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Nomenclature 

2 
p - pressure, N/m 

3 
p - density, kg/m 

v - velocity vector, m/sec 

u - radial velocity component, m/sec 

u - axial velocity component, m/sec 

E - internal energy, joules/kg 

a - sound speed, m/sec 

6 - bicharacteristic angular coordinate, degrees 

$ - bicharacteristic angle at the macn cone apex, degrees 

6 - bicharacteristic angle at the mach cone base, degrees 

r - radial coordinate, m 

z - axial coordinate, m 

t - 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 (P, in Fig. 1) is found by Integrating the compatibility 

equations along the three bicharacteristics originating at the known 
base points (P,, P., and P.). 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-Friedrlchs-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 Thornhlll'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 ?._, ?__, P«.. However, In formulating his finite- 

difference equations, Sauerweln 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 blcharacterlstlc 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 blcharacterlstlcs Po"^ an<l P3"pt an^ Introducing a third 
relation along the space curve Pr'Pt» Tne Introduction of this ordin- 
ary curve Implies that the flow must 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 blcharacterlstlcs 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 blcharacterlstlcs 
permit the elimination of the partial derivatives at the new point, 
which In other schemes are flnlte-dlfferenced. The flow properties 
at the base points P. , P-, P., and P, must be obtained by two- 

dimensional Interpolation. To complete the solution, an additional 
equation Is Introduced along a curve other than a blcharacterlstlc. 
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. 



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, bicharacteristlc 
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. 



II.    Analysis by Method of Characteristics 

Governing Equations 

The governing equations for unsteady flow In an Invlscld, 
compressible,  non-conducting fluid are the  continuity, momentum,  and 
energy equations,   from which the following equations can be derived: 

5| + ?V-Xf «o (i) 

^f -»■ -^ 7^x o (2) 

where the total derivative fr: ■ TT + v •  V  .    Let the 
Ut        oZ 

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 

L Z 

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 

Dt     a1 Dt 

where the  sound speed a Is defined as 

Equations  (1),   (2),   (5), and   (6)  now represent  five 
equations  In the unknowns p, p, u , 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 syscem 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 (ß., ß«, ß_); each is multiplied by an arbitrary factor, 
then all are added together.  By requiring that those terms involv- 
ing derivatives along one coordinate (say ß.) vanish, the appropriate 
values of the multiplying factors can be found, and the form of the 
transformation obtained. The resulting equation will then contain 
only derivatives in ß- and ß., which will describe the characteris- 
tic planes. The mathematical details of this procedure are given 
bolow. 

Transforming Eqs. (1), (2), and (5) into a coordinate system 
( B1, ß2, ß-) we obtain the following four (scalar) equations: 

(7) 

^ .-., - ^     (B. 



i*«*"-^*'".^.*« 
n*«-° (9) 

If we multiply Eq. (7) by X^ Eq. (8) by X2, Eq. (9) by X-, 

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

finally group the dependent variables in terms of ß. , ß-, and 

(10) 

ß_, we obtain 

^ Ui W ♦ ^^ 4 w' »ft ♦ ^ W 3+ 

(11) 



%\ lAj ^^ ^^# ♦\tA.*A,Wjl ^ ]* 

-ICA.f ^ 

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 
ß. and ß. only, then the coefficients of d?/^/9| j ^AyS, 

must be equal to zero; thus, 

(12) 

^4\<jf+A.u4^+1^4:^1^. 

Rewriting these equations in vector form gives 

^1 =0 (13) Ix'lfk'Ji'Tf - A^-Yig, • AvY' 
where 

Ä1=C^,-a.^A4^(uvre/+u■äe^-vet
>) 

A2 = (A^^ + PA,)^ ^AB^1| ^AX^ 



in which e , e , e.. are unit vectors in the r. z, t direction« 
r  z  t 

respectively, and the gradient is also taken in these three 
dimensions. The expression A. • 'ß. represent the directional 

derivatives of ß., in the directions of A.., A«, A-, and A,. 

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

plane normal to the gradient of 0., i.e., in a ß» constant 

plane. 

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

>V 

r3 
O      s 

0     o    -aa# A, 

$     o      o ^ 

0      $      o At 

* i% i] *J 
= o (U) 

where 

# = Ur^+Uj^+^ 

This is a system of homogeneous algebraic equations in the X's; 
for a solution to exist, the determinant of the coefficient matrix 
must vanish.    Therefore, 

8 



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

Consider  first  the quadratic part of the solution: 

(16) 

We wish to determine the derivatives of fL (I.e., the orientation 

of the 6. - constant surface) In order to obtain the X'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 Vß as given In Fig. 5 and rewrite the derivatives 

of ß. In terms of the new coordinates H" and 6 to obtain 

In addition, we require that Vg, be a unit vector 

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

(17) 

(18) 

St  " 

cos 

sinX  (19) 

where q = u cos 5+ u sin 6, and the signs have been chosen to 

agree with a direction of the (3^ coordinate as given in Fig. 6i 

9 



By substituting eqs. (19) Into eq. (14), we obtain the 
values of the multipliers: 

(20) 

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

dja, + fa. c-osS du/ + TO. sinSdu* - - ?Ä2S At (21) 

where 

The Intersections of the characteristic surfaces with the 
characteristic cone are the blcharacterlstlc curves, defined 
by the following equations. 

(22) 

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

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

10 



analysis similar Co the one on the cone. It Is found that the 
energy Is conserved along the particle path; i.e., the com- 
patibility equation is 

ft" a' m <5> 
From Eq. (23) can be found the equation of the particle path 

line' J-vU 

J* (24) 

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 

r  z 
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 3u /dr and du /dz as 
unknowns.  In other method-of-characterlstic 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 «I» ■ 0, Tr/2, TT, 3v/2t  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 - tQ-At plane 

(initial surface for the current tiire step) at the base of the 
4-0- characteristic by the subscript 1; those at the base 
point of the 4 ■ ir/2-characteristic by the subscript 2; etc. 

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

-fk --/>;' i ffoA« csfa * fi aL cosOi][urr ur.] + 

- J If. *?{* % * *'* 94i (JFX " (25) 

where  ** *^* ^'if^i * ^^ 

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. 

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 , a , u , u  , (äu /3r) , 

0  0  0  ro  %   r  0 

(3u /3z) , clearly one more equation is required to solve the 
z    0 

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

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 - Pc 
0   5 

.»p - p - p 
0    5 

&u ■ u - u r  ro  r5 
Au ■ u - u 

0    5 

13 



  ■ 

Substituting the values for the «t*.'s, we can rewrite the equations 
In the following form: 

■^ ^0., Sin Ö, A\A}  «        (27) 

itf.Ao+fiftiS'nöilAu, = (28) 

^fsa5s^e3Au^= (29) 

(30) 

14 



Af-iWlK %H^'),H^iAt - RS m 

Af=- u v^-+1¥/).+^). )*%      (32> 

where 

^5 ^ i m ^ Ip+c*n 4 c^w} At 
Combination of the Compatibility Equations 

As noted previously, these equations may now be appropriately 
combined to eliminate the partial derivatives (3u /3r) , Ou /3z) . 

r 0 z        0 

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

(33) 
ll^a.StnQ.-fsd^sinö^lAUjs^-E, 

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

X I fiaiCo*Ql-r4.&4 COS 94] AlV ^4t«»l%M|i - Uj2-Uj4J+- 
(34) 

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

a Aja. + i [ f^, Co»©. ^ fj.a^ £«5 öI +paa5 ^s e, -v ?4öU ^»S e41 ^^ + 

15 



.... _. ..         .., 

Finally, the sum of Eqs. (27), (28), (29), and (30) is subtracted 
from twice Eq. (29). 
+*{> - 2a?Af + 4 [f, a, OosO, +& 4, e*s02 *f3 *3 c*s03 + 

Thus, we have five equations, (6), (33), (34), (35), and 
(36), to solve for the unknowns a , Ap, Ap, Au , and Au at the 

new point (r , z , t ).  For the first iteration, crude estimates 
are made for a , p , p , u  , and u„ based on corresponding o*  o' ^o*  ro      z0 r e> 
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, Au , 

and Au   The process is repeated until the improved values are z • 
close within a certain tolerance to the previous values, i.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. 

16 



For an entrance boundary, three of the four blcharacter- 
Istlcs, 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 blcharacterlstlcs, and the energy- and mass-conservation 
equations along the particle path.  But among the seven unknowns, 
p, p, a, u , u , 3u /dr, and du /3z, the last one does not appear 

In our calculation scheme.  If the tangential velocity u Is 

specified along the z ■ constant boundary, then 3u /3r 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, p , p , a , 

u , u_ , (3ur/3r) , and (3u /3z)n, at the boundary point, we To   'O      l     O Z    u 

write three compatibility equations in the form of Eq. (21) for 
the angles <i = 0, TT, and 3TT/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 (3u /3r) and 

(3u /3z)  are eliminated from the system, yielding the following 

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

-f. i-2f>.a0-ff(a, sin&, +f>3a3 sine3 *.2/^a^Sy/t64}Ojp-HßgJ 

*/*/>- f*~t*~*st%~*y 
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where p is specified for the exit-plane boundary and u  for 
the plane wall. 0 

For a point on the entrance boundary, we may write only 
one equation In the form of (21), for the angle $ ■ 3ii/2, and 
the equation of state (6). The variables to be solved for are 
p , p , a , ur . u , and (3u /9r) . To complete the system, we 

specify three boundary conditions; the derivative (3u /3r)Q can 
be obtained by differentiating the boundary condition u . The 
single difference equation for the entrance boundary thus becomes 

/* - A + iA ** **** fan - ***} 

where u,, and any two of the set {p , p , a , u« } may be speci- 
,. .  r-     ' ro  o  o  zo 
fled.  0 

Numerical Stability 

The stability criteria for first-order non-linear, hyper- 
bolic, partial differential equations has been discussed in Refs. 
IM. Pli Uli. 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 Blaat Wave 

An example problem with a known analytical solution 
is 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 ysec 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. 
Of the four boundaries z - 12 (boundary |) 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:  uz along boundary 1, 
p along boundary 2, p, Up and uz along boundary 3, and p along 
boundary 4. Values of these quantities are taken again from 
Sedo/'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. 

Figure 2.    Diagram of Sauerwein's Modified Tetrahedral 

Characteristic Scheme. 
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Figure 3.      Diagram of prismatic network developed 

by Cobum & Dolph and Holt. 

Figure 4.      Diagram of Butler's characteristic scheme. 
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Figure 5.      Diagram of unit vector describing characteristic 

plane. 
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Figure 10. Schematic of the rectangular domain within 

the blast wave and shock front at the Initial 

time t - 159.1 usec. Initial energy ■ 

6.887025 x 106 Joules/m (1.5482649 x 106 

ft-lb/ft). 
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o   I.  i.      3.   A.  5.  6-  7. 

a.  Along axial mesh mldplane, z » 7.5. 

b. Along radial mesh mldplane, r - 6. 

Figure 12. Data at 50th time plane 
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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 Eqs.   (5),   (6), and (21)  for the five unknowns 
Pi Pi «• u. and u •    According to Sauerwein's method, three finite- 

difference equations are generated from Eq.   (21),  for the angles 
^ -    0, 2IT/3,    W3.    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: 

(A.l) 

. --^^;C£V ^-^U^0<Xh i •'"-   ^ 
Co£" 

«I 8, 1. d.tin.d in Appendix B. The snbscrlp-. 1. 2, and 3 refer 

subscript 0 to the new point (to, ro, zo;. 
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The compatibility equation along the particle path, 
Eq. (5), is also written in finite-difference form. 

(A. 2) 

By requiring the derivatives of the particle velocities 
to be continuous along the bicharacteristics we obtain the following 
six equations. 

(A. 3) 

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

p , a , p , u  , u , Ou /3r) , (9u /3z) , Ou /3t) , Ko  o  o' r   z     r   o    r   o*   r   o 
o  'o 

itojH).   Ou,/32)n, (3u /3t) . 
Z   0    z   o     z   o 



Appendix B 

Derivation of the Bicharacteristic Angle, 9. 

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 6 with respect to the negative r-axis 
(Fig.   5 and Fig.  Bl} may also vary along the curve between the apex of 
the roach cone and the base point. 

We can express the relationship between r and z for any point on the 
characteristic conoid parametrically as 

r-rU,T) (Bfl) 

Z   -   2(4-,T) '• 

where t " t-tg and $ is defined as the value of the coordinate 6 at the 
cone's apex. 

By using the relation 

38 3r     38       3z    3s       3t    ds 

where s is taken in the direction $ along the characteristic cone, 
and the previous result 

Vß j  cos 6        sin 6 q+a 
1   U^.)2!1'2' U+Cq+.)

211/2'   U+(q*0
2l1/2) 

we can obtain a relationship governing 6 along the bicharacteristic 
curves 

MTU ■ " 5^7 ■ " "» ' (B-2> 
Referring to Fig.  Bl,    we wish to obtain an expression for the 

angle 6, which is the value of the angular coordinate 6 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 8 is obtained, a particular bicharacter- 
istic curve will be designated by a subscript i. 

The dependent variables u ,  u , a,  and $ may be expanded in a 
Taylor series about the point r~,  z.,  t»,  in the direction of the 
bicharacteristic. 
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9u
r    -        3uz    -      ia    T      iA 

Substituting ur - —,   u^ - |p«   a "  3t»  0 "   3t 

and neglecting second-order terms we obtain 

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

equations   (22), 

(B.3) 

(B.4) 

(B.5) 
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If this result Is expanded and the small-angle approximation is 

used, we obtain 

$=ow.+a. 6^- ^ ♦a«*4 -«.5 «Wi!«* 568? 
(B.6) 

4*•Wfc^Ä#tin^»^4&tMfi4"*A»* *•*▼!*^ •«*«' 

which becomes,  upon integration, 

(B.7) 

We now rewrite eq,   (B,2)  as 

Sir^ ^ -■' ^^ l£ (B,8) 

and substitute eqs. (B.4) and (B.7) to get 

which may in turn be integrated with respect to time to yield 

aJz *~ik4 ^ ~s**4 ^ - ^ (B-10) 

Using eq.   (B.7)  to expand this result and utilizing the Taylor 
expansion for the angle 9.  ■ 6, and T --At: 

-**** -4^ 'tytV ««»4.^1»; 
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where the subscript i denotes the particular blcharacterlstlc and 
the partial derivatives are evaluated at time Tl    Equation (B.ll) 
will allow the variation of the blcharacterlstlc angle 9. to be 

computed in terms of the derivatives of the flow properties at the 

base of the characteristic cone. 



*-V^ 

Figure Bl.  Diagram of Bicharacteristlc Angles 
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Appendix C 

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. (6), (33), (34), (35) and (36) 
are used to solve for the unknowns an, Ap, Ap, Au and Au at a new 

general point (rn,zn,t_) when the fluid properties are given on an 

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 sequence which allows the new property values to rapidly 
converge; new values of Ap, Ap, Au and Au can be obtained In the 
following manner 

Ap(1) « f (Ap, Au , Au , Ap) Eq. (35) 

Au(1) - f0(Ap
(1), Au , Au , Ap)       Eq. (33) 

Au(1) « f (Ap(1), Au(1), Au, , Ap)      Eq. (34) 

Ap(1) - f.(Ap(1), Au(1), Au(1), Ap)    Eq. (36) 
H r z 

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 
a0' pn' ^n' u n an<^ u n based on their corresponding values in the 

initial time plane.  Thus using Eqs. (22) and (24), the four bl- 
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 a~, Ap, Ap, Au and Au .- This process is repeated 

until convergence is 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 p., p., aA, u n, u n 0  0  0  rU  zO 
at a new point on the boundary of a plane wall or exit plane boundary. 
Again, in order to solve these equation^ 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 Eqs. 
(37), (38), and (39) in functional form and arrange the equations in a 
sequence which allows a rapid convergence: new values of pn. V Ur0 
and u n  can be obtained in the following manner 

zu 

Prescribed Pressure Boundary 

r  = g1(y, &u , Au2, Ap) Eq. (39) 

^1) - g2(y, Au^, Au2, Ap^ Eq. (37) 

«« ■ h(,. ^\ ».o>. M Eq. (38) 

rmal Velocity Boundary 

(1) » h1(Ap. Aur, x, Ap) Eq. (37) 

^1) - h2(Ap
(1), Aur, x, Ap) Eq. (39) 

^h3(Ap^. Au^x, Ap) Eq. (38) 

Au 

Au 

Ap 

Ap 

Au 

Ap 

where the superscript refers  to the improved values of the flow properties 
and y is 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 ApvD   for a prescribed normal velocity in subroutine 
BONPT is equivalent  to Eq.   (38). 

Corner-Point    Iteration 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 blcharacterlstlc 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. 

££ < V^ai -1- ^ao^^ai^nO» +?4a4s^^ft^•iC*-^3ffl^ 

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 
blcharacterlstlc equations (25) are written for 1=2 and 3.  The 
difference equations are presented below. 

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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Figure Cl.  Schematic of Flow Field Showing Characteristic 

Base Points. 
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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.I. 
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-Friedrlchs-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 
interpolation, 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-dimensionalizep 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, fnwer 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 is toward the r-axis (as in Fig. D.2).  The general- 
point mesh coordinates are represented by r^-i and z^j, where i is the axial 
Index and j the radial index.  The boundary-point coordinates are r^, and 
zbiJ» where i indicates the number of the boundary and J is the index along 
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 6 between the boundary and the r-axis.  If -45° < Ö < 45° or 
135° < • <, 225°, 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, tie user must modify the 
function SOUND(p,p), which computes the sound speed from the densitypand 
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 boundary 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. 

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 
rodt.', to 

COMMON RM(26,27),ZM(26,27),P(26,27,2),A(26,27,2),RHO(26,27,2), 
UR(26,27,2),lJZ(26,27,2),NOR,NOZ,RBM(ll,30,2),ZBM(ll,3O,2), 
RB(ll,24,2),ZB(ll,24,2),THETA(ll,3O,2),PB(ll,30,2),AB(ll,30,2), 
RHOB(11,30,2),URB(11,30,2),UZB(11,30,2),NACTVE(26,27),NODD(26, 
27),NBACT(1J,30,2),NBODD(11,30,2),ITYPE(11,30,2),INUM(11,30,2), 
LBPT(ll),IAXES(ll,30) 

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

COMMON/BOUND/JC0nE(ll),KC0DE(ll,3),LC0DE(ll),MCÜDE(ll),BTIME 
(ll,28,3),BCON(ll,23,28),BSPCE(ll,23),ACON(ll,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: 

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

2.    The first card-series contains the  following inout 
parameters:     FORMAT   (2(13,2X),   6E10.0,/E10.0,   II,  4X,I2) 

a. NBP* 
b. NTIME* 
c. DELR 
d. DELZ 
e. RINIT 
f. RFINAL 
g- aiNIT 
h. ZFINAL 
i. TIMER 

j- KPRINT* 

k. MSKIP* 

number of boundaries 
number of  time-plane  calculations 
radial mesh Increment, m or ft 
axial mesh increment, m or ft 
initial radius, m or ft 
final radius, m or ft 
initial axial-direction value, m or ft 
final axial-direction value, m or ft 
stability time constant; £ .5 
convergence-loop print  indicator 
■ 0, no intermediate print output 
-  1,  intermediate print output 
indicates number of  time planes to 
be skipped in the printout 

3.    On the second card in the first card-series: 
FORMAT   (6E10.0,I1) 

a. PINIT      - reference pressure  for non-dimensional 
2 2 

purposes,    N/m     or    lb/ft 
3 

b. RH0INT - reference density, kg/m , 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-symmetric  flow 

49 



g. NC01)F,* - 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 initialising sub- 
routine INITIAL) 
= 1, the mesh data will be input 

A.  The second card-series 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 (io(I2,4x) 
1. LC0DE(I)* - number of spatial points on the boundary 
2. MC0DE(1)* - boundary condition function indicator 

■ 0, boundary condition will be input 
= 1, boundary condition will be 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(I,J)  - coordinate of the Jth point on the 

ith boundary in the radial direction. 
2. gB(I,J)  - coordiante of the jth point on the 

ith boundary in the axial direction 

NOTE: .1 varies from 1 to LC0DE(I) and I varies from 
1 to NBP. 

5.  The third card-series contains the boundary condition data 
for the boundary mesh points.  F0RMAT (10(12,4X)) 

a.  The first card specifies the type of boundary condition 
and the number of time values that the boundary con- 
dition is specified. 
1. JC0DE(I)* - specifies type of boundary condition 

■ 1, constant pressure line 
= 2, normal velocity line or 

stationary solid bo'> "iary 
= 3, free surface 
■ A,  contact discontinuity 
■ 5, moving solid boundary 
■ 6, shock front 
■ 7, entrance boundary 

2. KC0DE(I,K)*-  specifies number of  time values 
■ 0,  indicates boundary condition 

independent of  time 
NOTE:  K varies  Irom 1 to  3 depending on the boundary condition. 
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b. The second card specifies the value of time for the 
boundary condition.  FORMAT (SEIO.O) 
1.  BTIME(I,J,K)-time, seconds 

NOTE:  K varies from 1 to KC0DE(I,1). If K($DE(I,1) is 
zero, no card will be input. 

c. The third card in this series specifies the value of 
the boundary condition at each point on the boundary 
as a function of time. FORMAT(5E10.0) 
1.  BC0N(ItJ,K)- value is dimensionless.  It if either 

dimensionalized with respect to the 
reference pressure or reference 
sound speed. 

NOTE:  I varies from one to NBP, J varies from one to 
LC0DE(I), and K varies from one to KC0DE(I,1). 

d. If JC0DE(I) is equal to 7, a second and third boundary 
condition are input, i.e., (b) and (c) are repeated. 

6. The fourth card-series contains the general-mesh input 
data.  FORMAT(7E10.0) 

a. The cards contain the radial and axial coordinates of the 
mesh point and corresponding properties. 
1. RM(I,J)   - radial coordinate of the mesh point, m or ft 
2. M(I(J)   - axial coordinate of the mesh point, m or ft 
3. UR(I,J,1)  - dimensionless radial velocity ratio 
4. UJ!(I,J,1)  - dimensionless axial velocity ratio 
5. P(I,J,1)  - dimensionless density ratio 
6. RH0(I,J,1) - dimensionless density ratio 
7. A(I,J;1)   - dimensionless sound speed ratio 

NOTE: This card set only appears if NC0DE Is greater 
than zero.  I varies from 1 to the number of 
rows and J varies from 1 to the number of columns. 

7. The fifth card-series contains the boundary-mesh imput data. 

a.  Che cards contain the radial and axial coordinates ef the 
Doundary 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(I,J,1) - radial coordinate of the boundary mesh 

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

point, m or ft 
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3, IIRB(1,J,1) - dlmenslonless radial velocity ratio 
A. UZB(I,J,1) - dlmenslonless axial velocity ratio 
5. PB(I,J,1) - dlmenslonless pressure ratio 
6. RHÖlB(I,J,l)- dlmenslonless density ratio 
7. AB(1,J,1) - dlmenslonless sound-speed ratio 
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Listing of Sample Problem Input Data 
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Read Input Data 

Print Out Initial 

Data 

Non-Dimensionalize 

Variables 

1 
Determine Active and 
Inactive Points in 
Mesh Grid and Odd 
Mesh Points 

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

I 
Calculate Corner Point 
Properties in New Time 
Plane 

Figure D.l        Flow Chart Showing Structure of Program 
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1 
Compute Boundary Point 
Properties in New Time 
Plane 

Compute General Point 
Properties 

Interpolate for Odd Point 
in Mesh Grid 

Substitute Properties of New 
Time Plane into the Old 
Time Plane and Begin a New 
Loop 

Figure D.l        Flow Chart Showing Structure of Program 

55 



B>ou^OAt.y 1 

SHgjrtC flLdj 

Figure D.2 Schematic of Blast Wave 

Illustrating Mesh Coordinates 



Appendix E 

Listing of the 

MCDU 43 Computer Code 

Contents 

Main Program 
Subroutine ABDIF 
Subroutine ABGEN 
Subroutine ACT1VTY 
Subroutine ADJUST 
Subroutine BCOMP 
Subroutine BDPROP 
Subroutine BEGIN 
Subroutine BONPT 
Subroutine BOUNDY 
Subroutine BSERCH 
Subroutine CNRBD 
Subroutine COMPEQ 
Subroutine CONVRT 
Subroutine CORCOM 
Subroutine CORNPT 
Subroutine DERIVE 
Subroutine DIFBD 
Subroutine DIFFER 
Subroutine EXACT 
Subroutine FIND 
Subroutine FINITE 
Function  FLAGRE 
Subroutine GENCOR 
Subroutine GENERAL 
Function  GRS 
Function  GR1 
Subroutine GUESS 
Subroutine INITIAL 
Subroutine INPROP 
Subroutine INTEG 
Subroutine INTERP 
Subroutine LAGRNE 
Subroutine ODDPT 
Subroutine PHYCHR 
Subroutine PREPB 
Subroutine PREPDO 
Subroutine PREPOD 

page no. 

59 
69 
72 
75 
75 
76 
80 
81 
82 
83 
90 
92 
94 
96 
97 
101 
103 
106 
107 
108 
109 
112 
112 
113 
115 
117 
118 
119 
120 
121 
123 
124 
124 
125 
128 
129 
130 
131 
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Subroutine PREPRS 133 
Subroutine PRINT 135 
Subroutine REPLCT 136 
Subroutine RPRIME 137 
Subroutine SCAN 138 
Subroutine SEARCH 139 
Subroutine SET 140 
Subroutine SOLCT 141 
Subroutine SORT 143 
Function  SOUND 144 
Subroutine TRNSFR 145 
Subroutine TRSCNR 146 
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REAL  KÄXIS 
0IMFNS!0NNST(6l,N0AT(20»,PR0Pl(30),Xl3O»,ERROR(5l 
CQ»«KQN/PLANE/URGI5),UZG(5)tPG(S)fRHQG(5)fRG(5l«ZG(5)«AGI5), 

.PNEM,PHNEM«ANEWtUPNEU»UZNEW«RAPtZAP(RNEWtZNEM 
COMMON/DAT A/ITEST,NBP.V*I0TH»ANCL6 
COHHCN   RM(25,?5l,ZM<25,25UP(25,25,2»,A(25,25,2),RHO(25,2 5,2), 

.UR(25t25v2)vUZ(25,25T2)fNCR,NOZtRBHClOt30»2)tZBH(lO,30f2lt 

.RB(10,?l,2),ZB(10,21,2)tTHETA(10,30,21,PBt10,30,2»,AB(10,30,2», 

.RH0m0,30«2}«URB(10t30,2ltUZBI10«30t21fNACTVEI25,25l,N00D(25,25), 

.NBACTt 10 •30,2t,NBGDn(10,3C«2),TTYPE( 10*30,2),INUM(10,30,2), 

.LBPTdOltlAXESf 10,30) 
CCI*PCN/FXT/URR,UZ7,PRAT,RRAT,ARAT 
COMMON/STATE/PINIT,RHO INT,A INI T 
CCMHC^BCUNO/JCOOF(l0),KCCOm0,3),LCODEC 10) ,MCODF (10), 

.RTIMP(10,20,3),BCON(10,20f20),BSPCE(lO,20l,ACnN(lO,20,20), 
• r.CONdO. 20,20) 
PI»3,IA1S926535898 
DATANCAT/»     TI«,«ME     •, «MILL» ,• I SEC ,f PRES» ,» SURE» ,» NORM»,'   VFL«, 

I'VELCS'CITY«, •LB/SS'Q-FT«,»   FT/«,«SEC   »,•   FT/»,'SEC   ', 
2»DENS,,»ITV  »^SL/C'^U-fT»/ 

nATANSI/»NT/S»f»0-N  •,•     M/»,»SEC   »,•     M/»,»SEC   •/ 
OATi  SI/»SI«/ 

100  PRINTe20C 
REAC8001VSST 
IPISSI.NE.SIIGOTOIO? 
00641*1,6 
J=I410 

64   NOAT(J)«NSI(I) 
102     READ(5,BC0C)NBP,NTIHE,DELR,DELZ,RINIT,RFINAL,ZINIT, 

.ZFINAL,TIfEK,KPRINT,MSKIP 
; REAC   INITIAL   REFERENCE  CONDITICNS 

REAP(5,8022)PINIT,RH0INT,AINIT,TIME,WIDTM,KAXIS,NC00E 
CONST«PTNIT/(RHOINT*AIMT*AINIT) 
READ   eCtJNDIPV   CATA 
00   11C   I«l,N8P 
PEAri5,«O02)LCODEl I),MC0OF(I) 
KSPCE»LCOOEC1) 

110  RFAC(9,8021)l(RBII,J,l),ZB(I,J,l)),J«l,KSPCE) 
SET UP  BCUNDARIES 
DO   114   I«1,NBP 
KSPCE-LCOOE! II 
00  114 J»1,XSPCE 
RB(I,J,2I>RB(I,J,1) 

114 ZB(I,J,2)«ZB(I,J,1) 
;     READ BOUNDARY CONDITICNS 

00 200 I»1,NBP 
READ(5,R00?)JCOOE(I),fKC00E(I,K),K-l,3) 
IF((JCQOE(I).E0.4).0R.(JC00F(l).F0.61.OR.(JC00E(I).EQ.8)) 

.GO TO 200 
IFINCODEID.EQ.l)   GO TO 200 
KSPCE-LCOOEIII 
KTIRE-KC0DEU,1) 
IF(KTIME,E0.O)KTIME«l 
00  202  K«1,KTIME 
IF(KCOOE(I,1}.GT.O)READ(5,8021)BTIME(I,K,1) 
READ(5,802l) (RCONI I,J,K),>1,KSPCE) 

202 CONTINUE 
IF(JCC0EII).NE.7)CD TO 200 
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KTIPE«KC00ECIt2l 
on  2rK K«1,KTIME 
!F(KTIME.FQ.O)KTIME«l 
IF!KCCOE(I,2).GT.OIREAD(9f8021)BTIHECIfKv2) 
REAC(5tB02lMACCNII,J«K),J«l.KSPCEI 

204  CPNTINUP 
KTIKE«KrC0E(I,3» 
IF»KTIME.EQ.OIKTIME«l 
PO   206  K«l,KTIME 
IF(KCr0E(l,3).GT.0JRFA0C5,802llBTIME(I,Kf3) 
RFAr(5,fl02lHCCnN(IfJ,K),J«l,KSPCEI 

706 CONTIMJE 
?00  CCNTINUF 

CALL AOJLST 
NOR=!FlX(lBF!N&L-RlNIT*neLR/lO.»/OELR)*l 
NC ? = 1 FTX((ZF IN AL-ZINIT+HELZ/l^. I/DEL Z 1*1 

C PFAO   IN  MFSH CnORDINATES   AND   P^QPE^TIFS 
C I   REFERS   TO THF   ROW   AND  J   RFFFRS   TO  THE COLUMN 

IFINCCOF.FC.OJGO  TC  400 
nn   302   T=ltNOZ 
00   302  J^l.NOR 

302   REAn(5,8Q2C)RM(IvJ},ZM(I,J),UR(I,J.l),UZ(ItJtl)tR(IfJ«IlfRHO(ItJ,l 
.),A(TtJ,l) 

CALL   SEAprHnELR.DEU   ^ IN IT, ZINIT, I) 
CALL   PSERCHIOELR.DEL?, il 
rn   306   1*1,NRP 
KSPCE^LBPTdl 
00   306  J*1,KSPCF 

306   REAC(5f802Q)RBM(It J, DtZBfdvJflltURBCI.J,!) «UZAI I , J, 1) ?PB( I« J ,1) , 
•PHOtlltJttltASIttJvtl 

cn   TO  410 
400     CONTINUE 

C SFT   INITIAL VALUES   IN   HESH 
CALL   SEARrH(nFlRtOFLZ,RINIT,ZINIT,l) 
CALL   BSFPCHOELRfOELZt I» 
CALL   INITIAHOELRtOELZ.TIMEI 

410     CnNTINUE 
C WRITE   CUT   INPUT   DATA 

WPITF(6,8230) 
WRITFI6fP212) 
WRITEl6,8270)NBP,NTIMEfnELRtDELZ,RlNIT,RFINAL.ZlNITfZFINAL 
WPITE(6te240) 
WPITFC6,e242> 
IFCSI.EQ.SSnPRINT8245 
!F(S!.NE.SSIIP«INT8244 
WRITEl6tS2 80)PINITfRH0INT,AINIT.MI0TH,TIMEK 
PRIKT8003»KAXISfNCCOEfKPRINTtNBPfNTIMEfNBTtNPLOT 
WRITF{6,62501 
WRITE(6,82521 
IF(SI.E0.SSI1PRINT8255 
IF(<I.NE,SSI1P»INT8254 

r. WRITE   OUT   BOUNDARY   POINTS 
DO  700   I«l,NBP 
KSPCF«LCOnE(II 
WRITE(6,925611 

7 00  WPIT«:(6tB?«J0M«L.RBCI,L,ll,ZBII,L,l»»fL'l.KSPCEl 
C WRITE   OUT   POUNOARY  CONDITIONS 

WRITE(6,84C01 
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DO  70?   I-l.NBP 
MRItetitttKM 
NBPl«I*l 
KL«JCCDFfI ) 
GO  10(720,722,720,702,722,702,724»,KL 

720   KJ»5 
KK«6 
GO  TO   726 

722  KJa7 
KK«13 
GO   TO   726 

72<»   KJ»S 
KK»13 

726     CCNT1NUF 
KTIMF*KrrDE(T,l) 
KSPCF«LCCnE( || 
IFtPCOCFd ).GT.OJGC   TO   701 
IFCKTIMP.PQ.OIGO   TC   704 
DO   703   K»l,KTIMF 
WPITF(6,84241 
WRITF(6,8410JBTIMen,K,l) 
WRITE(6,8420M,NBP1,NOÄT|KJI,NOAT(KJ*1I 
WRITF(6,8422)NCÄT(KKIfN0AT(KK*U 
DO   706  J'l,KSPCF 

706     WRlTFJ5,8425)B«;PCF(I,JI,BC0N(ItJ,KJ 
703 CONTTKUE 

IF(JCCDF(I).NF.7)GC   TO   702 
C WRITF   dlJT   SECPNO   BCUNOAPV   CONDITION 

728     CONTINUE 
KJ-17 
KKS18 
KTIPFxKCCnECI^I 
TFJKT!«IE.EQ.0)G0   TO   705 
DO 730 K=l,KTTHF 
V«RITE(6,84 24) 
WBITE<6,8410IPTTME(I,K,2I 
WRITE(6,R420)I,NRP1,M0AT(KJ) 
WRITFl6,8422)NnÄTIKKI,NDAT(KK+l) 
DO  732  J«1,KSPLE 

732     WRITF(6,8425IBSPCE(!,Jl,AC0NtI,J,K) 
730 CCNTIMJE 

740  CCNTINUF 

KK«13 
KTI^E=KCCnECI,3» 
IF(KTIME.EC.0)GO   TC  7C7 
DO   734  K«l,KTIME 
WRITE(6,8424) 
WRITE(6,8410)BT1ME(I,K,3) 
WPITE(6,e4 201I,NBPl,NDATIKJI,NOAT(KJ4-l) 
WRITE(6,8422)NCAT(KK|,KDAT(KKM) 
DO  736 J«1,KSPCE 

736     WRITE(6,8425)BSPCE(I,J),CC0N«I,J,KI 
734  CCNTUUE 

GO   TO   702 
704 WRITE(6,8424) 

WRITE(6,8412) 
WRITE(6,8^20n,NBPl,N0AT(KJ),NCAT(KJ«l) 
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70fl 

705 

73fl 

707 

742 

7C1 
702 

710 

776 

750 

752 

WPITr 

DO 70 
WRITE 
IFCJC 
GO TO 
WRITP 
WRITF 
WRITE 
WRITP 
nn 73 
WRITP 
GO TO 
WP1TP 
WRITE 
WRIT« 
WRITF 
nn 7* 
WPITC 

CO TO 
WRITE 
CTNTI 
WRITE 
WRITF 
WRITE 
WRITF 
no 71 
no 7i 
V(RITF 

.A( IfJ 
WRITF 
WOITC 
WRIT«1 

WRITE 
nc 77 
KSPCP 
00 77 
WRITE 

.AR( I, 
NCN-0 
OELZ» 
DELP= 
RINIT 
ZINIT 
RFIN& 
ZFUA 
nn 75 
no 75 
RM(If 

Z»{ I» 
DO 75 
KSPCF 
no 75 
PB( I, 
ZBd, 
RR( 1* 
ZB( I, 
00 75 
KSPCE 

(6« 84 
9   J«l 
(ft,04 
ODF«! 

728 
(6,84 
(6,94 
C6,H4 
(6,84 
fl J»l 
(6,84 

74C 
(6,94 
(6,84 
(6,84 
(6,94 
2 J*l 
(6,84 
702 

(6,64 
MJE 

01) T 
(6,82 
(6,92 
(6,82 
C 1 = 1 
0 J = l 
(6,81 
,1),U 

CUT 
(6,92 
(6,82 
(6,^2 
6 1 = 1 
= LPPT 
6 K«l 
(6,93 
K,l), 
IMCNS 
OELZ/ 
OFLP/ 
= RINI 
= ZINI 
L=RFI 
l»ZFI 
C I«l 
0 J = l 
J» = PM 
J) = ZH 
2   1 = 1 
=LCon 
2 K-l 
K,l) = 
t<,n« 
«,21 = 
K,2)» 
4   I»l 
=LRPT 

?2)NOATIKK)fN0*T(KK*l) 
,KSPCE 
25IBSPCE(I,J),BC0N(I,J,1) 
).NE.7IG0   TO  702 

24) 
12) 
20)I,NBPl,NDAT(KJ)vNnAT(KJ+l) 
22)NnAT(KK),NnAT(KK*l) 
,KSPrF 
25)BSPCF(I,J),ACrNn,J,l) 

24) 
12) 
20)I,NBP1,NC«T(KJ),NDAT(KJ*1) 
22)N0AT(KK),NPAT(((K*1) 
»KSPCF 
25)nSPCE(I,J),fCON(I,J,l) 

28)1 

MFSH  POINT   COORDINATES   AND   PROPERTIES 
60) 
62) 
64) 
,NOZ 
»NOR 
00)I,J,RH(I,J),ZM(I,J),P(I,J,l),RHa(I,J,l), 
R(i,j,i) ,nz(i,j,n 
eOUNCSRY   CATA 
59) 
62) 
64) 

(I) 
,KSPCF 
00)T,K,ReM(I,K,U,ZBM(t,K,l),P8(I,K,l),RH0B(I,K,l), 
URB(I,K,l),UZn(I,K,1) 
IOMALIZE   VARIABLES 
mOTH 
mOTH 
T/WIOTH 
I/WIOTH 
NAL/WIOTf. 
NAL/WIOTH 
,MOZ 
,NOR 
(I,J)/W!nTH 
(I,J)/WinTH 
,NBP 
Ed) 
,KSPCE 
RB(I,K,1)/WIDTH 
Z^(I,K,ll/WIDTH 
RR(I,Kf2)/WIDTH 
ZB(I,K,2I/WIDTH 
,NBP 
(I) 
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?54 

77? 

77A 

777 
766 

780 

782 

764 
760 

C 
C 
C 

800 

PO 75A K«l 
RBH(I,Ktl) 
ZBHdfKtU 
PBM(IfK,2) 
ZBMd.K,?» 
NON-DIMFKS 
00   760   I«l 
IFCMCrCECI 
KJ«JCC0F(1 
KSPCF-LCCO 
INOICE»0 
INOEX'O 
00   76A J«l 
KTiME»Krrn 
IFIKTIME.F 
00 766 K«l 
IF((KCCnE( 

.PTIHFU.K, 
GO   fVillZ, 
BCON(I(JtK 
GO   TO   76 6 
BCCM I.JtK 
GO   TP  766 
PCCM I.JtK 
CfNTINUF 
INDEX«! 
IFtKJ.N^W 
KTlHE»KCnO 
IF(KTIME.E 
00   780 K»l 
IFUKCOOEC 

• BTIMEd.K, 
ACON(I,J,K 
KTINF'KCCD 
IFUTIME.F 
00 782 K«l 
IF((KCCOE( 

.BTIMECI.K, 
f.CQN( ItJ.K 
INDICE»l 
CONTIMJF 
CONTINUE 
BFGIN   SOLU 
FIRST  OFTE 
SCAN   THE   Z 
IPASS*! 
TIME=TIMF* 
00   7«)0  L»2 
CALL   BSERC 
SCAN  TIME 
OELTA'IOO. 
oo eoc K«3 
Kl-K-2 
00 800 J»l 
IFdNACTVE 
CALL SCANI 
UZIK,J.l», 
CONTINUE 

»KSPCE 
«RBMU.K.ll/WIDTH 
«ZBMn,K,n/WIDTH 
«RBMI I,K,l) 
*ZBH(ItKvl} 
lONALIZE   BOUNCAPY 
»NBP 
).FQ-l»GC   TO  760 
) 
Ed» 

,KSPCP 
E(T.l) 
Q.O»KTIMF=l 

If ▼ t uc 

CONDITIONS 

UKTIME 
[ Itl).GT.O).ANn.(INOEX.EQ.0n 
,l)=BTIMP(I,K,n*»INIT /HIOTH 
,774,766,766,77A, 766,7771 fKJ 
(»«BCCNn,J,K|/PINIT 

)=RCCN(I,J,K)/AINIT 

l=BC.rN(l,J,K)/AINIT 

)G0   Trj  764 
Ed,2) 
Q.OIKTIME'l 
,KTIMF 
I,2).GT.0).ANO. (INOICE.EQ.On 
2l-BTIME(I,K,2l*AINIT /WIOTH 
»»ACCNCI,J,K)/RH0INT 
Ed,31 
Q.OIKTIMF«! 
,KTIME 
I,3 l.GT.OI.ANO.I INOICE.EQ.On 
3)«BTIMEd,K,3l*AlNIT /WIOTH 
»»rcCNlI,J,K)/ATNIT 

TICN   TO   PROBLEM 
RMINE   TIME   INCREMENT  BY  SCANNING  DATA 

OIRFCTICN   FIRST 

AINIT /WIDTH 
,NTIME 
HfDFLR,DELZ,2) 
FOR   GENERAL   POINTS IN   Z  DIRECTION 

• NOZ 

,NOR 
(K,J).EO.O).CR.(NACTVE(K1,J).EQ.O)}GQ  TO  800 
ZM(K,J),ZM(Kl,J),UZfKI,J,U,A(KI,J,l), 
/(KvJ,l)vnELTA,CMIN) 
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C SCAN   THE   RADIAL  OIREf.TICN 
DO   810  K«l,NOZ 
DO   PIO   J»3,N0R 
Jl«J-2 
IF(fNACTVE|KtJll.EQ.OI.OR.(NACTVE(KtJI.Eb.O))   GO   TO  810 
CALL   SCAN(RM(K,J)tRM(KfJllvUR(K*J,ll(A(KtJ,ll,IJR(KvJLtl), 

.A(KtJlTl)fOELTA,OMIN) 
810     CCNTTNUE 

C SCAN   PPUNCÄPIES  FOP  TIPF    INCREMENT 
00   P2n   I«ltNPP 
KSPCE = L«FT(n 
DC   P20   K»"5,KSPrF 
Kl = K-2 
IF( (NeACT(IfKlfn.FQ.0I.OP.(NBÄCT(IfKf U.FQ.OIIGO   TO  320 
ANGLF = ATAN2((7RM(I,Kf ll-ZPM(IfKl,in t 

.(RPV(I»Kfl)-PBM(I,Klf1)11 
P PR l = C • 
FPP2=SQPT(((ZBM(I,K,n-ZBH(IfKl,lH**2»* 

.( (RPM( I,K,1I-R*M( I,K1, in**2)) 
l)Rl=UPP(IfKl,l»*CCS(ANGLE»*UZB(I,Klf 1)*SINIANGLEI 
UP2=U»-,.BI I,K   ,l)*r.PS(ANGLF)*UZBUtK   , 1» *SIN( ANGLE I 
FALL   ?CAN(RPP2,PPRltURl,ÄBCI.Kl,UtUR2fAR(I,K,U t 

.nFLT4,CMIM 
P2r      CFNTIMIF 

WRITE(6,8600)DELTA»DM IN 
C MULTIPLY   TIMF   RY   CCNSTANT 

rELTA=TIWFK*nFLTA 
HRITC(5fe6C0)DELTA 

C INTFT.RATF   UNSTFADY   EOUATITNS   TO  THE   NFW  TIMF   PLANE 
r INCPFMEMT   TN   THE   AXIAL   DIRECTION   FOR   THF  OUTSIDE 
C LOOP   INO   ThFN  THE   RADIAL   DIRECTION  FOR   THE   INSIDE   LOOP 
C CONSICER   THF  FIRST  RCW   RCUNDARY 

TI*F=TIME*nFLTA 
C COMPUTE   CCPNFR   POINTS 

00   1202   I»lfNRP,2 
no   1202  Lt«ltl 
CO  Tn(i?iofi2?0)fLI 

1210   CONTINUE 
J=l 
IRGUND=3 
IFlI.E0.3) IR0UNn«6 
K*I-1 
IF(K.LT.l)K«NRP 
M=LnPT(K) 
GO   TO   1230 

1220   CONTINUE 
J=LRPT(I) 
IR0UND»2 
IF( I.EQ.3)IB0UN0«5 
K=I + 1 
IF(K.GT.NBP)K=1 
M=l 

12 30   CONTINUE 
CALL   COPNPTII,J,CONST,KAXIS,TIME,DELTA,KPRINTfI80UN0) 
PP(Kft«,2»«PB(I.J,2) 
PR(K,I',2)«PR(I«J,2) 
PHOB(K,Mf2)»RHOB(I,Jv2) 
UPB(K»««t2)«U''P(I,J,2l 
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UZB(K,M(2l«UZe(I«J«2l 
MNK«M0t|««ilI«Jttl 
PRM(KfMf2)«RBM(IfJt2) 

1202   ZRMCKtMf2)«ZBM(I,Jf2) 
C COMPUTE   BOUNDARY  PCINT 

DO   1200   1*1,NBP 
KSPCE-LBPTCII-l 
IBOUND-1 
IF« (JCODE( II.EQ.TI.nP.IJCCDEI I).EQ.9niB0UN0«^ 
00   12C0  K«2,KSPCE 

1200 CALL   eCNPT(l,K,CONST,KAXIS,T1ME»OELTA,ICPRINT,IBOUNO» 
C COMPUTE   GENERAL  POINTS 

00   13C0   I«1,N0Z 
DO   1300  J'l.NOR 

1300  CALL   GENCCR<I,J,CONST,KAXIS,TIME,DELTA,KPRINTI 
C INTERPOLATE  FOt»  ODD  BOUNCARY   POINTS 

CALL   CCnPT(3,2) 
C INTERPOLATE  FOR  ODD   MESH   POINTS 

CALL   C0nPT(IPAfS,2» 
IPASS-2 

C STORE   PROPERTIES   AND   DIMENSIONAL IZE 
00   900   I»I,NOZ 
00  900  K»l,NOR 
IFfNACTVEII.KI.EO.OIGO  TO  900 
PII   K,1)»P(I,K,2J 
PMO(I,K,ll«PH0(I,K,2f 
UP(I,K,ll«UP(I,K,2) 
UZ(I,K,1)*UZ(I,K,2) 
A(IfK,U«A(ItKt2) 

900     CONTIKUF 
DO  902   1 = 1,NBP 
KSPCE-LBPTII» 
DO   902  K«1,KSPCE 
NBACT(I,K,1)*N6ACT(I,K,2) 
NBOCOf IfK,l)»NB0DD(I,K,2) 
THETAfI,K,ll«THETACI,IC,2) 
ITYPE(I,K,l)«ITYPE(I,K,2l 
INUMn,K,lI«!NUM«l,K,?| 
IF(NBACT(I,K,2J.E0.0)   GO   TO 902 
RBM(IVK,1)«RBM(I,K,2) 
ZPMn,K,l)«ZBPn,K,2} 
PB(1,K,l|sPB(I,K,2) 
PH0eil,K,ll»RH0B(I,Kf2) 
AR(I,K,U«AB(I,K,2} 
URB(I,K,1)«URB(I,K,2I 
UZ6(I,K,U«UZB(I,KV2I 
THFTAII,K,ll«THFTAn,K,2l 

902     CONTINUE 
CALL   ADJUST 
IFCMOC(L,MSKIPI,GT.0»GC  TC  790 
TIME1*TIME*WI0TH/AINIT 

C «RITE   OUT   RESULTS   FOR   TIME  PLANE 
WRITE(6,8650)TIME1 
WRITE(6,86A0R 
WRITEI6,8610) 
WRITE(6,0620) 
WRITE(6,8220) 
DO  91C  I»1,N0Z 
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DO  «310 K«l,NOP 
IMNACTVEUtKI.EO.OI   60 TO 910 
WRITEC6f8630>I,KfPn»Kt2),RHOntK,2I.ÄU,K»2I.UMI,K,2I.UZ(I,K,?) 

910    CONTINUE 
XRITE16,86501 TIME I 
WRITP«6,fl8C0l 
imtteUfMtoi 
WRITF(6«8620) 
WRITE(6,82201 
nn <)i2 l»l,NOZ 
on *)i2 K=ifNnR 
!F(NACTVEIIfK).EO.OI   GO  TO 912 
OMA«=Rf(I»KJ*WI0TH 
ZMA=Z^IIfKI*WinTH 
CALL   EXACT(RMAfZMAfTIHEn 
Wf- ITc(6t86 30ntK,PPAT,RP4TfARAT,URR,UZZ 
0OlJ=l,S 

1 FPRCR(J)«C. 
IF(PRAT.NF.0.)E,<R0Rll»«l.-Pn,Kf2l/PRAT 
IF{PRAT.NF.P.)FRR0R<2l«l.-RHn(I,Kt2J/RRAT 
IF(AHAT,NE.0.IEPR0R(3I»1.-AII,K,2I/ARAT 
IF(URR.NF.C. >FPonRUI»l.-URII,K,2l/URR 
IFlUZZ.NF.C.|FRRnR(5)»l.-UZfI,K,2I/UZZ 
^RlTE(6,e632l(FRRCB(J),Jal,5» 

912     CCNTTNUE 
C V«R1TF   CUT   «OUNCARY   PCINTS 

WRITE(6,8650)TIME1 
WRlTEI6,e640)L 
WRITE(6,89C0I 
WPITEl6,8qC2) 
WRITE(6,82201 
m  930   !«l,NRP 
KSPCE'LBPTIII 
HD   93C  Kal.KSPtE 
IF(NPACT(I,K,2).EQ,0I   fiO  TO  930 
CHAsR()M( IfKt2)*WI0TH 
ZMA=ZPM(I.K,2)*WIDTH 
WPITP(6«8904)I«KfZPA,RMAtPB(I»Kf2ltRHOBfI,K,2l,AB(IfK,2}, 

.URR(!,Kf2),UZRfI,K,2) 
930     CCNTINUF 

WRITE(6,86S01TIMEl 
WR1TF(6,?8C0) 
WRITE(6,82201 
WRlTE(6,e610J 
WR!TE(6t86 20) 
WRITE(6,82201 
DO   932   I»l,NBP 
KSPCF»LBPT(I» 
00   932  K«lfKSPCE 
1F(NBACT(IfK,2I.EQ.O»   GC   TO  932 
RMA=RR»M IfKf 2»*«IDTH 
ZMA=ZBM(I,Kf2l*WIDTH 
CALL   EXACT(RMAfZMA,TIMED 
WPTTE(6,86 30n,KfPRAT,PRATtARAT,URRtUZZ 
002J=1,5 

2 FRRCR(J)«C. 
!F(PRÄT.NE.0.IERR0R(l»«l.-PB(ItK,2l/PRAT 
IF(PR«T.NE.O.IFRROR<2)«l.-RHOB(I,K,2J/RRAT 



932 
790 

8000 
8001 
800? 
8003 

8020 
8021 
B022 
8200 
^220 
8230 

!F(ARAT,NE.0.)ERR0R(3»=l.-*fl(I,K,2l/ARAT 
IFIURR.NF.O.»FRRnR(4»«l.-URB«I,K,2»/URR 
IF(t'ZZ.NE.0,)FPR0R(5»-l,-UlBntKl2l/UZZ 
URITE(6,8632J(ERROR«JI♦J-l,51 
CCNTINUE 
CCNTINUF 
GO TO 100 
F0RMAT(2(I3«2X),6E10.0,/,El0.0tIlt4XtI2) 
FQRMÄT(*2) 
F0P>'AT<lCtI2,*Xn 
FORMAT(lHOf«KAXIS   «   •,I2t4Xt•NCODE   «   •,I2f4X,•KPRINT   »   «,12,/ 

!•   NBP   «   «.la.^X.'NTIMF   =   SIS.AXt^RT   «   •. I2f 4Xf • NPL3T  «   * ,12\ 
F0RMAH7E1C.0I 
F0RPAM5E10.0I 
F0RMAT(6E10,0,Ill 
F0RMAT(2lXf«MC0U *3t   Twr-DIMFNS!ONAL   UNSTEADY  FLOW  ANALYSIS'/) 
F0RMT(1H   ,/| 
F0RMAT(lH0f2(9HNUfBFR CF,5X»,12HR-INCREMENTSt3X« 
.l2HZ-INCREMENTSf3X,9HINTTIAL R t6Xf UHMAXIMUM RAD, 
.4X,9HINITI*L Z,6X,7HFIKAL Z) 

8232 FOPMATUH , lOHBHUNO.PTS. ,4X,l IHT INE PLANES,3X, 
.6(6H FEET ,9X1) 

8240 FDRHATtlHO^OX^flHINITIAL REFERENCE CONDITIONS» 
82A2 FORHATCIH ,8HPPFSSURE,7X,7HDENSITY,8X,11HS0UND SPEED,4X, 

.10HREF.LENGTH,5X,10HTIME PLANE I 
8244 F0R»«AT(lH ,8HL8/FT**2 ,7X, 11HSLUGS/FT**3,4X,6HFT/SEC, 9X, 

,4HFFFT  ,9X,8HCrNSTANTI 
8245 FORMATdH ,8HNT/M**2 , 7X, IIHKG/M**3    ,4X,6HM/SEC ,9X, 

.6HMETERS,9X,aHC0NSTANTI 
8250 FORMAT(lHl,20X,'80UNnARY POINT COORDINATES») 
8252 FORHATflH ,3(4HSECT,3Xf6HPADIAL,9X,5HAXIAL,10X1) 
8254 FORHATIIH ,7X,3(4HFEET  ,9X,4HFEET  ,16X)) 
8255 FORKATCIH ,7X,3(6HMETERS,9X,6HMETEPS,16X)) 
8256 FOPMATCIH »ISHBOUNCARY NUMBER,13) 
8258 FORMAT««IBCUNHARY POINT CCPRDINATES AND INITIAL PRDPERTIES») 
8260 F0RVAT(1H1,10X,23HPESH POINT COORDINATES , 

.22HANO INITIAL PROPERTIES) 
8262 FnRMT(5HCHESH,3X»6HRADIAL,9X,5HAXIAL,l0X,8HPRESSURE, 

.7X,7H0ENSITY,8X,llHS0UND SPEED,4X,10HRAOIAL VEL,5X,9HAX' L VEL) 
8264 FOPMATC NO» ,5X,2(4HC0CR, 11X1, 5(5HRATIOt 10X) I 
8270 FORMATdH ,2( I4,1CX) ,61 F9.6,6X)) 
82B0 FORMATdH ,7(F9.4,6X)) 
8290 FORMATdH ,3(1 3,2XtF9.4,6X,F9.4,6X)) 
8300 FORMATdH ,1 2 ,1H, , I2,7(F14.9, IX) ) 
8400 F0PMATdHl,15X,l9HB0UNnARY CONDITIONS) 
8410 FORMATdH ,10HB0UN0 SFG ,5X,6HTIME «,F11.8,4H SFC) 
8412 FORMATdH ,10HB0UN0 SEG ,5X,15HTIME IS INDEPNT) 
8420 FOPMATdX, 13,» TO» ,13,6X, »DISTANCE RAT 10» ,6X, 2A4) 
8422 F0PMAT(37X,2A4) 
8424 FORMATdH ,//) 
8425 FORMATdH ,20X,F7.4, 10X,F 10.6) 
8426 FORMATdH ,20X,7HINDEPNT, 10X,F10.6) 
8428 FORMAT!» BCUNDARY CONOITICN IS A FUNCTION AT BOUNDARY»,13) 
8600 FORMATdH ,10E10.3) 
8610 FORMAT!IH0,10HMFSH POINT,10X,8HPRESSURE,7X,7H0ENSITY,8X, 

.11HS0UND SPEED,4X,9HRAD. VEL.,6X,10HAXIAL VEL.I 
8620 FORMATdH ,20X ,5(5hRATIC, IGX)) 
8630 FORMATdH ,4X, 13, 1H, , I3.4X,5UX,F 14. 9)) 
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a632  FflBMATUH   fl5HPER   CENT  ERROR   f 51 IX«F 14.9)) 
fl640  FOPMATdH   ,12HTIME   PLANF   »,UI 
fl650  FORMATIIHI.THTIME   ■   tF12.9f4H  SECI 
flROO  FOPt'AmH   .15X,1%HEXACT  SOLUTIONI 
8900  F0PHftT(lH0,7X«l2HB0UN0.RA0IUSt3XfllHB0UND.AXIALt^X,8HPRESSURE«7Xv 

.7H0ENS!T\,nX,llHSCUN0   SPEE0,*X,9HRA0.   VEL.,6X, 

.10H*X!AL   VR.l 
R90?   FOPVATdH   ,38X ,5( 5HRAT1C, 10X11 
aqc*   FORMMUH   ,I2vlH,,I?,7(F1^.9,lXn 

fND 
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SUBROUTINF   ABOTF( IBtFTA,KVAl UF) 
f. THF   PURPOSE  OF   THIS   SUBROUTtNF   !S   TO  COMPUTF   THE 
C OERIVATIVFS   FOR   THE   ABNORMAL   GENF IAL   POINT 

C0MMaN/PUFFFR/OU«Rll9)fOURZ(l5lfnUZR(l5l,OUZZCl5lf0AR(l5It0AZ(l5l 
COMMON/DOMAIN/RPn(15I,ZPnU5I.Pn(l5»,ADClS|,RHOOIl5J.UROn5), 

.U7D<15),LSIJB(15I 
01MFNS ION   DIST 11S),PURR(15),PUZR115».PAR(15) 

F. VFRTICAL   INTERSECTION 
GO  TO(100,™0>,1B 

100     GO   T0(ll0.l30f llO,nO»,KVAUJE 
110     CONTINUE 

C COMPUTF   R   PRIME   HFRIVATIVE   FOR   1,^,7 
niSTC7»»0. 
PTSTU)«IRPD(A)-RPnC7))*COSIETA)*(ZP0(4»-ZPni7)l»SlNIETAI 
niSTm«(RP0(ll-BPn(7n*C0S<FTA» + (ZP0(l)-ZP0(7|)»SIN(ETA) 
CALL   FIMTF(It4,7,URnfniST,PURP(l),PUPR(4».PURRI7)) 
CALL   FTNITP(l,4,7,UZnf0ISTfPUZRmfPUZRlAJtPUZR(7n 
CALL   F!NITP(lf4,7fÄn,0ISTtPARm,PARU»,PARI7n 

C COMPUTE  R   DERIVATIVES 
00   112  K«2,3 
Kl.K+3 
K2*K*6 
CALL   LAr,PNP(KfKl,K2,'JRn,RPO,OURR(K),0URRlKU f0URR(K2n 
CALL   LAr,RN»:|KfKl»K2,UZnfRPO,OUZR(KIfOUZP(Kn,DUZRH'2l) 

112  CALL   LAGRNFIK,Kl,K2.»n,RPO.OAR(K)fOAR(Kl),OAPIK2n 
C COMPUTE   AXIAL   DERIVATIVES 

00   114  K«l,7,3 
KI«K*1 
K2«K*2 
CALL   LAGRNFIK,KlfK2»URDtZPO,0URZ(K»,0URZ«Kl),0URZ(K2n 
CALL   LAGRNf:(KtKl,K2,UZO,7POtnuZZtK),OUZZ(Kll,OUZZIK2») 

114 CALL   LÄGPNF(K,Kl,K2.ÄO,ZPO,DÄZm,OAZ(KlltOAZ(K2)» 
C COMPUTE  R   OERTVATIVES   AT  1.4.7 

OH   116   K«l,7,3 
OURRdOMPUORm-OURZIlOOSINIETAn/COSIETA) 
OU/PlK^IPUZBCKJ-OUZZIKl^SINCETAD/COStETA) 

116  OARIK)«(PARIK)-0AZ(K)*S!N(ETAn/COS(FTA) 
RETURN 

C COMPUTF   R  PRIME  DERIVATIVE   FOR   3,6,9 
130 OIST(3I=0. 

OIST(6)=(RPn(6»-RP0mi*C0S(ETAU(ZP0(6»-ZP0m)*SINIETA) 
DISTm=IPPO(<n-RPOI3n*COS(ETA)*(ZP0f9»-ZP0I3l)*SIN(ETAI 
CALL   F!NITF(3,6,9,URO,0IST,PURRf3),PURRI6l,PURR(9H 
CALL   FINITF(3.6.9.UZ0,0IST.t>UZR(3).PUZR(6),PU7R(9)) 
CALL   FINITF(3,6,9,An,D!ST.PARI3I.PAP(6»,PARf9n 

C COMPUTE  R   DERIVATIVES 
00   132  K=1.2 
Kl-K*3 
K2-K+6 
CALL   F!NTTF(K,Kl.K2.URD,RPO,DURR(K|,DURR(Kn.0URR(K2l I 
CALL   FIN!TE(K.Kl.K2.UZ0,RP0,DUZP(K).0UZRfKl).DUZRfK2l» 

132  CALL   FINITF<K.Kl,K2.A0.R«>0.DAR(K).DAR(Kll,0AR(K2n 
C COMPUTE   AXIAL   DERIVATIVES 

00   134  K-l.7.3 
Kl«K*l 
K2»K*2 
CALL  LAGRNE(K.Kl.K2.URD.ZPD.DURZm,0URZIKH,0URZ(K2n 
CALL   LAr,RNf:fK,Kl.K2.UZD,ZPO,DUZZ(KI,nuZZ(Kn,DUZZ<K2)) 



13*  CALL   LAr,RNF(KvKlvK2«ADvZPn,DAZ(K)«0/tZ(KntnAZ(K2)l 
fpMPUTF  R   DERIVATIVES   AT   3t6t9 
DO   136   K»3,«»,3 
nURRIK)«(PURR(KJ-DURZ(Kl*SIN(eTA)l/COS(ETA» 
DUZR(K)«fPUZR»K)-DUZ?(K)*SIN«FTAH/COS(FTAI 

136  nAZ(K)»(PAR(K)-nAZ(K)*SlNIETAn/COSIETA| 
RETURN 
HORIZONTAL    INTERSFCTIPN 

300     GO  Tn(3int3lO,330f330)fKVALUE 
COMPUTE   P   PRIME   DERIVATIVE   1,2,3 

310   DtSTttlaO. 
0I<;T(7)=(RPn(2)-RPniin*COS(ETA)*(ZPni2)-ZPO(l)I*SIN(ETAI 
DIST(3l=(RPO(3|-RPn(l))*COS(ETA)*(ZPn(3)-ZPn(!l)*SIN(ETÄ) 
CALI    ETNITF(l,2f3,Uon,niST,PURR(n,PURR(?),PURRI3n 
CALL   FINTTF(l,2l3,lJ7n,niST,PUZRin,PUZP(2),PUZR(3)) 
CALL FINITFIl,?,3,An,ni<;TfPAPIl),PAP(2),PAR(3H 

;     COMPUTP R OFPIVATIVES WITH LAGRANGF 
nn 312 K»I,3 
K1*K*3 
K?rK+6 
TALL   LAr,RNF<K,KlfK7ftJRn,PPn,nURR(K|,nURR(Kn ♦DURR(K2l ) 
CALL   LAr,RNF(K,Kl,K2,UZn,PPOfnUZRfK>,OUZR(Kl»,nUZP(K2l ) 

312   CALL   LAORNcfK,Kl,K2,An,RPO,0AR(KJ,nAR<Kn,DAR(K2n 
COMOjjTF   AXIAL   OFPIVATIVES 
PC   314   ««4,7,3 
Kl=K«-l 

CALL   LAGRNF(K,Kl,K2tMR0,ZPn,nURZ(K),0URZ(Kl),0URZIK2)) 
TALL   LAr,RNF(K,Kl,K2,UZD,ZPn,DUZZ(Kl,nUZZlKl),nUZZ(K2n 

314  CALL   LAr,RNE<KfKltK?,A0,ZPOfDAZ(KJ,0AZ(Kn,0AZ(K2n 
COMPUTF   AXIAL   OERIVATIVFS   AT   1,2,3 
00   316   K=l,3 
OURZ(KI = (0|JPPCK»-OU«P(K>*COS(ETAII/SIN(ETAI 
OMZZ JKI=(PIIZP(K)-OUZO {KI*CnS( ETA )I/S!N(FTA) 

316   OanKl = (PAR(K)-OAR(K»*COS(ETAn/SIN»FTAl 
PFTURN 
rOMPUTP   R   poiMF   OFRIVATTVE   AT   7,8,9 

330  niSTC«n = 0. 
0TST(8l»(Rrnifl»-RP0(9n*C0S(ETA»*(ZPDI8l-ZP0(9)»*SIN(ETAl 
0IST(7l=(PP0(7)-RO0<9n*C0S(ETA)*(ZP0(7)-ZP0(9))*SIN(FTAI 
CAIL   FINITF<7,fl,9,UR0,0IST,PURR(7),PUPRI8),PURR(9)) 
CALL   cINITF(7,R,9,UZn,DIST,PUZR(71,PUZR(fl),PUZR<9)) 
CALL   FINTTF(7,R,9,Anf0T5T,PARI7),PAP(8),PAR(9») 
COMPUTE   R   OFPIVATIVES   WITH   LAGRANGE 
00   332   K«l,3 
Kl-K+3 
K2*K-»-6 
CALL   LAGPMF(K,Kl,K2,UPDfRP0,nURR(K),DURP(Kl l,0UPR(K2)J 
CALL   LAGPNF<K,Kl,K2,UZ0,PP0,0UZR(K),0UZR(Kl)tDUZR(K2)) 

332   CALL   LAGRNF(K,Kl,K2,A0,0P0,DAR(K» ,0AR(Kl),DAR(K2)» 
COMPUTE   AXIAL   OERIVATIVFS 
00   334   K=l,4,3 
K1*K+1 
K2«K+2 
CALL   LAGRNPIK,Kl,K2,URn,ZP0,0URZ(k|,nURZIKl),0URZ(K2)1 
CALL   LÄGRNF(K,KlfK2,UZn,ZP0t0UZ7(K),DUZZIKn,OUZZ(K2)) 

33A   CALL   LAGRNF{K,Kl,K2,A0,ZPn,PAZm,0AZm),0AZ(K2n 
COMPUTF   AXTAl    DERIVATIVES   AT   7,8,9 
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00   336 K»7f9 
HUP 7 <k l»( PUR« «Kl-OURMK l*C0S C ft AII/S IM! mi 
DUZZ(K}-(PUZR(K|-DUZRIKI*C0S(ETAll/S1NfETAI 

336  OAZfK|*(PAR(K|-DAR(K)*CO$(ETA||/SIN(ETA} 
RFTURN 
FNO 

. 
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MIRROUTINF   ABGFNfftNEWtZNEMtlBtKVALUFtMtFTM 
COMMnN   PM(?5,?5»,ZM(?5,25),P(25,25,2JtAI 25,25,2),RHri25,25,2), 

.«)P( 25,25,2),UZ( 25,25, ?}vNORfNOZ«RRMnO,30*2} »ZBM(10«30t2 It 

.RR(in,2l,2),ZP(lO,21,2),THFTA(10,30,2),PRI10,^0,2),AB(10,30.2), 

.RHOP(10,30,2),UPn(10,30,2)fUZB(l0,30,2)tNACTVF(25,25)vNODO(25,?5), 

.NflACTnOOO^I^BnondO.SO^I.ITYPEdO.SO^KINDMdO.aO.ZI, 

.IPPT(10),IAXFS(10,30I 
CnMMHN/nFNPT/IJ,rK,Il,T2,Jl,j2tNGFNI9|,XY|3) 
mMMON/OAT A/ITF5;T,NBP,HTDTH,ANGLE 
coMMnN/nnMAtN/RRndsj^POd^i^odsi^ndsuRHnodSj^ROdSi, 

.nzn( ISItL^lftflfl 
CnVMnN/XCHNr,/I<;T'».FfK«;TRE,TL,IM,10,Tni,in2 

r. THF   PURPOSF   OF   THl«;   ^UBRnUTINF   IS   TO   ADJUST   THF 
f. HCNFRAL   POINT   nriMAIN   POINTS   FOR   AN   ABNORMAL   fiFNERAL 
r POINT 
C Sri   ROW  ANO  COLUMN   INOICES   OF   MISSING  POINT 

OP  Tnd00,ll0,l?0,l30),KVALUF 
inn    TRnw=d 

inisj' 
r,o TH HO 

no    iPnw=i2 
irnL=J2 
r,n Tn un 

i?n    iRnvr=il 
icni«ji 
GO   TO   140 

110      TROW=I? 
icnL=Ji 

C     nETFRMTNF NFÄRFST POUNOAPY POINT 
140 OH 200 1=1,MBP 

KSPCF = LRPTd) 
TSTPF=T 

C ASSUMF  MFA^FST   pnnNOAPY   POINT   IS  *  VERTICAL   INTERSECTION 
KMUM=irOL 
KPUNTsrl 

?0H     rONTINUF 
PP   ?10  Ksl.K'.PCE 
KSTPF*K 
KCMPRsfNUMd ,K,M) 
IF(»<NUM,NF.Kr.MPP)GO   Tp   210 

r THFrK   TMTFPScCTTON   TYPE, l-VERTICAL, 2«H0R IZ0NTA1. 
KTYPEalTYPFd.K.M) 
IF(KTYPE.NF.KOUNT»G0   TO   ?10 

C CHFCK   POSITION   OF   POUNOAPY   POINT 
GO  TPI300,4001,KOUNT 

C VERTICAL   INTERSECTION 
100     GP  T0(310,320,330,340»,«VALUE 

910   TP(?PO(Z).GT.ZBMd,K,M)lGO  TO  220 
GO  TP  210 

320   IP(ZPn(2).LT.2PMd,K,M))GO  TO  220 
GO  TO  210 

330   IF(ZP0(fl).GT.7BMd,K,MnGO   TO  220 
GP  TO  210 

340     IF(7PO(fl».LT.7PMd,K,M) »GO  TO   220 
GO   TO  210 

C HORIZONTAL   INTFRSECTION 
400     GP  TO(410,420,430,440),KVALUE 
410      IFIRP0I4).LT.RBMd,K,M)IG0  TO   220 
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CO   TO   210 
^20 TMRPD(6).LT.RPM( TtKiMnGO  TO  220 

GO  TO   210 
^0 IPfRpnt4I.GT.PBM( IfKfMnGr  TO  220 

GO  TO   210 
440 IF(PPn<6|.GT.RBM(IfKfPllG0   TO   220 
?10 CONTINUE 

GO   TO«210,200»tKOUNT 
C ASSUME   HORTZONTAL   INTERSECTION 

230 KOUNT«? 
KNUMsTROW 
GO   TO   20* 

200 CONTINUE 
WPITE(6,R000)IJ, IK 
TALL   EXIT 

c CHANGr   POllNnAPY   "HINTS   INTO   OOMAIN 
220 FT&=THETA( ISTP E,K<;TPE tM) 

GO   Tni600.700)tKnuNT 
f VPRT1CAL   INTERSPCTION  FIRST 

ftOO IP-l 
1 SUBf n»? 
ISURI2)»4 
LSUP(3)«l 
LSIiP(4»«fl 
ISUPISJsS 
LSUR(6)«2 
LSUR(7)=«) 
l.SUB<R)«6 
LSUB(<»»=3 
GO  Tnt6l0,620,630,640),«VALUE 

C PHTNT   I   OOMAIN  PEPLAfEMENT 
MO TL«KSTPE-l 

IM«KSTRE-2 
10=1 
ini«4 
ID2*7 
CALL   REPLCT(M) 
RETURN 

C POINT   3  DOMAIN  REPLACEMENT 
670 II»KSTREM 

IM»K<;TRE*2 
in»3 
ini«6 
I02«9 
CALL   PEPLCT(M) 
RETURN 

C PO^NT   7  OOMAIN  REPLACEMENT 
630 I.-KSTRF+l 

IM-KSTRE+2 
!n«7 
101x4 
102« I 
CALL   RPPLCTIM) 
RETURN 

C POINT   9  OOMAIN   REPLACEMENT 
640 U«KSTRF-l 

TM=KSTRE-2 
I0«9 

POINTS 
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• 

TDl»A 

CALL   RFPLCT(M) 
RFTIIRN 
HORIZONTAL   INTER^FCTlfN 

700   TP=? 
LSUtltl«? 
LSUR(2»«n 
LSUSfllM 
LSM«(A)=« 
L"?imf5) = «i 
L<;ilBI(!»»=6 
L^U«(T)«1 
LSUR(9)=2 
I SUR(«)» = 3 
r,n   Tni7lO,7?Of 7^0, 7401,KVÄLUF 
POINT   l   DOMAIN   PPPlAfFMFNT 

Tin IL'K<;TRE*I 
IM=K<;TPF+? 
10=1 
I0l«2 
T0?«3 
CALL   RfHCTfMI 
PFTURN 
P^INT   3   OOMAIN   RPPLArFMFNT 

7?0   IL*K«iTPF-l 
TM=KSTRF-? 
io=-» 
101 = 2 
102=1 
TALI    PPfHCTIM) 
RETURN 
POINT   7   nnMAIM   PFPLACFMFNT 

730   ll«KSTRF-l 
lM=KSTPF-2 
10*7 
TOl=R 
102=«) 
CALL   RCPLr.TjM» 
PFTMRN 
POINT 9 DOMAIN PPPLACFMENT 

740 IL=K«;TPF*I 

IM=KSTPF*2 
lOeP 
101 = 8 

PFTURN 
^000   FORMAT (IH   f3«HPBR0R    IN   SUBROUTINE 

.T3,IH,,I2) 
FMO 

Af>5EN  AT   POINT, 
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SUBPOUTTNE   ACTVTYCKVALUE,NOACTI 
rnMHQN/GENPT/1JttKfll,l2fJlvJ2tNGENf9l«XV(3| 

C THE   PURPOSE HP  THIS   SUBROUTINE   IS TO  CHECK   DOMAIN 
r POINT   ACTIVITY  AND  SPECIFY  WHICH POINT   IS   INACTIVE 
C AND  THE  TYPE   OP   INTERSECTION 

NOACT-0 
C DETERMINE  NUMBER   OF   INACTIVE   POINTS 

DO  100  I»l,9 
IF (NGFNU I ,F0.0INOACT«NOACT*l 

100     CDNTINUF 
C S*"T   KVALUE,ASSUME    IT   IS   «»OINT   I 

KVALUE«! 
IF(NGENm.E0.0)KVALUE»2 
IF(NGP^(7».E0.0)KVAHJF«3 
IF INGEN (<)).FO,0)KVÄLUE«^ 
»FTURN 
FNO 

SUBROUTINE   ADJUST .   . 
COMMON RH(25«25),ZM(25«25)tP(25t25«2ltA(25,25,2),RHQf25v25f2), 

.URI25f2ST2)«UZ(25*25t2lvNCR(NOZfRBNI10t30»2)tZBM(lOt30t2)t 

.PBf10*2It2}tZR(10f2l«2)tTHETAC10f30«2)(PBf10t30t2)tAB(10(30t2)t 

.RHOe(10,30.2).URB(10.30t2}<UZB(10,30f2)tNACTVE(25.25ltNODOI2$«2?) 

.NRACT(10,30«2l*NRQ0DU0«30«2)tITYPE(10t30«2)tINUMIl0t30«2l* 
lLBPT(lO)tIAXFS(lOt30)    .       ._ 
COMPQN/BCUND/JCODE110)«KCQOEIIC* 31«LCOOEI 10)»MCODE110), 

.BTIMEnOt20«3)«BCQN(10(20«20)|BSPCEI10t20),ACON(10v20,20)t 

.CC0N(l0t20*20) 
COMMON/DATA/ITEST.NBPtWIDTH.ANGtE 
THIS   SUBROUTINE   ADJUSTS  BOUNDARY  SPACING 
DO   202   I»lfNBP 
KSPCE»LCC0E(I) 
TOTAL»S0RTmRB(I,l,l)-RflCI»KSPCEtl))**2)* 

. ((ZElI.l,n-ZB(I,KSPrE,l) )**2)) 
XI«AT»N2((ZB(I,KSPCEtl)-ZP(Itltl))f(RB(IvKSPCEfl)-RBnf 1,1))) 
BSPCE(I,1)«0. 
DO   20A  J«2tKSPCE 
ETA«ATAN2((ZRn*J«l)-ZBf I*l(l))«(RBntJf U-RBII,!,!))) 
BSPCECItJ)=TOTAL*CCS(ETA-XI) 

204     CONT^UE 
202     CONTINUE 

RETURN 
END 
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SUBROUTINE   BCOHPCIBOUNC.TIMEtOELTAtKAXIS.CONST, 
• NCnUNT.KPMNT,!,.!» 

THIS  POUT1NE   INTEGRATES   UC  BOUNDARY   PCINT  COMPATIBILITY 
FOUATIONS 
PEAL   KftXIS 
COMMON   PM(25,25),ZMC25.25),PC25t25f2),A(25,25,2),RHO(25,25e2», 

.ilP(25,25,2),UZ(25,25?2l,NGRfNOZ,R8M( lOf30«2),ZBM(10f30,2lf 

.PB(lO,2l,2),ZR(lO,2l,2l,TKETA(lO,30,2),PB(l0,30,2lfA8(10,30,21, 

.PMOB(lQ,30,2)fURB(10t30f2l,UZe(lO,30t2ltNACTVE(25,25)vNODD(25,2S), 

.NRArT<lO,30,2JfNRnDn(IO,30,2J,ITYPE(l0,30,2»,INUMn0t30,2l, 

.LBPT(10),I*XFS(10.30I 
Cni-MPN/STATE/PINIT,PHOINTfÄlNIT 
CQWVCN/PXT/URRtUZZtY^RATtARAT 
CnMCCN/PAPTTAl/PURRtSJTPURZfSJ.PUZRISI.PUZZtSl.PARISI.PAZISI 
rOKf'ON/PLANF/URG(5)fl)ZGJ5),PG(5)tRH0GI5),RG(5),Zr.C5),AG{5lf 

.PNFW,RHNFW,4NFW,URNFW,UZNFW,RAP,ZAP,RNEW,ZNEW 
COMK?N/nATA/ITE«;TfNBP,V(IOTH,ANGLE 
C0MMnN/SETUP/RAS(*l,RÄCt4),R(5lt0ELP,0FLRH,DELURfDELUZ,S(5l 
c^^'vc^/BruNn/JcnoF(lO),KCcnE(lOt3l,LcnDF(lO),MCOOF(lO)l 

.BT1MC(10,2P,3»,BCOK(10,20,20),BSPCEI 10,20 I ,ACONl 10,20,20), 
•CCONC10,20,20» 
DIMENSION 0IST(3»,Eni 
DATA KK/l/ 
PI=3.1^15926535897^3 
TOL«0.0000001 
TOL«0.0C0l 
CALL   BEGIN(I BOUND, CELTA,KAX IS,CONSTI 
BOP^RNPW 
ZOR = Z^r:W 
IF(JCC0E(n.E0.3)KK«l 
GO   Tn(lOO,llOJ,KK 

100     t(K»2 
IF(MCCOFm.FO.O)   CO   TO   200 
PORA«PnR*WlOTH 
ZORA»ZQR*V«inTH 
TIME1=TTME*WI0TH/AINIT 
CALl   EXACT(P0BA,ZGRA,TIME1I 
IF( (JCOTEI n.NE.2).AN0.(JC0nE( n.NE.7))G0  TO   110 
X=-U*R*S INI ANGLE)*UZZ*CCS(ANGLE) 
IFCJCC0F(I).NE.7)GC TO 110 
W=UPR*COSIANGLE)*U2Z*SINC ANGLE) 
U=PPAT 
prPl»PRM(I,J-l,l)**iIOTH 
ZnRl=ZRM(IfJ-l,lJ*».IDTH 
R0R2»RBM(I,J+l,l)*WIDTH 
Z0ll2«Itflll»J#l«tt*liI0tl> 
DIST(l)=0. 
DIST(2)=(RPMn,J,l)-RBH(I,J-l,l))*C0S(ANGLE)* 

.(ZBMf I,J,l)-ZBM(I,J-l,l))*SINIANGLEI 
DIST(3)=(RBM(I,J*1,1)-RBM(I,J-1,1))*C0S(ANGLE)+ 

.(ZBM(I,J + l,ll-ZBM( I,J-lfl))*SIN(ANGLF.) 
F(2)«V* 
CALl   EXACTIRORl,Z0RlfTIMEl) 
F(l)*UPR*CCSlANGLE)+UZZ*SIN(ANGLE) 
CALL   EXACT(ROR2,ZOR2,TIMED 
F(3) = URR*CCSI ANGLE)+UZZ*SIN|ANGLE) 
CALL   FINITE(1,2,3,F,01ST,ART,DWR,ART) 
GO   TO   110 
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200     CONTINUE 
KV» I 
NK.JCCOHKVI 
NTIMOKCQOmv.ll 
KSPCE-LCOOmV» 
KL»J 
CALL   PlNDIKVtKL,NKfNTIMF,KSPCEiB0RiZ0RtYiWtOl2, 

.DMR.ABT.TINEI 
IF( (NK.EC.2).0«.(NK.EC.7nX»V 

110     CONTINUE 
C INTEGRATE   COMPATIBILITY   ECUATIONS 

NK«jconEm 
GO   TO(300,310,300,320,3IC,330,340),NK 

300     XA=SaUNOfRHNEW,Y) 
nELU«»l=-.5*PHNEM*XA*I2.*URGI5l-URGtll-URG(3) J-.5« 

.IRASI U-RAS(3n*0ELUZ*R(3l-R(ll 
0ELllRl=:DELURl/I.5*I2,*RHNEW*XA*RAC(l)-RAC(3n» 
URNfWl=URGI5)*0ELURl 
IFIRnP.EC.C.)   GO   TC  302 
PART«URNEH/ROP 
GO   TO   304 

302     PÄRT=PURRC5) 
304     CONTINUE 

OELUZl»-2.*(Y-PGmi*CCNST-.5*(RAC(mRACm* 
.2.*RACUn*DELURl-RHNEW*XA*XA*KAXIS*PART* 
.DELTA-.5*XA*RHNEW*«UPGC3)-ÜRG(1I*2.*(UZG(4I- 
.UZG(5n)»2.*R(5l-(R(n*R(3»*2.»R(4M 
DELUZl«0ELUZl/(.5«I-2.«RHNEW*XA*RASCl)*RAS(3l* 

.2.*RASUm 
0ELPHl«IY-PGI5)l*C0NST-Rl5)*IXA*XA/(AGC5l*AG(5)»-l.) 
DELRHl»DELPHl/IXA*XA» 
RHNEWl«0ELRHl*RHCGf5l 
UZNEW1«UZG(5HDELUZI 
IFIITEST.NE.U   GO   TO 4CC 
ITEST«2 
GO   TO   AlO 

400     CONTINUE 
RATIO».01 
IF(ABS(UPNEW).GT.0.IRATI0-ARS((URNEH1-URNEW)/URNEW) 
IF(RATIO.GT.T0LIGOTO410 
IF(AB<(UZNEW).GT.O.IRATIG*ARS((UZNEWl-UZNEW)/UZNEW) 
IF(RATIO.GT.TOLIGOT0410 
IF(ABS((RHNEWl~RHNEW)/RhNEU).GT.0.0000OOL}GO  TO  410 
NC0UNT«2 
KK«| 

410     URNEW«URNEW1 
UZNEW'UZNEVtl 
PHNEW«RHNEW1 
PNEW-Y 
ANEW«SCUND(RHNEW,PNE\«) 
IFIKPRINT.GT.O)   CALL   PRINT 
RETURN 

310     XA«SOUNO(RhNEW,PNEVi) 
lF(pnR,EC.O.»   GO  TO 312 
PART«LRNE*/ROR 
GO  TO  314 

312     PART»PUPR(5J 
314     CONTINUE 
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PELPl»-,25*(RACm*«ACC3)*2.*RACmi*0ELUR-,5*RHNFW* 
.XA*XA*KaXIS*PABT*DFLTA-.25*RHNEW*XA*|URGI3l- 
.URG(ll*2.»(UZr,(4)-UZGf5n»-.25*|X-UZ6(5>l*«-2.* 
.RMNFW*XA4RASf l)»RA$(3)♦2.*RASf4n♦R(5}-•S•(R(ll«- 
.P(3)♦2.*R(<l)l 
OELPl-DElPl/CONST 
PNFVl=PG|5)*nELPl .... 
XA»SOLNniRHNPMfPNEWll 
DFLURJ^-.5*«HNEW*XA*(2.*URG(5l-URGm-URGC3M- 

..5*(X-ÜZG(9n*(RASm-RASC3mRC3l-Rm 
DELURl»OELURl/(.5*f2.«RHNEW*XA*RACa)-RACni I I 
URNEWl=URG(5)*nFLURl 
PAPT^UBNEWl/ROR 
1F(POP.FC.O.IPART»PIJRP(5I 
DFLPHl«A,*nFLPl*CrNST*.5*DFLURl*(«AC(n*RACC3l* 

.2.*P»C(*))*PHNFM*XA*XA»KAXIS*PART«OELTÄ*.5* 

.RHNFW*XA»(UPG<3l-URG(l n*RHNEW*XA*(UZGl4»-UZr,(5) )♦ 

..5*(X-U7G(5) )*(-2.*RHNFW*XA-mASI ll*RAS(3»* 

.2.*PAS(4))- 

.2.*((XÄ/AG(5)»**2)»R(,5|*(R(l)*R(3l*2.*R(4H 
OFLPHl=nFLRHl/(2.*XA*XA) 
PHNFWlanELRHURHDGtS) 
IFdTEST.NF.lI   GO   TO   5C0 
ITEST*2 
GO   T"   510 

500     CCNTINUF 
RATIO«.01 
IF(ABS(UPNFW),GT.O.»RATIC«ABSI(URNFWl-URNEW»/URNEW» 
IF<PATI0.GT.T0L)G0T0510 
1F(ARS((PNEWI-PNEW)/PNEK).GT.TCLIGOT0510 
I F(AB S((PHNEW1-RHNFW)/RHNFW).GT.TOl IG0T0510 
NCnUNT*2 
KK=1 

510     UPNFW=URNFW1 
UZNFW'X 
PNEW»SNEW1 
RHNEW=^HNFW1 
ANEW«SOUNO(RHNFW,PNEM) 
IFiKPPINT.GT.OICALL   PRINT 
RETURN 

320     CONTINUf 
330     CCNTINUF 
340     XA»SCUNO(PHNEW,PNEWl 

ir(ROR.PQ,0. »GO   TO   3<r2 
PART*W/RCP 
GC   TO   34A 

342        PART«PUPR(5I 
344   CONTINUE 

DFLPl=-.5*(RHNFW*X**XA*<KAXIS*PART«-0WR)l* 
.nFLTA-R(4l-.5*RAC(0*(W-URGI5) I* 
..5*PHNEW*Xa*(UZGI5J-UZG»4l)- 
..5*(-RHNFW*XA+RAS(«))*(X-UZGC5)) 

DELPlsOCLPl/CONST 
PNEWl=PG(5»*0FLPl 
ÄNEWl*SOLNO(RHNFW,PNEWl) 
OFLRHl«(2.*OFLPl*C0NST+.25*(RACIl»*RACI3l*2.»RAC(4n*(W-URG(5) »♦ 

..25*PMNFW*ANPWl*(URG<3)-URG(l»>2.*(UZGI4l-UZG(5»||« 

..25*(-2.*RHNFW*ANEWURASCn*RAS(3l*2.*RAS(4n*(X-UZG(5n* 



..5*RHNFW*ANm*ANEHl*KAJ(IS«ARJ*0ELTA*.5*«RCU*RC3n* 

.fR(*)-ANEMl*ANEWl«lif9)/UGf9)*AG(5)m/ 
•fANEU1*ANEW1) 

PHNPHl«RH0Gf5l40ELRHl 
ANEMl«SnUNO(RMNEHl•PNENlt 
IFdTEST.NE.DGQ TO  600 
ITEST-2 _      _  
GO  TO  610 

600   IF(ABSffPNFMl-PNE»<»/PNFHI.GT.TCLIGOT06lO 
IF(AeS(CRHNEWl-RHNEM)/RHNEW>.GT.T0UGQT0610 
NC0UNT«2 
KK«1 

610     PNEW>PNEH1 
RHNEM«RHNEWl 
URNEW'W 
UZNEW>X 
ANEW>ANEW1 
IFjKPRtNT.GT.OJCÄLL   PRIM 
RETURN 
END 
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iÜÖKULTINE 6 
CCMMON RM(2; 

»W 125,25,2) | 
.KimC,2l,2) i 
. RHÜb( 10,30, 2 
.NBACT(lO,30t 
.LbPTl10),IA> 
DIMENSION PF 
INü=l,VERTIC 
lNÜ=nYPE(I , 
VERTICAL    IM 
SO Tniicc,3C 

lüö      CUWTINUE 
Ff<CFll) = PPaF 
X( l)=RbM(I| 1 
PRüP{2)=PR0P 
X(2)=PBF(I, I 
FRÜP(3)»FRCF 
X(3)-PBM(I, I 
XINL = PEH(I, I 
KETLRN 

2oO      CLNTINUE 
FJ-üP(i) = PÄCF 
X( 1)=ZBM(I, I 
PHCiPI2)=PRCF 
X(2)«ZBM(I,I 
PÄUP(2)=PRÜP 
XI3l«ItMlliI 
XlNÜ=Zdrt(I,I 
RtTUPN 

CFPQPl 11,12, 13, 14, I,M, PROF, X, PRÜF h.X.r.O) 
,25),ZM(25,25ltP(25,25,2)«A(25,25,2)fRHO(25,25,2), 
UZ(2ä,25,2),NCR,NCZ,RBMa0t30,2),ZaM( 10,30,2), 
ZB(10,21,2),ThETA(10f30«21,PB(10,30,2),AB(10,30,2), 
l,URB(10,30«2),UZB(10,30,2)tNACTVE (25,2 3),NGDD(25,25). 
2),Ne0C0(10,3Cv2),ITYPEI10,30,2),INUM( 10,30,2), 
£S(10,30) 
CP(1),X(1),PRCPB(10,3C,2) 
ti   INTtRSfcCTlCN,lN0=2,HORIZONTAL   I.<lTr.RSEC TILPJ 
H,K) 
ERSECTIUN 
Clt IMB 

E(I,I1,M) 
Iff) 
e(i,i2,M) 
IfflJ 
E(I,I3,M) 
iffll 
A,K) 

E(I,ll,M) 
UPI 
e(i,i2.M) 
2,K) 
e(i,i3,M) 
2,M) 
^,f) 
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SUBROUTINE BEGINdBOUND,DELTAtKAXISiCCNST I 
REALKAXIS 
COMPÜN/PLANE/URG(5»,UZGI5l,PGf5»,RHOG<5),RG(5lfZG(5|rAC(5l, 

.PNEW,RHNEW,ANPWfURNEW,UZNFH,RAP.ZAP,RNEM,ZNEW 
COMKWPARTIAL/PURR(5)tPURZC5l ,PUZRI5»,PUZZf 51 ,PARI5) ,PAZ( 5) 
C0MPnN/SFTUP/RAS(*),RACl4|,R(5ltDELP,0ELRH,0ELUR,DELUZ.S(5» 

C THIS   SUBROUTINE  OETFRHINES  Mil 
PI«3.U15<> 265358^8 
ROR«RNEW 
ZOR»?NEW 
DFLP«PNEW-PGI5) 
DELRH«RHNEW-RH0G<5I 
DELLR»URNEh-URGC5l 
OELUZ»UZNEW-UZGI5l 

C SET   RHn»A*SIN  EQUAL   TO   RAS 
C SET  RHO*A*CnS  FOUÄL   TO   RÄC 

DO   100   I«lt4 
IF(IBCUND.EQ.O)   GC   TO   102 
IF((IB0UNO,GT.0I.ANO.n.EQ.2l»GO  TO   100 
IF((( IBOUND.FQ.2).0R.(1BCUNO.FQ.5)).AN0.(I.FQ.3nGn TO   100 
IF(f(IBOUN0.FQ.3l.CR.(I60UNO.E0.6n.AND.(I.FQ.l||GO   TO   100 

102     AK«(PLnAT(n-l.J/2. 
D=-PAR(n*SINUK*Pn*P*Zm*COS(AK*PII* 

.PURZ(n*(C0S(AK*PI)**2)-PUZR(I)*(SIN(AK*Pn**2l 
THETft«AK*PI*OELTA*C 
RASd )«AG( II«RHOG( II*S1N|THETAI 
RACm«AGni*RHOG(n*CCS(THETA) 
IF(RGin.NE.0.)G0T050 
PART-PURRdl 
GOTO6C 

50   PART»URG(I)/RG<I) 
60  CCNTJNUr 

SCI)«KAXIS*PA«T*PURRni*(SINCTHETAI*«2)- 
.(PUP7m*PUZR<HI*SINCTHETAI*C0S(THETA)* 
.PUZZm*CCCS<THETA|**2) 
Rin»CCNST*(PG(5)-PGm )*.5^IURG(5l-URG(n»»RACC M* 

..5*(lJZG(5)-UZG(n)*RAS(I) + .5*RHnGCn*AG(I)*AG(n*S(n*0ELTA 
100     CONTINUE 

IF(RG(5I.NE.0.»GOTC7O 
PART.PIJRR(5I 
GOTCRO 

70  PART.URGI5I/RGC5I 
80  CONTINUE 

R « 5 I« . 5*RHCG (5 l*AG 15 I• AG f 5 l*C K AX I S*PART* 
.PURR(5I+PU7Z1511»DELTA 

RETURN 
END 



SUbRCLTINE   eCNPT(i,JfCCMSTfKAXISf TIPEvDELTA»KPRINTviaCUN()l 
»EALK/tXIS 
CLhHCh   RM(25t25)tZH(2 5(25)lP(25»2 5»2)fA(25,25,2)fRH0(25,2 5,2) , 

.UR(25«2^t2)(LZ(25f25i2)(NOR«NQZ(RBNflO»30*2)»2BM(10*30*2 It 
.RE(10*21*2),Ze(10(21*21(THETA(10«3O»2)«PB(10*i0*2)fAB(L0*3Ot2)* 
.RhOe(l0*30,2l*URB(10*30*2)*UZB(lOv30*2)*NACTVt:(25*25)*NOOn(23t25), 
. N bACT(10,30,2),NBCDJ(10,3 0,2),ITYPE(10 , 30,2),INUM(10,30,2), 
.LBPT(IO) ,IAXfS(10*30) 
CCKMCN/DATA/ITEST,NBP,HIDT»-*ANGLE 
CC^MCN/bOUNC/JCCDE(l0),KCCDE(10*3)*LCCDt(10),MCOOE(l0), 

.eTl^E(LO*20*3),eCCN(10*20*2C)*eSPCE(iC,20)*ACüN( 10,20,20), 

.CCLM 10,20,2C) 
CCK>!CN/PLANE/liRG(5),UZG(5),PG(5)*RHCG(5)*RÖ(5)*ZG(5) * 

. AG(5) *PNEW,RI-NEW*ANEW,URNEW,UZNEW «RAP*ZAP,ANEW,ZNEW 
C THE   PLRPüSt   CF   THIS   SLBRCLTINE   IS   TO   CCfPUTE   THE   PROPERTIES 
L AT   A   EOUNCARV   POINT 

INDEX»0 
IThST=l 
I>-((NbACT(I*v,2).FQ.0).OR.(NdOCC( I, J , 2 ) .EU . 1) )   r(F TUkN 
ANGLE=THETA(I*J,1) 
RNEW*RBM(I,J,1) 
ZNEW-ZEMd,«,!) 
IB = ITYPE( I,w ,1) 

L SET   CI-ARACTEPISTIC  LIMIT 
C StT   ÖCUNDARY   CCh'AIN 

CALL   BCUNDYINJ) 
IFIKPRINT.EC.DCALLPRINT 

C SET   LP   DERIVATIVES 
CALL   CIFBD( I,J) 

C GUESS   PROPERTIES 
CALL   CLESS(1,I*J) 

1000   CALL    INTEG(I*J,DELTA) 
CALL   PHYCHRI lEOUND,DELTA) 

C INTERPCLATE   FCP   PROPERTIES 
CALL    INPRQPI ie,IbCUND) 
CALL   CONVRT (1ECUNC) 
NCCLNT=1 
CALL   BCUHPdBCUND   *T IME »DELTA *KAX I S ,CCNST »NCUUNT , KPRI NT * I, J ) 
INC£X»IN0EX4l 
IKINDEX.LT.2*)   GO  TO   101C 
WRITE(6,e7CClI,J 
CALL   PRINT 
CALL   EXIT 

1C10   IF(NCCUNT.EC.l)   GU  TO   1000 
ITEST«! 

C STGRc   PROPERTIES   IN  NEW   TIME   PLANE 
PEdi J*2)>PNEW 
RH06( I,J,2)=FFNEW 
URfc(I,J,2) = LPNEW»CCSIANGLE) -U2NEW*S It. ( ANÜLE ) 
LZB(I,J,2)=LPNEW*SIN(ANGLE)*UZNEW*CüS(ANGLE) 
Atf It 4*21 «tCiM^fllHMill »infill 
PBM(I,J,2)«PNEW 
Z6M(I*J*2)«ZNEW 
RETURN 

8700   FORMAT!1H   *;3HPRÜGRAM  LCCFING   AT   BOUNCARY  POINT, 
• 12,IK,,12) 

END 
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SUBROUTINE   BOUNOVCNJI 
COMMON  RM(25,7S)tZM(25»251vP(25t25t2)tA(25t25t21 tRHOf29,25,2), 

.UR(25,25,2),UZ(25,25,2)»NOR,NOZ,RBM(10,30,2),ZBM(10,30,2), 

.RRnO,?l,2l,ZB(10,2l,2),TH^TA(lO,30,2l,RB(10,30»2)tAB(10,30,2)» 

.RHnB(l0,30,2),URB(l0,30,2),UZBI10,30,2),NACTVE(25,29),N000(25,25), 

.NBACT(10,30,2),NBOOn(10,30,2l,ITYRF(10,30,2),INUNaO,30,2), 

.LBPT(10),IAXES(10,30I 
C0MM0N/PLANE/URG(5),UZG(5),PG(5),RHÖ6(5),RG(5),ZG(5), 

.AG(5),PNEW,RMNFW,ANEH,URNEW,UZNrW,RAP,ZAP, 

.RNEWtZNFW 
rnMMON/nnMAIN/RPO(l5),ZPD(l5),PD(15),AD(15),RHOO(15l, 

.URn(l5»,UZDfl5»,LSURll5l 
CPMMON/nATA/ITFSTfNBP,WIDTH,ANGLE 
COMMDN/XCHNG/IS,KS,KS1,KS2,TO,101,102 
rnMM0N/EXCHNG/IF,rF,IG,ICl,IC2,NUMBR 
PI«?.l«l59265?5898 

C THIS   SUBROUTINE   SETS  UP  OOMAIN   POINTS   FOP   BOUNDARY 
C INTERPOLATION 
f OETERMINF   TYPF  OF   INTERSECTION 
C UVCRTICAL^-HORIZHNTAL 

TAPT»ITYPF(I,JtlI 
GO   TO(100,300»,I ART 

C VERTICAL   INTERSECTION 
100     CCNTTNUP 

K<UMBR*INUM(I,J,1) 
C ASSUME   TH^T  POWS  WILL   INCREASE 

TROW«! 
IF (( ANGLE,GT. .75*PH .AND. ( ANGLF.LE. I .?5*Pn I I»0W«2 
GO  Tn(ll0,l20»,IR0W 

110     DO   112   K»1,N0Z 
JK«K 
ir(7M(KvNUMBR).GT.ZBM( I,J,inGO   TO   114 

112     CONTINUE 
WPlTF(f.,flO00n,J 
CALL   EXIT 

114     LK-JKM 
MK«JK*? 

114     CONTINUE 
C SET   UP   BOUNDARY   OOMAIN  POINTS 

10*1 
101=2 
102-3 
IS«T 
KS-J-1 
KS1«J 
KS2«J«-1 
CALL   REPLCTdl 

C DETERMINE   IF   THE   ROW  JK  CUTS   THE   POSITIVE  R 
C PRIME   AXIS,IAXIS*1,POSITIVE,IAXIS«2,NEGATIVE, 
C TAXIS«3,POSITIVE   NO CUT, IAXIS-4,NEGATIVE  NO CUT 

IAXIS-2 
IF( (( ANGLE.GT.0.1. AND« (ANGLE. LE..25*Pin.OR. 

.(( ANGLE.GT.PI). AND. (ANGLE.LE .1.25^1)111 AXIS« 1 
ZA«ZM(JK,NUM6R) 
IAXES( I,J)*IAXIS 
GO  TO(l30,132),tAXIS 

110     CONTINUE 
CALL   SET(ANGLF,NUMBR,IART,IAXIS,IC1»IC2) 
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C OFTFRMINF   IF   FIQ^T   RPW  CUTS   POSTTIVF  R-PPIMF   AXIS 
VAtllFl3AMAXl(ZBM(I,Jfll,?RM(IfJ«l«llfZA) 
VALUE2*A*INl(ZRMn*Jf nfZ9M(TtJ*l»l)*ZA) 
IF((7A.FO.VALUEll.nR.(ZÄ.EOWALUE2nGn  TO   134 

C SET   UP  nOMAIN   POINTS  ON  ROW   JK 
RPn(4)«RM(JKtICll 
7Dn(4l=7M(JKfiri) 
pn(<v) = p( jK,ici fn 
RHnomsRHnuK.ici,!) 
IIRD(4)=IIR( JK,irT,l) 
(IZ0|4t«UKtJt(«fC|«ll 
An(A)=A(JKfICl,l) 
PPn(5»=RM(JKfNnMBP) 
7'»0(5)=ZM( JKtNI)MnP) 
POCilsPfJK.NUMRR,!) 
PHnr»(5) = PHn(JK,NI)MRP,n 
UR H ( S ) =UR ( JK , WUMRR f 1) 
ll70C'))=UZ(JK,NUWqP,l) 
4n(5)*A» JK.NIIMBP.l I 

f. INTERPOIÄTF   FOR   BOUNnftPY   POINT   PROPERTIFS 
ZPn(6)=ZM( JK.MIIMRRI 
Rpn(6)-RRM(Tf J-l, I)MORM(l,J+l,l)-RBM(If J+lfin* 

.(ZPOCAI-ZRMd, J-l,in/(7RM(If J+ltU-7RHn,J-l»I)) 
CALL    INTFR«>(PD,RPn,Pni6),PPD(6)f3,3) 
CALL    INTFPP(PHOn,RPn,RHnni6»fRPni6lf3,3) 
TALI     TNTFP.P(URnfRPn,UPn(i«)),RPn(6lf 3f 3) 
CALL    INTFPP(UZn,RPD,l)Zn(6),RPO(A),3,3l 
CALL    INTFRP(AP,RP0,A0m,RPDI6),3,3l 
LSUP(n = l 
LSUR(2)«? 
\ SUB(3)=3 
ISUR(A)=7 
LSUR(5)=0 
I SURI6I««» 
LSURITJ.IO 
LSll«(P) = ll 
LSUBI«»)«^ 
r,n TO 13^ 

134     CONTINUF 
IAXES(I,J)=3 
nnjoiK^i,«» 

201   I 5IJRIK)«K 
C I^CPEMFNT   COLUMN  -»-.-»ONF 

fE=4 
TF«5 
IG=ft 
CALL    TRNSFP(TART,lfJK) 

136     CHNTINUF 
C SET   UP   DOMAIN   POINTS  ON  POW   LK 

|f«T 
TF.R 
IG*<> 
CALL   TRNSFR(TART,lfLK) 

C SFT   UP  BPHAtN   POINTS ON  ROW  MK 
IF = 10 
IF»11 
IG'12 
CALL   TPNSFOtIART,l,MK) 



PFTU«N 
132     rONTINUE 

f. OFTERMiNF   fF   FIRST  ROW CUTS  NEGATIVE   R-AXIS 
CALL SET(ANr,iFfNUMBR,URT,!AXlSiICltIC2> 
VALUEI«AMAXl(ZBMn«J»ll,ZBMf IvJ-lfl)vZA) 
VALUE2sAHTNUZnM(IvJfl)tZBM(IvJ-l«ll,ZA) 
IF((ZA.E0.VALUEll.0R.(ZA.E0.VALUE2l)Gn  TO  HO 

C SFT  UP  DOMA IN   POINTS  ON  ROW   JK 
ZPDU»«ZM(JK,NUMBRI 
ppOl^J.RBMd, J-l,ll4-<RBH(I,J*ltl)-RBMfI.J-lf !)»♦ 

.(ZPn(4l-fflM(ltJ-l,l))/|?BM(IfJ*Itll-ZBM(IfJ-l,I)I 
CALl    INTFRP(PD.RP0fP0(4)fRPnU»f3,3J 
TAIL    INTFPP(RHnn,RPn,RH00f4)fRPD<4J,3,3l 
CALL   TNTFRP(UPnfRPD,UP0(4l.PP0C4»t3.3) 
CALL   TNTFRP(U7ntPP0,UZDUI.RP0I4).3,3> 
CALL   INTFRP(AD,RPD,An(4I»RP0(4lt3,3l 
PPn(5)»RM(JKfNUMBP| 
7Pn(«5)=ZN( J)<fNUMBP) 
PnC5»*P(JK,NUMBRtn 
RHOOfS)=RHOlJK,NUHBR,n 
IIPO (5 I «UR ( JK , NUMBR , 1) 
UZn(5)»UZ(JKfNllM8P,l) 
ADm=A(JKtNUHRR»U 
RPn(6»»PM(JK,IC2) 
ZPn(6J»ZM(JKfIC2) 
PD(6I«P(JK,IC2.1) 
RHODIAI-RHOIJKfIC2fl» 
URn(6)=UR( JK,IC2fn 
UZn(6)«U7(JK,IC2,U 
AnC6)«A(JK,IC2,l) 
ISUB(1)«1 
LSUB(2l-2 
LSUB(3|a3 
ISIJB(4)»7 
LSUB(5I=B 
LSUB(6)=9 
LSUP(7|.lO 
LSUR(8)»ll 
LSUB(<»I«12 
GO  TO   142 

140     CONTINUE 
C INCRFMENT   COLUMN  ♦t-tONF 

lÄXFSd, J)=4 
nn202K«i,9 

202   LSU8(K)«K 
IF«4 
IF«5 
TG-6 
CALL   TRNSFRfIART,l,JKJ 

142     CONTINUE 
C SET   UP   DOMAIN   POINTS  ON  ROW  LK 

IE-7 
IF«fl 
IG-«» 
CALL   TRNSFR(TART,1,LKI 

f OETERMINF  ROW   MK 
IFMO 
TF«ll 
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CAll   TRNSFR(IA^T,ltMK) 
RFTURN 

120     CPNTTNUF 
C SCAN  ROWS   OfCPPASING  TO  FIND  ROW  JK 

00   122  KMfN07 
JK«NO?-K*l 
ir(7.MU"<,NUMPP).LT.7RM(I,Jfl))Gn  TO   124 

12?     rnNTINUE 
wPTTF(ftfnonoji,j 
TALL   FXIT 

12A     IK=JK-1 
MK»JK-2 
r;p TO  U6 

r HORWONTAl    1NTFPSFCTI0N 
•^nn     CPNTINUF 

NI|MPR«INtJM»T , J, I) 
C ftSSUMF   THAT   THF  CDLUMNS  WILL   INCRFASE 

irni«! 
IF «( »NG! F .GT . . ?«5*PI ) .AND. ( ANGLE.LE. . 75*P I) ) IC0L«2 
GC Tn(3ioti?o),TrnL 

31P    nn 312 K=i,NnR 
JK-K 
lF(PM(NlJMBR,K).GT.PBM(I,J,l))Gn   TO   31A 

312     fONTlNUF 
WRITEIS.POOOMf J 
CALL   FXIT 

MK=JK+2 
316     CHNTINUF 

f. SFT   IIP   RnUNOAPY   nOMATN   POINTS 
10=1 
101x2 
102=3 
1^=1 
K«;«J-I 
K51*J 
K?;2=J*I 
CALL RFPLCTU) 

C OFTFP^TNE  IF THF F.OLLLMN JK CUTS THE POSITIVE R 
C PRIMF   AXTS,IAXIS«lfPnSITIVF,IAXIS«2,NEGATIVFf 
C IAXTS»3t00SITIVE   NO  CUT, TAXI S«4tNFr,ATI VE  NO   CUT 

IAXIS«! 
IF((UNGLF.GT..25*PII.AN0.UNGLE.LE..5*PT)).0R. 

.((ANGLF.GT.l.2S»PT).ÄNO.(ANnLE.LE.l.5*PnHIAXIS»2 
PA=RMINUMBRtJK) 
TAXFSII,J)=IAXIS 
GO   Tn(330,340l,IAXIS 

330     rOMTINUE 
CALL   SFTCANGlFfNUMBP,IARTtIAXIS,IClfIC21 

C OFTFRMTNF    IF   «"IPST  ROW  CUTS   POSITIVE   AXIS 
VÄlilFl = AMAXl(PBMM,Jtl)fRPMn,J*l,n,PÄl 
VALUF2*AMINl(PBMn,J,ntRR^(If J^ltUfRA) 
IF((RA.F0.VALUEll.0R.IRA.E0.VALUE2)IGn   TO   332 

C SFT   UP  OOMAIN   POINTS   ON COLUMN  JK 
RPnm«RMnci.JK) 
ZP0U)«ZMIIC1,JK> 
po(4)»pnr.i.jK,ii 
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PH0D(4)«RH0|lCltJK,l) 
UROUl«U«MICl,JK,ll 
UZ0(4)«UZ(ICl»JKfn 
AD(4)«A(IC1«JKV1| 
RPn(9)*RM(NUMBRf JKI 
ZPD(5)«ZM(MUMBR,JKI 
P0(5l«P(NUHBR,JKfH 
RHOO(5 I«RHO(NUHBR,JK, 1) 
URO(5)aUR(NUMBRfJK(II 
UZD(5l«UZ(NU»«PRfJKfn 
An(5l«4(NUNIBRtJKvn 

f INTERPOLATE   FOR   BOUNDARY  POINT  PROPERTIES 
RPn(6l«RM(NUHBRtJK) 
ZPnf6)»7BM(ItJtm(ZeM(I»JMvl)-ZBM(IvJvm* 

. (opn(6)-RBM(I,Jf l))/(RRM(I,J*lf U-RBMf I.J,!!» 
CALL   INTEOP(PPfZPnfPO(6),ZPOI6lt3,3) 
CALL    INTERP(RHnn,7Pn,RHOO(6»fZPD((SI,3,3l 
f.ALI     IMTPRP(tlRr)vZP0»UP0(6)»ZPD(6)«3f 3) 
CALL   INTERPCUZ0,ZP0fUZf)(6»,ZP0(6lf3,3> 
CALL   INTERP{AD,ZPn,An(6I,ZPD(6|f3,3) 
iSUBdl«! 
LSIJB(2)=2 
L«;UR(3J«3 
iSliBI*)»? 
LSUnC5»«8 
LSUBC6»««» 
LSUB(7)«10 
LSUB(8)=ll 
LSU8(0)»12 
GO   TO  334 

112     CONTINUE 
C SET   COLUMN  JK 

lAXESdf J)«3 
D0203K»1,9 

203   LSUBIK)=K 
IE«4 
IF=5 
IG«6 
CALL   TRNSFRIIART,!,JK» 

334     CONTINUE 
C SET   UP   DOMAIN   POINTS  ON COLUMN  LK 

IE=7 
IF«8 
IR-9 
CALL   TRNSER(IARTvlfLK) 

C SET   UP  COLUMN   MK 
IF«10 
IF-ll 
IG-12 
CALL TRNSFRCIAPT.l.MKI 
RETURN 

340 CONTINUE 
C    DETERMINE IF FIRST ROW CUTS NEGATIVE R AXIS 

CALL SFT(ANGLE,NUMBR.IARTf lAXTStICl,IC2) 
VALUEl«AMAXl(RBM(I,J,l»,RBM(IfJ-lfl>.RA) 
VALUE2«AMINnPBM(ltJfllfRBM(IvJ-lvl)vRA) 
IFKRA.EO.VALUED.OR.fRA.EO.VALUE2nGO  TO  342 

C INTERPOLATE  POR  PROPERTIES 
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z«>D(M«?fiMnf j,n*izPMn,j*if ii-zBM(i»jfiii* 
. (PPDtA)-RBH(!f J,l)>/<RBMt!,J*l,ll-RRM(ltJ,in 

CALL   !NTFRP(P0fZPn,P0«4>tZPDI4»,3f3l 
CftLL   lNTFRPfRHOn,ZPO.RHnO<4»tZPOUIt3»3» 
CAIL    !NTrR»»<U»0.ZPf),UR0J4),ZPOU)f3,3) 
TALI    INTFPP(UZn,ZPn,MZn(4»,ZP0(4)»3,3) 
CALL   lNTFBP(An,ZPnfAn(4l,ZPn(4l,3,3l 
PPn(S)aRM(NlJMPRt JK» 
ZPniswMmjMRP, JK) 
Pn(5)*P(NUMRPfJK»l) 
RHOD(S)»OHP(NUMPR fJK, I ) 
iiRrns)=un(NU^PP»JK,l» 
1170» 5»=I)7(MUMRP, JK.l) 
Ani«5)=A<NUMpP,JKfl) 
PPOl(S)3(lM(Tf ?,JK) 
ZPO(6)xZM(IC2tJ«C) 
pnm«p(ic?,jK,i) 
PHnnifc)-pHn( !C2t JK.U 

UOD(6)«llR(ir,?,JKf n 
nzni6»*tiZtiC2,jKfi» 
An(M=AnC2,JK,n 
LSUB(tl«l 
LSUBUI«! 
LSim(3)r3 
LS'JBUJs? 
I SUfM5) = R 
ISUP(6)=9 
L<iun(7)«in 

LSUP(q)=l2 

3^2     mNTlNlF 
IAXFSII,J»=4 

204  LSUP(K)aK 
C SFT  CHLUMN  JK 

ir«4 
Tr«5 

TALL   TRNSFP(lAPT,lfJK) 
344     CONTINUP 

C FORM   COLUMN   LK 
1F«7 
TF = R 
in««» 
CALL   TPN^FPUARTafLK) 

r. «;FT COLUMN MK 
1F = 10 
!F = ll 
T 0= 12 
CALL   TPNSFR(!ARTtl,MK) 
RFTURN 

320     CONTINUF 
C SCAN  OFCRFASINC, COLUMNS  TO  FIND  COLUMN  JK 

DP  3?2  KalfNOP 
JK=MOR-K*l 
lF(RM(NUMRRf JK).LT.RBMn.Jtn)GO  TO  324 
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3?? CONTINUF 
WftTTF(6f SOOOHtJ 
CALL   FXIT 

324     LK-JK-l 
MKsJK-2 
GO  TO   116 

ßOOO   FOPMATCIH   ,31Hr.OLUMN ANO  ROW   SEARCH   FAILED   INi 
.UM   5UB  80llNnYfT2tlHfff2) 

FNH 
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SUBPHITINE  BSERCH(Cf:LRfOELZfMl 
f PMMPN   PM'25,25)fZM(25,25),PC25,25,2),A(25f25,21,RH)(25,2 5,2l, 

.UR ( 25,25,2 »,l)Z( 25, 25»2»,NCR,NOZ,RBM( 10,30,21, ZBH( 10, 30,2», 

.RMl0,2l,2»,Zfm0,2l,2»,THFTAUO,30,2»,PB(lO,3O,2>,AB( 10,30,2), 

.PHOPt 10,3O,2J,URBIl0,30,2),UZBnO,3O,2»,NACTVEl25,25),NOnn(25,25), 

.NRACT(10,3 0,2),NBOOnilO,3Cv2),ITYPE(10,30,2) ,INUH(10,30,2), 

.IRPTnO? ,I«XES«10.30) 
CnMMrN/PrUND/jronFfl0),KCCnFll0,3),LC00E(l0) ,HCOOE(lO)t 

.BTi^E(10,20,3),BrnNUO,20,20),BSPCE(lO,20),^CON(10,20,20), 

.CCnK(lO,20,20l 
CGHHON/nATA/ITESTfNBP.MPTh^ANGLE 
PI = 3.H15*>26535»!98 

C OETFRMINF   HCRIZCNTAL   AND  VERTICAL  MESH-BOUNOARY   INTERSECTIONS 
OH   600   T=l,NBP 
K^PCF=LCCDE(n-I 
NRR = l 
ZBM(I,NBP,M)=ZR(Ifl,M) 
PB«MI,Nno,M|=RBn,l,»«) 
DO   60?   Jal,KSPrF 
RETA=ATAN2(IZR(I, J»l,M)-Zfl(T,J,M»)t(RP(If J*l,M)-RB{I,J,M»») 
I»r(PFTA.LE.(-PI/4.))BETA=BETA*2.*PI 

C ASSLME   A   CCNSTANT   7   LIKE   INTER SECTION,IART»2 
IART=2 
I':(((BETA.GT.(-PI/A.)».ANC.IBETA.LE.(PI/4.))).0R. 

.((BFTA.GT.(.75*PI)).ANP.(BETA.LE.(I.25*PI))))IÄRT=1 
GO   TO   1610,623),IAPT 

620     CCNTINUF 
r HOPIZCNTAL   IMTFPSECTICN 

DO   630  1=1,NOZ 
KL=KC7-L*1 
ZA=ZM(L,l) 
IE((RETA.CT.l.?5*PI).ANn.(BETA.LE.1.75*Pn)ZAaZM(KL,l) 
VAUJFl = «MAXl(7e(I, J+l»M),ZB(I,J,M),ZA) 
VALUC2=AMIM(Z«(I, J*! ,P),ZR(I,J,M),ZA) 
IFUZA.FQ.VALUED.CR,(ZA.E0.VALÜF2n   GO  TO   630 
NBP=NP»+1 
ZPM(I,NBP,M)aZA 
PP^d.NBR^j-RBd, J,H)*fRB(ltJ*l,M)-RR(I,J,M))* 

.(ZA-ZBI!,J,M))/(Ze(I,J*l,M)-ZBII,J,M)) 
ITYPPINNnR^jsIAPT 
INUPtI,NBP,M)aL 
IF((BETA.TT,1.25*P i).AND.(BETA.LE.1.75*PI))INUM( I,NBR,M)»KL 

630     rrNTIN'JF 
GO   TC   SOI 

610     CONTIK'JF 
C COLUMN   IMERSFCTION 

00   640  l»l,NOR 
KL=NOR-L*l 
PA=RM(l,L) 
IF((BETA.GT..75*PI).AND.(BETA.LE.1.25*PI))RA»RM(1,KL ) 
VALUEl=AMAXl(RB(I,J»l,H)fRRII,J,M),RA) 
VALUE2«4MINl(PBn, J*lf»),PBn,J,M),RÄ) 
IF((RA.EG.VALUED.CR.(RA.EQ.VALUE2))   GO TO  640 
NBP»NeR*l 
PBI>«(IVNBR,M)>RA 
ZPM(I,NBP,M)=ZBn, J,H)*(ZE(I,J*1,M)-ZP(I,J,M))* 

.(RA-PP(I,J,M))/(RB<I,J+1,K)-RB(I,J,M)) 
lTVPE(I,NflP,M)«iART 

on 



IFnBFTA.GT..79«PI).AN0.feETA.LE.1.25*PniINUN(ItNBRtM}»KL 
640  CONTINUE 
60?  CCNTINUF 

NBR«NBR^l 
ZBMII tNBRf M)-ZBf IfKSPCE^UMl 
PBM(ItNBB,t«|«RBfI,KSPCE*ltM| 
LRPT(n«NBR 
!TYPE(I,l,»«l«ITVPEfI,2fH| 
ITYPF(IfNB»»,M)«ITYPE(I,NBR-l,M) 

600     CONTINUE 
C OF^FRMINE   *NGLE   OF   BOUNDARY 

00   702  K»1,NBP 
KSPCF=LBPT(Kl-l 
KP=LRPT(KI 
THETA(K,lfM)«ATAN2((ZBHIKf2fM|-ZBMIK,l,M»». 

.<R6M|K,2,M)-RBM(K, l,M»)| 
!F(THFT*(K.l,f).LT,O.ITHETAIK,l,M|«THETAIK,l,il»?.*PI 
THFTA(K,KPtM)«ATAN2((ZBMfKtKPtM)-ZBM(KfKP-ltHnt 

.(RBP(K,KP,M»-RBM(KfKP-l,»'))» 
IF(THETAIK,KPtK|.LT.0.ITHFTAlKfKP,M)»THETAIK,KP,MI*2.*PI 
00  702 L«2.KSPCE 
THETA(KfL,f')»ATAN2((ZBM(K,L»l.M»-ZBMIKfL-l»Mnt 

• (RB>MK,L + l,M|-RBM(K,l-l.Mm 
702   lFITHFTft(K,L,MI.LT.0.lTHETAlK,L,NI»THETA(K,L,HU2.*PI 

C DETERMINE   IF   BOUNDARY   POINT   IS  ACTIVE 
VALUE«AMAX1(OELP«OELZ}*.OC1 
DMEAS«AMINl(DELR,DELZ»«.9 
DO  430   I«lfNBP 
KSPCE-LBPTIII 
DO   ^30  J«lfKSPCE 
NBACTIItJ,P)«1 
NBOrO(I,J,>»)«0 
RHA«RBM(I«JtiO 
ZMA«ZBMn,JfM) 
DO  ^30  K»l,NBP 
IFJK.FQ.DGO  TO  430 
KB«LBPT(K)-l 
DO  *34  L'lfKB 
ANGLF«ATAN2((ZBM(K,L«l«N)>ZBN(KtLfHnt 

.(RBHIK.L+ltMJ-RBHfK.LtN))) 
ZPR«-(RMA-RBM(KvLtP))*SINtANGLEU 

.(ZMA-ZBH(KtLtMn*COS(ANGLE) 
BPp = (PMA-RPMIK,L,M))*CCS(ANr,LFI*(ZMA-ZeM(K,LfM))* 

.SIN(ANGLE) 
OIST=SQRTl(ZPR**2)*IRPR**2)l 
IF<Z«>R.GT.(-VALUEn   GO  TO   434 
NBACTUt J.KI*0 

434   IFfCIST.LT.OMFASINBODOCI,J,M|»l 
430     CONTINUE 

RETURN 
END 
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SUPPHUTtNF   CNRBDlItJ.K,IBOUNDfKNTlPHl,BFTA| 
COMMON  RH(25,?5lfZM(29,?5)tP(25t25t2)tAf25t29t?)fPHO(25v25(2l« 

.<|R(?St?S,2lfllZ(25»2^t2)fNnRfNQZfRI|(M(lOt^Ot2).ZBM(lOf30(2l» 

.Pn(in(2lf?)tZP(10,21,?)tTHrTA(lO(10f2)*PB(10«3O«2lfABIlOv3O,2l, 

.PHnR(l0,3O,2»,UPH(lO,3O.2l,UZB(lO,30,2»,NACTVEf25t25lfNOOO(25,?S»f 

.NBKT(lO,10,2l,MPnnn(lO,10t2lf ITVPP(l0f30i2),INIlMf I0t30,2l, 

.LPPTnO),TftXFS(lO,30) 
rnMMnN/nrMA»M/^pn(i«;| •7Pn(is),pn( is) t Ant is)tPHnni isit 

•UHOIlSlttlZm 15),I.SUBI 191 
roMMnM/Xr.HMG/IS,KSfKSl,KS?t!OfinitID2 
nwMnM/YCHNG/KR.KP.IP » ICttfC2»tf t« tf 2f tCl 

C TH^   PijRonsF   m   THf«;   SUBPOMTINF   TS   TO   SFT  IJP   THF 
r nOMft IN   "PTMTS   FOR   TH^   f.HPNFO 
f SCT   GPTO   POINTS 

I SIIB( I 1 = 7 
LSilR(2)=4 

\ SUM«}«! 

I SIIBf6l«2 
Lsun» 7)=f) 
LSUP(B»="S 

RC   T'M 100,-WG) .KNT 
r SFT   IIP   nnMATN   FOB   F!«>ST   TORMCR   POINT 

ion    roNTiNU^ 

ini = ^ 

KS-J 
KSl=J*l 
KS2«J*? 
I<;=T 

TALI    KfPtCTItl 
C SFT   IIP   Cnt'lMNS   HP   OOWS   FO«   OOMAIN 

KTYPP=!TY0F( I ,J*l,n 
!PTlsINllM( I»J*1,ll 
TPT2=IMUM(I ,J*2,1) 
f>HI»THFTA(Tf J, H 
CALL   «;OlCT(I,t<,ltJ,TPlf lP2,IPTl,IPT7fKPTlfKPT2tPHlt 

.PFT&.KTYPF.ITYPE) 
C SFT   UP   PFMMNING  DOHA TN   POINTS 

KP=K 
Kn=KPTl 
IP=IR1 
iri = IPT? 
Tr2=TPTl 
I El«? 
IF2=5 
!P3=a 
CALl    TPSCNB(l,KTYPF) 
KP=KPT? 
IP=TR? 
IFI=3 
IF?»6 

TALL   TRSCNPd.KTYPFI 
PFTUPN 
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e SFT  UP DOMAIN   FCW   SECOND CORNER  POINT 

TOO     CONTINUE 

mi»* 
ID2M 
KS«J-2 
KSUJ-l 
K$2*J 
IS«! 
CALL   BFPir.T(l) 

C SFT   UP  COLUMNS   OR  ROWS   FOR   DOMAIN 
KTYPFsITYPFMf J-UU 
IPT!«INUMn,J-lfl) 
!PT2«INUMII,J-?.l) 

CALL   SOLCT(TtK,l.JfIPltIR2,IPTl,IPT2tKPTltKPT2.PHIf 

.BFTÄ.KTYPF.LTYPEJ 
C SrT  UP   »EHAINING  DOMAIN   POINTS 

KP«KPTl 
IP«IPl 
ICl«TPT2 
IC2»IPTl 
IPl«« 
TF?«5 
IF3=2 
CALL   TRSr.NO(lfKTYPP| 
KP«KPT2 
!P«IR2 
IF1««» 
!P2«6 
IF3«^ 
CALL   TPSrM»(l,KTYPFI 
PFTURN 
FNO 
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SUBPOUTINE  CCMPEOIIBCUNOtTHE.OELTA.KAXIStCONSTi 
.NCOLNT.KPOINT» 
PFÄLIfAXIS 

r. 
t COMPUTE  GENPPAL   POINT  CCMPATIBILITV   EQUATIONS 
r 

CC^MCN   "M {2St?5J,Z«'I25l?5I.P|25t 25,2 ),A(25,25,?»f«Hr)( 25,25,2 » , 
.UR|25,25,2l,IJZ(25,25,2l,NrR,NnZv«BM(10t30,2l,ZR^(10,39,2l, 
.RB(lO,?l,?),Znn3,21,2),THETA(lO,3O,2l,PB(lO,30,2) ,49(10,30,2), 
,PHrF(n,^0,?»,'l«»B(10,'i0,?J,UZBn0,30,2),NACTVF|25,25l,NO')n(25,25) , 
.NR&rTdO^C^J^ROnndO.aO^l.lTVPEC lO,30,21,INIJM( 10,30,2I, 
.IPPT( 10) iiMesitOttoi 
rCMPTK/PAPTI Al/PU««»(5),PUPZ|5),PUZR(5»,PUZZ<5),   PAR( 51, PAZ( 5) 
rr!^ON/PL^P/UPG(5),UZG(5),PG(5l,RMnr,|5),RG(5),Zr,(5),AGI5l, 

.PNE^.P^NFW^NFW^RNKW.LZNFW.RAP, Z\P,RNFW,ZNFW 
COMMPN/n«T*/!TrST, NRP,WinTH, ANGLE 
^CMKC^/STATF/PIN^,RHr!I^TfAINIT 
r.rMMrN/«-,FTiJP/PAS(*),RArf«l,»(5|,0FLP,nFLRH,r)rLIJß,   OEUJZ 

TALI    ncr,lK(iRniJNP,0FLTAfKAXI5fCCNST) 

r rnMpiiT= CENTRAL POINT 

D€   110   IM,^ 
f,UMl=fiJ^UP*S(I) 
r,UM2=SU^2*«'Ar( T) 
SU*3«Stl*ltOf1) 

iin    r'"^,TTMJ,: 

xft = rni)Nn(0HMrw,PNEW) 
!F<F?P.NF.O.lOTTQlO 
PftCTsPiJ»- <>( 5) 
GCTCl1 

11    CfNTIMje 
DFl Fl = -.?5«<;iJM7*nFLUP-.75«SIJ,«l*0PLlJZ-.5*«<HNcW« 

.yA*yA*KAyi S*P4PT*ntLT»-,?5«XA*BHNPM* (IIPG13)- 

.il'>G(l)+M7nK)-'JZG(2))»0(5J-.5*SUM3 
nFLFls^CLPl/rrNST 
PNFWl'rtr.(5)*nc|.Pl 
XA=SniJNn(PhNPWtONE*»I) 
rFLUPl»-.5*IPa<;m-aAS(1) »*nELüZ-.5*PHNFW*XA* 

.(2.«,JPGI5)-'IPG(1|-UPG(3))»R(3I-R(ll 
ÜFLl)Rl = r»PLUt'l/(.5*l2.*PHNPW*XÄ*RAC(l)-PACl3))) 
tJBNFWl=,l«>n(5)*nFLMBl 
IF(PT'.N'".C.)G0Tn2C 
PABT = pijF0C5l 
GCTr2l 

?0   PAPT=UPNFtal/Pn« 
21   CTNTINtJc 

neLUZl=-.5*(PAC(2)-»AC(«n«0FLUPl-.5«RHNEM*XA* 
.(2.*')ZG(5)-ilZri?)-UZG(4ll»RKJ-Rm 
nFLljZl'OELUZl/l.S^^.^BHNEW^XA^RASUI-PASI*»)) 
nFLPMl=^.*0FLPl*CnNSS>.5*SUM2*0ELURH-.5*SUMl* 

.DPLUZl*PHNEW*XA*XA*KAXI5*PAPT*DELTA*.5*XA» 

.BHKEW*(i|PGt3)-iier,(ll*IJZG(*l-UZG(2n-2,*((XA/AG(5»l**2|* 
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.RI5l*SUM3 
nELRHl«0ELPHl/l2.*XA«X*l 
UZNFWl*UZGt5U0ELUZl 
RHNFWl»PH0Gl5)*nELBHl 
IFdTEST.NE.ncn TC   132 
ITFST.2 
GO TO 130 

132  RATIO«.01 
IF(ABSUlRNEW).GT.O.)RATIC>ABSnURNEWl-URNFW|/ÜRNEM) 
!F(PATin.GT..OUGO   TO   130 
IF(AßMUZNEW).GT.0.IRATIO«ABSnUZNEWl-UZNEW)/lJZNEW) 
IF«RATin.GT..OllGC   TO   130 
IFURSn«>NFWl-PNF*O/RNFWl,GT..0llG0  Tr  130 
TF{AR<;(<RHNFHI-RHNEM»/RHNEWI.GT..01IG0  TO   130 
NCCUNT«? 

130     PNFV.«e^Pv<l 
PHNFW««HNEW1 
IJBNFW = I)RNEW1 
UZNFWUZNFWl 
IF(KPPINT.GT,0»CALL   PRINT 
RFTURIV 
END 
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SUbUlLTlNE   C 
CCMMCN/DERIV 

.PAZ(5J 
CLKKCN/C^TA/ 
DIKtNSION   AC 

.««<.( 5 IfbURM 
C THf   PLRPCSt 
C 1(1   ThE   PKINE 
C SIOHE   CtHIVA 

On   ICC   K»lt5 
If((IBCUND.G 

t lii(üND = l ,ÜRC 
IFIH IMUNO« 
IFKl IBOUNC. 
ALikf (K)»PIJRK 
ALZH(K)=PUZP 
/1LPZ iK) = PUi<Z 
AL)<LZ(K) = PUZZ 

Auf- IKI =PAP (K 

*AZ(KJ=PAZ(H 
C CCNVbKT   DEHI 

H».f- (K )=AAR (K 
PAZ(K)=-AAR( 

eURK(K)=AUPP 
tJtÄZ(Ä)s-AUK 
fcUifv(K) = AIJZR 
bL2Z<Kl=-AUZ 
PUP«(K)=BUPR 
PU/P(K)=-eUR 
PIJKZCK )=bURZ 
pui^(K )=-eup 

ICJ      CCNTINLt 
htTUPN 
tND 

CKVRT(IBUUNO) 
/CLRR(15),DURZ(15)»CUZRlIS)fOUZZI15),OAR(15 I, 

*L/PUPR(S),PllRZ(5)tFU2R(5)tPUZZ(5)tPAR(5), 

1TEST ,NBP,WIDTH,ANGLE 
PR(5)tAUZR(5),AURZ(5)fAUZZ(5),AAR(3). 
i ),BUZR(5),BURZ(5)«BUZZ(5) 
CF   THlb   RCUTINE   IS   TO  TRANSFUPM   THf-:   DERIVATIVES 
C   SVSTEM 
TIVES 

1.0).ANU.(K.t 
F 2,1BCUNC=2, 
EC.2).OK.(IBC 
EC.3).ÜR.(IBU 
im 
m 
IK) 
(K) 
) 
) 
VAT iVEb TG PR 
MCCSUNGLE)* 
K)*SINIANGLE) 
IK)«CCSIANGLF 
PIK)*SIMANGL 
IK)«CLSIANGLE 
MK)»SINUNGL 
(H)*CCSIANGLE 
3(K)*SINIANGL 
(K)*caS(ANGLE 
2|K)*bINIANGL 

C.2))GO   TO   ICO 
CROP   3,IEOUND»3,ÜKOP   1 
LNC.EC.Sn.ANn.lK.Ew.inCü   Tu 
UNO.EC.6)).AND.IK.ES.n)Ga   TO 

100 
133 

IHE   CCLROINATES 
AAZIK)*SINIANGLE) 
«■AAZIK)*COSIANGLE) 
)*AUPZIK)*SINIANGLE) 
E)+AUPZlK)*CnS(ANt.LL J 
)*AUZZIK)*SIMANGLE) 
EUAUZZ|K)*COStANGLE) 
)^eUZRIK)*SIMANGLE) 
E)*BUZR|K)*CCSIANGLb) 
|4BUZZIK)*SIN(ANGLE) 
E)«eUZZm«CCS(ANGLk) 



SUepnUTIKE  CORCOfMlBCUNCtTIMEtOELTAtKAXIS.CONST, 
.NCOlJNT,KPRINTvTf Jl 

THIS   PCUTINE   INTEGRATES CCHNCH   POINT   COMPATIBILITY  EQUATIONS 
REAL   KAXIS 
CCH^'C^   Pf (25. 25l,ZM<25f25lfP(25,25,2»tAI25,25,2|.RHO(25.25,2» , 

.UP<25f">,?)tun25,25,2>,NOR.NOZ,RBM(lO.30,2I.ZBMtl0.30.2», 

.PB( 10«2l,2).ZB( 10,21,21,TI-ETAI10v30f 2) tPBCIO,30*2). ABC 10t 30,2), 

.RHnP(l0,30,2),URBll0,30,2),UZBIl0,30,2),NACTVE(25,25),NO00(25,25l, 

.MBArTflO,30,2),NBCCO(10,30,2),ITYPE(10,30,2),INUHf10,30,2), 

.LRPT(lO),lAXESflO,30) 
Cr »»HrK/n^T 4/I TEST, NBP,WIDTH, ANGLE 
C0HP1K'/PLANF/URr,|5),UZG(5),PG(5),RH0GI5),RG(5),ZG(5),AG(5), 

.PNFVi,RHNCW,ANEW, URNEM,UZKEW,RAP, ZAP, RNEW,ZNEW 
CrMMrK/RCUNr>/JCOnE|l0),KCnOE(10,3),LCO0ECl0),NCn0Ef 101, 

.PTIMC(lO,2C,3),RCnN(IO,20,20),BSPCEI10,20),ACONl10,20,20), 

.Cf CM 10,21,20) 
CQM>'rN/«;FTUP/RAS(4),RAC(*),Rf5),DELP,DELRH,DFLUR,nELUZ,SI5) 
rOKMON/rXT/OPP^JZZ.V.PRÄT^RAT/STATE/PINIT^HOINT^INIT 
CO^ON/PARTIAL/PURRI5),PtPZ(5),PUZR(5),PUZZ(5),PARC5),PAZ(5) 
DIMENSinN   niSTI3),F(3) 
CATA   KK/1/ 
PI»3.1A15926535fl<J7S3 
TnfO.cnooooi 
TOL*0.CC01 
CALL   RFGIM! BOUND,DELTA,KAXIS,CONST) 
PCP«l^EW 
ZOR«ZNeW 
!F|JCCCE(I).E0.3)KK«1 
CO   Tr;(100,110),KK 

100     KK»2 
K-I-l 
IF|J.EQ.LBPT(I))K»I*1 
IFIK.EO.O)   K«NBP 
IFCt'CCOFtn.EO.O)   GO  TO   200 
P.CRA»PCP*WI0TH 
ZORA-ZOP^ViIOTH 
TIME1»TTME*W10TH/AINIT 
CALL   EXÄCT(RnR*,ZGPA,TIMED 
Z«-URP*SIN(ANGLF)*UZZ*CCS(ANGLE» 
IF( JCrnEn).NE.7)GC  TO  110 
W=UPR*CnS( ANGLF)*UZZ«SIM ANGLE) 
PP=V 
U=PPÄT 
IK»1 
IFlJ.E0.LBPTfn)IK«2 
GO  TO!120,130),IK 

120     J1»J+1 
J2«J*2 
GC   TP   140 

130     J1«J-1 
J2»J-2 

UO     CONTINUE 
PnPl«PBM«I,Jl,l)«WIDTH 
ZORl»ZBMn,Jl,l)*HI0TH 
RnR2»BPMn,J 2,1) ♦WIDTH 
70R2»ZBM(I,J2,1)*WI0TH 
DIST(1)«0. 
PIST(2)«(PBM(I,Jl,l)-RBMf I,J,l))•C0S(ANGLE)4-(ZBH(I,Jl,l)- 
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.Z«*nfJtin*SINf ANGLE) 
OIST(3)«(RPM(I,J2,ll-PBMlIfJ,lll*COSIANGLEU 

.(ZR^( I, J2,U-ZRM( IfJf in*SlNIANGLEI 

CALL   EXACTIRORltZrHl.Timi 
FI2)«lJRR*CCS(*N«r.lE»*UZZ*SIN(ANGLEI 
CALL   PXACTlPORP.ZORatTIP'Fl) 
F(3) = unR*f CSUNGLEUUZZ*SIN(ANGLE) 
TAIL   FINlTFCl,2,'JtE,riSTlOZZ,ART,ARTI 
GO in no 

?00     CONTINUE 
KV*I 
NK=jrcnF (KV» 

C ALLfW   FPP   CTHFP   CQRNFR   PPINTS 
KSPCEaLrCOFJKV) 
KTIMFaKCODFlKV, I) 
CALL   PINDIKV.Jl.NK.NTIMF.KSPCFtRCRtZORfZ.W.OZZ.nWR, 

.ARI.TIMD 
TFnK.CQ.ZjOZZ'ART 
KV«K 
NKsJCCOElKVI 
NTTWC^KrnOECKV.U 
K<;PrP = LCCDE(KVJ 

C FINT   FRFSSURE 
CALL   FINnm,Jl,NKfNmE,KSPCEfROR|ZQRfy,ART,ART, 

,ARTfÄRTtTIf«F) 
110     CCNTTNUE 

C INTFGRATF   CIMPATIBILITV   FCUATIONS 
NK=IBCU^ln-l 
GO   TO   (?C0t31Of^2O,3A0,35CI,NK 

300     CONTINUF 
C IBCUNn=2 

XA = SnUNr)(nHNFWfY» 
IF(BOR.F0.C.I   GO   TC   302 
PART=URNEW/ROP 
GO   TO   30A 

302     PART=PUPR|5) 
304     CONTINUE 

0FLlJRl=-2.*(V-Pr;(5l)*CCNST-RHNEW*XA*XA*KAXIS* 
.PAPT*nELTA-PHN':W*XA*(URG(5l-UPG(n-MJZGI4l-UZG(5n- 
.(Z-LZG(5n*t-RHNeW«XA*RASm+RAS(4n*2.*C 
.p(5)-Rm-R(4n 
0ELURl'nELURl/CRHNEW*XA*RACin*RAC(4n 
URNFW1»URG(5)*0FLUR1 
|F(Rnp,FC.C.»GO   TO  306 
PART=URNEWl/ROR 
GO   TO   308 

306  PAPT=FUPR(5) 
30fl  CONTINUE 

DELPHI»(Y-PGI5)!*CaNST-R(5|*CXA*XA/(AG(51*AG(511-1.) 
DELPHl»nELRHl/IXA*XA) 
GO TO 500 

310  CCNTINUF 
XÄ=SCLNn(RHNEW,Y) 
IFCPnR.EC.O.) GO TO 312 
PAPT=URNEW/ROR 
GO   TO   314 

312     PART«PURR(5) 
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...  

3U     CONTINUE .  „      
OFLim»-2.Mf-Pr,C5n*CCNST-RMN6M*XA*XMlUXlS» 

.PART*CPLTA-*HNFW*X*«fURG«3|-ÜRCI5l*UICHI-UZG(5n- 

.(Z-UZG(5m(-RHNEW«XA«*«Sf3|4-RASUm?.*m5l- 

.R(3)-R(4n 
PElURlxnELURl/(-RHNEW»XA*RAC(3l*RAC<4n 
URNEWl»URGf5l*OFLURl 
IFIROR.EQ.OGO   TO   316 
PART»URNFIil/ROR 
GO   TO   318 

316   PART*PUPR« 5) 
318   CONTINUE 

OELPHl«(Y-PGC5n*CCNST-PC5l*(XA*XA/IAGI5l«AG(5n-l.) 
OElPHl»oeLRHl/(XA*XA| 

500     mNTIMJE 
PHKFWl'RHOGm^OELRHl 
URNFW1=0ELUBUIJRG(5) 
IF( ITEST.NE.l)   GO   TO   510 
ITEST.2 
GO   TO   «20 

510     RATIO».01 
IF(ARS(URNEWI.GT.O.)RATIO«ABS((URNEW1-URNEW)/ÜRNEWI 
IF(RATI0.GT.TnLlG0T0520 
IF(ABSURHNEWl-RHNEWI/RHNFW).GT.TOLIGOTn520 
NrOLNT»2 
KK*1 

520     IIRNEH«UPNF«1 
PHNEW»PHNEW1 
PNEW-Y 
UZNEV(»Z 
ANEW«SC«)NO(RHNEMtPKEH) 
IFIKPRINT.GT.O»   CALL   PRINT 
RETURN 

320   CONTINUE 
•UO     XA»SOUNn|PHNEW»PP» 

IF(POR.EQ,0.»G0  TO  342 
PART«PURR(5J 
GO  TO   344 

342   PART.CZZ 
344   CONTINUE 

DELPHI»!2.♦(PP-PGI5»)«CONST* 
• .5*(RHNEH*XA*RAC(lURAC(4))«fW-URG(5)K 
..5*PHNEW*XA*(UZG(4I-UZG(5I-HJRGC5»-URG(1))* 
..5*(>RHNFW*XA4-RASf l)4-RAS(4n*IZ-UZG(5m 
..5*PHNeW*XA*XA*KAXIS*PART«OELTA* 
.Rn»*RI4l-XA«XA*R(5l/(AGf5l*AGC5ni/fXA«XA| 

RHNFW1«DELRH1«RH0G(5) 
620      IFUTEST.NE.IIGO TC 600 

ITEST«2 
GO  TO  610 

600   IF(ABSnRHNEWl-RHNEWI/RHNEH).GT.T0L)GGT0610 
NCOtNT»2 
KK«1 

610     RHNEH«RMNEW1 
PNFM-PP 
URNFW>W 
UZNEW«Z 
ANFh«SCUNDfRMNFWtPNEW) 
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IF(KPRINT.GT.O»CAlL   PRINT 
RPTURK 

350     XA«SOlJNn«RHNEW,PP| 
mPClR.FQ.C.I   GO  TC   352 
PART.W/RCR 
GO  TO  15^ 

35?     PAPTrPUPI»(5) 
3«i4     CCNTTNUF 

nElPHl = J2.*CPP-PG(5J »»CrNST* 
..5*(-RHNEW*X4»RAC(3URAr(4))*|W-URG(5)H 
..5*PHKFW*XÄ*(UPGI3I*UZG(4)-UZGI5»-URG15I)* 
..5*(-RHNEW*XA>RASOURAS(4)l*fZ-UZG(5n- 
.XA*X4«R(5)/( AG(5l*AG(5n*P(3)*R(*» + 
..5*PHNEW*XA*XA*KAXIS*PART*0ELTAI/(XA«XA) 
PHNFWl«DFLRHl*RH0GI5l 
GP   TO  6?0 
FNO 
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SimPOUTINFCORNPK I , J, CONST» KAXI S.TIME,OELTAfKPRINTtIBOUNOI 
PfAlKAXIS 
CnHHON  PM(25,25)«ZMf25,291vPf25.29,21•Af25(29»2),RHO|25.25.2 I• 

.UP(25.25,2),UZ(25,25,2),NnR.NÖZ.RBM(lO.30,2),ZBHflO,50,2), 

.PP(lO,2l,2).ZBf10,21,2).THFTA(l0.30.2).PB(t0.30.2).ABfl0.30.2). 

.PHnB(10,30,2),URR(lO,30,2).UZBI10,30.?I.NACTVE(29.2SI.NnDO(25(25l. 

.NnACT(10,30,2),NBOnO(10,30,2).ITYREf10.30.2).INUM(10.30.2). 

.1«PT<10),IAXES(I0,30I 
COMMON/OATA/ITFST,NRP,WIDTH,ANGLE 
cpMMnN/RmiNn/jcnnE(io),KcnoE(io,3),LCooF(io).NCooE(io). 

.RTIME(10,20,^),BrnN(10,20,20),RSPCE(10,20),ACnN(tOv20,20), 
,crnM(io,20,20) 
COMMnN/PLANF/UPG(5),UZG(5),PG(5),RHOR(5),RG(5),ZG(5), 

.AG(S),PNFW,PHKlEW,ANFWfUPNEW,UZNFW,RaP,ZAP, 
,PNFW,7NFW 

C    THP PUBPOSP nr THIS SURROUTINF IS TO COMPUTF THF PROPFRTIFS 
C «T   A   CORNFR   POINT 

INDFXaO 
TTCST«! 
IF(NflÄCT(T,J,?).F0.O)RETUPW 
ftNGLF«THFT«n.J»l) 
PNFW«RRH(I,J,1) 
7NFW'ZR»«n,J,l) 

C SFT   AOJOINING   RODNDARY 
KNT«l 
IF(LRPT(n.FO.J)KNT.? 
fin  TO(110,120),KNT 

C FIRST   CnPNFP   POINT   ON  BOUNOARY 
110     K«I-1 

IF(K.LT.1)K«NRP 
IR«ITYPF(I,J*l,l) 
GO  TO   130 

C SFCONO  roRNER   POINT   ON   BOUNOARY 
120     K«IM 

!F(K.r,T.NBP)K»l 
TP.TTYPF« I,J-I,1) 

130     CONTINUF 
C SFT   CHARACTERISTIC   UNIT 
C SFT  UP   CORNER   OOMAIN   POINTS 

CALL   CNRBO(I,J,K,IRnUNO,KNT,PHt,BETA) 
IF(KPRINT.E0.1)CAILPRINT 

r OFTFRMINF   OFRIVATfVFS   AT  DOMAIN   POINTS 
CALL   PRFPRS«2,I0UM,IDUM,PHI,BFTA,KNTl 

C GUFSS   AT   PROPERTIES 
CALL   GUFSS(1,T,J) 

300     CONTINUF 
CALL   INTEG(I,J,DELTA) 
CALL   PHYCHRCI BOUND,DELTA) 

C INTFRPOLATF   FOR   PROPFRTIES 
CALL   INPR0P(IB,IROUND) 
CALL   CONVRTdBOUNO) 
NCOUNT-1 
CALL   CORCOMdROUND,TIME,DELTA,KAXIS,CONST,NCOUNT, 

.KPRfNT,I,J) 
INDEX»INOEX+1 
IF(INDEX.LT.25)GO TO   1010 
WRITE(6,8700)1,J 
CALL   PRINT 
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fAU   EXIT 
lOtn   IF(NrnilNT,FO.llGn TH  HOO 

TTFST-l 
STORF  P«npFRTIFS   IN  NEW   TI*F   PLANE 
«»Bdi Jf2l«PNEH 
PHnBd ,J,2)»RHNFW 
U" MT, J, ?) ■UPNPW*CnS I ANGLE l-UZNEH*SIN( ANCLE I 
1)2B( I,J,?l«UONrw*SINlANGLFI*UZNrw*CnS(ANGLF) 
AB(| ,J,2»«SOtlNn(«»HNFW,PNFW» 
«»«Mt TtJ,?»«««WEW 
7BM(T,Jf?)«?NFW 
»fT'jqN 

PTOO   FPRMATdH   f31HPPnr,PAH   LOOPING   AT  COPNFR   PniNTfI2» 
.lH,f!?) 

FNn 
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«lURRmiTtNF   nFPTVF(RPn,ZPrMI*DtUZOtAn(OURRvOIIZRf 
.DARt0UR7,0llZZvDAZtUXISf AIPHA.BFTA) 

niMFNSinN RpnfUiZPom.uRoinfUzncntAn(nfouRP(iitOuzp(i»t 
.nAPni,miPZm«OUZ7m«OAZmtOISm5),PURR(15),PUZR(19),PAR(l5) 

r THF   PURPOSE   OF   THIS   SUBROUTINE   IS  TO   THE  DOMAIN 
r nFRIVATIVFS 

GO in (iio,mn,no,i7o)tfAxis 
C CONSinFR   POSITIVE  P   INTFRSECTION 
t COMPUTE  DERIVATIVES   IN   THE   P   DIRECTIONS   FIRST 
no    nn  112 ««7,10,3 

CAU   FINITE|K,Kl,K?,lJPO,RPD,OURR|Kl,DURRIKl),DURPIK?n 
CALL   PINIT^CK^l.Kp^ZD.RPO^UZRIKl.DUZRIKn.DUZPlKZM 

11?   TALI   FINITF(K,Kl,K2,«n,RPD,DARH<),0APfKn,DAP|K2ll 
r COMODTF   P   "RIHE   DERIVATIVES 

TAIL   RPPIHF(niST,PPDtZPD,PURRtPUZR,PAP,URD,UZDfAD) 
C CPMPUTP   OCPTVATIVFS   ON   ROUNOARY  WITH   LAGRANCF 

PIST(M«SOPTI lPPD(6)-RPD(lM**2*(Z'»n|6l-ZPDmi**2l 
TALL   I AGPNP(2,6,3,URDt0IST,APT,PURRI6ltAPT| 
CALL   lAGRNE(2,6,T,U7D,DIST,ART,PUZR(ft»,ÄRT» 
TAIL   lAr,ONE(2tft,T,ÄD,D|ST,APTfPAP(6| ,APT| 

f rOMPIJTF   UNEVEN   R   OEPIVATIVES  WITH LAGRANGE 
CALL   LAGRNEIA^.ft.UPD^PO.DURRCAI.DURPlSI^UPPIft)» 
CALL  I AGPNrut5,6,U7DfPPDfDUZRU),DUZPm,DUZP(ftII 
CALI    LAGRN»-U,,;,6,ADtPPD,D«P|4),0ARf,>|,DAPI6)) 

C COMPUTE   AKIAl    OFRIVATIVES 
On   U6  Ka^,S 

CALL   FINITE(K.Kl,K?,i|RnfZPD,DURZUl,DüRZ(Kn,DURZ(K2» » 
CALI   FINITF(K,Kl,K2,UZOfZPD,DUZZIKl,fXJ7Z(Kll,0,J7ZIK2n 

II«   CALL   FINITF(K,Kl,K2,AD,ZPO,DAZ(K),DAZ(Kl)vOAZfK2l) 
C COMPUTE  UNEVEN  OERIVATTVES  WITH  LAGPANGE 

DO   UB  K*l,2 

K? = K*-6 
CALL   lAGPN»:(K,Kl,K2,URO,7PD,DUR2(K),ARTf ART) 
CALL   I AGPNF(K,Kl,K?,UZO,ZPO,OUZZCK),ARTfAPT» 

IIR  CALL   L*GPNriK,Kl,K2,AntZP0,DAZm,APT,ART) 
CALL  LAGPNF(3,Q,l2,URD,ZPD,0URZ(3l,Dl|RZ(9),DUPZ(l2n 
CALL   LAnPNF(3,9,l2,UZD,ZPD,DUZZ«3»,DUZZ(9|,0UZZf121» 
CALL  LAOPNE(?,9,12,AD,ZPD,DAZI3l,DA7(<)),DAZ(12)) 

C DFTERMUJE   REMAINING  DERIVATIVES  FROM   R   PRIME   AND  Z 
DO   120  K.1,3 
OURRIK»■(PUPP(K)-OURZ(K»»BETA»/ALPHA 
nU7P(K»»IPU7R(K»-DUZZIK»*BFTA»/ALPHA 

120  PAP IK)« ( PAP(K»-DA7(K)«BETA»/ALPHA 
0URZIfe)«IPURR(6)-DURRI6»*ALPHA)/BETA 
DUZZ(6»«(PUZPJ6»-DUZR(6»*ALPHA)/BETA 
PAZI 6)« (PAP(A)-DAP 16»»ALPHA)/BETA 
RETURN 

C FIND  DERIVATIVES   HHEN  ROM  JK  DOES NOT   INTERSECT 
C POSITIVE  R   PRIME   AXIS 

110     CONTINUE 
C COMPUTE  P   PRIME  DERIVATIVES 

CALL   RPPIME|DIST,RPD,ZPD,PURR,PUZR,PAR,URDfUZO,AO» 
C COMPUTE   R   DERIVATIVES 
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DO   132  K«4tlOt3 

K?«K*2 
CALL   FTNTT£(KvKl,K2,UI»0«BPOtDURMK)vOURRfKlltOURR(K2) ) 
CALL   FTNTTF(KvKltK2vUZ0vRPnfnUZR(KlfnUZR(Kllt0UZR(K2n 

lit   CALL   FINITF(K,Kl,K2,AOfRI»Oi0ARlK),0ARCKllfDARCK2») 
C COMPUTE   7.   OFRIVATIVFS 

00   136  K»*,6 
KlaK*3 

CALL    FINITF(KfKlfK2,URn,ZPnf0UR2CK)fnURZ<Kl),DUPZ(K2» > 
CALL   f TNFTFfK.Kl.KZfUZO.ZPn.nUZZdO.OUZZCKll.nUZZUPn 

lift   CALL    FIMITF(K,t<l,K2tAO,ZPnfOAZ(KI,OAZ(Kl),nAZtK2U 
C rriMPHTF  UNFVFN   DFRTVATIVFS   IN   Z  DIRFCTTON 

OH   13«  K«lf3 
KlsK«-3 
K2=K»6 
CALL   IACRNFfK.Kl.K^.DRn.ZPn.OURZlKJtART.APTI 
CAU    LAr.PNPfK.KltK^.UZO, ZPO,OUZZ(Kl,ARTf ART) 

13P   CALL   LAGPNFlKfKl,K2f ADtZPD,DAZ(K),ART,ÄRT) 
C CflHPllTP   P   OFPTVATIVFS   FROM  R   PRIHF   ANO   Z 

nn  140 K«I ,3 
OUPP(K)«CPUPP(Kl-nUPZIKl*RFTAl/ALPHA 
nM7P(K» = (PIJZR(K)-niJZ7.<KI*BETA)/ALPHA 

U1   ^AqCK)«(OAR|Kl-0AZCKl*BFTAI/ALPHA 
PTTURN 

C CnMMOEP  NFGATIVF  P   PRIME   INTERSECTION 
150     CONTTNUF 

C COMPnTE   R   PRIME   OFRIVATIVES 
CAL1    RPPIMFIOIST.PPO, ZPO,PURP,PUZR,PAR,URn,lJZOfAO) 

C rOMPiJTF   DERIVAT IVF  ON  BOUNDARY WITH  LAGRANGF 
rT<;T(4»=<;00T((opnU»-PP0( I )>**2*(ZPD(4)-ZP0(1 ))*♦?» 
CALL   LAC,PNF(4,2,3,URn,OISTfPURR(4lf ART,ART) 
CALL   LAC,RNF(4t2f3,U2nfDISTfPUZRUJtARTtART) 
CALL   t Ar,RN«-(4,?,ltA0fniSTf PAR(4),ARTf ARTI 

C COMPUTP   P   OERTVATIVES 
OP   15?  K«7fl0,3 
K1=K+1 
K?=K+2 
CALL   FTNITE(K,Kl,K2tUPDvRPDt0URR(K)(DURR(Kl}»DtlRP(K2n 
CALL   FIMTTE<KtKl,K?tUZD,RP0,0UZR(KI,0UZRCKlltDIIZR<K2n 

152   CALL   FINITF(KtKl«K?,AO(RPDfnAR(K)vOAR(Kl)fOAR(K2M 
C COMPUTE  UNEVEN  R   DERIVATIVE 

CALL LA0RNE(4,5f6tMRnfRPn,DURRU)f0URRC5»,DURR(6)» 
CALL LAC,RNFUf5f6fUZOlRPnfDUZR(4l,DUZR<5I.OUZR<6»l 
CALL   LAGRNF(4»5v6«A0tPPn»DAR(4)»0AP(5)«0AR(6)l 

C COMPUTE   7   DERIVATIVES 
00   156 K»5,6 
K1»K*3 

CALL   ElNITF(K,KlfK2tUR0tZPn,DURZ(K).0URZIKl),DURZ<K2) I 
CALL   EIMTFIKtKl,K2fUZD,ZPDfDUZZ(K),0UZZfKl»,DUZZ(K2n 

156   CALL   EfNITE(K,Kl«K2*ADvZPD,DAZm«DAZ(Kn«nAZ(K2n 
C COMPUTE  UNEVEN   Z   DERIVATIVES 

CALL   LAGONE(l,7,10,URDfZPOf0URZmtDUPZm,OURZC10»l 
CALL   lAGRNE(lt7t10fUZD,ZPD(DUZZm*DUZZmvDUZZ( 10)) 
CALL   LAGRNEn«7,10vA0tZPD,DAZ(l)tDAZ(7)vDAZ(10)) 
00   158  K«2,3 
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CALL  I AGRNE(K«KltK2vUKD,ZPD«DURZ(K)tARTfARTt 
TALL  LAGRNF(K,KltK2vUZ0,ZP0vDUZZIK)fARTtARTI 

15»  CALL  LArRNF(KtKltK2tADfZPnvDAZ(K}»ART«ARTI 
C COMPUTE  RFMAINING  OERIVATTVPS   FROH RtR-PRIMF.Z 

no   160 K"l,3 
0URR(K|«(RURRCK)-0IJRZIK)*8CTAl/ALPHA 
nuZMK)«IPUZMK)-OU72«IO*RFTA)/ALPMA 

160  DAR(K)«tPAR(K)-nAZfK)*nFTAI/ALPHA 
OURZf4)«<PURR(4)-0URR141♦ALPHA!/BETA 
0UZZ<4)»«PU?P(4)-nuZRI4l*ALPHA)/BETA 
DA 7(41«(PAR (4)-nAR 14)«ALPHA!/BETA 
RETURN 

C FTNO  nFPIVATIVES   WHFN   ROW  JK   DOES  NOT   INTERSECT 
C N^rATTVE   R   PRIME   AXIS 

170     CONTINUE 
C r.OMPUTP  R   "RIME   DERIVATIVES 

CAll   RPRIMF(niSTfRPn,ZPnfPURR,PUZR,PAR,UPD,UZOfAO! 
C COMPUTF  R   OERIVATTVFS 

OP   172   K=4,lOf3 
K1»K+1 
K2«K*2 
CALL   FINtTE(K,KlfK2tURDtRRnvDURR(K),nuRP(Kl!tOURR(K2!! 
CALL   FINITF(KfKl»K2tUZO,RPD,DUZR(K!t DUZR(Kl!,OUZR(K2!! 

177  CALL   FTNlTPIK,Kl,K2tAntRPntOAR(K!fnAR(Kll,OARCK2!! 
C COMPUTE   Z   DERIVATIVES 

00   176  K*4»6 
Kl>K4-3 
K2«K«-6 
CALL   FINITE(KtKlvK2fURO(ZPnvDURZ(K!vnuRZ(Kl!tOURZ(K2!! 
CALL   FINITF(K,KltK2«UZOtZPnvOUZZ(K)«nUZZ(Kl)vOUZZ(K2)) 

176  CALL   FINITE(KtKlfK2fA0,ZPDf0AZ(K)f0AZ(Kll,nAZ(K2!) 
C COMPUTE  UNFVFN   DERIVATIVES   IN   Z  DIRECTION 

00   178  K«It3 
Kl«K*3 
K2«K*6 
CALL   LAGRNE(KvKltK2t0RD,ZPDt0URZ(K!tARTvART! 
CALL  LAGRNF(KVK1,K2»UZ0,ZPD,DUZZ(K!« AR T.ART! 

17B  CALL  LAGRNE(KfKl(K2fADvZPD»DAZ(K).ARTvART! 
C COMPUTE   R  DERIVATIVES   FROM   R   PRIME   AND   Z 

DO   180 K«lf3 
DURR(KJ«(PUR'MK|-OURZm*BETA!/ALPHA 
DUZR(K)«I»»U>.'(K!-OUZZlK!*BETA!/ALPHA 

190 OARCKI»(PAR(K!-DAZ(K!»BETA!/ALPHA 
RETURN 
END 
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MIRpnUTINF   OIFROfT,Jl 
rnMMnN/DFB!V/m)««fl5),nu«»7U5ltOUZRIl5),OU2Zf 15», 

• DARC lS),nAZ<15» 
rnMMrwnnMAIN/RP0(15),ZPD(15),PD(l5ltA0(lS)*RH0Dn5)t 

.tJRDI l,;)tlJ7n(lS)fLSl>B(l5» 
COMMOM  PM(?'5f?5),ZM(2S,25»,P(25,25,2l,A(25,25.2>,PHO(25,25,2J, 

.MP(25,25f2)fllZ(25,25,2)tNORvN0Z,RBM(l0t30,2),ZBM(lO,30t2)f 

.PB(in,?l,7),?P(10(2l«2)fTHFTA(10,^Of2),PR(lOv30,2),ABllOf30,2), 

.PHnF(l0,3nt2l,liPP(lOt30,2),UZB(10v3O,2),NACTVE(25t2!>l,NOn0(25,25), 

.MB«rT(10,30,2)♦NBOOOf10,10,21, ITYPP(10.30, 2),INUM( 10,30,2», 
.IPPT(10),IAXPS(10,30» 
CnMHnN/nATA/!TFST,NBP,WinTH,ANGLE 
PI»3.l4l5026,535flQ«! 

C THP   PUPPHSF   OF   THIS   SUBPOUTINE   IS   TO   FVALUATF   THP  DOMAIN 
C nrnivftTIVPS 

NronE»iTVPF(i,J,I» 

r-o Tn(ioo,ioo),NConE 
100     CCNTINIF 

C rONSIOFP   VPPTICAI.    INTERSPTTION 
IAXIS*fAXES(I,J» 
ftLPHA«r,OS( ANGLE» 
n?TA«SINfANGLE» 
TALI    nFOTVF(PPn,7PO,tlR0,U?O,An,0URP,0lJZR,nAR,O(JPZ, 

.nu7Zfnft7fIAXTS,ALPHA,RETA» 
PFTlfPN 

r f.OMPUTF  HPOIZCNTAL   INTERSECTION 
300      rPNTINUF 

liXTSatAVfSfffJt 
ALOHAaSINI ANGLE» 
RFTAxCOSIANGLE» 
CAll    nFPTVFCZPn^PD^RO^Zn^O^tlPZ.nUZZ^AZ, 

.nuPP,niJZR,nAP,!AXlS,ALPHA,BETA» 
RETURN 
FMO 
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SUBPrtMNF  nTFFER 
CHM^rN/OFRIV/DURR (15)tDURZI15) fOUZRf15),DUZ£f15)i 

.DAR|15),0AZ(15) 
CCKfCK/nC»'AIN/RPD(l5)»ZPC(15)«PD(15)tA0(15)vRH00l 15). 

.URDfl5)(UZn(15),LSUR(l5) 
C CCHPUTE  RACIAL   DERIVATIVES  FIRST 

HO   100 K«lt3 
Kl»M3 
K2»K*6 
CALL   FINITi;(KvKlfK2fUR0fPPO«0URR|K)vDURRIKl)f OURRIKZ)) 
CALL   FINITE(KfKlvK2tUZDtRP0vOUZR(K)t0UZRCKl)f0üZR(K2n 
CALL   FINITEiK,KlvK2«AOfRPD«OARlK)vOAR(Kl)vDAR(K2)) 

100     CONTINUE 
C COMPUTE   AXIAL   OFRIVATIVES 

OH   200  K»lf7f3 

K2=K*2 
CALL FINITF(KvKltK2tUR0fZPD»OURZ(K).0URZfKl)vOURZ(K2)) 
CALL FINITE(KfKltK2tUZCtZPDt0UZZ(K),0UZZ(Kl)tOUZZ(K2)) 
CALL   FINITE(KtKlvK2tADvZPOvOAZ(K)vOAZfKl)fDAZ(K2)) 

200     CCNTINUF 
RFTURN 
FND 
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SUBROUTINE        EXACUR, Z .TIME) 
THIS   ROtJTINE  COMPUTES   BLAST  MAVE   SOLUTION 
DQURLF   PRECISION  VINIT.A,BtCiEfFl.FZfV1,V2.0ELTA,TOL 
COHMON/ST«TE/PRESS.RMOlfAINIT/EXT/UR.UZ,PRAT,RRATfAA 
DATA   ENERGY/I.54826«9E*06/tGAMMA/I.*/ 
OUAN-ENERGV/RHOl 
XS«SQ«»T(SCRTCOUÄN) )*SORTf TIMEI 
US=50RTC0UAN)/((GAI»MA*l.)*XS» 
USA«US/AINIT 
PP«FNERGY/(?.«IGAHMA*1.»<XS*XS*PRESSI 
ALPHA=ATAN2(Z,«»I 
X«SCRT((R*«2)*fZ*«2II/XS 
VI NIT»10.000000100/28.000 
TnL«0.5n-6 
HELTA«!.OD-4 
I»0 
J=l 

120   A=12.nO*VIMT/5,000 
B»(P4,On0*VINIT-3.CDlJ/5,OD0 
C=2.4C0*lI.000-1.4Dn*VINIT» 
F=(<R*«(i.ono/7.onc)»/nsQRTCA«c)i-x 
GO   TO   (200,210,220»,J 

200     ?! = *■ 
V1 = VIMT 
F3 = Fl 
$lt«S 18111 t«fP|l 
GC   TO   230 

210     F2«F 
V2=VIMT 
F3«F2 
SI2=SIGN(l.,F1) 
IFirÄBSIEI.LE.TODGOTnilO 
IFISIl.NE.Sm   GO  TO  220 
FlaF2 
V1«V2 

230     J«2 
VINlT»VINIT+nFLTA 
IF(VINIT.LE.I10,000/24.000»)G0T0120 
PRI^l 

1   FORMATf»   *«*     FAILURE   CE   EXACT  SOLUTION     *♦♦•) 
STOP 

220   IE(CAeS(F).LE.TCL»GOTnilO 
nELT»=nELTA/2.ono 
VINIT»VINIT-DELTA 
1 = 1*1 
IF(I.GE.25»r,0  TO   110 
GO   TO   120 

110   CCNTINUE 
130  0ENSTY=(B**(5./7.»»*l(6.-l2.«VINIT»**(-l0./3.l)*(C**(l0./3.)) 

URATIC=2.4*VINIT*X 
PRÄTIC»Ä*((6,-12.*VINIT»*«(-7./3.»»*(C**(7./3,») 
UR«URATn*LSA*rnS( ALPHA» 
UZ«URATIC*USÄ*SINC ALPHA» 
PRAT«PRATIC*PR 
RRAT»6.0*DENSTY 
AA-SQRT(PRAT/PRAT» 
RETURN 
FNO 
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SUBPOUTINEFINO(KVfKK,NKvNTIMEtKSPCEfRORfZOZtYtWtOZZtOWRtART»TIME) 
COMMON  RM(2*>f2

i;)tZM|25v25),P(25t25«2)(AI25t25,2l»RHO(25»25,2), 
.UP(25»25f2),UZ(25t25v2l»NCR,NOZtRBMf lOf30»2ltZBH(10flO»2lt 
.Pß( 10,21,?),ZB(10, 21,21,THETAC10,30,2»,PB( 10, 30,21,ABl10,30,2), 
.RMOP(10,30,2l,URB(lO,30t2ltUZB(10v30t2lfNACTVE(25,25),NODO(25,25), 
.NBACT(10,30,2),NBOOD(10,30.2»,ITVPE(10,30,2),INUH(10,30,2), 
.LBPT(I0),IAXESfl0f30) 
COMMON/BOUNn/JCOOEdOltKCOOFf 10(3)tLC00E(10)fMCa0E(l0), 

.BTI»«E(in,20,3),nC0N( 10,20,20) »BSPCEt 10,20),ACON( 10,20,20), 

.CCOK(10,20,?0) 
COMMON/OAT A/1 TEST, KBP,V< ID TM, ANGLE 
COMMON/ALPHA/WW 
DIMENSION   VC0N(20)»XCTNf20),ZCON (20) fWCONI 20), VCON(20), 

.FC3),XY(3),UCCN(20),SCONI20I 
: INTFRFTLATF   BCUNCARV   CONDITIONS 

FTA = MAN2((ZB(KV,KSPCF,l)-ZB|KV,l,l)), 
,(RBIKV,KSPCF,n-RB(KV,l,l))) 
IF((;rR.FQ.ZB(KV,l,l)).AND.(ROR.EQ.RB(KV,l,l))) 

.r,o TO in 
XI'ATAN2((ZnR-ZB|KV,l,l)),(RQR-RB(KV,l,l))) 
niST»SQRTnR0R-RB(KV,l,l))**2*(ZnR-ZB(KV,l,l) )**2) 
DIST«DIST*CnS(XI-ETA) 
GO   TO   20 

10     DIST.C. 
20     IFIKTIMF.FO.OIGD  TC   IOC 

DP   110  J»1,KSPCF 
DO   120   I»1,NTIME 
YCOM n'BCCN(KV,J,I) 

120   XCOM I)«BTIME(KV,I,ll 
CALL   INTERP(VCCN,XC0N,ZCCMJ),TIME,NT1ME,3) 

110     CONT^UE 
DO   130   I*l,KSPCE 

130     XCON(I)»eSPCEfKV,I) 
CALL   INT?RP(ZC0N,XCON,OMY,niST,KSPCE,3) 
GO   T0(132,l3A,n4,134,134,134,136),NK 

132     Y=OMY 
PFTUPN 

13*  Y«DMY 
WWsTHETA(KV,KK,l) 
PFTURN 

136 \*o*y 
30C     CONTINUE 

KTIMF«KC0DE(KV,2) 
IFCKTI««E,FC.O)Gn TC  310 
DO   312  J«l,KSPCE 
DO   31«   I»1,KTIME 
WCOMI)«ACCN(KV,J,n 

31«     XC0N(T)«BTIME(KV,I,2) 
CALL INTERP«WC0N,XC0N,VC0N(J),TIME,KTIME,3) 

312  CONTINUE 
00 315 I«l,KSPCE 

315 XCrMII-BSPCEIKV,!) 
316 CONTINUE 

CALL   INTERP(VCCN,XC0N,W,0ISTVKSPCE,3) 
KTIME«KCC0E(KV,3) 
IF|KTIME.EC.0)GO  TC   330 
00   320 J»1,KSPCE 
DO   322   I-1,KTIME 
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ucoNcn«cccN(Kv,jtn 
3?2     XCON(n«BTl»«E(KV, 1,3» 

TALL   lNTERP(l)C0N,XCQN,SCCN(J),TIME,KTIMf,3l 
320     CHNTINUF 

00   32^   I«l,KSPCE 
32*   xrrM n»BSPcmv,n 
326     CCNTINUE 

CALL   INTF^PfsrnN,XC0N,Y,0ISTfKSPCE,3l 
IF(Y.LT.0.)Y»0. 

f DETFRH1NF   DERIVATIVE 
XZl«ZeH(KV,KK-lfl»-lR(XV,l,l) 
XRl=RPM(KV,KK-l,l)-RB(KV,l,l) 
1F( (XZl.EQ.O.I.ANn.tXRl.EG.O.DGO  TO   510 
niSTl»SQRTfXZl**2*XRl**2) 
XIl=ATÄN2(XZltXRl) 
GC   TO   «12 

510  CONTINUE 
Disn«o. 
XIl=FTA 

512  rpNTlNUE 
XZ2«ZBH(KVtKK*l,l)-ZPIKVfltH 
XR2«RRM(KV,KK^l,l)-RBIKV,ltn 
IF( (XZ2.EQ.0.1.ANO.(XR2.FQ.O.nGC  TO   520 
DI ST?*SQRT(XZ2**7*XR2**2» 
XI2=ATAN2IXZ2,XR21 
GO   fn   522 

520  CCNTIMJF 
niST2'0. 
XI2=CTÄ 

52?  CCNTIMJE 
niSTlsOISTl*COSIXIl-ET«) 
OIST2»OIST2*COSCXI2-ETM 
X73 = ZPMlKV,KK,ll-ZefKV,l,U 
XR3»RRMf KVfKKTlt-RB(KV,l,l) 
XI3»ATAN2IXZ3,XR3) 
0IST3=SQRTIXR3**2*XZ3*«2I 
DIST3=0IST3*COS(X13-ETAI 
CALL   INTFRP«VCQN,XC0N,W2fniST3,KSPCE,3) 
CALL   INTERP(ZCCN,XC0N,X2,0!ST3tKSPCE.31 
CALL   INTERPIVC0N,XC0N,HI,0ISTI,KSPCE,3) 
CALL   INTERPtVC0N,XC0N,M3,CIST2tKSPCE,3l 
CALL   INTERPCZCrN,XC0NtXl,OISTlfKSPCE.3l 
CALL   INTERPlZCONfXC0N,X3,0IST2fKSPCE,3l 
FIl)»Xl 
F(2)»X2 
F(3)«X3 
XZl«7f»MlKVfKK,ll-ZeMCKV,KK-l,H 
XRI«PBMIKV,KK, 1)-RBM(KV,KK-1 ♦ 11 
XZ2=Z'»M(KV,KK*lfl)-ZBt«fXV,KK-lfl) 
XP2=PBMlKV»KKM,I»-RBM(KV,KK-l,n 
XYIU'O. 
XYI2)«S0PTIXZ1**2*XRI**2) 
XY(3)«SORT(XI2**2*XR2**2) 
CALL   LAGRNE(l«2v3«F,XY,DZZ«0MRfDXX) 
RETURN 

100     BO   200   IM.KSPfE 
ZCOM n»8CCN«KV,If 1) 

200     XCONm«fiSPCE(KV,n 

no 



CALL   TNTE*P(ZCCNiXCONtDMYtOISTtKSPCE«3) 
GO   TO I 210,212,212, 212,212.212.2141,NK 

210     Y-OPV 
RETURN 

212     Z-OHY 
WW«THETA(KV,KK,U 
PETURN 

214 X-OHV 
GO   TO   300 

MO     CPNTIKUF 
no AOO i«i,KSPrE 
VC.CK( n«AcrN(Kv,i.ii 

400     XC0M n«RSPCE(KV,II 
GO   TO   316 

330     fONTIKUE 
DO  «10   l«tf*SKf 
SCOM I)«CCCNCKV,I,ll 

410     XCONC n»BSPCEIKV,I» 
GO  TO   326 
FND 

■ 
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SUBFOUTINE  FINITE(L.M,N,PWPiXtPPLtPPMtPPN) 
P1MFNMOK   PRQP(lltX(l),F(3lt0ELF(3)v00Fll}(Y(3) 
SET  UP  niFFERFNCF   TABLE 
ft l)«PPOPUI 
F(2)^p«nPCM» 
FJ3)»PPnp(K) 
mi«Mii 
Y12»*X(M) 
Y(5)»X(N| 
DELF(ll«F(2|-P(n 
OELr(?I=FC3)-F(2» 
DDFd )«f)ELF(2)-OELF(n 
H=Y(2»-VI1) 
FOPwAWn   niFFE^FNTIATirN 
PPL«(nFLF(l»-.5*nDF(in/H 
TFNTRAL   DIFFEPFNTIATICK 
PP^slDFLFC l)*OFLFC2))/(2.*H) 
PftCKW/»Rn   niFF. 
pPN=(nPLF|2)*.5*nOF(I))/H 
PFTDRN 
FNO 

FUNCTION  PLAGPF(F,V,YINn» 
PIMENSTON   MlttVtll 
TMIS   FUNCTTPN   COMPUTF^  THF  I AGRANGE   OFRIVATIVE 
MYI II-Y(?» 
R=Y( l)-Yn) 
r=Ym-Ym 
FLAGPF«(2.*YlNn-Y(2)-Y(3))*Fm/(A*BI- 

.(?.*YINO-YfU-Y(3))*F(2)/fA*C»» 

. (2 . * VI NO - Y (1 ) - Y ( 2)) ♦ ^ ( ^) / ( B * f.) 
PFTdPN 
FNO 
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SUBPOUTINE  GFNCOMI.JiCONST.KAXlStTIHE.DELTA.KPRINTI 
RFALKAXIS 
r.CHVC*   R»'(25v29t,Z*«(25f25)vP(29f25f2),A|25.25f2}tRHai25«25.2) , 

.UP(25t25f2)»UZ(?5t25t2i*NCRtNO{(RBM(10t30t2),ZBM(lO,30t2)« 

."«( 10,21,2),ZB( 10,21,21.ThETAUO. 30,21,PB( 10,30,2 ),ABi 10, 30.2», 

.RHnp(lO,30,?),URBIl0,30,2l,UZB(lO,30,2»,NACTve(25,25l,NrmO(25,?5), 

.NBAfT(lO,30,2»,N80CO(lO,30f2),ITVPet10,30,21,1NUM( 10,30,2), 

.LBPTC10».IAXFS(10,30I 
CCM^CK/PLANF/URG(5|,UZG(5),PGI5)vltHQG(5l,RG(5t,ZG(9t,AG(5), 

.PNEW,RHNEW,ANFW,URNEW,UZNEW,RAPVZAP,RNFWVZNEU 
rr»«>'CMnEKPT/IJ,IK,ll,I2,Jl,J2tNGENC9»,XY(3J 
COMMrN/OATa/ITFST,NBP,WIDTH,ANGLE 

C THIS   SUBRCITINE   CCHPUTES   A   GENERAL   PCINT 
INDFX-0 
ITFSTM 

C CHECK   IF   POINT   IS   ACTIVE   CR   ODD 
IFCNACTVE« I,J).EQ.O)   GC  TQ   1310 
IFCMCDO» I,JI.FQ.l)   GO   TO   1310 
ANGIF«0. 
IJ=I 
IK»J 
n«i-i 
12=1+1 
J1«J-1 
J2=J+l 
R^FV=PM(I,J| 
ZNEV.«ZM( I,J| 
CALL   CPNEP*LfPNEW,ZNEW,IB» 
CALL   ACTVTVfKVALUE,NOACT» 
IF«Kr^CT.GT.UNO0RII,JI«l 
IF(K'OOD(I,JI.EQ.1I   GO   TP   1310 
^'K«^oACT♦l 
GO   TnciC0,110),KK 

100     CCNTfNUE 
I8«l 
CALL   OIFFFP 
GO TO 20C 

110  CONTINUE 
C     CCNSIOEP ABNORMAL GENERAL POINT 

CALL ABGEN(RNEM,ZNEW,IBtKVALUE,l,ETA) 
CALL PRFPRS(1,IB,KVALUE,ETA,BFTA,10UN) 

200  CONTINUE 
C     GUESS AT PROPERTIES 

CALl CUFSSIO,I,JI 
1320 CONTINUE 

CALL PHYCHR|0,OFLTAI 
C     INTERPOLATE FOR PROPERTIES 

CALL INPPCPnB,OI 
C     INTEGRATE COMPATIBILITY FCUATICNS 

NCCUNT»! 
CALL   CCMP«:c(0,TIME,DELTA,KAXIS,CONST,NCOUNT,KPRINTI 
INDEX»INOEX+l 
IF(IN0EX.LT.25I   GO TO   1330 
URITE(6,870011,J 
CALL   PRINT 
CALL   EXIT 

1330   IFINCCUNT.FQ.U   GO  TO   1320 
ITEST»! 
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STOPP   PRCPERTieS   IN NFW  TIME   PLANE 
P(1,J,2I»PNFM 
BHQd tJ,2l«PHNFW 
UR(NJ,2)»UPNE« 
UZ(I,J,?)>UZNEW 
A(IfJ,2»»SCUNn(PHNFWtPNFW» 

1310  CHNTINiJP 
PFTDRN 

R700   FOPKATIIH   »P^HPROGRAf«   LCCPING  AT   POINT, 12 t IH,« 12) 
FNO 
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SUBROUTINE  GENERALfRNEWiZNEMrIBI 
THIS   SUBRCUTINB  SETS UP THE   DOMAIN POINTS   FOR  A GENERAL   POINT 
COMMnN/DONAIN/RPDf15lvZP0<19liPD(l5lfAOfl5lfRH00(15}« 

.URO(l5),UZD(15I,LSUB(15I 
CCMPGN RMf29v29l,ZP(25,25lvPf29.29f^l(At25(25t2)fRHOf 25.25t2)» 

.URC25,25v2l«UZ(29,2S(2)fN0RfNOZtRSM(10v9O,2lfZSN(10t30t2lt 

.RB(10v2lt2I.ZB(10t21t2)tTHETAMOt30t2ltPB(lOt30f2}tAB(10»30«2), 

.RHQe(l0t30»2).URBI10«30,2ltUZB(10,30t2ltNACTVEt25f29l,N00DI25f251 
• N6ACTIIOv30,?),NBOODf10t3Ct2)tITYPEI10,30,21,1NUM( 10,30f21, 
.LBPTdOl, IAXES(10,30I 
CGMM0N/GENPT/IJ,lK,U,I2,JltJ2,NGENf9},XYf3l 
RPD<l)«RMIIl,J2l 
ZPDin-ZP(Il,J2l 
PD( U=P( Il,J2,I) 
/S0(1»=AI Il,J2,n 
pMonm»RHQ(ii,j2,n 
UROIUaURC Il,J2,U 
UZD(l)«UZf IlvJ2,l) 
RPOf2)«RPIIJvJ2l 
ZP0m«ZM(IJtJ2l 
PDI2)«Pf IJ,J2,l) 
A0(?|sA(IJ,J2,ll 
PHODI21 = RHC(IJ,J2,n 
UROm«UR(IJf J2,ll 
U70(2l«U?f IJVJ2,1) 
RPDI3l«RPf I2,J2I 
ZPD(3)«Z»»CT2,J2» 
P013)«P(I2,J2«U 
AD(3»'A(I2«J2V1) 
PH0C(31»RHC(I2,J2,1) 
UPD(3)«UR(I2«J2,n 
UZOm*UZ( I2VJ2,1) 
RPOUI-RPdl.IK» 
ZPnU)«ZHf II, IK) 
pom=p( ii,IK,i) 
A0f4|MCIttt*»ll 
PH0DC4»»RHC(ll,IK,l| 
URnU)*UR(Tl,IK,l) 
UZ0f4)«UZ(!lvIK,l) 
PPD(5)«RM( IJ.IK) 
ZP0(5)*ZN(IJVIK) 
PD(5)sPf IJ,IK,n 
A0(5)»M IJ,1K,II 
RH0D(5)*RHC(IJ,IK,I) 
UR0I5)«UP( IJ,TK,n 
UZOI5)*UZf IJ, IK,1) 
RPDI6)«RPf!2,IK) 
ZP0(6)«ZMf 17,IK) 
PD(6)«P(I2,IK,1) 
A0(6)>A(I2,lKf1) 
RH0D(6)'PHQf I2,IK,1) 
URD(6)«IJR(I2,IK,1) 
UZ0(6)>UZfI2,IK,1) 
RPDf7)«RMC II,Jl) 
ZP0f7)*Z*«f n,Jl) 
PD(7)>P(IlfJlfl) 
AOm«A( Il,Jltl) 
RH0Cl7)«RHCni,Jl,I) 
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UP0(7|«UR(Il(Jlil} 
uzom«uzi litJI«I» 
RPO(R|-RM(IJ,Jll 
7P0(R|-ZMCIJf JU 
pn(B)«f>(ij«jifi) 
A0(8)«A(IJtJltl} 
pHcir(ei«PHC(ij,ji,i) 
DPOItl'URtIJ.Jltl» 
uzn(R)»u2(ij,ji,n 
RPD(<>l«RMn2,Jll 
ZPn(«»)»ZMC12,Jl) 
Pn(Q)«P(I2fJl,l) 
An(S)*«<I2tJltl) 
PHOr(9l«PHC(I2tJlfII 
UP0(9)>UR(I2»Jltll 
UZD(<))'UZ(I2«Jl«ll 
NGEMH = NACTVECll«J21 
NGEM2)«NACTVenj,J2l 
NGENOl'NACTVFUZt J2> 
NGEN(*)»N&CTVE(IlfIKI 
NGEN(5)«NACTVEnj,lK» 
NGEN(6»«NACTVFn2tIKl 
NGFNm = NACTVEmfjn 
KGEN(ei»NACTVE{!J»Jll 
Nr,EN(q»'NACTVFCI2«Jll 
IB=1 
LSUPin = 7 

LSUe(3)=l 

LSUB(61=2 
LSUB(5)«5 
LSUPm»9 
LSUP(a»«6 
LSUe(SJ=3 
RETURN 
END 
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FUNCTION   GAS   (X,NnxtY,NnVfXVfN.NRANCF) 
THIS   ROUTINF   PERFORMS   PARABOLIC   INTERPOLATION 
niHFNSION   X(Nnxv3),YfN0Yt3)fDXf3}«nYf3),YP(2) 
DATA   nx/3*0./,OY/3*0./lYP/2*0./ 
NRANGE-0 
IFfXV.lT.Xf l,inNRANC,E«-l 
TFIXV.r.T.Xf ItNIINRANGE««! 
OOlO!»lfN 
iFixv-xn,m?of7of 10 

10  CONTTNUF 
I«N 

?0   IF(I.r,T.2IGn   TO   30 
Nl«3 
N2«? 

NPx3 
GCTOS? 

?0   IFd.LT.N      )r,r   TO   40 
NP=3 
GOTH SO 

AO  NP=4 
N4=I*1 

•50  Nl«I-2 
N2=T-l 
NT=I 

«r. oxm = xn,N2)-x(ifNn 
nYin«YnfN7)-Y(i,Nn 

DX(2l»X(l,N3l-X(l,N2) 
0YC2l«Y(lfN3)-Yfl,N2l 

R"fxv-xti,N2n/oyi 
Ypm»(DY( n*Dx(2)**?*DY(2»*ox(n**2i/(nxui*(ox(i)*ox(2ni 
IF(NP.F0.4)Gn   TP   ^0 
r.RS»YCltN2)*'?MYPm*PMnY(2»-YP(in ) 
PFTUPN 

fO  0X(3l»X(l,N4)-XntN3) 
nYl3l«Y(l,N4)-YU,N3l 

YPf2)=(0Y(2l*DX(3l**2*DYI3l*OXI2)**2»/<DX(3»*<nX(2)+0X(3))) 
r,RS«Yfl,N2)*P*(YP(H+P«(3.*DY(2l-2.*YP(n-YP(2l*R*(YP(l)+YP(2)-; 

I   ftVffllll 
RETURN 

70  GRS'Yd.I) 
RETURN 
ENO 
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PUNCTION   r,Pl(T,XfN) 
LTNFAR   INTFPPPLATinM 
DIMFNSION   T(2) 
HO   l   I«?fN 
«•!♦! 
TF(X-T(K-m?f?»l 
CnNTlNlF 
'*.Pl=T(K-2»*(TIK)-T(K-?))/(T(K-ll-TlK-3))*CX-T(K-3)) 
PFTURN 
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SUBROUTINE  HUESS(IBOUNOt1«Jt 
C THIS  SUBKOUTINf:  MAKES   AN   INITIAL  GUESS  FOR   THE   PROPERTIES 
C AT   THE  NE^  POINT 

CQMHON RMC25v25ltZ*(25t25),Pf25f2St2)tA(25t25f2)tRHOf25t25»2I, 
•URI25f25«2ltUZI25v29v2)tNOR,NOZtRBNIlO,30,2lfZBNfI0,30i2», 
.RB(10f2l«2)«ZBfl0(2lf2)tTHETA(10t3O(2ltPB(10v3Of2)tAB(10f30.2)« 
.PHOe(lO,30,2).üPBf l0,30,2)tU2BfI0,30,2),NACTVE(25,25l,N00r)I25,25»f 

.NnACT(lO,30,2),NBOCn(lO,30t2l,ITVPE(lO,30t2I.INilM( I0,30f2). 

.LBPT(lQ)tI«XES(lO,30) 
rnH>«rK/PLaNP/UPG(5l(UZG(SltPG(5ltRHOG(5ltRG(5)«ZGf 5)fAG(5l, 

.PNEWvQHNFWtANFW,URNEUvUZNFWfRAP«ZAPfRNEWtZNEW 
CrMPCN/nÄTÄ/ITEST.NBPfteICTH.ANGLE 
NK=IBrUND*l 
GO   TQdOCUO.llO.llOI.NK 

100     PNEHsPUiJt!» 
RHNEWPHCI It J,l) 
ANEMS«(TtJtn 
URNFU^UPdtJf n 
UZNEW'UZII.Jtl» 
GO   TO   12 0 

110     PNFV. = PP( I,J, II 
RHNFW«RHP'»(I,J,ll 
ANEWsAe(TtJtl) 
URNEW^URPdt Jtn*CQSUNGLF)«-UZB(I(Jtl)*SIN(ANGLE) 
nZNFW«-UPBfI,J«n*SIN(ANGLEUUZB(ItJ«l)*COS(ANGLEI 

120     CONTIMJE 
r SET   BASE   PflNTS  OF   CCNE 

DO  P«0  KK«1,5 
URG(KK) = UPNFW 
UZG(KK)*UZNFW 
PG(KK|«PKEW 
PHnG(KK)*RHNFM 
AG(KK)«ANFW 

«AO     CONTINUE 
RETURN 
END 
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SUBROUTINE   INITIAL(DELR.OELZtTIME) 
CQMHfN  RM(25t25),ZMf?9t25)»P(25t25t2)fAf25f29f2),RHQf25,25,?), 

.UR(25,25,2),UZ(25,25t2),NCR,NOZ>RBHI10,30,2l,ZBNI10t30t2), 

.PB(10,2l,2),ZB(10,21,2),THETAf10,30,2),PB(10t30,2),ABCl0,30,2), 

.PHOR(lO,30,2),URB(10,30,2),UZBfl0,30,2l,NACTVE(25,25),NOOr)l25,25)f 

.NBArT(l0t30,2),NBODDf10,30,2)tITVPE|10,30,2),INUM(lO,30,2), 

.IRPT(10),IAXES<10,30I 
r.RMHrK/BnUND/JCnOF(lO»,KCCOEflO,3),LCODFClOI,HCOOEUOI, 

.RTIM(:(10,2Q,3),BCON(10,20,20),BSPCE(10,?0),ACON(10,20,20), 

.frCNnO,2O,?0l 
CnM^rN/PXT/URP,llZZ,PRAT,RRAT,ARAT 
rnMMrN/nATÄ/TTPST,NBP,V*IOTH, ANGLE 
FOP   314«T   WAVP   HFNFRATF   IMTIAL   DATA 
nr   520 l«l,Nnz 
no   520   J»l,NnR 
PMA=PKtI,JI 
ZMA=ZK(I,JI 
CALL   FXACT(RMAfZMAfTIMFI 
UR(I,J,n«UP» 
U?(I,J,1)=U7Z 
PI I,J,n = PRAT 
PHnn,Jtl)=ORAT 
A(I ,J,I)»APAT 

570      rCNTINUP 
PRIM   50 0 

500   FOPMATC   INITIAL   HATA   CENFRATFD   BY   SECOV», IH«, «S   FXACT   SOLUTIONM 
00   522   I»l,NBP 
KSPCF»LBPT(n 
on   522   K»1,KSPCF 
PMA=PPM( |vRt|l 
ZMA = Zn"(I,KtU 
CALL   CXACKPMA^Z^A.TIHE) 
until »K» It «UM 
uze(i,K,n«uzz 
PB( I,K,1).PRAT 
RHOP( I,K,l)aRRAT 
Attlfli«||«it%T 

522     CONTINUE 
RFTURN 
FNO 
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SUBRCUT1NF  INP«OPtlBflBCUNttl  
nmKSICN   PROPflO»,X(lOI,Pl(3»,RHOU3l,UZll3),URlC3), 

.Al(3) ,nUMl(3|fDUM2t3),0UP3n»t0UN*l3lf0UM5(3l,0UM6l3I,XYU) 
Cn»«K)M/PARTIAL/PURR15l«PUHZf5ltPMZM9lfPUZZ<5}tPAR(5)tPAZI$l 
fCf'HCK/DCMAIN/RPDf l5),2PD(l5l,P0(l5ltA0(15l,RH00ll5l, 

.UPDa5)«UZDI151fLSUBfl5) 
COPK)N/PLAKE/URG(5)tUZGC5)tPGC9)vRH06(5)tRG(5lfZG(5|tA6l5)t 

.PNFW.RHNFW,ANEW«URKEW.DZNFW,RAP,ZAPfRNFW,ZNEW 
CQMHGN/nFRIV/nU*Rn5)(0URZfl5)tDUZRU5)*OÜZZ(l5), 

.DAR(15I,0AZ(15) 
Cnt«fCN/OAT*/ITPST,NBP,»<IOTH,ANGLE 

C INTERPOLATE  FOR  PROPERTIES  OF   *  BI-CHARACTERI STIC«?   AND 
C PAPTKLF   PATH 

KV«3 
PO   IPO   I»lt5 
IFl(ieCUNn.GT.O).AKD.(I.FQ.2l|Gn  TO   100 
IF(((IBnUND.FQ.2).OR.(ierUNn.EQ.5)).ANO.(I.co.3))Gn  TO   100 
IFU(TBnUN0.EQ.3).CR.(IBOUNn.EQ.6n.AND.(I.EQ.L))GO  TO  100 
GO   T0(102.m),IB 

C VERTICAL   INTFPSEr.TION 
102     XINO^RGd) 

YlND«ZGm 
GO TO 106 

C     HORIZONTAL TNTERSECTICN 
104  XINO.ZGIH 

YINOsRCm 
106  CONTINUE 

DO 110 K«1,KV 
GO  TO   (202t2O4f2O6),K 

20?      IK = l«;L'Bni 
JK«LSURI2) 
LK^LSL'BO) 
GO   TO   116 

204     IK=LSUB(M 
JK=ISUB(5» 
LK«LSLB(6) 
GO   TO   116 

206      IK«LSUB(7) 
JK-LSLBI8) 
LK»ISUBI<5) 

116     CALL   PRFPOOIIK«JKvLKvURnvIBfRPO,ZPO,PROP,X} 
CALL   INTEPPIPPnP,XfURl(KI,XlND,3,3l 
CALL  PREPnOl IK,JK,LKfUlO,IB,RP0,ZPO,PROP,Xl 
CALL   I^ERP|PR0P,X,UZHK),XIND,3,3I 
CALL   PRFPOOUK, JKfLKtPn,IB,RP0,ZP0,PR0P,X» 
CALL   lNTERPfPRnP,X»Pl(K),XINn,3,3l 
CALL   PRPpnO(IK,JK?LK,RhCD,IR,RPD,ZPO,PPnP,X) 
CAll   INTERPfPROP,X(RHOnKI,XIND«3,3) 
CALL   PRFPnCIlK,JKtLK,OURZ,IR,RPD,ZPO,PROP,X) 
CALL   INTFPP(PRnP,X,DU*l(KI,XIND,3,3» 
CALL  PREPDOI IK,JK,LK,0U2Z ,IP,RPO,ZPn,PROP.X) 
CALL   INTFRP(PROP,X,0UM2IK),XIN0,3,3) 
CALL   PREPnC(IKtJKfLK,CAZ,IBtRPC,ZPO,PROP,X) 
CALL   INTERPfPROP,X«DUMBfK),XINO,3,31 
CALL   PREPOCtIK,JK,LK,0URR,IB,RP0,ZPOfPROP,XI 
CALL   INTFRP(PRnp,X,DUMMK),XlN0,3,3) 
CALL   PR^POOC TK,JKf LK,DlJIR,lB,RPO,ZPO,PROPfX» 
CALL   INTERP(PRQP,X,0UM51K)VXIN0,3,3) 
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CALL   P»FPDCiIK.JK,LKtC*RiIBtRPOtlPO.PROPiX) 
CAU   TNTEPP<PROP,X,miMMKltXtNnf3,3l 

110     rOMTTKUP 
C PFPFHPM   SECONO   INTERPOLATION 

lA^LSLBllI 
IC'LSL'PO» 
I0«LSUPM) 
IE«ISIP(7» 
^«L^UBC«") 
r,n Tn(?3of?^2),IB 

?^0   XYm=ZPn( IAI*(ZP(5(Tr)-ZPD(IAn«(RG(II-RPDCIA)I/(^P0(ICI-RP0(lÄ)) 
XY(?)«2P0(10) 
XY(3» = 2Pn( ir)*(ZPD(IF)-ZPr(ir))*(RG(I)-RPO(IFn/(RPOt IF)-RP0(!E)) 
GO   TO   2*4 

7 32   XV(l)=«»Pn( IA)*(^PC(ir)-PPO(TA))*IZG{ U-ZPOII A) ) / I ZP0( IC)-ZPD( I A)) 
xvm^pono) 
XY(3I=PP0( ir| + (PPn(lF|-9Pf:(IFn*fZG(I)-7PD(IPn/(ZP9(IF)-ZP'5(IF)J 

734     CONTIWJF 
CAM    TNTFPFCI|RltXY,URGA,YINnt3,3l 
CALL   INTFRP(llZl,XY,UZGA,VINn,3t3l 
UPG (l) «MRG A*CrS(AKGLF I-HJZ CASSINI ANGLE) 
UZG(T)«-UPGA*SIN(ANGLE »♦U7GA*C0SI ANGLE) 
CALl    INTERP(Pl,XY,PGl I) ^^0,3,3) 
rail    INTFRPIRHOI,XYfRHC6(T»«YIN0,3,3» 
AG( |}«90ilNQfRM00IIItPtft| » 

C PETFRMIN»:   »ARTIAL   DERIVATIVES   IN   Z  DIRECTION 
CALl    INTERPCDU'MtXYtPUPZI I),YIN0,3,3) 
CALL   INTEPP(DUM2,XV,PUZZinfYINOl3»3I 
CALL   INTERP(nUM3,XYfPAZII»,YI NO,3,3) 
CAU    INTERP(nil^fXY,PURP(n,YIN0,3,3) 
CALL   INTEPP(DIJM5,XY,PUZR( I),YIND,3,3) 
CALL    INTEPPinuM6,XY,PARfI),YINDf3,3) 

100     CGNTIMJE 
RETURN 
END 
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SUBR0UT1NF   INTFGfl,J,DELTA) 
COMHQN/nATA/ITEST»NBP,l*IOTHfANGLe 
COMMON   PM(25,25),ZM(2St?5»,PI25f25f2I.A(25,25,2).RHO(25,25,2l , 

•URf25,25,2)VUZ(25,29*2),NCR.NOZfRBMC10,30*2)tZBHtlOt30*2)« 
.RB(10,21,2),ZB(lO,21,2),THFTA(lO,30,2)*PB(10,30,2),AB(lO,30t2)t 
.PHCe(10,30,2),UPB(10,30,2),UZB(10,30,2),NACTVE(25,25),NO00(25,25), 
.NBACT(lO,3Q,2),NBC0OU0t30,2),ITYPEIlO,3O,2),INUM(lOt3O,2)t 
.LBPmO),IAXESIlO,30) 
C0MMCN/PLANE/URG(5),UZGI5),PGC5),RH0G(5),RG(5),ZGC5),AGI5), 

.PNFW,RHNEW,ANEW,URNEW,U7NEW,RAP,ZAP,PNEM,ZNEW 
COMMCK/BClJNO/JCOOE(lO)fKCCDEI 1C,3) ,LCODE( 10) ,MCOOE( 10) , 

.RTIMPUO,20,3),PC0N(lO,20,2O),BSPCE(l0,20),AC3N(l0,20,2O), 

.CCCMIC,20,20) 
C OETERMINE   NEW  POSITICN   CP   BHUNCARV  PCINT 

lK = JCrocn) 
GH   Tn(l0,lC,30,40,50,60,10),LK 

C lKxl,rCNSTANT   PBESSURE   I INF 
C IK=2,NORMAL  VFLOCITY   LINE 
C LKO.FRPF   SURFACE 
C LK = 4,CONTACT  IH SCONTINLITY 
0 lK«5,MnviNG   SOLin  BOUNCARY 
C IK=6,SHOCK   FRONT 
C LK=7,CÄSCACE   LINE 

)0   PNE^RBMH ,J,l) 
ZNFW>ZBH(IVJ,1) 
RETURN 

C IN  GLOBAL   COHRDINATES 
30  RNFWRflMC I ,J, I )*.5»(lJRNEW«COS( ANGLE)-UZNEW»S INI ANGLE) ♦ 

.URB(IvJ,l))*DELTA 
7NEWsZ6M n,J, I)«-. 5*(URNFW*SIN( ANGLE )«UZNEW*COS( ANGLE) «- 

.UZBn,J,l))*0FLTA 
RETURN 

40     CHNTINUE 
5P     CCNTINUF 
60     CONTINUE 

RETLRN 
END 
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10 

SUBPOUTINF   INT^RPCPROFIiX.YtXINOtNOVtNORO» 
THIS   SUBPCUTINE   INTERPOLATES USING LACRANGUN DIFFERENCES 
OIMFNSICN PRnpim,m),T(4i 
DETERMINE   WHETHER   TO USE   FORWARD  OR  BACKWARD 
IF(N0V,LF,2)G0 TO   10 
Y«GRS(Xfl,PRnPltl(XIND,NOVfNRANGEt 
RETURN 
Tllt*X(ll 
TI9t«lllll 
Tl2)»PB0Pim 
T(4)«ppnpn2» 
Y=GPUT,KINOt?| 
PETURK 
END 

SUfÜOUTtME   L&GRNE (L,MfNt PROPiXt^PLtPPMfPPN) 
nTMFN^IHM   PPnP(UfX(n,Vn)«F(3» 

r TH!S   SWnpnilTlNF   CrWPIjTES  LAnp&NGF   DERIVATIVE 
r «;rT UP TAeup 

P« ItOROftU 
F(?)sPRnp(M) 
FI ^»«PP/IPCW) 

V(l)»Xll ) 
Y<7)»X(M) 
VISlaXtNl 

c FOPWAPn vAmP 

PPL*F! AGPECF.Y.YJin 
C CENTPAl   VAlUF 

pPM=FHr.PF(F»Y,Y(7n 
r,     PiC^WAon VALUF 

PPN«FLAG0P(F,Y,Y13)) 
PFTIJPN 
FNO 
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SUPPPUTINF   nnOPTUNDEXfM) 
rnMMON  PM(25,25)»ZMf2aS,25)fPf 29v:S,?)vA(25»?5v?),RHn(?5,25f2)t 

.UR(?St7S,7) tIJ7(2Sf ?5,? »,NnRfN07,PRM( 10,30, 2>,ZBM( 10, 30,2», 

.PR(10,21,2»,ZP(10,21,?»,THFTA(10,30,?),PB(10,30,2),AB{10,30,2), 

.PHOR(10,30,2),l«Pn(10,30,2ltUZB(10,30,2),NArTVF(25,29),N0Dn(25,25), 

.NPArT(lO,30v2),NBOnn(10,30,2 )VITYPF(10,30.2),INUM(10,30,2 I, 

.lRPTnOI,IAXFS(lO,30J 
rrMMnN/DATA/TTFST,MPPtWinTH,ANGLF 
OIMFNSrnM   IMSH(2 00),JMSH(200l,0|STC20),ISTPF(20|,KSTPe(20l, 

,NFWOPn(?0),IPML(200l,KFNL(200),KVAL(200l,PPnP(10»,X(lO) 
PI»^.14l5926*3,;fl')B 

f OFTFPMINF   BnilMOARY  POINTS   POP  000  PPINTS 
cc Tn(ioo,30o,«;oo),iNnFx 

100     KOUNT»0 
nn ilo laltMOl 
nn   no  J=l ,NnR 
Tr(M«CTVP(I,J).FQ.O»Gn  TO   110 
TF(NOnD(I,JI.F0.0JGn   TO   no 
INTFP*1 
KniJNT«KnUNT*l 
fMSMCKOUNTJ«! 
JMSM(KnUNT)»J 
NAMMT-0 
NUM«J 

112     CDNTINUF 
C ASSUME   THAT   THF  CPll^N   J  HAS   A  VERTICAL   INTFPSPCTlPN 

PO   1?0  L«1,MBP 
KSPrF«LBPT(L) 
PH  i?o K»i,KSPrF 
TF(rK.FO.n.PP.IK.FO.KSPCE»IGO TO 113 
IF(INTPR.NF.ITYPF(l,K,M))Gn TO 120 
fFfNMM.NF.TNUM(L,K,M))Gn TO 120 

||8   CONTINUE 
NA»m«NAMNT-M 
I«;TPr(NAMNT)«L 
K*;TPF(NAMNT)«K 
PI<;T(NAMNT»«SOPT(|PML I,J)-RPH(L,K,M) )**2+ 

.(ZMIT,Jl-ZBM(lfK,M))**2l 
120     GPNTINUF 

GP   Tn(l?2,12fI.INTFP 
C. AS^nwP   HHRTZPNTAL   INTFRSFCTTPN 

\->2      INTFP«2 
NlIM« I 
GO   TO   112 

12A      IFINAMrT.EO.OJGO   TO   126 
C FTNP   HINIMOM   OISTANCF 

rALLS0PT(OIST,NAMNT,NFWnR0,0,-l) 
G STOPF  PFSULTS 

NFINL«NFW0P.PC1» 
TFNUKPUNTJMSTRFINFINl) 
KFNL(K0UNT»«K5;TPF<NF!NL» 
KVAL(KOUNT)«P 
L»ISTRE(NFIMl ) 
K*KSTPF(NFINl) 
KTYPF«TTVPF(L,K,M) 
lF((K.F0.n.nR.(K.FO.LRPT(L) )>   GO   TO   140 
TO   Tn(128,130),KTYPE 

12fl  KVAL(K0()NT) = 1 
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IF((THFTA(L,KfH>,GT.<.75*PI)).AN0. 
.ITHFTA(l,KfM|.lF.(l.?5*PT)|)KVAl(KnUNTI«2 

nn  rn its 
no      IM(THFTA(I. ,K,M).CT.(.25*Pni.AND, 

.(THFTA(L«KtM).LF.(.7S*PimKVAL(KnUMT)»3 
IF((THFTA(LfK.M).GT.(1.29*PI M.AND. 

.(IMF TAJ I ,K,M».LF.(l.75*PT»»»KVALCKni)NTJ«A 
ilf      IFfKVAl (KniJMT).MF,0)r,n   TO   110 
126     WRITF(6t«000JItJ 

CALL   FXIT 
»40      lf|K«fO*ll   CO   Tn   i^f 

^VAL(KmiNT| = (S 
en TO no 

142     KVAtdtOUHTlM 
lir   rr'MTTMUF 
^On     rOMTINUE 

If (^niJMT.FO.OJPFTlJPN 
r TVTrpppLATr   POO   POINTS 

nr   MO   I = l, K HUNT 
I=IMSH(T) 

IP=TFNL(T) 
KK*KP«af ti 
NKsKVM.! TI 
CALI    PRFopDfNK,L.K,LHtK<»fM,xfP«>nPfUPBflJPfXINO» 
TALI     IMTPPPCPRnp.x.UPdtK,»«), XINOf 3,3) 
CAIL    PPFPOOCrK.lfK,LBtKBfMfX»PPnPfU7B,U7fXINO) 
«■ALL    lMTPP«MPPPPtXfU7(L»KtMlf XlNr»,3t3) 
TAIL    PPPPOOJNK.LfK.IPtKBtM.XtPPDPfPHOB.PHn,XINO) 
TALI    TMTcPP(PPnP,X,PHn(L»KfMJfX!Nnf3f3) 
f&Ll    PPPP0O|NKfL,KfLB,KBtM,X|PBnPfPPfPfXTN0) 
TALI     INTFRP(PPnPfXfP(LtKtM)fXINnt3t3» 
A(LtKtM| = SnUNO(RH0(l.,K,«n,P(L.K,Hn 

-<io    roMiK'UP 
MTUffN 

5^0     CONTINUF 
C TNTPPPOlATP   FOR   HOO   npilNnABY   POINTS 

PO   SIO   I«lfNRP 
K<:PCF«lPnT(I)-l 
00   S?o   K«7,KSPCF 
IFINBACTIItK^MI.FO.Oino  TO   ^20 
IFINRnnni TtKf Hl,FO.O)r,n   TO   570 
NAPT=l 
TF(K.F0-KSPCF)MART«2 
0"   T0(530t

,?40) tNAPT 
530      IK»K-l 

JK=K-H 

I«-(MRACT(I,LKtM|.F0.0)GO  TO   5A0 
GO   TO   «JRO 

54P      IK=K-2 
JKxK-l 

MKaK 
IF(MRACT(I,lKfM|.EO.O)Gn   TO   S30 

*«MJ     CONTINUF 
C TMTFPPOLATF   FOP   000   BOUNOA«lV   POINT 
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CALL   BnPPOP(fK,JK,LK,MK,I,M,P«OPfX,URBtXlNOI 
fa LI   INTERP<PPnPfX,U««CI,KtM|tXlNDt3»3» 
CALI    POPPOPUK, JKfLKf MK, I,*,PROP,X,UZB,XIND) 
CALL   TNTFRP(PPOP*XtUZB(I«KtM|,XINOf3t3) 
CALL   flnPRnP(IK,JK,LK,MK,I,MfPROPtX.PB   ,XINO) 
CALL   INTPRPfPRnP,X,PB<IfK,M|,XINnf3,3l 
CALL   RDPRnPlIK«JK«LK«MKtItM«PRnPtXfRHOB*XINO) 
CALL   TNTFRPfPROPfXtRHOBJItKVM|,XTNOt?t3) 
AB(ItKvMI«SnUND(RHnB(IvKfM)fPR(IvK»Mn 

5?n     r.ONTINIJF 
sin   r.pNTTNUF 

BFTIIPN 
flOOO   FOPMATCIH   »ISHFRROP   SUB   ODOPT,13,IH,,121 
ROIO   POPMATdM   t?OT^) 
P0?0  FORMATHH   ,inFlO,3| 

END 
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SUBPOITINE  PHYCHRIIBCUND.OPLT» 
C THIS  SUBRfUTINC  PRCJECTS  THF  PHYSICAL   CHAR.   AND 
C PfcRTICLE   PATH  BACK   TO  ORIGINAL  TIME   PLANE 

CGMMnN/PL«NE/URGI9}tUZG(5l*PG(9l»RHOG(9ltRGI9l»ZGf5lvAG(5l« 
.PNEWfRHNENtANEUtURNEWtUZNEHtRAPtZAPtRNEWtZNEW 

COMMON/D MA/ITEST.NBP.WIDTH, ANGLE 
PI«3.M19«)26935897S3/2. 
RAP-O. 
ZAPaO. 

C COMPUTE   PI-CHAOACTEPISTICS 
on loc I«tt4 
At<«FLCATn »-1. 
IFfl^OUND.EQ.OIGO TO 110 
IF(I.EQ.21G0 TO 100 
IF((( TB0UNn.FQ.2I.CR«( IPOUN0.E0.5)I.AND.( I.E0.3nG0 TO 100 
IF((( IBnUN0.PQ.3).OR.(ie0UND.EQ.6n.AN0.(I.E0.inGO TJ 100 

110  RGA«RAP-.5*nELTMUPNEH*URG(m!ANEW+AG(m* 
.rOSIAK^PI)) 
ZGA«ZAP-.5*neLT*(UZNFW*UZGn)*(ANEW*AGin I* 
.SIN(AK*Pin 
RG(TI«Rr,A*COSIANGLE)-ZCA*SIN(ANGLE)»«NFW 
ZG(n«RGA*SINI ANGLE )*ZGA*COSI ANGLE l + ZNEW 

100 CCNTINUF 
C     COMPUTE PAPTICIE PATH 

«GA»OAP-.5*OFLT*IURNFW*tPG(5)) 
ZGA=ZAO-.5*OFLT*CUZNFW*UZG|5)) 
PGf 51 »'*r,A*n<;( ANGLE )-ZGA*S!N(ANGLEI*RNFW 
ZG(S)=RG A*«; IN( ANGLE )*ZGA*COS( ANGLE J+ZNFW 
IF( IBCIJNO.LT.«)   RFTDBN 
FG(5)»RNFW 
ZG(5J»ZNEW 
RFTURN 
FNO 
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SUÜKULTINE   PPEPBdl, I2,I3,I4,PR0P.V,FRCPA,X,IARTI 
C THIS   SUBROUTINE  PREPARES  THE  DOMAIN  DATA   FOR 
C INTEPPCLATICK 

OIHENSION   PPCP(1I,V(1),PRCPA(1)VXU} 
X(1)-V(I1) 
PROF* m>PRCPcn) 
)i(^)«V(I2) 
Pf)OP«f2)«PRCF(I2) 
X(i)«Y(I3) 
PPOPM3)«PRCFCI3» 
IK URT.GT.OiRETURN 
|iC4l»ViHl 
PfUPAU)>PRCFf 14) 
KETURK 
END 
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5UBP0UTINE  PREPDOf IltI2,I3.PR0P.K0UNT,RP0,ZP0,PROPl,XI 
THI?;   SUBROUTINf   PREPARES   THE   DOMAIN  CATA   FOR   INTERPOLATION 
DIMENSION   PROPU 10l«X(lC}tPROPtl)«RPD(ll(ZPOm 
GO   TOnOO,llO),KOUKT 

loo xm«ppnnii 
PROPKll-PROPf III 
X(2^PP0II2I 
PPPPl(2»«PRnP(I2) 
X(3)«PP0(I3» 
pRnpim»ppnp(ni 
RPTl'PN 

110  KIlHt^Oltll 
PR0Fim«PPOPI!!) 
xm»zpni 12) 
PRCPl(2)»PonP(i?» 
Klll«tP0II9| 
ppnPi(3)»PRnp(i3) 
PFTIJON 
F-NP 
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SURROUTINF   PRFPOO(NK(IR, ICtLBfKBtNfX«PROPtPROPBtPKOPGtXINOI 
COMMON RM(29*25)»ZMf25*251fPl29v25t2l,A(25v25«2)(RHO(29t29t21f 

.UR(?5(25*2)»()2(25»25»2t*N0R,N0Z*RBHn0*30*2)«ZBN(l0*30*2)f 

.PM10*21»21*ZB(10*21«2 )»THETAt10*30*21*PBI10,30,2)*ABC 10*30,2)* 

.RHnB(10,30*2)*lJRBI10*30*2)*UZBf 10*30*2) *NACTVEf 25*25) *NOODI 25*25), 

.NB ACT (10*30*2 ),NBnDDnO*30*2)*ITYPE( 10*30* 2), INUMf 10*30* 2), 

.inPT(10),IAXESn0*3O) 
niMFNSIDN   X(l)*PRnP(I)*PROPG(25*25*2)*PPOPB(10*30,2) 
THIS   SUBROUTINE  PREPARES  DATA  FOR 000  POINT   INTERPOLATION 
r,P  THf 100*200,300*400*500*600) *NK 
NK.lfVFRTICAL   INTERSECTION   AND  AOO POW   INOEX 

100     CONTINUF 
xn)»Z«MCLB,KP,M) 
PPnP(l/ = PRnPfMLB,KB,M) 
y(2)»ZH(IR*l*IC) 
oor,;|2)«PR0PG( IP*1* IC,M) 
X( UafMltlUItfCI 
PR0P(3)«PRnPr,(lR*?*IC,M) 
XINO»ZMIIR,IC) 
P^TUPN 

J NK»?fVFRTICAL   TNTFRSFCTION   AND  SlfBTPACT  ROW   INOEX 
?00     CONTINUE 

X(I)»Z«MaB*KB,M) 
PPOPm«PRnPBH B*KB,M) 
X(2)«ZM(IR-l,IC) 
PROP(?)«PRnPG(lR-l*IC*M) 
X('»)«ZM(IR-2*IC) 
PRnP(1)«PPPPG(lP-2,IC,M) 
XlNO«ZM(IRtlC) 
PFTIJRN 
NK«^,HORIZONT AL   INTERSECTION   AND  SUBTRACT  COLUMN   INOEX 

^00     CONTINUE 
Xn)«RPM(LB,KBfM) 
PPOP(U = PRnPB(LB*KB*M) 
X(?)«RM(IR*IC-l) 
PP0P(2)»PRnPG(IR*lC-l,M) 
X(3)«RM(IR,IC-2) 
PROPn)«PR0PG(IR,IC-2,M) 
XINO«RM(IP,lC) 
RFTURN 
NK-4,HORIZONTAL   INTERSECTION   AND  Ann   COLUMN   INOEX 

400     CONTINUP 
Xm«PBM(LBtKB,M) 
•»ROP(l) = PRnpB(LB,KB,M) 
X(7)«RM(IR,IC*1) 
PR0P(2)»PRnPG(IR,IC*l,M) 
XI3)»PMnR,IC*2) 
PP0P(9)»PRnPG(IR,IC*2,M) 
XINO«RM(IR,IC) 
PFTURN 
NK-5,FIRST COPNER POINT INTERPOLATION 

500 CONTINUE 
NART«ITYPEILB,KB,M) 
GO TO (510,5?0),NART 

510  X(1)«RBM(LB,KB,M) 
PROP(l)«PRnPB(LB,KB,M) 
X(2)*RBM(LB,KB»1,M) 
PP0P(2)«PRnPB(LB,KB*l,M) 
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•>20 

6 00 

MO 

c.?0 

pRDpn 
xiNn«u 
ffFTUWN 
X(ll»Z 
PROP(I 
xm=z 
PPOP(? 
X(3»«Z 
PBOPO 
XTND=Z 
»FTURN 
NK»(!>tS 
mfsiTlN 
MART=T 
00 TfH 
X(1)=R 
PPnp (i 
Xf?)=P 
PPPP(? 
X»3>=P 
PP0P(3 
XT»)0.R 
PFTIJON 
xm«z 
PPPPd 
X(?)»7 
ppnp{2 
X(?»=Z 
PPOPH 
XINn»7 
PFTUPN 
FMO 

BM(LPfKP*2tM) 
)«PRnPR|LefKR»2tM» 
M(IR,IC) 

»=PPnPP(lBfKB,MI 
RM(LB,KB+l,M) 
)«PRPPR(t.B,KB*ltM) 
PM(LBfKe+2fM) 
)»ppnPP(l.BtKR*2fM) 
MJIR, If) 

FCnNO   rORNFP   POINT   TNTFRPOLAT ION 
UF 
TYPF(LP.KBtM) 
610,S?0),N*PT 
PM(| B.fBtMl 
)«PPnPR(lB,KRtf«l 
BM(LRfKP-lfM) 
)xPRnPR(lR,KB-ltM) 
RM(LB,KB-2,M) 
)sPPnpRILP,KR-2,M) 
M(IRf IC) 

PM(LBtKflfM) 
>=PpnPP(LBfKRtM) 
RM(LB,KB-IfM) 
)spB-iPB(LB,KR-lfM) 
P«*(LB,KR-?f^) 
|«7RM(LR,KB-2fM) 
V(IRf ICI 
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SUPRnUTINE   PPFPRS(INnEX,!BfKVALUE,ETA,BFTA.KNT) 
CnMMnN/BUFFER/PURR(15),PURZ(l5l,PUZRfl5»,PUZrCl5)f 

.PAP(15I,PAZ(15I 
COMMON/nFRTV/OURRCl5).OURZfl5lfOUZRCl5|,OUZZ(l5l, 

•MfifitMrfiti 
C THE   PUBPOSE  PF   THIS  SUBROUTINE   IS  TO  PROCESS   THE 
f DFRIVATIVES  FOR   THE   ABNORMAL   GENERAL   POINT  AND 
C THF  CORNFR   POINT 

GO   TOdOOtlOOI.INOEX 
r COMPUTE  GENEPAL   POINT  DERIVATIVES 

100     CONTINUE 
CALL   ABDIFCIB,FTA.KVAIUE» 
nn no KL»I,9 

nuRP(Kl|»PUPP(KL) 
OURTIKLI-PUOZIKL) 
DU7R(KL)««>UZR<KLI 
nuZZCKD-PUZZCKH 
nAP(KLI«PAP(KLI 
OAZIKLUPAZCK! ) 

UO     CONTINUE 
PFTU«»N 

C COMOUTE  COPNFP   POINT   DERIVATIVES 
300     CONTINUE 

r,n TnniOt3?0)fKNT 
C COMPUTE   FIPST   CORNER   POINT 
C I   BOUNOARV   IS   7,4,1   AND  K  BOUNOARV   IS  7f8,9 

310     CONTINUE 
CALL   ABOIF(l,FTA,n 
00   312  KL«l,9 
n(»RP(KL)*PURRfKLI 
nURZIKD-PURZfKLI 
OUZP(KL)«PUZR(KL) 
OUZZIKD-P'JZZIKL» 
OAP(KL>»PAR(KLI 
nAZ(KL) = PAZ(KL) 

312     CONTINUE 
C COMPLETE   ADJOINING  BOUNDARY 

CALL   ABDIFIJ.BFTA,-?! 
DO   314  KL»7,9 
OURRIKLI-PURRIKL) 
OUPZ(KL)«PURZCKLJ 
OUZR(KL)»PllZPfKLI 
DUZZ(KLJ«PUZ7IKL) 
OAZ(KL)»PAZ(KLI 
OARIKLI-PARIKLI 

314     CONTINUE 
RETURN 

C 00  SFCONO CORNER   POINT 
320     CONTINUE 

CALL   ABDIFCl.ETA,!) 
DO   322 KL«l,<» 
OURRIKD-PURPfKLI 
OUPZ(KLJ»PUPZCKLI 
DUZPIKD-PUZPIKL» 
DUZZfKLI«PUZZ(KL} 
OAPIKLI-PARIKL) 
DAZ(KLI«PAZ<KLI 

322     CONTINUE 
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•»?A 

fOMPLFTF   AnjniNTNG  BOUNOARV 
TALI   ABn?F(2,flFTAfU 
DO   3?*  KL«l,3 
nURR(Kl»=PI»PP(Kl> 
miRZdai-ouPZCKii 
Oii7PCKLI«P(/;R(KL) 
ni(7?(Kl)«P()ZZ(Kl I 
nAR(KI ) = PAR(KI ) 
OÄZ(KL)»PAZ(Kl) 

RPTMRN 
FMO 
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SUBROUTINE   PRINT 
WRITE   OUT   INTERMEDIATE  OUTPUT 
C0MP0N/PLANE/URG(5l«UZG(5»tP6l9ltRH0G(5ltRG(5lfZ6l9|«AGf5)t 

. PNEW.RHNEW,ANEW,UPNEW.UZNEW.PAP, ZAP, RNEWfZNEW 
CriMHaN/SFTUP/RASU),RAC(4|.RC5l,OELP,OELRH.OELUR, 

•dfiuttttfi 
COHPON/PARTIM./PURR(5|tPURZ(9)«PUZRf9ttPUZZC$),PAR(5),PAZ(5l 
CONNGN/DCMAIN/RPO(151,ZPD(19)vP0(l9),A0(151tRHO0f151, 

•tnioitfttUteitfitisiMitfi 
CnMMnN/OFRIV/0URR1151,0URZ(l9l,0UZRn5),0UZZ(15),nAR(l5),OAZ(l5) 
HRITE(6,8010) 
MRITE(6,80C0)0ELP,OeLRH,OELUR,nELUZ 
V4RITE(6,e0C0)(RAC( 11,1-1,4) 
MRIT<:(6f 80C0)fRAS( 1), I« 1,4) 
V«PITE (6,6000) (R( 11,1*1,5) 
WRITF(6,S0C0)(Sn),I«l,5) 
OH   151   I«l,5 

151     WRITE(«>,8000)RG(I),ZG(I),PG(I),RHQG(I),AG(I),ÜRG(I),UZG(I) 
00   153  !«1,5 

153     WRITE(6,80C0)PUPR(I),PURZn),PUZR(I),PUZZ(I),PAR(n,PAZ(I) 
DO   160  1-1,12 

160  WRITM6,8CC0)RPD( I ) ,ZPD( t) ,PDn) ,RH00( I) , AOI I) ,IJRD( I) ,UZD( I) 
00   162  1-1,12 

16?  WRITE(6,8CC0)nijPR(I),nUPZ(I),OUZR(I),DUZZ(I),OAR(I),OAZ(I) 
WRITE(6,8020)PNEM,RHNEW,URNEW,UZNEH,ANEW, RNEW,ZNEW 

8C00  FOPHATdh   ,10E10.3) 
8010  FORMATHOH  SUB   PRINT) 
fl020  FOR^AtflH   ,7E14.7) 

RETURN 
END 
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'' ■';■ '-V;f \ 

StJRROUTTNP  RFPLCTCM) 
THIS   POUTINF   SFTS   NFW  DOMAIN   POINTS   FOR  CORNER  POINT 
rOMMON   RM(?5,?5lf7Mf2Sf25l,P(25,25f2),A(25»25f?»,RHn(25,2,;,2l, 

.UR(25f25f2),UZ(2S,25f2),NOPfNOZ,RRM(l0,30,2l,ZBM(lO,3O,2), 

.«<R(lO,2l,2),ZR(lO,2l,2),THFTA(lO,30,2|fPR(lO,30,2»f AB(10,30,2). 

.nHnB(ir»t3Of2»,URfln0.30,2ltUZBC10,30f2lfNACTVF(?5,?5l,NOOOf25f25), 

.N«ArT(10, 30,2),NRPnOC10,30,2)fITYPF(10.30,21 fINUH( 10, 30, 2», 

.lRPT(10l,iaXES(lOf30I 
rOMMON/XCMMC/IS,KS,KSl,KS?f10,101,102 
rnMMnN/nnMAiN'/Ppn(i5),ZPO<i5),PO(i5),An(i5), 

.RHnO(IS),U»n(I5»,UZO( 15) ,LSIIP(15) 
RPOC inj=PBM(ij;,K5,Mi 
7PP( Tn) = 7^M(TS,KS,M) 
ppnr»)=pnf I«;,KS,M) 
PHnn(Tn»=RMnp(is,KSf^l 
upn( rn)»n«»R(TS,KS,M) 
lt7n( Tn)«U7^f !S,KS,M) 
APIIO»«AB(fS,KS,HI 
opnr Tni)=RPM(IS,KSI,M) 
?pn( tm ) = 7nM(TS,t<Sl,M) 
pnrinnxPR( IS,KSI,M' 
RHODI IDl) = PHnpnS,KSI,M» 
'•pn( Ton«nfiRi IS,KSI,MI 
07*1 inil=i;ZR(TS,KSl,W) 
Annni)«ÄRr IS,KSI,MI 

ppn( Tp?)«RpM(ISfK<2,»«l 
/PP(Tn?)«7«MrI$,KS2,M) 
PD(T07)=P«(IS,KS?,M) 
PHPPfIP2J=PHnR(IS,KS?,M) 
Uon( fP?l=flPRf IS,KS2,M) 
U70I Tn2l»UZBf TS,K«;2,M) 
An(in2l«AR(IS,KS2,MJ 
PFTORW 
FNP 
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SUBRnUTFNF  PPRlMPCOTSTtRPOtZPO,PURR,PUZR»PAR, 
.URn(uzn,An) 

DIMENSION  niSTa),RPO(l},ZPD(ll,PURR(n,PUZRf ll,PAR(l}tURD(l), 
.1170(11,«nm 

THIS   SUBROUTINF  COMPUTES   THE  R  PRIME  DERIVATIVES 
OIST(ll«0. 
niST(2).S0RTf(RP0(2)-RPD(in**2+(ZPDJ2)-2P0(in**2» 
n!STm»SQRT((RPnm-RP0(in**2*(ZP0(3»-ZP0m»**2) 
CALL LAGRNE(l,2,3fURD,0TST,PURR(n,PURRC2),PURR«3)l 
CALL LAGRNE(l,2*3,UZ0,0IST,PUZRa),PUZR(2),PUZR(3M 
CALL LAGRNE(lf2,3,An,niST,PARm,PAR(2)tPAR(3») 
PFTURN 
END 
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SilBPOt'TINE  SCAN! ZVAP,ZI,UZAtAAtUZVAR, AVAR,DELTA* 

rrMPUTP   TIME   INCREKEKT 
XNUMER«!ZVA9-ZA)/fUZA^AA) 
OENCN«l.-(UZVAR-AVAR|/«ÜZA*AAI 
nPLTIM'XNUMER/OFNQN 
DMIN1»DFLTIM*(UZA**A| 
IFinElTIM.GE.nFLTAIRETUPN 
OFLTÄ«OELTI*1 
DMIK=C««IM 
RETURN 
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SUBROUTINE  SEARCH(OELR«QELI«RINITtlINIT*fU .     . 
COMMTN  RM(25f2 5»,Z*(25,25),P(25,25,2>tM25f25,2l,RHO(25,25f2». 

.lJR(25,25f2)fur(25,25f2»,NCRtN0Z,RBM(l0,30,2».ZBMll0,30,2lf 

.PB(l0,21,2),Zn!l0,21,2I,THETAa0,30,2»,PB(l0,30,2l,A8(l0,3O,2l. 

.PHORtl0f30f2lfUfiBCl0,3C,2ltUZBClO,30,2llNACTVEC25,25»,NOOO(25,25l, 

.NRACT(lO,30v2}«NBODOI10t30t2)fITYPE(l0t30»2l»INUM(l0«30t2lf 

.lBPT<lOI,IAXFStlO,30) 
COMMPK/BCUND/JCOOF(101«KCODEI10« 3)>LCOOE(10),MCOOE(101, 

.RTIHE(10f20f3)tRC0N(10,20,20)»BSPCEf10»20)fAC0Nf10f20t20)t 
•CCOKtlOftOttOi 
rOMHPN/nATA/ITESTtNBP,WIDTH,ANGLE 
PI»3.1415926535898 

C nFTFPMINE   IF   GENERAL   PCINT   IS   ACTIVE   AND/OR  ODD 
C nETf^HINF   BOUNCARV   ANGLE 

VALUC«AMftXl(DElR,DELZ)*.OOl 
DMEAS<AMIM(DELR,0ELZ)<*.9 
DO   IOC   I«l,NOZ 
W   100   J»1,N0R 
NACTVEII,J»»1 
K'ODC( I,JI»0 

100     CONTINUP 
DO   ^20   I«1,N0Z 
DO  420  J»lfNOR 
PM(It J»«RINIT4.DFLR*FL0ATCJ-n 
ZM(I,J)«ZlNIT*nPLZ*FLCAT(I-l) 
DO  A20   K«l,NBP 
KPslCCDFIKI 
KSPfE«LC0OEIK)-l 
DO  432  L«l,KSPCE 
ANGLE«ATAK2((ZB(K,L>lt'')-Z6(K,L,Mn» 

.(PB(K«L^l,M)>RB(K,LtMn) 
ZPP=-(«M(1,J »-RBI K,L,Mn*SIN( ANGLE !♦ 

. (7M(I ,J)-ZeiK,L,M))*CCS<ANGLE) 
RPR*(PM(It J)-PB(K,L,H))*CCSIANGLEU 

. (ZM(I tJ)-ze(KtL,Mn*SIN(ANGLE) 
PPR«SQRT((ZPR»*2l*|RPR**2n 
IPIZPR.GE.I-VALUEH   GO  TO  422 
NACTVEfI,JI»0 
GO   TO   432 

422   IF(ZPR.LT.DMEAS)N000(I«J)*1 
432     CONTINUE 
42C     CONTINUF 

RETURN 
END 
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SUbHOUTlNE   SET(ANGLE,VJHBRtNCC0E,LC0DE,ICl,IC2) 
C THIS   SliBROUlINE   SETS  THE  FCW  OR  CCLUMN  NUMBERS 
C NCUUE-1,VERTICAL   INTERSECTICK.NCODE»2fHQRIZCNTAL 
C IMTEPSECTIC^ 

P1«3.141592(*3S896 
GG   TG(100,2CC),NCOOE 

100     ÜC   TU(llO,l3C),LCCDE 
C LCCüE=l,POSITIVE  R   INTERSECTION 
L LCGCh«2,NEGATIVE  R   INTERSECTION 

110     IFUANGLE.GT.PI).AND.(ANGLE.LE.1.25*PinGU TO   112 
IC1«MJM0R-1 
IC2 = MJHöR»l 
HETLRN 

112     ILI^NUNBR»! 
IC2=NUHBR-l 
KtTLRN 

C NcGATIVt   R   INTtRSECTILN 
IK     CLNTIMJb 

If((ANGLE.ÜT..75*P1I.AND.(ANGLE.LE.PIJIGÜ  TO    132 
IC1=M>MDR-1 
lC2=NUMbP*l 
BETLRN 

132      IC1=NUMBR*1 
lC2=NLMeR-l 
f<ETLFN 

L HCHZCNTAL   INTERiECTICN 
2C0     GO   Tr,(klOt230) iLCOOE 

t LCCUE'l,POSITIVE   R   INTERSECTION 
C LCC(;E = 2,NEGATIVE   K   INTERSECTICN 

ilU     lF{(ANr.LE.CT.1.5*PI).AND.(ANGLE.LE.l.75*PI)IGC   TO  212 
ICl=NUMBR-l 
IC2=NLMBR*-I 
RETURN 

il2     ICl'NUMBR+l 
IC2 = MJMBrt-l 
RhTUPN 

L KfcGATIVt   R   INTERSECTICN 
2JC    CCNTINtE 

lF((ANGLE.GT.1.25*PI).AN0.(ANGLi:.LE.1.5*PI))GC   TU  232 
ICl=NL^BR-l 
IC2«NUMRR*1 
Kl-TUPN 

222     ICl=NLMBR*l 
IC2«NLMBR-l 
RETURN 
END 
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r 
c 

C 
t 

SURPnUTTNF SOLr.TlIiK,MtJ,IRl 
.PHI,BFTA,KTYPE»LTYPF» 

COMMON RM(?5t25l,ZM(?S,2S),P 
.Mm75,2,5t2I,llZf25f25i2»iNORf 

.BB(lQ,2l,?»,ZB(lOf2lf2),THFT 

.PHnp(lO»^Ot?)tliPB(10i30t2)«U 

.NPÄCTClO,-5O,?)fNR0nn( 10,30,2 

.LPPmO),IAXFSClO,301 
mMMON/nOMATN/RPOJ l5|,ZPn( 15 

.UPOI lS),<IZ0(lS)vLSUBa5) 
OATA   PI/3.141S976/ 
THF   PIJPPOSF   OF   THIS  P0UT1NF 
ROW   OP   fOLUMN   FOR   THE   CPRNFR 
CO   T0(10O,3O0»,KTVPE 

100     rONTINUF 
VERTICAL   TNTFRSFCT10N,FIN0   P 
lART^l.Rnws   INCREASE,IART»2f 
IART«l 
IFf (PHT.GT..7?5*Pn,AN0.(PH|. 
DO   UO   IL»l,MrZ 
JAP^»N07-IL*1 
GO   Tn( 112,IUI,IART 

112      IMZMI IL,IPTn.GT.7BMn,J,M) 
C.n   TO   110 

11A     TF(ZM|JAPT,IPTn.LT.7BM(I,J, 
no    CONTIMUF 

C ERROR   IP   nPOP   THROUGH 
WPITEIf.,8000)1,K 
CALL EXIT 

llfr  GO TO(l22,l24)fIAPT 
127  f»l«IL 

IP2=IL*1 
GO   TO   500 

124     IR1=JAPT 
IP2«JART-1 
GO   TO   500 

300    C.nNTINUE 
C HORIZONTAL   IMTERSFCTION.FINO 
C TART«l,COLUMNS    INCRFASE, IART 

IART*l 
IF((PHI.GT.l.?5*PII.AND.(PHI 
OH   310   IL«l,NCP 
JART»NOR-TL*I 
GO   T0(312,3141,IAPT 

312      IF(RM(TPT1,IL).GT.PRM(I,J,M) 
GP  TO   310 

314      TF(R»«(IPTl,JÄRT|.LT,RBMn,J, 
310     CONTINUE 

C ERROR   fe   0900   THROUGH 
WRTTFI6,8000)1,K 
CALL   EXIT 

316     GO   TO(322,324),IART 
322     IRl»IL 

TP2»IL*l 
GO   TO   500 

324     IRl«JART 
IP2«JART-1 

500     CONTINUE 

,IR2,lPTl,TPT2,KPTl,KPT2f 

125,25,2)«Al 25,25,21,RHOI25,25,2 )• 
NOZ,RBM(10,30,2),ZBM(10,30,2), 
A(10,30,2),PB(10,30,2), ABI 10,30,2), 
ZBI10,30,2),NACTVEI25,25),N0DDI25,25), 
),ITYPE(10,30,2),INUMf10,30,2), 

),Pn(15),An(15),RH0D(15), 

IS   TO   SELECT   THE   PROPER 
POINT 

PPWS   OECWEASE 

LF.l.25*PI))IART«2 

)G0  TO   I IB 

»»))G0  TO   116 

COLUMN 
»2,COLUMNS DECREASE 

.LE.1.75*PI))1ART»7 

)G0 TO 316 

M))GO TO 316 

141 



r LPCÄTE   THP   POUNOAPV   POINT 
KSPfF-lPPTlK) 
HO   510   IL»lfKSPCf: 
LTYPF>TTVPF(K(TLtM} 
JART«INUM(KVILtMl 
TPfJAPT.NF.IPlIGn   TO   «510 
I»-|KTVPP.NF.LTVPF)nn   TO  520 

MO     mNTTNUE 
WPITF(ft,P010) 
CALl   FXIT 

*2n     nFTA«THFTÄ(Kf ILfH) 
r AS^lIMP   ROtlNnAPY   ANRl F   GT   0   AND   LE   PI 

KART»l 
If:f(BFTA.GF.PI).ANn.(RFTA.LT.2.*PI))KAPT-2 
r,p nf s??t«;?4)f IAPT 

•^7?   rn Tn(S32,S34) »KAPT 

«■3?     KPT1«TL 

RFTItON 
•^     KPTl = IL 

KPT?«IL-l 
RFTIIRN 

•-.?«     r.P   Tn(53Af S3?) ,KAPT 
^Onn  rpPMATClH   »ISHFRPOR   IN   SUB   SOLCT, 

.37HCANNnT   FINP  PPOPFP   POW OR  COLUMN» 
POlO   FPPMATUH   .IRHFRPnp    TM   SUR   SOICT, 

.AQHMUST   DEVPIPP   CAPAPILITY   IN   PROCRAM   FOR   SAME   TYPE 

.l2HINTFP«ErTinN) 
Fwn 
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SUPROUTINF   SORT(XtKK,JKLtLABEL«TSTYPE) 
C THIS   ROUTINE   SORTS  DATA   IN  ASCENDING  ORDER  OR  DESCENDING 
C OROER 

HTMFNSIDN   X(l)(JKL(litIX(l) 
EOIJTVALFNCEfZZvfZZtt(ZtIZ} 
LOGICAL   ASCFND*Ft.TSWCHfFIXSWCH«ALFSHCH 
DATA   FLTSWCH.FIXSWCH,ASCEND/.FALSE.,.FALSE.«.FALSE./ 
IF (L ABEL. FO.O) ASCEND».TRUE. 
K»i 
N»KK 
00   1   I«l«N 

I   JKL(F»»I 
IF(ISTYPEniO«l20,l30 

120   STOP 
no FIX«;WCH».TRUF. 
110   n.TSWCM«,NOT.FIXSWCH 

10  TPNTINUF 
KLM«IABSfM0n(I7Zf (N-K*in*KI 
Z«X(KL*l 

200   FOPHATdHA.A«?) 
no   100   l»K«N 
ZZ   «   X(I» 
IFfFIXSWCHj   GO   TO 60 
IFJASCENOI r,n TO 4S 
IF(ZZ.LF.Z)GO   TO   100 
GO TO 20 

4S   IF(ZZ.GF.Z»GO   TO   100 
GO TO 20 

60   IFUSCENO»   GO   TO  65 
TFMZZ      .IF.m   GP  TO   100 
GO TO 20 

65   IP(TZZ      .GF.IZ)   GO TO   100 
?o z«xm 

KLM«I 
100  r.ONTINUF 

Y=X(K) 
X(K)xX(KLM» 
X(KLMI«Y 
KMN«JKL(KI 
JKL(K»«JKL(KLMI 
JKHKLNJ«KNN 
K«K*l 
IF(K.LT.N)GO   TO   10 
RETURN 
END 
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FUNCTION  SCllNOlRHONEWfPNEM) 
rOMnN/STATF/PINlTtRHOINT,AINIT 
SOUNO-PNEV/RMTNEW 
sou^n■soRTfsouNOl 
RETURN 
END 
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SURRmiTINF   TPNSFRCNCOnEtMtJK» 
rnMMON   RM(25t?9l»ZM(25,25tvP(25t29v2)tA(29,Z5,2)fRHQf25,29«2lt 

.MR(?9v25«?I.UZ(25v29t2l»NOR(N0ZvRBMC10v3Ov2}tZBM(10t)0t2lt 

.»H(lO,?l,2).7B(10«21f2)fTHFTA(10*30t2}»PSI10f30v2lfAA(10»30,2)t 

.RHnB(10«30t2)fURRnOt30«2}tUZBf 10t30,2ltNACTVF(25v25l«NODOf 29»?9I» 

.NRACTf10,30,2»fNBOnO(lO,30,?JflTYPE(10,30,2»tlNUMC10,30,2», 

.t RPTflO),IAXFSnO,30) 
CnMM0N/nrmArN/RP0(l9),ZP0(15l,P0(l9»,A0ll9|,RHnDf151, 

.URD(t9l,UZn(19»,LSUB(l9» 
CnMMON/FXCHNG/IO,IF,TF, ICl. IC2,NUMBR 
r.r Tn( ioo,?oo» »NCOOE 
SFT  tjP   BOUNPÄRV   OPMÄIN     —    VFRTICAL   INTFRSECTION 

100 P«>0(!DI«PM( Jf ,ICII 
Zpn(in»«ZM(jK,fr.i) 

RHnnnn)=»Hn( JK, Tri,M» 
IWOIIOfaUKf JKtlCltMl 
U7n( in»»u7( JK, rri,M» 
An(fn»*A(.iK, iri,H» 
PDn(IF»«RM(JK,NUMBR» 
ZPH« TF»«ZM(JK,Nl)MBR» 
Pn(TF»'P(JK,NUMBR,M) 
PHnn(IF)sRHOIJK,NUMRR,M» 
l)RO(IF» = UR (JK,NU^BR,M) 
UZ0(rF)aUZ(JK,NUMBR,M) 
An(!F»«A(JK,NUMRR,M» 
RP0(IF)«RM(JK,rC2» 
ZP0(IF|»ZM(JK, IC?) 
Pn(TF|*P(JK,TC2,M) 
RHOn(IF>«RHr)(JK,IC?,M) 
MR0(in'UR(JK,ir2fM» 
UZ0(TF»«U7(JK,IC2,M» 
An(TF)*A(JK,ir2,««» 
PFTIIPN 
SFT  UP   BnuNOARY   DOMAIN     —     HORIZONTAL   INTERSECT ION 

?00 R«>D(I0» = RM(!C1,JK» 
Zpn(in)«ZM(iri,jK» 
Pn(IO»=P(ICl,JK,M> 
BHon(in»»PHn{ici,jK,H» 
IIPO(IO)»UR{IClf JK.MI 
UZ0(in)=U7(ICl,JK,M| 
An(TD)*A(ICl,JKvH) 
RPO(IF)»RM(NUMBR,JK) 
ZP0(IE>«ZM{NUM8R,JK» 
Pn(IF»«PCNüHPR,JKtM» 
RHOOf IFI»RHO(NU»«BR, JK,M» 
URniIEl«UP(NUMBR,JK,M) 
UZ0(IE)«U7.(NUMBR,JK,M) 
AO(IEI«A(NlJMBR,JKfM) 
RPD(IF1«RKMIC2,JK) 
ZP0(IF)«ZMnC2,JK) 
P0(IFI»P(IC2,JK,H| 
RH0n(IF»«RH0IIC2,JK,M| 
URn(IF)«UR(TC2fJK,Hl 
IJZ0(IF|«U7(IC2,JKtM» 
A0(TF)»A(IC2,JK,M» 
RFTURN 
END 
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SMRBOIITTNF   TPSCNR < M.KTYPF I 
THIS   ROUTTNF   SFTS   UP   DOMAIN   POINTS  FOP   COPNFB   POINT 
COMMON  RM(25«25)vZN(25t?9)tP(29t29«2)«A(25t29v2)(PHO(29t25(2)f 

.UO(?5f25,2)tUZ( 25,25t2),NOR,NOZ,RBM( 10,30f2<♦7BM<1 0,30,2), 

.Pn(10,?l,?),ZPI10,21,2),THFTAflO,30,2),PB(lO,30,2l,ABf10,30,2), 

.PHnR(in,3n,?1,llRQ(10,30,2),UZBnO,30,2),NACTVF(25,29)*NnOO(25,25), 

.Mn&CT»lO,30,?),NBnnD(IO,30,2),lTVPF(lO,30,2),INUNf10,30,2), 

.IP.0T(10),IAXFS(10,30) 
rnHMON/nOMATN/RPn(15),ZPO(15),PD(15),ADfl5),RHn0fl5), 

•UBOftSlfUtOII9t»lSUtlt9| 
fnMM0N/YrHNr,/KR,KP,IP,If.l,IC2,in,IF,IF 
on Tn( IOO^OOI ,KTYPF 

100  RPO» lOWKMflK« TCI) 
7t>n( ini«2fM1tt|Ctl 
pn(in)=p(iP,ici,M) 
PHOD(in|xRHr'(TR,Tr.l,MJ 
uinffoivumiR« ict*M) 
l)70f in)»l)Z(TR, ICl,M) 
ftOIIOIwAlltflCttMl 
PP0(TF)=PM(IPf!C?) 
ZP0(!F» = ZM(IP,ir2) 
M)fttl«P|l»ftCt«NI 
PHOn(TF)=PH0(lAftCtfMl 
upn(in«uR(ip,ir2,M) 
l)ZO( !F)=IJZ(IP, IC2,M) 
ftn('F) = M l«ftC2tMI 
pPn(IF»sPPM(KP,KP,M) 
lOVti IF)=7RM(,<R,KP,M) 
POnF) = PR(KP,KPtM) 
PWOn(IF)=OHOP(Kf»,KP,M) 
IIRO(IF)=(JRB(KP,KP,MI 
llZn(TF)=UZR(KR,KP,M) 
Ar»( IF)=AP(KP,KP,M) 
PPTIIRM 

ion PPOC in)=PM( in ,TR) 

7nn(in)=7MfIC1,IR) 
PO(in)=P(ICl,IR,M) 
PHO0(in)=PH0«ICl,IR,M) 
()R0( lOlaUKftCltfRffll 
IJZOC in)*U7(ICl,TR,M) 
An(Tn)=A(tci,ip,M) 
pnO(IF)«RM(IC7,IR) 
ZPO(lF)aZM(IC?,IR) 
P0(IF)=P(IC2,IR,M) 
RHnn(iF)=PHn( if:?,iP,M) 
imn(IF)=UP(IC2,!R,M) 
tl7n(IF)=U7nC2,IP,M) 
An(IF)=A(IC?,IP,M) 
PPPrIF)=RBM(KB,KP,M) 
ZPOC IF)»7RM(KB,KP,M) 
PO»IF)*PR(KR,KP,M) 
PMOD(IF)=PHORIKB,KP,*) 
URO( !FJ«URR(KP,KP,M) 
UZD(TF)«UZR«KR,KP,M) 
AO(IF)=ABtKP,KP,M) 
PCTUBN 
FWO 
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Appendix F.  Interpolation Schemer 

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 [Fl]*, Ransom, Hoffman and Thompson tF2], 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 

2 2 
f(r,z) - a0 ♦ a1 r + a2 r   ♦ a3 z + a4 z   + a5 rz (Fl) 

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  (Fl)   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 very 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.  Fl.    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. 

f(x) - f(x0) ♦ (x - x0) f[x0.x1] ♦ (x - x0)Cx 

* (x -xJCx - xJCx - x2) UW. 0 i ^      ax0 

x^ ftx^x^] 

(F2) 

where 
xo 1 n 1 x2 

and the notation f[     ]  is defined by 

fta^Bj^] 
£[3^]   - £[3^] 

ai-ak 
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. 

and 

f[a.,a.,ak] - f[a.,a.,aJ 

Let y(x)  represent  the quadratic polynomial 

y(x) - bj x2 ♦ b2 x ♦ b3 (F3) 

then equation  (F2)  can be written as 

(F4) f(x) - y(x) ♦ (x - x )(x - x^Cx - x2) äliJÜ. 
o x *•       dx 

The error E(x), in the quadratic approximation to f(x) is then 
given by 

EW - ex - x0ux - vex - x2) äipi (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 x , x , and x , as shown 
in Fig. F2. ABC 

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, y.Cx.), y. (x ), 

■LA X       D 

y2(xB).  and y2(xc);  one slope matching condition, y^OO  - flOO' 

and one curvature matching condition, yVCx.) - yö(x_). 
IB 2     B 
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Although a higher degree of accuracy can he 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 

-4 
Ref. F7. An initial time-plane is chosen at a time of 1.591 x 10 
second, when the shock front Is two feet (0.6096 m) from the origin. 

The blast has an initial energy of 1.5A826A9 x 10+6 ft-lb/ft (6.8870252 

x 10- Joule/m); this gas hae a specific heat ratio of 1.4. A tvpical 
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%.  In 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. 
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Figure Fl.  Schematic of data points. 
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u ■fjK^K+kir+bair2 
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Figure F2.  Schematic of parabolic spline. 
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5>4QJL>1 HSLoiaT 

Figure F3. Sketch of Blast Wave Shock Front at 159.1 
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