SCAN
SEARCH
SET
SOLCT
SORT
SOUND
TRNSFR
TRSCNR
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REAL KAXIS

DIMENSTONNSI(6) ¢ NDAT(20),PROPLIZO) X{30),ERROR(S)
COMMON/PLANE/URGIS ) UZGIS5)1,PG(S) sRHOG(5)sRGI5)+2ZG(S5)AGLS),
o« PNEWyRHNEW yANEM o URNEW 9y UZNEWsRAP, ZAPo RNEW, ZNEW
COMMON/DATA/ITEST,NBP W IDTHoANGLE

COMMCN RM(25925) ¢ ZM(25¢25)4P(25025¢2)9A(2592502)4RHO(25425,2),
o UR(2592%592),4UZ2(25425,2) ¢NCR NOZ,RBM(10,30,2)28M(1N,30,2),
oRB(10+2142)928€10,21¢2),THETA(10,30,2)+PB(10,30,2),A8(10,30,2),
«RHOR(10,430,2),URB(10,30,2),UZB(10,30,2)¢NACTVE(25,25),NODD(25,25),
oNBACT(1093092) ¢NBODN{1093Ce2) s TTYPE(L10430,2),INUM{10,30,2),
«LBPT(10),TAXES(10, 30)

CCMMON/EXT JURR yU2Z7 yPRAT ,RRATLARAT
COMMON/STATE/PINITRHOINTAINIT

CCMMCON/BCUND/JCODE(10) yKCCOE(1043),LCODE(L10),MCODE(10),
«BTIME(10,2043)RCON(10420,20)RSPCE(10:,20),ACON(L20,20,20),
+CCON{ 10y 20,20)

PI1=3,1415926535898

DATANCATY /% TIO®,*ME " JONMILLYy*ISEC* 9 *PRESY,*SURE?Y ,*NORM?*,* VEL?*,
1'VELO' ' CITY?, 'LA/SY,*Q=FT®,? FT/v,9SEC *,* FT/','SEC *,
2'DENS' L ITY ?,8SL/C*y*U=FTY/

DATANSI/ZONT/S? ,%Q=M ¢ 0 MJO CGEC ¢, 0 M/0 0SEC */

DAT. SI/7°STv/

100 PRINTE220C
REAC8001,SS!
IF(SSI.NE.SI)GOTO102
DN641=1,6
J=1+10

64 NDAT(J)=NSI(])

102 READ(S,BCOCINBP NTIME,DELRGDELZ,RINIT,RFINAL,ZINIT,

oIFINAL,TIMEK,KPRINT,MSKIP

C REAC INITIAL REFERENCE CONDITICNS
READ(S59B022)PINIT o RHOINTLAINIT,TIME,WIDTH,KAXISNCODE
CONST=PINIT/(RHOINT®=AINITHAINIT)

C READ BCUNDIARY CATA
D0 11C I=1,NBP
REAC(S,8002)LCODE( 1) ,MCODF(I)
KSPCE=LCODE(])

110 REAC(9,8021)((RBIT9Jol) +ZB(I9Jdsl)),J=1,KSPCE)

c SET UP BCUNDARIES
DO 114 1=1,NBP
KSPCE=LCODE(])
00 114 J=1,KSPCE
RB(1,J92)=RB(1,Jyl)

114 28(1,Je21=2B(1eJy1l)

c REAC BOUNCARY CONDITICNS
0N 200 I=1,NBP
REAC(5,8002)JCODE( 1)y (KCODE(T4K) yK=l,3)
IF{(JCODE(]1)EQe%) OR(JCODE(T)aFQeb)ORL{JCODE(ID).EQ.8))
«G0 TO 200 e e :
IFIMCODE(I).EQ.1) GD TO 200
KSPCE=LCODE( )
KTIME=KCODE( I, 1)
IF(KTIME ,EQ,O0VKTIME=1
DO 202 K=1l,KTIME
IF(KCODE(I,1)GY.O)READ(5,8021)BTIME(]¢Ky1)
READ(5+8021)Y(BCON(19J9K)yJ=]l,KSPCE)

202 CONTINUE '

IF(JCODE(1).NE.T)IGO TO 200
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KTINE=KCODE(1,2)
00 204 X=1,KTIME
IF(KTIME.,FQ.0)KTIME=]
IF(KCCDE(142).GTV.OIREAD(S5,8021)BTIME(]I K2}
REAC(S5,8021) (ACONCI3J¢K)eJ=14KSPCE)
204 CONTINUF
KTIME=KCCDE(],23)
1F(KTIME ,EQ.0IKTIME=]
DO 206 K=1,KVIME
IF(KCCOE(T143)GT0)READI(S5,8021)BTIME(],K,3)
REAN(S,8021) (CCONLI4J¢K)pJ=1,KSPCE)
206 CONTINUE
200 CCNTYIAUF
CALL ADJLST
NOR=TFIX({RFINAL-RINIT4DELR/10.)/DELR)+]
NCZ=TFIX((2ZFINAL-ZINIT4DELZ/1N . )/DELZ)+]
C PFAD IN MESH COPRDINATES AND PPNPERTIES
C I REFERS YO THE ROW AND 4 RFFFERS TO THE COLUMN
IF{NCCNELEC.O0)IGO TC 400
NN 302 T1=1,N02
DO 202 J=1,NMR
302 READ(S5,802C)RMIToJ)eZMIT o )y UR(TI9Jol)oUZ{Todol)sP{IeJdel)eRHO(IJ,]
VAL, Uy 1)
CALL SEARCH(DNDELR,DEL. .RINITL,ZINIT,1)
CALL BSERCHIDELR,,DELZ.1)
00 20¢& 1=1,NRP
KSPCE=LBPT (1)
D0 30€& J=1,KSPCE
306 REACIS5,8020)RAMIT 4 Jel)oZBN(I3Jel)eURBITIJelYUZR(TI9Jy1)yPB(1,4Jy1),
e RHOPR (T 9Js1)4A%(1,J,1)
GO T0 410
400 CONTINUE
c SFT INITIAL VALUES IN MESH
. CALL SEARCHIDFLR,DELZ RINITLZINIT,!)
| CALL PSERCHIDELR,DELZ,1)
CALL INITIAL(DELR,DELZ,TIME)
410 CONTINUE
C WRITE CUT INPUT DATA
WRITE(6,8230)
WRITF(6,80222)
WRITE(69B2TOINBPoNTIME,DELRyDELZJRINIT,RFINAL ZINIT,ZFINAL
WRITE(6,8240)
WRITF(6,8242) ,
IF{SI.EQ.SSY)IPRINTY 8245
TF(SYNE.SSIIPRINTB244
WRITE(6,83280)PINITRHOINTLAINIT,WIOTH,TIMEK
PRINTS003,KAXIS NCCDE,KPRINT,NBP,NTIME,NBTNPLOT
WRITE(6,82%0)
WRITE(6,8252)
IFIST.EN.SSI)PRINT 8255
IF(STNE.SSI)IPRINT 8254
C. WRITE CQUT BCUNCARY POINTS
DO 700 I=1,NBP
KSPCE=LCODELTY
WRITE(6,9256)1 . v
T00 WRITE(6,8290)C{L4RBITIoLo1)yZB(IsLs1)),L=1,KSPCE)
C WRITE OUT ROUNDARY CONDITICONS
WRITE(6,84C0)
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720

722

124

726

T06
703

728

732
730
T40

T36
134

704

00 702 I=1,NBP

WRITE(6,8220)

NBP1=1+1

KL=JCCDE(])

GO TO(T720, 72247204 702,722+7029724) 4KL
KJ=5

KK=6

GO TC 726

KJ=1

KK=13

GO 10 126

KJ=S

KK=13

CCNTINUE

KTIME=KCCDE(T,41)

KSPCF=LCCNE( 1)

IF(MCODE(I)GT.O)GC TO 701
IF(KTIMF.FQ.0)GO TC 704

NC 702 K=1,KTIMF

WRITE(6,484264)
WRITE(648410)BTIME(TI4K,y1)
WRITE(698420) 1 NBP1yNDAT(KJI)yNDAT(KJI+1)
WRITE (64 8422INCAT(KK) o NDAT(KK+1)

D0 706 J=1,KSPCE
WRITE(6,8425)BSPCE(T,J)yBCON(14J,K)
CONTINUE

IF(JCCDE(T).NE,TIGC TO 702

WRITE 2UT SECOND BCUNDARY CONDITION
CONYINUF

kKJ=17

KK=18

KTIME=KCCNE(1,2)

TF{KTIME.EQ.O0)GO TO 705

DO 730 K=1,KTIMF

WRITE(6,8424)
WRITE(698410)1BTIME(TI,K,2)
WRITE(648420)14NRP1,NDAT(KJ)
WRITE(6y86422)INCATIKK) ¢ ADAT{KK+1)

DO 732 J=1,KSPLE
WRITF(698425V1ASPCE(T,J)oACON{TI,J¢K)
CCNTINUE

CCNTINUF

KJs9

KK=13

KTIME=KCCDE(I,3)

IF(KTIME.EQ.0)GO TC 707

DO 734 X=1,KTIME

WRITE(6,8424)
WRITE(648410)BTIME(I4K,3)
WRITE(698420)14NBP1yNDATIKJI) yNOAT(KJI*+])
WRITE (698422 )INCAT(KK) s NDATIKK+1)

D0 736 J=1,KSPCE
WRITE(698425)BSPCE(1,J)+CCON(T¢J,K)
CONTINUE

GO Y0 702

WRITE(648424)

WRITE(6,8412)

WRITE(6,8420)1 ¢NBPL,NDAT(KJ) ¢yNCATIKI+1)
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WRITE(6,8422)NDATIKK)  NDAT(KKS1)
D0 702 Js=] ,KSPCE
708 WRITE(6,8425)BSPCE(I.J)9BCON{IoJy]l)
IF(JCODF(I).NELTIGO TO 702
GO 70O 728
705 WRITE(6,8424)
WRITE(6,8412)
WRITE(6,B420)1 T 4NBPL14NDATIKI) oNDAT(KJ+1)
WRITF(6¢8422INDATIKK) JNDAT(KK+1)
DO 738 J=1,KSPCE
738 WRITF(6,8425)BSPCELT4J)yACCNIT,J,1)
GO TN 740
TOT WRITE(6,8424)
WRITE(6,8412)
WRITE(698420) 1 yNBPL1 NCATIKJ) yNDATI(KI®L)
WRITF(6,8422INNATIKK ) JNDATIKK+])
DO 742 J=1,KSPCF
T42 WRITE(6,8425)RSPCELT 4J)CCON(TI9J0l)
GO TN 7102
701 WRITE(6,€428)1
702 CCNTINUE
(e WRITE QUT MFSH POINT CCORDINATES AND PROPERTIES
WRITE(6,8260)
WRITE(6,82€2)
WRITE(6,8264)
DO 7T1C 1=1,NO2Z
DO 710 J=1,NOR
710 WRITE(6¢8300) 1 ¢JoRMIT 4 J)eZMIT,,J)oPlIJdyl)yRAD(T,J,y1),
Al T9dy 1) URITZWJ 1) oUZ(T9ds1)
C WRITF CUTYT PBOUNCARY CATA
WRITFE(6,8258)
WRITF(6,8262)
WRITE(6,92¢64)
DC 776 [=1,NRP
KSPCF=LRPYI(I)
ND 776 K=1,,KSPCF
776 WRITE(G698300)T 4KyRBMIToKyL)oZBMITIoKo1),PBI(I, Kol’oRHﬂB((oKpl’v
e AB{ Is Ky 1) gURBII¢Kyl)oUZRITyK,1)
C NCON=-DIMENSINNALTZE VARIABLES
NELZ=NELZ/WIDTH
CELR=DFLR/WIDTH
RINIT=RINIT/WINTH
ZINIT=ZINI1/WIDTH
RFINAL=RFINAL/WIDTE
ZFINAL=ZFINAL/VWIDT
nn 15C I=1,N02
DO 75C J=1,NOR
RM{T,J)=RNM(1,J)/HIDTH
750 ZM(1,J)=IM{]1,J)/WIDTH
DO 752 T1=1,NBP
KSPCE=LCONEL(T)
DO 752 K=] ,KSPCE
RB(TyKy1)=RBII,Ky1)/WIDTH
IBUY Kyl )=2001,Ky,1 ) /WIDTK
RAET1)Ky2)1=RR(T¢Ke2)/UIDTH
752 ZB(1,4Ko2)=7B(1,Ko2)/WIDTH
D0 7154 1=1,NBP
KSPCE=LRPTLI)
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C

C
v
C

—

D0 754 K=1,KSPCE
RB"'loKvl"ﬂBM(viol)/“[D‘H
IBM(T oKyl )=IBMITI oKyl)/WIDTH
RBM(] 4Ky 2)=RBM{T4K,1)
754 ZBM(I4Ke2)=Z8BM(1,Kyl)
NON=-DIMENSIONALIZE BOUNCARY CONDITIONS
D0 760 I=]1,NBP
IF(MCCCE(]).EQ.1)GC TO 760
KJ=JCCRELT)
KSPCE=LCCDEL 1)}
INDICE=0
INDEX=0
DO 764 J=1,KSPCE
KTIME=KCNNE(T,1)
IF(KTIME . EQ.OIKTIMF=1
N0 766 K=1,KTIME
TFUIKCODE(I 1Y oGT.0)ANNL(INDEX.EQeOD) )
o BTIME(TI Ko 1)=RTIME(TI,K,1)*AINIT /WINDTH
GO TOUTT2,T74,766,T766,71749766,9TTT)KJ
TT7T2 BCON(1,J9K)=BCCNIIJeK)/PINIT
GO TO 766
T74 BCON 1,JoK)=RCCNIT4JyK)I/AINIT
GO TO 766
TTT BCONI(I,JeK)I=BCTNIT,JeK)/AINIT
766 CCNTINUF
INDEX=1
IFTKJ.NFLTIGO TO 764
KTIME=XCODE(1,2)
IF(KTIME,EQ.,O0)KTIME=1
DN 780 K=1,KTIMF
TFOIKCONE(1,2) «GTo0)ANDL (INDICE .EQ.0))
eBTIME(TyKy2)=BTIME(]I Ko2)*AINIT /WIDTH
780 ACON(1,JyK)=ACON(T1,4,J,K)/RHOINT
KTIME=KCCDE(1,3)
IF(KYIME,FQ. 0)KTIME=1
DO 782 K=1,KTIME
TIF((KCCOE(I93)GT.0)AND. {INDICELEQ.O))
eBTIMEIT Ky3)=RBTIME(I K,3)*AINIT /WIDTH
782 CCON(T4JyK)=CCOCN{T9yJyK)/AINIT
INDICE=1
T64 CONTINUF
760 CONTINUE
BEGIN SOLUTICN YO FROPLEM
FIRST DETERMINE TIME INCREMENT BY SCANNING OATA
SCAN THE 7 DIRFCTICN FIRST
IPASS=1
TIME=TIME*AINIT /HIDTH
DO T90 L=2NTIME
CALL BSERCHIDELR,DELZ,2)
SCAN TIME FOR GENERAL PCINTS IN Z DIRECTION
DELTA=100.
D0 80C X=3,NOZ
Kl=K=-2
NC 800 J=1,NOR
IF(INACTVE(K ¢ J)<EQ.0) o CRe (INACTVE(K1,J).EQ.0))GO TO 800
CALL SCANTZMIK ¢ J) 9o ZMIKL o JYyUZEKL4Jy1)oAlK1oJsl),
eUZ{KeJol) o2 (Ko Jel)oDELTA,CMIN)
800 CONTINUE
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[aNele Neal

o

SCAN THE RADIAL DIRECTICN

N0 810 K=1,NO2

D0 810 J=3,NOR

Ji=J-2

IFUINACTVE(KyJ1)EQ.O) ORLINACTVE(K,sJ).EG.0)) GO TO 810
CALL SCAN(RMIK  J) yRM{KoJL)oURIKeJol)sAlKeJyl)yURIKeJILy1),
eA{KyJly1),DELTA,DMIN)

810 CONTINUE

SCAN BCUNCARIES FOR TIME INCREMENT

NC P20 I=1,NBP

KSPCE=LAPT(T)

NC 820 K=23,KSPCF

Kl=K-2

IFCINBACT(I oK1 g1)FQa0) oORGINBACT(I4K,y1).EQ.0))IGO TN 320
ANGLE=ATAN2U(78BM{ [ 4Kyl )=-ZRM(T,K1l,1)),

e (RAM{ T14K,1)=RBM(T,K1ly1)))

RPR1=C,

FPR2=SQRT(({(ZIBM{T Kol }=ZBM{T,KLlyl))%%2)»

o [(REM{I,Ky1)=RAM{]T4K1,1))2%x2))
URI=URB(T4K1,1)%CCSCANCLE )+UZB(I K1, 1)%SIN(ANGLE)
UR2=URBIL I 4K 41 )*COSIANGLE)SUZBII K ,1)*SIN(ANGLF)
CALL SCAN(RPR2,RPRIZJURLABLTI K1y 1) UR2,ABITI 4Kyl

«NELTA,OMIN}

820 CCONTINUE
WRITE(6,86CO)DELTA,DMIN
MULTIPLY TIMF RY CCNSTANTY
DELTA=TIMEKANFLTA
WRITE(6,860NIDELTA
INTFGRATE UNSTFADY EQUATICONS TO THE NEW TIME PLANE
INCREMENT IN THE AXTAL DIRECTION FOR THF QUTSIDE
LOOP AND TEEN THE RADIAL DIRECTION FNR THE INSIDE LOOP
CONSICER T+E FIRST RCW BCUNDARY
TIME=TIME+NELTA
COMPUTE CCRNFR POINTS
DO 1202 1=1,NRP,2
D0 1202 LI=1,2
CO T0(1210,1220),L1
1210 CONYINUF
J=1
1BCUND=3
K=1-1
IF(K.LT.1)K=NRP
M=LAPT(K)
GO 10 1230
1220 CCNTINUE
J=LRPT(I)
IROUND=2
IF(1.EQe.2) IBOUND=S
K=1+]
IF{K.GT.NBPIK=1
M=1
1230 CONTINUF
CALL CORNPTY(I¢JyCONST KAXTIS,TIME,DELTA,KPRINT, IBOUND)
PR(KoMo21=PB(],J,2)
PB(K.N.ZHPM!.J.Z)
PHOB{K ¢My2)=RHOB(I,,Jy2)
URB(K'”'Z”URB(!'J'Z'
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UZBIK o Me2)2UZB(14J02)
ABIKoM,2)=AB(1,J,2)
RBM(K M, 2)=RBM(1,J,2)

1202 IAMIK yMy2)=28M(1,4Je2)
COMPUTE BOUNDARY PCINT
DO 1200 1=1,NBP
KSPCE=LBPT(I)-1
IBOUND=1
D0 12C0 K=2,KSPCE

1200 CALL BCNPT(I K CONSToKAXIS,TIME,DELTALKPRINT, IBOUND)
COMPUTE GENERAL POINTS
DO 13C0 I=]1,NO2
DO 1300 J=1,NOR

1300 CALL CGENCOR{I,J,CONST KAXISyTIMEZNELTA,KPRINT)
INTERPQOLATE FOR OND BOUNCARY PCINTS
CALL QCCNPT(3,2)
INTERPOLATE FOR ODD MESKH POINTS
CALL CONPTUIPASS,2)
IPASS=2
STCRE PROPERTIES ANP DIMENSIONALIZE
D0 SO0 I=1,NO2
DO S00 K=1,NOR
IFINACTVE(],K).EQ.0)GD TC 900
P‘ ‘ K'l,SP(!'KQZ'
RHOCT oKy 1)=RHO(T 4K,y 2)
UR(T4Kel)=UR(],4K,2)
UZ(TeKel)=UZ(1,K,2)
A(l'K'l,’A(l'KQZ)

900 CONTINUF
DO 902 I=1,NBP
KSPCE=LBPT(I)
DO 902 K=)] ,KSPCFE
NBACT(IsKy1)aNBACT(I,K,2)
NBOCN(IyKe1)=NBODD(I4K,y2)
THETA(I  Ko1)=THETA(T 4K, 2)
ITYPE(I Ky L)=ITYPE(I,K,y2)
INUM{T Kol )=INUM(T 4Ko?2)
IF(NBACT(I K¢2).EQe0) GO TO 902
RBM(T 4Ky 1)=RBM(I,K,2)
ZPMUY 4Ky 1)=28BM{1,K,2)
PRIToKol)=PBI{I,Ky2)
RHOB(T¢Ko1)=RHOBII,K,2)
AB(ToKel)=AB(1,Ke2)
URB(T Ky1l)=URB(I9Ks2)
UZB (I 4Ke1)=UZB(14K,42)
THETA(I Ky 1)=THFTA(] 4K ,2)

902 CCNTINUE
CALL ADJUST
IF(MOCIL,MSKIP).GTL,OD)GC TC 790
TIMEL=TIMESWIDYH/AINIT
WRITE QUT RESULTS FOR TIME PLANE
WRITE(648650)TIME]
WRITE(6,8640)L
WRITE(6,48610)
WRITE(6,8620)
WRITE(6,8220)
DO 91C 1=1,NO2
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DO 910 K=1 (NOR
IF(NACTVE(I,K).EQ.0) GO YO 910
WRITE(698630)1¢KyeP(l9K92) eRHOC T oK 92) oA(T9Ky2)gUR(T4K92)UZII4Ky2)
910 CONTINUE
WRIVE(6,8650)VIMEL
WRITFE(6,8800)
WRITE(6,8610)
WRITE(6,8620)
WRITE(6,8220)
N0 912 1=1,NOZ
D0 912 K=1,NOR
TFI(NACTVE(I,K).,EQ.O0) GO TC 912
RMA=RM(I K)*WIDTH
IMA=ZN[ T ,K)EWIDTH
CALL EXACT(RMA,ZMA,TIMELl)
WRITE(6,8630)1KyPRAT,RRAT,ARAT,URR,UZ2Z
001J4=1,5
1 FRRCR{J)=C.,
IF(PRAT NE.OLIERROR(1)=1,-P(1,K,2)/PRATY
IF(RRATNE.OL)ERROR(2)=1.-RHO( 4K,y 2) /RRAT
IFIARAT NEOL)ERROR(3)=]1.-A(1¢Ky2)/ARAT
IF{URRNF.Ce )JFRROR(4)=]1,~URIT4Ky2)/URR
IF(UZZ.NE.CLI)ERROR(S)=]1,-UZITI,K,2)/022
WRITE(6,8632) (ERRCR(J)J=1,5)
912 CCNTINUE
C WRITE CUT ROUNCARY PCINTS
WRITE(6,8650) TIMEL
WRITE(6,R640)L
WRITE(6,89C0)
WRITE(6,89C2)
WRITE(6,8220)
00 930 1=1,NBP
KSPCE=LBPY(])
NN 93C K=1,KSPCE
IF(NPACT(I yK92).EQ.0) GO TO 930
FMA=RAM{ [ 4Ky 2)SWIDTH
IMA=28M( [, Ky 2)*WIDTH
WRITF(6:8904)1 ¢KyZPALRMALPB{IoKo2)yRHOBIT¢Ky2)oAB{I)Ko2),
cURB(T,Ky2)yUZRBR(T4K,2)
930 CCNTIAUF
WRITE(6,86SNITIME]L
WRITE(6,28C0)
WRITE(6,8220)
WRITE(6,8610)
WRITE(648620)
WRITE(6,8220)
DO S32 1=1,NBP
KSPCE=LBPT(1)
DO 932 K=1,KSPCE
IF(NBACT(] (K,2).EQ.0) GC TO 932
RMA=RAM{ [,Ky 2)SWIDTH
IMA=2EM{ 1 ,Ko2)2HIDTH
CALL EXACT(RMALZMA,TIMEL)
WRITE(698620)1,KePRATL,RRAT,ARAT,URR,U22
DO2J=1,5
2 FRRCR({J)=C.
IF(PRAT.NEO,)ERROR(1)=1,-PB(1,Ky2)/PRAT
IF(PRAT.NE (O )ERROR(2)=]1.~RHOB(I,Ky2)/RRAT
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TF(ARAT(NE OO )ERROR(3)=1.-ABL{[,Ks2)/ARAT
IF{URR.NE, 0, JERROR(4)=],~URBIT ¢Ko2)/URR
IFIUZZ NEL.OLVERROR(S)=] ,~UZBLIK,2)7U22
WNRITE(698632) (ERRCR(J) 9J=1,5)
932 CCNTINUE ;
790 CCNTINUF
GO 70 100
B000 FORMAT(2(13¢2X)¢6EL10.09/9E100,1104X,12)
8001 FORMAT(22)
8002 FORMAT(LC(1I2,4X))
8003 FORMATIIHOL*KAXIS = ", 12,4Xs°NCODE = *,12,4X,'KPRINT = *,[2,/
10 NBP = ®,12,4X,'NTIMFE = ",13,4Xe'NBT = *,12,4X,*NPLDNT = *,12)
8020 FORMAT(TE1C.0)
8021 FORMAT({SE10,0)
8022 FORMAT(6E10,0,11)
8200 FORMAT(21X,"MCNU 43, TWC-DIMENSIONAL UNSTEADY FLOW ANALYSIS?/)
8220 FORMAT(1H ,/)
B230 FORMAT(IHN 42 (IHNUMBER CFo5%X )y 12HR-INCREMENTS, 3X,
e 12HZ=~INCREMENTS¢3Xs9HINTTIAL Ry6Xyl1HMAXIMUM RAD,
caXSHINITIAL Z,6XyTHFINAL 2)
8232 FORMAT(IH ,10HBNUND.PTS. &Xs11HTIME PLANES, 3X,
«6(6F FEET ,9X))
8240 FORMAT{1HO,20%X,28HINITIAL REFERENCE CONDITIONS)
8242 FORMATILIH oAHPRESSURE ¢ TX oy THDENSITY 8Xo11HSOUND SPEED,4X,
«1OHREF LEMNGTH, 5X, 10HTIME PLANE)
8244 FORMAT(LH BHLB/FT2%2,TXy11HSLUGS/FT*23,4X,6HFT/SEC,9X,
ohHFEFET ,,9X,8HCONSTANT)
8245 FORMAT(L1H ,BHNT/M%32 ,TXel11HKG/M%%3 v &Xy6HM/SEC 49X,
+6HMETERS ¢9 X, 8HCONSTANT)
8250 FORMAT(1H]1,20X,*BOUNNARY FCINY COORDINATES®)
8252 FORMAT({1H ¢3(4HSECT43Xy6HRADIAL,9X,SHAXIAL,10X))
R254 FORMAT(1H TXe3(4HFEET LSX,4HFEET ,L,16X})
8255 FORMAT(LIH oTX93(O6HMETERS,9X,6HMETERS,16X))
8256 FORMAT(1H (1S5SHBOUNCARY AUMBER,13)
8258 FORMAT(®* 1RCUNLARY POINT CCORDINATES AND INITIAL PRNOPERTIES?)
8260 FORMAT(1H]1,10X,23HFESH POINT COORDINATES ,
« 22HAND INITIAL PROPERTIES)
8262 FORMAT(SHOMESH ¢3Xy EHRADIAL y9X,SHAXTIAL,10X,8HPRESSURE,
o« TXy THDENSITY,8X, 11HSOUND SPEED 4 X, LOHRADIAL VEL ¢SXo9HAX' ..L VEL)
8264 FORMAT(® NO® SXe2(4HCOCR,11X)y5(5HRATIOD,10X))
8270 FORMAT(LIH ,2114,1CX) ¢6(F9,.6,6X))
B280 FORMAT(1H ,T(F9,4,6X))
8290 FORMATILIH 43(13:2XoF9.496XF9.446X))
8300 FORMAT(1H ¢I1231He»[2,T(F14.9,1X))
8400 FORMAT(1HY,15X,19HBOUNDARY CONDITIONS)
8410 FORMAT(1H L10HBOUND SFG S5X6HTIME =,F11.8,4H SFC)
8412 FORMAT(1H o10HBOUND SEG ¢5X+15HTIME IS INDEPNT)
8420 FORMAT(1Xe13,° TO'yI3,6Xe 'DISTANCE RATIO®,6X,2A%)
8422 FORMAT(3ITX 2A%)
8424 FORMATY(LIH 4//)
8425 FORMAT(1H 20X ¢FT.4¢10X,F10.6)
8426 FORMATILH 920X THINDEPNT410X4F10.6)
8428 FORMAT(®* BCUNDARY CONDITICN IS A FUNCTION AT BOUNDARY!,I3)
8600 FORMATI(IH L,10E10.3)
8610 FORMAT{IHO,10HMESH POINT 10Xy 8BHPRESSURE ¢TXsTHDENSITY,8X.
¢« L1HSOUND SPEED 46Xy 9HRAD. VEL.96Xy10HAXTAL VELS)
8620 FORMATI(LIH 420X S(SKRATIC,10X))
8630 FORMAT(1IH 46XoI1391HeesI13:4XeS5(1XyFl4.9))
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8632 FORMATILIH »1SHPER CENT ERROR 5{1X,F14.9))

8640 FORMAT(IH L12HTIME PLANE =,[4)

B650 FORMAT{LIH] ,THTIME = ,F12.9.4H SEC)

8800 FORMATULIH ,15X,14HEXACT SOLUTION)

8900 FORMAT(1IHO ¢7Xy12HBOUND.RADIUS3Xo 11HBOUNDAXTALy &4Xy BHPRESSURE o 7X,
o« THDENSITY8BXo L THSCUND SPEED&4X¢9HRAD, VEL.¢6X,
«10HAXTAL VEL,})

8902 FORMATI(LH 438X ,S(5HRATIC,10X))

8904 FORMATILIH ¢12,1Heo12,T(F14.9,1X))
END
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SUBROUTINFE ABDTF(IB,FTA,KVALUE)
THE PURPOSE OF THIS SUBROUTINE IS TO COMPUTF THE
DERIVATIVES FOR THE ABNORMAL GENF.AL POINT
COMMON/RUFFFR/DURR(15) yDURZ(15)NUZR(15),DUZZ(15),DAR(15),DAZ(15)
COMMON/DOMAIN/RPN(15),2ZPN{15),PD(15),AD(15) ,RHOD(15),URD(15]},
2UZD(15),LSUB(1S)
DIMENSION DIST(15)¢PURR(15),PUZR(15),PAR(]1S)
VFRTICAL INTERSECTION
GO TN(100,300),18
100 GN TN(110,130,110,130),KVALUE
110 CONTINUE
COMPUTF R PRIME NFRIVATIVE FOR 144,47
NIST(T)=0,
DIST(S)=(RPDI4)I-RPD(TIIXCOSLETAI+(ZPD(L)-2PNDI(T) )*SINCETA)
NISTII)=(RPN(1)=-RPDN(T7)I®COSCETA)I+(ZPN(L)-ZPD(T))ESINCETA)
CALL FINITE(Lly4sToURNDISTL,PURR(L) ¢PURRI(4)PURRIT})
CALL FINTTF(144,T,UZN,DISTL,PUIRIL1),PUZIR(4),PUIR(T))
CALL FINITF(le49ToAN,DIST,PAR(]1),PAR(4),PAR(T))
COMPUTE R DERIVATIVES
ND 112 K=2,3
Ki=K+3
K2=X+6
CALL LAGRANF({K K1yK2,URDJRPNyDURRIK) 4 DURR (K1) yDURRIK2))
CALL LAGRNF (K oK1 K2,UZDRPD,NUZRIK),NUZR (K1)} ,DUZR(K2))
112 CALL LAGRNE(K¢K19K248DyRPDyDARIK) 4DAR(K]),DAR(K2))
COMPUTE AXTAL DERIVATIVES
DO 114 K=1,T7,3
Kil=Ke+}
K2=K+2
CALL LAGRNE(KyK1¢4K2,URD,2ZPD,DURZ{K)NURZ(K]1),DURZIK2))
CALL LAGRNF (K K]l K2,UZD0,2PN,NUZZI(K),DUZ2({K1),DUZZ2{K2))}
114 CALL LAGPNE(K ¢KLoK2,ANyZPND,DAZIK)yDAZIKL),DAZ(K2))
COMPUTF R NERIVATIVES AT 144,7
NN 116 K=1,7,3
PMURR(K)=(PURR(K)-DIURZ(KIXSIN(ETA))/CNS(ETA)
DUZR (K )= (PUZR(K)-DUZZ(KI*SIN(ETA))/COS(ETA)
116 NDAR(K)=(PAR(K)=-DAZ(K)}*SIN(ETA))/COS(FTA)
RFTURN
: COMPUTFE R PRIME DERIVATIVF FOR 3,6,9
130 NIST{3)=0.
DISTI6)=(PPN(6)-RPN(3))I*COS(ETA)+(ZPDN(6)-ZPD{(3))2SIN(ETA)
DIST(9)=(PPD(9)=RPDI(3))I*COSIETA)+(ZPD(9)-2PD(3))«SIN(ETA)
CALL FINITE(346494URND,DISTL,PURR(3),PURR(E)},PURRI(F)}]}
CALL FINITE(39699:UZDDISTL,PUZRI3) PUZR(6),,PUIRIS))
CALL FINITE(3,6,99ADN,DIST,PAR(3),PAR(6),PAR(9))
COMPUTE R NERIVATIVFS
DO 132 K=1,2
Kl=Ke+3
K2=K+6
CALL FINITF(K KL sK2,URDyRPD,DURR(K) 4 DURR(KL) ,DURR({K2))
CALL FINITF(KyK14K2,UZD,RPD,NUZR(K)yDUZR(K1) 4NUIR(K2))
132 CALL FINITE(K,KL K2, AD,RPND,NAR(K) yDAR(K]) ), DAR(K2))
COMPUTE AXTAL OERIVATIVES
DO 134 K=1,793
Ki=K+]
K2=K+2
CALL LAGRNE(K o K14K2,URDyZPN,NURZ(K)DURZIK]1)4DURZLK2))
CALL LAGRNF (KoKl 4K2,UZDe2PN,NUZ2ZIKI,DUZZ(KL1),DUZ2(K2))
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134
.

136

300

310

312

o

314

316

330

332

334

CALL LAGRNF({KyK]1,K24ADZPN,DAZ(K),DAZI(K1),NAZ(K2))
COMPUTE R DERIVATIVES AT 3,6,9

D0 136 K=3,9,3

DURR (K )=(PURR(K)~DURZ (K} *SIN(ETA))/COS(ETA)

DUZR (K ) =(PUZR(K)=DUZZ(K)*SINI(ETA))/COS(FTA)
DAZIK)=(PAR(K)-DAZ(K)%®SIN(ETA))/COS(ETA)

RFTURN

HORI ZONTAL INTERSFCTION

GO Tn(310,310,330,330) 9yKVALUE

COMPUTE R PRIMF DERIVATIVE 1,2,3

DIST(1)=0.
DISTL2)=(RPN(2)=RPD(1))I*COSIETA)IS{ZPD(2)-IPN{ 1)) *SIN(ETA)
DISTI3)=(RPD(3VI-RPD(1))*COSIETA)+(Z2PD{3)=7PND(1))%SIN(ETA)
CALL FINITE(14243,URDeDISTLPURR{L1) yPURR(2),PURR(3))
CALL FINITE(192,3,U20,DISTHLPUZR(1)PUIR(2),PUIR(3))
CALL FINITFUL42,3,AN,DIST,PAR{1),PAR(2),PAR(3))
COMPUTF R DFPIVATIVES WITH LAGRANGFE

NN 312 K=1,3

Kl=K+3

K2=K+6

CALL LAGRNF (K sKLloK?2,URDRPN,DURRIK) 4 NURRIK] Y ,DURR(K2))
CALL LAGRNF (KoKl yK2,UZDyRPN,NUZRIK ), NUZRIK1) ,NUZR(K2))
CALL LAGRNE(K K1¢K29ANyRPN,DARIK) ,NAR(KL),DAR(K2))
COMOUTFE AXTAL DFRIVATIVES

NC 314 K=4,7,3

Kl=K+1

K2=K+2

CALL LAGRNF(KoK1oK2,1RD,ZPND,DURZ(K) 4DURZ (K1) ,NURZIK2))
CALL LAGRNE (KoKl yK2,11ZDe7PDyDUZZ(KIZNDUZZIK]L1) ,NDUZ22(K2))
CALL LAGRNE(NK yK1oK2oADeZPN,DAZIK)yDAZIKL),DAZ(K2))
COMPUTF AXIAL NERIVATIVES AT 1,2,3

PO 316 K=1,3
DURZ(K)=(PURR(K)-DURPR{K)*CNS{ETA))/SINIETA)
DIZZK)I={PUZR(K)-DIZ2R{K)*CNS(ETA))}/SIN(FTA)
NDAZIK)I=(PAR(K)-DAR(K)*COSLETA))/SIN(ETA)

RETURN

COMPUUTF R PRIME DERIVATIVE AY 7,8,9

NIST{9)=0.
DISTI8YI=(RPN(B)I-RPN(G})I*COS(ETAI+(ZPD(BI-ZPD(9) )*SIN(ETA)
DISTUTI=(nPD(T)=RON(I))*CASIETAI+(ZPD(T)=-2PD(9) ) *SIN(FTA)
CALL FINITF(TosBy9sURD¢DISTH,PURR(T)4PURR(B),PURR(I9))
CALL FINITF(T4849,UZNyDISTLPUZR(T) PUZR(8B),PULIR{9I))
CALL FINTTE(T48,9,AN,DIST,PAR(T),PAR(8),PAR(O))
COMPUTE R DERIVATIVES WITH LAGRANGE

NN 332 K=1,3

Kl=K+3

K2=K+6

CALL LAGPRNF (K, K1,K2,IPD,RPD,DURR(K) o DURR{K] ) ,DURRI(K2))
CALL LAGANFE (K K1,K2,UIN,RPN,DUZR(K )+ DUZIR(KL1) ,DUZR(K2))
CALL LAGRNFIK,K] K2,AD,RPND,DAR(K) ,DAR(K]1),NDARI(K2))
COMPUTE AXTIAL NERIVATIVES

DD 334 K=1,4,3

Kl=K+1

K2=K+2

CALL LAGRNF (KoKl 4K2,URN,ZPN,DURZ(K)NURZ(KL) yDURZ(K2))
CALL LAGRNF(KoK]14K2,U2D,2PN,DUZT(K) DUZZ(K1) NUZ2Z(K2))
CALL LAGRNF (K K1oK2,ADp2PNDAZ{K),DAZIK]1),DAZ(K2))
COMPUTE AXTAL DERIVATIVFS AT 7,8,9
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DO 336 K=7,9 SEE TS St

NURZ (K )=(PURR(K) -DURR(KI®COSTEYA))/SINIETA)

DUZZ(K)s{PUZRIK) -DUZR(K)*COS(ETA))/SIN(ETA)
336 DAZ(K)=(PAR(K)=-DARIK)*COS(ETA}I/SINI(ETA)

RFTURN

END
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100

120

130

Oy

140

208

300
310

329
330
340

400
410

SUBROUTINE ABGEN(RNEW.ZNEW IBoKVALUE M,FTA)

COMMNN RM(25925) ¢ ZMU25925) 4P (2502%92) oA(2592592) ¢RHD(2592592)
cUR(25,25,2) 4UZ2(25925,2) yNORyNOZ,RRM{10,30,2),28M(10,30,2),
eRBI1Ny21¢92)428(10,2142), THETA(10,30,2),PB(10,30+2)¢AB(10,30,2),
«RHOR(10030,2)yUPRR(10,30,2),U2ZB(10,30,2) o NACTVE(25,25) NODD(25,25),
oNBACT(10430,2) ¢yNBNON(10¢3042) 3 ITYPE(10,30,2), INUM(10+30+2),
«LBPT(10) o IAXES(10,30) _

CnMMﬂNIGENPY/lJ. IKe 119129013 J02,NGEN{9), XY({3)
COMMON/DATA/Z/ITESTyNBP s WIDTH ANGLE
COMMON/DNMAIN/RPD(15),ZPD(15),PD(15),AD(15),RHND(15),URD(1S),
«UID(15),LSUB(1S)

CNMMON /XCHNG/ ISTRF,KSTRE IL, IM, ID,IN1,1ID2

THE PURPOSE OF THIS SUBRNUTINE IS TN ADJUST THE

GEMERAL POINT DNMAIN PNINTS FOR AN ABNORMAL GENERAL

POINT

SFT RNW AND COLUMN INDICES NF MISSING POINT

GN TN(100+110,120,130) yKVALUE

TROW=T1

1IcnL=y?

GO TN 140

IRNW=12

1coL=y2

GO TN 140

IROW=11

1IcoL=41

GN 1O 140

TRNW=12

1C0L=J1

NETERMINE NEAREST AQNUNDAPY POINT

nn 200 t=1,MBP

KSPCF=LRPTI(T)

ISTRE=T

ASSUME NEAREST RNUNDARY POINT IS A VFRTICAL INTERSFCTION
KNUM= TCOL

KOUNT=1

C.ONT INUF

NN 210 k=] ,KSPCF

KSTPF=K

KCMPR=TNUM(T oK oM)

[FIKNUMNE .KCMPR)IGO TO 210

CHFCK TMTFRSECTION TYPF,1=VFRTICAL,2=HOR [ZONTAL
KTYPE=ITYPE(T4KoM)

IF(KTYPELNFEKOUNTIGO TN 210

CHFCK PNSITION OF AROUMDARY POINT

GO TN(300,400) KOUNT

VERTICAL INTERSFCTION

GN TN(310,320,330,340)¢KVALUE

1F(2PN(2).GT.ZBM(TI,K,M))GO TO 220

60 TN 210

IF(ZPN(2) LT, ZAMIT,K,M))GO TO 220

GO TN 210

IF(ZPNIB).GT.ZBM{T1,K,M))GN TN 220

GO TN 210

TF(ZPD(8) LT 78M([,K,M))GO TO 220

GO Tn 210

HORTZONTAL INTFRSECTINN

GN TO(410,420,4309440) ¢KVALUE

IFIRPN(4).LT.RBM(TI,K,M))GOD TO 220
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420
430

440
210

230

200

220

600

610

620

630

640

60 TN 210 I
TF(RPDIS6) LT RRM{T,K,M})IGO YO 220
GO YD 210

IF(RPN(4) .GT.RBM{ I,K,M))IGO TO 220
G0 0 210
IFIRPD(6).GT.RAM{I,K,M))}GO TO 220
CONT INUE

G0 TN(230,200) ¢ KOUNTY

ASSIIME HNRIZONTAL INTERSECTION
KOUNT=?

KNUM=T ROW

GO YO 20R

CONT INUF

WRITE(6,R000)1 3, 1K

CALL EXIT

CHANGES ROUNDARY O0INTS INTO DOMAIN POINTS
FTA=THETAUISTREKSTRE M)

GO TN{600,700) ¢ KOUNT

VFRTICAL INTFRSFCTION FIRST

IR=}]

fsustt)=7

LSUR(2)=4

Lsua(3)=1

LSiB(4)=8

LSUR(S)=S

LSUR(&)=2

LSUB(T)=9

LSUB(R)=6

LSUR{(9)=]3

GN TO0(610+162006309640) yKVALUF
POTINT 1 DNMAIN REPLACEMENT
IL=KSTRE-1

IM=KSTRE-2

In=1

INl=4

102=7

CALL REPLCTI(M)

RFTURN

POINT 3 DOMAIN REPLACEMENT
IL=KSTRE+]

IM=KSTRF+2

10=3

ID1=6

1D2=9

CALL RFPLCT(M)

RETURN

PCINT 7 NOMAIN REPLACEMENT
1LaKSTRF+1

IM=KSTRE+2

IN=7

INl=4

102=1

CALL RFPLCTIM)

PFTURN

POINT 9 DOMAIN REPLACEMENT
1L=KSTRF=-1

TM=KSTRE~2

1D=9
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700

710

720

730

740

101=6

ID?=3

CALL RFPLCT(M)
RETURN

HORTI ZONTAL INTERSECTICN

TR=2

LSUs(1)=7
LSUR(2)=8
LSUR(3)=9
LSUR(&)=4
LSUR(5)=5
LSUptsI=6
LSUR(T)=1
LSUR(8}=2
Lsus(9)=3

6N TNIT10,72097304740) yKVALUE

POINT 1 DOMAIN
IL=KSTRE+]
IM=KSTRF+?2
1n=1

In1=2

102=3

CALL RFPLCT(M)
RFTURN

PNINT 3 DNMAIN
IL=KSTPRF~-]
IM=KSTRF=-?
IN=2

IN1=2

In2=1

CALL RFDPILCT(M)
RETURN

POINT 7 NOMAIN
It =K STRF-1
TM=KSTRF-2
I1N=7

IN1=A

In2=9

CALL REPLET(IM)
RETURN

PNINT 9 DNMAIN
IL=KSTRF#1
IM=KSTRE+2
I1N=9

IN1=§

InN2=7

RFTYIRN

e1341Hy,12)
END

RFPLACFMENT

REPLACFEMFENT

REPLACEMENT

REPLACEMENT

2000 FORMAT(IH ,34HFRROR [N SUBROUTINE AGRGEN AT POINT,
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SUBROUTINE ACTVTY(KVALUE,NOACT) _
COMMON/GENPT /T1Js 1Ko TL9129J13J2,NGEN(9),yXY(3)

THE PURPOSE OF THIS SUBROUTINE IS TO CHFCK DOMAIN
POINT ACTIVITY AND SPECIFY WHICH POINT IS INACTIVE
AND THE TYPE OF INTERSECTION

NOACT=0

DETERMINE NUMBER OF INACTIVE POINTS

D0 100 1=1,9

IF(NGFN(T)EQ.OINOACT=NOACT+1

100 CONTINUE

204
202

SFT KVALUF,ASSUME IT [S POINT 1
KVALUE=1
TF(NGEN(3) . EQ.O0)KVALUE=2
TFINGFN(T).FO.N)KVALUE=3

IF (NGEN(9) .FQ, O)KVALUE=4

RF TURN

END

SUBROUTINE ADJUST :

COMMON RM{25925) ¢ ZM{25425)9P(25925+2)9A(25+25,2) 4RHO({ 2542542},
eUR(25925,2)4U2025,25,2)¢yNCRyNOZ,RBM(10,30,2),28M(10,30,2),
eRBE1092142)428(1002102)THETA(10430,2)oPB(10930,2),AB8(10,30,2),
«RHOR(1093092)2URB{10,+30,2)5U2B8(10,30,2) ¢ NACTVE(25,25),NODD(25,25),
«NBACT(1043042) ¢NBODD(1093042),ITYPE(10930,2),INUM{10,30,2),
ILBPT(10Q)1AXES(10,30) = ¢ ==

COMMON/BCUND/JCODELL10) 4XCODE(1043),LCODEL 10) 4MCODE(10),
«BTIME(10920,3)¢BCON(10,20420),BSPCE(10,20),ACON(10,420,20),
«CCONI10,20,20)

COMMON/DATA/ITEST (NBPWIDTHy,ANGLE

THIS SUBRCUTINE ADJUSTS BCUNDARY SPACING

DO 222 1=1,NBP

KSPCE=LCCDE(1)

TOTAL=SORT(((RB(I4191)-RB{I,KSPCE,1))%#2)¢+
e ((ZB(191,1)-2B(1,KSPCEy1) )*%2))

XT=ATAN2 ((Z2B( 1 ¢KSPCEL1)=20(141,1)),{RBUI,KSPCE,1)=RB(I,41y1)))

B8SPCE(I,1)=0,

00 204 J=2,KSPCE

ETA=ATAN2C(ZR Y ¢Jo1)=ZB(1s1e1))s(RB(TIyJel)-RB(I,1s1)))

BSPCE(1,J)=TOTAL®CQS(ETA-XI)

CONTINUE
CONTINUE
RE TURN

END
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100

SUBRNUTINE BCOMP{IBOUNC TIMELOELTASKAXIS,CONST,

THIS FOUTINE INTEGRATES THE BQUNDARY POINT COMPATIBILITY
FQUAT IONS

REAL KAXIS ‘

COMMON RM{25925))ZMU25¢25)¢P125925,2)¢A(25925,2),RHN(25,25,2),
eUR(25¢92592),U2(2542592) ¢NCRyNOZoRBM(10,3092)42B8M{10,3042),
eRB(10,2142)92B(10,2142)THETA(10,+30,2)4PB(10430,2),AB(10430,21},
«RHOB(10+430,2),URB(10,30,2),UZB(10,3092)yNACTVE(25,25),NODD(25425),
«NRACT (10,3042)yNRODN(10430,2), ITYPE(10430,2),INUM(10,30,2),
COMMNN/STATE/PINIToRHOINTLAINIT
COMNMCN/EXT/URRLZUZZ Yo RRATLARAT
COMMCN/PARTIAL/PURR(S) 4 PURZ(S) yPUZIR(S5),PUZLI5)PAR(5),PAZ(S)
COMMON/PLANE/URGIS) ¢UU2ZGUS5)4PG(S) s RHOGIS) yRGIS5)4ZG(S5),AG(S),
o PNEW)RHNEW JANFW,URNEW yUZNFWoRAP, ZAP, RNEW, ZINEW
COMMCN/DATA/ITESTABPoWIDTHy,ANGLE

COMMON/SETUP/RAS(4) 4RACL4)4R(S5),DELPOFLRHDELURyDELUZS(5)
COVMNCN/BCUND/JCNDE(10) o KCCDE(1043)4LCAPF(10),MCODF(10),
«BTIME(10,2043),ACON(10,20,20) ,BSPCE(10,20)9ACON(10,+20,20),
«CCON(10,20,20)

DIMENSTION DIST(3),F(3)

DATA KK/1/

P1=3,141592653589763

T0t=0.0000001

TOL=0.0C01

CALL BEGIN(IBNUND,CELTA,KAXIS,CONST)

ROR=RNFY

I0R=INFW

IF(JCCDE(T1Y.EQe3)KK=1

GO T0(100,119) 4KK

KK=2

IF(MCCOF(TI).EQ.0) GO TO 200

RORA=RNREWIDTH

ZORA=I0R*WINTH

TIMEL=TINE*WIDTH/AINIT

CALL EXACT(RNRA,ZORA,TINMEL)

IFCIICONEL Y oNFe2) dANDL{JCONE( 1) NEL,7})GO YO 110

Xz=URR*S IN(ANGLE)¢UZZ*CCS{ANGLE)

IF(JCCDE(T).NF.T)GC TO 110

W=URR®COS(ANGLE)+UZZ*SIN(ANGLE)

U=RPAT

ROR1=RPAM(T 4J=1,1)*wIDTH

ZOR1I=ZAM(I4J-1,1)%WIDTH

ROR2=REM(T J+1,1)*WIDTH

I0R2=78M{1 sJ+1,1)EWIDTH

DIST(1)=0.

DISTI2)=(REM{T,Js1)-RBM{T,J-1,1))%COS{ANGLE)}+
e(ZBM(TyJyl)=2BM(I+J=141))*SINCANGLE)
DIST(3)=(RBM{1,J+1,1)=-RABM[I,J-1,1))%COSIANGLE)+

o (ZBM(ToJ41,11-78M(1yJ=141))%SINCANGLE)

Fl2)=Ww

CALL EXACT(ROR1,20R1,TIMEF1)

F(L1)=URR®CCS (ANGLE}+UZZ*SIN(ANGLE)

CALL EXACT{ROR2,Z0R2,TIMEL)
FU3)=URR*CCS(ANGLE)+UZZ*SINI{ANGLE)

GO 70 110
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200 CONTINUE
Kv=1
NK=JCCDE(KV)

NTIME=KCODE(KVe1l)

KSPCE=LCODE(KY)

KL=J

CALL FINDIKV KLyNK gNTIMF,KSPCEsROReZORsYoe W9 DIy
+DWRART, TINME)

IFUINKEQe2) sORL (NKLEQLT) )X=Y

110 CONTINUE ]

INTEGRATE COMPATIBILITY ECUATIONS

NK=JCONE (1)

300 XA=SOQUND(RHNEW,Y)

DELUR L=~ ,5¢RHNEW®XA* (2 ,2URG(S )-URG(L)-URG(3) )-,5%
« (RAS(1)-RAS{3))*DELUZ+R(3)=R(1)
DELURI=DFLURL/ (.5 {2, *RHNEWSXA+RAC(1)=-RAC(3)))
URNEW1=URG (S)+DELUR]

IFIRNR,EQ.C.) CN TC 302

PART=URNEW/ROR

GO 17 304
302 PART=PURRI(S5)
304 CCNTINUF
DELUZ 12=2.#*{Y=-PG(5))*CCNST-.5«{RAC(1}+RAC(3)¢
e2e *RAC(4) ) *DELURI-RHNEWEXAXXA®KAX]I S*PARTS
oDELTA- S*XA*RHNENS® (URG(3)-URG(1)+2.*(UZG(4)-
dUZGIS5)) )42, #R{5)1=(R(1)4R{(3)+2, %R (4))
DELUZ1=DELUZY/ (5* (=2 . %RHNEWEXA+RAS{1)+RAS(3 )+
«2.*RAS(4)))

DELRH1=(Y-PGI{S5) )*CONST-R{S)*(XASXA/(AG(5) *AG(S))-1,)
DELRH1=DELRH1/ (XA®XA)

RHNEW]1=DELRHL+RHCG(S)

UZNEW1=UZG(5)+DELUZ21

IF(ITEST.NE.1)} GO TO 4CC

ITEST=2

GO Y0 410

400 CCNTINUE
RATIO=,01
IF(ABS(URNEW) c GT o0 IRATIO=ABS{ (URNEW1-URNEW) /URNEW)
IF(RATIO.GT.TOL)GOTO410
IF{ABS(UZNEW) « GTo 0o JRATIO=ABS (UZNEWL1-UINEW) /UZINENW)
IF(RATIO.GT.TOLIGOTO410
TF{ABS{{RHNEW1-RHNEW) /RHNEW) ,GT.0.0000001)G0 TO 410
NCOUNT=2
KK=1]

410 URNEW=URNEW]1
UZNEW=UZINENW]
RHNEW=RHNEW]

PNEW=Y
ANEW=SOUND(RHNEW, PNEW)
IF(KPRINT,.CT,0) CALL PRINT
RE TURN

310 XA=SOUND(RENEW,PNEW)
IF(ROR,EC.0.) GO TO 312
PART=LRNEW/ROR
GO 10 214

312 PART=PURRI(S)

314 CONTINUE

77



DELPL==4,25¢(RAC{L)*RACI3)42.*RAC(4) ) *DELUR= ¢ S*RHNEW*
e XASXASKAXIS*PARTRDELTA~,25¢RHNEWEXA® ( URG( 3)~
¢URG(1142,3(UZG(4)=UIG(5)))=e25¢(X=-ULG(5))*(-2.%
oRHNEWEXASRAS(1I+RASIIIC2.3RAS( L)) ¢R(S5)=,5%(R(1)¢
+R(3)+2.%R(4))

NDELPL=DELP1/CONST

PNEWL=PG{S)eNELP1

XA=SOUND(RHENEW,PNEN])

DELUR == SPRHNEWEX A% {2 ., *URG(S ) -URGI1 )-URG(3) )~
ee SE(X=UZG(S5) )*(RAS{L)-RAS(3))I&R(3)=-R{1)

DELURYI=DELURL/(.5*(2., *RHNEWEXA+RAC(1)-RAC(3)))

URNEWL=URG(S)+DFLURL

PART=URNEW1/ROR

IFI{ROR.EC.0.)PART=PRR(S5)

DELRH1=4 #DELPL*CONST 4+, S*DELURL*(RAC(1)+RAC(3 )+ 5
02+ *PAC(4 )Y 4RHMNEWERXARXASKAXTIS*P ARTEDEL TA4, 5% !

o RHNEWEXAR(URG(3)=URG(1))+RHNEWSXAX(UZG(4)~-U2G(S5) )+
e e S¥(X=UZG(S) )*{=2, SRHNEWEXA+RAS{ LI+RAS(3)+ J

o h-;'\—ﬁ“}h-l“-“

’
A S e B

OZQ*FAS(‘O’)-
e2.%({XA/AG(S))*%2)3R(S)4(R(1)+R(3)+2.%R (%)) 3
DELRH1=DFLRH1/ (2. *XA®XA)
RHNFW1=DELQH]I +RHNG (5
IF{ITEST.NE.1) GO TO 5CO
ITEST=2
GO TN 510
SO0 CCNTINUE
RATIN=,01
IF(ABSIURNEW) GT.0.)RATIC=ABS [ (URNEW1-URNEW) /URNEW)
IF(PATIND.GT.TOLIGOTOS510
IF(ARS({(PNEWL1-PNEW)/PNEW) GT.TCLIGOTOS10
TFIABS((RHNEW]L~RHNEW) /RHNEW) GT ,TOL )GOTOS10 i
NCOUNT=2
KK=1 !
510 UPRNFW=URNEW]
UINEW=X ; £
PNER=FNEW]
RHNEW=2HNEWL
ANEW=SCUND (RHNEW,PNEW)
IF(KPRINT.GT.OMCALL PRINT
RE TURN
320 CONTINUF
330 CCNTINUE
240 XA=SCUND(RHNEW ,PNEW)
IF(ROR,.FQ.0.)GO TO 342
PART=W/RCR
GO T0O 344
342 PART=PURRI 5) :
344 CONTINUE
DELPLl==,5% (RHNEWEXARX A*(KAXIS®PART+DWR))*
«DELTA=R{4)=,5%RAC(4)*(W=~URG(5) )+ 4
e e SERHNEWSX A% (U2G(5)-UZG(4) )~
ee5* [~RHNEW*XA+RAS(4) ) *({X=-UZ2G(5))
DELP1=0DFLP1/CONST
PNEWL=PG (5 )4DFLPL
ANEW1=SOUND{RHNEW, PNEW1)
DELRH1=(2,*DELPL*CONST+.25*%(RACI1)I¢RACI3)+2.*RAC(4) ) *(W-URGI5) )+
e e2S*RHNEWSANFW 1% (URG(3)-URG(1)42.%(UZG(4)-U2G(S) )+
0e25%( =2, *RHNEWSANENL*RASIL)SRAS(3)42.%RAS(4) )& (X~-U2G(5) )+ -
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oo SPRHNEWSANEWI *ANENL *KAXI SSPART*DELTA+,5%(R(1)+R(3) )+
e (R(4)~ANEW1*ANEWLSR(S) /LAG(IS)*AGIS5)) D)/
o« (ANEW1*ANEMW])

RHNEWL1=RHOG(S) +DELRH]

ANEW1=SOUND( RHNEWL 4 PNEW])

IF(ITEST.NE.11G0 YO 600

ITEST=2 O
GO Y0 610

600 TF(ABS({PNFW1-PNEN)/PNEW).GT.TCLIGOTO610

IF(ABS((RHNEW1-RHNEW) /RHNEW) .GT.TOL)GOTO610
NCOUNT=2

KK=1

610 PNEW=FNEW1

RHNEW=RHNEW1

URNEW=W

UZNEW=X

ANEW=ANEW1

IF(KPRINT.GT.O0)CALL PRINT

RETURN

END
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SUBROLUTINE BCFROP(IL12913914919MoPROFyXyPROPByX D)

COMMON RM(2%,425) ¢ZMU25925) ¢P(2592%592) 9A(25925,2) yRHOL25+2542)
e UR125¢2592) ¢U2(25925¢2) y\NCRyNCZoyRBM(1053092),28M( 1043042},
RU(EICe2192) 928110921 92) o THETALL10¢3042)4PB(10,30,2),AB(13,30,2),
eRHOB( 109309 2)¢URB(10930902)9UZBLL10930,2) ¢NACTVE(25925)¢NCDD(25925),
o NBACT(10,3092)¢NBOCD(10+3092)y ITYPELL10+30+2)y INUM{10430,2),
sLUPTI1IU) ,IAXES(10,30)

DIMENSICN PRCP(L)+X(1),PRCPB(10:30,2)

IND=1,VERTICEL INTERSECTICN, IND=2 yHORIZONTAL INTERSECTION

IND=TTYPE(T ,14,V)

VEKTICAL [INTERSECTION

GO TOULCGC+3CC),IND

100 CUNTINUE

FRCFL1)=PROFE(I,11,M)

X(1)=RBM{I411,yV)

PRUP(2)=PROFEB(I4124M)

X(2)=RBM{I,12,4M)

FROP(3)=FRCFE(Ly13,M)

X(3)=RBM(Iy 13,M)

XINC=REM(1,14,V)

RETLRN

300 COUNTINUE

FROPULL)=PRCGFE(I11yM)

X(1)=ZB8M(1,11,M)

PROP(2)=PRCFE(I4]2,M)

X12)=28M(1,12,V)

PRUP(2)=PROPR(I1413,M)

X(3)=2BM(1,412,M)

XIND=Z8BM(],4 14,VM)

RETURN

END
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SUBROUTINE BEGIN(IBOUNDDELTA,KAXIS,CONST)
REALKAXIS

COMMON/PLANE/URG(S5)oUZG(5) 4PG{5) yRHOGIS5) 4RG(5) »ZG(5) 9 AG(S5),

oPNEWyRHNEW ¢ANEWURNEW ¢ UINEW,RAPy ZAPy RNEW, ZNEW

COMPMON/PARTIAL/PURR(S5)4PURZ(S5) ¢ PUZR(S)PULZ(5) ¢PAR(5) ¢ PAZ(S)
COMMON/SETUP/RAS(4)9RACI4)4R(5)yDELP, DELRH.DELUR DELUZ,S(5)

THIS SUBROUTINE DETERMINES R(1])
PI=3,1415926535898

ROR=RNEW

ZOR=INEW

DFLP=PNENW-PG(S)
DELRH=RHNEW-RHOG(S5 )
DELUR=URNEW-URG(S)
DELUZ=UINEW-U2G(S5)

SET RHO*A*SIN EQUAL TO RAS

SET RHO*AsCOS FQUAL TC RAC

DO 100 I=1,4

IF{I3CUND.EQ.0) GC TO 102
IF((IBOUND.GT.0) ,AND. (1.EQ.2))GO TO 100

IF(((IBOUND.EQ,2).OR.( IBCUND.EQ.5)).AND.(1.EQ.3))GN TO 100
TF{((IBOUND.FQ.5) «CRe ( IBOUND.EQ.6)).AND,(I.FQ.1))GO TO 100

102 AK=(FLNAT(I)=-1.)/2.
D=—PAR(T )*SIN(AK*PI)+PAZ(1)*COS(AK*PI )+
«PURZ(I)*(COS(AK*P] )%%2 )-PUZR(T)S{SIN(AK*P[)*%2)
THETA=AK*P J+DELTA®C
RAS(I)=AGII)SRHOG( TV *SIN({THETA)
RAC(I)=AG(I)*RHOG(I)*CCSITHETA)
IFIRGIT).NE.0.)GOTOSO
PART=PURR(T)
GOTC6C
50 PART=URG(I)/RGI(T)
60 CCNTINUF
S(I)=KAXIS®PARTHPURR(II*(SIN(THETA)*#2)~
e (PURT (I #PUZR(II)*SIN(THETA)*COS{THETA) ¢
ePUZZIT1)*(CCSITHETA)%*2)

RUI)=CCONST®(PG(5)=PG(I))#.5%(URG(S5)-URGII))*RAC(I) ¢+
eeS®(UZG(5)=UZGIT) ) *RAS(T)+ . SERHOGIII*AGII)*AG(I)*#S(I)*DELTA

100 CCNYINUE
IF(RG(S) <NE.0.)GOTCTO
PART=PURR(S)
6G0OTCA0
70 PART=URG(S)/RG(S)
80 CONTINUE
R{S)=,5*RHCG(SI*AG(5)%AG(S)*(KAXIS*PART+
« PURR(S)+PUZZ(S))*DELTA
RETURN
END
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SUBRCLUTINE ECNPT(JoJyCCNSToKAXISy TIME,DELTAKPRINT, IBCUND)

REALKAXIS '

CCHMMEN RMI(25925)9ZM(25925)9P(25¢2592) 9A12592592) ¢ RHO( 2592542} s
eUR(2592592) 9yLZ(25925,2) ¢yNOCRyNOZ,RBM(10930,2)52BM(10,30,2),
eRE(109219¢2)928(1002192)9THETA(10430,2)4PB(10y3042)9ABL110y30,2),
«RHOB(10930,2)yURB(10930,42)+UZBI10¢3092)sNACTVE(25,25),N0ODD(25,25),
oNBACT(10930,2)yNBCDD(1043092)oITYPE(10930,2),INUMIL10+3042),
«LBPT(10),1AXES(10,30)

CCMMCN/DATA/ZITEST NBP yWIDTH ¢ANGLE

CGCMMCN/BOUNC /JCODE(L10) yKCCDE(L10,5,3),LCCOE(L10)+MCODE(L0O),
eBTIME(LD 92093 )9BCCN(1092042C)9BSPCE(LC920)¢ACONE LD920,420),
+CCCNL1Cy2042C)

CCMMON/PLANE/URGIS) ¢UZGES ) yPG(5) s RHCGES) ¢RG(5) 924G (5)

e AG(5) yPNEWRFENEW,ANEWyURNEW)UZNEW yRAP ¢ ZAP yRNEW,ZNEW

THE PLRPGSE CF THIS SUBRCLTINE IS TOQ CCMPUTE THE PROPERTIES

AT A BOUNCARY POINT

INCEX=0

ITEST=]

IFUINBACT (] 90w 92)efQe0)eCRLINBODC(I9Jdo2)eEQel)) RETUKN

ANGLE=THETA(],4J41)

RNEW=RBM{I¢Jel)

INEW=2BM(lyuyl)

IB=ITYPE(Iyuyl)

SET CHARACTERISTIC LIMIT

SET BCUNCARY CCMAIN

CALL BGUNDY(I,J)

IF(KPRINTLECL)CALLPRINT

SET LP DERIVATIVES

CALL CIFBD(144d)

GUESS PROPERTIES

CALL CULESS(14194)

106U CALL INTEG(+J4DELTA)

CALL PFYCHR( IBOUND,DELTA)
INTERPCLATE FCR PRGPERTIES
CALL INPRQOP(18,1BCUND)
CALL CONVRT (IECUNLC)
ACCLAT=]

CALL BCUMP{ JBCUND o¢TIME,DELTAKAXIS)CONSTyNCOUNT ¢KPRINT 41,44}
INCEX=INDEX+1

IF (INDEX.LT.c%) GO TO 101C
WRITE(E+8T7CCI14J

CALL PRINT

CALL EXITY

1C10 IF(NCCUNT.EC.1) GU TO 100C

ITEST=]

STGRZ PROPERTIES IN NEW TIME PLANE
PE(LI4Je2)=PNEW

RHOB(I9Js2)=FENEW
URE(T9yJe2)=LRNEW*CCS{ANGLE) ~UZNEW*STIN(ANGLE)
UZB(I9eJs2)=URNEW*S IN(ANGLE)+UIZNEW*COS(ANGLE)
AB(l9yJy2)=SCLAD(RHNEW 4PNER)

RBMI1yJy)2)=RNEW

LBM(1eJde2)=2NEW

RETURN

8700 FORMAT(1H ,:2+PROGRAM LOCFING AT BOUNCARY POUINT,

el29slkyy12)
END
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SUBROUTINE BOUNDY(I,4)

COMMON RM(25,25) ¢ ZM(25,25) ¢P125925¢2) 0A125¢25,2) yRHD(25925,42)
oUR(25.2502,002(25'2592’o“UR'NOZQRQN(10'3092"28"(10'30'2’0
eRB(1002192)428(10,2192),THETA(10,30,2),PB8(10¢30+2)¢AB(10,3042),
+RHOR(1003042)URR(10930,2),UZBC10,30,2)oNACTVE(25,25),NODD(25,25),
eNBACT(10930,2),NRODN(1043042)oITYPE(1043002)9INUM(10,30,2),

«LBPTL10), JAXES(10,30)
CDMHON,PLANE/URG(5’QUZG(S’QPG(S’QRHUG‘5)QRG(S’QZG(S"
«AG(5) ¢ PNEWRHNEW) ANEWJURNEWLUINEW,RAP,ZAP,
«RNEW » INFHW
COMMON/NOMATIN/RPDIL1S) 4 ZPDIL1S5),PDI15),AD{15) ,RHOD(15),
+URNDILS),UZD(15),LSURILS)
COMMON/DATA/ITEST,NBP yWIDTHy ANGLE
COMMON/XCHNG/ISyKSyKS19KS2,1D,101,1D2
COMMON/EXCHNG/TE,IF,1G, IC1le I1C 2o NUMAR
PI=3,1415926525898

THIS SUBROUTINE SFTS UP DOMAIN POINTS FOR BOUNDARY
INTERPOLATION

DETERMINF TYPF OF INTERSECTION

1=VERTICAL »2=HNRTIZONTAL

TART=ITYPF(1,J,1)

GO TD(100,300),1ART

VERTICAL YNTFRSECTIUN

CONT INUF

NUMBR=INUM(T¢sJel)

ASSUME THAT POWS WILL INCREASE

TROW=1

IF((ANGLE cGT oo TS*PT) . ANDe (ANGLE GLEL125%PT) ) IRDW=2
GO TN(110,120), IRONW

D0 112 K=1,NO2

JK=K

IF(7MIK,NUMBR) .GT.28M{1,Jo1))G0 TO 114
CONTINUE

WPITE(6,8000)1,J

CALL EXIT

LK=JK+]

MK=JKe2

CONTINUE

SET UP ROUNDARY DOMAIN POINTS

10=}

I101=2

In2=13

1S=7

KS=J-1

KS1=J

KS2=J+l

CALL REPLCTII)

DETERMINE IF THE ROW JK CUTS THE POSITIVE R
PRIME AXIS,IAXIS=1,POSITIVE,IAXIS=2,NEGATIVE,
TAXIS=3,POSITIVE NO CUT,IAXIS=4,NEGATIVE NO CUT
TAX? S=2

IF(UCANGLE «GT 00 ) o ANDo (ANGLE . LE . « 25*PI ) ). ORe.
e {{ANGLE.GT P 1) ANDL(ANGLELFEo1.25*P1)))1AXIS=]
2A=ZM{ JK o NUMBR)

TAXES({I,J)=TAXIS

GO TO0(130,132),1AXIS

CONT INUE

CALL SET(ANGLENUMBR,TART,IAXIS,IC1l,1C2)
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o NETFRMINE IF FIQRST ROW CUTS POSITIVE R-PRIMF AXIS
VALUEL=AMAXL(ZBM(T 4 Jy1)sZRM{] qJd¢141),2A)
VALUE2=AMINL(ZBM(T,J01)¢28M(ToJ¢141),2A)
TF((ZAEQO,VALUEL) DR, (ZA.EQ. VALUE2))IGO TO 134

C SET UP NOMAIN POINTS ON ROW JK

RPN(4)=RM[JK, IC1)
IeD(4)=IM{JK,1IC1)
PN{4)=P(JK,IC1,1)
RHOD (4 )=RHN(JK,T1C1,1)
URDI(4)=UR{ JK,IC,1)
UIN(4Y=UZ(JK,IC1,1)
AD(&)=A(JK,IC1,1)

{ PPN{S)=RM{ JK,NUMBR)
IPN(S)=ZM( JK, NIIMBR)
PD(S)=P(JK,NUMAR,1)
RHNOD(5)=RHO(JK 4 NUUMBR, 1}
URDIS)=UR( JK,NUMARR, 1)
UZNIESI=UZ(JIKNUMSR ,1)
AN(SI=A{JK,NIIMBR, 1)

C INTERPNLATE FCR ANUNNDARY POINT PRNOPERTIFS
IPD(6)=ZM( JK,MIIMAR)

RPD(GI=RAM{ T, J~1,1)1¢(PRM{ T J+1,1)-RBM{T,,J¢1,1))%
d{IPN{EI=ZRM( T =141))/7(2RM(T 4J+1,1)=729M(T1,J-1,1))
CALL INTERO({PDRPN,PN(6)RPD(6)93,3)
CALL INTFRP(PHDOD,RPN,RHANIG) +RPN(6) ¢ 3,3)
CALL INTFRO(URD,LRPDLURNIA) yRPN(6)93+3)
CALL INTERP(UZDRPDLUZID(6) 4RPD(6)43,3)
CALL INTERP(ADLRPDLAD(6),RPD(6)43,3)
LSUR({1)=1
LSUR(2)=2
tsus(3)=3
LSUR(4)=7
LSUR{5)=8
LSURL6)=9
LSUR(T7)=10
LSUR{8)=11
LSua(9)=12
6N TN 136

134 CNONTINUF
T1AXES(1,J)=3
NN201K=1,9

201 1 SUR(IK) =K

c IMCREMENT COLUMN +,-,0NE
1E=4
1F=5
16=6
CALL TRNSFR{TART,1,JK)

136 CONTINUE

(. SET UP DOMAIN POINTS ON ROW LK
1F=7
1F=8
16=9
CALL TRNSFR(TART,1,LK)

c SET UP NOMATN POINTS ON RNW MK
IF=10
IF=11
16=12
CALL TPANSFP{IART,l,MK)

s

o ————
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PETURN
132 CONTYINUE
C NETERMINE TF FIRST ROW CUTS NEGATIVE R-AXIS
CALL SET(ANGLF,NUMBR, [ART, TAXIS,IC1,1C2)
VALUEL=AMAXL{ZBM(14Js1),28M(T,J=141),2A)
VALUE2=AMINL (ZBM(T9Je1)o2BM(ToJ-141),2A)
IF((ZA.EQ.VALUEL) .OR.(2A.EQ.VALUE2) )GO TO 1%0
f SFT UP DOMAIN POINTS ON ROW JK
2PD{4)=ZM( JK o NUMBR)
RPNI(&)=RBM(Tod=1,1)+(RBM{T14J¢141)=RBM(I,J=1,1))%
e (ZPN(G)=28MIT g J=1,1))/702BM( 134141 0=2BM(T,J=1,1)])
CALL INTERP(PD,RPD,PN(4),RPN(4),3,3)
CALL TNTERP(RHNN,PPD,RHOD(4)ysRPD(4),3,3)
CALL INTERP{URD,RPD,IRD(4) yRPD(4)¢3,3)
CALL TNTERP(UZN,RPD,UZD(4)4,RPD(4)9343)
CALL INTERP(AD,RPD,AD{4)RPD(4),3,3)
RPN(S)=RM(JK, NUMBRR)
IPD(5) =ZM{ JK ,NUMBR )
PD(S)=P(JIK,NUMBR, 1)
RHOD(5)=RHO{ JK 4NUMBR, 1)
UPN(S)=UR( JK,NUMAR, 1)
UZNIS) =UZ( JK,NUMBR,1)
AD(S)=A{JK,NUMBR,1)
RPN(6)=RM{IK,1C2)
ZPN(6)=IM(JK,1C2)
PD{6)=P{JIK,1C2,1)
RHOD (6 )=RHO(JK 4 1C2,1)
uRnD(6)=UR(JK,TC2,1)
UZD6)=U7(JIK,1C2,1)
AD(6)=A(JKy1C2,1)
LsSuB(1)=1
LSUB(2)=2
LSUR(3)=3
LSUB(4)=T
LSuUa(s)=8
LSuUB(6)=9
LSUR(T)=10
LSUR(B)=11
LSUB(9)=]12
GO TN 142
140 CONTINUE
c INCREMENT COLUMN +,-,0NNF
TAXES(I,J) =4
NPN202K=]1,9
202 LSUB(K)=K
1€=4
I1F=5
1G=6
CALL TRNSFR(IART,1,JK)
142 CONTINUE
c SET UP DOMAIN POINTS ON ROW LK
1€=7
1F=8
16=9
CALL TRNSFR{TART,1,LK)
c DETERMINE ROW MK
1€E=10
1F=11

e L G,
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1G=12
CALL TRNSFR(TIART,1 4MK)
PFTURN

120 CONTINUE

c SCAN ROWS DECRFASING TO FIND ROW JK
DO 122 K=1,NO7
JK=NOZ=-K¢1
TF(ZMIJIKyNUMRR ) (LT 78M(1,J,1))GN TD 124

122 CONTINUE
WRITE(6,R00N00)1,J
CALL EXIT

124 LK=JK-1
MK=JK=-2
G0 TN 116

(5 HORTZONTAL INTFRSECTION

an0  CONTINUE
N”MBR*'NUM"’ng,

C ASSUME THAT THF COLUMNS WILL INCREASE
1C0L=1
IF((ANGI FoGT oo ?2S5*P 1) ANDL{ANGLECLEL75%P[)) ICOL=2
GO TN(310,320),1CNL

310 N0O 312 K=1,NOR
JK=K
TFIRMINUMBR yK) «GTRBM(T,Jy1)1G0 TN 314
312 CNNTINUE
WRITE(6,8000)1,J
CALL FXITY
314 1K=JK+}]
MK=JK+2
316 CNNTINUE

(13 SET UP RDUNDAPY NNOMAIN POINTS
D=1
1nL=2
In2=3
I1S=1
KS=J-1
KS1=J
KS2=J+1
CALL REPLCT(1)

C DFTERMINE [F THE COLUMN JUK CUTS THE POSITIVE R

(0 PRIMF AXTS,TAXIS=]1,PNSITIVE,IAXIS=2,NEGAT]IVE,

C IAXTS=3,PNSITIVE NO CUT,1AXIS=4,NEGATIVE NO CUT
TAXIS=1
IF(((ANGLF oGT ¢ o25%P1) (ANNL(ANGLE .LE. +5*%P1) ). 0R,

e (LANGLE.GT «1e25%P 1) . ANDL(ANGLEJLE1.5%PT) ) ) [AX]IS=2
RA=RM(NUMBR , JK)
TAXES(1,J)=1AXIS
60 T0(330,340),1AXIS
330 COMTINUE
CALL SETIANGLE ¢NUMBR, TART, [AXIS,ICLl,1C2)

& DETERMINE IF TIRST ROW CUTS POSITIVE AXIS
VALUFI:AHAXI(PEMH.Jvth\M(I.J#l.l).RM
VALUF2=AMINL(RBM{1,Js1),RAM([,J¢1,41)RA)
IFI(RALFQO.VALUEL) <OR. (RALEQ.VALUE2)IGN TN 332

[ SFT UP NOMAIN POINTS ON COLUMN JK
RPD(4)=RM({TC1,JK)

IPD(4)=ZML ICL1,JK)
POL4G)=P(ICL4JK,yl)




c

c

c

c

RHOD (& )=RHO( TC1,JKy1)
URD(4)=UR(TICL,JK,1)
UZD(4)=UZ(ICL1,JK,1)
AD(4)=A(]CleJdKel)
RPD(S)=RM{NUMBR, JK)
IPD(S) =ZM(NUMBR , JK)
PD(S)=P (NUMRR, JK, 1)
RHOD (S ) =RHO(NUMBR 4 JK,1)
URD(S5)=UR({NUMBR , JKy1)
UZDIS)=UZINUMRR 4 JK,1)
AD(S5)=AINUMBR ¢ JK,1)
INTERPNLATE FOR BOUNDARY POINT PROPERTIES
RPD(6)=RM{NUMBR, JK)
IPNI6)I=7RM( Ty Jel)+(2BM(T9J+]1,1)=2BM(1,J,1))%
(RPN (A)~RBM(T 4 Je1))/(RBM{I o J®ls1)-RBM{I,Jdp1))
CALL INTERP(PD,Z2PN,PD(6)y2ZPD(6)s3,43)
CALL INTERP(RHONGIPN,RHOD(6),2ZPD(6),3,3)
CALL. INTFRP(UIRNDyZPO,URD(6),2PD(6)93,3)
CALL INTERPIUZD,ZPN,UIN(6) 4ZPD(6)93,3)
CALL INTERP(ADN,2PD,ANI(6),2PD(6),3,3)
Lsva(li=1
LsSuUn(2)=2
LSUR(3)=3
LSUB(4)=7
LSUR(S)=8
LsuB(6)=9
LSuUa(7I=10
LSuUR(8)=11
Lsva(9)=12
GO T0O 334
332 CONTINUE
SET CNLUMN JK
TAXES(1I4J)=3
DD203K=1,9
202 LSUB(K)=K
1€E=4
1F=%
1G=6
CALL TRNSFR{IART,1,JK)
334 CONTINUF
SET UP DOMAIN PNINTS ON COLUMN LK
{E=7
IF=8
1G=9
CALL TRNSFR(IART,1,LK)
SET UP COLUMN MK
1F=10
1F=11
I1G=12
CALL TRNSFR{TART,1,MK)
RETURN
340 CONTINUE
DETERMINE IF FIRSY ROW CUTS NEGATIVE R AXIS
CALL SET(ANGLE,NUMBR,TART,TAXIS,1C1,1C2)
VALUEL=AMAXL (RBM(ToJy1l)oRBM(I,J=-191)4RA)
VALUE2=AMINLI(PBM(T Jol)oRBM{ToJ=1+1),RA)
IF((RA.EQ.VALUEL) .OR, (RA.EQ. VALUE2))GD TO 342
INTERPOLATE FOR PRNPERTIES
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204

RPD(46)=RM(NUMBR,y JK)

20D(4)=28M{ 14 Je 1 )¢ (Z2BMU T oJ¢ly L )=ZBM(14Jy1) )%
(PPD(&)-RBM{T 4 Je 1))/ (RBM(ToJ¢1,1)=RBM({I,J,1))

CALL INTERP(PDZPD.PDI&)eZ2PD(4)¢3,3)
CALL INTERPIRHONGZPDyRHOD( &)y 2PD(4)+3¢3)
CALL INTFRPIURPD,ZPND,URDI(4),Z2PD(4),3,3)
CALL INTERPIUZNGZPN1J2D(4) ,2PD(4)e3,3)
CALL INTFRPUADZPDAD(4),,72PN(4),3,3)
PPD(S) =RM(NUMER 4, JK)
IPDIS)=ZM{NUMBR, JK )
PD(S)=P(NUMBR,JK,1)

RHOND (5 )=RHN(NUMARR 4 JK,4 1)
URN(S)=UR(NUMRR 4 JK, 1)
HZ20(S5)=U7(MUMBRR 4 JK,y1)

AN(S )=A(NUMRR , JK, 1)
PPDIK)=RM({TIC2,UK)

IPD(B)=IM{IC2,JK)

PDI6)=P({IC?2,JK,1)
RHNND(6I=PHN(TC 2, JK,1)
URD(6)=IR{IC2,JK,y1)
UZNL6)I=UZ{IC2,JK,41)
AD(6)=A(IC2,JK,1)

LSuB(1)=1

LsuB(2)=2

Lsun(3y=3

LSUB(&)=7

1tSUR(5)=R

LSUR(6)=9

LSUR(TI=10

Lsur(g)=11

LSUR(9)=12

f0 TN 344

CONT INUF

TAXES(T,J)=4

NN204K=1,9

LSUBR({K)=K

SET COLUMN JK

1F=4

1F=5

1G=6

CALL TRNSFR{TART 1,4JK)

CONTINUF

FORM CNLUMN LK

1F=7

1F=8

1G=29

CALL TRNSFR{IARTY,1l,LK)

SFT COLUMN MX

1£=10

I1F=11

16=12

CALL TRNSFR{IART,1,MK)}

RETURN

CONT INUF

SCAN NECRFASING CNLUMNS TO FIND COLUMN JK
DN 322 K=1,NDR

JK=NOR=-K+1
IF(RM{NUMBR, JK) e LTRBM(I,J,1))GN TO 324
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322 CONTINUF

WRITE(698000)1+J
CALL FXIT

324 LK=JK-1
MKz JK=2
GO YO 316

8000 FORMAT(1H +31HCOLUMN AND ROW SEARCH FAILED IN,
«11H SUB BOUNDYT2¢1H,,12)
FND
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SUBROUTINE ASERCH{CELR,DELZyM)

COMMON RM25,25) ¢ ZMU25¢25)¢P125¢25,2)9A(25¢2592)9RHO(25¢25+2)
«UR(25925¢2)yUZ(25¢92592) yNCRyNOZ RBM(1093042)9ZBM(10430,2),
eRB(10+2142)928(1092142)4THETA(10,30,2)4PB(10¢3042)¢AB(10,30,2),
«RHOB(10430,2)¢yURB(10430,2),UZB(1043042)yNACTVE(25,25),NODD(25,25),
«NBACT(10430y2)yNBODD(1043C92) 4+ ITYPE(10,30,2),INUM(10,3042),
«LBPT{10),IAXES(10,30)

COMMON/RCUND/JCONE(10) yKCCNE(10,3),LCODE(LO) ¢MCONE(LD),
«BTIME(10,20,3)BCON(10520420),BSPCE(10420),ACON(10420,20),
«CCON(10,20,20)

COMMON/DATA/ITEST ¢ABPoWIDTHyANGLE

PI=2,1415926535898

(i DETFRVINF HORIZCNTAL AND VERTICAL MESH-BOUNDARY INTERSECTIONS
0N 600 1=1,NBP

KSPCE=LCCDE(I)-1

NBR=1

IBM(I4NBRyM)=ZB(] 4 LyM)

PRM{T NRR,M)=RB(T41,4™)

DO €02 J=],KSPCF

BETA=ATAN2((ZR(1 4 J41yM)=ZBIT4JyMI)y(RB(IyJ*1oM)-RB(IyJoM)))

IF(RFTALLE(-P1/4,))BETA=BETA+2,¢P]

c ASSUME A CCNSTANT 7 LINE INTERSECTION, TART=2

T1ART=2

TF(((RETALCTo(~=P1/4s))ANCIBETALLEL.(PI/44))).0R,

e ((BETA,GT,(.T75*P[) ) AND (PETALE.(1,25%PI)) ) ) 1ART=]

GO TN (610+62)), TART

620 CCNTINUE
C HORIZCNTAL INTEPSECTICN

DO €30 L=1,N0OZ

KL=AC7-L+1

ZA=IM(L, 1)

IF((BETALCT,1.25%P 1) (AND, (BETALLE, 1. 75%P1))ZA=ZM(KL,1)

VALUFL1=AMAXL(78(1,J+1,M)4ZB(1,JyM),2A)

VALUF2=AMINL(ZR(T o J4¢ oM} o ZR(T0JsM)o2A)

FFI(ZAFQ.VALUEL) «CRL(ZALEQ.VALUF2)}) GN TO 639

NBR=NPR+]

ZRM(T1 NBRy,M)=ZA

REBM(T JNBRyV)=RA(14JyMI+IRB(IoJ¢1yM)=RRI(]yJ M) )=
e (ZA=-ZB(T1 ¢ JyM)I/(ZR{T 441 MI=2ZB(1,yJyM)})

ITYPE(I,NRRyM)=[ARY

INUNM(ToNBR M) =L

TF((BETA.CT.1.25%2P () o ANDo (BETALELL.T5%P]) ) INUM( T NBRyM)=KL

630 CCNTINUE
GO TC ¢&52
610 CONTIRUF
c COLUMN INTERSECTION

DO €40 L=1,NOR

KL=ANOR-L ¢}

RA=RM(1,L)

IFC(BETA.GTeo75%P] ) o ANDL(BETA,LE.1e25%P]) JRA=RM{L,KL)

VALUE 1=AMAXL(RA{14J¢14M)4RAB(T¢JsM)sRA)

VALUE2=AMINL(RE({T 9 J*+1oM)4RB(T,Jo M), RA)

IF((RALEQ.VALUFL) 4 CR, (RA, EQ.VALUE2)) GO TO 640

NBR=NER+1

RBM(I yNBR,M)=RA

ZRM{I yNBR M} =ZB{l o JoMI+(ZB(L1 o J*1yM)=2B(19JyM))*

e (RA-REB(TyJyMI)/IRBIT4J*1oM)I=RB(TI¢JyM)})

ITYPE(I,NRRyM)=1ART
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INUM{ I {NBR M) =L |
IF((BETAGYe o TS%P I ) AND (BETACLEL1.25%PI) ) INUMLTI ¢NBRyM) =KL
640 CONTINUE
602 CCNTINUF
NBR=NAR+ 1
IBM(TI ¢NBRyM}=ZBL 1o KSPCE+L M)
RBM(] yNBR,M)=RB(] 4 KSPCE®L,M)
LBPT(I)=NBR
ITYPE(TIg1lsMI=ITYPE(I,2M)
ITYPE(I NRR,M)=TTYPE(]I ,NBR=1L,M)
600 CONTINUE
C OFTERMINE ANGLE OF BCUNDARY
D0 702 K=1,NBP
KSPCF=LRPT(K)~-1
KP=LAPT(K}
THETA(K, Ly M)=ATANZ2 ((ZBMEK 2oM) =2BM{K,1 M) ),
e {RBM{K324M)=RBM(K,1,M)))
TFUTHETA(K Ll yM) oL T D) THETALK 1o M)STHETAIKeLloM)}e2,%P]
THETA(KoKP yM)=ATANZ2((ZBMIK KPoM)=ZBM(K KP=1yM)} ),
o {RBVMIKKP M)=RBM(K KP=1,M}))
IF(THETALK KPo M) LT O ITHFTA(K gKPoM)aTHETA(K KPoMD)+2,%P1]
DO 702 L=2,KSPCE \
THETA(K Lo MI=ATAN2 ({ZBM{K L 81 o M)=ZBM{K,L=1,M)),
e (RBMIK,L+]l M)=-RBM{K,L=1,M)))
TO02 TF(THETA(K L oM) LT 0) THETAIK )Ly MI=THETA( KoL  M)®2,%P1
c DETERMINE IF BNUNDARY POINT IS ACTIVE
VALUE=AMAX1(DELR,DELZ2)%,0C]
DMEAS=AMINI(DELR,DEL2)*,.9
DO 430 I=],NBP
KSPCE=LBPTI(I)
N0 430 J=1,KSPCE
NBACT(I,JyM)=]
NBROCD(I,J4M)=0
RMA=RAM{ I, Jy M)
lMA*zB’" l 'J'"’
DO 430 K=1,NBP
IF(K.EQ.11G0 TO 430
KB=LBFT(K)-1
DO 434 L=1,KR
ANGLESATAN2{ (ZBM(KoL*1lyM)=ZBM{KyLsM}),
o (RBM{K L+ M)=RBM(KoLoM)))
IPR=~[RMA=RBM{K oL, ¥))®SIN(ANGLE) ¢
e {ZMA=-2BM{K, Ly M) ) *COSIANGLE)
RPRE=(RMA=REMIK oLy M) )SCCSUANGLE )¢ (ZMA-ZBM{ KoLy M) ) *
« SINUANGLE)Y
DIST=SQRT((ZPR=%2)+(RPR#*%2))
IF{ZPR.GT. {=VALUE)) GO TO 434
NBACT(I,JyM)=0
434 1FICIST.LT.DMEASINBNDD(I,J9M)=]
430 CCNTINUE
RETURN
END
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SUBRNUTINE CNRBD(T9Jy Ky IBOUND¢KNT ,PHI ,BFTA)

«LRPT(10),TAXES(10,30)

COMMON/DOMATN/ZRPN{LS) ¢ 2PD(1S)4PDILS) 4 AD(15),RHNDI15),

JUPD(LS ) UZDNILS) LSUB(1S)
COMMON/XCHMG/TSoKSeKST oKS2, 1Dy INL,1D2
COMMDN/YCHNG /KR KPo IR 4 IC1,IC2,1F1,1F2,1E3

C THE PPRPNSF NF THIS SUBROUTINE IS TD SFT UP THF

C POMA [N O0INTS FPR THE CORNER

¢ SET GRID POINTS
tSUR(L1)=T7
LsuR(2)=4
LSUR(3Y =]

{SUR(4)=1
LSUR(S)=5

i LSUR(K)=2

: LSUR{T)=0

LSuUR(8) =6

1S3 {9)=13

] GO TNE100,300) ¢KNT

\ r SFY UP NDOMAIN FNR FIPST CORNFR POINT

100 CONTINUE
1D="
IN1=4
1N2=1
KS=J

{ KSi=J+1

! KS2=J+2
1S=7%

CALL REPLCT(1)

C SEFT )P CNALUMNS NR POWS FNR DOMAIN
KTYPF=ITYPE([,J¢1,1)
IPTLI=TNUM(T,Je¢l,1)

| 1PT2=IMUM(T 4Je¢2,1)

l PHI=THFTA(T ,J,1)

CALL SOLCT(T oMol oJeTP1oIR2,IPTLI,IPT2,KPT],KPT2,PHI,
«BFTA,KTYPELLTYPE)

C SET UP REMAINING DOMAIN POINTS
KR=K
KP=KPT]

] IR=IR1

1C1=1PT2

i 1€2=1PT1

IE1=2

1€E2=5

1F3=8

CALL TRSCNR(1,KTYPE)

KP=XPT?2

IR=IR2

IF1=3

1F2=6

1F3=9

CALL TRSCNR({1,KTYPF)

RETURN

92

COMMON RM(25,25) yZM(25,25)9P(2502502) yA12592592) yRHO(25,25,2),
JUR(2592542)112(25¢2542) yNORyNOZ,RAM(10,3042),28M(10,30,2),
RA(10,21,2),2PB(1042142)3THFETA(104304+2)9PB(10+3042),AB(10,30,2),
«RHNOB(1043042)yURR{10¢43042)yUZB(10,3042)yNACTVE(25,25),NODD(25,25),
oNBACT(10,30,2),NRODN (10430421 ITYPE(L10030¢2)y INUM(1043042),



c SET UP DOMAIN FOR SECOND CORNER POINT
100 CONTINUE i oF
10=7
INl=4
102=1
KS=J)=-2
KSi=J-1
KS2=J
18=1
CALL REPLCT(1)

o SET UP COLUMNS OR ROMWS FOR DOMAIN
KTYPFtlTYPE(‘vJ'l'l’
IPTI=INUM{T4J-1y1)
[PTZ*‘NUH(!QJ'?QI'
PHEI=THETA(1,J, 1)

CALL SOLCT(!.K.l.J.lRl.!RZ.lPTl.lPTZ.KPTl.KPTZ.PHI.
JAFTALKTYPF,LTYPE)

c SET UP REMAINING DOMAIN POINTS

KR=K :

KP=KPT1

IR=IR1

1C1=1PT2

1C2=1PT1

‘F[:a

1E2=5

1€3=2

CALL TRSCNR(1,KTYPE)
KP=KPT2

{R=IR2

{E1=9

1F2=6

1€3=3

CALL TRSCNR(1,KTYPE)
RETUYRN

END
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SUBROUTINE CCMPEQ(IBCUNDy TIME,DELTAsKAXISsCONST,
«NCOUNT KPRINT)
REALKAXIS

COMPUTE GENFRAL POINT CCMPATIBILITY EQUATIONS

CCPMMCN 9M([25,25)92M(254250)9P125¢92502)9A025025,2)4RHN{25,25,2),
dUR(254259219U2(25,2592) ¢ NCRyNDNZ RBM(12,30,2),2R4(10,30,2),
eRBU1NG21¢2)92R110,2),2),THETA(10,30,2),PB(10,30,2),48(10,30,2),
PHNPE(12930¢2),RB(10,30,2),U2B(L0¢30¢2)¢NACTVF(25,25)4NNDN(25,25),
oeNBACT(10430C,2V ,NBODDI10,30,2) ITYPE(10¢32,2),INUM{10,30,2),
+LRPT(L1D),1AXES(10,30)
CCMMCA/PAPTIAL/PUYRR(S)PURZIS ) PULZRIS),PUZZIS), PAR(S),PAZ(S)
CAMMNN/PLANEZURGIES) JUZGIS ) oPGIS) 4 RHOGIS) yRGIS) 4 26G(5) 4 AGLS)
e PNEW ) RHNEW g ANFUW URNFWUINFWZRAP,Z2AP,RNFIW,ZNF W
COMMON/DATA/ITFST JNAPWINTH,ANGLE
CCMMCAN/STATE/PINTTyRHCINTLAINIT
COMMOA JSETUP/RAS( L) RACTIL ) RIS ) DFLP NFLRH,NFELIR, NELVZ
NATA ¥K/1/,4,21/3,041562¢5/
CALL REGIN(TIRNUNDGDELTALKAXIS,CCNST)
RNO=DAEY
{NR=INEW
COMPITE CENFRAL POINT
SumMi=r,
cUMe=_C,
Siim2=n,
0N 119 1=1,6
CUMI=C M +PAS(T)
CUMZ2=SUM2+PAC( 1)
SUMI=QMI4R(])
110 CONTINYE
XAzSNURNDN(OEMFW,PNENW)
TFIFTIPNF,0,)6GLTOLN
PAET=DIE 7 (5)
GrTCll
10 PACT=/PNEYW /RNO
11 CCNTIANYF
DELFl==,258SUMPENELUR= 25 8SUM]L SNELUZ =, S*RHNCW
o YASYASKAYI SHOARTYENELTA- 258 XAROHNEWR ((JEG(3) -
UG #7614 )= 2G(2))eR(E)~-,5%SUM3
NELFL1=NELPL/CONST
PNEWl=D(S)eNELP]
XA=SOAUND(PENEW,OPNEW])
CFLURL==,5¢(RAS(]1)=2AS(3) ISNELUZ~.5*RHNFWEXA*
e (2.%JPGIS)I=IRG(1D)=URG(2))eR{3)=-R(1)
ODFLURI=DELURL/ (5*(2,*PHNFWSXASRAC(L1)=-RAC(3)))
UURNEWL1 =19/ (S} eFLIIR]
JF(RIONFE,C.IGNRTN2C
PART=PIPR(S)
GCTC21
20 PART=URNEW]I/RNRA
21 CCNTINYFE
NELUZL==,5%(PAC(2)~=RAC(4))SDELUR]L~ .5SRHNEWSXAX
o (2.%)2CIS)=1ZC[2)=U2Gl4))eR{4)-R(2)
NDELUZLI=NELULZL/(.5%(2.*RHNEWSXASRAS(2)=-RAS(4)))
NELPHI=4  #NFLOLISCONST#.52SUM2ENELUR]L +,5%SUM]L *
e DFLUZI4PHNEWSXARXASKAXISSPARTEDELTAS,S*XAS
«AHNEWS (UPG (3 )=11PG(1)¢U2G(&4)=-U2G(2))=2.2((XA/AG(S))*%2 )=
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132

130

«R{5)+SUMI

DELRH1=DELRHI/ (2. ¢ XA%XA)

UZNFW1=sUZG(5)¢+DELUZI]

RHNEW1=RHOG(S5) ¢+DEL RH1

IF{ITEST.NE.1IGO VO 132

ITEST=2

GO T0 130

RATIO0=,01

IF(ABS{URNENW) o GT 404 JRATIC=ABS{ (URNEW L=-URNEW ) ZURNEW)
IF(RATIN.GT..01)G0 TO 130
IFLARS{UZNEN)GT. 0 )RATIO=ABS{ (UZNEWL1-UINEW) /JUZNEW)
IF(RATIN,GT..01)GC TQ 130
IF(ARS({(PNEWLI=-PNFW)/PNEW) oGTeeO1)GO TO 130
TF{ARS(({RHNEWL=RHNEW ) /RHNEW) . GT.«01)G0O TO 130
NCCUNT =2

PNEW=ENFW]

RHNEW=RHNEW]

URNEW=UIRNEW]

UINEW=UINEW]

IF(KPRINT.CT,O)CALL PRINT

RETURNK

END
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SUBKOLTINE CCAVRT(IBOUND)
CCMMCN/DERIV/CURR(15) 4DURZ(15)9CU2R(15),DUZZ(15),DAR(15),

«LCELI15)

CCMMCN/PARTIAL/PURRIS)yPURZI(S)PUZRIS)ZPUZLZIS) PAR(S),

« PAZ(5)

CCMMON/CATA/ ITEST yNBP W IDTHy ANGLE
DIMENSION ALRR(5) yAUZR(5) yAURZ(5) yAUZZ(5) yAAR(5),

«BALIS) o BURRILE )yBUZR(S5)4BURZ(5),BUZZ(5)

THT PURPGCSE CF THIS RCUTINE IS TO TRANSFURM THE DERIVATIVES
10 THE PRIMEC SYSTEM

SIORE CERIVATIVES

DG 1CC K=1,£

IF({IBOUND.CT1.0).AND.{K.EC.2}))GO TO 1CO

C JUCUND=]1,40ORCF 241BCUNC=2y CRUP 3, I BOUND=3,DROP |
IFCUUIBOUND eECe2) o ORe IBCUNC.ECe5)) cAND (K.EW.3))CO TO 100
IFCCUTBOUNC ECe3) sORG{IBUOUNDEC6)) dANDIK.EQ.L))IGO TO 100
AUKF [K)=PURK (k)

AUZK(K}=PUZF (K)
AURZIK)=PURZ (K]
AUZZ(K)=PUZZIK)
Adk(K)=PAR(K)
RALIK)=FAZ(K)

C CCNVERT DERIVATIVES TG PRIME CCLROINATES
PARIK)=AAR(K)#CCSUANGLE)+2AZ(K)*S INIANGLE)
PALIK)==AAR({K)*SIN(ANGLE) +AAZ(K)*COS{ANGLE)
BURK(K)=AUFR (K)*CCS (ANCLE ) #AURZ(K )*SINIANGLE)
BURZL(R)==AURFIK)*SIN(ANGLE )+AURZ(K)*COSIANGLE)
EULRIK)=AUZR(K)*CLSCANGLE } ¢AUZZ(K)*SINIANGLE)
BL2Z(K)==AUZF(K)}*SINCANGLE ) +AUZZ(K)®*COS(ANGLE}
PURR({K)=BURR(K)SCCSIANGLE)*BUZR(K)*SIN{ANGLE)
PUZR(K)==BURRIK)*SINCANGLE }+BUZR(K)*CCSIANGLE)
PURZ(K)=BURZ(K)*COS(ANGLE )+BUZZ(K)*SINIANGLE)
PUZL(K)==BURZ(K)*SIN(ANGLE ) +BUZZIK)*COSTANGLE )

160 CCNTIALUE
RETURN
END

s e ———— T

aN el al
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100

120

130
140

SUBROUTINE CORCOM(IBCUNC YIME, DELTA.KAXIS:CONST,
oNCOUNToKPRINT,1,J)

THIS RCUTINE INTEGRATES CCRNER POINT COMPATIBILITY EQUATIONS
REAL KAXIS

CCMMON RM(25,25) ¢ZM(25925)¢P{2592592)9A(2592542) sRHO(2592542)
dsUR(25425,2),U2(25¢25¢2) ¢yNOR¢NOZ,RBM(1093092),28M(10,30,2),
oRBE10¢2192)92B(10,2192)¢THETA(10,30,2),PB(10+30,2),4B(10930,2),
+RHDE(10,30,2)yURBL10,30,2),UZBL10,30,2)yNACTVE(25,25) (NODD(25,25),
oNBACT(10930,42),NBOCD(10,30¢2) ITVYPE(10,30,2),INUM(10,30,2),
+LBPT(10),1AXES{10,30)

COCMMCA/DATA/ITEST o NBPWIDTH,ANGLE

COMPMIN/PLANE JURGIS)UZGIS) oPG(SY e RHOGIS) yRG(5)92G(5),AG(S5),
e PNEWyRHNEW ANEWS URNEW o UZNEWRAP ) ZAP, RNEWy INEW
COMMON/BOUNDZJCONE{L10) ¢kCNDE(10¢3),LCODEL10)yMCODE(19),
«BTIME(L1N,20,3),BCON(10,20,20) ¢BSPCE(10,20),ACONI(10,20,20),
«CCON{10y2%,20)
COMNMCN/SETUP/RAS(4 ) RAC(4),RUS5)DELPDELRHyDFLURNELUZ,S(5)
COMMNN/FXT JURR UUZ L oY oRRAT JARAT/STATE/PINIT,RHOINTLAINIT
COMNMON/PARTIAL/PURRIS) sPUPZ(5) PUZRIS)PUZZIS) PAR(5) 4 PAZI(S)
ODIMENSINN DIST(3),F(3)

DATA KK/1/

P1=3,141592653589763

TOL=0,C000001

TOL=0.CO001

CALL REGIN(IBOUND,DELTA,KAXIS,CONST)

ROP=RNEYW

IOR=2INEW

IF(JCCCE(T)EN.3IKK=]

GO T0(100,110) 4KK

KK=2

K=]~-1

IFLJEQ.LBPT(I)IK=1¢]1

1FIK.EQ.0) K=NBP

IF(NCCOELTY.EQ.O0) CO TO 200

RORA=RCReWIDTH

IORA=20R*R IDTH

TIMEI=TIMES IDTH/AINIT

CALL EXACT(RORAL,ICRA,TIMEL)

2==URR=SIN(ANGLF)¢UZZ¢CCS (ANGLE)

IF(JCCNELT)I.NE.TIGC TO 110

W=zURRECNS(ANGLFY+U2Z¢SIN(ANGLE)

PP=Y

U=RRAT

I1K=]

IF(JeEQ.LBPT(I))IK=2

G0 TO(120,130),1K

Jl=zJ+]

J2=J¢2

GC T0 140

Jl=J-1

J2=J=-2

CONTINUE

ROR1I=FBM{T 4J1,1)®NWIDTH

IZ0R1=2BM(14J1,1)*WIDTH

ROR2aRBM(] yJ2,1)¢WIDTH

70R2=78BM(14J241)*WIDTH j
DIST(1)=0.

DIST(2)=(RBM(I 4 JLo1)=RBM(T43,1))2CNASUANGLE)#(2BM(I,4J1,1)-
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«IRM(T 3Jy1))*SINIANGLE)
DISTU3)=(REM{I,J2,1)=RBM{I,Jy1))*COS(ANGLE)+
e (ZBMUT9J2y1)=28M{T4Jy1))SSIN(ANGLE)
Fl(l)=W
CALL EXACT(RORL,ZOR1,TIFEL)
FU2)=URRSCCSUANGLE )¢UZZ*SINI(ANGLE)
CALL FXACT(RNR2,20R2,TINMF])
F(3)=URR*CCSUANGLE)+UZZ*SINIANGLE)
CALL FINITE(L4293¢F40ISTyNZI,ART,ART)
GO 10 110
200 CONTINUE
Kv=1
NK=JCCNE (KV)
@ ALLCW FOR CYHEP CORNER POINTS
¥FSPLE=LCCNEL(KY)
NTIMFaKCODE(KV,1)
CALL FINCIKVyJLlyNK¢NTIME,KSPCF yRCRyZORyZyWoeDZZDWR,
«ART,,TINMF)
IF{IK.FQ.2)N27=ART
KV=K
NK=JCCDE (KV)
NTIVNE=KCNDE(KV,1)
KSPC =LCCDE(KYV)
C FINC FRESSURE
CALL FINDIKV JIoNKyNTIVE,KSPCEoRORyZOR Y ART ART,
«ART,ART, TIME)
110 CCNTINUE
C INTFGRATE COMPATIBILITY FCUATIONS
NK=18CUND-1
GO TC (3C04+310,320,4340435C)yNK
300 CONTINUF
C I8CUNDR=2
XA=SNUKNND(RHNFW,Y)
IF(ROR,FQ.Ce) GN TC 302
PART=URNEW/ROR
GO TO 304
302 PART=PURR(S)
304 CCNTINUE
DFLUR]L==2,%(Y=PG(5))*CCNST-RHNEW*XARXA*KAX]S*
oPART®NEL TA-PHNFWEXA*(URG(S)-URG(1)+UZG(4)-U2G(5) )~
e {Z=UZG(5) ) *{-RHNEWEXA+RAS(1)+RAS(4))+2,.%{
«R(5)=R(1)-R(4))
DELURL=NELURL/(RHNEW*XA4RAC(1)+RAC(4))
URNFW1=URG{5)+DFLUR]
IF(ROR,FCL.C. IGO0 TO 306
PART=URNEW1/RO0OR
GO TN 1308
306 PART=FUPR(S)
308 CCNTINUE
DELRHI=(Y=-PG(5) )XCONST-R(S)I*{XAXXA/(AG(5)%AG(5))-1,)
DELRH1=NELRHL/(XA*XA)
G0 YO 500
310 CCNTINUF
XA=SCUNP(RHNEW,Y)
IF(ROR.EC.O0.) GD TC 312
PART=URNEW/ROR
GO TO 314
312 PART=PURR(S5)
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314 CONTINUE T = e st gt e

DELURL==2,8(Y=-PG(5))*CONST-RHNEWSXASXASKAXIS®
o PART*CEL TA-RHNEWEX AS(URG(3)-URG(S) ¢UZG(4)-UIG(5) )~
e (Z-UZG(S) ) *(-RHNEWSXASRAS(I)+RAS(4) )42, *{R(S5)~
«R(3)-R(4)) :
DELURI=NELURL/ (~-RHNEWSXASRAC{3)*RAC(4))

URNEW1=URG (5)+DELUR]

IF(ROR.EQ.C. GO TO 316

PART=URNEN 1/ROR

GO 10 318

316 PART=PUPR(S)

318 CONTINUE
DELRHL=(Y=PG(5) )*CONST=R {S)*(XASXA/(AG(S5)*AG(5))-1.)
DELRHI=DELRHL/ (XA XA)

500 CONTYINUE
RHNEW1=RHOG(S) +DELRHL
URNEW1=DELURL1*URG(S)
IF(ITEST.NE.1) GO TO 510
ITEST=2
GO 10 €20

510 RATIC=2,01
T1F(ABS{URNEW) c GT. 0. )RATIO=ABS{ (URNEW1-URNEW)/URNEW)
IF(RATIO.GT.TOLIGCTO520
IF(ABS{(RHNEWL-RHNEW)/RHNENW) .GT.TOL)IGNTN520
NCOUNT=2
KK=1]

520 URNEW=UPRNEW]
RHNEW=RHNEW]
PNEW=Y
UINEW=2
ANEw= SCUND {RHNEW ,PNENW)
IFIKPRINT,GT,0) CALL PRINT
RETURN

320 CCNTINUE

340 XA=SOUNN(RHNEW,PP)
IF(RCR,EQ.0.)G0 TO 342
PART=PURR(S)
GO TO 344

342 PART=C22

344 CONTYINUE
DELRH1=(2.,#{PP-PG(5))SCONST

e o SH(RHNEWS XA+RAC(1)4RAC(4)I*(W-URG(5) )+
e o SEPHNEWRXA® (U2G(4)=-UZC(S5)I+URG(5)-URG(1) )+
oo S*(~RHNFW*XA+RAS{ 1) +RAS(4))*(Z-UZG(5))+
e o SERHNEW* X AXXASKAX ISSPART*DEL TA+
«RILIER(4)I-XA®XA®R(S5)/(AGI5)*AG(5)) )/ (XA*XA)
RHNFW1=DEL RH1 +RHOG(5)

620 IFC(ITEST.NE.1)CO TC 600
ITEST=2
GO TO 610

600 IF(ABS{(RHNEW]1-RHNEW)/RHNEW).GT.TOL)IGOTO610
NCOUNT=2
KK=1

610 RHNEW=RHNEW]
PNEW=PP
URNEW =W
UZNEW=2
ANEW=SCUND(RHNEWPNEW)
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350

352
354

IF{KPRINY,GT.O)CALL PRINT et
RETURN

XA=SOUND (RHNEW,PP)

IF(ROR,EQ.Ce) GO YC 1352

PART=W/RAOR

GO 10 354

PARY=PURR(S)

CCNTINUE

DELRHI=(2,*(PP-PG(5) )SCONST+
oo S*(-RHNEW*XA+RAC{ IV +RAC(4) )% W=URG(S) )¢
oo SERHAEWSX AR {URGI3II¢UZ2G( 4 )-UZG(5)=URG(5) )¢
0o 5% (-RHNEW*XA+RAS(I)+RAS(4))®(2-U2G(S) )~
XARXASR(S5) /(AG(S)I*AG(S)I¢R{I)+R(4)+
e e S¥RHNEWS X ARXA®KAX ISSPART*DELTA)/(XASRXA)
RHNEWL=DELRH]1 ¢RHOG(5)

G0 YO 620

END
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DO

(]

110

129

130

SUBPOUTINECORNPT (19 JyTONST o KAXISoTIME,DELTAoKPRINT, IBOUND)
PEALKAXIS

COMMON PM(25925) ¢ ZM(25,2%5)¢P(2592592) ¢A(25425,2),RHO(25,25,2),
eUR(2%5925¢2)yU2(25,25,2) ¢ NORy;NOZRBM(10,30,2),28M(1003002)»
RB(1092142)928(10921¢2)9 THETA(L10¢3092)9PB8(10,30¢42)4AB(10+30,2),
«RHOB(1043042)¢URRI10,3092)sUZB(10,30,2),NACTVE(25,25),NODD(25,25),
oNRACT(10,30,2),NBODD(10+3002)9ITYPE(L10+3042)INUMI10+30,2),
«LAPT(10),T1AXES(10,30)

COMMON/DATA/ITEST  NRPWIDTH, ANGLE
COMMON/BOUNDZJCNNEL10) o KCODE(10+3)oLCODF(10) MCODE(10),
eRTIME(1042043)¢BCNONI10920020),RSPCE(10,20)0ACON{(10,20,20),
+CCON(10,20,20)
COMMON/PLANF/URG(S) 4U2G(S)PGIS) RHOGIS) RG(5),2G(5),

oAG(5) s PNEW,RHNEW, ANEW,URNEW,UINEW,RAP o ZAP,

THE PUYRPOSF NF THIS SUBROUTINE IS TN COMPUTE THE PROPFRTIES

AT A CORNFR POINT

INDEX=0

ITEST=]

TF(NBACT(T,J42).FQ.0)RETURN

ANGLE=THETA(T+Jel)

RNEW=RBM(14Js1)

INFW=ZRM(T ,J,1)

SET ADJOIMNING BOUNDARY

KNT=1

TFILBPT{T)FQeJIKNT=?

GN TO(110,120) ¢KNT

FIRSY CNPNER POINT ON BOUNDARY

K=l=-1

IF(KeLTel)K=NRP
IR={TYPFE(1,J¢1,1)

G0 YO 130

SFCANND CORNER POINT ON BOUNDARY
K=[+1

TF(KGTNBPIK=]
TR=ITYPF(1,J-1,41)

CONTINUE

SFT CHARACTERISTIC LIMIY

SET UP CORNER NOMAIN POINTS

CALL CNRBDIT,JyKo IRDUND,KNT,PHI 4BETA)
IFIKPRINT.EQ.11CALLPRINT

NFTERMINE DERTVATIVES AT DOMAIN POINTS
CALL PREPRS(2,T1NUM, IDUMyPHIBFTA,KNT)
GUESS AT PROPERTIES

CALL GUFSS(1,1,4J)

CONTINUF

CALL INTEG(I,J,DELTA)

CALL PHYCHR{IBOUND,DFLYA)

INTERPOLATE FOR PROPERTIES

CALL INPRNPI{TIB,IRNUNDN)

CALL CONVRT(IBOUND)

NCOUNT=1

CALL CORCOM(IROUND, TIME,NELTA,KAXISsCONSToNCOUNT,
«KPRINT1,4J)

INDEX= INDE X+1

IF{INDEX.LT.25)G0 TO 1010
WRITE(6,8700)1,4J

CALL PRINT
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CALL EXIT

1010 IF(NCOINT . EQ.10G0 TN 300
ITEST=]
STORE PRNPFRYIES IN NEW TIMF PLANE
PR{T4Je2)=PNEW
RHOB(T9J42)=RHNFYW
URB(T4Jy2)=URNFWECOS(ANGLE )=UINEWSSIN(ANGLE)
UZB(T19Je?2)=URNFWESINIANGLE ) +UZNFWRCOS(ANGLF)
AB(T 4J02)=SOUND(RHNFEW, PNEW)
RRM( 1,Jy2)=RNEW
70MUT9Je2)=2NENW
RETURN

370N FNRMAT(1H 31HPROGRAM LONPING AT COPNFR PNINT,I2,
elH,,12)
FND
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SURBROUTINE DERTVE(RPD,2PDURD,UID,ADDURR,DUZR,
o« DARyDURZ,DUZZ ¢y DAL, IAX ISy ALPHA,BETA)
DIMENSION RPO(1),2PD(1),URDILI,UZD(1),AD(1),DURR(L),DUZP (1),
«NAR(L)4NURZEL) yOUZZ2(1),DAZ(L)4DISTILS)4PURRILS)ZPUZR(1S),PAR(LS)
THE PURPNSE DF THIS SUBROUTINE IS TO THE DOMAIN
NERIVATIVES
60 TN (110,150,130,170),1AXIS
CONSINER PNSITIVE R INTERSECTION
COMPUTE DERIVATIVES IN THE R DOIRECTIONS FIRST

110 N0 112 x=7,10,3
Kl=Ke]
K2=zK+?
CALL FINITE(K K1 4K2,1JQD,RPDLOURRIK) 9 DURR(K]1) 4 DURR(K2))
CALL FINITE(K oK1 K2,UZN,RPD,DUZIRIK) 4DUZRIKL) 4DUZRIK2))

L12 CALL FINTTF(K K1 ,K2,AN,RPN,NAR(K),DAR(K]1),DAR(K2))

fn Ee )

mNel

C COMPUTE P "RIME DERJVATIVFS
CALL RPRIMF(NIST,PPN, ZPN,PURR,PUZIR,PAR,URN,UZDyAD)
c COMPUTE DFRIVATIVES ON BOUNDARY WITH LAGRANGE

NISTI6)=SART ( (RPD(&6)=RPD(1) )22+ (2PN (6)=-2PN(1))%%2)
CALL LAGPONF (296,3,URNDISTART,PURR(H6) (APT)
CALL LAGRNE(24643,UZD DISTLART,PUYZR(6) ,ART)
CALL LAGANF (246933 ADNNDISTLART,PAR(E) ,ART)

C COMPUTF UINFVEN R DERIVATIVES WITH LAGRANGE
CALL LAGRNE(4,5,58,URD,RPDyDURR(4&)NDURR (5),NURR(G)})
CALL 1 AGPNE (4 ,5,6,UIN,RPN,DYZR(4),DUIR(S5),NPUYIR(6))
CALL LAGRNF({44506,AD4RPN,NAR(4&) ,DARIS) 4NAR(S))

C COMPUTE AXTAL NFRIVATIVES
NN 116 K=64,5
Ki=K+3
K2=K+b6
CALL FINITE(K K1 ,K2,URN,ZPDyDURZI(K) sDURZIK]1)yNURZ(X2))
CALL FINITF (KoKl K2,UZDy2PDyDUZZIXK) DUZ72(X1),DUZ22(K2))

116 CALL FINITF( (K K1¢K2oANoZPDNAZIK)NDAZIKL),DAZ(K2))

f. COMPUTE UNFEVEM NERIVATIVES WITH LAGRANGE
DN 118 Kk=1,2
Kiz=Ked
K2=K+6

CALL LAGANF (K K]1,K2,URD,2°DyDURZ{K)yART,ART)
CALL LAGRNE (K K1 4K24UZDeZPNyDUZZIK) 4 ART,ART)
118 CALL LAGRNF UK (KL ,K2,ANeZPDNAZIKIyART,ART)

CALL LAGRNF(3,49,12,URD,2PD,DURZ{3),DUYRZ(9),DURZ(12))
CALL LAGRNFE(3,9,12,U20,2°N,DUZ2Z(3),DUZ2(9),DU22(12))
CALL LAGRNF(3,9,12,AD,2ZPDyDAZ(3},DAZ(9),0A2(12))
NETERMINE REMAINING NFRIVATIVES FROM R PRIME AND 2
0N 120 X=1,3
DURRIK )=(PIRR (K) -DURZ (K )*BETA)/ALPHA
NUIR(K)}=(PUZRI(K)=-NDUZZ(K)*BFTA)/ALPHA

120 NDAR(K)=(PAR(K)-DAZ(K)*BETA)/ALPHA
DURZ(6)=(PURR{6)-DURR (6)*ALPHA) /BETA
DUZZ(6)=(PUZR(6)-DUZR(6)*ALPHA)/RETA
DAZ(6)=(PAR(A)-DAR(6) *ALPHA) /BETA
RETURN

c FIND NFRIVATIVES WHEN ROW JK DOES NOT INTERSECT

C POSITIVE R PRIME AXIS

130 CONTINUF

C COMPUTE R PRIME DERIVATIVFS

Cc

(9]

CALL RPRIME(DISTRPDyZPD+sPURRPUZR,PARURD,UZD,AD)
COMPUTE R DERIVATIVES
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132

136

13R

149

150

152

156

DO 132 K=4,10,3

Ki=Kel

K2sK +2

CALL FINITE(KoK] K2,URDyRPD,DURRIK) DURR(K]1)¢DURR(K2))
CALL FINTITE(K oKL ¢K2,UZD RPD,NUIRIK),DU2RIKL)I,DUZR(K2))
CALL FINITFIKK1:K2:ADoRPD,DARIK) ,DARIKL),DARIK2))
COMPUTE 7 NERIVATIVES

ND 136 K=4,6

KizKe3

K2zK +6

CALL FINITF(KgK1,K2,URN,ZPN,DURZIK) ,NDURZIK]L),DURZ(K2))
CALL FINITFIK KL K2,UZD,ZPN,NUZZI(K)I,NDUZZIKL1) ,DUZZ2(K2))
CALL FINITFIK KL oK2ADZPN,DAZIK) 4NAZIK]L),DAZIK2))
CAMPUTE UNFVEN DFRIVATIVES IN 2 DIRECTION

nn L3R K’lyg

Kl=Ke3

K2=K+6

CALL LAGRNE(K K1 K2,URNZZPN,DUYRZ(K) 4ARTLART)

CALL LAGRNF (K K1oK? oUZN,ZPNyNUZZIK) 4 ART,ART)

CALL LAGRNF (X oK1¢K2eADeZPNsDAZIK)ART,LART)

COMPUTF R DFRTIVATIVES FRNM R PRIME AND Z

NN 1460 K=l 4,3

DURR (K)=(PURR (K)=-DURZ(K)*RETA}/ALPHA
NUIR(KI=(PUYZR(K)I=DUZZ(K)*RETA)/ALPKA
NAR(K)=(PAR(KI=NAZ(KIERFTA)/ALPHA

RETURN

COMSIDER NFGATIVE R PRIME INTERSECTION

CONT TNUF

COMPUTE R PRIMFE NERIVATIVES

CALL RPRIMFINIST RPN, ZPDyPURR 4PUZRPARLURDLIZDy AD)
COMPUTE DERIVATIVE ON BOUNDARY WITH LAGRANGF
PIST(4)=SORT((RPN(4L)=RPN(1))%22¢(2PD(4)-2PD(1))%x%2)
CALL LAGRNF(&42,3,URND,NIST,PURR(4&),ART,ART)

CALL LAGRNF(&9243,UZD,DIST,PUZR(4),ART,ART)

CALL LAGRNF {4 ¢241AN NISTLPAR(&),ART,ART)

COMPUTF 2 NERIVATIVES

PN 152 K=T7,10,3

Kl=K+1}

K?2=K+2

CALL FINITFIK4KLsK2,URDGRPN,DURRIK) s DURRIK1),DURR(K2))
CALL FINITE(K (K1 ,K2,U2D,RPNyDUZRIKY yNUZR(KL1)DUIZRI(K2))
CALL FINITE(K KLl K2,AN,RPN,NARIK),DAR(K]1)yDAR(K2))
COMPUTF UNEVEN R DERIVATIVE

CALL LAGRNE(&95956,URDPPDINURR(4)4NDURRI(S) ,DURRI{SE))
CALL LAGRNF(4,5,6,UZN,RPNDUZR(4)NUZIR(5)4NUYZIR(6))
CALL LAGRNF(4,S+69AD9RPN,DAR(4&)DAR(S) ,DAR(S))

COMPUTE 7 DERIVATIVES

NC 156 K=5,6

K1=K+3

K2z 46

CALL FINITF(K gK1sK2URD,ZPN,NDURZIK)DURZ(KL1),DURZ(K2))
CALL FINITFIK 4K1oK2,UZD,7PN,DUZ2(K),DUZZ(K1),DUZ2Z2(K2))
CALL FINITE(KoKL19K29ADZPDDAZIKI,DAZIKL) DAZ(K2))
COMPUTE UNFVEN Z DERIVATIVES

CALL LAGRNF(19T7910,URD,ZPDDURZ(L1),DURZ(T) 4DURZ(10))
CALL LAGRNE(147,10,U2ZD,Z2PD,NUZ2(1),DUZZ(T),DUZ2(10))
CALL LAGRNE{147910,AD,2ZPD¢yDAZ(1),DAZ(T),DAZ(10))

DO 158 K=2,3
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158

160

170

172

176

178

180

Kil=Ke3

K2=K+6

CALL lAGRNE(K'Kl9K2'UﬂoolpDQDURZ‘K’olRT"RT’

CALL LAGRNE(K¢K1¢K2,UZDy2PDsDUZZ(K) 9sART,ART)

CALL LAGRNE(K ¢K19yK29ADeZPNoDAZIK) ARTLART)

COMPUTE REMAINING DERIVATIVES FROM R,R-PRIME,2

N0 160 K=1,3 : bty ’

PURR (K )= (PURR (K)~DURZ(K)*BETA)/ALPHA

NUZR (K )=(PUZR(K)-DUZZ(K)*BETA)/ALPHA
DAR(K)=(PAR(K)-DAZ(K)®RETA)/ALPHA
DURZ(A)=(PURR (4)-DURR (&) *ALPHA)/BETA

DUZ2(4&)=(PUIF (4)-DUZIR(&)*ALPHA)/BETA
NAZ(4)=(PAR(L)I-DAR(4) *ALPHA)/BFTA

RETURN

FIND NERIVATIVES WHFN ROW JK DOES NOT INTERSECTY
NFGATYIVF R PRIME AXIS

CNANT INUF

COMPUTE R PRIMFE NDERIVATIVES

CALL RPRIMFIDISTLRPD,ZPDyPURRLPUZR,PARL,URD,UZD,AD)
COMPUTF R DERIVATIVFS

PO 172 K=4410,3

K1=Ke1l

K2=K+2

CALL FINITE(K,K1,K2,URD,RPD,DURRI(K) NDURR (K1) ,DURR(K2))
CALL FINITFIK K] ¢K24112D4RPDyDUZRIK),DUZR(X1),NUZR(K2))
CALL FINITE(K KL1yK2,ANLRPN,DARIK) ,DARIK]I),DAR(K2]})
COMPUTE Z DERIVATIVES

DO 176 K=4,6

Kl=K+3

K2=K+6

CALL FINITE(K K1 K2,URD,ZPDsDURZ(K) ¢NURZ (K1) DURZ(K2))
CALL FINITFIK K1 ,K2,UZD,2PD,DUZZ2(K)sNDUZZ(K1),D0UZ2(K2))
CALL FINITE(K X1 ¢K2,AD92PDyDAZIK),DAZIK])),DAZ(K2))
COMPUTE UNFVFN DERIVATIVES IN Z DIRFCTION

DO 178 K=1,3

K1=K+3

K2=K+6

CALL LAGRNE(K,K1,)K2,URD,ZPD,DURZ(K)yART,ART)

CALL LAGRNF(K(oK1lyK2,UZDyZPDeDUZZIK)s ARTHART)

CALL LAGRNE(K K1 4K2,AN,2PDyDAZIK) ART,ART)

COMPUTE R NDERPIVATIVES FROM R PRIME AND 2

DO 180 K=1,3

NURR(K )= (PURP (K} -DURZ(K)*BETA)/ALPHA

DUZR(K)=(PUZ2 (K)-DUZZIKI*BETA)/ALPHA
DAR(K)=(PAR(K)I=-DAZ(K)*BETA)/ALPHA

RETURN

END
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SUBRNUTINE DIFAN(T1,J)

COMMON/DERTV/DURR(1S) 4 NURZ(15),NUZR(15),0U022(15),
«DAR(15),NAZ(15)

COMMON/DOMAIN/RPD(15) ,2PD(15) 4PD(1S),AD(15),RHOD(15),
<URD(15),UZN{15),LSUB(1S)

COMMON RM (25925) ZM(25,25) oP(25¢2%¢2)9A(25,25¢2)yRHO(25,25,2),
1R (2542592)y12(2592592) yNORyNOZ,RBM(10,30,2)2BM(10,30,2),
ePBI10,21,2),2R(10,2142),THETA(10930+2)+PRI10,30,2)9AB(10930,2),
«PHOB(10,30,2)41IRR(10930,2) yUZB(10,30,2)yNACTVE(25,25)4NOND(25,25),
eNBACT(10,30,2)4NRODDC1043062)¢ ITYPE(10+3002)INUM{10,30,2),
«LRPT(10),1AXFS(10,30)

COMMON/DATAZ/ITEST JNRP WIDTH, ANGLE

PIl=3,1415926535898

THF PURPNSF NF THIS SUBROUTINE IS TO EVALUATE THF DOMAIN

NDFRIVATIVFS

NCODE=ITYPF({14J01)

G0 TN(100,300)NCONE

100 CONTINUF
A CNNS INER VFRTICAL INTERSECTION
TAXTS=TAXES(T,J)
ALPHA=CNS ( ANGLF)
AETA=SINC(ANGLE)
CALL DEQTVE(RPNGZPDJRDyUZD¢AN,DURR ,DUZR4NAR,DUPZ,
eNUZZ NAZ L TAXYTS,ALPHALBETA)
RETURN
c COMPUTFE HNR[ZONTAL INTFRSECTION
300 CONTINUE
TAXTS=TAXES(T,J)
ALPHA=SIN(ANGLE)
RFETA=COS{ANGLE)
CALL NERTVE(ZIPNy2PDyURD,UZD,ADGNIRZ,,DUZZ,NAL,
«DURR ,DUZR 4NAR, TAXIS, ALPHA,RETA)
R ETURN
FNN

el
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100

200

SUBRCUTINE DIFFER
CCMMON/OERIV/NDURR(15) yDURZ2(15) ,0UZR(15),DUZ2Z(15),
«DARI15),DA2(15)

CCMVON/DOMAIN/RPD(15) ,ZPC(15),PDI15),AD(L15),RHODI15),
«URDIL1S),UIN(1501,LSURILS)

CCMPUTE RACIAL DERIVATIVES FIRST

NO 100 K=1,3

Kl=Ke2

K2=K+6

CALL FINITE(K K]l 4K2,URDyRPDoDURRIK) s DURR{KL)(DURR(K2)})
CALL FINITE(K KLl oK2,UZDsRPD4DUZR(K)DUZRI{K]1 ) ¢DUZR{K2))
CALL FINITE(K K1 ,K2,A0,RPD,DARIK) ,DARIK]L) DAR([K2))
CONTINUE

COMPUTE AXIAL DERIVATIVES

N0 200 K=1,7,3

Kl=Ke+1

K2=K+2

CALL FINITE(Ky K1 K2yURDoZPDyDURZ(K)yDURZIKL) 4DURZ(K2))
CALL FINITE(KyKL yK2,UZC»ZPDyDUZZ(K),DUZZIK]1)¢NUZZIK2))
CALL FINITE(KoK1oK2,ADo2PD,DAZ(IK),DAZ(K]1) ,DAZ(K2))
CONTINUF

RETURN

END
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120

200

210

230

220

110
130

SUBRCUTINE EXACTI(R,Z,TIME)

THIS RCUTINE COMPUTES BLAST WAVE SOLUTION
COUBLF PRECISION VINIT A9BeCoFoFleF2oV1yV2,0ELTA,TOL
COMMON/STATE/PRESS ¢RHOL4AINIT/EXT/UR,UZ,PRAT,RRAT,AA
DATA ENERGY/1.5482649€E406/¢GAMMA/]L .4/
QUAN=ENERGY/RHO1

XS=SQRY({ SCRT(QUAN) )*SQRTITIME)
US=SCRT{QUAN)/((GAMMA+], ) #XS)
USA=US/AINIY
PREENERGY/ (2. 2(GAMMAS] , ) 4 XSEXSEPRESS)
ALPHA=ATAN2(Z,R)
X=SCRTY((R*#2)+({Z2%%2)) /XS
VINIT=10.0C0N000100/28,0Nn0

TOL=0.5N=-6

NELTA=1,0D~4

I=0

J=1

A=12,CN0*VIMNIT/5,0D0
B=(84,0N0*VINIT-3,0D1)/5.0D0
C=2.,4C0%(1.0D0~-1.4N0%VINIT)
F={(Re*2(1,0DP0/T7.0DC})/DSQRT(A%C) ) =X
CO 7O (200,42104220),J

Fl=¢

Vi=VINITY

F3=F1

ST1=SIGN(1l.,F3)

GC 10 230

F2=F

v2=VINIT

F3=F2

S12=SIGN(1.4F3)

IFICABS{F) LE.TOL)GOTNI1O
IF{ST1.NE.SI2) GO TN 220

Fl=F2

VisVv2

J=2

VINIT=VINIT+NELTA
IF(VINIT.LE.(10.0N0/24,.000))G0OTOL20
PRIAT]

FORMAT(* =%z FAILURF CF EXACT SOLUTICN *%x!)
sTOP

IF(CABS(F).LE.TCLIGOTC110
DELTA=NELTA/2.0N0

VINIT=VINIT=DELTA

I=1+t

IF({1.CE.25)G0 YO 110

GO TO 120

CCNTINUE

DENSTY=(8¢%(5,/Te ) 1%((6-12.*VINIT)*%(=10./3,))*(C*%{10./3.))
URATIC=2,4*VINIT*X
PRATIC=A%{(6.-12.¢VINIT)*#(=T./3.))1%(C**(7./3.))
UR=URATIN*LSA*CNS{ALPHA)

UZ=URATICAUSASSIN(ALPHA)

PRAT=PRATIC*PR

RRAT=6,0®DENSTY

AA=SQRT(PRAT/RRAT)

RETURN

END
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10
20

120
110
130

132

134

136
300

314
312

315
316

SUBROQUTINEFIND(KY KK qNKyNTIME o KSPCEsROR¢2Z0Z oY sWoDZZoDWR,ART o TIME)
COMMON RM(25925)42M(25925),P(25925¢2)9A125902592)RHO(259025,2)
eUR( 2592592)yU2(25425452) ¢ NCRoNOZ,RBM{10,30+2) 9y2Z8M(10,30,2),
oRB(1092142),2B(10,2142)oTHETA{10930,2),PB(10,30,2),A8(10,3042),
«RHOR(10930,2)¢URB(10+30¢2),U2B(10930,2)yNACTVE(25,25),NODD(25,25),
+NBACT(10,30,2),NBODD(10,30+2),ITYPE(10,30,2), ‘NUN(1003002"
«LBPT(10),IAXES(10,30)
CONMDN/BUUND/JCODE(IO.'KCODF(10'3'0LCUDE(10"NCODE(lO’o
«BYTIME(10,20,3),RCON(10,20,20),BSPCE(10,20),ACON(10,20,20),
+CCON(10,20,20)

COMMON/DATA/ITESTNBP WIDTH,ANGLE

COMMON/ALPHA/WN

DIMENSION YCON(20) ¢ XCON(20) 4 ZCON(20),WCON(20) oVCON( 20},
«F13),%XY(3),UCCN({20),SCON(20)

INTFRFCLATF BCUNLCARY CONDITIONS
FTA=ATANZ2((ZB{KVKSPCFE,1)-28B(KVelel)),

o (RBIKVoKSPCFEL11=RB(KVe1l,s1)))

IFU(ICR.EQ.ZBIKV91l,1)) cANDIRORJEQ.RBIKVy1lg1)))
«6GO TN 10

XT=ATAN2((ZNR-ZB(KVs1,41)) o(ROR=-RBI(KV,y1y1)))
NIST=SQRT{(ROR-RB(KVy1,1))%%24 (ZNR=2B(KV,1,1) )%%2)
DIST=DISTCNS(XI-ETA)

GO Tn 20

DIST'CQ

IF(NTIMF.EQ.0)GD TC 10C

DO 110 J=1,KSPCF

DO 120 1=1,NTIME

YCON( 1¥=BCCNI(KV,Jy 1)

XCON(I)=BTIME(KV,1,1)

CALL INTERP(YCCNyXCONoZCON(J) o TIME,NTIME,3)

CONTINUE

DO 130 I=1,KSPCE

XCON(I)=BSPCE(KV,1)

CALL INTERP(ZCONyXCON,DMYDIST,KSPCE,3)

GO TN(132,134,134,0134,134,134,136)NK

Y=DMY

RFTURN

Y=DMY

WW=THETALKV,KK, 1)

RETURN

Y=DWVY

CONTINUF

KTIME=KCODE(KV,2)

IF(KTIVE FC.0)GN TC 310

DO 312 J=1,KSPCF

DO 314 1I=]1,KTIME

WCON(I)=ACCNIKV,J, 1)

XCON( 1)=BTIME(KV,],2)

CALL INTERP(WCON,XCONyVCON(J) o TIMEKTIME,3)

CCNTINUE

DO 215 I=]1,KSPCE

XCON(1)=BSPCE(KV,I)

CONTINUE

CALL INTERPIVCCNyXCONoWoDISTo,KSPCE,3)

KTIME=KCCDE(KV,3)

IF(KTIME.EQ.,0)GO TC 330

00 320 J=1,KSPCE

DO 222 1=]1,KTIME
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322
320

324
326

510

512

520

522

100

200

UCON( I )=CCCN(KVeJo 1)
XCON(I)=BYIME(KV, [,3)

CALL INTERP(UCON¢ XCONySCOMNJ) o TIME (KTIME,3)

CONTINUE

D0 324 1=1,KSPCE

XCCN( [)=BSPCE(KV, 1)

CONTINUE

CALL INTERP({SCON.XCON,Y,DIST,KSPCE,3)
,F‘Y.LT.O. )Y!O-

DETERMINE CERIVATIVE

XZ1=2BM{KV KK=1,1)-2B(KV,1,1)
XRI=REM{KY ¢KK=1,1)=-RB(KV,1,y1)
TF((XZLleEQeDe) e ANDL(XR1.EC.OL)IGO TO 510
DIST1=SORT(XZ1*%2¢+XR]1%%2)
XI1=ATAN2(XZ1,XR1)

GC TO %12

CONTINUF

DIST1=0.

XI1=FTA

CONTINUE

X12=Z BMIKYV yKK#+1 91 )~ZB(KVye1l,l)
XR2=RAM(KY KK+1,1)=RB(KV,1,1)
IFUU(X22.EQe04) cAND.(XR2.FQ.0.))GC TO 520
DIST2=SQRT (XZ22%%2+XR2%22)

X12=ATAN2( X22,%XR2)

GO0 TN 522

CCNTINUE

NEST2=0.

X12=FTA

CCNTINUE

DISYL=DIST1*COS{XI1-ETA)

DIST2=DIST 2=COS(X12-ETA)
X73=ZPM{KV yKKy 1D=ZB{KV,y1,1)
XRI=RAMI KV KKy L)=RB(KV,1,1)
X13=ATAN2(XZ3,XR3)

DISY3=SQRT (XRI*%24XxZ39¢2)
DISTI=DIST3*xCOS(XI3I-ETA) :
CALL INTFRP(VCONXCONyH2,NIST3,KSPCE,3)
CALL INTERP{ZCCNyXCONyX2¢DIST3KSPCE,3)
CALL INTERP(VCONoXCONyW1,DIST]1+KSPCE,3)
CALL INTERP(VCONXCONyW3,CIST2,KSPCE,3)
CALL INTERP{ICONXCON¢X1yDIST1,KSPCE,3)
CALL INTERP(ZCONyXCONyX3,DIST2,KSPCE,3)
Fll1)=X1

F(2)=X2

F(3)=X3

XZ1=78M({KV KKy l)~2ZBM({KV,KK=1,1)
XR1=RBM{KV KKy 1)=RBM{KVoKK~141)
X22=2°PM(KV KK+19]l)—ZBM{KV KK=1,41)
XR2=RBMIKYV ¢KK#1,4]1)=RBMIKV yKK=1,41)
XY(1)=0.

XY{2)=SQRT(XZ1*%24XR1%2%2)
XY{3)=SORT(XZ2%%24 XR2%%2)

CALL LAGRNE(192¢3¢FyXY4DZZyDWR,DXX)
RETURN

N0 200 I=1,KSPCE

ZCON(I1)=BCCN(KV,yI,y1)
XCON(T)=BSPCE(KV,1)
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210

212

214

310

400

330

410

CALL INTERP(ZCCNsXCONsDMYDIST¢KSPCE,3)
GO TN(210,212421242129212,212,214)¢NK
Y=DMY

RETURN

=DMy

WW=THETA(KV,KK,y1)

RETURN

X=DMY

GO T 300

CONTINUE

D0 400 I=1,KSPCE

VCOM( IV=ACCN(KV,41,1)

XCON{ T)=RSPCE(KV,1)

GO 10 316

CONTINUE

D0 410 1=1,KSPCE

SCOML T)=CCCNIKVoI, 1)

XCON{ T)=BSPCE(KV,1)

GO 7O 3226

END
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SUBROUTINE FINITE(LyMoNsPROPoXoPPL,PPM,PPN)
DIMENSION PROP(L)yX(1)4F(3),DELF(3),D0OF(L1),Y(3)
SEY UP DIFFERENCE TABLE
FL1)=PROP(L)

F(2)=PROP(M)

F(3)=PROP(N)

Yil)=x(L)

Y{2)=x(M)

Y{3)=X{(N)

DELF(1)=F(2)-F (1)
DELF(2)=F(3)=-F(2)
DDF{1)=DELF(2)-DELF(1)
H=Y(2)-Y(1)

FORWARD DIFFERENTIATION
PPL=(DFLF(1)=,5*NDF(1))/H
CENTRAL DIFFERENTIATICN
PPM=(DELF(1)¢DELF(2))/(2,*H)
BACKWARD NIFF,
PPN=(NELF(2)+.5*DDF(1)})/H
RETURN

END

FUNCTION FLAGRE(FsY,YIND)

DIMENSION FI1),Y(1)

THIS FUNCTION COMPUTFS THF ( AGRANGE DFRIVATIVE
A=Y(1)-Y(2)

R=Y(1)-Y(3)

C=Y(2)-Y(3)
FLAGRE=(2,*YIND-Y(2)=~Y(3))*F(1)/(A*B )~
o (2,%YIND-Y(1)=-Y(3))*F(2)/(A%C)+

o (2%YIND=Y(1)=Y(2))2F(3)/(B*()

PETURN

END
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100

110

200

1320

1330

SUBROUTINE GFNCOR{I3JeCONST oKAXISoTIME,DELTAKPRINT)
RFALKAXIS

CCMPMCN RM(25925)42M(25,25) 9P (2592592)9A02592502) yRHN(25425,2),
dUR(2502592)9UZ(2542592)¢sNCRyNOZ,RBM(10,30,2),28M(10+3042),
ePBU10:2192)92B(1042142)oTHETA(10¢43092)4PB(10+30,2),AB(10430,2),
«RHNRA(10,30,2),URBI10,30,23,UZB(10430,2)yNACTVE(25,25),NDOD(25,25),
oNBACT (10,3042)¢yNBOCD(10¢3092)yITYPE(10¢30,2),INUM{10,30,2),
oLBPT{1N) o IAXES(10,30)
CCMNMCN/PLANE/URGIS ) qUTIGIS ) oPGIS) ¢RHOG(5),RG(5),2G(5),AG(5),
o PNEW) RHNEW ANEW,URNEWJUIZNEW RAPy ZAP, RNEWy ZNEW
COMMCA/GERNPT/TJe IKg114129Jd19J2yNGENI9) (XY (3)
COMMCN/DATA/Z/ITEST JABP,WIDTH,ANGLE

THIS SURRCLYINE CCMPUTES A GENERAL PCINY

INDEX=0

{TEST=]

CHECK TIF POINT IS ACTIVE CR 0ODD

IF(NACTVE(T1,J).EQ.0) GO TO 1310

IF(NCDD(T,J)oFQe1) GO TO 1310

ANGLE=",

1J=1

IK=J

11=1-1

[2=1+1

Jl=J=-1

J2=J+1

RNFW=RM( 1,J)

INEW=ZM(1,J)

CALL GFENERALIRNEW,INFW,18)

CALL ACTVTYI{KVALUE,NOQACT)

IFINCACT GTL.1INODD(I,Jd)=1

IF(NCOD(I,J)EQ.1) GO TO 131N

NK=hACACT+]

GO TN{1C0,110),NK

CONT{NUE

18=1

CALL DIFFFR

G0 YO 20C

CONTINUE

CONSIDNER ARNNRMAL GENERAL POINT

CALL ABGEN(RNEW,INEW,I1BsKVALUE,1,ETA)

CALL PRFPRS(1,1B,KVALUEL,ETA,BETA,1DUM)

CCNYINUE

GUESS AT PROPERTIES

CALL CUESS(0,1,J)

CONTINUE

CALL PHYCHR(O,DELTA)

INTERPOLATE FOR PROPERTIES

CALL INPRAP(IR,0)

INTEGRATE COMPATIBILITY FCUATICNS

NCCUNT=1

CALL CCMPECIOyTIME NDELTAKAXISoCONST yNCOUNT,KPRINT)
INDEX=INDE X+1

IF(INDEX.LT.25) GO YO 1330

WRITE(6,8T00)1,J

CALL PRINTY

CALL EXIT

IFINCCUNT.FQ.1) GO TO 1320

ITEST=]
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1310

8700

STORF PRCPERTIES IN NEW TIME PLANE

PllosJe2)=PNEW

RHO(T yJ, 2) =RHNEW

UR(IsJe2)=URNEW

UZ(1yJe2 )sUINEW

All4J9e2)=SCUNND(RHNFW, PNFHW)

CONTINUYF

RETURN

FORMATILIH ,24HPROGRAM LCCPING AT POINT,1241H,y,12)
FND
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SUBROUTINE GENERAL(RNEW.ZNEW.18)

THIS SUBRRCUTINE SEYS UP THE DCMAIN POINTS FOR A GENERAL POINT

COMMON/DOMAIN/RPD(15) 4ZPD(15) PD(15) ¢ AD(15),RHOD(1S),
+URD(15),1)20(15),LSUB(1S)

CCMMON RM{254525) 4 ZM(25925)4P(25:25¢<)sA125925+2) ¢RHO( 25,25,2)
eUR(25,25¢2)4U2125,25¢2) ¢yNORyNOZoyRBM{10,430,2) +28M{10930,2),
eRB(1092192)2Z68(10,2192)sTHETA(10430,2),PB(10430,2),AB8(10,30,2),
oRHCB(1093092)9URB(10430,2),U28(1093092)yNACTVE(25,25),N0ODD(25,25)
oNBACT(10,30,2)NBODDI1C3C92)o ITYPE(10,30,2),INUM(10,30,2),
«LBPT(1N),1AXES(10,30)

COMMON/GENPT/T U1K 115129J19J2)NGEN(9),XY(3)

RPD(1)=RM{ 11,J2)

2PD(1)=ZV(]1l,42)

POI1)=P{I1l4J2,1)

AD(1)=ALT11,02,1)

RHOD(1)=RHO(1I1,J2,1)

URN(L1)I=UR(TI1,J2,1)

UZD(1)=UZ([1,42,1)

RPNI2)=RM{1JeJ2)

IPD(2)=IM(10,J2)

POL2)=P{1JyJ2,1)

AD(2)=2A(T1J4J2,1)

PHOD( 2)=RHC(1JyJ2,1)

URD(2)1=UR(tJ,J2,1)

UrDt2)1=2uUZ2(1J9J2,1)

RPD(3)=RM(12,J2)

1PD(3)=2M(12,42)

PD(3)=P(12,J2,1)

AD(3)=A(12,J2,1)

RHOC(3V1=RHC(12,J2,1)

URD{3)=UR(124J2,1)

UzZo(31=UZ2(12,J2,1)

RPD(&)=RM (11, 1K)

IPNL4) =M I1,1K)

PO(4)=P{T1l,1K,1)

AD(4)=A{I1,1%,1)

RHOC(4)=RHC(I1,1IK,1)

URD{&4)I=UR(T1,1IK,1)

UZD14)=UZ( 11, 1K,1)

RPD(S)=RM( 1J, IK)

ZPD(S)=ZM( 14, 1IK)

PD(S)=P{1J,IKel)

AD(S)=A(1J,1Ky 1)

RHOD(S ) =RHC(TJ,IK, 1)

URDIS)=UR(TJ,TK,1)

UZOIS)=UZ( 1J, IK,1)

RPDI(6I=RM(12,1IK)

2PDUB)Y=ZM{ 12, IK)

PD(6)=P(12,1K,1)

AD(6)=A112,1Kel)

RHOD(6)=RHOLT1241K,y 1)

URD({6)=UR( 12, 1IK,1)

UZDI6¥=UZ(12,1IK,1)

RPD(T)=RM( I1,J1)

ZPDI(T)=ZM(11,J1)

PO(T7)=P(11,J1,1)

AD(T)=A(I1,01,1)

RHOCIT7)=RHC(I1,J1,1)
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URD(T)I=UR(T1oJ1,41)
UZo(TI=UZ(114J1,1)
RPD(B)=sRM(TJeJ1)
IPD(R)IsZM{TII JL)
PD(8)=P(1JsJd]1ls1)
AD(BY=A(TJeJ1,1)
RHOD(8)=RHC{TJeJlel)
URD(AR)IsUR( TJoJ1,1)
UZD(B)=UZ(1JeJ1,1)
RPD(9)=RM({]2,41)
IPDI9)=IN(12,41)
PD(9)=P(12,J1,1)
AD(S)=A1]2,J1,1)
RHOC(9)=RHC(I2,J1,1)
URD(9)=UR(12,J1,41)
UZ0(9)=UZ(124J1,41)
NGEN(1)=NACTVE(I1,J2)
NGEN(2)=NACTVE(1J,4J2)
NGEN( 21=NACTVF(12,42)
NGEN( 4)=NACTYE(IY,IK)
NGEN(5)=NACTVE(1J, IK)
NGEN(6)=NACTVE(12,IK)
NGEN{ 7)=NACTVE(TI1,J1)
NGEN( E)=NACTVE(1J,J1)
NGEN(S)=NACTVE(12,J1)
18=1

LSuUet1)=7

LSUR(2)=4

Lsueql)=1

LSUB(4)=8

LsuB(é6)=2

LSUB(S)=S

LSUR(T)=9

LSUBR(8)=6

Lsue{s)=3

RETURN

END
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20

30

40

50

&0

70

FUNCTION GRS (XoNDX,YoNDYoXVoNoNRANGF)
THIS ROUTINF PERFORMS PARAROL IC INTERPOLATION
DIMENSTON X(NDX3)oY(NOY,3),0X(3) DY (3),YP(2)
NDATA NX/3%0,/,0Y/3%0,/,YP/2%0,./
NRANGE=0
IFEXVeLToX(1y1) INRANGEs=1
TFUXVeGToX{1oN) )NRANGE=+1
NO10T=1,N
IF (XV=X{1,1)120,70,10
CONT INUF
l=N
IF(1.GT.21G0O TN 3C
N1=3
N2=2
NI=1
NP=1
GCTNSS
IF(I.LT.N )60 TN 40
NP=13
60 TNSO
NP=4
NG=1+1
Nl={-2
N2=T-1
N3=1
DX(1)=X(1,N2)=X{1,N1)
PY(1)=Y(1,N?)=Y(1,N1)
DX(2)=X(1,N3)-X(1,N2)
DY(2)=Y(1,N3)=Y(1,N2)
R= (XV-X{1,N2)) /DX
YP(1)=(DY({1)*DX(2)##24DY(2)*DX(1)#%2) /(DX (1) *(DX(1)+DX(2)))
IF (NP.EQ.4)GD TO K0
GRS=Y(1,N2)eR*(YP(1)4R2(DY(2)-YP(1)))
RETURN
DX (3)=X(1,N4)=X(1yN3)
NY(3)=Y(1,N&)=Y{1,N3)
YP (2)=(DY(2)%DX(3)**24DY(3)#DX(2)%%2) /(DX(3)#(DX(2) +DX(3)))
GRS=Y (1,N2 ) +R*(YP (1) +R#(3,#DY (2)-2.%¥YP(1)=YP(2) +R*(YP(1)+YP(2)~:
1 DY(2)1))
RETURN
GRS=Y(1,1)
RETURN
END
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FUNCTION GR1I(T,,XoN)
LINFAR INTFRPOLATION
DIMENSION T(2)

no 1 I'ZQN

K=l¢1
TF(X=T{K=11)242,1

1 CONTINUF

2

GRI=T(K=2)+(T(K)=-T(K=2))/(T(K=1)=T(K=3))*(X-T(K~-3))
RFTURN
FND
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SUBROUTINE GUESS(IBOUND 1T 4J) !
THIS SUBROUTINE MAKES AN INITIAL GUESS FNOR THE PROPERTIES
AY THE NEW POINT .
COMMON RM(25,25) o ZM(25925)¢P(25+25¢2) 9A(2502592) RHOL 25,2542) ]
eUR(25925¢2)9U21(25,2%892) ¢ NCRyNOZyRBM(10,30,2),ZBM(10,30,2), |
eRB(10921,42)¢28(1092192)¢THETA(10,30,2),PB(10,30,2)+A8(10,30+2),
«RHOB(1093092)¢URB(10,30,2),UZB(10,30,2),NACTVE(25,25),N0ODD{25,25),
eNBACT (1043092 ) ¢NBOCD(10430¢2) ITYPE(10,30,2), INUM(10,30,2),
«LBPY(10),1AXES(10,30)
COMMCN/PLANEZURGES ) UZG(5)oPGIS) oRHOGIS5) yRG(5),2G(5),AG(S),
e PNEW,; RHNFHW ANF W URNEWLUZNEW,RAPy ZAP, RNEW,y ZNEW
COMMCN/DATA/ITESTNBP ,WID THeANGLE
NK=TRCUND+1
GO TO(10Cs110,41105110) oNK
100 PNEM=P(1,J,1)
RHNEW=RHC(T,J,1)
ANEW=A(T1,J4,1)
URNEW=UR([4J91)
UZINEW=UZ(]l 4J9l) |
G0 10 129 f
110 PNEW=PR(I,Jy1)
RHNEW=RHO (T 4J,1)
ANEW=AB(T,J01)
URNEW=zURR( T4 J9 1V *COSCANGLEY+UZBIT9Jy 1) *SIN(ANGLE)
UZNFW2z=URB (1 4 Jy1 ) *SIN(ANGLE)SUZB(1,J41)%COS(ANGLE)
120 CONTIANUE
SET BASE PLINYS OF CCNE
DO 2640 KK=1,5
URGIKK)=URNFW
UZGI{KK)=zUINEW
PG(KK)=PNEW
RHOGIKK)=RENEW
AG(KK }=ANEMW
B840 CCNTINUE
RETURAN
END

B
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520

500

522

SUBROUTINE INITTAL (DELR,DELZ, TIME)

COMMPEN RM{25,25) o ZM{25,25)¢PU25925¢2)¢A12542592) yRHO(25+25+2?)
eUR(2542592)4U7(25925,2) ¢ NCRyNOZ,RBM(10,30,2),28BM(10,30,2),
oRBU10¢2192),2B(1092142)oTHETAL10,30,2),PB(10,30,42),A8(10,30,2),
+RHOR(10,30,2)yURB(10430,2),U28(10,30,2),NACTVE(25,25),NODD{25,25),
«NBACT(10930,2)¢NACDOD(10+3042) o ITYPE(10,3042)9INUM{10,30,2),
«LBPT(10),1AXES(10,30)

CCMMPN/BOUND/ JCODE (10) ¢yKCCDE(1043),LCODF(10) oMCODELLOD),
«BTIME(10,20,3),BCONCL10,20,20)yBSPCE(L10,20)9ACON(10,920+20),
«CCON(10,20,20)

COMNMON/EXTJURR (2T oPRAT,RRAT ,ARAT

CAMMCN/NATA/ITEST oNBP,WIDTH ANGLE

FOR BLAST WAVF GENFRATE INITIAL DATA

DO 520 1=1,A07

DN 520 J=1,NOR

RMA=RN(T1,J)

IMA=IN(T1,J)

CALL EXACT(RMAGZMA ,TIMEF)

UR(TyeJdel)=URR

UZ(1.Jel)=U72

PUToJy1)=PRAT

RHO(T ¢J,y 1) =PRAT

AlTlJel)=ARAT

CONTINUYF

PRINT 509

FORMAT(® INITIAL FATA CENERATEN BY SECOV*,1H*,*S FXACT SOLUTINN?)

N0 522 1=1,NBP

KSPCE=LBPT(I)

NN 522 K=1,KSPCE

PMA=RANM{[,K,1)

IMA=78BM{T,K,1)

CALL SXACT(RMALZMA ,TIVE)

URR(T Ky 1)=URR
uzZetl,k,1)=U22
PB{I1¢Kyl)=PRAT

RHOR( 14Ky 1)=RRAT

AR(TeK,y1)=ARAT
CONTINUE

RE TURN

END
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102

104

106

202

204

206

116

SUBRCUTINE INPROP{ IB,IBCUNDY

DIMENSION PROP(10), x(lOD.Pl(3)vRH01(3)oUZIl3)oURl(B)o
.Alta).Dunl(!i.DUM2(3).DUN3(3).Dunbtat,OUHS(SS.Dunbtai.xvlzi
COMPON/PARTIAL/PURR(S) ,PURZ(S) 4PUZRIS) 4PUZZ(S) 4PAR(S5) ,PAZ(S)
CCMMCN/DOMAIN/RPD(15),2PC(15),PD(15),ADI15),RHODI15),
<URDILS),UZD(15),LSUBILS)
COMPON/PLANE/URGIS),UZG(5) 4PG{5) sRHOGIS5),RG(S5)92ZG(5) ¢AG(S5),
e PNEW, RHNEN JANEWURNEW,UZNEW,RAP, ZAP, RNEW, ZNEW
CAOMMON/DERIV/NDURR(15) ,DURZ(15) ,DUZR{15),DUZZ(15),
+DAR(15),DA2(15)

COMMCN/OATA/ZITEST {NBP yWIDTH,ANGLE

INTERPOLATE FOR PROPERTIES OF & BI-CHARACTERISTICS AND
PARTICLF PATH

Kv=3

N0 100 I=1,5

IF((IPCUND.GT.0)AND.(I.EQ.2))GD TO 100
IFC(CIBOUND,FQe2) s OR. (TBCUNNCEQ.S))AND.(1.5Q.3))GN T 100
IF(({IBOUND.FQe3) +CR.(IBOUNN.EQ.6)) . AND.(1.EQ.1))GO TO 100
GO T0(102,104),18

VERTICAL INTERSECTICN

XIND=RG( )

YIND=2G( 1)

GO T0 106

HORIZCNTAL TNTERSECTICN

XIND=26G( 1)

YIND=RG( 1)

CONTIAUE

DC 110 K=1,KV

GN T0 (2029204,206)4K

IK=1SUB(])

JK=LSUR(2)

LK=LSUR(3)

GO TN 116

IK=LSUB(4)

JK=LSUB(S)

LK=LSUB(6)

GO0 10 116

IK=LSUB(T)

JK=LSUB(8)

LK=LSUR(S)

CALL PRFPDO(IK9JKoLKoURD, IB,RPD,2ZPDyPROPyX)

CALL INTERP(PROP,X,UR1(K) ,XIND,3,3)

CALL PREPDNIIK ,JKoLKoyUZD,IB,RPDy2ZPD,PROP,yX)

CALL INTERP(PROP,X,UZ1(K) ,XIND,3,3)

CALL PRFPDO(IKyJKoLKePDyIB,RPD,ZPD,PROP,X)

CALL INTERP(PROP,X4P1(K) o XINDy3,3)

CALL PREPDO(IKJKoLKyRKEDOD,IB,RPD,ZPN4PROP,X)

CALL INTERP{PROP,X,RHOL(K)yXIND,y3,3)

CALL PREPNCIIKJIKoLKyDURZ2IRyRPD,ZPDyPROP,yX)

CALL INTERP(PRNP,X,DUML(K ), XIND,3,3)

CALL PREPDO(IKyJKoLKoDUZZo1BoRPD,ZPD,PROP,X)

CALL INTERP{PROP¢XyDUM2(K )y XINDy3,3)

CALL PREPNCIIK ¢JKoLKyCAZy1ByRPCyZPDyPROP,yX)

CALL INTERP(PROP,XDUM3(K)XINDy3,3)

CALL PREPDC(IK ¢JKyLKyDURR,IB4RPD,2ZPD,yPROP,X)

CALL INTERP(PROP¢XoDUM&{K)oXINDy3,3)

CALL PREPDO(TK o JKyLKoyDUZRIByRPDy2ZPDyPROP,X)

CALL INTERP(PROP¢XoDUMS(K )¢ XINDy3,43)

121




B TP com - Siamee e

2130

232

234

100

CALL PREPDO(IK JKoLKoCAR, IBsRPD¢.2PD4PROP, X)

CALL INTERP(PROPXsDUMEIK) o XIND,3,3)

CONTINYF

PERFNARM SECOND INTERPOLATION

TA=tSUB(1)

1C=LSUR( )

10=LSUR(4)

IE=LSUBLT)

1F=LSUR(9)

GO TN(230,232),18

XY(1)=ZPD(IAY & (2PD(ICI=ZPDITAY ) (RG(I)=RPDIIA})/(RPNLIC)I=-RPD(IA))
XyY(2)=2r0€IN)

XY(3)=2PD(IC)+(ZPDIIF)=Z2PCUIE) )2{RG(I)=RPDIIE))/(RPD(IF}=-RPD(IE))
GO TN 234
XY({1)=RPD(TA)+(RPC(ICI-RPD(TA))*(2G(1)=2PDITA))/(Z2PDLIC)~ZPDI(IA))
XY (2)y=P0(IN)
XY(3A)=RPD(IFI+(PPD(IF)I=RPLIIEII®(ZG(I)=7PDIIE)D)/(ZPDILIF)=-ZPO(IF))
CONTINUF

CALI INTFRF(UR1,XY,URCA,YINNy3,3)
URG(T)=UURGA*CNS(ANCLF)+UZGA*SIN(ANGLE)
UZG(T1)==URGA*S IN{ANGLE ) +UU2GA*COS {( ANGLF)

CALL INTERP(P1,XY.PG(I),YIND,3,3)

CALL INTERP(RHOI ¢ XYyRHOGI T)4YIND3,3)

AG{1)=SOURNNDIRHOGIT),PGI(T))

NETERMINFE DOARTIAL DERIVATIVFS IN Z DIRECT]ION

CALL INTERP(DOUM] ¢XYoPURZ(1),YIND¢3,3)

CALL INTERP(DUM2,XYoPUZZII),YINDy3,3)

CALL INTERP{DUM3,XY,PAZ(TI),YINDy3,3)

CALL INTERP(NUML 4 XY, PURR(TI),YIND¢3,3)

CALL INTERP{DUMS ¢XYoPUZR(1),YINDy3,43)

CALL INTERP(DUME, XY, PAR(TI),YIND,y3,3)

CONTINUF 3

RFTURN

END
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SUBROQUTINE INTEG(I.JoDELTA)
COMMON/DATA/ITEST,NBP,WIDTH,ANGLE
COMMON RM{25,25),ZM(25,25),P(2592592)9A(25¢25,2) yRHO(25925,2)
«sUR(25¢925,2)oU2(25,2592) ¢y NCRyNOZ,RBM(10,30,2)¢2BM{10,3092),
eRBU10¢21,42),28(10,2142),THETAL10930,2)9PB(10,30,2)A8(10430,2)
«PHCR(1063042)4URB(10¢30,2),U2B(10,30+2)¢NACTVE(25,25)NODD(25,25),
oNBACT(10'3012’|NBOUD(1093002"!TVPE‘[OQ30|2’|!NUM(1093002,0
LBPT(10),TIAXES(10,30)
COMMCA/PLANE/ZURGIS ) oUZGIS) sPGIS)yRHOGIS)yRG(5) 4ZG(S)yAG(S5),
e PNEW,RHNEW ANEWURNEW)UZNEWJRAP(ZAP,RNEW, ZNEW
COMMCAN/BCUND/JCODE(10) yKCCDE(1Co3),LCODE(10) ,MCODE(10),
«RTIME(1092093)yBCON(104,20,20),BSPCE(10,20),ACON(10,20,20),
«CCON(1C,420,20)
DETERMINE NEW POSITICN CF BOUNCARY PCINT
LK=JCCNEL(T])
GN TN{10,1C+30,4Cy50460,10),LK
LK=]1,CCNSTANT PRESSURE LINE
LK=2,ANCRMAL VELOCITY LINE
LK=3,FRFF SURFACE
LK=4,CCNTACT DISCONTINUITY
LK=5,MOVING SOLIND BOUNCARY
LK=6y SHOCK FRONT
Lk=7,CASCACE L INE
10 RNEW=RBM(]I yJ,1)
INFW=Z8M(T14J,1)
RETURN
IN GLOBAL CONRDINATES
30 RNFW=RBMI{T4Je 1)+ . SS{URNEWSCOSIANGLE) ~UINEWSSIN(ANGLE) ¢
+URB{l,J,1) )%DELTA
INEW=ZBM(T ¢Jel ). S3{URNEWSSIN(ANGLE) +UZNEWSCOS (ANGLE) +
UZBII4Jy 1) )2DELTA
RETURN
40 CONTINUE
50 CONTIANUE
60 CCNYIANUF
RE TLRN
END
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SUBROUTINE INTERP{PROPL¢XeYeXINDsNOV,NORD)

C THIS SUBRCUTINE INTERPOLATES USING LAGRANGIAN DIFFERENCES
DIMENSICN PROPL{L1)4X(1),T(4)
c OETERMINE WHETHER TO USE FORWARD OR BACKWARD

IFINOVL.LE.2)GO TO 10
Y=GRS(Xy 19 PROPL o1y XINDyNOVoNRANGE)
RETURN
10 T(1)=x(1)
T(3)=Xx(2)
T(2)=PROPLI1)
T(4)=PROP1(2)
Y=GR1{T,XINDy2)
RETURN
END

SURROUTINE LAGRNE(L yMyNyPROPXoPPL,PPM,PPN)
NIMENSIOM PRNP (1) 4X(1)oY(3)4FI(3)
r THIS SURRNUTINF COMPUTES LAGRANGE DERTVATIVE
f SET UP TASBLF
Fll)=PPOP(L]}
F(2)=PRNP (M)
FIE3)=PRNP (N)
Y(1)=XxX(1)
Y(2)=X(M)
Y{3)=X{(N)
C FNRWARD VALUF
PPL=FU AGRE(F,Y,Y(1))
C CENTRAL VALUF
PPM=FLACRF (F,Y,Y(?))
(7 RACKWARD VALUF
PPN=FLAGRFE(F,Y,Y(3))
RFE TIIRN
END
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SURRNUTINF NDDPT({INDEX,M)
COMMON RM(25,25) yZMI2%5¢25) 9P 12502592 ) gA(25¢2542) ¢RHN{25,25,2),
UR(2502642)4U2025¢25¢2) s NORGNOZ,RAM{10¢30,2),28M{10430,21),
ePRI1042192)4ZR(10,2142),THETA(10,30,2),PB(10,30,2),A8(10,30,2),
ePHOR(10,30,2)yURA(1043092)4UZB(10,30,2) NACTVF(125,25) NODN(25,25),
oNRACT(10630,2)yNARODN(10,30,2)5ITYPE(10,30,2),INUM(10,30,2)»
+LAPT(10),1AXFS(10,30) 3
COMMNN/DATA/ITEST NRP ,WINDTH,ANGLE
DIMENS ION [MSH({200),JMSH(200)+DISTI(20),1STRE(20) ,KSTRE(20),
oNEWORN(20) o TIFNL(200) KFNL{200) ,KVAL(200),PROP(10),X(10)
PI=3,1415926535898
C DETERMINE ROUMDARY PQOINTS FOR ODD POINTS
GO TN(100,300,500), INDEX
100 KOUNT=0
DO 110 1=1,NOZ
NN 110 J=1,NNR
TF(NACTVF(T,,J).EQ.0IGN TO 110
TFI(NODD(T,J).EQ.0)GN TO 110
INTFR=1
KOUNT=KNUNT+1
TMSH{KNUNT ) =1
JMSH{KNUNT )=J
NAMNT=0
NUM=)
112 CONTINUE
C ASSUME THAT THF CNLUMN J HAS A VERTICAL INTERSFCTION
ND 120 L=1,NRP
KSPCE=LARPTI(L)
NN 120 K=1,KSPCF
TFIKEN1)OP IK.EQ.KSPCE)IGO TO 118
IFCINTFR NFLITYPE(LKyM))IGO TO 120
TFINUMNE. THNUM{L,K,M))GN TD 120
113 CONT INUE
MAMNT=NAMNT¢+1
ISTPE(NAMNY ) =L
KSTRE(NAMNT ) =K
DISTINAMNT }=SQRT{(RM( T J)-RARMIL KoM) )*%2+
e (ZMIToJ)=2BM{L KoM))xx2)
120 CONTINUFE
GO Y0(122,124),INTFR

C ASSUMFE HNRTZOMNTAL INTFRSFCTION
122 INTEP=2
NUM= |
60 70 112
124 IFINAMNY EQ.N)GD TO 126
c FIND MINIMUM DISTANCE
CALL SORT(DIST¢NAMNT,NEWNRD,0,~1)
C STORE PFSULTS

NF INL=NFWORD(1)
TFNLIKNUNT)=TSTRFINFINL)
KFNL{KOUNT )=KSTRE(NFINL)
KVAL (KOUNT)=0
L=TSTRE(NFINL)
K=KSTRF(NFINL)
KTYPE=ITYPF(L KyM)
TF((KFQal) R (KLEQLRPTIL))) GN TO 140
G0 TNU1284130),KTYPE
128 KVAL (KOUNT)=1
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130

?
26

140

142
110
200

530

540

IFCOTHFTA(L K oMY aGTo (o T5%PT ) ) AND,
el THETA(L ¢yKoyM)lFol(1.25*P1) ) )KVAL (KOUNT)=2
6N TN 132
IC(UTHETA(L ¢ KgyM) oGT.(.25*PT)).AND.
of YHFTA'L'K 'M,.LF.‘."‘P! ) ,,KVAL(KOUNT,'3
TF((THETA(L o KoM)oGTo(1.25%PT))AND.
el THETAIL ¢ KoyM)LF(1.75%PT) ) IKVAL(KOUNT =4
TFIKVAL (KDUMT ) NF,O0)G0 TO 110
WRITF(6,80N00)1,J

cAaLL EXIT

IFIK.CQ. 1) €O TN 142

KVAL(KDUNT =6

6N 70 110

VAL (KOUIMT ) =5

CONTINUF

CONY INUE

TFIXOUNTFQ,0)PETUPN

INTFRPOLATFE ODD POINTS

Nt 310 I=1,VNUNT

| =IMSHI(T)

K=JMSH(T)

LB=TFNLLT)

KR=KFNL (1)

MK =KVALIT)

CALL PRFPODINKyLoK LB KR Mo X PPOPLURB,UR,XIND)
CALL INTEPOD(PRNAP (X IR (LoKeM)oXINN,3,3)
CALL PRFPON(IMNK L 9KoLBsKRgMeX o PROPLUZBLUT 4 XINN)
CALL INTFRP(PRNP oy, UZ(LoKoM)oXINDG3,3)
CALL PRFONN(NKGL ¢Kol.RyKBeMe Xy PROP,RHNB,RHN,y XINN)
CALL TNTERP(PRNP ¢XyRHO(L KoM) 4 XINDy3,3)
CALL PRFPONINK Ly KoLByKRyMg Xy PROPyPRyP,XIND)
CALL INTFRPIPRNP (X yP(LeKoM)yXINN,3,3)
A{LeKeMIZSOUND(RHO(L oKy M) yP(LoKeM))

CONT INUF

PFTYUPN

CONT INUE

INTFRPOLATF FNR NDON AQUNDARY POINTS

DN 510 1=],NRP

KSPCFE=LRPT(T1)-1

PN 520 K=2,KSPCF

TFINBACTI(I sK4M).EQ.0)GN TO S20
IFINRONN{ T, KyM)ENNDIGN TO $20

MART=1

TF(KFN KSPCF)INART=?

GN TO(S30,540) yNAPT

IK=K=]1

JK=K+1

I K=K+?

MK =K

IF(MRACT(T LK M) FN.OIGN TN 540

GN TN 8§80

IK=K=2

JK=K=1

LK=Ke¢l

MK =K

IF(MRACT(I,1KysM).EQ.0)GD TO 530

CNANT INUE

INTERPOLATE FOR NDD BOUNDARY POINT
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520
510

anoo
f010
fan2n

CALL
caLt
CALL
CALL
CALL
CALL
cALL
CALL

BOPROP(TIK ¢ JKo LKy MKy ToMe PROPy XoURBy XIND)
INTERP(PROP X JURB(T yKoM) o XINDy3,3)
ANPROP(TK ¢ JKy LKy MKy 1oMy PROPyXoU2ZBy XIND)
INTERP(PROP ¢ X UZBIT oKoeM) o XIND93,43)
BDPROP (TK ¢ K LK MKy Iy M, PROPX¢PB ,XIND)
INTERP(PROP yXoPB{ToKyM) o XIND,3,3)
BOPROP(IKyJK LKy MKy [oMyPROP o X RHOB, XIND)
INTERP (PROP ¢y XoRHNA( I4KoeM)y XTND¢3¢3)

AB(ToKoM)=SOUNDIRHOBIT 4KyM) yPR{ToKyM))
CONTINUE

CONT INUE

RF TIIRN

FORMAT(1IH o 15HFRROR SUB NDDPT,1341Hyo12)
FORMAT (1H ,20113)

FORMAT(1H ,10F10.3)

END
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SUBROUTINE PHYCHR{ IACUND,DELT)
c THIS SUBRCUTINE PRCJECTS THE PHYSICAL CHAR. AND
C PARTICLE PATH BACK TO ORIGINAL TIME PLANE
COMMON/PL ANE/URGIS) yUZGIS5)oPG(5) y RHOG(SIyRGIS)oZG(S5)eAGIS),
ePNEWJRHNEW JANEW)URNEW ¢ UZNEW RAPy ZAPy RNEW, INEW
COMMON/DATA/ITEST ¢NBP,WIDTH,ANGLE
P1=3,141592653589793/2.
RAP=OQ
1AP=0,
C COMPTE RI-CHARACTERISYICS
00 10C I=1,4
AK=FLCAT(I)=-1,
TF{IBOUND.EQ.0)GO TO 110
IF(1.EQ.2)CO TN 100
IF(({ IBOUND.EQ.2) s CR.{ IRNUND.EQ.5)).AND.([.EQ.3))1GO TO 100
IF(LCIBOUND.FQe3) o ORe( IBOUND.EQe6 ) . AND.(1.EQ.1))GO TO 100
110 RGA=RAP=S*NELT*(URNEWSURCIT)+{ANEW+AG(T) )} *
«COS(AK®P]) )
1GA=ZAP= SeNFLT*({UZNEWCUZG(I) ¢+ (ANEWSAGII) )
«SIN(AK®=P]))
RG(T)=RGASCOSIANGLE)-ZCA*SIN(ANGLE) ¢RNEW
160 1) =RGA®SIN{ANGLE )} ¢ ZGA*COS(ANGLE )+ ZINEW
100 CCNTINUE
(G CCMPUTE PAPTICLE PATH
RGA=RAP— . 5*DEL T*{ URNEW+URG(5))
IGA=Z AD= S*DELT*(UYINEWS+ULIG(S))
RG(S)2RGA®CNS{ANGLE )-ZGASSIN{ANGLE ) +RNEW
2G6(5)=RGAXSIN(ANGLE ) +ZGA*COS({ANGLE )+ 2NFH
IF(IBCUNDLLT .4} RETURN
RG{5)=RNEW
IG(S5)=2INEW
RETURN
END
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SUBROLTINE PREPB(ILy129134144PRCPoYoFRCPAyXy IART)
THIS SUBROUTINE PREPARES THE OOMAIN DATA FOR
INTERFCLATICN

DIMENSION PRCP(L)oY(1)4PRCPA(L), X(1)
X(l)=v(I1)

PROPA (1) =PRCP(I1)

x(2)=v(l12)

PROPA(2)=PRCF(12)

Xt3)=v(13)

PROPA(3)=PRCF(13)

IFUIART .GT .0 )RETURN

x(4)=Y(14)

PRUPA(4)=PRCF(14)

RETURN

END
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SUBROUTINE PREPDO(I1412413,PROPyKOUNTRPD,ZPD,PROP1,X)
C THIS SUBROUTINE PREPARES THE DOMAIN CATA FOR INTERPOLATION
DIMENSION PROPLILO) ¢ X(1C)PROP(L),RPD(1),2PO(1])
GO TO(100,110) (KOUNT
100 X{1)=RPNI(I1)
PROPL{L1)=PROP(TY)
X{2)=RPD{12)
PROPLI2)=PROP(I2)
X(3)=0PD(113)
PROPL(3I)=PROP(I3)
RETURN
110 x(1)=20D111)
PROFL1(1)=PROP(I1)
X(2)=2pPD(12)

I PROPL(2)=PRNP(12)
X(3)=2PD(13)
PROPL(3)=PRNP(13)
i RETURN
END
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100

200

200

400

500

510

SURROUTINE PREPODINK, IR, ICoLBoKByMy X9 PROP,PROPA, PROPG,XIND)
COMMON RM(2%5,25) o ZM(25,25) 4P (25425,2) oA128,2%542) ,RHO(25925+2)
URI265,25,2)9U2125925¢2) ¢sNOR(NDZ,RBM(10,30,2)28M(10,30,2),
oPR{1092192)928(1002142)¢THETA(L10930,2),PB(10,30,2),AB(10,30,2),
eRHNB(1043042)4ytRBIL10+3002)9U2B(10,30,2) yNACTVE(25,25),NODD(25,25),
eNBACT(1093092)¢NRODD(10¢3042)1TYPE(10,30,2), INUM(10,30,2),
+LAPT(10) o1AXES(10,30)

DIMENSION xtl’oPROP'l,'PRUPr(ZSoZSOZ’QPROPB(10'3002,

THIS SUBROUTINE PREPARES DATA FOR NDD POINT INTERPOLATION
G0 TN(1004200,300,4004500,600) ¢NK

NK=] s VERTICAL INTERSFCTION AND AND PNOW INDEX

CONTINUF

X(1)=2AMILB KB M)

PROP (L )=PRNPR(LByKBeM)

X(2)=sI{M({IR+1,1C)

00ri: (2)=PROPG( IR+, IC,M)

X{3)=7IM(TRe2,1C)

PROP(3)=PRNPG(IR+?, !C.M)

XIND=ZIM{IR,IC)

PFTURN

NK=2 VFRTTICAL INTERSFCTION AND SUBTRACT ROW INDEX

CONT INUE

X(1)=2M(LB,KB M)

PROP (1)=PRNPBILAKB,M)

X(2)=IM(IR~-1,1C)

PROP(2)=sPROPG(IR=1,4IC M)

X(3)=IM(TR=2,1C)

PROP(3)=PRNPG(IR=24,TCoM)

XIND=ZM(IR,IC)

RETURN

NK=3,HORTIZONTAL INTFRSECTION AND SUBTRACT COLUMN INDEX
CONTINUE

X(1)=REM{LB,KR M)

PROP(1)=PRNPB(LB,KByM)

X(?2)sRM(IR,IC=-1)

PROP (2)=PROPGIIR,IC-1,M)

X(3)=RM(IR,1C~-2)

PROP(3)2PROPGITIR,1C-2,M)

XIND=RM(IRP,IC)

RE TURN

NK=4,HORTZONTAL TNTERSECTION AND AND COLUMN INDEX
CONTINUE

X{1)=RBAM(LR,KA,M)

PROP(1)=PRNPRAR(LB,KR,M)

X(?2)=RM(IR,1Ce1)

PROP (2)=PROPGIIR,ICH1 M)

X(3)=RM(IR,IC+2)

PROP (3)=PROPG(IR, IC+2,M)

XIND=RM{IR,IC)

RETURN

NK=5,FIRST CORNER POTINT INTERPOLATION

CONTINUE

NART=ITYPE(LR,KBoM)

GO TO {510,520)¢NART

X( l,'RB"‘LBQKB."‘

PROP(1)=PRNPR (LB KB M)

X(2)=RBMILBKB¢L M)

PROP(2)=PRNPBILAB,KB+L M)
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520

600

&10

620

X(3)=RBM(LR,KR+2,M)
PROP(3)=PROPRILBKR®2,M)
XIND=RM(IR,IC)

RETURN

X{1l)=Z2B8M{LB)KB,M)
PROP(11=PRNPB(LB,KByM)
X(2)=28M{LB,KB+14M)
PROP(?2 )=PROPR(LByKB&L M)
X(3)=7RAMILB KB42,M)
PROP(3)=PROPR(LB,KB+2,M)
XIND=ZM(IR,IC()

RETHRN

NK=6,SFCONND CORNFR POINT
CONTINUE
NMART=TTYPE(LR,KR,M)

GO TO(6104620) 4NART

PROP (1)=PROPAR(LR, KRB, M)
X(2)=RAM(LRKR=1,M)

PPOP (2)=PRNPRILR,KB=1,M)
X{3)=RAM{LB,KB=2,M)

PROP (3 )=PRNPBILRKR=2,M)
XTHN=RM(IR,IC)

eETHAN

X(1)=2ZRM{LB,KR M)
PROAP(1)1=PRNPE(LB,KR,M)
x‘?)”RM'LB'KR“l 'M’

PRNP (2 )=PRNPR{LB,KR=~]1,M)
X{3)1=7RM(LByKR=7 M)
PROP(3)=7TBM(LRKBR=2,M)
XIND=ZM({IRL1IC)

RETURN

FND

INTERPOLATION
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100

1n

300

310

312

314

320

322

SURRNUTINE PREPRS (INDEX, 18 KVALUE,ETA,BETA,KNT)
COMMON/BUFFER/PURR(15) ,PURZ(15),PUZR(15) ,PUZZ(15),
+PAR(15),PAZ(15)

COMMON/NDFRIV/DURR{15) ,DURZ(15),DUZR(15),0U22(15),
«DAR(15),NAT(1%)

THE PURPOSE OF THIS SUBROUTINE IS TO PROCESS THE
DERIVATIVES FOR THE ABNNRMAL GENERAL POINT AND
THF CORNFR POINT <

GO TO(100,300) , INDEX

COMPUTE GENERAL POINT DERIVATIVES

CONT INUE

CALL ARDIF(IR,FTA,KVALUE)

DO 110 KL=1,9

DURR {KL ) =PURR (KL )

NURZ (KL)=PURZ(KL)

DUZR (KL )=PUZR (KL )

NUZ2ZIKL)=PU2ZIKL)

NAR(KL)=PAR(KL)

NAZ(KL)=PAZ (KL )

CONTINUE

RF TURN

COMPUTE CORNFR POINT NERIVATIVES

CONT INUF

6N T0(310,320) 4KNT

COMPUTE FIRST CORNFR POINT

I BOUNDARY 1S Te4s1 AND K BOUNDARY IS 7.8,9
CONT INUE

CALL ABDIF(1,ETA,1)

NN 312 KL=1,9

NURR (KL) =PURR (KL)

PURZ(KL)=PURZ (KL )

DUZR(KL)=PUZR (KL)

DUZZIKL)=PUZZ (KL)

NAR(KL )=PAR(KL)

DAZIKL)=PAZ(KL)

CONTINUE

COMPLFTF ADJOINING ADUNDARY

CALL ABDIF(2,BFTA,3) s
N0 314 KL=7,9

NYRR (KL )=PURR (KL)

DURZ (KL)=PURZ (KL )

NUZR(KL)sPUZR(KL) .

DUZZ(KL)=PUZZ (KL )

NAZIKL)=PAZ(KL)

DAR(KL )=PAR(KL)

CNNT INUE

RE TURN

00 SFCOND CORNER POINT

CONT INUF

CALL ABDIF(1,ETA,1)

0N 322 KL=1,9

DURR (KL )=PURR (KL)

NURZ(KL)=PURZ (KL )

DUZR (KL)=PUZR (KL)

DUZZIKL)=PUZZ(KL)

DAR(KL )=PAR(KL)

DAZ(KL)=PAZ(KL)

CONTINUE
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124

COMPLFYF ADJNINING BOUNDARY
CALL ABDIF(2,8FTA,1)
D0 324 Ki=1,3

DURR (KL ) =PURR (KL )
PURZ(KL)=oYRZ (KL )
DUZP (KL )=PUZR (KL )
NUZZ(KL)I=PU2Z(KL )
NAR (KL )=PAR(KL )
DAZ(KL)=PAZ(KL)

CONT INUF

RF TURN

FND
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SUBROUTINE PRINT
C WRITE OUT INTERMEDIATE CUTPUT

COMMON/PLANE/URG(S5)oUZG(5)¢PG( 5)sRHOGIS) ¢RG(S) 42G(5) 4AG(5)
o PNEW) RHNEW s ANEWURNEW ¢UZNEWRAPy 2APo RNEWy ZNEW
COMMON/SETUP/RAS(4) 4RAC(4) 4R(S5),DELP,DELRHyDELUR,
«DELUZ,S(S)
COMPMON/PARTIAL/PURR(S)4PURZ(S)PUZR(S)4PUZZLIS)PAR(S5),PAZ(S)
COMMON/DCMAIN/RPD(15)42PD(15) 4PD(15)oADL15) o RHOD(15),
+URD(15),UZC(15),LSUBILS)
COMMON/DERIV/DURR (15) yDURZ(15) yOUZR(15),DUZZ(15) ¢ NDAR(LS5),DAZ(15)
WRITE (648010}
WRITE(6980COIDELPyDELRH, DELURy NELUZ
WRITE(6,80CO0V(RAC(L),I=1,4)
WRITE (64 80C0)(RAS(TI), I=1,4)
WRITE(6,8000)(R(T),41=1,5)
WRITE(6,80C0)(S(TI),I=1,5)
00 151 I=1,5 ]

151 WRITE(6y8000)IRGIIDZG(I)oPG(I)oRHOGITIIZAG(T) URG(IT D, UZGIT)
0N 153 1=1,5

153 WRITE(6480C0)PURRITIoPURZITIIZPUIRITI)ZPUZZIT) PARLT),PAZII)
DO 160 1=1,12

160 WRITF(6,8CCOIRPD{T)oZPD(I)PD(I),RHOD(TI)oAD(T) URDII),UZD(I)
N0 162 1=1,12
162 WRITE(648CCOINURRIT) 4NURZ (T} yOUZR(1),DUZZ(I),DAR(T),DAZ(T)

WRITE(6yB8020)PNEW, RHNEW 9o URNEW o UZNEW) ANEWy RNEWy ZINEW

BCCO FORMATI1F ,10E10,.3)

8010 FORMAT({10H SUB PRINT)

8020 FORMAT(1H ,TEl4.7)
RETURN
END
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SHRRNUTINF RFPLCTI(M)
C THIS ROUTYINE SETS NFW DOMAIN POINTS FOR CORNER POINT

COMMNN RM(25025) 3 ZM( 259251 4P(2592592)¢A125,2%,2) sRHN(25925,2)
dUR(2592542),U2(25¢2592) yNOR,NOZRARM(10,30,2),2BM(10,30,2),
oRBI10¢2142),2R(10,2142) ¢ THETYA(10430,2),PR(10,30,2),AB8(10,30,2),
«RHOB(10,30,2),URR(10,3042)9UZR(10,30,2)NACTVE(25,25),NODD(25,25),
oNRACT(10,3092)NROND(10930,2)y ITYPE(1093042),INUM(10,30,2),
«LRAPT(10), IAXESI10,30)

COMMMN/XCHMG/TSoKSoKS19KS24 1D, ID1,1ID2

COMMON/DOMAIN/RPD(LS) 42PD(15),PD(15)+AD(15),
«RHND(15),URDI15),UZNI1LS)LSUB(LS)

ROD(ID)=RABAM{ IS KSsM)

7PDUINI=7AM(T1S4KS,M)

DD(ID)=PM [S.KSoM,

RHOD(IN)=RHNAR{ IS, KSs M)

UQD( 'n""QR('S'KS'",

UZNEIN)I=UZ IS KSeM)

ADCID)=A8(T1SsKSM)

RPDITNI)I=RAM( IS ,KS1 oM}

ZPN(INYI)=7R"M(TIS,KS1M)

POIINLYI=PR(IS,KS1,M)

RHND(IN1I=PHNR{IS,KS1eM)

UeN(INY)=URRI IS, KSteM)

UZNLINLI=UZIB(TISyKSL1eM)

AD(INL)=AR(IS,KS1,M)

PPNITID2)aRAM{IS,KS24M)

IPDCID21=7RM[ [SeKS24M)

PO{TD2)=PRITIS,KS2,M)

RHAN(IN?2)=PHOR(IS4KS2,M)

URR(ID2)I=UPRIIS,KS2,M)

UZDEIN2)=U2BI TS KS24M)

AN(IN2)=AR(TS4KS2,M)

RETURM

END
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SUBRNUTINE RPRIME(NISTRPDyZPDoPURR,PUZR,PAR,
« URD,JZN,AD) W

DIMENSION NIST(L),RPD(1)+ZPD(1),PURR(1),PUZR(1),PAR(1),URD(1),
«UTDI1)4AD(Y)

THIS SURROUTINF COMPUTES THFE R PRIME DERIVATIVES
OIST(1)=0.
NIST(2)=SQRT((RPD(2)~RPD(1))%#2+(ZPD(2)=-2PD(1))%*2)
NIST(3)=SQRTI(RPN{3)-RPD(1))*82+(ZPD(3)-2PD(1))%%2)
CALL LAGRNE(1,2,3,URD,DIST,PURR(1),PURR(2),PURR(3))
CALL LAGRNE(19293,UZDyDIST,PUZR(1),PUIR(2),PUZR(3))
CALL LAGRNE(152,3,AN,DIST,PAR(1),PAR(2),PAR(3))
RETURN

FND
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SUBROUTINE SCAN(ZVAR,ZAJUZAsAAQUZVAR,AVAR,DELTA,
«DMIN)

C COMPUTE TIME INCREMENT
XNUMER=( ZVAR=ZA) /7({ULZA+AA)
DENCN=1.-(UZVAR-AVAR)/{UZA#AA)
DELTIM=XNUMER/DFNON
OCMIN1=DFLT IM®(UZA+AA)
IF(NELTIM,CELNELTA)RETURN
DELTA=DELTIM
DMIA=CMIN]

RE TURN
END
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SUBROUTINE SEARCH(DELRSDELZ:RINITLZINIT M)

COMMON RH(25025’ol"|25025’09(2502502’"‘25025'2’9RHO(2502502’v
dUR(25,25,2)4U7(25,2592)yNCRyNOZ,RBM({10,30,2),28M(10,3042),
eRB(10921492)¢2B(10,2192),THETA(10+530,2),PB(10,30,2),AB(10,30,2),
«RHOB(10930,2)oURAR(10,30,2),U28(10,3092)NACTVE(25,25)NODD(25+25),
oNRACT(10,30,2)yNBOCD(10,3C¢2) 4 ITYPE(10,30,2)INUMI10,30,2),
«LBPT(10),1AXFS(10,30)

COMHON/BCUND/JCODF(IO'QKCODE(1003’oLCODE(lO’o"CODE(IO'Q
«BTIME(1042043)¢BCONI10,20¢20),8SPCE(10,20),ACON(10,20,20),

s «CCON(10,20,20)
COMMCN/NATA/ITEST ¢NBP yWIDTHyANGLE
P1=3,1415926535898

C DETERMINE IF GENERAL PCINY [S ACTIVE AND/OR QDD
c CETERMINE ROUNDARY ANGLE

VALUF=AMAX1(DELR,DELZ2)*.001
DMEAS=AMINL(DELR,DEL2)®*,.9
CO 10C 1=1,N0Z
00 100 J=1,NOR
NACTVE(l 4J)=1
NONC( 1 ,J)=0
100 CCNTYINUE
DO 420 1=1,NO2
DO 420 J=] ,NOR
RM(T,JI=RINITH+DELR®FLCAT(J-1)
IM{ToJI=ZINITHDFLI*FLCAT(I-1)
DO 420 K=1,NBP
KP=|CCDE(K)
KSPCE=LCODE(K) -1
DD 422 L=],KSPCE
ANGLE=ATAN2((ZBIK L+L M)=ZBI(KoLosM)),
e (PBIK L Ly M)=RBIKyLyM)))
ZPR==(RM{T oJ)=RBIKyLyM)I®SINC{ANGLE)+
e {ZM(Y 4J)-ZRIKyLyM) )*CCSC(ANGLE)
RPR=(FEM(TI,J)=PR(KyLyM}ISCCS(ANGLE)}+
e (ZM(T9J)=ZBIKyLyM) )ESIN{ANGLE)
PPR=SQRT(( ZPR®%2)+ (RPR*%2))
IF{2ZPR.GE. (-VALUE)}) GO TO 422
NACTVE(l,,J)=0
GO TO 432
422 1FI2PR.LT.DMEASINOOD(]1,J) =1
432 CONTINUE
420 CONTINUE
RETURN
END
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SUEROUTINE SET(ANGLE,NUMBR(NCODE,LCODE,ICL1,1C2)
THIS SUBROUTINE SETS THE RCW OR CCLUMN NUMBERS
NCODE=]1y VERTICAL INTERSECTICNyNCODE=2HORIZONTAL
INTERSECT ICA
Pl=3,141592€£35898
GO T0(100,2CC)oNCODE
100 6C TO(110413C)4LCCOE
LCCOE=1,POSITIVE R INTERSECTICN
LCUCE=2yNEGATIVE R INTERSECTICN
110 IF((ANGLEGTePI)eANDe(ANGLE.LE.1,25*P1))GU TO 112
[C1=NUMBR-1
[C2=NUMBR ¢1
RETURN
112 TC1=NUMBR+1
IC2=NUMBR=-1
KETURN
NeGATIVE R INTERSECTICN
130 CCANTINUE ,
IFCCANGLE«GT oo 75#P 1) o AND.{ANGLECLE.PI))IGO TO 132
IC1=AUMBR-1
1C2=NUMBR+1
RETULRA
132 1C1=NUMBR+1
1C2=NUMBR=-1
RETURN
HCRIZCNTAL INTERSECTICN
¢CO0 GO 1021042200 ,LCCOE
LCCUE=14PCSITIVE R INTERSECTION
LCODE=2yNEGATIVE Kk INTERSECTICAN
¢10 IFU(ANGLE«GT41.5%P 1) ¢AND(ANGLECLE.1.75*%P]))GC TO 212
IC1=NUMBR-]
IC2=NLMBR+1
RETURN
¢l2 ICl=NUMBR+]
1C2=NUMBR~1]
RETURN
NEGATIVE R INTERSECTICN
¢2C CCNTINLE
IF(UANGLE«GT e 1425%P] ) cAND(ANGLECLE.1.5%PI))GC TO 232
ICL=NLFMBR-1
IC2=NUMRR +1
RETURN
é22 [IC1=ALMBR+1
1C2=NUMBR~-1
RETURNA
END
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112

114
110

116
122

124

300

312

314
310

316
322

324

500
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SUBPNUTINE SOLCT(IoKoMeJoIRL1,IR2,IPTL,IPT2,KPT1,KPT2,
oPHIBETAKTYPELLTYPE)

COMMON RM(25,25) 4ZM(2%925) 9P (2592592) 9A125,25,2) yRHN(25,2542),
JR(265,28,2) '"Z.ZS'ZS'Z'.NORQNOZQRB"‘ 10'3002’928"'100 30,2),
eRBIU10,2142)92B(1042142) o THETA(1093042)9PB8(10,3092)9AB(10¢930,2),
«PHOR(10,3092)yURB(10,30,2),UZB(1093042)yNACTVE(25,25),NODD(25,25),
.NﬂlCT‘10’30'2"~5000(1003002)'ITVPE'10'3002"!NU"(|°93012"
+LAPT(10),TAXFS(10,30)

COAMMON/DNMAIN/RPDILS),2PDILS5) oPDILS) ¢AN(15) ,RHODI1S)»

JURN(LS) UZND(15),LSUBILS)

NATA P1/3.1415926/

THE PURPOSF NF THIS ROUTINE [S TO SELFCT THE PRNPER

ROW NR CNLIMN FOR THE CNRNFR PODINT

GN TN(100, 300) KTYPE

CNNT INUF

VERTICAL TNTERSECTION,FIND PNW

TART =] ,RNWS IMCREASELIART=2,RNHNS NECREASE

JART =]

TFCIPHT OT oo TSHPT ) JAND (PHI L Fo1.25%P])) TART=2

DN 110 IL=1,NCZ

JARTaNNZ-IL+1 i

GD TN(112,114),IARY

TF(ZMUIL,IPTI) GT7RM(T,J,M))G0 TN 116
6N TO 110
TFUZM(JARPT,,IPT1),LT.ZBM(1,J,M))GO TO 116
CONT INUF

ERROR IF NROP THROUGH

WP ITE(6,8000)1,K

CALL EXIT

GO TD(122,124) 41ART

[r1=[L

1P2=1L+1

G0 70 500

IR1=JARY

TR2=JART-1

G0 7O S00

CONT INUE

HORI ZONTAL INTERSECTION,FIND COLUMN
TART=1,CNLUMNS INCREASE,[ART=2,CNLUMNS DECREASE
1ART=1

TF((PHTaGT o1o25%PT) AND (PHT eLEC1oTS5*PI) ) TART=2
AN 310 IL=1,NOR

JART=NOR-TL+1

GO TO(312,4314),1ARY
IFIRM{TPTL,IL)GT.RRM({I,JoyM))GO TN 316

G0 YO 310

TF(RM(IPTL,JART).LT.RBM(T,JoyM)}IGO TN 316

CONT INUE

FRRNR 1€ NROP THROUGH

WRITF(6,8000)1,K

CALL EXIT

GO TN(3224324),41ART

1R1=1L -
IR2=1L+1
GO YO 500
IR1=JART
TR2=JART-1
CONT INUE
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(¥, LOCATE THF AODUNDARY POINT
KSPCE=LRPT(K)
DN S10 IL=1,KSPCF
LYYPE=TTYPF(K,TL M)
JART= INUM{K, [LoM)
TFIJARTNFL.IRLIIGO TO S10
IFIKTYPENFLLYYPFIGD YO 520
€10 CONTINUE
WeITE(6,8010)
CALL FXITY
§20 RFTA=THETA(K, IL,M)
c ASSUMFE ROUNDARY ANGLF GT O AND LE P1
KART =1
IF({RETAGEPT).AND (ARFTA.LT,2.*P1))KART=2
6D TN(522:524),1ART
§22 €N TN(532,534) ¢KART
€32 KPT1=TL
KPT2=10L+1
RFETIION
6§34 KPT1=lL
KPT?2=iL-1
RF TURN
524 GO TN(534,532),KARPT
3000 FORMAT(LIH L18HFRROR IN SUB SOLCT,
«32HCANNOT FIND PROPFR ROW NR COLUMN)
£010 FORMAT(IH ,18HFRRNR TN SUR SOLCTY,
«49HMUST DEVFLOP CAPARILITY IN PROGRAM FOR SAME TYPE ,
«12HINTERSECTION)
FND
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SURROUT INF SORT(X KKy JKLoLABEL, ISTYPE)
c THIS ROUTINE SORTS DATA IN ASCENDING ORDER NR DESCENDING
c ORDER
DIMENSION X{1)JKL(LioIX(L)
EQUIVALENCE(ZZ,122),(2,12)
LOGICAL ASCENDFLTSWCHFIXSWCHyALFSWCH
DATA FLYSWCHyFIXSHCHoASCEND/ oFALSEe o FALSEs oFALSEL/
TFILABFL.EQ.0)ASCEND=, TRUIF.
K=1
N= KX
DO 1 1=1,N
1 JRL{T)=]
IF(1STYYPE)110,120,130
120 STNP
130 FIXSWCH=,TRUF.
110 FLTSWCH= (NOT,FIXSWCH
10 CONTINUE
KLM=TABSIMND(T7Z,(N-K+1))4K)
Z=X(KLM)
200 FORMAT(1HA,A9)
DD 100 1=K,N
22 = X(1)
IF(FIXSWCH) GO TO 60
IF(ASCEND) 6N TO 45
IFI(Z22.LF.2)G0 TO 100
GO YO 20
45 TF{22.GE.Z)GO TO 100
G0 Tn 20
60 IF(ASCEND) GO TN &5
TFL122 LLE.1Z) GNP TN 100
G0 1O 20
65 1F (122 J.GF.,1Z2) 60 TN 100
20 2=X(1)
KLM={
100 CONTINUF
Y=X(K)
X(K)=X(KLM)
X{KLM) =Y
KMN= JKL(K)
JKLIK)=JIKL (KLM)
JKLIKLM)=KMN
K=Ke]
IF(K.LT.NIGO TO 10
RETURN
END
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FUNCTION SOUND(RHONEW, PNEW)
CCMMON/STATE/PINIT RHOINT LAINIT
SOUND=PNEW /RHONEW
SOUND=SQRT { SOUND)

RETURN

END
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SURRMUTINF TRNSFR(NCODE My JK)
COMMON RM(25025) o ZM(25,25)4P(2592592) oA(25,2%,2) yRHO(25,25,2)
WR(25925¢2)4U2(25,2%:2)9NOR NOZ,RBM(10,30,2),268M(10+30,2),
ePR(10021¢2)978(1002142)9THFTA({10630,2),P8(10,30,2),AR(10,30,2),
«RHNB(10930:?2)3URB(10930,2),U28(10,30,2),NACTVE(25,25),NODD(25,25),
+NRACT(10,3002)9sNBODD(1093092)ITYPE(10930,2),INUM(10,30,2),
+IBPTI10),IAXES(10,30) h
CNMMON/DOMAIN/RPD(1S) 9 2PDI1S),PDILS),AD(15)RHND(15),
+URD(15) ,UZN{18) ,LSUB(1S)
COMMONZ/EXCHNG/ ID 1€y 1Fy IC1y1C29NUMBR
‘ 6N TN(100,200) 4 NCODE
c SET YP BDUNNARY DOMAIN -- VERTICAL INTERSECTION
100 PPDLIN) =RM{ JK,IC1)
IPNIINI=ZM(JIK,IC L)
PD(IN)I=P(JK,ICL,M)
RHNN(ID)I=RHN(JK, TC 1, M)
URDIID)I=UP (UK, ICL¢M)
UZD0INI=YZ (UK, IC L M)
ADLIN)I=A(JK, IC1 M)
RPN(IFI=RM( JK s NUMRR )
IPDUIF )=ZM{ JK o NUMBR)
PO(IF)=P{JKeNUMBR M)
RHNON(TF)=RHO(JK,NUMBR M)
URD(TIE)=UR { JKyNUMBR M)
UZDITFI=UZ (JK o NUUMRR (M)
AN(TIE)=A(JK JNUMRR M)
RPD(IF )=RM(JKo[1C2)
IPDIIFI=ZM(JK, IC2)
PNITFI=P(JK,TC2,M)
RHODUIF I=RHN(JIK, IC2,M)
URD(IF)=UR(JKy IC24M)
UZD(TEI=U2(JK,IC24M)
AN{IFI=A(JIK,IC2,M)
RETUPN
c SFT UP BNUNDARY DOMATIN =- HORIZONTAL INTERSECTION
200 ROD(INI=RM(ICYyJIK)
IPN(INI=ZM(IC 1 4, JK)
PD(ID)=P(ICL1yJKsM)
RHODIIN)}=PHOLICL 4 UKo M)
URDITID)I=UR(ICL 4 JK,M)
UINLINYI=UZ(ICLoJKM)
AD(TD)I=A(IC]l,JKyM)
RPD(IF)=RM(NUMBR , JK)
IPND(IE)=ZM (NUMBR y JK)
PNIIE)=P (NUMRR 4 JKo M)
RHON({ I E)=RHO(NUMBR 4 JKo M)
URDITE)I=UP (NUMBR y JK M)
UZD(TE)=U7 (NUMBR ¢ JK,M)
5 AD(TE)=A(NUMBR ¢ JKo M)
RPD{IF)I=RM(IC2,JK)
IPDIIF)I=ZIM(IC2,4,JK)
PDIIF)=PITIC2,JKoM)
RHONIIF)=RHO(IC2 ¢ IK M)
URD{IFI=UR(TIC2,JKyM)
UZODULIF)I=UT(1C24JIKyM)
AD(TF)=ALTIC2,JKo M)
RETURN
END
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SURRDUTINFE TRSCNR(M,KTYPE)
(& THIS ROUTINF SETS UP DOMAIN POINTS FOR CORNER POINT

COMMON RM(25,25) ¢ 2M(25925)yP(259258¢2)9A12592%92)RHO(25925,2)y
dUR(25025%5,2),U2025¢2%592)9NORgNOZGRBM{1093002),2RM(10,30,2),
oRAR(10,2192)¢2R(1042142), THETA(10,30,2),PB(10,30,2),A8(10,30,2),
«PHOB(10,30,2),URB(10¢30,2)yU2R(10430¢2)yNACTVE(25,25),NODD(25,425),
«NRACT(10430,42) 4NRODD(1043042),ITYPF{10+304,2),TNUM(10,30,2),
+LRPT{10),1AXFS(10,30)
COMMON/DOMAIN/ZRPD(15) 4ZPD(15) +PD(15),AD(15) ,RHOD(15),
JURNDILS) IN(L1S5),LSUBI(1S)

COMMON /YCHNG /KR KP3 TRoICL,1C2,IN,1E,IF

GN TO(100,300) KTYPF

100 RPDIIN)=RM{IR, TC1)

70D( IN)=IM(TP,L,ICL)

PDLIN)=P(IRP,IC1eM)

RHNAD(IN)I=RHN (IR, IC L 4M)

HRN(INI=YR (IR, TC L4 M)

UINEID)=UZ( TRy ICL M)

ANCIN)=A(TP,IC1,M)

PON(TE)=RM(TPR,IC?)

IPD(IE)=IM(IR,IC2)

PD(TE)I=P(IR,IC2,M)

RHON(TF)I=PHD(IR,IC2,M)

UPNDITE)=UR(IR, IC2,M)

UZDITF)Y=UZ( 17, IC2,M)

AD(TE)=ALIR,IC2,M)

PPD(IF)I=RAM(KR4KPyM)

IPN{IF)I=7AM(KR ¢KP M}

PD{IF)=PB{KRKPM)

RHOD(IF)=RHNA(KR ,KP M)

URNUTFI=URB(KRKP M)

AN(IF)=AR(KR,KP,M)

PFETHRM

300 RPNIINDI=RM(IC]1,IR)

IP0(ID)=7M(IC1,1IR)

POLID)=P{ICl,IR,M)

RHAD(IN)=RHN( ICL, IR, M)

URDIIN)I=UR{ICLly TR M)

UINLIN)I=YZ{ICLl,TR4M)

ANCIN)I=ALTICY, 1R M)

PPD(IF)=RM{IC2,IR)

ZPNIIF)I=ZM(IC2,1IR)

PDUIF)=P(IC2, IR, M)

RHOND(IE)=RHO(IC?2,IR M)

URDIIE}I=zUR(IC2¢IR,M)

UIDIIF)I=UTLIC24IR,M)

AD(IE)=ALIC2,IRM)

RPDITF)I=RBM{KB KP4 M)

IPDUIF)I=IRM(KB KPyM)

PN(IF)=PR(KR,KP,M)

RHOD(IF)=PHOR(KBKP4M)

URD(IF)=URB(KR KPyM)

UZIDITF)=UZR(KRKP4M)

AD(IF)=AB(KB,KPyM)

RPE TURNM

FND
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Appendix F. Interpolation Schemes

For data points not falling on the grid points, a two-
dimensional interpolation must be used to obtain the values of
the variables, A review of current literature shows that there
are several interpolation schemes available, including the least-
squares method, the double-parabolic method, linear interpolation
and spline interpolation, After trying the first two, we have
adopted the double-parabolic interpolation method, for both in-
terior and boundary points.

In this Appendix, a brief review of these schemes will
be given, A numerical comparison of the accuracy of the least-
squares and double-parabolic methods will also be shown.

1. Least-Squares Method - This method was used by
Cline and Hoffman [F1]*, Ransom, Hoffman and Thompson [F2], and
Richardson [F3], all in connection with the numerical method of
characteristics, Referring to Fig. Fl, properties at P(r,z)
which is not a regular grid-point, are desired., In this method,
a bivariate interpolating polynomial

f(r,z)-ao*alr+a2 rz*asz*a4 zz+asrz (F1)

is written, The coefficients a, to a. are determined by a least-

squares fit to the nine nearest grid-points where the values of
the function are known. Then, values of the function and its
derivatives at P can all be obtained from (Fl),

The advantage of this method is its ease of application;
once the polynomial (F1) is known, the derivatives can be ob-
tained directly., Any number of neighboring grid-points can be
used for least-squares fitting, making it easy to apply to curved
boundaries, The disadvantage is that the degree of accuracy is
not clearly known. The least-squares technique is most suitable
for a set of data points which have random error with respect to
the true function; the method minimizes the overall error. For
our present purpose, the values of the function at the grid-
points are to be used for subsequent calculations. The least-
squares fitted curve usually does not pass through these original
values at grid-points. For a point vury close to a grid-point,

a discontinuity may be created.

* The bracketed numbers designate the references of this
appendix shown on page 150.
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2, Straight-line Interpolation - Sauerwein [F4] used a

linear interpolation method. Due to the geometry of his grid
system, which involves three base-points for each characteristic
cone, a one-step, two-point interpolation is sufficient; inter-
polation along two coordinates is not needed. The method is,

of course, only of first order accuracy.

3. Double-Parabolic Interpolation - This is the method
used in the present program, (For the blast-wave computer code,
the one-dimensional parabolic interpolation was used). A second
~order polynomial (parabolic) is written with r as the variable
and the three coefficients are determined by matching the three
grid-points on one horizontal line, such as points 1, 4, and 7
in Fig. Fl1. Once the values at points A, B, and C are known, a
second-order polynomial is written in terms of z and used to
interpolate for values at point P.

In order to demonstrate the error involved in using
a quadratic approximation to the function f(x) between the points
0, 1 and 2, let us first define the second-degree,

Newton divided-difference formula [F5]; namely,

£(x) = £(x) + (x - x)) flx;,x)] + (x - x.) (x - x)) £x;,x;,%;]

3
F2
*(x-x)x - x)(x - X)) ia—iéﬂl 83
where
X°<nixz

and the notation f[ ] is defined by

£(a;) - f(aj)

ai'aj

f[ai,aj] =

f[ai’aj] s f[aj ,ak]
w B

f[ai,aj ,ak] =
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and |
fla,,a;,8,] - fla;,a,a,] |
£la; ) 8] = —— G |

Let y(x) represent the quadratic polynomial
y(x) = b1 xz + b2 X + b3 (F3)

then equation (F2) can be written as

* 3
d” f
£(x) = y(x) + (x - Xo) (x - xl) (x - xz) —T‘;?l)_ (F4)
The error E(x), in the quadratic approximation to f(x) is then t
given by

3
d” £
E(x) = (x = Xo) (x & xl) (X - XZ) j‘-x?&‘)_ (F5)

From Eq. (F5) we can then see that

E(x) = 0(ax3)

or a quadratic approximation Eq.F2, to f(x) is second-order
accurate.

4. Spline Interpolation - The spline interpolation method

is more sophisticated, more accurate, and has many different
versions. A typical one is given by Fowler and Wilson [F6]. The
basic concept of spline interpolation may be explained by a simple
example. Let the value of y be known at Xys Xps and X.» as shown 1
in ¥ig. F2.

|

A polynomial is written for the curve between A and B,
and another for that between B and C. The six unknown coefficients
are then determined by the four known positions, yl(xA), yl(xB),

y2(xB)’ and yz(xc); one slope matching condition, yi(xB) = yé(xB);
and one curvature matching condition, y;(xB) = y;(xB).
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Although a higher degree of accuracy can be achieved by
this interpolation method, it is not suitable for our present pur-
pose because of its complexity, and also because our finite-
difference scheme is only of second-order accuracy: any higher
order of accuracy in interpolation is not required.

5. Numerical Comparison of Two Interpolation Schemes -

To compare the numerical accuracy of the least-squares
method and the double-parabolic method, we have used as a standard
the exact solution of Sedov's cylindrical-blast-wave problem, see

Ref. F7. An initial time-plane is chosen at a time of 1.591 x 10-4
second, when the shock front is two feet (0.6096 m) from the origin.
The blast has an initial energy of 1.5482649 x 10+6 ft-1b/ft (6.8870252
X 10+6 joule/m); this gas has a specific heat ratio of 1.4, A typical
point near the origin (3.75, 6) was chose, Fig. F3. The error in
density as calculated by the least-squares method is 0.8%, and by the
double-parabolic method 0.0033%. 1In this region of the blast wave,

the density gradient is very steep, and the accuracy test is a quite
severe one.

As shown by this numerical comparison, the double-
parabolic method is much superior, and will be adopted for all
our calculations,

6. References of Appendix F.

Fl. ©line, M.D., and Hoffman, J.D., '"The Analysis of Nonequilibrium,
Chemically Reacting, Supersonic Flow in Three Dimensions
Using a Bicharacteristics Method", Journal of Computationsl
Physics, 12, 1-23 (1973).

F2. Ransom, V.H.,Hoffman, J.D., and Thompson, H.D., "Second-
Order Bicharacteristics Method for Three-Dimensional, Steady,
Supersonic Flow'", AIAA Journal, Vol. 10, No. 12, December, 1972.

F3. Richardson, D.J., "The Solution of Two-Dimensional Hydrodynamic
Equations by the Method of Characteristics", Methods in
Computational Physics, Vol. 3.

F4. Sauerwein, H., "The Calculation of Two and Three-Dimensional
Inviscid Unsteady Flow by the Method of Characteristics",
MIT: Fluid Dynamics Research Lab. Report No. 64-4, June, 1964.

F5. Beckett, R., and Hurt, J., Numerical Calculations and Algo-
rithms, McGraw-Hill, 1967, Chapter 5.

F6, Fowler, D.H., and Wilson, C.W., 'Cubic Spline, A Curve Fitting
Routine", Union Carbide Nuclear Co., Report Y-1400.

F7. Chou, P.C., and Karpp, R.R., "Solution of Blast Waves by the
Method of Characteristics', DIT Report No. 125-7, Drexel
Institute of Technology, September, 1965
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Figure Fl. Schematic of data points.
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Figure F2. Schematic of parabolic spline.
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Figure F3. Sketch of Blast Wave Shock Front at 159.1

usec.
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