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SALE: A SIMPLIFIED ALE COMPUTER PROGRAM
FOR FLUID FLOW AT ALL SPEEDS

by

A. A. Amsden, H. M. Ruppel, and C. W. Hirt

ABSTRACT

A simplified numerical fluid-dynamics computing technique is presented for
calculating two-dimensional fluid flows at all speeds. It combines an implicit treatment
of the pressure equation similar to that in the Implicit Continuous-fluid Eulerian (ICE)
technique with the grid rezoning philosophy of the Arbitrary Lagrangian-Eulerian
(ALE) method. As a result, it can handle flow speeds from supersonic to the incom-
pressible limit in a grid that may be moved with the fluid in typical Lagrangian fashion,
or held fixed in an Eulerian manner, or moved in some arbitrary way to give a con-
tinuous rezoning capability. The report describes the combined (ICEd-ALE) technique
in the framework of the SALE (Simplified ALE) computer program, for which a general
flow diagram and complete FORTRAN listing are included. A set of sample problems
show how to use or modify the basic code for a variety of applications. Numerical
listings are provided for a sample problem run with the SALE program.





I. INTRODUCTION

Over the past decade, we have witnessed an increas-
ing acceptance of and reliance upon numerical solutions
for transient fluid flow problems. In many cases, ex-
perimental studies are prohibitively expensive, whereas
high-speed computers are comparatively economical
and allow a wide range of parameter variations to be ex-
amined in a short time. As a result, numerical solution
techniques have become more sophisticated and the ap-
plications correspondingly more complex.

This report presents a simplified computer program
to calculate two-dimensional fluid flows at all speeds,
from the incompressible limit to highly supersonic. A n
implicit treatment of the pressure calculation similar So
that in the Implicit Continuous-fluid Eulerian (ICE)
technique1 provides this flow-speed versatility. In addi-
tion, the computing mesh may move with the fluid in a
typical Lagrangian fashion, be held fixed in an Eulerian
manner, or move in some arbitrarily specified way to
provide a continuous rezoning capability. This latitude
results from the use of an Arbitrary Lagrangian-
Eulerian (ALE) treatment2 of the computing mesh. The
program is named SALE, for Simplified ALE. The es-
sential features of the ICEd-ALE combination are
presented here to make this report a self-contained
guide. SALE bears a strong resemblance to YAQUI.
the original but more complex ICEd-ALE program.3

The partial differential equations solved by the SALE
program are the Navier-Stokes equations.

and the mass and internal energy equations.
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Velocity components (u.v) are in the Cartesian coor-
dinate directions (x.v) or the cylindrical coordinate
directions (r.z). When Cartesian coordinates are
desired, all radii r. which appear in these equations, are
set to unity. The fluid pressure p is determined from an
equation of state p - p(p.l) and supplemented with an
artificial viscous pressure q Tor the compulation of
shock waves, where

Q = ,\ c Area D mln(O,D)
o

Artificial pressures we only used in regions of compres-
sion (D < 0) and are scaled proportional to the area
(Area) of each computational cell, with the constant of
proportionality \0.

The stress deviator is defined according to
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in which ji is the coefficient of viscosity and X is the
coefficient of dilatational viscosity. The coefficient Cyl
is zero for Cartesian coordinates and unity for cylin-
drical coordinates.

To facilitate its use by persons with modest ex-
perience in numerical fluid dynamics, the SALE
program was written in modular form with extensive an-
notation and input options that provide a wide range of
capabilities. In addition, SALE includes several im-
provements to the original YAQUI scheme that have
been made since its publication. We intend that the
SALE program serve not only as a useful tool for many
applications, but also as a leaching aid and foundation

for the development of new programs with expanded
capabilities.

The basic solution algorithm for SALE appears in
Sec. II of this report. Section III describes the FOR-
TRAN program. We include a general flow diagram
showing the logical partitioning of the code into a set of
subroutines, each responsible for a clearly definable
task. Section IV presents the results of several SALE
calculations chosen to illustrate the versatility of the
program.

Appendix A contains a FORTRAN listing of SALE
that has been liberally annotated with comment cards,
beginning with a description of the input parameters, to
make it as self-explanatory as possible. Appendix B
describes the functions performed by operating system
CALLs appearing in SALE. For users who wish to
check their results with ours, App. C presents selected
plots and prints from the first calculation described in
Sec. IV.



II. THE SALE SOLUTION ALGORITHM

A. The Three-Phase ICEd-ALE Approach

The basic hydrodynamic part of each cycle of SALE
is divided into three phases:

(1) Phase 1 is a typical, explicit Lagrangian calcula-
tion, in which the velocity field is updated by the
effects of all forces.

(2) Phase 2 is a Newton-Raphson iteration that
provides time-advanced pressures and velocities.
The purpose of Phase 2 is to allow calculations in
the low-speed and even completely incompressi-
ble regimes. The implicit, iterative scheme makes
this possible with greater efficiency than a purely
explicit calculation with reduced time step, as it
offers a numerically stable means by which
pressure signals can traverse more than one cell
in a time step.

(3) Phase 3 performs all the advective flux calcula-
tions. This phase is required for runs that are
Eulerian or contain some other form of mesh
rezoning.

A powerful feature of SALE is the ease with which
different phases can be combined in various ways to suit
the requirements of individual problems. For example,
in high-speed applications, an explicit calculation is ac-
ceptable, allowing the Phase 2 iteration to be bypassed.
For an explicit Lagrangian calculation, only Phase 1 is
required. For an implicit Lagrangian calculation, only
the first two phases are used. In neither of iliese two
cases are advective flux calculations necessary, and the
Phase I or 2 results are final results for the cycle. All
these options may be selected by appropriately defining
the input data (see beginning of code in App. A).

B. The Computing Mesh

The computing mesh consists of a two-dimensional
network of quadrilateral cells for either cylindrical or
plane (Cartesian) coordinates. Calculations in cylin-
drical coordinates are scaled to unit azimuthal angle,

which allows the equations to be written without any n
factors. The radial coordinate is denoted by r or x, and
the axial coordinate by y, with the origin located at the
lower left corner of the mesh. The coordinate names in
the equations are x and y. The quantity r is used to
determine the geometry: r is set equal to x for cylin-
drical coordinates, but the expressions automatically
reduce to Cartesian form if all r's are set to unity.

The vertices of the cells are labeled with the indices i
and j , which increase in the radial and axial directions,
respectively. Cell centers are denoted by half-integer in-
dices i+1/2 and j+J/2. The mesh of cells is Nx cells
wide by Nv cells high.

The mesh illustrated in Fig. 1 is in cylindrical coor-
dinates, where the cells are sections of toroids of revolu-
tion about the cylindrical axis.
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Fig. 1.
A typical SALE mesh in cylindrical coordinates.
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Fig. 2.
The assignment of variables about cell (i+1/2,

J+l/2).

The variables in an ICEd-ALE grid are of two types:
those defined at vertices and those defined at cell cen-
ters. The principal variables are shown in Fig. 2, where
coordinates (x and y) and corresponding velocity com-
ponents (u and v) are defined at vertices. Pressures (p),
specific internal energies (J), cell volumes (V), densities
(p). and masses (M) are al! assigned at cell centers.

In the equations that follow, the superscript n refers
to the beginning-of-cycle values. The advancement of
the solution through a time step, of duration 6t, provides
values at the beginning of the next (n+1) cycle. Inter-
mediate values are typically labeled with a subscript L
for the results of Phases I or 2.

(1)

where

ATR - j

and

ABL = j [(x1 - x4)(y3 - y4) - (x3 - x ^ ) ^ - y^)] .

The numerical subscript notation for vertex quan-
tities associated with a given cell is simplified to
tha' shoivn in Fig. 2. It is used throughout this
report and in the SALE code.

(3) With the cell volumes defined, the masses at cell
centers can be obtained from the product

(2)

but it is also necessary to assign a mass to each
vertex to obtain the time-advanced velocities. In
SALE, we assume that the mass in each cell is
shared equally between its four corner vertices, so
vertex 4 in Fig. 2, for example, is given the mass

M - 4-
1 +ic s+U \ _!s (3)

D. Phase 1 of the Calculation

C. Initial Conditions and Preliminary Calculations

The input data supply the initial values of x, y, u, and
v at the vertices and p and I for the cells.

(I) The radius r is calculated as r = x in cylindrical
coordinates, or r = 1 in plane coordinates. The
coordinate system is determined by the input
parameter CYL, which is equal to I for cylin-
drical coordinates and is equal to zero tor plane
coordinates. Thus, we write

J (4)CYL + 1 - CYL

(2) Cell volumes per unit azimuthal angle are given
by the exact expression

In this phase, velocities are advanced explicitly in
time in a purely Lagrangian fashion. If viscous, elastic,
or other stresses are desired, they are included in this
phase as well. The updating of the specific internal
energies is delayed until after the optional implicit
pressure calculation of Phase 2. This delay permits
time-advanced pressures to be used in computing the
pdV work and ensures consistency with the velocities
coming out of Phase 2.

The ve'ocities resulting from this Lagrangian calcula-
tion phase are denoted by (uL, vL). Pressure, viscous,
and other force contributions are computed in separate
subroutines, so that in each case the (uL, vL) values are
progressively updated with each contribution. This up-
dating is started with the beginning-of-cycle values (u,v).



In the actual code, the order of updating is performed in
the following sequence. -v

1. Cycle Initialization. This routine initializes the (uL,
v j velocities with the beginning-of-cycle values (u,v). In
addition, cell densities p and pL are calculated as the
ratio of the cell mass to cell volume. Cell pressures (p)
are calculated using an equation of state p = f(p,I),
although the equation of state is bypassed after the
setup for implicit calculations, because the pressures
resulting from the previous Phase 2 implicit solution
generally prove to be a better initial guess for the next
cycle iteration than the equation-of-state pressure. In
the incompressible limit, we also bypass the equation of
state in the setup and set zero pressures at time t = 0.

2. Artificial Viscous Forces. Here the (uL,vL)
velocities are adjusted for contributions arising from a
bulk artificial viscosity and from a coupling between
alternate nodes.

where

— - CYL
u. + u + u

(5)

(6)

The parameter Xo in the above expression for Q, is
denoted by ARTVIS in the input data list, and should
be less than 0.25 to avoid excessive viscous damping. A
value of ARTVIS = 0.1 has been satisfactory for many
applications.

With Q\ calculated, the appropriate contributions to
the four vertices of cell (ij) are

a. Artificial Bulk Viscosity. For problems involving
shock waves, an artificial pressure Q must be used to
ensure mesh-resolvable shocks. This addition is required
because mean kinetic energy is not conserved across a
shock wave. Without dissipation, spurious velocity os-
cillations develop behind the shock to account for an
excess of kinetic energy. We include the dissipation as a
pressure addition, which models the fact that the
pressure change across a shock is more than a simple
adiabatic compression.

The viscous pressure used in SALE is quadratic in
the velocity divergence, and is only added to cells un-
dergoing compression,

qJ - m±n (o, D^^p^CArea (4)

In this expression, (Area) is the area of cell (i j ) , so
that

(Area) = ^

and D- is its velocity divergence V • u defined as
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The asymmetry in the geometric factors in the above
expressions, which also appears in other equations for
pressure accelerations, arises from the difference in the
effect of the boundary of the control volume on the two
directions. Accelerations in the radial direction must in-
clude the forces on the ends of the one-radian section of
the torus. These contributions do not enter in the axial
direction.

b. Alternate Node Coupler. In a Lagrangian calcula-
tion using quadrilateral mesh cells, there are certain
degenerate mesh deformations that do not result in net
pressure or viscous forces. Typically, these deforma-
tions are associated with the shortest resolvable
wavelengths (26x) in the mesh. For example, Fig. 3 il-
lustrates two such short-wavelength deformations.
Figure 3a shows the bowtie pattern and Fig. 3b shows
the herringbone pattern. In each case, the deforming
cells undergo no change in volume so that no pressure
variations are generated. Also, it is easily verified that
no net viscous or elastic strain forces are generated at
vertices embedded in the bowtie type of deformation.

Thus, to prevent such deformations from slowly
degrading a solution, it is sometimes necessary to cou-
ple alternate mesh nodes with a small artificial restoring
force. Ideally, this force should affect 'lows only at the
25x wavelength level, but have no nfluence on the
larger, better resolved flow variations. We introduce
small accelerations at each vertex, which are based on
the surrounding velocity field and cend to keep the ver-
tex velocities from deviating ioo strongly from their
neighbors.

A fen h-order coupling scheme is effective for the
bowtie mode, but a more diffusive :;econd-order scheme
must be used for the herringbone pattern. The fourth-
order form is given by

1+1 U

i-1
i -1

in which anc is a coefficient that governs the amount of
coupling and implies a relaxation time of a~J time steps.

The second-order form is given by

In SALE, we combine both of these forms in the follow-
ing set of expressions, in which \ = 1 results in the
fourlh-iT^IT form and % = 0 results in the second-order
form. Also, rather than sweeping vertices to make the
contributions, we may equivalently sweep over cells and
adjust the four vertices of each cell, such that

and

(8)

\

(b)

Fig. 3.
Two types of instabilities between adja-

cent nodes: (a) bowtie, (b) herringbone.



Corresponding expressions are used for the y direction,
with every u or uL replaced by v or vL. Note that con-
tributions at vertices on reflective boundaries must be
doubled to obtain the correct value. This is necessary
here because these artificial accelerations have been
defined without reference to vertex masses. In the case
of all other forces, no corrections are needed for boun-
dary vertices, because the omission of force contribu-
tions from cells on the outside of a boundary is compen-
sated for by a corresponding omission in vertex mass.

We emphasize that node coupling is diffusive and
nonphysical and should be used with discretion. In a
spherical expansion, for example, the smoothing effect
of too much node coupling adversely affects the
sphericity. To avoid its unintentional use, we require the
SALE user to supply values for % and anc in the input
data. Rarely should anc exceed 0.05.

3. Stress Deviator Forces. At this point, the shear
viscosity (n) and bulk viscosity (K) contributions are ad-
ded, if either is specified, in terms of a stress deviator
force. (This would also be the appropriate place to add
material strength effects. These effects, however, have
not been included in this version of SALE.)

For each cell, we define the divergence D = V • u as
in step 1 above, and the four components of the viscous
stress tensor as

3x" = 2 (Area) [ (v2 " V (*3 " y l }

3u = 1
3y 2(Area) [(", " «, - x . )

and

3v
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(10)

Stress deviatcr contributions to the vertex velocities are
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CYL 2U (^) + XV-u , (9)

where u/r is defined as in Eq. (6). The finite difference
expressions to compute these quantities are
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Cv,

(VL>3 =

6. Borfj' Accelerations. Finally, any desired body ac-
celerations, such as those arising from gravitational ef-
fects, are added to the velocities. For example,

and

Y%
 ( r l V ' - y y ( X 3 " V

(11)

and

(13)

E. Phase 2 of the Calculation

The n terms arc stored for later inclusion in the inlernal
energy.

4. Pressure Force Contributions. The principal con-
tribution to the velocities in Phase 1 comes from Ihe
pressure forces and body forces acting on the vertices.

a. Pressure Accelerations. The difference approxima-
tions used for the pressure accelerations arc

< U L>3 '

it j , ,
" W P i r->Cy2 ' V

^M3 i . ^ k

" V

Phase 2 provides an implicit treatment required to
eliminate Couranl-like time step restrictions that v/ould
otherwise be required to ensure computational stability
in low-speed or incompressible flows. This phase can be
bypassed entirely when an explicit calculation will suf-
fice. The purpose of the implicit treatment in Phase 2 is
to obtain a velocity field that has been accelerated by
time advanced pressure gradients. The time-advanced
pressures, in turn, depend upon the densities and
energies obtained when vertices are moved with these
new velocities, but because these are functions of the
new pressures, the pressures are by definition implicit
and are in general best determined by iteration. Our im-
plicit approach is formulated as follows. With the sub-
script L again denoting time-advanced values, the
desired pressure p, of cell (ij) will be the solution of

(14)

where the new cell density and energy are approximated
in terms of their initial values as

and

(15)

and

10



V is the volume of the cell at time n. and V* is the
volume the cell would have if its vertices were moved
according to the current Lagrangiar veloci'y field.

x i = ( V i d t

(16)

4M,
(18)

The mesh is repeatedly swept and steps (1) through
(5) are preformed once for each cell each sweep, until no
cell exhibits a pressure change violating the inequality

A solution for p, is obtained by applying a Newton-
Raphson iteration, for which the Phase 1 velocities
(u,,vL) are used as initial guesses. The iteration consists
of sweeping through the mesh and applying the follow
ing adjustments to each cell, once each sweep:

(1) Compute V* using the most updated values for

(u..-\'i.);

(2) Compute new guesses for p,. I,, and p, from the
above equations: and

(3) Compute a pressure change 6p. according to

6P ( 1 7 )

where the most updated values are used for pL, pL. and
1L, and S~' is a relaxation factor to be described below.

(4) Adjust the current guess for p, by adding 8p to it;
(5) Adjust ;he velocities at the vertices of the cell to

include this pressure change:

(19)

where pmnt is the actual or an estimated maximum
pressure in the mesh and c is an input number (EPS),
typically of order 10 4.

The quantity S used in step (3) must be tl'.osen to
keep the pressure changes bounded and progressing in
the right direction. In the Newton-Raphson procedure,
S is the derivative of the function whose root is sought
with respect to p, the iteration variable. Here, S is the
rate at which the quantity p - f(p.I) changes as the
variable p changes, and is computed numerically using
the same relations outlined above. For this purpose, a
small pressure change Ap is chosen, scaled to the
calculation:

Ap = —.
6t

>'3 - y x > .

(VL>1

( VL}2
6t6p

( r i + r3 ) ( x3 " X l )

- V

Here, p is a typical fluid density at time t = 0. and p, is
an input quantity (PEPS), typically 10 4. The velocity
changes that would be induced by Ap are used to com-
pute the corresponding volume, energy, and density
changes, and from them a new pressure. Finally. S is
determined from the difference between p — f(p,I).
evaluated before and after the small change in pressure,
and divided by Ap. The resulting values for S"' are mul-
tiplied by an optional over-relaxation coefficient, input
as OM. and stored for each cell before the iteration is
begun. These quantities arc not recomputed during the
iteration.

The above procedure works well across a broad
range of low speed flow applications, but in the incom-
pressible limit, the procedure is modified. The reason for
this is that the method is then excessively sensitive to
volume changes. In this case, we replace p = f(p,I) with

and
(20)

11



which effectively holds the densities constant and results
in much faster iteration convergence. Corresponding ex-
pressions are used for the evaluation of S.

It should be noted that the densities and internal
energies calculated in the pressure iteration are tem-
porary quantities used only to update the pressure. To
ensure exact mass conservation, the final new densities
are computed in Phase 3 after the cell masses and
volumes have been calculated. The internal energy is
also recalculated with time-centered volume changes,
which conserves internal energy, and viscous contribu-
tions are then included.

In some cases, when the pressure iteration does not
converge within several hundred iterations, it is still
possible to continue a calculation without serious error.
Usually this only happens when the incompressible op-
tion is used. For example, a poor initial guess for
velocities or pressures may require a high number of
iterations to relax to an acceptable solution. In such
cases, the code automatically terminates the iteration,
continues the cycle, and then proceeds on to the next
cycle and repeats this process up to 10 times. The code
aborts if the pressure iteration still has not converged af-
ter 10 cycles.

The Phase 1 and 2 calculations as outlined above
comprise an implicit Lagrangian method stable for any
Courant number, and allow calculations at all values of
sound speed vs fluid speed.

(uTC)1 = f |u

and

With this definition,

<3V s , /

<y3 -

-V 1(V

' V I ( vTC>2

and

F. The Energy Calculation

The pressure work and viscous dissipation contribu-
tions to internal energy are calculated next. The
pressures used in the work expression are those
resulting from the Phase 2 iteration when the implicit
option is used. In the case of explicit calculations, the
pressures used are those coming from the equation of
state at the beginning of each cycle.

The equation for the change in internal energy in a
cycle is

i< : ' - 6 A « a >[< u TC ) l + (U!

f (r + r )[J1 (x - x )

- n x y ( y 2 - V H C V T C ) I -

j\dV + dVIsl
4 i /d t dt I

(21)

Both thp dV/dt and dVIS/dt quantities are in time-
centered rorm, using averages of beginning-of-cycle and
current velocities, for example

The four n terms were evaluated in the Phase 1 stress
deviator calculation using Eq. (9) and stored for each
cell for use here. In addition, the artificial viscous
pressure Q was saved from Phase 1, Eq. (4).

12



G. Phase 3 of the Calculation and

1. Rezone. When large fluid iistortions are not expec-
ted, a purely Lagrangian approach will suffice, allowing
the computing grid to follow the fluid motion exactly. In
many cases, however, large fluid motions would create
devastating effects, contorting cells to extreme aspect
ratios or even turning cells inside out. It is often possible
to ameliorate these effects by moving the mesh vertices
with respect to the fluid so as to maintain a reasonable
mesh structure. Whenever a vertex is moved relative to
the fluid, however, there must be an exchange of
material among the cells surrounding the vertex. SALE
allows a broad spectrum of rezoning possibilities by
treating this material exchange as an advective flux. The
simplest case is that of a purely Eulerian flow, in which
the vertices are moved back to their original positions
every cycle. Between this extreme and the Lagrangian
extreme lies whatever form of continuous or discrete
rezoning the user wishes.

This latitude is made possible by defining a set of grid
vertex velocities (uG.vG) over the entire mesh. For a
purely Lagrangian calculation, uG = uL and vG = vL

everywhere. For a purely Eulerian calculation. uo = 0
and v0 = 0. For a continuous rezone that approximates
a Lagrangian calculation, but minimizes excessive grid
distortions, grid velocities are chosen to lie somewhere
between these two extremes. In particular, the vertices
are moved according to some relaxation rate to place
vertices at the average position of the neighboring ver-
tices. This usually maintains cells of reasonable size and
proportion throughout a run. Once a set of grid
velocities uG and vG have been defined, it is a simple
matter to construct the new grid and perform whatever
advective flux calculations that may be required.

SALE could also be modified to have a discontinuous
rezone capability in this Phase of a cycle. For example,
grid quantities could be interpolated onto another grid
whenever distortions are excessive.

H) CYL + 1 - CYL (22)

We next form a set of relative velocities (uRE, ,vREL) to
simplify the later task of calculating advectivc fluxes.
For this purpose, the vertex velocities with respect to the
fluid are

and

(23)

New cell volumes "*'V are calculated from the new
coordinates using Eq. (1). and replace the "V values in
storage.

3. Advective Flux of Mass, Energy, and Momentum.
This step is bypassed completely for a purely
Lagrangian calculation. In all other cases the relative
velocities are not zero, and we must calculate the flux of
mass, energy, and momentum between cells.

The flux calculation is performed on a ceil-by cell
basis. For every cell, we calculate the volume swept out
by each of the four faces relative to their Lagrangian
positions.

a. To calculate these volumes, it is necessary to first
form the Lagrangian coordinates (xp.xp) given by

* ( u REL ) l 6 t

and

2. Regrid. In this step, the vertices are moved to new
locations as specified by (uG,vG):

6t u
G ' i

( r ) . = (x ) CYL + 1 - CYL,
pi pi

(24)

b. Then the four volumes for the right, top. left, and
bottom sides are proportional to

13



FR - i i

+ * 2 i % > 2 - y i ] + < V * [ y « " y i I } ) • ( 2 5 )

+ (x )2 ty1 - y2)J) . These represent one-half the volumes swept over by the
sides moving from their Lagrangian positions to their

_1 / . . . . . . . . rezoned positions, the factor of 1/2 being included for
" 1 2 U ( V 2 + r3 + r

P
; 3 u X

P 2 ly3 ~ y
P 31 convenience. Note also that FR for cell (i+1/2, j+1/2)

is equal to - F L for cell (i+3/2, j+1/2), and FT for cell
+ x 3[(y p) 3 - (yp)2l (i+l/2, j+1/2) is equal to - F B for cell (i-f 1/2, j+3/2).

This fact is used in the code to eliminate redundant

+ (x ) [(>• ) - y ]} calculations.
p p c. Associated with each fluid volume crossing a cell

face there are corresponding values of mass, energy,
2 P 2 3 2 y3 yp 2 and momentum. For example, the mass crossing thi

right face of cell (i+1/2, j+1/2) might be computed as
+ (x )7[y - y3l the product of the fluxing volume 2(FR) times the

average fluid density of the cells (i+I/2, j+I/2) and
. (i+3/2, j+1/2) located on either side of the boundary.

X3 yp 2 y2 1 ' Unfortunately, this so-called 'centered differencing'
leads to numerical instabilities. One way to circumvent

n. = —([(r ) + r + (r ) 1! (x ) [>• - (y ) ] t n i s instability is to weight the quantity being fluxed
12 p 3 4 p 4 p 3 4 p more in favor of the upstream value. In the above exam-

ple, this means the density associated with FR should be
+ V V * " ^ ' p^ ' more nearly equal to the density in cell (i+1/2, j+1/2)

when the flux is leaving this cell (FR < 0), or more
+ (x )4! (y ) - y^]} nearly equal to the density in cell (i+3/2, j+1/2) when

the flux is leaving that cell (FR > 0). In SALE, we in-
corporate the flux coefficients FR, FT, FL, and FB

+ [ r3 + ^rph + r J * x 3 [ y 4 " < y
P V within expressions that allow various differencing forms

determined from input constants a0 and b0:

aR - aQ sign FR + *\

)

and
aQ sign FT

14



and.

aQ sign FE <26)

where "sign FR," for example, equals + 1 if FR ^ 0 and
equals — 1 if FR < 0. Both a0 and b0 lie in the range 0 to
1. and the limiting cases are

+ [FRfl - a ) FT(1 - a .) -f FIJI - a, 1

a,, = 0 and b0 -— 0 — centered (unstable).

a0 - 1 and b0 = 0 —>• full donor cell or upstream dif-
ferencing (stable, but diffusive).

a0 = 0 and b(l =

and

1 --> interpolated donor cell (linearly
stable, less diffusive).

a0 - I and b(l = I ---> (stable, but more diffusive).

Note that (a0 + b0) must be sufficiently positive foi
numerical stability (see Sec. 1II.D).

d. In terms of these weighting fractions, the new mass
and specific internal energy for a cell (i+ 1/2. j + 1/2) are
then given by

n + Mi*:' = nMJ,+:' + FR(1 + O c ,

F K 1 F B ( 1

+ [FR(1 - a . ) + FT(1 - a_) + Fl.(l - a )
K T L

and

r W I "Mi le + FF'] + v(nT-L)&,:

e. The advection of momentum requires an extra step,
because cell momenta are not carried throughout the
cycle as primary field variables. Here we use the con
cept of a cell centered momentum flux, which is a
departure from that of a vertex-centered form
previously used.' The cell centered flux form has the ad-
vantage that momentum is fluxed consistently with
mass and energy. The approacii is to compute average
cell-centered momenta based on the vertex velocities.
Changes in these cell momenta resulting from advection
are comp .ted in the same way as the other cell-centered
quantities. These changes are then apportioned back to
the vertices. Although this scheme requires the ad
dilional calculation of cell centered averages and their
average effect back on the vert"x velocities, the entire
process is simpler than usinfc another set of control
volumes, because it can be easily included in the advec-
tion calculation for mass and energy. Tests with this
method have shown it to be superior to all momentum
advection methods based on vertex-centered control
\olimes. In particular, ii better preserves cylindrical or
spherical symmetry and does not introduce diffusion
across streamlines.

The first step in the momentum flux calculation is to
form the cell centered momenta. For every cell.

M l
(",

and

15



Then, using the flux coefficients formed in steps (b) and
(c) above, the net advection changes in rell-centered
momentum components are given by

i+3/2

FT(1

FL(1 F B ( l

[ F R ( 1 - a j + F T ( 1 - a_ ) + F L ( 1 - a , )
K 1 L

+ FB(1 - a

^) Ni
Because both the a+ lM and the "M values are required,
the replacement of nM values by n+1M vplues is ';ferred
until after completion of this step.

c. Finally, we distribute the cell-centered momentum
changes to the four vertices of the cell, in the same man-
ner that we calculai" vertex masses, that is, giving equal
fractions to each vertex.

n+l n+1 / 0.25 \ / \ i+l-
1 l +1 V '

n+l n+l
u , " u

and n+l

n+ l

n+ l

1-rl H ' i+=j

FL(I + a ) ,' + FB(1 + an

n+l n+ l
V l = "•*(^f)Hi:i

[FR(1 - a R ) + FTU - aT"> + FL(1

The momenta changes are finally converted to vertex
velocity changes in the next step.

4. Updating the Vertex Quantities.
a. We first calculate new vertex masses from

averages of the new cell masses, using Eq. (3).
b. To adjust the velocities, we set initial values at all

vertices, where the (nu,nv) values in storage are replaced
by

n + l r.+l / 0 .2 3
v = v +

2 2

n+l n+l / 0.2 5
v , = v3 "3 n

and

and

n+l n+ l / 0 .25
v . = v. +

H. Completion of the Cycle

In a purely Lagrangian calculation, the advective flux
is bypassed entirely, and the end-of-cycle n+Iu and "+lv
remain to be set. In the case of an explicit Lagrangian
calculation, the Phase 1 (uL,vL) values replace the
(nu,nv) values. Similarly, for an implicit Lagrangian

16



case, the Phase 2 (U[,v,) values become the final values ferential equations of motion. Alternative approxima

for the cycle. lions may be easily substituted for any one of the these

sections, because they reside in independent sub

routines. To complete the solution algorithm, it is

i. Summary of Solution Algorithm necessa:\ to specif) suitable boundary conditions

SAl.H contains a »ariety of user options for boundary

The above subsections complete the description of conditions, which are discussed in the next section,

the basic finite difference approximations to the dif along u ith othei code iniiial'/aiion and running insiruc

lions.
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III. THE SALE FORTRAN PROGRAM

A. General Structure

The SALE computer program consists of a set of
subroutines controlled by a short main program. The
general structure is illustrated in Fig. 4, showing a top-
to-bottom flow encompassing the three phases
described in Sec. II. Beside each box in the flow
diagram appears the name(s) of the primary sub-
routine(s) responsible for the associated task. An ex-
amination of the main program listing lines SALE. 170
through SALE.193 (App. A) reveals that rhe program
closely follows the logic path of Fig. 4.

In addition to the primary subroutines, Fig. 4 also
identifies a number of supporting subroutines that per-
form tasks for the primaries. These are concerned with
boundary conditions, equation of state, and program
output. Comment cards at the beginning of every sub-
routine in the listing describe its purpose.

The listing in App. A is for the FORTRAN Extended
(FTN) compiler in use at the Los Alamos Scientific
Laboratory (LASL) on the CDC-76OO computer, which
operates under the Livermore Time-Sharing System
(LTSS). The code is close to ANSI standard and is
generally compatible with other compilers. The prin
cipal incompatibility with other systems lies in the calls
that communicate with the operating system. Most of
these concern the film-plotting routines. WRITE(59,-)
statements refer to the user's remote terminal at LASL.
The functions of all calls to local routines in SALE are
described in App. B to aid users at other installations.

The input quantities to set up a problem are described
in the listing (lines SALE.11 through SALE.62), using
the formats appearing in subroutine RINPUT. Provi-
sion is made for tape dump and subsequent restart. In
this case, a modified input file is used, where N , E O and
Ny = the dump number.

B. The Indexing Notation

Figure 2 shows some variables centered at vertices
and some at cell centers, typical of Lagrangian

methods. In FORTRAN, one can reference xj simply as
X(IJ). but plU'/l cannot be referenced by a "half-
integer" index, so the conveniion is that P(I,J) refers to
this pressure. Thus, the indices I and J refer to a quan-
tity lying at the lower left vertex of a cell, or at the cell
center, depending upon where the quantity is defined. In
SALE. (I.J) is replaced by (IJ), as only single subscripts
are used for computer efficiency. In the SALE subscript
notation, (he letter P stands for -I and M for —. Thus,
we write

IMJ for ( i - l j ) ,
IPJ for (i+lj) .
UP for (i.j+1) .
IPJP for (i+1. j+1) , ...

This notation allows programmed equations in the
listing to be quickly comprehended.

As the number of vertices in either direction is one
greater than the number of cells, it is apparent that the
grid in computer storage must be (Nx + 1) by Ny + I) in
size. Because our indexing refers to cell centers and
lower left vertices, we must allow one extra column of
storage on the right and one extra row across the top of
the mesh.

C. Boundary Conditions

Seven types of boundary conditions are provided in
the SALE listing of App. A. identified on lines BC.6-
BC.12. Except for special situations, as in the sample
problem of Sec. IV.D, the user only needs to define the
boundary types in the input data file and supply values
for specified flow or applied pressure boundaries, and
SALE will automatically do the rest. The input data
flags indicating what conditions are to be applied along
each edge of the mesh are WB, WL, WR, and WT,
which correspond to the bottom, left, right, and top
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I READ INPUT PARAMETERS 1
COMPUTE DERIVED a SCALAR QUANTITIES^
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ADVECT
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8C

Fig. 4.
General flaw diagram for the SALE program.
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boundaries. Integer values assigned to these flags range
from zero to six and have the following meanings.

0 = a free Lagrangian surface,
1 = a free-slip vertical or horizontal wall,
2 = a curved or tilted free-slip wall,
3 = a no-slip wall.
4 = a continuative outflow boundary,
5 = a specified inflow or outflow boundary, and
6 = a specified pressure boundary.

In general, application of a boundary condition im-
plies some appropriate setting of the velocity compo-
nents for boundary vertices. However, for a free
Lagrangian surface, no adjustment is required, as the uL

and vL from Phase 1 or 2 are the desired values, as in
the sample calculation of Sec. IV.A.

For a symmetry boundary or a free-slip wall, the nor-
mal wall velocities must be kept at zero throughout the
calculation. If such a boundary is parallel to the x or y
axis, the u is set to zero on a left or right boundary, or
the v is set to zero on a bottom or top boundary. If the
wall is slanted or curved (as in the sample calculation of
Sec. IV.C), both velocity components must be adjusted
to make the flow tangent to the local slope. This is done
by first computing an average tangent at a boundary
vertex from the neighboring vertices. Then the vertex
velocity is changed in such a way that its component
along this tangent remains unchanged, but its normal
component is zero.

Currently, the general free-slip condition calculates
the tangential direction in terms of the fluid-mesh coor-
dinates. For this reason, the boundary keeps its original
shape only when the vertices lying along it are treated as
Eulerian grid points. It would be straightforward to
modify the code to specify a fixed boundary, not tied to
the calculational mesh, in terms of which the boundary
condition would be applied. This would allow a fixed,
curved boundary to be used with fully Lagrangian fluid
motion.

It should be noted that general free-slip curved boun-
daries can cause difficulties in the limit of incompressi-
ble flow. The reason is that tangential motion at the cur-
ved boundary will not precisely conserve volume. If £,
the convergence parameter, is such that it requires total
volume changes less than the error committed at the
curved boundary, the pressure iteration will not con-
verge. It is necessary, then, to decrease 8t, increase E, cr
improve resolution along the curved boundary.

For a rigid no-slip wall, both velocity components are
set to zero, regardless of wall orientation or curvature.

In^! w and outflow boundaries are more complex
than those described above, as an inflow boundary re-
quires not only specified velocity components (UIN,
VIN), but also a density (ROIN) and energy (SIEIN).
To have these cell quantities readily available for flux-
ing, SALE automatically makes the first cv.umn or row
of cells at such a boundary into fictitious cells, and ad-
justs DO-loop limits accordingly so that the calcula-
tions bypass such cells.

The typical treatmenf of ar. outflow boundary is
either to specify the outflow velocities or, if it is con-
tinuative. to set the velocity components equal to those
located one vertex in. This generally works properly for
high-speed flows, but for low-speed or incompressible
flows, the prescription may require adjustment if it af-
fects the upstream flow. Note also that an outflow
boundary can only be used in a full-donor cell calcula-
tion (a0 = 1, b0 = 0). because the flux expressions will
refer to outside quantities for any other a0 and b0. SALE
provides a warning message if the input specifies other
than a full-donor cell treatment in combination with an
outflow boundary. This can be dealt with, as we did in
the sample calculation of Sec. IV.D, by storing the
necessary values in outside cells. In such instances, it is
simplest to choose the right or top boundaries for the
outflow, as they provide true outside cells (Nx+1 and
Ny+I). and inside fictitious cells are not provided for
continuative outflow boundaries. One should also be
aware that a continuative outflow boundary could
become an inflow boundary if the velocity field unex-
pectedly reverses during the calculation. Should this
happen, the flux calculations will be incorrect at the
boundary. Continuative boundaries, therefore, must be
used with caution.

The final type of boundary condition we offer is a
specified pressure boundary. It too uses inside fictitious
cells for the pressure definition. Again, DO-loop limits
are automatically adjusted to bypass such cells in the
calculation, except in Phase I. where these cells are in-
cluded so that pressure accelerations are correctly
calculated at the boundary. When a specified pressure
boundary is used, the pressure must be defined in the in-
put data list as the value of PAP.

The boundary conditions applied on the edges of the
logical SALE mesh are set in the sequence of left, right,
bottom, and top. A corner vertex, common to two
edges, is therefore set to the condition of the edge that is
treated second.
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The boundary conditions of both edges meeting at a
corner are considered when the general free-slip condi-
tion is applied to either edge. If both edges are general
free-slip, we 'wrap around' and reference the neighbor-
ing points on each side when calculating the slope at the
corner. This is especially helpful for meshes with con-
nected curved edges, as it maintains tangential flow.

D. Numerical Stability and Accuracy

Numerical stability and accuracy are essential factors
to consider when assessing the application of numerical
simulation models. Time and experience have proven
that first-order methods such as SALE are perfectly
adequate for many problems of interest. The researcher,
however, should realistically evaluate his needs when he
considers the suitability of any computing technique or
program. It is no wiser to pay the expense for an overly
sophisticated technique than it is to struggle with trying
to apply a technique to a situation for which it is not
suited.

The useful accuracy of a given numerical solution
may be difficult to determine analytically.4 In such
cases, it is sometimes possible to use a spectrum of com-
puter runs with different meshes, time steps, donor-cell
coefficients, artificial viscosities, convergence criteria,
etc., to determine if a calculated effect is physical or
simply a numerical artifice. Aside from this type of
"brute force' approach, there are several general rules
one should follow in using the SALE program. For ex-
ample, if a solution exhibits large variations over dis-
tances comparable to a cell width or over times com-
parable to the time step, it is probably not very reliable.
Thus, when computing time or memory limitations
preclude the use of a cell size and time step that are fine
enough to resolve all spatial and temporal variations of
interest in the dependent variables, then the results must
be interpreted with care. In spite of such limitations, the
investigator often has some choices. For example, a thin
boundary layer :n a large region may be resolved by
employing much finer zoning at the wall and a no-slip
boundary condition. If, however, its resolution is unim-
portant, then coarser zoning and a free-slip condition at
the wall may be a valid approximation.

Numerical methods may give solutions that develop
large, high-frequency oscillations in space or time. If the
physical problem being modeled is known not to exhibit
such behavior, the source may be numerical instability,

caused by violation of one or more restrictions that
should be used to limit the size of the time step.

Implicit methods have less stringent stability require-
ments than explicit methods, which typically require
that the Courant condition on sound signal
propagation,

/c6t c6t\ ,max! -p— , -r— 1 < 1\6x &y )

is not violated. When SALE is run implicitly, the
Courant condition can be avoided because it uses time-
advanced quantities, which are determined by iteration.
The resulting increase in running time per cycle can be
more than compensated for by the reduction in number
of time steps, but the time step must always be chosen
to ensure that important short time-scale phenomena
are resolved. When the Mach number of the flow ex-
ceeds the 0.1 range, an explicit solution is often more ef-
ficient, but below this range, the restriction on sound
signal propagation would require a large number of time
steps to move the fluid even one cell width, and the im-
plicit solution becomes preferable.

Whether run implicitly or explicitly, the time step in
SALE is always restricted by the well-verified condition
that fluid cannot be moved more than approximately
one cell width per time step, that is,

The minimum implies that every cell in the mesh must
be considered to ensure that the 5t satisfies the most
restrictive case. Our general advice is to start by choos-
ing 5t equal to one-fifth of the minimum cell transit time
(DTF = 0.2 in the code), being more liberal if ex-
perience allows it for the application at hand. Although
Lagrangian calculations do not have as restrictive a
stability limit due to advection, we still recommend that
the time step satisfy this requirement, primarily for
reasons of accuracy, and secondarily for efficiency by
avoiding negative cell volumes at the end of Phase 1, as
negative cell volumes automatically force the code to
back up and restart the cycle with a smaller time step.

The donor cell or upstream component of the advec-
tion terms contributes numerical diffusion-like effects
that influence the stability conditions. In particular,
space-centered differencing (a0 = b0 = 0) leads to un-
stable results,2 whereas full donor-cell differencing (a0 =
1, b0 = 0) may be too diffusive for some circumstances.
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Our general recommendation is to use a0 as small as
possible without generating an instability.

Another numerical stability condition relates to the
stress tensor. When viscous effects are included, the
crucial condition to be satisfied is that

- l

is met in every cell, which roughly states that momen-
tum must diffuse less than one cell width per time step.
Also to be considered in Phase I is the related stability
condition on the alternate node coupler, which can be
shown to be anc < 1.

In SALE, we automatically choose a new time step
every cycle (subroutine TIMSTP) that must satisfy four
requirements: (1) advective flux, (2) viscous effects of X
and |i, (3) no more than 5% increase from the time step

of the previous cycle, for reasons of accuracy, and (4)
no greater than the maximum time step for the calcula-
tion (DTMAX in the input file). We assume that the
user has satisfied upstream (ao,bo) and node coupling
(ANC) requirements in the input data.

A final comment regarding the selection of the time
step is that we specifically do not recommend tailoring
the time step to precisely fit a specified output time. Oc-
casionally, this may result in suddenly having, for an
output cycle, a time step several orders of magnitude
smaller than the problem has been running with. Ex-
perience has shown that such a discontinuous drop can
adversely affect the results and cause some commuting
methods to blow up. It is better to let the four require-
ments above determine the time step, and do the output
when the problem time equals or first exceeds the
specified output time.
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IV. SAMPLE CALCULATIONS

SALE is written in a very general fashion and is not
geared to any specific type of calculation, as msr.y
codes are. It has an unusually wide range of capabilities,
but as a result, most problems will require at least some
code modification. Typically, this is either in the setup,
boundary conditions, or the rezone. Techniques ror
mesh generation, boundary treatment, and rezoning are
explored in the examples that follow. These include in-
put data and code modifications, from which it is ap-
parent that the necessary code changes for most
problems are quite straightforward. In these examples,
code changes are written in CDC UPDATE format. A
line of the form *I, deckname.n means the FORTRAN
statement(s) that appear between the *I line and the next
line beginning with a * are inserted following line
deckname.n. The line *D, deckname.m, deckname.n
means to delete statements deckname.m through
deckname.n and .?place them with any lines between
the *D and the next * line.

The Central Processor Unit (CPU) times and the
grind times are given for each example. The grind time,
defined as the CPU time per cell per cycle, 5CPU/-
(Nx*Ny), is a useful indicator of the computing efficiency
of the code. It should be noted that CPU usage is in-
fluenced by the dynamic load on the resources in a time-
sharing environment.

A. Broken Dam

This problem can be solved by the SALE program
exactly as listed in App. A. Because no code modifica-
tions are required, it has been selected as the test
problem in App. C, which presents several pages of
numerical output for verification of results at other in-
stallations. The setup consists of a IO-cell by 10-cell un-
iform mesh, in plane geometry, resting on a rigid free-
slip surface. The left boundary is a rigid free-slip wall,
representing a plane of symmetry. At time t = 0, a dam
at the right wall is removed, and the fluid is frf". to flow
outward under the influence of gravity. The mesh is
allowed to move in a purely Lagrangian fashion, and

the top and right boundaries are treated as Lagrangian
free surfaces. The calculation is run implicitly, in the in-
compressible limit (see Sec. II.E). Figure 5 shows the
mesh configuration at three selected times: t = 2.0 (cy-
cle 20), t = 5.0 (cycle 71), and at the specified finish
time, t = 10.0 (cycle 207). The plots in the figure create
the illusion of decreasing volume, solely because we
scaled each plot to fit a specified maximum width on the
film frame. The actual rightward progress of uie flow
can be determined from the numerical printout of cell
data. The x coordinate of the lower right corner vertex
(11.1), which was at position x = 10.00 at t = 0, is
located at x = 14.40 at t = 2.0. at x = 28.94 at t = 5.0.
and at x = 58.10 at t = 10.0. The y coordinate of the
upper left corner vertex (1,11), which was at position y
= 10.00 at t = 0. has dropped to y = 9.127 by t = 2.0,
to y = 6.782 by t = 5.0. and down to y = 3.379 at t =
1C.U.

The calculation required 42.5 s of CDC-76OO CPU
time to run to completion, and created 110 frames of
plots and printed information on microfiche. The input
file had the following appearance.

INC= I .T3AAA SLUPP. PURE LAGRANGIAN W/

NX
NY

INC
IREZ
LPR
fcB
W-
I *
WT
DX
DY
CYL
DT
DTMAX
TLIM3
TWFILM
TW=RTR
T^FIN
OM
PEPS

10
10

0
0
1.0
1 .0
0 . 0
0 . 10
0 .10
0.0
1 .0

200.0
10.0

1.00
1 .OC-1*
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7"Ae broken dam calculation showing the configuration of the Lagrangian mesh at times t = 2.0, t -•
5.0, and t = 10.0.
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EPS
RF
ARTVIS
LATBOA
MU
ANC
XI
GX
OY
AO
BO
ASQ
RON
GM1
RO1
SIEI
UIN
VIN
ROIN
S1EIN
PAP

1 .0
0.0
O.i
0.0
0.0
0.0
1.0
0.0
-1 .0
1 .0
0.0
1 .01
1 .0
0.0
1 .C
0.0
0.0
0.0
0.0
0.0
0.0

OE-H

For further information on this calculation, refer to
App. C.

B. One-Dimensional Shock Tube

The two graphs plotted in Fig. 6 illustrate density
profiles from Lagrangian (upper profile) and Eulerian
(lower profile) calculations of a 2:1 density-ratio shock
tube. No attempt was made to obtain the b"st solutions
that SALE can produce for this problem; rather, our in-
tent is to illustrate that satisfactory solutions can be ob-
tained in both limits. In Fig. 6. the SALE solutions are
plotted with a heavy line and the theoretical solution5 is
plotted with a light line.

The calculations were performed in a plane mesh 60
cells long by 1 cell high, allowing 30 cells for each fluid
region. The initial density was 0.2 on the left and 0.1 on
the right, and the initial specific internal energy was
0.18. The gas was polytropic with y = 5/3. The initial
cell size was 5x = 6y = 1/3. Both calculations were
completely inviscid (Xa = X - M = anc = 0)' but were run
with full donor-cell differencing (a0 = 1, b0 = 0). The
only difference between the two calculations is that the
first is Lagrangian implicit (Phases 1 and 2 only), and
the second is Eulerian explicit (Phases 1 and 3 only).

At t = 0, the diaphragm separating the two fluid
regions was instantaneously removed, causing a shock

0.20 I
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Fig. 6.
Density profiles at lime I - 10.0 from an implicit
Lagrangian (upper) and an explicit Eulerian
(lower) calculation of a shock tube with r 2:1 den-
sity ratio.

to advance into the lower density region and a rarefac-
tion to propagate back from the contact surface into the
higher density region. In both calculations. 8t was held
constant at 0.1. and the profiles shown in Fig. 6 are at t

10.0. The Lagrangian calculation required 8.6 s of
CDC 7600 CPU time to run to t -- 15.0. running at 3
iterations per cycle, with a grind time around 0.3 15 ms.
The Eulerian calculation required 7.4 s. with a grind
time around 0.210 ms. The one code modification re-
quired was to distinguish the two density regions in the
setup:

•1 .CELSET.35
I F ( I . G T . 3 0 ) R O ( 1 J ) = 0 . I



The input file for the Lagrangian
as follows.

••hock tube appeared

LEFT
BOUNDARY

T3AAA LAG ST. \fV=\, LAM=O YAQUI

NX
NY

INC
1REZ
LPR
WB
ML

WT
DX
OY
CYL
DT
DTMAX
TL1M3
Tt^lLM
TfcFRTR
TtFIN
OM
PEPS
EPS
RF
ARTVI5
LAT«DA
MU
ANC
XI
GX
GY
AO
BO
ASQ
RON
GMI
ROI
S1EI
UIN
VIN
ROtN
S1E1N
PAP

60
1
1
1
0
1
2
]

1
1
1

333333333
333333333

0 .0
0 . 1
0. 1
0 . 0
1 .0
1 .0

15.0
1 .00
1 .OE-H
1 .OE-M
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
1 .0
0 . 0
0 . 0
1 .0
0 . 0
0 . 0
0 . 0

0 . 2
0.18
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0

C. Supersonic Flow Through a Curved Duct

In this example we illustrate supersonic flow
through a curved two-dimensional duct. Of interest here
is the procedure for creating the mesh, and the
usefulneess of the general free-slip boundary condition.
The schematic for the mesh generation (Fig. 7) calls for
a 35-cell-long by 6-celJ-high Eulerian mesh, of which a
15-cell portion of the central region is to be deformed
into a 90° curve, leaving a 10-cell straight section at

144-
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M
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NYC

I

\

RIGHT BOUNDARY

Fig. 7.
The curved-duct mesh. The three dimensions are
defined in numbers of cells.

either end. The right mesh boundary, now visually ap-
pearing at the bottom, is the inflow boundary, and the
left mesh boundary allows a continuaiive outflow. The
top and bottom boundaries employ the general free-slip
condition, which is intended for arbitrarily curved or
straight regions.

The fluid is a polytropic gas with y = 1.4. Initial con-
ditions state that the fluid in the mesh is at rest, with
density and specific internal energy both equal to unity,
and that at time t = 0, a shock with a Mach number M
= 10 enters at the right boundary. The shock relations
for a polytropic gas5 allow the required conditions to be
calculated as functions of M alone. In this case, the
shock speed is 7.4833, while behind the shock, the fluid
speed is 6.1737, the density is 5.7143, and the specific
internal energy is 20.3874.

Figure 8 shows velocity vectors and isobars at three
selected times in the calculation. The high and low con-
tour values at the time of each contour plot are labeled
with an H and L. At the first time, t = 0.25 (cycle 33),
the shock is midway through the curved portion of the
duct, and a high-pressure region has developed where it

is encountered the wall. By time 0.50 (cycle 71), in the
second set of plots, the shock front is approaching the
outflow boundary and shows a strong deformation as a
result of having been turned 90°. At the last time
shown, t = 3.00 (cycle 445), well after the shock front
has passed the outflow boundary, a nearly steady-state
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Fig. 8.
Velocity vectors (left) and isobars (right) for the supersonic duct calculation, at times t - 0.25 (top),
t = 0.50 (middle), and t = 3.00 (bottom).

configuration has been established. The pressures (and
similarly the densities and specific internal energies) are
highest at the outer radius of the bend where the fluid
reflects off the wall in the turning process.

This calculation required 28.0 s of CDC-76OO CPU
time to run to time t = 3.0, with a grind time around
0.200 ms. The code modifications and input file for this
problem are listed below. The first change, to DTF,
allows the use of a larger time step than the standard
conservative value in the code. Although this is not

possible for all problems, we did realize a substantial in
crease in computing efficiency for the duct problem.
The remaining changes, in subroutine CELSET. create
the mesh using the three dimensions NXC. NYC. and
NINRAD identified in Fig. 7.

By simply varying the values of the five parameters
(NX. NY. NXC. NYC. and NINRAD). one can alter
the configuration considerably without having to revise
the setup logic. In addition, it would be possible to
create a mesh as shown here, then make another pass to
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further modify it, for example, necking the outflow end
to a nozzle. Iterative or direct schemes for grid
generation6 are quite useful for such purposes.

•1DENT S041379
•0.RINPUT.5B

DTF»0.5
•I.CELSET.8

NXC-NYC=10
NINRAD-IO
R!=FLOAT(N1NRAD)*DY
CENX-FLOAT(NXC)«DX
CENY«FLOAT(NYC)«DY
NARC=(NXP-NYO-(NXC+I )
TH=90. /FLOAT(NARC) • 0.0174532925

•D.CELSET.12.CELSET.13
1FU.LE .NXO1 ) GO TO 2
1F< 1 .GE.NXP-NYO GO TO 3
ThFAC*FLOAT ( I - (NXC + I ) ) »TH
S INF AC-SI N<TI-FAC>
COSFAC=COS(THFAC)
RAO IUS-R1*FL0AT(J-1)«DY
X(IJ)=CENX • RADIUS'SINFAC
Y(|J)=CENY * RADIUS'COSFAC
GO TO 5

2 XI1J)=FLOAT(1-1)"OX
Y( IJ) =FLOAT (J- I +NYC*NINRADl *DY
GO TO 5

3 X<1J)=FLOAT(J-1+NXC*NINRAD)'DX
Y( 1J)=FLOAT(NXP-I ) «OY

5 CONTINUE

T3AAA 35X6
NX
NY
lt-P

INC
IREZ
LPR
UB
UL
HR
WT
OX
DY
CYL
DT
DTMAX
TLI«J
nFILM
TfcPRTR
TkFIN
CM
PEPS
EPS
RF
ARTVIS
LAfBDA
MU
ANC
XI

SUPERSONIC DUCT 122078. l f f - 0 , 050779
35

E
0

0
0
1

e
4
5
2
0 .1
0 . 1
0 . 0
0.01
1.0
0.0
0.25

100.0
3 . 0
1.0
1.0E-4
1.0E-4
0 . 0
0 . 2
0 . 0
0 . 0
0.05
1.0

GX
GY
AO
BO
ASQ
RON
GMl
ROI
SIEI
UIN
VIN
ROIN
S1EIN
PAP

0 . 0
0 . 0
1.0
0 . 0
0 . 0
0 . 0
0 .4
I.CJ
1.0
0 . 0

6.1737
5.7143

20.3874
0.0

D. von Karman Vortex Street

The sequence of velocity vector plots in Fig. 9 show
the development of a von Karman vortex street. This
fluid-flow phenomenon represents a true physical in-
stability that is seldom seen because of fluid
transparency, but is a common occurrence when air or
water flows past an object. If the Reynolds number (Re)
of the flow lies in a specific range,7 the wake will depart
from uniform laminar flow, and vortices will be shed
alternately from each corner of the object in a regular
pattern.

In this example, the initial condition was a uniform
upward flow of fluid past both sides of a rigid obstacle
centered across the inflow boundary of a 16 X 46 cell
mesh. The problem was run implicitly in the incom-
pressible limit (see Sec. II.E).

After the laminar flow was well established, at time t
= 10 (cycle 210, Fig. 9a), we perturbed the flow by
decreasing the incoming velocity on one side of the
obstacle by 5%, while increasing it by 5% on the other
side. This perturbation was allowed to decay im-
mediately as a function of time, and went to zero at t =
30. Its effect is evident by t = 20 (cycle 432, Fig. 9b),
and by t = 30 (cycle 654, Fig. 9c) the flow is noticeably
asymmetric. Figures 9d-9f show the appearance at t =
40 (cycle 925), t = 65 (cycle 1585), and t = 70 (cycle
1709). The frequency of shedding at each corner is
about 10 units of time, thus the plots at t =50 and t =
60 are similar to that at t = 70, and those at t = 45 and t
= 55 to that at t = 65.

The mean flow velocity is about 0.5, the fluid density
is 1.0, the effective obstacle width is 1.75, and the shear
viscosity (i = 3.3 x 10~3. This corresponds to Re w
260, but the effective viscosity in the system is probably
closer to 10"2, due to truncation error effects from
donor-cell differencing. Although a truncation error
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Fig. 9.
Velocity vectors for the von Karman vortex street calculation, at times t = 10, t — 20, t = 30, t = 40,
t = 65, and t = 70.
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analysis4 has not been performed for SALE, it is safe to

say the actual Reynolds number of the flow is closer to

100. Our results are also influenced by the narrow chan-

nel width and the placement of the obstacle at the inflow

boundary, rather than up in the mesh where the flow

could pass completely around it.

Of importance are the modifications required at the

confirmative outflow boundary. Outflow boundaries

always pose a problem for t o * speed flows, because

w1 atever prescription is chosen has the potential to af-

fect the entire flow Held upstream. Our problem is com

pounded in the vortex street calculation, as the vortices

significantly change the outflow velocity profile from

one side of the channel to the other. The usual treatment

lor a continuative outflow boundary is to set both

velocity components equal to those located one cell in

from the boundary, except during the iteration, when

they are allowed to vary with changes in pressure, as

any interior velocity component. However, for the vor

tex street, the outflow velocities across the lop must be

continually scaled to the inflow to preserve the mass

balance in the system. This must be repeated every

iteration, because if the velocities are allowed to float,

the number of iterations will double. Note also in this

example that the open length across the inlet, required

for the scaling, is 96x rather than the 85x it would ap

pear to be. as two half cells are effectively available for

mass flux at the obstacle corners.

A small amount of fourth order node coupling was

requiied to prevent difficulty at the trailing edges of the

obstacle.2 To minimize diffusion, we ran with only a

small amount of donor cell differencing, a(, = 0.1, b0 =

0. For any departure from full donor-cell (a,, = 1, b0 ~

0). the density and energy must be set in the cells "out-

side" of the continuative boundary to prevent erroneous

values from being computed in the flux calculation at

the boundary.

The foregoing speeial considerations are dealt with in

the UPDAFF. modifications listed below.

The calculation required 16.5 min of CDC-7600

CPU time to reach the completion time o f t = 70. At

early times, the iteration number was typically 5 per cy-

cle with a grind time of 0.46 ins. By t = 30. as the flow

became unsteady, the iteration number was around 10

(0.66 ins grind). By t = 50. 20 iterations (1.00-ms grind)

were required. Thereafter, the iteration history os-

cillated, ranging as high as 27 (1.30-ms grinds), down to

13 (0.77-ms grind).

• I DENT KARMAN
•P.BC.I3

VAVG«0.
DO 100 1*1 .NX
IJ«NY«NXP*I

100 VAVG=VAVG+ IW ( ! J-NXP)*WC IJ-NXP*1 ) )»0.5*DX
CAPK=VIN»9.«DX/VAVG

•D.BC.103
VEPS-AMAX1U30.-.-: '2.5E-3.0.0)
IFCT.LT.10.) VEPS-0.
VEFF=1.-VEPS
IFII.GT.5) VEFF-0.
IF(I.GT.12) VEFF«t.*VEPS
VV(IJ+NXP)=VEFF

•D.BC.127
540 CONTINUE

•!.BC.129
R01]J)=R0<1J-NXP)
R0L<IJ)=R0L<IJ-NXP)
SIE( IJI-S!IC< IJ-NXP)
VV(1J)=CAPK»VV<IJ)

• I .CELSET.24
V ( 1 J I - 1 .

•O.CONTUR.137
1FIJ.EQ.I .AND. (1.GT.4.AND.I.LT.13)1

1 CALL DRV I 1X4.IY4,1X1.!Y1)

T3AAA KVS
NX
NY

INC
IREZ
LPR
i e

vn
WT
DX
DY
CYL
DT
DTMAX
TLIMD
TkFILM
TtPRTR
TUFIN
OM
PEPS
EPS
RF
ARTV1S
LAffiOA
MU 3
ANC
XI
GX
GY
AO
BO

16X46 CELLCEN MOFLX. AO».1O. 041379
16
46

1
1
0
1
5
1
1
4
0.25
0.25
0 . 0
0.05
1 .0
0 . 0
5 . 0

200.0
70.0

1 .80
1 .OE-4
1 .OE-4
0.00
0 .0
0 .0

.33333E-3
0.05
1 .0
0 . 0
0 . 0
0 .1
0 .0
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ASO
RON
GM1
ROI
S/EI
UIN
VIN
FiOlN
S1E1N

PAP

0.0
0.0
0.4
1 .0
0.0
0.0
1 .0

1 .0
0.0
0.0

E. Strong Shock Passing Over a Mercury Drop in
Water

This final example concerns the calculation of a
strong isothermal shock passing over a drop of mercury
in water. It involves a more complex continuous re/.onc
that illustrates what is sometimes required in order to
obtain a solution, but it also illustrates the possibilities
that can be realized in SALE with some imagination.

Figure 10 shows the initial configuration of the mesh.
The drop has a 1 cm radius and all units are in the CGS
system. The incident shock, input at the lower mesh
boundary, has speed 3.62 x I03. well into the super
sonic regime, as the sound speed of water is 1.5 X I05.
The solution of the isothermal shock relations' gives the
inflow conditions behind the shock—a water velocity of
3 X 105 and density of 5.83. The mercury has density
13.5 and a slightly lown sound speed, 1.45 X I05.

Mesh configuration, velocity vectors, and pressure
contours at selected times are shown in Fig. 11. In Fig.
1 la, at t = 5 X 1CT6 (cycle 100). the shock has encoun-
tered the leading edge of the drop and a large pressure
increase develops there because of the sudden increase
in inertial resistance. By t = 7.5 X 10 6 (cycle 150, Fig.
lib), significant deformation of the drop has already
occurred when the shock has reached its back side. By t
= I X IO~5 (cycle 200. Fig. 1 Ic) the shock is noticeably
diffracting, and at t = 1.25 X 10 * (cycle 250, Fig. 1 Id)
it collapses on the symmetry axis behind the drop, and
sends out a radial pressure wave evident in the t = 1.5 X
I0~3 plot (cycle 300, Fig. 1 le). A Rayleigh Taylor type
of instability is to be expected at the leading surface of
the drop. The instability may be developing in the t =
1.5 X 10~5 plot, but the numerical resolution is too
coarse and the time too short to show this.

The UPDATE modifications to set up and run this
calculation are listed below. The modifications to sub-
routine CELSET principally concern the creation of the
initial grid, which required 158 iterations.6 The input file
only allows for the definition of one material in our two-

material problem. We defined the mercury in the input
and supplied values for the water where needed
(subroutines CELSET and VINIT). For efficiency, we
bypassed the equation of state in the setup and the en-
tire energy subroutine, taking advantage of the isother-
mal conditions.

A major portion of the UPDATE concerns the con-
tinuous rezone. The DATA statement identifies the ver-
tices along the surface of the mercury drop, in single-
.ubscript code notation, where 81 and 241 are the ver-
tices on the axis, at the leading and trailing edges,
respectively. Except for the boundary of the mercury
drop, continuous rezoning was employed lo keep mesh
distortions under control. A relaxation factor (RF) of
1.0 was required to keep the vertices sufficiently
separated in the shock from. In an initial attempt, a
value of RF = 0.05 resulted in cells going to zero height
across several rows.

Initially, we r?i with the boundary of the mercury
drop treated as purely Lagrangian (that is. moving with
the fluid), but by a time of 5 X 10 ' . as the shock was
encountering the drop, vertices (6,6). (6.7). (6.8). and
(6.*J) pinched together and crossed over. To counter this.
we added a DO loop at the end of the re/one to keep the
interface vertices better distributed. Considering three
vertices at a time, we passed a circular arc through them
and rezoned the center vertex so (hat its new position
would lie on the arc. The procedure involved determin
ing the coordinates (x,,.y,,) and radius (r0) of the circular
arc for use in a quadratic equation, whose correct root
may he either the positive or ine negative one. depending
upon the circumstances. Choice of the wrong root
would place the new position of the vertex on the op
posiie side of the circle, so care must be taken to select
the root that places the neu position closer to the
origins! position.

'I he additional loop completely eliminated all
problems of interface vertex spacing. Eventually,
however, the shock deformed the drop so severely that
at time 1.71 X 10 ? (cycle 383). cell inversions took
place in the folded region around vertex (16.6) and we
enoed the run. To proceed further would require a slide-
line treatment and/or moving cells from one side of the
interface to the other, but a project of this magnitude
wrs beyond the scope of this study. The CPU time re-
quired for the run was 41.5 s on the CDC 7600, with a
grind time of 0.174 ms.

It can be noted in Fig. 11 that our rezone allowed the
vertices along the inflow boundary (the j = 2 line) to
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Fig. 10.
Initial mesh configuration for the mercury drop calculation.
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The times are 1.25 X 10'1 and 1.50 X 10~5.

move. As a result, the inflow conditions were not perfec-
tly maintained. This particular calculation was not
significantly affected, but as a general rule the vertices
on a specified inflow boundary should not be allowed to
move. A slight modification to the rezone logic to en-
sure zero grid velocities at these vertices can easily be
made.

•IDENT SOi+0679
•0,CELSET.9,CELSET.15

1TER=O
XOO.O
Y0=5.0
RAT>1 .0
RDX«1./OX
RDY=1./DY

5 If©=0
DO 19 J=l ,NYP
IJ=(J-1)»NXP+1
1JP=IJ+NXP
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IJM«IJ-NXP
00 18 I>1.NXP
1PJ-!J*1
IMJ-1J-1
IF(ITER.GT.O) GO TO 10
X(IJ.)=TLOAT< 1-1)*DX
Y(IJ)=FLOAT(J-1)»DY
IND-I
GO TO 17

10 IF(J.EQ.l .OR. J.EQ.NYP) GO TO 12
!F<I.EQ.1) GO TO 13
lF(I.EQ.NXP) GO TO 14
IF( I .LE .6 .ATO. CJ.EQ.6 .OR. J.EO.16)» GO TO 15
IF(I .EQ.6 .AMD. (J.GE.6 .AND. J .LE. I6 ) ) GO TO 15
XN-.25*(X<IPJ)+X(1JP)+X(!MJ)+X(IJM))
YN=.25*(Y< IPJ)+Y( IJP)+Y( IMJ)+Y< 1JM) )

11 DELX-XN-XCIJ)
XLY-YN-Y(IJ)
X(IJ)=XN
Y(IJ)*YN
GO TO 16

12 IFd .EQ. l .OR. I.EQ.NXP) GO TO 17
XN=.5*(X(IMJ)+X( IPJ) )
YN=YUJ>
GO TO 11

13 IFtJ.EQ.6 -OR. J.EQ.16) GO TO 17
14 XN=X(!J>

YN=.5MY([JP)+Y(IJM) )
GO TO 11

15 BETA=.02«( (X( !J)-X0)«*a+(Y( IJ) -Y0) ••?-RAD«(ia)
DELX=(X0-X(IJ))"BETA
OELY=(Y0-Y(IJ))*BETA
X(IJ)=X(1J)+OELX
Y(IJ)=Y(IJ)*DELY

16 XX=ABS(OELX)»RDX
YY=ABS < DELY) «RDY
IFfXX.GT.1.E-4 .OR. YY.GT.i .E-4) 1ND=1

17 IJ-IJ+I
[JP=1JP+I

18 IJM=1JM-H
19 CONTINUE

ITER=ITER+1
IF(tND.GT.O) GO TO 5
WRITE(59,aO) ITER

20 FORMAT <110)
•1.CELSET.35

IFU.GT.5 -OR. J.LE.5 .OR. J.GET.16) ROtIJ) = I.O
•D.CELSET.41

KIJ)=0.0
•I.RE20NE.8

DlfCNSION IHGC21)
DATA IHG /81 .82.83,S4.85.86,10S.118.134.150,166.188.

1 198.214,230,346,a«+5,244,243.24a.241/
•D.REZONE.45.REZONE.46

UG(U)-VG( IJ) -0 .
•I.RE20NE.48

IFdJ.EQ.81 .OR. IJ.EQ.241) GO TO 71
•I.REZONE.53

71 UG(IJ)*0.
VG(IJ)«VL(IJ)
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.OR. l.EQ.NXP) UG<IJ)=0.

.OR. J.EQ.NYP) VG(IJ)=O.

GO TO 78
•I.REZONE.60

IFU.EQ.l
IFIJ.EQ.l

•I .REZ0NE.64
oo 95 K=a.ao
K1=IHG(K-1)
Ka=IHG(K)
K3=IHG(K+l)
X1=X(K11+ULtKl)«OT
X2=X(Kan-UL<K2)»DT
Xi=X(K3)+UL(K3)«DT
Yl=YtKl1+VLIKI)«DT
Y2=Y(K2)+VL(K2>«DT
Y3=Y iK3)+VL<K3)«DT
XA=.5MX1+X2>
XB=.5MX2+X3)
YA=.5*(Y1+Y2>
YB=.5*(Y2+Y3>
X2MX1=X?-X1
YSMYI=Y2-Y1
X3MXl=X3-XI
Y3MYI=Y3-Y1
RM1= X2MXI / Y5MY1
RM2=<X3-X2)/<Y3-Y2)
XO=(YB-YA-XA*Fuil+XB'F>'3)./ :.~ie-RMl )
Y0=YA-RMi*(X0-XA)
R0=SQRT( ( Y 2 - Y 0 > " 2 + ( X 2 - X 0 > " 2 )
AL=2.«Y3MYl
BE=8.'X3MXl
GA=Xl•«a+YI• '2-X3* «2-Y3» 'S
A=-GA/AL
B=-BE/AL
EMU=A-YO
ERO=X0*'2-RO* *S+EMU» «2
BTERM=B'EMU-XO
ATEF!M=l .+B«*2
RADCL=SfJRT (BTERM^'2-ATERM'ERO)
XN=XNI=(-BTERM+RADCL)/ATERM

XNS= (-BTERM-fiADCL) /ATERM
YN=YNI=B*XNl+A

YN2=B(tXNB+A
Rl=SQRT((Y2-YN1)*«a+(X2-XNl)»«2)
R2=SQRT((Y2-YN5)««2+(X2-XNa)««2)
lF (R l .LT .R2) GO TO 94
XN=XN5
YN=Y 4̂̂

9N UG(Ke)=UL(K2)+RF0DT«(XN-X2)
95 VG(KB)=VL(K2)+RF0DT«(YN-Y2)

•D,VINlT.a3
P(IJ)=ASQ«(RO(IJl-RON)
lF ( l .GT .5 .OR. J.LE.5 .OR. J.GE.16)

1 P(IJ)=a.25E*10«tRO(IJ)- ] .0)
•D,SALE.187

30 IFIGMl.GT.O. ) CALL EICRGY

T3AAA 15X30 HG IN HSO, R01N=5.83 VlN=3.0E5.

1FE2
LPR
WB
ML
MR
WT
DX
DY
CYL
DT
DTMAX
T L K C
TWFILM
TWPRTR
TMF1N
OM
PEPS
EPS
RF
ARTVIS
LAMBDA
MU
ANC
XI
GX
GY
AO
BO
ASQ a.
RON
GM1
ROI
SIEI
UIN
VIN
RO1N
SIEIN
PAP

a
l
5
1
1
4

o.a
0 . 2
1.0
5.0E-8
5.0E-8
0 . 0
5.0E-6

100.0
4.0E-5
0 . 0
0 . 0
0 . 0
1 .0
0 . 1
0 . 0
0 . 0
0.05
1.0
0 . 0
0 . 0
0 . 5
0 . 0

I025E-M0
13.5
0 . 0

13.5
0 . 0
0 . 0
3.0E+5
5.83
0 . 0
0 . 0
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APPENDIX A

FORTRAN LIFTING OF THE SALE PROGRAM

Note added in proof:
Line CELSET.53 should read: DO 180 J=JFIRSTJLAST
Line CELSET.54 should read: U=(J-1)*NXP+IFIRST
Line CELSET.56 should read: DO 170 I=IFIRST,ILAST
Line CELSET.67 should read: DO 200 J=JFIRST,JLASTV
Line CELSET.68 should read: IJ=(J-1)*NXP+IFIRST
Line CEI SET A ' should read: DO 190 I=IFIRST,ILASTV
Line TIMSTP.9 should read: DO 40 J=JFIRSTJLAST
Line TIMSTP.10 should read: IJ=(J-1)*NXP ' IFIRST
Line TIMSTP.12 should read: DO 30 I=IFIkST,ILAST
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LASL Identification No. LP-2023
PROGRAM SALE ( ITAPF.TAPE5=I TAPE.TAPE6.TAPE7.TAPES.TTY.TAPE59=TTY> SALE 2

C ••• SALE 3
C ••• SALE 2D - A SIMPLIFIED ICED ALE PROGRAM IN 2 DIMENSIONS; SALE 4
C ••• A.A.AMSDEN. LASL T-3. LA-8095 REPORT VERSION. 011780/1045 SALE 5
C ••• SALE 6
C . . . . LIST OF VARIABLES- • • • • SALE 7
C SALE 8
C M ) INPUT QUANTITIES- SALE 9
C SALE 10
C NAME PROBLEM IDENTIFICATION LINE SALE 11

C NX NO. OF CELLS IN X-DIRECTION (OR 0 IF TAPE RESTART) SALE 12
C NY NO. OF CELLS IN Y-DIRECT'ON (OR DUMP NO. IF TAPE RESTART) SALE 13
C IMP =1 FOR IMPLICIT PRESSURE CALCULATION. SALE 14

C -0 FOR PURELY EXPLICIT CALCULATION SALE 15

C INC =1 FOR INCOMPRESSIBLE LIMIT VARIANT OF |MP=1 CALCULATION SALE 16

C IREZ REZONE FLAG- O=EULERIAN. 1=LAGRANGIAN. 2 OP GREATER SALE 17
C FOR SOME SPECIFIED CONTINUOUS REZONE SALE 18
C LPR LONG PRINT CONTRQL- 0=OMIT. I=FILM. 2=F1LM AND PRINTER. SALE 19

C 3=PRINTER SALE 20

C WB.WL.WR.WT INDICATORS FOR BOUNDARY CONDITION TO BE USED SALE 81
C ALONG THE BOTTOM.LEFT.RIGHT. AND TOP EDGES SALE BS
C OF Tl-E MESH (0=LA RANG I AN SURFACE. 1=S1MPLE FREESLIPSALE 23
C 2=GENERAL FREESLIP FOR CURVILINEAR BOUNDAR.ES. 3= SALE 24

C NOSLIP, 4=CONT1NUATIVE OUTFLOW. 5=SPECIFIED INFLOW SALE 25

C OR OUTFLOW. 6=APPLIED PRESSURE) SALE 26

C DX CELL SIZE IN THE X-DIRECTION IF UNIFORMLY ZONED SALE 27
C OY CELL SIZE IN THE Y-DIRECTION IF UNIFORMLY ZONED SALE 28
C CYL =1.0 FOR CYLINDRICAL GEOMETRY. =0.0 FOR PLANE GEOMETRY SALE 29
C DT TIME STEP. SUBJECT TO AUTOMATIC RECALCULATION DURING RUN SALE 30

C DTMAX MAXIMUM DT ALLOWED SALE 31

C TLIMD =1.0 FORCES A TAPE DUMP EXIT BEFORE JOB TIME LIMIT SALE 32
C TWF1LM PROBLEM TIME INTERVAL BETWEEN FILM PLOTS SALE 33
C TWPRTR PROBLEM TIME INTERVAL BETWEEN LONG PRINTS SALE 34
C TWFIN PROBLEM TIME WHEN TO TERMINATE THE CALCULATION SALE 35

C OM RELAXATION COEFFICIENT USED IN PRESSURE ITERATION SALE 36

C PEPS PRESSURE FRACTION SCALING THE RELAXATION FACTOR RDSDP SALE 37
C EPS ALLOWED RELATIVE ERROR IN THE PRESSURE ITERATION SALE 38
C RF RELAXATION FACTOR FOR CONTINUOUS GRID REZONING SALE 39
C ARTVIS ARTIFICIAL (BULK) VISCOSITY COEFFICIENT SALE 40

C LAMBDA BULK VISCOSITY COEFFICIENT SALE 41
C MU SHEAR VISCOSITY COEFFICIENT SALE 42

C ANC ALTERNATE NODE-COUPLER COEFFICIENT SALE 43
C XI =!. FOR 4TH-0R0ER NODE COUPLING. SALE 44
C =0. FOR 2ND-ORDER NODE-COUPLING SALE 45
C GX BODY ACCELERATION IN X-DIRECTION. • OR - SALE 46

C GY BODY ACCELERATION IN Y-DIRECTION. + OR - SALE 47

C AO. BO FACTORS CONTROLLING CONVECTIVE FLUXING. LIMITING CASES- SALE 48
C 0 0 CENTERED; UNSTABLE SALE 49
C 1 0 FULL DONOR CELL; STABLE: DIFFUSIVE SALE 50
C 0 1 INTERPOLATED DONOR CELL; LINEARLY STABLE; NON-DIFF'.JSIVESALE 51

C 1 1 STABLE; DIFFUSIVE SALE 52

C ASQ, RON. GM1 PARAMETERS FOR STIFFENED POLYTROPIC GAS EQUATION SALE 53
C OF STATE- ASQ IS THE SQUARE OF THE ZERO-TEMPERA- SALE 54
C TURE SOUND SPEED. RON IS THE FLUID NORMAL SALE 55
C DENSITY. AND GM1 IS GAMMA-1. IN WHICH GAMMA IS THESALE 56

C RATIO OF SPECIFIC HEATS SALE 57

C ROI. SIEI INITIAL FLUID DENSITY AND SPECIFIC INTERNAL ENERGY SALE 58
C U1N, VIN, ROIN. S1EIN DESCRIPTORS FOR A SPECIFIED FLOW BOUNDARY- SALE 59
C X-DIRECTION VELOCITY. Y-DIRECTION VELOCITY, SALE 60
C DENSITY. AND SPECIFIC INTERNAL ENERGY SALE 61
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c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

PAP APPLIED PRESSURE FOR PRESSURE BOUNDARY CONDITION

(2) DER1VCD QUANTITIES:

OMCYL 1-CYL
ANCO ANC/4
X1COF < l * X I > / 2
COLAMU LAMBDA*2»MU
DPCOF PEPS'RO( /<2<1/ IDX'DX) • 1/<DY«DY)M
GRFAC 1/(NX*NY)
TPILM PROBLEM TIME INTERVAL BETWEEN FILM PLOTS
TPRTR PROBLEM TIME INTERVAL BETWEEN LONG PRINTS
NYP NY+1
NXP NIX+l

THE FOLLOWING 12 INDICES DEFINE DO-LOOP LIMITS. TO
PROVIDE FICTITIOUS CELLS FOR CERTAIN BOUNDARY TYPES:

1FIRST
JFIRST
I LAST
JLAST
IFPHI
JFPH1
ILPH1
JLPHI
ILASTV
JLASTV
ILASTM
JLASTM

= 1
= 1
=NX
=NY
= 1
= 1
=NX
=NY

IF WL =
IF WB=
IF WR=
IF WT =
IF WL =
iF WB=
IF WR-
IF WT=

.2,3 OR 4: =2 IF ML =5 OR 6

.2,3 OR 4; =2 IF WB=5 OR 6

.2.3 OR 4; =NX-1 IF WR=5 OR 6

.2,3 OR 4; =NY-1 IF WT=5 OR 6
,2,3.4 OR 6; =2 IF WL=D
,2.3.4 OR 6; =2 IF WB=5
.2.3.4 OR 6; =NX-1 IF WR=5
.2.3.4 OR 6; =NY-I IF WT=5

1LASU1

I LAST-I
JLAST-1

(3) SCALAR QUANTITIES:

T
NCYC
IPRES
MAX1T
NUM1T
LOOPS

LOOPMX

THIRD
TWLFTH
PMAX
GRIND
NOUMP
QROU
VMAX
DTF
Cl
01
XL
YB
F1XL
FIYB
XCONV
YCONV
TIMLMT
DTMIN
I DOT

PROBLEM TIME
CYCLE COUNTER
=1 DURING ITERATION TO LET CONTINUATIVE BDRY. UL,V_ FLOAT
MAXIMUM NO. OF ITERATIONS ALLOWED BEFORE DT CUT IN HALF

SALE
SALE
SALE
SALE
SALE
SALL
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE

NO. OF ITERATIONS REQD. FOR PRESSURE ITERATION CONVERGENCESALE
NO. OF DT CUTS FOR NON-CONVERGENCE PERFORMED SALE
IN A GIVEN CYCLE SALE
LIMITS NO. OF TIMES BEFORE ERROR STOP THAT DT CAN BE SALE
CUT DUE TO NON-CONVERGENCE IN A GIVEN CYCLE SALE
1/3 SALE
I/I2 SALE
MAXIMUM PRESSURE IN THE SYSTEM SALE
CENTRAL PROCESSOR TIME PER CELL PER CYCLE, IN MSEC SALE
TAPE DUMP COUNTER SALE
SCALING FACTOR FOR THE VELOCITY VECTOR PLOT SALE
MAXIMUM VELOCITY IN THE SYSTEM SALE
TIME-STEP FACTOR FOR CONVECTIVE STABILITY AND ACCURACY SALE
WALL CLOCK HRS/MIN/SEC WHEN THE JOB BEGAN
MONTH/DAY/YEAR WHEN THE JOB BEGAN
X-COORDINATE OF THE LEFTMOST VERTEX
Y-C00RD1NATE OF THE BOTTOMMOST VERTEX
FILM-FRAME COORDINATE ANALOG OF XL
FILM-FRAME COORDINATE ANALOG OF YB
FILM-FRAME CONVERSION COEFFICIENT IN X-DIRECTION
FILM-FRAME CONVERSION COEFFICIENT IN Y-DIRECTION
JOB TIME LIMIT, IN SECONDS
MINIMUM DT ALLOWED. = (DT OF CYCLE 1 C E - 1 0
SYMBOL IDENTIFYING THE RESTRICTION CONTROLLING THE
CURRENT TIME STEP. WHERE: G=!05* OF PREVIOUS DT.

SALE
SALE
SALE
SALE
SALE
SALE
SALE
CALE
SALE
SALE
SALE
SALE

62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102

103
104
.05
106
107
1C8
109
1 10
1 ! 1
1 12
113
1 14
1 15
1 16
1 17
1 18
1 19
120
121
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c
c
C JNM

C AA

C 22
C
C <4) VECTOR QUANTITIES:
C

X
R

C=CONVECTION (DTF) . V=SHEAR VISCOSITY. OR
M=MAXIMUM OT (DTMAX1

OPTIONAL. IDENTIFIER FOR CODE
DUMMY WORD IDENTIFYING BEGlNNIr
DUMMY WORD IDENTIFYING END OF *

-SION. USER. ETC.
TAPE-DUMP DATA

DUMP DATA

CARTESIAN COORDINATE IN RADIAL DIRECTION
RADIAL COORDINATE (R=l FOR CARTESIAN GEOMETRY.

R=X FOR CYLINDRICAL GEOMETRY)
Y CARTESIAN COORDINATE IN AXIAL DIRECTION
U X-DIRECT1ON VERTEX VELOCITY COMPONENT
V Y-D1RECTION VERTEX VELOCITY COMPONENT
MC CELL MASS
MV VERTEX MASS
RMV RECIPROCAL OF VERTEX MASS MV
RO CELL DENSITY
VOL CELL VOLUME
P CELL PRESSURE
SIE CELL SPECIFIC INTERNAL ENERGY
UL LAGRANGIAN U. CALCULATED IN PHASES 1 AND 2
VL LAGRANGIAN V. CALCULATED IN PHASES 1 AND 2
ROL LAGRANGIAN DENSITY. UPDATED IN PHASE 2
PL LAGRANGIAN PRESSURE, UPDATED IN PHASE B
D VELOCITY DIVERGENCE
Q CELL ARTIFICIAL VISCOUS PRESSURE
RRSUM ]/<Rl+R2+R3+R4) OF THE CELL
PIXX STRESS DEVIATOR TERM
PIXY STRESS DEVIATOR TERM
P1YY STRESS DEVIATOR TERM
PITH STRESS DEVIATOR TERM
RDSDP RECIPROCAL OF NUMERICAL DERIVATIVE FOR PHASE 2 ITERATION
UG GRID VELOCITY IN THE X-DIRECTION
VG GRID VELOCITY IN THE Y-DIRECTION
UREL RELATIVE VELOCITY BETWEEN GRID AND FLUID. =UG-UL
VREL RELATIVE VELOCITY BETWEEN GRID AND FLUIO. =VG-VL
MP INTERMEDIATE STORAGE FOR NEW MC IN PHASE 3
MVP INTERMEDIATE STORAGE FOR NEW MV IN PHASE 3
SIEP INTERMEDIATE STORAGE FOR SIE IN PHASE 3
UMOM X-DIRECTION COMPONENT OF CELL MOMENTUM
VMOM Y-DIRECT I ON COMPONENT OF CELL MOMENTUM
UMOMP INTERMEDIATE STORAGE FOR tZ'A UMOM IN PHASE 3
VMOMP INTERMEDIATE STORAGE FOR NEW VMOM IN PHASE 3

COMMON /SCI/ AAtl),X(800>.R(800>,Y(800).UC800),V(800),MC(800).
1 MV(800).RMVI800),RO(8D0>.VOLI800),P(800).S1EI8OO),UL(80O).
2 VLI800).ROLC800),PL(800>,D(800).Q<800),RRSUM(800).PIXXC8OO),
3 PIXYC800).PIYYC8OO),PITH<800>.RDSDPtBOO).UGC8O0),VG(800).
4 URELOOO) ,vT!EL!8OO) ,MP(800) ,MVP(800) .S1EPO00) ,UM0M(800) .
5 VMOM(BOO),UMOMP(800).VMOMP(800),ZZ!
COMMON /SC2/ ANC,ANCO.ARTV]S,ASQ.A0.B0,COLAMU.CYL,Cl,DPCOF.
1 DROU.DT,DTF.DTMAX.DTMIN.DX.DY.DI .EPS,FIXL.FI YB.GM1 ,GRF AC .GRIND,
2 GX.GY.IDDT.IFIRST.IFPH1.ILAST,ILASTM.ILASTV.ILPHl.IMP,INC.1PRES.
3 IREZ.JF1RST.JFPH1 .JLAST.JLASTM.JLASTV.JLPHl .JNM,LAMBDA.LOOPS.
4 LOOPMX.LPR.MAXIT.MU.NAMEtB),NCYC,NDUMP,NUMIT.NX,NXP,
5 NY.NVP.OM.OMCYL.PAP.PEPS.PMAX.RF.ROI.ROIN.RON.SJEI.SIEIN.
6 T.TFiLM. THIRD, TIMLMT.TLIMD.TPRTR.TWFILM.TWF IN. TW.FTH.TWPRTR.

SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
SALE
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COf-D
COMD
COMD
COMD
COMD

128
123
12*
125
!26
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
2
3
4
5
6
7
8
9
10
11
12
13
14
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7 UlN.VIN.VMAX.te.WL.fcF.WT.XCONV.Xl.X1COF.XL.YB.YCONV,ZZ COMD 15
REAL LAMBDA.MC.MP.MU.MV.MVP COMD 16
INTEGER WB.WL.WR.WT COO 17
CALL BEGIN SALE 170
CALL RINPUT SALE 171
1F( .<.GT.O) CALL CELSET SALE 172
IF(NX.EQ.O) CALL TAPERD SALE 173

10 CALL T1MSTP SALE 174
20 CALL VIN1T SALE 175

CALL NEWCYC SALE 176
IFIARTVIS+ANC.GT.O.) CALL AVISC SALE 177
IFILAMBDA+MU.GT.O. ) CALL STRESD SALE 178
CALL PHASE 1 SALE 179
IF( IMP.EQ.O) GO TO 30 SALE 180
CALL OSOP SALE 181
CALL PRESIT SALE 182
1FINUMIT.EQ.MAXIT .AND. INC.EQ. l ) CALL RESTEP SALE 183
IFCNLMIT.EQ.MAXIT .AND. INC.EQ. l ) GO TO 30 SALE 184
IFtNUMIT.GE.MAXIT) CALL RESTEP SALE 185
IFtNUMIT.GE.MAX1T) GO TO 20 SALE 186

30 CALL ENERGY SALE 187
CALL RE2ONE SALE 188
CALL REGR1D SALE 189
IF( IREZ.GT.O) CALL VOLUME SALE 190
IF I IREZ .NE . I ) CALL ADV^CT SALE 191
1F( IREZ.EQ.1) CALL ULTOU SALE 192

GO TO 10 SALE 193
END SALE 194
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c
c
c
c
c
c
c
c

SUBROUTINE ADVECT
COMMON /SCI / AA(1 ».X(80O) ,R(8OO) ,Y(8OO) ,U(8O0> ,V(8OO) .MCI8OO),

1 MVC8OO).RMVI8OO),RO(800>,VOL(800),P(8OO),SIE(800).ULI8OO).
2 VLfSOO).RCLI8OO).PL(800),D(800).Q(BOO).RRSUMI800),PIXX(800>.
3 PIXY(BOO).P1YYI800).P1THI800),RDSDP(800).UG(BOO).VG(BOO).
4 URELI800),VREL<800),MP(800),MVP(800),SIEP(800).UMOM(BOO).
5 VMOM(800) .UWOMP1800).VhiCfPI800).ZZJ

COMMON /SC2/ ANC.ANCO.ARTVIS.ASQ.AO.BO.COLAMU.CYL.CI.DPCOF.
1 OROU.DT.DTF.DTMAX.DTMIN.DX.DY.DI.EPS.FIXL.FIYB.GMl,GRFAC.GRIND.
2 GX.GY, I DOT. 1FIR5T, 1FPH1 , 1LAST. ILASTM. ILASTV. ILPH1 . IMP. INC, IPRES
3 lREZ.JFlRST.JFPHl,JLAST,JLASTM.JLASTV.JLPH1.JW1,LAMBDA.LOOPS.
4 LOOPMX.LPR.MAX1T.MU,NAME(8> .NCYC.NDUMP.NUMIT.NX.NXP.
5 NY.NYP.OM.OMCYL.PAP.PEPS.PMAX.RF.ffOl,ROIN,RON,SIEI.SIEIN.
6 T.TFILM. THIRD. TIMLMT,TLIMD.TPRTR.TW7 1LM,TWF IN. TW_FTH,TW=RTR.
7 UIN.V1N.VMAX.WB.H..UF.WT.XCONV.XI.XICOF,XL.YB.YCONV.ZZ

REAL LAf«DA,MC.^,MU,MV,MVP
INTEGER tC.WL.l*».WT
DIMENSION AT(IOO).FT(IOO)

+•++

+ + + PHASE 3 . FLUXING OF CELL CENTERED QUANTITIES - MASS. ENERGY.
+++ AND MOMENTUM, THEN CONVERT MOMENTA TO VELOCIT IES.
• • + CALLED ONLY IF EULERIAN <1REZ=O> OR OTHER REZONE ( I R E Z . G E . 2 )
+ + +
**•<• NOTE OO-LOOP L I M I T S - INFLOW BOUNDARIES REQUIRE A MOMENTUM THAT
• + • CAN BE FLUXED IN . .
+ + +

0 0 20 J = l ,NY
IJ=(J-I)«NXP+!
IJP=1J+NXP
DO 10 1=1.NX
IPJ=IJ+1
IPJP=IJP+1

UMOM(IJ) = .25'ROL(1J)MUL(1PJI*UL( IPJP) +UL 1 1JP) *UL I 1J) 1
VMOMI IJ)-.P5«R0L( )J)MVL< IPJ)*VL( IPJP) tVLI IJP)+VL(]J))
IJ=IPJ

10 IJP=1PJP
BO CONTINUE

DO 60 J=JFIRST,JLAST
IJ=(J-11'NXP+IFIRST
IJP=1J*NXP
IJM=1J-NXP
DO 50 I=IFIRST.1LAST
IMJ=]J-l
IPJ=1J+I
IPJP-IJP+1
X1=X<IPJ)
Y1=Y(1PJ)
R1=R(!PJ)
Xa=X(IPJP)
Y8=Y(IPJP)
R2=R(IPJP)
X3=X(IJP)
Y3=Y(IJP)
R3=R(IJP)
XH=X(IJ)
Y4=Y<IJ)
RW=R(IJ)
XP1=X1-UREL(IPJ)«DT
XP2=X2-UREL(IPJP)«DT
XP3=X3-UREL(IJP)*DT
XPi|=X4-UREL < 1J) «DT
YP1=Y1-VREL(IPJ)^OT
YP2=Ya-VREL(IPJP)»DT

ADVECT £

core a
core 3
COMD ^
COMD 5

core 6
core 7
core a
core 9

, core 10
core n
core 12
core 13
core m
cote 15
cote 16
core 17
ADVECT 4
ADVECT 5
ADVECT 6
ADVECT 7
ADVECT 8
ADVECT 9
ADVECT10
ADVECT 1 I
ADVECT12
ADVECT13
ADVECT14
ADVECT15
ADVECT16
ADVCCT17
ADVECT18

ADVECT19
ADVECT20
ADVECT?1
ADVECT22
ADVECTS3
ADVECT24
ADVECT25
ADVECT26
ADVECT27
ADVECT28
ADVECT29
ADVECT30
ADVECT31
ADVECT32
ADVECT33
ADVECT34
ADVECT35
ADVECT36
ADVECT37
ADVECT38
ADVECT39
ADVECT40
ADVECT41
ADVECT42
ADVECT43
ADVECT44
ADVECT45
ADVECT46
ADVECT47
ADVECT4B
ADVECT49
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YP3=Y3-VREL(IJP>«DT
YP4=Y4-VREL ( I J > »DT
RP1=XP1*CYL+OMCYL
RP2=XPe*CYL+0MCYL
RP3=XP3*C YL +OMC YL
RP4=XP4»CYL+0MCYL
V0LL=V0LB=VOLR=VOLT=VOLC=VOL(1J)
I F ( I . N E . I ) VOLL=VOL(1MJ)
IF IJ .NE.M VOLB=VOL!IJM)
1FU.NE.NX) VOLR=VOL(IPJ)
IF(J.NE.NY) VOLT=VOL< IJP)
FL=-FR
AL=-AR
IFll.EQ.I) FL=AL=O.
1FCWL.LT.4) GO TO 30
I F d . G T . IF1RST) GO TO 30
FL=( (RP3+R4+RP4>*(XP3<<Y4-YP4)+X4<I(YP4-YP3)+XP4' (YP3-Y4) )

I + < R 3 + R P 3 + R 4 ) M X 3 M Y 4 - Y P 3 ) + X P 3 M Y 3 - Y 4 ) + X 4 M Y P 3 - Y : ? ) ) )*TWLFTH
AL=AO*SIGN<1.,FL)+B0«4.«FL/IVOLL*VOLC)

30 FB=-FT(I)
AB=-AT(I)
IF (J .EQ. l ) FB=AB=0.
IF(WB.LT.4) GO TO 40
IF(J.GT.JFIRST) GO TO 40
FB=(<R1+RP1+RP4)11(X1*IYP1-YP4)+XPIMYP4-Y1)•XPH*<Yl-YP1))

1 +IR1+R4+RP4)'(XI*(YP4-Y4)+X4»(Y1-YP4)+XP4«(Y4-Y1))J'TWLFTH
AB=A0«SIGN(1..FB)+B0«4.»FB/(VOLB*VOLC)

40 FR=((R1+RP1+RP2)«(XI•<YP2-YPIJ+XP1•<Y1-YP2)+XP2'(YPI-Y1))
1 •<Rl+Ra+RP2)«(X!•(Y8-YP2)*X2'(YP2-Y1)*XP2«(Yl-Y3)))»TWLFTH
AR=A0'5IGN( I . .FR)*B0'4. -FR/ (VOLR^VOLO
FT( I ) = ( (RP2«-R3*RP3IMXPe«<Y3-YP3)+X3' < YP3-YP2) -«-XP3* I YP2-Y3) )

1 •(R2*RP2*R3)'(Xe«(Y3-YP2)+XP?*(Y£-Y3>+X3«(YPa-Y2))1'TWLFTH
ATI I )=A0'SIGN(I . ,FT(!))*B0«4.«FT(]) / (VOLT+VOLC)
S:=FR«(1.-AR)
S2=FR'(1.*AR)
S3=FT( I ) • (1 -ATI I ) )
S4=FT(1 I ' l l . • A T I 1))
S5=FL*(I.-AL>
S6=FL*(I.+AL)
S7=FB«(1.-AB)
S8=FB*l1.+AB)
S9=S1*S3*S5*S7
rt=(!J)=MC(1J)+S9«ROL(IJ) +52*R0L(IPJ)*S4«R0LlIJP)

1 +S6'R0L(IMJ)*S8*ROL(1JM)
SIEPI 1J) = (MC( 1J)«SIE(IJ)*S9«ROL(IJ) ' S I E U J ) •S8*R0L I IP J) »SIE I

1 +S4-ROLIIJP)»SIE(1JP)+S6'ROLIIMJ)»S1E(
S *-S8*ROL( IJM)«SIEl IJM) ) / r P I I J )

UMOTfl IJ)=S9*UM0M( IJ) +Sa«UMOM(IPJ) +S4'UM0M( IJP)
I •S6*UMOM(1MJ)+S8*UMOM(]JM)
VMOCPIIJ)=S9'VM0M(IJ) +S2'VM0MIIPJ) +S4'VMOM<1JP)

I •S6«VM0M( IMJ)+S8«VM0M( IJM)
1J=1PJ
1JP=IPJP

50 IJM=IJM*I
60 CONTINUE

4- + +

+++ COMPUTE NEW VERTEX MASSES
+ + +

DO 80 J=JFIRST.JLAST

IJ=(J-1 )^»<P+IFIRST
IJP=IJ+NXP
DO 70 1=IFIRST.ILAST

IPJ=IJ+1

ADVECT50
ADVECT5I
ADVECT52
ADVECT53
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ADVECT66
ADVECT67

ADVECT69
ADVECT70
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ADVECT81
ADVECT82
ADVECT83
ADVECTB4
AD/ECT85
A0VECT86
ADVECT87
ADVECT88
ADVECT89
ADVECT90
ADVECT9I
ADVECT92
ADVEPT93

IPJ1ADVECT94
1MJIADVECT95

ADVECT9B
ADVECT97
ADVECT96
ADVECT99
ADVEC100
AOVECI0I
ADVEC102
ADVEC103
ADVEC104
ADVEC105
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ADVEC108
ADVEC109
ADVEC110
ADVEC11 I
ADVECIIS
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70

80

IPJP=IJP+1

MCI U)=MP< IJ)

SIE<1J)=SIEP<1J>
QM=0.25*MC(IJ)
MVP(IPJ) =MVP(IPJ) +QM
MVP']PJP)=MVP<IPJP1+0M
MVP(IJP) =MVP([JP) +OM
MVP(IJ) =MVPUJ) +OM
IJ=IPJ
IJP=1PJP
CONTINUE

+ • • STORE VERTX MASSES AND CALCULATE NEW VELOCITIES .
+ + +

DO 100 J=JFIRST,JLASTV
1J=<J-I)"NXP+IF1RST
DO 90 1 -IF1RST,ILASTV
RMVIIJ)=1./MVP(IJ)
U< !J)=UL< 1J) 'MVI IJ)*RMV( IJ)
V( IJ)=VH I J) «MV! Ul 'RMVI !J)
MV( 1 J)=MVP( I J)

90 1J=1J+1
100 CONTINUE

DO 150 J=JF1RST.JLAST
] J=< J - l ) "NXP+1FIRST
IJP=IJ+NXP

DO 110 I=IF1RST.1LAST
!PJ=IJ-1
1PJP=IJP+1
0M0MU=.25*UM0MPIIJ)
U'IPJ) =U< IPJ) *QMOMU*FB-IVI IPJ)
U( IPJP1=U( 1PJP)*-OMOMU*RMV( IPJP)
UUJP) =UUJP) •QMOMU'RMVI IJP)
UMJ) =U<IJ) «-QM0MU»RMV( IJ)
Qf10MV=.a5'VM0MP( I J)
V(IPJ) =V(1PJ) +QM0MV«RMV(1PJ)
V( IPJP)=V( IPJP)+QMOMVRMV( IPJP)
V(IJP) =V(IJP) +QMOMV'RMV(IJP)

+QMOMVRMV< IJ)

1 10
120

VI IJ) =V(|J)
IJ=IPJ
IJP=IPJP
CONTINUE
CALL BC(U.V)
RETURN
END
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SUBROUTINE AV1SC
COMMON /SCI/ AA(1),X(800>,Rt8OO>,Y(800),U<800>.V(800).MCC8OO).
1 MVI800),RMV(800),RO(800).V0L(800>,P(800),SIE(800),UL(800).
2 VL(800).ROL(800).PL(800),D(800).Q(800),RRSUM(800),PIXX(800).
3 PIXY(BOO),P]YY(8OO),PITH(800),ROSDP(800).UGI800).VGI800).
4 UREL(800),VREL(8OO),MP(800),MVP(800>.SIEPI8OO),UMOM(800).
5 VMOM(800).UMOMP(800).VMOM?<800>.ZZ1
COMMON /SC2/ ANC,ANCO.ARTVIS.ASQ,AO,BO,COLAMU.CYL.C1.DPCOF,
1 OROU.OT,DTF.DTMAX.DTMIN.DX,DY,01 .EPS.FIXL.FIYB.GMt . GRF AC . GRIND.
2 GX.GY,IDDT.IFIRST.IFPH1,1LAST.ILASTM.1LASTV.ILPH1.IMP,INC.1PRES.
3 lREZ.JFlRST.JFPHI.JLAST,JLASTM.JLASTV.JLPHI,JNM.LAMBDA,LOOPS.
4 L00PMX,LPR.MAXIT,MU,NAME(8),NCYC.NDUMP, MJMIT.NX,NXP,
5 NY,NYP.OM,OMCYL.PAP.PEPS.PMAX.RF.ROI.ROIN.RON.SIEI.SIEIN,
6 T.TF1LM,THIRD.TIMLMT,TLIMD,TPRTR.TWF1LM,TWFIN.TWLFTH. TWPRTR,
7 UlN.VIN.VMAX.UB.U-.kR.WT.XCONV.XI .XICOF .XL , YB .YCONV.ZZ
REAL LAMBDA.MC.MP.MU.MV.MVP
INTEGER WB.WL.WR.WT
1F(ARTVIS.EQ.O.) GO TO 50

C ++•
C +++ CALCULATE ARTIFICIAL (BULK) VISCOUS CONTRIBUTIONS TO UL AND VL
C • + +

DO 20 J=JFIRST,JLAST
JJ=(J-1)«NXP+IF1RST
1JP=IJ+NXP
DO 10 I=1FIRST,ILAST
IPJ=1J+1
IPJP=IJP+1
X1=X<IPJ)
YI=Y(IPJ)
U1=UL(IPJ)
V1=VL(IPJ)
X2=X(IPJP)
Y2=Y(IPJP)
U2=UL(IPJP>
V2=VL(IPJP)
X3=X(IJP)
Y3=Y(IJP)
U3=UL(IJP)
V3=VL(IJP)
X4=X(IJ)
Y4=Y(IJ)
U4=UL(1J)
V4=VL(IJ)

AREA=0.5M(X2-X4MIY3-Y1)-(XI-X3>•(Y4-Y2))
RAREA=1./AREA
DUDX^.S^RAREA't (U2-U4) • (Y3-Y1 )-(Ul -U3) • (Y4-Y2) )
DVDY=0.5*RAREA*((V4-V2)•(X3-X1)-(V1-V3)•(X2-X4))
RRSUM(IJ)=1./(Rf1PJ)+R(IPJP)+R(1JP)+R(!JI)
U0R=(UI+U2+U3+U4)'RRSUM(IJ)
D(IJ)=DUDX+DVDY+UOR*CYL
Q(IJ)=ARTVIS«RO(IJ)*AREA«D(IJ)

C +t+
C +•+ Q IS AN ARTIFICIAL VISCOUS PRESSURE FOR USE WITH SHOCKS. THE
C ••+ FORM USED HERE IS QUADRATIC IN THE VELOCITY DIVERGENCE D=DEL DOT UAVISC 40
C +++ Q IS ZERO IN EXPANDING CELLS (D POSITIVE). AVI5C 41
C +++ AVISC 42

IJP=IPJP AVISC 43
10 IJ=IPJ AVISC 44
SO CONTINUE AVISC 45

DO 40 J=JF1RST.JLAST AVISC 46
IJ=(J-I)-NXP+IFIRST AVISC 47
IJP=1J+NXP AVISC 48
DO 30 I=IFIRST.ILA£T AVISC 49

AVISC
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COM3
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC
AVISC

: 2
2
3
4
5
6
7
8
9
10
I 1

12
13
14
15
16
17
4
5
6
7
8
9
10
1 1

12
13
14
15
16
17
18
19
20
21
52
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

49



IPJ=IJ+1 AVISC 50
IPJP=IJP+1 AVISC 51
Q(IJ)=AM1N1(O..D(IJ))*Q(1J) AVISC 52
XX=0.5«DT»Q(IJI AVISC 53
R1=R(IPJ) AVISC 54
R2=R(IPJP) AVISC 55
R3=R(IJP) AVISC 56
r4=R(U> AVISC 57
RMI=RMVUPJ) AVISC 5B
RM2=RMVUPJP> AVISC 59
RM3=RMV(IJP) AVISC 60
RM4=RMV(IJ) AVISC 61
Y24=Y(IPJP)-Y(IJ) AVISC 62
Y31=Y(IJP)-Y(IPJ) AVISC 63
XRe4=(X(IPJP)-X(IJ) C5MR2+R4) AVISC 64
XR3I=(X(IJP) -X< IPJ) >«.5MR3+R1> AVISC 65
UL(IPJ) =UL(1PJ) +XX«RMl»Y24oRl AVISC 66
UL(IPJP)=UL(IPJP)*XX*RM2*Y31*R2 AVISC 67
UL(IJP) =UL(IJP) -XX«RM3«Y24«R3 AVISC 68
UL(IJ) =UL(IJ) -XX«RM4»Y31«R4 AVISC 69
VL(IPJ) =VL(IPJ) -XX*RM1*XR24 AVISC 70
VL(1PJP)=VL(IPJP)-XX«RM2«XR31 AVISC 71
VL(IJP) =VL(IJP> +XX«RM3'XR24 AVISC 7c
VL(IJ) =VL(IJ) +XX«RM4«XR31 AVISC 73
IJP=1PJP AVISC 7H

30 IJ=IPJ AVISC 75
HO CONTINUE AVISC 76

CALL BC(UL.VL) AVISC 77
50 IF(ANC.EQ.O.) RETURN AVISC 78

C +++ AVISC 79
C +++ OPTIONAL NODE COUPLER - A VELOCITY DIFFUSION TO SUPPRESS AVISC 80
C +++ VERTEX COASTING. USE Xl=1.0 (4TH ORDER) TO COTBAT BOWTIES. AVISC 81
C +++ USE XI=0.0 (2ND ORDER) TO COMBAT HERRINGBONE PATTERN . . . AVISC 82
C +*+ AVISC 83

DO 70 J=JFIRST.JLAST AVISC 84
1J=<J-1)"NXP+1FIRST AVISC 85
IJP=IJ+NXP AVISC 86
DO 60 I=IFIRST.1LAST AVISC 87
IPJ=IJ+1 AVISC 88
IPJP=IJP+l AVISC 89
U1=U(1PJ) AVISC 90
U2=U(1PJP) AVISC 91
U3=U(IJP) AVISC 92
U4=U(IJ) AVISC 93
VI=V(IPJ) AVISC 94
V2=V(IPJP) AVISC 95
V3=V(IJP) AVISC 96
V4=V(IJ) AVISC 97
IVL=IUB=IVR=IUT=l. AVISC 98
IF(I.EQ.I) IVL=2. AVISC 99
IF(J.EQ.l) IUB=2. AVISC100
IF(I.EQ.NX) IVR=2. AVISC101
IF(J.EQ.NY) 1UT=2. AVISC102
UL(IPJ) =UL(IPJ) +ANCO*1UBMXICOF»(U2+U4)-XI»U3-U1) AVISC103
UL(IPJP)=UL(IPJP)+ANC0»IUT«(XIC0F*(UI+U3)-XI»U4-U2) AVISC104
UL(IJP) =UL(IJP) +ANCO*1UT«(XICOF«(U2+U4)-XI*U1-U3) AVISC105
UL(IJ) =UL(IJ) +ANC0«lUB«(XIC0F»(Ul+U3)-XI*LG-U4) AV1SC106
VL(IPJ) =VL(IPJ) •ANC0»IVR*(XIC0F«(V2+V4)-XI»V3-Vl) AVISC107
VL(IPJP)=VL(IPJP)+ANCO»1VR«(XICOF«(VI+V3)-XI«V4-V2) AVISC108
VL(IJP) =VL(IJP) +ANCO*IVL«(XICOF*(V2+V4)-XI»V1-V3) AV1SCI09
VL(IJ) =VL(IJ) •ANC0*IVL«(XIC0F«(Vt+V3)-XMV2-V4) AVISCI10
1JP=IPJP AVISC111

60 IJ=IPJ AVISCI12
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70 CONTINUE
CALL BC(UL.VL)
RETURN
END

AVI3C114
AVISC115
AVISC1I6

C +++
C •+•

C •"• + +

c +++
c +++
c +++
c +++
c ++•>•

c +++

C
C
C

210

220

SUBROUTINE BC(UU.VV)
COMMON /SCI/ AA(1).X(800),R(800),Y(800),U(800!,V(800),MC(800),
1 MV(800),RMV(800),RO(800),VOL(800).PI800),SIE(800),UL(8OO),
2 VL(800),ROL(800),PL(800),D(800).Q(BOO),RRSUM(800).PIXX(SOO).
3 PIXY(SOO),P1YY(8OO).PITH(8OO),RDSDP(800).UG(800),VG(800),
4 URELC800),VREL(800),MP(800),MVP(800),SIEP(800),UMOM(800).
5 VMOM(800),UMOMP(800).VMOM?(800),ZZ1
COMMON /SC2/ ANC,ANCO,ARTVIS.ASQ,AO,BO.COLAMU,CYL,C1,DPCOF,
1 DROU,DT,DTF,DTMAX.DTMIN,DX,DY,D1.EPS.FIXL.FIYB.GMI.GRFAC.GRIND.
2 GX.GY,IDDT,IFIRST.IFPH1,1 LAST,ILASTM.ILASTV,ILPI i.IMP.INC.1PRES.
3 IREZ.JFIRST.JFPH1 , JLAST. JLASTM, JLASTV, JLPH1 ,JNM, LAMBDA .LOOPS,
4 LOOPMX,LPR,MAX1T,MU,NAME(8) . NCYC . NDUMP, NUMI T . NX. NXP,
5 NY.NYP,OM,OMCYL,PAP,PEPS,PMAX.RF.ROI.R0IN,RON,SIEI.SIEIN,
6 T.TFILM.THIRD.IIMLMT.TLIMD.TPRTR.TWFILM.TWFIN.TWLFTH.TWPRTR.
7 UIN,V1N,VMAX,WB,WL,WR.WT.XCONV.X1.XICOF.XL.YB.YCONV.ZZ
REAL LAMBDA,MC.MP.MU.MV.MVP
INTEGER WB.WL.WR.WT
DIMENSION UU(l) ,W(1 )

•• SET VELOCITY BOUNDARY CONDITIONS FOR ALL 4 SIDES. WHERE
WL. WR. W3, AND WT ARE INPUT INTEGERS DEFINED AS FOLLOWS:
0 = LAGRANGIAN SURFACE (NO VELOCITY ADJUSTMENT WHATSOEVER).
1 = SIMPLE FREESLIP. 2 = GENERAL FREESLIP. 3 = N0SL1P,
4 = CONTINUATIVE OUTFLOW, 5 = SPECIFIED INFLOW OR OUTFLOW,
6 = SPECIFIED PRESSURE. (NOTE - THE CONTINUATIVE OUTFLOW BOUNDARY
APPROXIMATION GIVEN HERE MAY NOT WORK FOR ALL APPLICATIONS.)

DO 400 J=l.NYP
IJ=(J-1)"NXP+1

THE LEFT EDGE . . .

IF(WL.EQ.O) GO TO 300
GO TO (210.220.230,240.250.240).WL
UU(IJ)-0.
GO TO 300
IJM=1JP=IJ
lF(J.GT.l) IJM=IJ-NXP
lF(J.LT.NYP) IJP=IJ+NXP
1FIJ.EQ.1 .AND. WB.EQ.2) IJM=IJ+1
IFtJ.EQ.NYP .AND. WT.EQ.2) IJP=1J+1
EM=1.E+20
XTE=X(IJP)-X(IJM)
IF(XTE.NE.O.) EM=(Y<lJP)-Y(IJM))/XTE
RDEN=l./d .+EM«EM)
UOLD=UU(IJ)
UU(IJ)=(EM«VV(IJ)+UOLD)*RDEN
VV(IJ)=(EM*EM»VV(IJ)+EM*UOLD)*RDEN
GO TO 300
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230 UUdJ)=VVdJl=O.
GO TO 300

240 IFdPRES.EQ.il GO TO 300
UU(IJ)=UUdJ+l)
VV( IJ)=W( IJ«-1>
GO TO 300

250 UUdJ+1)=UIN
VVdJ+1 )=VIN

300 1J=1J+NX
C +++
C +++ THE RIGHT EDO1: . . .
C *•++

IF(WR.EO.O) GO TO 400
GO TO <310.320,330.340,350,340>.l*t

ilO UU(1J)=O.
GO TO 400

3?0 1JP=IJM=IJ
lF(J.GT. l ) IJM=IJ-NXP
IF(J.LT.NYP) IJP=IJ+NXP
IFU.EO. l .AND. WB.EQ.e?) IJM=IJ-I
IF(J.EQ.NYP .AND. WT.EQ.21 1JP=1J-1
EM=1.E+20
XTE=XdJP)-XdJM)
1F<XTE.NF. .0 . ) EM=(Y(IJP)-Y(IJM)1/XTE
ROEN=1./(I.+EM"EM>
U0LD»UU(IJ)
UU(IJ) = IEM'W()J)+UOLD)*RDEN
VVd J) = (EM*EM«W< IJ)+EM«UOLD)»RDEN
GO TO 400

330 UU( IJ)=W( IJ)=0.
GO TO 400

340 IF(IPRES.EO.1) GO TO 400
UU([J)=UUC!J-II
VV. lJ)=VV(IJ-1>
GO TO 400

350 UUUJ-1 )=UIN
VVUJ-1 )=VIN

400 CONTINUE:
DO 600 1=1.NXP
1J=I

C • • +
C +++ THE BOTTOM EDGE . . .

C • • •
IF(WB.EQ.O) GO TO 500
C3O TO (410.480.430,440,450.440) ,UB

410 VV(IJ)=0.
GO TO 500

420 IMJ=1PJ=IJ
I F U . G T . I ) 1MJ=IJ-1
IF(l.LT.NXP) 1PJ=IJ+1
I F d . E Q . l .AND. WL.EQ.2) IMJ=!J+NXP
lFd.EQ.NXP .AND. W.EQ.2) IPJ=1J+NXP
EM=1.E+20
XTE=X(IPJ)-X( IMJ)
IF(XTE.NE.O-) EM=(Y(IPJ)-Y<IMJ)1/XTE
RDEN=1,/(l.+EM«EM)
UOLD=UUt)J>
UU(IJ)=(EM*VV(IJ)+UOLD)«RDEN

GO TO 500
430 UUC1J)=VV(IJ)=O.

GO TO 500
440 IFdPRES.EQ. I) GO TO 500
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450

500
C +++
c •+•
c ++•

510

520

530

550

600

UU(IJ)=UU(IJ+NXP)
VVtIJ)=W( IJ+NXP)
GO TO 500
UU<IJ+NXP)=UIN
VV( 1J+NXP)=VIN
IJ=NY«NXP+I

THE TOP EDGE . . .

IF(WT.EQ.G) GO TO 600
GO TO (510.520,530,540,550,540).WT
VV(1J)=O.
GO TO 600
!MJ=1PJ=IJ
IF(I.GT.l) IMJ=1J-1
IFU.LT.NXP) IPJ=IJ+1
IFU.EQ.l .AND. WL.EQ.2) 1MJ=IJ-NXP
IFd.EQ.NXP .AND. WR.EQ.2) 1PJ=IJ-NXP
EM=1-E+20
XTE=X(!PJ)-X<1MJ)
tF(XTE.NE.O. ) EM=<Y( 1PJ)-Y( IMJ) J/XTE
RDEN=!./C .+EM«EM)
UOLD=UU(IJ)
UU(1 J) = (EM»W<IJ)+UOLD)*RDEN
VV<U) = (EM*Eh*VV(IJ)+EM*UOLD)*RDEN
GO TO 600
UU(IJ)=VV(IJJ-O.
GO TO 600
IFflPRES.EQ.!) GO TO 600
UU<IJ)=UU(1J-NXP)
VV(IJ >=VV(IJ-NXP)
GO TO 600
UU(!J-NXP)=UIN
VV(IJ-NXP)=VIN
CONTINUE
RETURN
END
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SUBROUTINE BCSET

COMMON /SCI/ AAU) ,X<800) ,R<800) ,Y(800l ,U<800> .VC800) ,iiC(800) ,
1 riV(80(Jl .RMV(BOO) .ROOOO), VOL (800) ,P(800) .SItiBOO) ,UL<800) ,
2 VL(BOO) .ROLC800) ,PL(800) ,D(800) .0.(800) .RRSUM(BOO) ,P1XX(8OO) ,
3 P1XYI800),PIYY(800).PITH(BOO),RDSDP(800),UG(800).VGI800).
4 UREH800) ,VREL<800> ,MP(800) .MVP(SOO) .SIEP(SOO) ,UMOM(800).
5 VMOM(800),UMOMP(800>.VMOMP(BOO).ZZ1
COMMON /SC2/ ANC.ANCO.ARTVIS.A5Q,AO,BO.COLAMU.CYL,C1.DPCOF,
1 DROU.DT.DTF.DTMAX.DTMIN.DX.DY.Dl.EPS.FIXL.FIYB.GMI,GRFAC,GRIND,
2 GX.GY, IDO1 , IF1RST. IFPHI . [LAST, ILASTM, [LASTV. 1LPH1 . iff. INC. 1PRES.
3 IREZ.JFIRST.JFPH1 . JLAST . JLASTM, JUASTV. JLPH1 , JW1.LAMBDA,LOOPS,
4 L00PMX.LPR,MAXIT,MU.NAME(8).NCYC.NDUMP,MUM 1T,NX.NXP,
5 NY.NYP.OM.OMCYL.PAP.PEPS.PMAX.RF.ROI.ROIN.RON.StEI.SIEIN.
6 T.TFILM, THIRD. T1MLMT, TLIMD, TPRTR. Tl^ILM. TfcFIN. TU.FTH, TUPRTR.
7 UIN.VIN.VMAX.WB.U-.WR.WT.XCONV.Xi.XICOF.XL.YB.YCONV.ZZ

REA-. LAMBDA.MC.MP.MU.MV.MVP
INTEGER NB.WL.WR.WT

BCSET
COMD
COMD
COMD
COMD
COMD
COMD

cote
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD

2
2
3
4
5
6
7
p

9
10
11
12
13
14
15
16
17

c +•+ BCSET 4
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ADJ"ST U.V.RO.MC.SIE.P AS REQUIRED FOR INFLOW OR SPECIFIED
PRESSURE BOUNDARIES. (CALLED ONCE. BY SUBROUTINE CELSET).

LXI 400 J=l ,NYP
IJ=(J - I ) 'NXP-H

C • *••

C ••«• THE LEFT EDGE . . .
C • • +

IF(WL.EQ.O) GO TO 300
GO TO (300.300,300.300.250.260),WL

250 U(IJ)=UIN
V(iJ)=VIN
R0(IJ)=ROIN
MCIIJ)=VOL(IJMROIN
SIE(IJ)=SIEIN
GO TO 300

260 P(1J)=PAP
300 IJ=IJ+NX

••+ THE RIGHT EDGE . . .

1MJ=!J-1
1FIWR.EQ.0) GO TO 400
GO TO (400.400,400.400,350.360),WR

350 U(IJ)=UIN
V(IJ)=VIN
RO(IMJ)=R0IN
MCIIMJ)=VOL(IMJMROIN
S1E(1MJ)=S1EIN
GO TO 400

360 P(1MJ)=PAP
400 CONTINUE

DO 600 1 = 1 ,NXP
!J=1

+ + +

+ *+ THE BOTTOM EDGE. . . .

IF(WB.EQ.O) GO TO 500
GO TO (500,500.500,500.450,460),WB

450 U(1J)=U1N
VI1J)=VIN
RO(IJ1=RO!N
MCI IJ)=VOL( UJ'ROIN
SIE([J)=SIEIN
00 iu -300

460 P(1JI=PAP
50j IJ=NY'NXP+I

C *'*
C • • + THE TOP EDGE . . .

C • • •

IJM=IJ-NXP
IF(WT.EQ.O) GO TO 600
<X> TO (600,600,600.600.550.560).NT

550 UIIJ)=UIN
V(1J)=VIN
RO!IJM)=RO1N
MCIIJM)=VOL(IJMl'ROIN
SIE(IJM)=SIEIN
GO TO 600

560 PIIJM)=PAP
600 CONTINUE

RETURN
END
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BCSET
BCSET
BCSET
BCSET
9CSET
BCSET
BCSET
BCSET
BCSET
BCSET
BCSET
BCSET
BCSET
BCSET
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BCSET
BCSET
BCSET
BCSET
BCSET
BCSET
BCSET
BCSET
BCSET
BCSET
BCSET
BCSET
BCSET
BCSET
BCSET
BCSET
BCSET
BCSET
BCSET
BCSCT
BCSET
BCSET
BCSET
BCSET
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BCSET
BCSET
BCSET
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BCSET
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BCSET
BCSET i
BCSET 1
BCSET 1
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BCSET (
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SUBROUTINE BEGIN
COMMON /SCI/ AA( 1) ,X(8OO).R(80O) ,Y(8OO1 ,U<8OO) ,V(8OO) .MC(8OO> ,
1 MV(800).RMV(800),RO(800).VOL(800),P(800),SIE(800).UL180O).
2 VL(800),ROL(80O).PL(8OO).DC80O).0(800),RRSUM(800).P1XX(8OO).
3 P1XYI800) ,P1YY(8OO).PITH(8OO) ,RDSDP(800) ,UG(800> ,VG(800) .
4 URELI800) ,VREL(800),MP<800>,MVP(B00) .SIEP(BOO) ,UMOM(800) .
5 VMOM(800).UMOMP(800).VMOMPC800).ZZ1
COMMON /SC2/ ANC.ANCO.ARTVIS.ASQ.AO.BO.COLAMU.CYL.CI,DPCOF.
1 DROU.DT.DTF,DTMAX,DTMIN.DX,DY,D1 .EPS.F IXL .F 1 YB.GM1 ,GRFAC ,GRIND.
2 GX.GY. IODT.IFIRST, IFPH1 .ILAST, 1LASTM. ILASTV. ILPH1 .IMP. INC. 1PRES,
3 IREZ.JFIRST.JFPHI .JLAST.JLASTM, JLASTV. JLPH1 ,JNM.LAMBDA.LOOPS.
4 LOOPMX,LPR.MAX1T,MU.NAME(8),NCYC.NDUMP,NUMIT.NX.NXP,
5 NY.NYP.OM.OMCYL.PAP.PEPS.PMAX.RF.ROl .R0IN.R0N.SIE1 .SIEIN,
6 T.TFILM. THIRD. T IMLMT . TL IMD, TPRTR, TUFILM. TWF IN, TWLFTH.TWPRTR.
7 UIN.VIN.VMAX.WB.WL.kF.WT.XCONV.XI .X1C0F .XL ,YB. YCONV, ZZ
REAL LAreOA.MC.rP.MU.MV.MVP
INTEGER Pe.W_,WR.WT

+++
••• GET JOB IDENTIFICATION. r(UN-TIrt LIMIT. DATE AND TIME OF DAY.

READ15.100)
JNM=1OHXPORT-SALE
CALL GETJTL(TIMUIT)
CALL DATEHID1)
CALL TIMEH(CI)

THE FOLLOWING 5 CALLS REFER STRICTLY TO LASL COM SOFTWARE.
FILM CHOICES ARE: 3 H I 0 5 . 2 H I 6 . 3H16C. 2H35. 3H35C . . .

CALL GFR80 (1HU.NAME.60.3H105.5HT3AAA.4HKEEP)
CALL GRPHLUNUP)
CALL L IB4020
CALL GRPHFTN
CALL SETFLSH

CLEAR SCM CELL STORAGE BLOCK . . .

MJSC1=LOCF'ZZ1)-LOCF(AA)•1
DO 10 N=l.NUSCI
AA(N)=0.
RETURN
FORMAT16A101
END

C • + +
C + + +
C ***•

c *++

c *•++
c +++
c • • +

10

100

BEGIN
COM3
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
BEGIN
BEGIN
BEGIN
BEGIN
BEGIN
BEGIN
BEGIN
BEGIN
BEGIN
BEGIN
BEGIN
BEGIN
BEGIN
BEGIN
BEGIN
BEGIN
BEGIN
BEGIN
BEGIN
BEGIN
BEGIN
BEGIN
BEGIN
BEGIN
BEGIN
BEGIN

a
2
3
H
5
6
7
8
9
10
I 1

ie
13
14
15
16
17
4
5
6
7
8
9
10
1 1
12
13
14
15
16
17
18
19
20
21
25
P3

an

26
27

as
P9
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CELSET
COMD
COM3
COM3
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
CELSET
CELSET
CELSET

2
2
3
4
5
6
7

e
9
10
11
12
13
14
15
16
17
4
5
6

SUBROUTINE CELSET
COMMON /SCI/ AAU),X(800).R<800).Y(BOO),U<800>.VI800).MCI800).
1 MV<800>.RMV(800),RO<800>.VOL(BOO),P(800),SIE(800).ULI800).
2 VLI800).ROLI800),PL<800).0(800).0(800),RRSUM(800),PIXX(800).
3 P!XY(800> ,P!YY(800) .Pf TH(800) .RDSDPI800) ,UG<800) .VG(BOO) .
4 UREL(800).VREL(800).MP(300).MVP(800).S1EPIB00).UMOM(BOO).
5 VMOM(BOO).UMOMP(800).VM0MP(800).ZZ1
COMMON /SC2/ ANC.ANCO.ARTVIS.ASQ.AO.BO.COLAMU.CYL.CI.DPCOF.
I DR0U.DT.DTF.0TMAX.DTMIN.DX.DY.D1 .EPS.FIXL.FIYB.GM1 . GRF AC. GRIND.
a GX.GY. IDDT. IFIRST, IFPHI . (LAST. 1LASTM. ILASTV, ILPH1 . IMP. INC. JPRES.
3 IREZ,JFIRST.JFPH1 .JLAST . JLASTM. JLASTV. JLPH1 . JNM, LAMBDA. LOOPS.
4 L00PMX,LPR.MAX[T.MU.NAME(8).NCYC.NDUMP.NUMIT.NX,NXP.
5 NY,NYP.OM,OMCYL.PAP.PEPS.PMAX.RF.ROI,ROIN,RON.SIEI,SIEIN.
6 T.TFILM. THIRD. TIMLMT,TL1MD.TPRTR.TWF1LM.TWF I N , TWLFTH.TWPRTR.
7 UIN.V1N.VMAX,WB,WL.H?,WT.XCONV.XI ,XICOF ,XL .YB.YCONV.ZZ

REAL LAMBDA,MC.MP.MU.MV.MVP
INTEGER WB.WL.WR.WT

C • • •
C +•• INITIALIZE X AND Y IN THIS FIRST LOOP. THIS LOOP SHOULD BE
C • •• REPLACED BY THE USER WHEN DOING A SPECIAL GRID GENERATION. THF
C + + • REMAINING LOOPS OF CELSET ARE MORE GENERAL IN THEIR APPLICAB1LITY .CELSET 7
C ••• CELSET 8

DO 20 J=l,NYP CELSET 9
IJ=(J-1)«NXP+l CELSET10
DO 10 1=1,NXP CELSET11
X(IJ)=FLOAT(1-1)*DX CELSET12
Y( IJ)=FLOAT(J-1)«DY CELSET13

10 IJ=IJH CELSET14
20 CONTINUE CELSET15

C ••• CELSET16
C «••• NEXT, INITIALIZE THE REMAINING VERTEX QUANTITIES CELSET17
C +*+ (SPeClFlED INFLOW VELS. WILL BE SET IN SUBR. BC) CELSET18
C ••• CELSET19

DO 140 J=I,NYP CELSET20
IJ=(J-I)"NXP*1 CELSET21
DO 130 I = I.NXP cu^iea
R(IJ)=X( IJMCYL+OMCYL CELSET23
U(IJ)=V(IJ1=MV(IJ)=O. CELSET24

130 IJ=IJ+I CELSETS5
140 CONTINUE CELSET26

C *** CELSET27
C +++ INITIALIZE THE CELL CENTERED QUANTITIES CELSET28
C +*• FIRST, GET THE VOLUMES. REQUIRED FOR MC CALCULATION CELSET29
C :••+ CELSET30

CALL VOLUME CELSET31
DO 160 J=1.NY CELSET32
IJ= (J-1)*NXP+1 CELSET33
DO 150 1=1.NX CELSET3H
R0(IJ)=R01 CELSET35
S1E(IJ)=S1EI CELSET36

C +++ CELSET37
C +*+ INITIAL PRESSURE IS E.O.S. PRESSURE, EXCEPT FOR INCOMPRESSIBLE CELSET38
C +»+ CASE (1NC=I), FOR VWICH INITIAL PRESSURE IS ZERO... CELSET39
C :** CELSET40

CALL EOS(PIIJ).RO(1J),SIE(1J).O.,RO(IJ)) CELSET41
MC(1J)=VOL(IJ)'RO(IJ) CELSET42

150 iJ=U+l CELSET43
160 CONTINUE CELSET44

C + • • CELSET45
C • • + BCSET WILL ADJUST BOUNDARY VALUES OF U.V.MC.RO.SIE.P AS REQD. CELSET46
C • • • IF INFLOW OR PRESSURE BOUNDARIES ARE SPECIFIED . . . CELSET47
C • • • CELSET4B

CALL BCSTT CELSET49
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C • • • CELSET5D
C • • • IN IT IAL IZE VERTEX MASSES AND THEIR RECIPROCALS CELSET51
C ••>•• CELSET52

00 180 J=1.NY CELSET5^
I J = ( J - 1 CNXP+1 CELSET54
IJP=IJ+NXP CELSET55
DO 170 1=1.NX CELSET56
IPJ=!J+1 CELSET57
IPJP=1JP+1 CELSET58
QM=0.25*MC(IJ) CELSET59
MV(IPJ) =MV(IPJ1 +QM CELSETBO
MVUPJP)=MV(!PJP)+QM CELSET61
MV(IJP) =MV<1JP) +0M CELSET62
MV(IJ) =MV(IJ) +QM CELSET63
IJ=IPJ CELSET6H

170 IJP=IPJP CELSET65
180 CONTINUE CELSET66

DO 200 o=l,NYP CELSET67
IJ=(J-1)*NXP+1 CELSET68
DO ISO I=1,NXP CELSET69
RMV(IJ)=1./MV<IJ) CELSET70

190 IJ=IJ+1 CELSET71

S00 CONTINUE CELSET78
CALL BC(U,V) CELSET73
RETURN CELSET7H

END CELSET75
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c +++
c +++
c +++

c ••+
c +++
c • + +

10
20

SUBROUTINE CONTUR(L.CQ)
COMMON /SCI/ AA(I),X(8OO>.R<8OO).Y(80G>,U(800).VC800).MCI8OO).
I MV(BOO) ,F!MV(BOO) ,RO(800> ,V0L(800) ,P(8OO) .SIE(BOO) ,UL(800) .
S VLI8OO).ROL(BOO),PL<8OO).0(800),Q<800),RRSUM(800),PIXX<800),
3 PIXY(800).PIYY(800).PITHI800),RDSDP(800).UG(fciOO),VG(800i,
4 UREL(800).VRELI800),MP(800),MVP(800),S!EP(800).UM0MI800).
5 VMCM(800).UMOMP<800>.VMOMP(BOO>.ZZ1

COMMON /SCe/ ANC.ANCO.ARTVIS.ASQ.AO.BO.COLAMJ.CYL.CI.DPCOF,
1 DROU.DT.DTF,DTMAX.DTM1N.DX.DY,D1 .EPS.FIXL . F l YB.GM1 . GRF AC. GRIND.
2 GX.GY.1DOT.IFIRST,IFPHI,ILAST,[LASTM,ILASTV.ILPH1.IMP.INC.IPRES.
3 IREZ.JFIRST.JFPH1 ..LAST , JLASTM. JLASTV, JLFH] , JNM.LAMBDA.LOOPS.
4 LOOPMX,LPR.MAXIT,MU.NAME(B) . NC YC , MXIMP. NUMIT, NX. NXP,
5 NY. NYP.OM.OMCYL. PAP. PEPS, PMAX.RF.RO I .ROIN.RON.SIEI ,SIE IN .
6 T,TF1LM.THIF!D.T1MLMT,TLIMD.TPRTR,TWFILM.T^IN,TW.FTH.TUFRTR,
7 UIN.VIN.VMAX,WB,WL,WR,WT,XCONV,XI .XICOF .XL , YB, YCONV.ZZ

REAL LAMBOA.MC.MP.MU.MV.MVP
INTEGER WB.WL.WR.WT
DIMENSION CQ( I ) .1X1(2) , IY1(2) .XCO(H) ,YC0(4) .CON(11)
DIMENSION IDENI3)
DATA (1DEN(I ) .1 = 1,3)/1OHISOBARS ,1 OH ISOPYCNICS.I OH ISOTHERMS /

+
* CONTOUR PLOT OF ARRAY CO. (CALLED FRLM SUBR. FULOUT)

IFINX.EQ. l .OR. NY.EQ.I) RETURN

SET CONTOUR VALUES

QMN=1.E+500
QMX=-QMN
DO cO J=JF1RST,JLAST
1 J = U - 1 ) «NXP*1
DO 10 I=IFIRST.ILAST
OM=AMIN1 (CQ( IJ) .OMNI
OMX=AMAX1ICQtIJ).OMX)
IJ=IJ-H
CONTINUE

IF I X X . L E . 0 . 0 0 1 'AMAX1 (ABS(OMX) .ABS(QJ-N) ) ) RETURN
C O O . l ' I X X + 1 . E - 5 0 )
DO 30 K=1.11

30 CON(K)=QMN*(FLOAT(K-1)) 'DO

+ + • PRINT THE LABELS ON THE PLOT

CALL ADV ( 1 I
CALL LINCNTI59)
WRITE<12,170) JNM.D1 ,C I .NAME , T ,NCYC
WRITE! 12, 1 BO) IDEM LI ,QMN,QMX.C0N(2) .COM 10) ,DQ

+ + +

• + • DRAW THE CONTOURS, CONSIDERING CELLS GROUPED IN QUADRANTS
• + + IJ,IPJ.IJP.IPJP
•H-+-

DO 130 J=JFIRST,JLASTM
IJ=(J-l)*NXi FIRST
IJP=IJ+NXP
DO 120 I'lFlRST.ILASTM
IPJ=IJ+1
1PJP=IJP+1
N=0

+ + +

+ + + DRAW ALL CONTOUR SEGMENTS PASSITK5 THRU THE AREA BOUNDED
+++ BY THE CENTERS OF THE FOUR CELLS . . .

3
4
5
6
7
8
g

10
11
12
13
14

CONTUR
COMD
COO
COMD
COMD
COM3
COM)
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD 15
COM) 16
COM) 17
CONTUR 4
CONTUR 5
CONTUR 6
CONTUR 7
CONTUR 8
CONTUR 9
CONTUR10
CONTUR11
CONTUR12
CONTUR13
CONTUR14
CONTUR15
CONTUR16
CONTUR17
CONTUR18
CONTUR19
CONTUR20
C0NTUR21
C0NTUR22
C0NTUR23
C0NTUR24
C0NTUR25
C0NTUR26
C0NTUR27

C0NTUR29
CONTUR30
CONTUR31
C0NTUR32
CONTUR33
C0NTUR34
C0NTUR35
C0NTUR36
CONTUR37
C0NTUR38
C0NTUR39
C0NTUR40
C0NTUR41
C0NTUR42
C0NTUR43
C0NTUR44
C0NTUR45
C0NTUR46
C0NTUR47
C0NTUR48
C0NTUR49
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00 110 K=2,II
KI=K2=K3=K4=0
IF(CQ(IJ) .LE.CON(KI) Kl=l
IF(CQdPJ) .LE.CON(K)) K2=l
IF(CQdJP) .LE.CON(K)) K3=l
IF(CQ(IPJP).LE.CON(K)) K4=l

C +++
C +++
C +++
C +++
C +++
C +++

IF PRODUCT .NE. 0. THEN ALL 4 ARE = 1.
IF SUM. EQ. 0, THEN ALL 4 ARE = 0. FOR EITHER OF THESE.
THE CONTOUR DOES NOT PASS THRU, SO GO TO 110 TO TRY NEXT
VALUE ON K LOOP . . .

1F<KI«K2«K3'K4.NE.O.OR.K1+K2+K3+KH.EQ.O) GO TO 110
lF(N.GT.O) GO TO 60
IJB=IJ
IJA=IJP
DO 50 JJ=1,2
DO 40 11=1,2
IPJB=1JB+1
IPJA=1JA+1
N=N+1
XC0(N) = .25MX( IPJB)+X( IPJAI+XI UA)+X( 1 JB) )
YC0(N) = .25MY( IPJBl+Yl IPJA1+YI 1JA) +Y( 1 JB) )
UA=1PJA

40 IJB=1PJB
IJB=1JP

50 1JA=1JP+NXP
60 LL=O

IFIK1+K3.NE.1) GO TO 70

Ul = IJ
IJ2=IJP

GO TO 100
70 1F(KI+K2.NE.i/ GO TO SO

1C1 = 1
1C2=2
IJ1=1J
1J2=IPJ
KR!=2
GO TO 100

80 IFIK2+K4.NE.1) GO TO 90
IC1=2
IC2=4
tJI=IPJ
IJ2-1PJP
KR1=3
GO TO 100

90 IFIK3+K4.NE.I) GO TO 110
IC1=3
1C2=4
1J1=IJP
ua=ipjp
KR1=4

100 LL=LL+1
XX=(CCM(K)-CQdJl ) )/ (CQ( 1 J2)-CQ( IJ1 ) )
1X1(LL)=F1XL+(XCO(IC1)+XX«(XCO(IC2)-XC0(IC1))-XL)*XCCMV
IY1(LL)=F1YB-(YCO(IC1)+XX«(YCO(IC2)-YC0(IC1))-YB)*YC0NV
IFtLL.LT.2) GO TO (70,80,90.I 10),KR!
CALL DRV (IXICI1.1YI(1),1X1 (?),IY1(2))
IFIK.EQ.2) CALL PLT (1X1d),IY1(1).35)
IF(K.EQ.IO) CALL PLT (1X1(1).IYl(1),24)

CONTUR50
C0NTUR51
C0NTUR52
C0NTUR53
CONTUR54
CC'"-.'TUR55
C0NTUR56
C0NTUR57
CONTUR58
CONTUR59
CONTUR60
CON' f61
C0NTus'<62
CONTUR63
C0NTUR64
C0NTUR65
CONTUR66
C0NTUR67
CONTUR68
C0NT0R69
CONTUR70
C0NTUR71
C0NTUR72
CONTUR73
CONTUR74
C0NTUR75

C0NTUR76
CCMTUR77
C0NTUR78
C0NTUR79
CONTUR80
C0NTUR81
C0NTUR8?
CONTUR83
C0NTUR84
C0NTUR85
C0NTUR96
CCMTUR87
CCMTUR88
C0NTUR89
CONTUR90
C0NTUR91
C0NTUR92
C0NTUR93
CONTUR94
C0NTUR95
C0NTUR96
C0NTUR97
C0NTUR98
C0NTUR99
CONTU100
CONTU101
CONTU102
CONTU103
CONTU104
CONTU105
CONTU106
CONTU107
CONTU108
CONTU109
CONTU110
CONTU111
CONTU112
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LL=O
[F([J2.EQ.1PJ) GO TO 80

110 CONTINUE
IJ=IPJ

120 IJP=IPJP
130 CONTINUE

• + «• DRAW THE FRAME TO OUTLINE Tf€ MESH PERIPHERY
+ + +

00 150 J=I .NY
1J=(J-l)*NXP+1
IJP=IJ+NXP
DO 140 1=1.NX
1PJ=IJ+1
IPJP=IJP*1
IX!(1)=FIXL*(XCIPJl-XLl'XCONV
IYt(1)=FIYB-(Y(1PJ)-YB)*YCONV
IX8=F1XL*(X(1PJP)-XL>«XCONV
IY?=FIYB-(Y(1PJP)-YB)»YCONV
IX3=FIXL+(X(1JP)-XL)*XCONV
IY3=F1YB-(Y(1JP)-YB)*YCONV
IX4=FIXL*(X(1J1-XL)'XCONV
IYH=F1YB-(Y( 1 J)-YB) 'YCOJU
I F H . E U . l ) CALL DRV ' 1X3. I Y3. 1X4 . I Y4 )
IFCJ.CQ.I) CALL ORV < [X^ . IW , (XI ( i I . IYI (1 II
lF(I.EQ.NX) CALL DRV 11X1( I ) . IY1(1) . IXS. IY8)
1FIJ.EQ.NYI CALL DRV I 1X2.IY2.1X3.IY3)
1J IPJ

140 1JP=IPJP
150 CONTINUE

RETURN
170 F0RMAT<aX,A10,?(8X.A8>.2X.8A10/H0X.3H T=.1PE12.5.6H CYCLE.15)
180 FORMAT!IX,A10.5H MIN=.1PE12.5.5H MAX=.E12.5.3H L=,Eie.5.3H H=,

1 E12.5.HH D0=,E12.5)
END

CONTUl13
CONTUlm
CONTUl15
CONTUl16
CONTUl17
CONTUl18
CONTUl19
CONTUl20
C0NTUI21
CONTUl SB
CONTUl23
CONTUl24
CONTUl25
CONTUl 26
CONTUl27
CONTUl28
CONTUl29
CONTUl30
CONTUl31
CONTUl32
CONTUl33
CONTUl34
CONTUl35
CONTUl36
CONTUl 37
CONTUl38
CONTUl39
CONTUl40
C0NTUI41
CONTUl42
CONTUl43
CONTUl44
CONTUl45
CONTUl 46
CONTUl47
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c ••<

c •+•

c ++•>

c ++-»
c +•«

SUBROUTINE DSOP
COMMON /SCI/ AA(1),X(8OO),R(800),Y(8OO>.U1800),V(800),MC(800).
1 MV(BOO).RMV(800).ROC800),VOL<800).P18OO).SIEI800),UL(800).
2 VLI800),ROL(800),PL(800).01800),Q(800).RRSUM1800).PIXX(800).
3 PIXY(800).PIYYI800),P1THI800),RDSOP(800),UG(800),VG{800),
4 UREU800) .VREL(BOO) ,MP<800> .MVP1800) .S1EPI800) ,UM0M(800) ,
5 VMOM(BOO).UMOMP(800>,VMOMP(800),ZZ1
COMMON /SCa/ ANCANCO.ARTVIS.ASQ.AO.BO.COLAMU.CYL.CI.DPCOF.

1 ORCXJ,DT,DTF.DTMAX.DTMIN,DX,DY,D1 .EPS.F IXL ,F I YB.GM] . GRF AC . GRIND,
2 GX.GY,IDOT,IFIRST.IFPH1.ILAST,ILASTM,ILA5TV.ILPH1,IMP.INC.IPRES
3 IREZ.JFIRST.JFPHI.JLAST.JLASTM.JLASTV,JLPH1.JNM,LAMBDA.LOOPS,
4 L00PMX,LPR.MAXIT.MU.NAME<8> .NCYC.NDUMP.NUMIT.NX.NXP,
5 NY, NYP.OM. OMCYL.PAP.PEPS.PMAX.RF.RO I .ROIN.RON.SIE I .SIEIN,
6 T.TF1LM.THIRD.TIMLMT,TLIMD.TPRTR.TkF 1LM.TUF IN.TW.FTH.TWPRTR,
7 UIN.VIN.VmX.l^.^.^.WT.XCONV.XI.XICOF.XL.YB.YCONV.ZZ
REAL LAMBOA.MC.MP.MU.MV.MVP
INTEGER kB.WL.kR.WT

f

PHASE 2 . NUMERICAL EVALUATION OF RELAXATION FACTOR
TO BE USED IN THE PRESSURE ITERATION (SUBR. PRESIT) . . .

DATA PTEMP.PSTAR /0..0./
DP=DPCOF/(DT«DT)
DTP=0.5»DT»DP
DO aO J=JFIRST.JLAST
IJ=(J-1)»NXP+1FIRST
1JP=IJ+NXP
DO 10 I=1FIRST.ILAST
IPJ=IJ+1
IPJP=IJP+I
X1=X(IPJ)
X?=X(IPJP)
X3=X(1JP)
XH=X(IJ)
R1=R(IPJ)
R8=R(IPJP)
R3=R(IJP)
R4=R(IJ)
Yl=Y(IPJ)
Y8=Y ( 1PJP)
Y3=Y(IJP)
Y4=Y(IJ)
U1=UL(1PJ)
U2=UL(IPJP)
U3=UL(IJP)
U4=UL( IJ)
VI=VL(IPJ)
V2=VL<IPJP)
V3=VL<IJP)
V4=VL< IJ)
XIP=Xl+UI'DT
YIP=Y1*VI«DT

X3P=X3+U3«DT
Y3P=Y3+V3'DT
XMP=XH+LM«DT

RIP=X1P«CYL+OMCYL
RSP=X2P*CYL+0MCYL
R3P=X3P«CYL+0MCYL
RHP=XHP«CYL+OMCYL
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ArR=.5*(<X3P-X2P)«(YlP-YaP)-<XlP-X2P)«(Y3P-Y2P)) DSOP 50
ABL=.5»( <X1P-X4P)MY3P-Y4P>-CX3P-X4P)MY1P-Y4P) ) DSOP 51
VCCLZ=THIRD*((R1P+R2P+R3P)*ATR+(R3P+R4P*R1P)«ABL) OSDP 55
X[TEf>F=SlE(IJ)*P<IJ)*<! .0-VOLLZ/VOL<IJ))/RO(IJ> DSDP 53
ROTEfP=ROMJ>*V0L(lJ)/VOLLZ OSOP 54
CALL EOS(PTEMP.ROTE>P,XITEMP.P(IJ),RO<IJ>> DSDP 55
RMI=RMV(IPJ) DSDP 56
RM3=RMV(IPJP) DSDP 57
RM3=RMV(IJP) DSDP 58
Rm=RMV(IJ) DSDP 59
Y24=Y2-Y4 DSDP 60
Y3I=Y3-YI DSDP 61
XR24=0.5'CRa+R4)»CX2-XH> DSDP 62
XR31=0.5MR3+Rl) '<X3-Xl> DSDP 63
U1P=U1+DTP«RM1*Y24"R1 DSDP 64
U2P=ie+0TP«RM2*Y31'R2 DSDP 65
U3P=U3-DTP«RM3'Y24«R3 DSDP 66
U4P=U4-DTP*RM4*Y3l*R4 DSDP 67
VIP=V1-DTP*RM1*XR24 DSDP 68
V2P=V2-DTP*RM2*XR3! DSDP 69
V3P=V3+DTP'RM3*XR2tt DSDP 70
WP=VH+DTP*Rm»XR31 DSDP 71
X1P=X1+U1P«DT DSDP IS
Y1P=Y1+V1P»DT DSOP 73
X2P=xe*ueP'DT DSDP 74
Y2P=Y?+V2P«DT DSDP 75
X3P=X3+U3P*DT DSDP 76
Y3P=Y3+V3P*OT DSDP 77
X4P=xm-U4P«DT DSDP 78
Y4P=YH+V4P'DT DSOP 79
R1P=XIP«CYL+OMCYL DSDP 80
R2P=XaP«CYL+OMCYL DSDP 81
R3P=X3P*CYL+0MCYL DSDP 82
RHP=X4P*CYL+0MCYL DSDP 83
ATR=.5"((X3P-X2P)«(Y1P-Y2P)-IX1P-X2P)»(Y3P-Y2P)) DSDP 84
ABL=.5'<(X1P-X4P)»(Y3P-Y4P)-(X3P-X4P)*(Y1P-Y4P)) DSDP 85
V0LL = rHlR0*((RlP+RaP«-R3P)*ATR+IR3P+R4P+RlP)«ABL) DSDP 86
X1STAR=X1TEMP+PTEMP«(1.0-VOLL/VOLLZ)/ROTEMP DSOP 87
ROSTAR=RO( U l ' V O L I 1J1/VOLL DSDP 88
PPDP=P(IJ)+DP DSDP 89
CALL EOS(PSTAR.ROSTAR.X 1STAR.PPDP,RO( U ) ) DSOP 90
RDSDPI 1J)=DP/(PTE(*'+CF-PSTAR)'OM DSDP 91
tJ=IPJ DSDP 92

10 1JP=1PJP DSDP 93
80 CONTINUE DSDP 94

RETURN DSDP 95
END DSDP 96
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SUBROUTINE ENERGY ENERGY 2
COMMON /SCI/ AA(l).X<800),R<800).Y(800).U(800).V(800).MC(800). COMD 2
1 MV(800).RMV(800).RO(800).VOLC80O).P(BOO).S1E(8OO).UL(800). COMD 3
2 VL(BOO).ROLI800).PL<8OO>,0(800),Q(BOO>,RRSUM(800).PIXX(BOO). COM) 4
3 PIXY(BOO),P1YY(8OO).PITH(8OO).RDSOP(800),UG(800).VG(800). CCMD 5
4 UREL(800).VRELl800),MP(800),MVP<800>.SIEPI800),UMOM(800). COMD 6
5 VM0MI800) .UM0MP<800) .VMOMPOOO) ,ZZ1 COM3 7
COMMON /SC2/ ANC.ANCO.ARTVIS.ASQ.AO.BO.COLAMU.CYL.Cl.DPCOF. COM3 8
1 DROU.DT.DTF.DTMAX.DTMIN.DX.DY.Dl,EPS.FIXL.FIYB.GM1.GRFAC,GRIND. COMD 9
2 GX.GY.1DDT,1FIRST.IFPH1.ILAST.1LASTM.ILASTV,ILPHI.IMP.INC.1PRES. COMD 10
3 IREZ.JFIRST.JFPHI,JLAST,XASTM,JLASTV.JLPH1,JI\M,LAMBDA,LOOPS. COMD 11
4 L00PMX.LPR.MAXIT.MU.NAME(8).NCYC.NDUMP.NUMIT.NX,NXP, COMD 12
5 NY.NYP.OM.OMCYL.PAP.PEPS.PMAX.RF.ROI.ROIN.RON.SIEl.SIEIN. COMD 13
6 T.TFILM, THIRD. TIMLMT.TL IMD. TPRTR.TWFILM, TWFIN.TWLFTH, TkPRTR. COMD 14
7 UIN.VIN.VMAX.WB.WL.WR.WT.XCONV.XI .X1C0F.XL.YB.YCONV.ZZ COMD 15
REAL LAMBOA.MC.MP.MU.MV.MVP COMD 16
INTEGER WB.WL.WR.WT COMD 17

C +++ ENERGY 4
C •+• CALCULATE ENERGY CHANGES DUE TO PDV WORK AND VISCOUS STRESSES ENERGY 5
C ••+ ENERGY 6

DO 20 J=JF1RST.JLAST ENERGY 7
IJ=(J-1>«NXP+1FIRST ENERGY 8
[JP=IJ+NXP ENERGY 9
DO 10 I=IFIRST,ILAST ENERGY10
IPJ=1J*1 ENERGY11
IPJP=IJP+1 ENERGY12
X1=X(IPJ) ENERGY13
Y1=Y(1PJ) ENERGY14
R1=R(IPJ) ENERGY15
UTC1=U(IPJ)+UL(IPJ) ENERGY16
VTC1=V(IPJ)+VL(IPJ) ENERGY17
X2=X(1PJP) ENERGY 18
Y2=Y(IPJP) ENERGY 19
R8=R(1PJP) ENERGY20
UTC2=U ( 1PJP) +UL ' 1PJP) ENERGY21
VTC2=V(IPJP)+VL(1PJP) ENERGY22
X3=X(IJP) ENERGY23
Y3=Y(IJP) ENERGY24
R3=R(IJP) ENERGY25
UTC3=U<IJP)+UL(1JP> ENERGY26
VTC3=V(IJP1+VLIIJP) ENERGY27
X4=X(1J) ENERGY28
Y4=Y(IJ) ENERGY29
R4=R(1J) ENERGY30
UTC4=U(IJ)+UL(IJ) ENERGY31
VTC4=V(1J)+VL(IJ) ENERGY32
Y24=Y2-Y4 ENERGY33
Y31=Y3-Y1 ENERGY34
X24=X2-X4 ENERGY35
X31=X3-X1 ENERGY36
HR24=0.5*(R2+R4) ENERGY37
HR13=O.5«(R1+R3) ENERGY38
XXI=HR24«(PIXY(1J)*X24-PIXX(IJ)«Y24) ENERGY39
XX2=HR13«(PIXY(IJ)*X31-P1XX(IJ)»Y31) ENERGY40
XX3=HR24«(P!YY(IJ)«X24-PIXY(IJ)«Y84) ENCRGY41
XX4=HR13*(P1YY(IJ)«X31-PIXY(1J)*Y31) ENERGY42
DV=Y24#(UTC1»R1-UTC3*R3) + Y31•(UTC2*R2-UTC4»R4) ENERGY43
1 -HR24«X24'(VTC1-VTC3) - HR13*X31*(VTC2-VTC4) ENERGY44

AREA=0.5'(X24«Y31-X31'Y24) ENERGY45
DV1S=XX1•(UTC1-UTC3)+XX2*(UTC2-UTCH) ENERGY46
1 -P[TH(IJ)'(UTC1+UTC2+UTC3+UTC4)«O.5'AREA ENERGY47
2 +XX3MVTC1-VTC3H-XX4MVTC2-VTC4) ENERGYH8

S I E ( I J ) = S I E ( I J ) - ( ( P ( I J ) * Q ( I J ) ) » D V • DVIS) '0 .25 'DT/MC(IJ) ENERGY49
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IJP=IPJP
10 1J=IPJ
20 CONTINUE

RETURN
END

ENERGY50
ENERGY51
ENERGY52
ENERGY53
ENERGY54

c
c
c
c

SUBROUTINE EOSIPTEMP.ROTEMP.SIETMP.PLCUR.ROLCUR)
COMMON /SCI/ AA(1),X(800),R(800).Y(800).U(800).V(800).MC(800).
1 MV1800).RMVI800),RO(800),VOL(B00),P(800),SIE(800),UL(800>,
2 VLI800),ROL(800),PL(800),0(800),Q(800).RRSUMC800),PIXX(800),
3 PIXY(SOO) .PIYY(BOO) ,PITH(800) .RDSDP(BOO) ,UG(800) .VGOOO) .
4 I«EL(8OO).VREL(BOO),MP(800),MVP(800),SIEP(8OO),UMOM(800>,
5 VMOMC800),UM0MP(800),VMOMP(800),ZZI
COMMON /SC2/ ANC.ANCO.ARTVIS.ASQ.AO.BO.COLAMU.CYL.Cl.DPCOF,
1 DROU.DT,DTF,DTMAX,DTMIN,DX.DY.D1.EPS.FIXL,FIYB.GMI.GRFAC,GRIND.
2 GX.GY.1DDT.IFIRST,IFPH1.I LAST,ILASTM.ILASTV,ILPH1.IMP.INC.1PRES,
3 IREZ.JFIRST.JFPHI .JLAST. JLASTM, JLASTV, JLPHI , JNM. LAMBDA . LOOPS.
4 L0C)PMX.LPR,mXIT,MU.NAr€:(8),NCYC,NDUMP,NUMIT.NX.NXP.
5 NY,NYP.OM,OMCYL,PAP.PEPS,PMAX,RF,ROI.R0IN.R0N.S1EI,SIEIN,
6 T.TFILM.THIRD,TIMLMT.TLIMD.TPRTR.TWFILM.TWFIN,TWLFTH.TWPRTR,
7 UIN.VIN.VMAX.WB.WL.WR.WT.XCONV.XI.XICOF.XL.YB.YCONV.ZZ
REAL LAMBDA.MC.MP.MU.MV.MVP
INTEGER WB.WL.WR.WT
IF(INC.EQ.l) GO TO 100

+ EQUATION OF STATE FOR REAL MATERIAL GOES HERE . . .
+ (STIFFENED GAS + IDEAL GAS E.O.S. IS SHOWN HERE AS AN EXAMPLE)

PTEMP=ASQ»(ROTEMP-RON)+GM1•ROTEMP'SIETMP
RETURN

+•++-

+ + + PSEUDO-PRESSURE CALCULATION FOR INCOMPRESSIBLE FLOWS (INC=1) . .

100 IFIROLCUR.EQ.O.) GO TO 110
PTEMP-PLCUR + ROTEMP/ROLCUR - 1.0
RETURN

110 PTEMP=0.
RETURN
END EOS
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COMD
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COMD
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COMD 11
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COMD 14
COMD 15
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COMD 17
EOS
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EOS
EOS
EOS
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EOS
EOS
EOS
EOS
EOS
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SUBROUTINE FULOUT (LUN) FLJLOUT 2
COMMON /SCI/ AA(1),X(800).R1800),Y(800),U(800),V(800).MC(800). COMD 3
1 MVC800).RMV(800),RO(800),VOL(800).P(800).SIE(800),UL(800). COMD 3
2 VL<800),ROL(800),PL(800),D<800).0(800),RRSUM(800).PIXXC800). COMO 4
3 PIXYC800),PIYY(800),PITH(800),RDSDP(800),UG(80O),VG(800), COMD 5
4 URELI800),VREL(800),MP(800).MVPC800),SIEP(800>.UMOM(BOO). COMD 6
5 VM0MI800),UMOMP(800),VM0MP(800),ZZ1 COMD 7
COMMON /SC2/ ANC.ANCO.ARTVIS,ASQ.AO.BO.COLAMU.CYL.Cl.DPCOF. COMD 8
! DROU.DT.DTF.DTMAX.DTMIN.DX.DY.01,EPS.FIXL.FIYB.GM1,GRFAC.GRIND, COMD 9
2 GX.GY.IDDT.IFtRST.IFPHI.ILAST.ILASTM,ILASTV.1LPH1.IMP,INC.IPRES. COMD 10
3 IREZ.JFIRST.JFPHI,JLAST,JLASTM.JLASTV.JLPHI.JNM,LAMBDA.LOOPS. COMD 11
4 LOOPMX,LPR,MAX1T.MU,NAME(8).NCYC,NDUMP.NUM1T.NX.NXP. COMD IS
5 NY.NYP.OM.OMCYL.PAP.PEPS.PMAX.RF.ROI.ROIN.RON.SIEI.SIEIN. COMD 13
6 T..TFILM.THIRD.TIMLMT.TLIMD,TPRTR.TWF1LM,TWFIN,TWLFTH.TM=RTR. COMD 14
7 UIN.VIN.VMAX,WB.WL.WR.WT.XCONV,XI,XICOF,XL.YB.YCONV.ZZ COMD 15
REAL LAMBDA.MC.MP.MU.MV.MVP COMD 16
INTEGER WB.WL.WR.WT COMD 17
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IF fLUN.EQ.OI GO TO 10
1F(LUN.EQ.6) GO TO 40
TWF1LM= TWF1LM+ TFILM

+ + +
+ • • SETUP PLOT SCALING AND CALL THE VARIOUS PLOT AND PRINT SUBRS.

c
c
c
c

10 XL=YB=1.E+100
XR=YT=VMAX=-XL
DO 30 J=l ,NYP
IJ=(J-1MNXP+1
DO 20 I=1.NXP
XL=AM1NI(XL.XIIJ))
XR=AMAXI(XR,X(IJ))
YB=AMIN1 (YB.Y( IJ) )
YT=AMAXKYT,Y(1J) )
VMAX=AMAX1(VMAX,ABS(U(IJ)),A8S(V(IJ)))

20 IJ=IJ+I
30 CONTINUE

IF(VMAX.NE.O.) DROU=0.9*XR/(FLOAT(NX)'VMAX)
FIYB=900.

+++ MAKE PLOTS SLIGHTLY UNDERSIZE TO ENSURE VELOCITY VECTORS
++• WILL BE PLOTTED PROPERLY AT MESH BOUNDARIES . . .

XTE=0.025«(XR-XL)
YTE=O.025*(YT-YB)
XL=XL-XTE
XR=XR+XTE
YB=YB-YTE
YT=YT+YTE
XD=(XR-XL)/(YT-YB)
YY=O.
IFtXD.LT.1.13556) YY=1.
FIXL=AMAX1(0.,(511.-450.*XD)*YY)
FIXR=(5l1.+450.*XD)*YY + 1022.•(1.-YY)
FI YT= (900.-1022./XDMC1 .-YY)
XCONV=(FIXR-FI XL)/(XR-XL)
YCONV=(FIYB-FIYT)/(YT-YB)
CALL ZONPLT
CALL VELPLT
CALL CONTUR(1.P)
CALL CONTURia.RO)
CALL CONTUR(3,SIE)
IF(LPR.EQ.l .OR. LPR.EQ.2) CALL LNGPRT<12)
CALL GLOBAL(12)
IF(LUN.EQ.O) GO TO 50
RETURN

40 TWPRTR=TWPRTR+TPRTR
50 lF(LPR.GT.l) CALL LNGPRT(6)

CALL GLOBAL(6)
RETURN
END

FULOUT 4
FULOUT 5
FULOUT 6
FULOUT 7
FULOUT 8
FULOUT 9
FULOUT 10
FULOUT11
FULOUT12
FULOUT13
FULOUT14
FULOUT15
F'JL0UT16
FULOUT 17
FULOUT 18
FULOUT19
FULOUTeO
FULOUT21
FULOUT22
FULOUT23
FUL0UT24
FULOUTcS
FUL0UT26
FULOUT27
FUL0UT28
FUL0UT29
FULOUT30
FULOUT31
FUL0UT32
FULOUT33
FUL0UT34
FULOUT35
FUL0UT36
FULOUTT7
FULOUT38
FULOUT39
FULOUTHO
FUL0UT41
FUL0UT42
FULOUT43
FUL0UT44
FUL0UT45
FUL0UT46
FUL0UT47
FULOUT48
FUL0UT49
FULOUT50
FUL0UT51
FUL0UT52
FULOUT53
FUL0UT54
FUL0UT55
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SUBROUTINE GLOBAL (LUN) GLOBAL 2
COMMON /SCI/ AA(1 ) ,X(800) ,R(800) ,Y(800) ,U(800) ,V<800) ,MC(800) . COMD 2
1 MV(800),RMV(800),RO(800),VOL(800).P(800).S1E(800),UL(800). COMD 3
2 VLOOO) .ROL(800).PL<800> ,D<eOO) .Q(800>.RRSUM(800>,PIXX(800) . COMD 4
3 PIXYI800),PIYY(800).P1TH(800),RDSDP(800>,UG<800),VG(800>. COMD 5
4 UREL(800),VREL<800).MPI800).MVPC8OO),SIEP<800>,UMCM(800). COMD 6
5 VMOM(800),UMOMP(B00),VMOMP(800).ZZl COMD 7
COMMON /SC2/ ANC.ANCO,ARTVIS.ASQ,AO.eO,COLAMU.CYL.Cl,DPCOF. COMD 8

1 OROU.DT.DTF.OTMAX.DTMIN.DX.DY.D1.EPS.FIXL.FIYB.GMl.GRFAC.GRIM). COMD 9
2 GX.GY.ICOT.IFIRST,IFPHI.ILAST,lLASTM.ILASTV. H.PH].IMP,INC.IPRES. COMD 10
3 IREZ.JFIRST.JFPH1 . JLAST , JLA5TM, JLASTV. JLPHI .JW. LAMBDA. LOOPS, COMD II
4 LO0PMX.LPR.MAXIT,MU.NAME(8).NCYC.NDUMP.NUMIT,NX,NXP. COMD 12
5 NY.NYP.OM.OMCYL.PAP.PEPS.PMAX.RF.ROI.ROIN.RON.SIEI.SIEIN. COMD 13
6 T.TFILM.THIRD.TlMLMT.TLlMD.TPRTR.TtTlLM.TWFIN.TMLFTH.TWPRTR, COMD 14
1 U!N.V1N,VMAX.WB,U-.1*.WT,XCONV,XI .XICOF .XL . YB. YCONV.ZZ COMD 15

REAL LAMBDA.MC.MP.MU.MV,MVP COMD 16
INTEGER WB.H..WR.WT COMD 17

C • • + GLOBAL 4
C •++ COMPUTE TOTAL MASS. MOMENTUM. AND ENERGY OF THE SYSTEM GLOBAL 5
C •+• GLOBAL 6

TOTM=TOTI=TOTU=TOTV=TOTK=0. GLOBAL 7
DO 20 J=l.NY GLOBAL 8
IJ=(J-I)«NXP+I GLOBAL 9
DO 10 1=1.NX GLOBALIO
TOTM=TOTM+MC(1J) GL08AL]1
TOTl=TOTl+MC(lJ)«SietlJ) GL0BAL12

10 1J=IJ+1 GLOBAL 13
20 CONTINUE GLOBAL 14

DO 40 J=t.NYP GL0BAL15
IJ=(J-i)»NXP+l GL0BAL16
DO 30 1=1,NXP GL0BAL17
TOTU=TOTU+MV(IJ)*U(IJ) GL0BAL18
TOTV=TOTV+MV(1J)*V(1J) GL0BAL19
T0TK=T0Tt<+MV(lJ)».5«[U( IJ) *U( 1J)+V( IJ) »V( IJ) ) GLOBAL20

30 IJ=U+l GLOBAL21
40 CONTINUE GL0BAL22

TOTE=TOTK+TOTI GL0BAL23
WRITE(LUN,501 T.NCYC.TOTE,TOTI,TOTM.TOTU.TOTV GL0BAL24
RETURN GL0BAL25

50 FORMAT(3H T=.1PE12.5.6H CYCLE.15.7H TOT E=,E15.8.5H SIE=.E15.8/ GL0BALa6
1 26X.6H MASS=,E15.8,7H U MOM=.E15.8.7H V M0M=.Ei5.8) GL0BAL27
END GLOBAL28
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SUBROUTINE LNGPRT (LUN)
COMMON /SCI/ AAtl).X(800),R(800).YtBOO),U(800).VI800),MC(800),
1 MVI800),RMV(800).ROIBOO).VOLI800),P(8OO).SIEI8OO),ULf8OO),
2 VL18OO) ,R0L(800) .PL(800) .01800) ,0.1800) .RRSUM(800) .P1XX1800) .
3 PIXY(800).PIYY(800),PITH(800).RDSDP(800).UG(SOO),VG(800).
4 UREH800) ,VREL(800),MP(800) ,MVP(800) .SIEPtSOO) .LMOMI800) ,
5 VMOMt800).UMOMPtBOO).VMOMPt800).ZZ1
COMMON /SC2/ ANC.ANCO.ARTVIS.ASQ.AO.BO.COLAMU.CYL.Cl.DPCOF,
1 DROU.DT.DTF.DTMAX.DTMIN.DX.DY.Dl.EPS.FIXL.F1YB.GM1.GRFAC.GRIND,
2 GX.GY.IDOT,IFIRST.1FPH1.1LAST,ILASTM,ILASTV,ILPHl,IMP.INC,IPRES
3 IREZ.JFIRST.JFPH1 . JLAST . JLASTM, JLASTV . JLPH1 ,JNM.LAMBDA,LOOPS,
4 L00PMX.LPR,MAXIT,MU,NAME<8),NCYC,NDUMP.NUMIT,NX,NXP.
5 NY.NYP.OM.OMCYL.PAP,PEPS.PMAX.RF.ROI.R01N.R0N.SIEI.SIEIN,
6 T.TFILM.THIRD.TIMLMT,TLIMD.TPRTR.TWFILM.TWFIN,TWLFTH.TWPRTR,
7 U1N,VIN,VMAX,WB,WL,WR,WT,XCONV,X1 .X1C0F .XL , YB, YCONV.ZZ
REAL LAMBDA.MC.If.MU.MV.MVP
INTEGER WB.WL.WR.WT

C ++•
C +++ LONG PRINT OF X, Y.U.V.SIE.RO.MC.VOL,I- FOR ALL CELLS IN MESH.
C +++ DESTINATION IS FICHE (LUN=12). AND/OR LINE PRINTER <LUN=6)
C + + +

LPR1=LPR2=O
IFtLPR.GT.l .AND. LUN.EQ.6) LPR1=1
IFtLPR.LT.3 .AND. LUN.E0.12) LPR2=l
LINES=99
DO 50 J=l .NYP
IJ=(J- l ) *NXPH
DO 40 1=1,NXP
IFILINES.LT.56) GO TO 10
LINES-0
1FILPR1 .GT.O) WRITE (6. 100) JM1.D1 . C 1 .NAME . T .NCYC
1F(LPR?.GT.O) WRITEM2.100) JNM.D1 ,C 1 .NAME . T .NCYC

10 IF(LOOPS.LT.LOOPMX) GO TO 50
C • + •
C • • • SPECIAL PRINT FOR RUN-ABORT CASE . . .
C +++

IFtLPRl.GT.O) WRITE (6,110) I , J , X ( I J ) . Y ( I J ) , U L ( I J ) . V L ( 1 J ) .
1 SIEt IJ ) ,ROL( IJ ) ,MC( !J ) ,VOL( IJ I ,PL( IJ )

1FILPR2.GT.0) WRlTEtl2.H0) I . J.Xt I J) , Y( 1 J) ,UL ( 1 J) , VL ( I J) ,
1 SIEt IJ ) .ROLt IJ) ,MCt1J) ,VOL( IJ) .PLt IJ )
GO TO 30

C • • •

C +++ NORMAL OUTPUT CASE . . .
C + + +

20 IF tLPR l .GT .O) WRITE(6.110) I , J . X t I J ) , Y ( I J ) , U ( I J ) , V ( 1 J ) , S 1 E ( I J ) .
1 R O ( I J ) , M C ( I J ) , V O L ( I J ) , P ( I J )
]F<LPR2.GT.O) WRITEt12.110) I,J.XfIJ),Y(IJ),U(IJ).V(1J),S1E<IJ).
1 ROt IJ) .MC(IJ) .VOLdJ) ,P( IJ)

30 L1NES=LINES+1
40 IJ=IJ+1
50 CONTINUE

IFILPR2.GT.0) CALL ADV(1)
RETURN

100 FORMAT!IH1,2X,A10,Bt2X,A8).2X.8A10/40X.3H T=.1PE12.5.6H CYCLE.15/
1 1H0.7H I J.6X,1HX.I0X.1HY.10X,1HU.10X,1HV.
2 10X,3HSIE,BX.3HRH0.7X,4HMASS.8X.3HVOL.8X.

110 F0RMAT(2I4,9(1PE1I.3))
ENO

3
4
5
6
7
8
9
10
11
\2
13
14
15
16
17

LNGPRT 2
COMD 2
COMD
COMD
COMD
COMD
COMD
COMD
COMD

. COMD
COMD
COMD
bOMD
COMD
COMD
CGCI
COMD
LNGPRT 4
LNGPRT 5
LNGPRT 6
LNGPRT 7
LNGPRT 6
LNGPRT 9
LNGPRT10
LNGPRT1 I
LNGPRT12
LNGPRTI 3
LNGPRT14
LNGPRT[5
LNGPRT16
LNGPRT17
LNGPRTIB
LNGPRT 19
LNGPRTPQ
LNGPRT21
LNGPRT22
LNGPRT23
LNGPRT24
LNGPRT25
LNGPRT26
LNGPRT27
LNGPRT28
LNGPRT29
LNGPRT30
LNGPRT31
LNGPRT32
LNGPRT33
LNGPRT34
LNGPRT35
LNGPRT36
LNGPRT37
LNGPRT38
LNGPRT39
LNGPRT40
LNGPRT41
LNGPRT42
LNGPRT43
LNGPRT44

67



SUBROUTINE NEWCYC NEWCYC 2
COMMON /SCI/ AAU > .X1800) .RI800I ,Y(SOO> .U1800) ,V<600) .MCI800) . COMD 2
1 MVI800),RMV<800>,RO(800>.VOL(800).P(800>,SIE(600).ULieOOJ. COMD 3
2 VL(800>,ROLf800),PL(800).D<800),Qt800).RRSUM1800).PIXX(BOO). COMD 4
3 PIXYI800).P1YY1800),P!TH(800),RDSDP(800).UG(BOO).VG(BOO). COMD 5
4 URELC80O) ,VREL<800> .MP(SOO) .MVP(800).SIEPI8OO).UMOM(BOO) . COMD 6
5 VMOM(BOO) ,UMOMP<800) .VMOM?(800) .Z71 COMD 7
COMON /SC2/ ANC,ANCO.ARTVIS,ASQ.A0,B0,COLAMU,CYL,Cl .DPCOF. COMD 8
1 DROU.DT.DTF,DTMAX,DTMtN,DX,OY,DI .EFS.FIXL.F1YB.GM1 .GRFAC,GRIND. CCMD 9
a GX.GY, IDDT, JFIRST.IFPH1 , ILAST . ILASTM, 1LASTV, [LPH1 . ltt3. INC . 1PRES. COM3 10
3 IREZ.JFIRST.JFPHI . JLAST . JLASTM, JLASTV . JLPH1 .JM1.LATBOA, LOOPS. COMD 11
4 L00PMX,LPR,MAXIT.MU.NAME(8l.NCYC.NDUTF.NUMIT,NX.NXP, COMD \2
5 NY.NYP,OM.OMCYL.PAP.PEPS.PMAX.RF.RO!.TOIN.RON.SIEI.SIE1N. COMD 13
6 T.TFILM.THIRD.T1M.MT.TLIMD.TPRTR.TtTILM.TWFIN.TU.FTH.TtPRTR. COMD 14
7 UIN.VIN.VMAX.WB.WL.WR.HT.XCONV.XI .XICOF.XL , YB, YC0NV.2Z COMD 15

REAL LAMBDA.MC.MP.MU.MV,MVP COMD 16
INTEGER WB.14..1-R.WT COMD 17
DATA TIME / O . / NEWCYC 4

C • • • KEWCYC 5
C * + + BEGIN CYCLE - PROVIDE MONITOR PRINT, ThEN TEST FOR NEWCYC 6
C • + • OUIhAJT AND RUN TERMINATION. IF CONTINUING. INCREMENT NEWCYC 7
C +*+ TIME AND CYCLE NUMBER . . . NEWCYC 8
C + + + NEWCYC 9

IF(NCYC.LE.1) CALL FULOUT(O) NEWCYC10
IF(IMOD<NCYC.25>.EQ.O) .OR. (T.GE.TWFIN)) NEWCYC11

1WRIrE(59.100) NCYC.T.DT.NUMIT,GRIND.1DDT NEWCYC12
WRITE ( 6 . 1 0 0 ) NCYC.r.DT.NUMiT,GRIND,IDDT NEWCYC13
WRITE t i e .100 ) NCYC.T.DT.NUMIT,GRIND.IDDT NEWCYC14

IF(T.GE.TWFILM) CALL FULOUTl ia) NEWCYC15
IF(T.GE.TWPRTR) CALL FUL0UT<6) NEWCYC16
TOLD=T1ME NEWCYC 17
CALL SECOND(TIME) NEWCYC18
GRIND=(TIME-TOLD>*GRFAC NEWCYCJ9
TLEFT=T1MLMT-TIME NEWCYC20
I F l T L E F T . L T . 1 8 0 . .AND. TL1MD.EQ.1.) CALL TAPEWR NEWCYC21
IF(T.GE.TWFIN) GO TO 10 NEWCYC22
T=T*DT NEWCYC23
NCYC=NCYC+1 NEWCYC2M
RETURN tCWCYC25

10 WRITE(59,I 10) NEWCYC26
WRITE ( 6 . 1 1 0 ) NEWCYC27
WRITE!12.110) NEWCYC28
IF(T.LT.TWFILM) CALL FULOUT(12) NEWCYC29
IF(T.LT.TWPRTR) CALL FUL0UT(6) NEWCYC30
CALL E X I T A ( l ) NEWCYC3I

100 FORMAT(5H NCYC.I6 .3H T = . l P E t e . 5 . 4 H DT= .E12 .5 .7H NUMIT- ,14 , htWCYC32
1 7H GR1ND=.OPF7.3, IX.A1) NEWCYC33

110 FORMAT!I9H NORMAL TERMINATION) NEWCYC3H
END NEWCYC35



c +++
c •+•
c •++
c •+•
c •++
c +++

10
20

C +++
c +++
c +++

SUBROUTINE PHASE 1
COMMON /SCI/ AAC1),X(BOO),R(8OO),Y(8OO),U(8O0),V(8OO).MCI800).
1 MV(800),RMV(800).ROCBOO).VOLI800),P(8OO),SIE(8QO).UL1800).
2 VLI800),ROL(800),PL(800),D<800>.0.(800),RRSUM(800).PIXX(BOO).
3 PIXYI800) .PIYY1800) ,P1TH(8OO) .RDSDPOOO) ,UG(800) .VGC8OO) ,
4 URELI800) ,VREL(800) ,MP(800) ,MVP(800) .SIEP(BOO) .UMOMOOO) .
5 VMOMI800),UMOMP(800).VMOMPI800).ZZ1
COMMON /sea/ ANC.ANCO.ARTVIS.ASQ.AO.BO.COLAMU.CYL.CI.DPCOF.
1 DROU.DT.DTF.DTMAX.DTMIN.DX.DY.Dl.EPS.F1XL,FIYB.GM1,GRFAC,GR1ND.
2 GX.GY.IDDT.IFIRST.IFPH1.ILAST,ILASTM.1LASTV,ILPH1,IMP.INC.1PRES
3 IREZ.JFIRST.JFPH1 . JL AST , JL ASTM. JL AST V, JLPH1 . JNM. LAMBDA . LOOPS,
4 LOOPMX.LPR.MAXIT,MU.NAME(8) . NC YC. MOUMP. NUM I T . NX, NXP,
5 NY.NYP.OM.OMCYL,PAP.PEPS,PMAX.RF.ROI.ROIN.RON.SIEI.SIEIN,
6 T.TFILM,THIRD,TIMLMT,TLIMD,TPRTR,TWFILM,TWFIN.TWLFTH.TUPRTR.
7 UIN.VIN.VMAX.WB.WL.WR.WT.XCONV.XI.XICOF.XL.YB.YCCMV,ZZ
REAL LAfBDA.MC.MP.MU.MV.MVP
INTEGER WB.WL.WR.WT

PHASE 1. EXPLICIT LAGRANGIAN CALCULATION. IN WHICH WE ADJUST
THE LAGRANGIAN VELOCITIES BY PRESSURE GRADIENTS AMD BODY FORCES.

THE PRESSURE ACCELERATIONS . . .

DO 20 J=JFPH1.JLPHl
tJ=(J-l)*NXP+IFPH1
IJP=1 J+NXP
DO 10 I=IFPH1,1LPHI
IPJ=1J+1
1PJP=IJP+1
DTP=0.5*DT»P(IJ)
RM1=RMV(IPJ)
RM2=RMV ( IPJP)
RM3=RMV(IJP)
RM4=RMV<IJ)
R1=R(1PJ)
R2=R(IPJP)
R3=R(IJP)
R4=R(1J)
XR24=(X(IPJP)-X(IJ) )«.5*(R2+R4)
XR3l=(X(IJP) -X(IPJ))».5*<R3+R1)
Y24=Y(IPJP)-Y(IJ)
Y31-YIIJP>-Y(IPJ)
UL(IPJ) =UL(IPJ) •DTP«RM1»Y24«R1
UL (1PJP)=UL(IPJP)•DTP«RM2«Y31«R2
UL(IJP) »UL(IJP) -DTP«RM3'Y24«R3
UL(1J) =UL(IJ) -DTP«RM4«Y31*R4
VL(IPJ) ^VL(IPJ) -DTP'RMl'XRcS
VL(IPJP)=VL(IPJP)-DTP*
VL(IJP) =VL(IJP) +DTP*
VL(IJ) =VL(IJ) •DTP«RM4»XR31
IJ'IPJ
IJP=IPJP
CONTINUE
IFtGX.EQ.O. .AND. GY.EQ.O.) GO TO 5C

THE BODY ACCELERATIONS . . .

DTGX=DT»GX
DTGY=DT»CY
DO 40 J=JF1RST.JLASTV
IJ-NXP»(J-1)+IFIRST
DO 30 I=IFIRST,!LASTV
VL(IJ)-VL(IJ)+DTGY

PHASE 1 2
COtC 2
COM3
core
core
cote
core
core
cote

. cote io
cote n
cote \B
cote 13
cote 14
cote is
cote iB
cote 17
PHASE I 4
PHASE 1 5
PHASE 1 6
PHASE 1 7
PHASE 1 6
PHASE 1 9
PHASE 110
PHASE 111
PHASE 112
PHASE 113
PHASE 114
PHASE 115
PHASE 116
PHASE 117
PHASE 1 18
PHASE119
PHASE 120
PHASE121
PHASE 122
PHASE 123
PHASE 154
PHASE 125
PHASE 126
PHASE 127
PHASE 128
PHASE 129
PHASE130
PHASE 131
PHASE132
PHASE 133
PHASEI3H
PHASE135
PHASEI36
PHASEI37
PHASE 138
PHASE 139
PHASE 140
PHASEI41
PHASE 142
PHASE143
PHASE 144
PHASE 145
PHASEI46
PHASE147
PHASE 148
PHASE 149
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UL(U)=ULCIJ)*DTGX PHASE 150
30 IJ-IJ+1 PHASE15I
40 CONTINUE PHASEI52
50 CALL BC(UL.VL) PHASEI53

RETURN PHASE154
END PHASE 155
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SUBROUTIKE PRESIT PRESIT 2
COWON / S C I / AA<l>,X<800).R(B00>,Y(800).UC800>,V(800).MC<800>. COMD 2

1 MV(800).RMV(800),RO(800),VOL(800).P(BOO) .S1EI8OO) .ULC800). COO 5
2 VL<800>.ROL(800>.PL<800),D(B00> .0.(800) .RRSUMt 800) .PIXX(BOO) . COD 4
3 PIXY(800) ,PIYY(8OO),P1TH(8OO) .RDSDP(SOO) ,UG(800) ,VG(8OOJ . COO 5
4 URELC8OO) .VREL(800).hP(800).MVP(800).SIEPt800) .UM0MC800). COO 6
5 VMOt<800).UMOP<e00),VMOPC800>,ZZl COO 7

COWON /SC2/ ANC.ANCO,ARTVIS.ASQ.AO.BO,CaAMU,CYU.C!.DPCOF. COO 8
1 DROU.DT.DTF.DTMAX.DTMIN.DX.DY.DI.EPS.FIXL.FIYB.Otl.GRFAC.GRIf*. COO 9
2 GX.GY.tDDT.IFIRST.IFPHI . I LAST. ILASTM. ILASTV. ILPH1 . I H 3 , INC.1PRES. COO 10
3 IREZ.JFIRST.JFPHl , JLAST. JLASTM. JLASTV, JLPH1 .JW1. LAMBDA. LOOPS. COMD 11
4 L0OPMX.LPR.MAXIT.MU,NAME(8> .NCYC.NDLW.NUMIT.NX.NXP, COO 12
5 NY.NYP.OI.OICYL.PAP.PEPS.PMAX.RF.ROI.ROIN.ROJ.SIEI.SIEIN. COD 13
6 T.TFILM,THIRD,TIMLMT.TLIMD.TPRTR.TtTILM.TW^IN.TWLFTH.TWPRTR. COD 14
7 UIN,VIN,VMAX.UB.WL.WR.WT.XCOJV.Xt.XICOF,XL,YB,YCONV,ZZ COO 15

REAL LAMBDA.MC.MP.MU,MV,MVP COD !6
INTEGER kB.UL.m.WT COO 17

C +•+ PRESIT 4
C ++• PHASE 2 . THE NEWTON-RAPHSOJ PRESSURE ITERATION . . . PRESIT 5
C +++ PRESIT 6

DATA PSTAR / 0 . / PRESIT 7
NUMIT=0 PRESIT 8

10 NUMIT=NUMIT+1 PRESIT 9
MUSTIT=0 PRESITIO
PMAXN=0. PRESITll
DO 30 J=JF1RST.JLAST PRE5IT12
IJ=(J-1)«NXP+IF[RST PRESIT13
IJP=IJ+NXP PRESIT14
DO 20 I=1F1RST,ILAST PRESIT15
IPJ-IJ+I PRESIT1S

1PJP=IJP+1 PRESIT17
X1=X(IPJ) PRESIT18
R1=R(IPJ) PRESIT19
Y1=Y(IPJ) PRESIT20
U1=UL(1PJ) PRES1T21
V1=VL(IPJ) PRES1T22
X2=X(IPJP) PRESIT23
R2=R(IPJP) PRESIT24
Y2=Yt[PJPI PRES1T25
U2=UL(1PJP) PRES1T26
V2=VL(IPJP) PRES1T27
X3=X([JP) PRESIT28
R3=R(IJP) PRESIT29
Y3=Y(IJP) PRESIT30
U3=UL(IJP) PRESIT3!
V3=VL(IJP) PRESIT32
X4=X(IJ) PRESIT33
R4=R(IJI PRESIT34
Y4=Y!IJ) PRESIT35
U4=UL(!J) PRESIT36
VH=VL(!J) PRES1T37
X!P=X1+UL(1PJ)*DT PRES1T38
X2P=X2+UL(IPJP)«DT PRES1T39
X3P=X3+ULtIJPMDT PTSlSimO
X4P=X4HJL(1J)»DT 3RESIT41
YIP-Y1+VL(1PJ)«DT (TJES1T42
Y2P=Y2+VL(IPJP)«OT PRESIT43
Y3P=Y3+VL(IJP)«DT PRESIT44
Y4P«Y4+VL(IJ)*DT PRESIT45
RIP=X1P»CYL+OMCYL PRESIT46
R2P=X2P»CYL+0MCYL PRESIT47
R3P=X3P*CYL+OCYL PRESI T48
R4P«X4P«CYL*OMCYL PRESI T49
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ATR».5«((X3P-X2P)«(YIP-YaP)-(XlP-X2P)«(Y3P-Y2P)) PRESIT50
ABL=.5»<(X1P-XHP)»(Y3P-YHP)-(X3P-XHP)»(Y1P-YHP)1 PRESIT51
VW=THIRD"<(R1P+R?P+R3P)»ATR+(R3P*RHP+R1P)«ABL) PRES1T52
1FCVW.LE.0.) GO TO 90 PRESIT53
ROL<1J)=RO(1J)»VOL(IJ)/VW PRESIT5H
XISTAR=SIE(IJ>+PLUJ>*(I.-VW/VOL(1J)»/ROL(IJ) PRESJT5S
CALL EOS(PSTAR.ROLUJ).XISTAR,PL(IJ),R0(U>) PRESIT56
S=PL(IJ)-PSTAR PRES1T57
DP=-S»RDSDPUJ> PRES1T5B
PL(IJ)=PL(IJ1+DP PRES1T59
PMAXN=AMAX1 (PMAXN.ABSIPL ( IJ) ) ) PRESIT60
Y54=Y2-Y4 PRESIT61
Y31=Y3-YI PRESIT62
XR24=<Xe-X4>".5MR2*R4> PRESIT63
XR31=<X3-X1)«.5«<R3+R1) PRES1T©*
XX=0.5*DT«DP PRESIT65
RM1=RMV(1PJ) PRESIT66
RM9=RMV(1PJP) PRESIT67
RM3=RMV(1JP) PRES1T68
Rm=RMV(U) PRESIT69
UL(IPJ) =UH-XX«RM1«Y24«RI PRESIT70
UL( IPJP)=Le+XX«RMS»Y3l«R2 PRESIT7I
UL(IJP) =U3-XX»RM3*Y2W«R3 PRESIT78
UL(1J) =^-XX"RMLt«Y3l«RH PRESIT73
VL(IPJ) =V1-XX«RM1*XR^ PRESIT7H
VL ( IPJP) = V8-XX «RM2» XR31 PRES IT75
VL(IJP) =V3+XX*RM3»XR24 PRESIT76
VL(IJ) =VH+XX«RM4«XR31 PRESIT77
IFIABSIOP).GT.EPS'PMAX) MUSTIT=MUST1T*1 PRESIT78
IJ=IPJ PRESIT79

20 IJP=1PJP PRES1T80
30 CONTINUE PRESIT8I

C •+• PRESIT82
C +++ IPRES=I LETS C0NT1NUAT1VE BOUTCARY UL.VL FLOAT DURING ITERATION. PRESIT83
C ••• PRESIT8H

IPRES=1 PRES1T85
CALL BC(UL.VL) PRESIT86
IPRES=0 PRESIT87

C +++ PRESIT8B
C •+• NUMIT=(MAXIT) IN PRES IT-PROBLEM COttCNT SIGNIFIES THAT PRESIT89
C ++* CONVERGENCE FAILURE IS FORCING A DT CUT . . . PRESIT90
C + + + BUT IF 1NC=1, SIMPLY EXIT ITERATION IF NUMIT=MAXIT. PRESIT9I
C •++ PRESIT9S

PMAX=PMAXN PRESIT93
IFINUMIT.EQ.MAXIT .AND. 1NC.EQ.I) GO TO 60 PRESIT9H
lFCNUMtT.EQ.MAXIT) RETURN PRESIT95
IF( (MUSTIT.GT.O) .OR. CNCYCNUMIT.EQ. I)) GO TO 10 PRESIT95

60 00 80 J=JFIRST,JLAST PRESIT97
1J=(J-1)«NXP+IFIRST PRES1T96
00 70 I=IFIRST,ILAST PRESIT99
P(1J)=PL(IJ) PRESI100

70 IJ=IJ+1 PRESI101
80 CONTINUE PRES1102

1F(WB.EQ.4 .OR. WL.EQ.M .OR. kF.EQ.4 .OR. WT.EQ.m CALL BC(UL.VL) PRESII03
RETURN PRES1104

C +++ PRES1105
C +•+ NUMIT=9999 IN PRESIT-PROBLEM COMMENT SIGNIFIES THAT A PRES1106
C +++ NEGATIVE VOLUME IS FORCING A DT CUT . . . PRESI107
C +++ PRES1108

90 NUMIT=9999 PRES1109
RETURN PRESI110
END PRESJ111
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SUBROUTINE REGRID REGRID 2
COMMON /SCI/ AACI),X(8OO),R(8OO),Y(8OO),U<8OO>.VI8OO).MCI80O). COMD 2
1 MV(800).RMV(800),RO(800).VOL(800).P(800).SIE!800).UL(800). COMD 3
2 VL(BOO) .ROL(BOO),PL(800).D(800) ,0.(800) .RRSUMI800) .PIXX(SOO) . COMD 4
3 P1XYC800) ,PIYY(8OO).P1TH(8OO) .RDSDP(800) ,UG(800) ,VG(800), COMD 5
4 UREL<800).VRELJ800>.MP(800>.MVP(80D>.SIEP(800).UMCM(800). COMD 6
5 VMOMI800).UMOMP(800).VM0MP(800).ZZI COMD 7
COMMON /SC2/ ANC.ANCO.ARTVIS.ASQ.AO.BO.COLAMU.CYL.Cl.DPCOF. COMD 8
1 DROU.DT.DTF, DTMAX.DTMIN..DX. DY.D1.EPS. FIXL.FIYB.GM1 .GRFAC. GRIND, COMD 9
2 GX.GY.IDDT.IFIRST.IFPH1 , ILAST, ILASTM, ILASTV. ILPH1 . IMP, INC, IPRES. COMD 10
3 IREZ.JFIRST.JFPHI .JLAST.JLASTM. JLASTV.JLPH1 ,JNM,LAMBDA.LOOPS, COMD 11
4 LOOPMX.LPR.MAXIT.MU.NAMEO) .NCYC.NDUMP.NUMIT.NX.NXP. COMD 12
5 NY.NYP.OM.OMCYL.PAP.PEPS.PMAX.RF.ROI.ROIN.RON.SIEI.SIEIN. COMD 13
6 T.TFILM,THIRD.TIMLMT.TLIMD.TPRTR.TWFILM.TWFIN.TWLFTH.TWPRTR. COMD 14
7 UIN.VIN.VMAX.WB.WL.WR.WT.XCONV.X! .XICOF ,XL .YB.YCONV.ZZ COMD 15
REAL LAMBDA.MC.MP.MU.MV.MVP COMD 16
INTEGER WB.WL,l*!.WT COMD 17

C + •+ REGRID 4
C +++ MOVE VERTICES AND COMPUTE RELATIVE VELOCITY BETWEEN FLUID AND ORIDREGR1D 5
C ++* REGRID 6

REGRID 7
REGRID 8
REGRID 9
REGRID10
REGRID11
REGRID12
REGRID13
REGRID14
REGRID15

10 IJ=IJ*1 REGR1D16
REGR1D17
REGR1D18
REGRID19

DO 20 J=I,NYP
IJ=(J-I)*NXP+1
DO 10 1=1,NXP
XIIJ)=X(IJ)+OT«UG(IJ)
Y(IJ)=Y(IJ)+DT«VG(IJ)
RIIJ)=X(IJ)«CYL*OMCYL
UREL( IJ)=UG( Ul-UU IJ/
VREL(IJ)=VG( IJ)-VL(U)
MVP(IJ)=0.
IJ=IJ*1
CONTINUE
RETURN
END
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3
4
5
6
7
8
9

C +•+
c •••
c +++
c •++
c +++

10

20

30

100

110

120
130

SUBROUTINE RESTEP RESTEP 2
COMMON /SCI/ AA(I).X(8OO).R(8OO).Y(eOO>.U(8OO>,V(8OO>.MC(8OO). COMD 2
1 MVC800).RMV(BOO).RO(BOO).VOLI800).PCSOOI,SIE(800),UL<800). COMD
2 VLOOO) ,ROL(800) ,PL(800) .0(800) .0(800) .RRSUM(800),PIXX(B00> . COMD
3 PIXY(800) .PIYYtSOO) .PITH1800).RDSDP(800> .1X3(800) ,VG(800). COMD
4 UREL<800>.VREL(800).MP(800>,MVP(800).SIEP!B00).UM0M(800>, COO
5 VMOM(8OO>.UMOMP(8OO).VMOMP<8OO).ZZI core
COMMON /SC2/ ANC.ANCO.ARTVIS.ASQ.AO.BO.COLAMU.CYL.CI.DPCOF. COMD

1 DROU.DT.DTF.DTMAX.DTMIN.DX.DY.01.EPS.FIXL.FIYB.GM1.GRFAC.GRIND. COMD
2 GX.GY.IDDT,IF1RST.IFPH1.1LAST.1LASTM.ILASTV.ILPH1.IMP.INC.IPRES. COMD 10
3 IRE2.JF1RST,JFPHI,JLAST.JLASTM,JLASTV.J.PHI,JM1.LAMBDA.LCCIPS. COMD I I
4 LCOPMX.LPR,MAX1T.MU,NAME(8).NCYC.NDUMP.NUMIT.KIX.NXP. COMD 12
5 NY.NYP.OM.OMCYL.PAP.PEPS.PMAX.RF.ROI.ROIN.RON.SIEI.SIEIN. COMD 13
6 T.TFILM,THIRD.TIMLMT.TLIMD.TPRTR.TWFILM.TWFIN.TWLFTH.TWPRTR. COMD 14
7 UIN,VIN,VMAX.WB.WL,WR.WT.XC0NV,XI,XIC0F,XL.YB.YCONV.ZZ COMD 15
REAL LAreOA.MC.MP.MU.MV.MVP COMD 16
INTEGER WB.WL.WR.WT COMD 17

RESTEP <4
CALLED HCN PRESSURE ITERATION EITHER FAILS TO CONVERGE OR RESTEP 5
CALCULATES A NEGATIVE VOLUME. TREATMENT IS TO HALVE DT AND RESTEP 6
RESTART THE CYCLE, ALLOWING UP TO (LOOPMX) ATTEMPTS PER CYCLE. RESTEP 7

RESTEP 8
DATA LOOPS.NCYOLD / 0 , 0 / RESTEP 9
I F ( I N C . E Q . l ) GO TO 30 RESTEP10
IF(NCYC.NE.NCYOLD) LOOPS=0 RESTEP11
NCYOLD=NCYC RESTEPI2
L00PS=LCOPS+1 RESTEP13
DTNEW=DT*0.5 RESTEP14
IFCNUM1T.EQ.9999) GO TO 10 RESTEP15
WRITEC59,1001 T.NCYC,NUMIT,DT,DTNFW RESTEP16
WRITE ( 6 , 1 0 0 ) T.NCYC.NUMIT.DT.DTNEW RESTEP17
WRITE!12,100) T,NCYC,NUMIT,DT,DTNEW RESTEP18
GO TO 20 RESTEP19
WR1TE(59.11O) T.NCYC.DT.DTNEW RESTEP2O
WRITE ( 6 , 1 1 0 ) T.NCYC.DT.DTNEW RESTEP2I
WRITE( 12,110) T.NCYCDT.DTNEW RESTEP22
T=T-DT RESTEP23
DT=DTNEW RESTEP24
NCYC=NCYC-1 RESTEP25
IF(LOOPS.LT.LOOPMX) RETURN RESTEP26
WR1TE(59,12O) RESTEP27
WRITE ( 6 , 1 2 0 ) RESTEP28
WRITE!12,120) RESTEP29
GO TO 40 RESTEP30
LOOPS=LOOPS+1 RESTEP31
IFILOOPS.LT.10) RETURN RESTEP32
WR1TEI59,130) RESTEP33
WRITE ( 6 . 1 3 0 ) RESTEP34
WRITE!12,130) RESTEP35
CALL FUL0UTU2) RESTEP38
CALL FUL0UT(6) RESTEP37
CALL EXITA(2) RESTEP38

FORMAT(26H CONVERGENCE FAILURE AT T = . I P E 1 2 . 5 . 4 H CYC.14.7H NUMIT=. RESTEP39
I4 / I 9X .7H0LD DT= .E12 .5 .8H NEW DT=.E12 .5 ) RESTEP40

F0RMAT(22H NEGATIVE VOLUME AT T= .1PE12.5 .4H CYC. RESTEP4I
I4 /15X.7H0LD DT= .E12 .5 .8H NEW DT«.E12 .5 ) RESTEP42

FORMAT(34H JOB ABORTED - TIMESTEP TOO SMALL.) RESTEP43
FORMAT(50H JOB ABORTED - INCOMPRESSIBLE FLOW NOT CONVERGING.) RESTEP44
END RESTEP45
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SUBROUTINE REZONE REZONE 2
COTtiON /SCI / AA(I).X(800).R(800).Y(800).U(800).V(BOO).MC(800). COM) 3
1 MVC800>.RMVt800).RO(800>.VOL(800>.P<800).SIE(800I.UL(800>, C O O 3
2 VL(800).ROL(300I.PL(800).D(800).Q(800),RRSUM(800).PIXX(800). COM) 4
3 PIXYI800).PIYY(800),PITH<800).RDSDP<800).UG(800).VG<800). COM) 5
4 UREL(800).VREL(800>.MP(800>.MVP<800),SIEP(800).UMOM<800>. COM) 6
5 VM0M(800).UMOf <800>,VMOMP(800>,ZZ1 COM) 7

COW10N /SC2/ ANC.ANCO.ARTVIS.ASQ.AO.BO.COLAMU.CYU.Cl.DPCOF. COM) 8
1 DROU.DT.DTF,DTMAX.DTMIN,DX.DY,D1.EPS.F)XL.FIYB,GMI,GRFAC.GRIND. COM1 9
2 GX.GY.IDOT.IFIRST.IFPHl.ILAST.ILASTM.ILASTV.ILPHl.IMMNC.lPRES, COM) 10
3 IREZ.JFIRST.JFPHl.JLAST.JLASTM.JLASTV.JLPHl.JWI.LAMBDA.LOOPS. COM) 11
4 L00FWX.LPR.MAXIT.MU.NA«:(8).NCYC.MXJMJ.NUMIT.NX.NXP. ?0M) 12
5 NY,r4YP.0M.CIMCYL.PAP.PEPS,PMAX,RF,R0I.R0IN.R0N,SIEI,SIEIN. COM) 13
6 T.TFILM,THIRD.TIM.MT.TLIM).TPRTR,TWFILM.TWFIN,TH.FTH.TK=RTR. COM) 14
7 UlN.VIN.VMAX.kB.WL.tR.WT.XCONV.XI.XICOF.XL.YB.YCONV.ZZ COM3 15
REAL LAM3DA.MC.W.MU.MV.MVP COM) 16
INTEGER HB.M.,bR,UT COM) 17

C •++ REZONE 4
C +++ CCTPUTE GRID VELOCITIES UG AND VG FOR USE IN REGRID REZONE 5
C •++ IREZ=O IS EULERIAN. IREZ=I IS LAGRANGIAN. IREZ=2 IS AVERAGING RE- REZONE 6
C +++ ZONE BY RELAXATION. IREZ=3 LEFT VACANT FOR SPECIFICATION BY USER. REZONE 7
C +++ REZONE 8

JREZ=IREZ+1 REZONE 9
GO TO (10.40.70.100).JREZ REZONEIO

C +++ REZONE11
C ••• EULERIAN REZ0NE12
C ••+ REZONE13

10 DO 30 J=I.NYP REZ0NE14
IJ=(J-I)»NXP+1 REZ0NE15
DO 20 1=1.NXP REZ0NE16
UG(IJ)=0. REZ0NE17
VG(IJ)=0. REZONE18

20 IJ=IJ+1 REZ0NE19
30 CONTINUE REZCNE20

RETURN REZ0NE21
C +++ REZ0NE22
C++* LAGRANGIAN REZ0NE23
C +++ REZ0NE24

40 DO 60 J=1,NYP REZ0NE25
IJ=(J-1)*NXP+1 REZ0NE26
DO 50 1 = 1.NXP REZ0NE27
UG(IJ)=UL(IJ) REZ0NE28
VGUJ)=VL(IJ) REZ0NE29

50 IJ=IJ+I REZONE30
60 CONTINUE REZONE31

RETURN REZ0NE32
C ++• REZONE33
C +•• SAm_E CONTINUOUS REZONE - RELAX ALL VERTICES EXCEPT THE 4 C0RNERSREZ0NE34
C +++ TOWARD THE AVERAGE POSITION OF THE 4 OR 2 CLOSEST NEIGHBORS... REZ0NE35
C ••• REZ0NE36

70 RFODT=RF/DT REZ0NE37
DO 90 J=I.NYP REZ0NE38
IJ=<J-1)»NXP+1 REZ0NE39
1JP=IJ+NXP REZONE40
IJM«1J-NXP REZ0NE4I
DO 80 1=1.NXP REZ0NE42
IPJ-IJ+t REZ0NE43
IMJ=IJ-I REZ0NE44
G(IJ)»UL(IJ> REZ0NE45
VG(IJ)=VL(1J) REZ0NE46
IFUJ.EQ.l .OR. 1J.EQ.NXP .OR. IJ.EQ.NXP«NY+I REZ0NE47
I .OR. IJ.EQ.NXP'NYP) GO TO 78 REZ0NE48
IFII.EQ.l .OR. I.EQ.NXP) GO TO 72 REZ0NE49
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IFU .EQ. I .OR. J.EQ.NYP) GO TO 74 REZ0NE50
XN=.25MXUPJ)+X(IJP)+X(IMJ)+XUJM>> REZ0NE51
YN=.25«(Y(IPJ)+Y(IJP)+Y(IMJX-Y!IJM)) REZ0NE5S
GO TO 76 REZ0NE53

IS XN=.5«(X(IJP)+X(IJM>> REZOr£9+
YN=.5«(Y(1JP)+Y(IJM)) REZ0NE55
GO TO 76 FEZ0TC56

74 XN=.5«(X( IPJJ+XUMJ) ) REZ0TC57
YN=.5»(Y(IPJ)+Y(IMJ) ) REZ0fC58

76 UGUJ)=ULUJ)+RFODTMXN-XUJM F£Z0hE59
VG( 1J)=VL(IJ)+RFODT»(YN-Y( IJ>) REZOC60

78 IJ=IJ+1 REZ0TC61
1JP=IJP+1 REZ0NE6?

80 IJM=IJM+1 REZ0NE63
90 CONTINUE REZ0NE64

RETURN REZ0NE65
C +•+ REZ0NE66
C •++ GENERAL REZONE - ROLL-YOUR-OWN HERE . . . REZ0NE67
C •++ REZ0NE68

100 CONTINUE REZ0NE69
RETURN REZ0»C70
END REZ0NE71



SUBROUTINE RINPUT RINPUT 2
COMMON /SCI/ AACI) ,X(800) ,R(800) ,Y(800) ,U(800) ,V(800) ,MC(800), COMD 2
1 MV(SOO),RMV(800>,RO(800).VOL(800).P(800),SIE(80O).ULCeOO). COMD 3
2 VL(800),ROL(B00),PL(800),D(800),0(800).RRSUM(800),PIXX(800>. COMD 4
3 PIXY(800>.PIYY(BOO),PITH<800).RDSDP(800),UG(800).VG(800>, COMD 5
4 UREL(800).VRELC8G0).MPC800),MVP(800),SIEP(800),UM0M(800). COMD 6
5 VMCM!800).UMOMP(800).VMOMP(SOO),ZZ1 COMD 7
COMMON /SCa/ ANC,ANCO,ARTV1S.ASQ,AO,BO,COLAMU,CYL.C1.DPCOF, COMD 8
1 DROU.DT.DTF,DTMAX.DTMIN.DX.DY.DI.EPS.FIXL.F1YB.GMI.GRFAC.GRIND. CCMD 9
2 GX.GY,IODT.IFIRST,IFPH1,1LAST,ILASTM.ILASTV,1LPH1.IMP,INC,1PRES. COMD 10
3 I REZ.JF IRST, JFPH1, JLAST, JLASTM, JL ASTV. JLPH1 ,JNM, LAMBDA. LOOPS. COMD II
4 L00PMX,LPR,MAXIT,MU.NAME(8>,NCYC,NDUMP,NUMIT,NX,NXP, COMD 12
5 NY,NYP.OM.OMCYL,PAP,PEPS,PMAX.RF,ROI,ROIN.RON,SIEI,SIEIN, COMD 13
6 T.TF1LM,THIRD,TIMLMT.TLIMD,TPRTR.TWFILM.TWFIN.TWLFTH.TWPRTR, COMD 14
7 UIN.VIN,VMAX,WB.WL.WR.WT,XCONV,XI,XICOF,XL,YB,YC0NV,ZZ COMD 15
REAL LAMBOA,MC,MP,MU.MV,MVP COMD 16
INTEGER WB.WL.WR.WT COMD 17
DIMENSION H0UT(42) RINPUT 4

+++ RINPUT 5
•++ READ DATA DECK, COMPUTE DERIVED AND SCALAR QUANTITIES RINPUT 6
+ •+ RINPUT 7

READ(5,2I0) HOUTU ) ,NX,H0UTC2> ,NY.HOUT(3) ,1MP.HOUT(4) .INC RINPUT B
IF(NX.EQ.D) RETURN RINPUT 9
READ(5,2IO) H0UT(5),IREZ,H0UT(6),LPR RINPUT10
READ(5.210) IH0UT(7) ,WB,HOUT(8),WL,H0UT(9),WR,HOUT(10),WT RINPUT11
READ(5,220) HOUT(11),DX,HOUT(12).DY.HOUTC13),CYL RINPUT12
READ(5.220) H0UTU4) ,DT.HOUT( 15) ,DTMAX,HOUT( 16) .TLIMD R1NPUT13
READ(5.220> HOUT( 17) ,TWF1LM,HOUT(18) .TWPRTR.HOUT(19) .TWFIN RINPUT14
READ(5,220) H0UK20) .0M.H0UT12I ) .PEPS.H0UTC22) .EPS.H0UTI23) ,RF RINPUT15
REAO(5.220) HOUT(24),ARTVIS.HOUT(25).LAMBDA,HOUT(26),MU RINPUT16
REAO(5.220) H0UT(27).ANC,HOUT(28).XI,H0UT(29).GX RINPUT17
READ(5,220) H0UTI30),GY,HOUT(3I),AO.HOUT(32),B0 RINPUT1B
READ(5,220> H0UT(33),ASQ,H0UT(34).RON.HOUT(35),GM1 RINPUT19
READ(5,220) H0UT(36).ROI,H0UT(37).SIEI RINPUT20
READ(5.220) H0UTI38).UIN.H0UTI39),VIN R1NPUT21
READ(5,220) H0UTI40).R0IN.H0UTI4I),SIEIN,H0UT(42),PAP RINPUT22
WRITE!12.210) HOUT(I),NX.H0UT(2),NY,H0UT(3).IMP.H0UT(4),INC RINPUT23
WRITE(12.210) HOUT(5).IREZ.H0UT(6).LPR RINPUT24
WR1TEU2.210) H0UTI7) ,WB.H0UT(8) .WL.HOUTO) .WR.HOUTUO) ,WT RINPUT25
WRITE(12,230) HOUT(11).DX.HOUTC12),DY,HOUT(13).CYL RINPUT26
WRITE(12.230) HOUT(14),DT.HOUT(15),DTMAX,HOUT(16).TLIMD RINPUT27
WRITE!12,230) HOUT(17),TWFILM,HOUT(18),TWPRTR,HOUT(19),TWFIN RINPUT28
WRITEt12.230) H0UT(20),0M,H0UT(2l).PEPS,H0UTC22).EPS,H0UT123),RF RINPUT29
WRITE!12.230) H0UTI24).ARTVIS.HOUT(25).LAMBDA.HOUT(26),MU RINPUT30
WRITE(12.230) H0UT(27).ANC.HOUT(28).XI,H0UT(29),GX RINPUT31
WRITE(12.230) HOUT(30),GY.H0UT(31),A0.H0UT(32).BO RINPUT32
WRITE(12.230) H0UT(33),ASQ,HOUT(34).RON,HOUT(35),GM1 RINPUT33
WRITE(12,230) H0UT(36),ROI,H0UT(37),SIEI RINPUT34
WRITE(12,230) H0UTI38),UIN.H0UT(39).VIN RINPUT35
WRITE!12,230) HOUT(40),R0IN.H0UT(41),SIEIN,H0UT!42).PAP RINPUT36
WRITE(6,210) H0UT(l),NX.H0UT(2),NY,H0UT(3).IMP.H0UT(4),INC RINPUT37
WRITE(6.2I0) HOUT(5).IREZ.HOUT(6).LPR RINPUT38
WRITE(6,210) H0UT(7),WB,H0UT(8),WL,H0UT(9) .WR.HOUTdO),WT RINPUT39
WRITE(6,230) HOUT!11).DX.HOUTf12).DY.HOUT!13),CYL RINPUT40
WRITE(6.230) HOUT(14),DT,HOUT(15).DTMAX.HOUTt16).TLIMD RINPUT41
WRITE(6,230) HOUT(17),TWFILM,HOUT(18),TWPRTR,HOUT(19).TWFIN RINPUT42
WRITE(6,230) HOUK20) ,0M,H0UT(21) .PEPS,H0UT(22) .EPS.H0UT(23) ,RF RINPUT43
WRITE(6.230) H0UK24) .ARTVIS,HOUT(25) .LAMBDA,HOUT(26) ,MU RINPUT44
WRITEI6.230) H0UT(27).ANC,H0UT(28),X1,H0UT(29),GX RINPUT45
WRITE!6.230) H0UT(30),GY.H0UT(3I).A0.HOUT.32),80 RINPUT46
WRITE!6.230) H0UT(33),ASQ,H0UT(34),RON.H0UT(35).GMI RINPUT47
WRITE(6,230) H0UT(36),ROI,H0UT(37),SIEI RINPUT48
WRITE(6,230) H0UT138),UIN,H0UT(39).VIN RINPUT49
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c
c
c

WR!TE<6.230) HCUT140),R0IN.H0UT(41),S1EIN,HOUT(42),PAP
OMCYL=1.-CYL
T=GRIND=DTMIN=O.
NCYC=NUMIT=1PRES=NDUMP=O

• ENSURE E.O.S. WILL BE CALCULATED PROPERLY FOR EXPLICIT RUNS...

IF(IMP.EQ.O) 1NC=O
DTF=0.2
MAX IT=1000 + 1NC-500
L00PMX=6
THIRD=1./3.
TWLFTH=.25*THIRD
ANC0=.25*ANC
XICOF=.5*(1-+X1)
C0LAMU=LAMBDA+2.'CIU
DPC0F=PEPS*R0I/C2.Ml ./(DX'DX)+1 ./(DY'DY) ) )
GRFAC=1000./FLOAT(NX«NY)
TF1LM=TWFILM
TPRTR=TWPRTR
NYP=NY+I
NXP=NX+1

ADJJST LIMITS OF CALCULATIONAL DO-LOOPS FOR SPECIFIED INFLOW (5)
OR APPLIED PRESSURE (6) BOUNDARY CONDITIONS

1FIRST=JFIRST=IFPH1=JFPH1=1
ILAST=ILPH1=NX
JLAST=JLPH1=NY
IFIWL.GE.5) IF1RST=2
IFIWB.GE.5) JFIRST=2
IFIWR.0E.5) ILAST=NX-1
IFrWT.GE.5) JLAST=NY-1

PHASE 1 PRESSURE GRADIENTS INCLUDE APPLIED PRESSURE BOUNDARY
BUT EXCLUDE A SPECIFIED INFLOW BOUNDARY . . .

IF(WL.EQ.5)
IFIWB.EQ.5)
1FIWR.EQ.5)
IFIWT.EQ.5)

IFPH1=5
JFPH 1=2
ILPH1=NX-1
JLPH1=NY-1

ILASTV=1LAST+1
JLASTV=JLAST+1
ILASTM=ILAST-1
JLASTM=JLAST-1
IFCAO.EQ.1.0 .AND. BO.EQ.0.0) GO TO
IFCWL.EQ.4 .OR. (WL.EQ.5.AND.UIN.LT

(MB.EQ.5.AND.VIN.LT.
(WR.EQ.5.AND.UIN.GT.

100
0.))

100
210
220
230
240

IF(WB.EQ.4
IF(WR.EQ.4
IFCWT.EQ.4
RETURN
FORMAT<A10

.OR.

.OR.

.OR. <WT.EQ.5.AND.VIN.GT.O

WR1TE(59,24O)
WRITE(59.240)
WRITE<59,240)
WRITEC59.240)

15)
FORMAT(A10.F10.5)
FORMAT(A10.2X.1PE12.5)
FORMAT(52H WARNING - OUTFLOW BOUNDARY BUT NOT FULL DONOR CELL./
1 42H ARE OUTSIDE DENSITY AND ENERGY SPECIFIED?)
END

RINPUT50
R1NPUT51
RINPUT52
RINPUT53
R INPUTS*
RINPUT55
RINPUT56
RINPUT57
RINPUT58
RINPUT59
RINPUT60
RINPUT6I
RINPUT62
RINPUT63
RINPUT64
RINPUTB5
RINPUT66
RINPUT67
RINPUT68
RINPUT69
RINPUT70
RINPUT71
RINPUT72
RINPUT73
RINPUT74
RINPUT75
RINPUT76
RINPUT77
RINPUT78
RINPUT79
RINPUT80
RINPUT81
R1NPUTB2
RiNPUT83
RINPUT84
RINPUTB5
RINPUT86
RINPUTB7
RINPUT88
RINPUT89
RINPUT90
RINPUT91
R1NPUT92
RINPUT93
RINPUT94
RINPUT95
RINPUT96
RINPUT97
RINPUT98
RINPUT99
RINPU100
RINPU10I
RINPU102
RINPUI03
RINPUI04
RINPUI05
RINPUI06
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COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
STRESO
STRESD
STRESD

a
3
4
5
6
7
8
9
10
11
IS
13
14
15
16
17
4
5
B

SUBROUTINE STRESD STRESD 2
COMMON /SCI/ AA(1) ,X(800) ,R(800) ,Y(800) ,11(800) ,V<800) .MC(BOO),
1 MVC800),RMV(800),RO(800),VOL(800),P(800),S1E(8OO).ULC800).
S VLC800),ROL(8D0>,PL(800),Dt800),Q(800).RRSUMC800),PIXX(800).
3 PIXYI800),PIYY(800).PITH(BOO),RDSDP(800).UG(800).VG(8D0).
4 UREH800) ,VREL(800) .MPI800) ,MVP(800) ,SIEP(800) .UMOMI800) .
5 VMOM(SOO),UMOMP(800>,VMOMP(800>,ZZ1
COMMON /SCa/ ANC.ANCO.ARTVIS.ASQ.AO.BO.COLAMU.CYL.Cl,DPCOF,
1 DROU.DT.DTF.DTMAX.DTMIN.DX.DY.Dl .EPS.riXL.FIYB.GMl ,GWAC.GRIND.
2 GX.OY,IDDT.IFIRST,IFPH1,ILAST.ILASTM,ILASTV.ILPH1.IMP.INC.IPRES.
3 IREZ.JFIRST.JFPHl.JLAST,JLASTM,JLASTV,JLPH1,JNM,LAMBDA.LOOPS,
4 L00PMX,LPR,MAXIT,MU.NAME(8!,NCYC.NDUMP,NUMIT,NX,NXP,
5 NY.NYP,OM,OMCYL.PAP,PEPS,PMAX,RF.ROI,ROIN,RON,SIEI.S1EIN,
6 T.TFILM,THIRD,TIMLMT,TLIMD.TPRTR,TWFILM,TWFIN,TWLFTH.TNPRTR,
7 UIN.VIN,VMAX,WB.WL,WR.WT,XCONV,XI .XICOF.XL.YB.YCONV.ZZ
REAL LAMBDA,MC,MP,MU,MV,MVP
INTEGER WB.WL.m.WT
REAL LAMD

C ++•
C ++• THE STRESS DEVIATOR SUBROUTIhE, IN UHICH WE CALCULATE THE
C +++ SHEAR (MU) AND BULK (LA^BDA) VISCOSITY CONTRIBL'TIONS TO UL AND VL.STRESD 7
C ++• THE 4 STRESS TERMS ARE SAVED FOR LATER USE IN SUBR. ENERGY . . . STRESD 8
C +++ (MATERIAL STRENGTH EFFECTS COULD BE ADDED TO SUBR. STRESD.) STRESD 9
C +++ STRESD1O

DT02=.5*DT STRESD11
DO BO J=JFIRST,JLAST STRESD12
IJ=(J-1)-NXP+[FIRST STRESD13
IJP=[J+NXP STRESD14
DO 10 I=IFIRST,ILAST STRESD15
IPJ=IJ+1 STRESD16
IPJP=IJP+1 STRESDI7
X1=X(IPJ) STRESD18
R1=R(IPJ) STRESDI9
Y1=Y(IPJ) STRESD20
U1=U(IPJ) STRESDei
VI=V(IPJ) STRESD22
X2=X(IPJP) STRESD23
R2=R(IPJP) STRESD24
Y2=Y(IPJP) STRESD25
U2=U(IPJP) STRESD26
V2=V(IPJP) STRESD27
X3=X(]JP) STRESD28
R3=R(IJP) STRESD29
Y3=Y(IJP) STRESD30
U3=U(IJP) STRESD31
V3=V(IJP) STRESD32
X4=X(IJ) STRESD33
R4=R(IJ) STRESD34
Y4=Y( U ) STRESD35
U4=U(IJ) STRESD36
V4=V(IJ) STRESD37
X24=X2-X4 STRESD38
Y24=Y2-Y4 STRESD39
X31=X3-X1 STRESD4O
Y31=Y3-Y1 STRESD41
UOR=(U1+Le+U3+U4)«RRSUM(IJ)<CYL S1RESD42
HR13=.5*(R1+R3) STRESD43
HR24=.5»(R2+R4) STRESD44
DT02Ml=DT02»RMV(IPJ) STRESD45
DTO2M2=DTO2»RMV(IPJP) STRESD46
DT02M3=DT02»RMV(IJP) STRESD47
DT02M4=DT02*RMV(IJ) STRESD48
AREA=0.5*(X24»Y31-X3I*Y24) STRESD49
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.O STRES050
RAREA2= 1 . /AREA? STRESD51
U2M=Ua-lJ4 STRESD58
U3I=U3~U1 STRES053
V2H--V2-VH STRESO54
V3I=V3-VI STRESO55
DUDX=RAREA2MU24'Y31-U31'Y2H) STRESO56
DUDY=RAREA2MU3I'X24-L£4-X3I ) STRESOb7
DVDX=RAREA2»(V2H»Y31-V31«Y24) STRESD58
0VOY=RAREA2MV3l'X24-V24»X31! STRES059
LAMD=LAMBDA'(DUDX+DVDY+UOR> STRESD60
PIXXtIJ)=e.•MU-DUOX+LAMD STRESD6!
PIYY(\J)=B.»MU<DVDY*LAMD STRES062
PIXYf IJI-t-»J'(DUDY+DVDX) STPESD63
PITH! IJ]=CYLM2.0*MU'UOR*LAMD) STRESO64
ZZ=0.5-AREA'P!TH(IJ) STRES065
XX^HR^ ' (PIXYt 1J) -xaH-PIXXt U ) 'YSh ) STRESCVJ6
U L f l P J i =UL<!PJ> *DTO2M1'(XX-ZZ) STRESO67
UL(IJP) =ULMJP) -0T02M3'IXX+ZZ) STRES068
XX-HR]3»(FIXYf IJ) "X31-PIXXt IJ)»Y31) STRES069
ULIIPJP1=UL(IPJP)+0T0aM5°(XX-ZZ) STRES070
ULUJ) =ULdJ) -DT02M4«(XX+ZZ) STRESO7I
XX=hF!24« (PIYY( IJ) •X54-PIXY( IJI-YS^l STRESD72
VLUPJ) =VLIIPJ) *DTO2M1«XX STRESO73
VL(IJP) -VL( IJP) -DTOaM3*XX STRES07W
XX=HRliMPIYY( IJ)«X31-P1XY( U ) » Y 3 ! ) STRES075
VLl1PJP)=VL(IPJP)+DTOaM2*XX STRCSD76
VL( ! J ) =VL1IJ) -DTOaM^'XX STRESD77
U= IPJ STRESD78

10 IJP^IPJP STRES079
20 CONTINUE STRESO8O

CALL BC(UL,V_) 5TRES081
RETURN STRES088
Ef-O STRES083
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c •+•
c +++
c +++

SUBROUTINE: TAPERD
COMMON /SCI/ AA<1),X(800).R(800),Y(800),U(800).VI800),MC«800I.
1 MV(800),RMV<800).RO<800),VOL(800),P(800).S1EI8OO),UL(8OO1,
2 VLI800),ROL(800),PL(800).0(800),Q<800).RRSUM(800).PIXXC800).
3 PIXYC800),P!YY(800).PITHI800).RDSDPI800),UG(B00),VG(800).
4 UR£L(800) ,VREL(800) ,MP(800> ,MVP<800> .SIEPI800) .UM0MO00) ,
5 VMOM(800).UMOMP(SOO).VMOMP(800).ZZI

COMMON /SC2/ ANC.ANCO.ARTVIS.ASQ.AO.BO.COLAMU.CYL.CI,DPCOF.
1 DROU,DT.DTF,DTMAX,OTM!N,DX,DY.D1.EPS.F1 XL,FIYB.GM1 .GRFAC.GRIND.

3 GX.GY, IOOT, tF IRST, IFPH1 , [LAST. ILASTM, tLASTV. ILPHI . IMP. INC. [PRES.
3 [REZ.JF1RST.JFPH1,JLAST,JLASTM.JLASTV.JLPH1.JNM,LAMBDA,LOOPS,
4 L O O P M X . L P R . M A X [ T . M U . N A M E : ( B ) .NCYC,NDUMP.NUMI T .NX,NIXP.
5 NY.NYP.OM.OMCYL.PAP.PEPS.PMAX.RF.ROI.ROIN.RON.SIEI.SIEIN.
B T . TF ILM, THIRD, T IMLMT . TL IMD, TPRTR, JUT ILM. T147 I N , TU_F TH, TI^PRTR.
7 UIN,V1N.VMAX,UB.14..U=I,WT,XCONV.X1 ,X ICOF ,XL . YB. YCONV , ZZ

REAL LAMBOA.MC.MP.MU.MV.MVP
INTEGER WB.WL.WR.WT

+

RESTART PRCGLEM FROM A TAPE DUMP

NTD=NY
NWCOMD=LOCF(ZZ)-LOCF(AA)+1
READI7) 1AAIN),N=1.NUCOMD)
1F1NT0.NE.NDUMP) GO TO 10

10

100
1 10

NDUMP
NOUMP
NCUMP

T.NCYC
T.NCYC
T.NICYC

WRITE(6,100)
t*iITE!59, 100)
WRITE(12.100)
NDUMP=NDUMP+1
CALL GETJTL(TIMLMT)
RETURN
t « I T E ( 6 , 1 10)
WRITEI59,110) NCUMP.NTD
WRITE!15,110) NDUMP.NTD
CALL EX1TAI4)
FORMATfSOH RESTARTING FROM TD.I3.3H T=,1PE12.5.5H CYCLE.15)
FORMAT<£0H WRONG DUMP NUMBER -,816)
END

NDUMP.NTD

3
4
5
b
7
8
9
10
1 1

13
14
15
16
17

TAPERD e
COMD 2
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
COMD
TAPERD 4
TAPERD 5
TAPERD 6
TAPERD 7
TAPERD 8
TAPERD 9
TAPERD10
TAPERD I !
TAPERD12
TAPERD13
TAPERD 14
TAPERD15
TAPERD16
TAPERD 17
TAPER018
TAPERD19
TAPERO20
TAPERD21
TAPERD2a
TAPERD23
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SUBROUTINE TA^tVP TAPEH* 2
COMMON /SCi- ..AM ) .XC8OO) ,R<800),Y<800) ,U<8OO),V<8OO).MC(8OO). COMD 2
1 MV(800i.RMV(800>.ROI800),VOL<800>.PI800),SlE<800),UL(800), COM) 3
2 VLI8OO).ROLI800),PL(8OO).0(800),Q<800>,RRSUM<800>,PIXX(8OO), COM) 4
3 PIXY(800),PIYY(800).fITH(800).RDSDPI800),UG(800),VG(800). COMD 5
4 URELI800),VREL(800),MP(BOO>,MVP(800).SIEPI800),UMOM(800), COMD 6
5 VMOM1800) ,UM0MP(800) ,VM0MP(800).ZZI COMD 7
COMMON /SC2/ ANC,ANCO.ARTVIS.ASQ.AO,BO,^OLAMJ.CYL,C1,DPCOF. COMD 8
1 DROU.DT.DTF.DTMAX.OTMIN.DX.OY.Dl.EPS.FIXL,F1YB.GM1.GRFAC.GRIND. COMD 9
a GX.GY.1DOT,IFIRST,IFPH1 . ILAST , ILASTM. 1LASTV. tLPHl . IMP, INC. [PRES. COMD 10
3 IREZ.JFIRST.JFPHI.JLAST,JLASTM.JLASTV.JLPH1.JNM,LAMBDA.LOOPS. COMD II
4 LCOF>MX.LPR.MAXIT,MU.NAME:(8),NCYC.NDUMP,NUHIT,NIX,NXP. COMD 12
5 NY,NYP.OM.OMCYL,PAP.PEPS,PMAX.RF.ROI.RO1N.RON.SIEI.51EIN. COMD 13
6 T. TFILM, THIRD. TIMLMT, TLIMD. TPRTR, r i * ' I LM. TUF IN . TWLFTH, TkPRTR. COMD 14

7 U!N.V!N.VMAX,W9.W_.H?.WT.XCONV.X1 .XICOF .XL , YB. YCONV.ZZ COMD 15
REAL LAMBDA.MC.MP.MU.MV.MVP COMD 16
INTEGER ue.WL.WR.WT COMD 17
DATA M3UMP/0/ TAPG** H

C • • • TAPE!* 5
C • • • 1^1 TE A DUMP TAPE AND EXIT TAPEH* 6
C • • • TAPE>« 7

NWCOMD=LOCF;ZZ)-LOCF(AA) + I TAPE>R B
WRITE(B) (AA(N),N=1.KWCOMD) TAPEWR 9
WRITE(6.1OO) NDUMP.T.NCYC TAP&F10

. 100) NDUMP.T.NCYC TAPO*1I
00) NDUMP.T.NCYC TAPCW*!?

CALL EXITA(3) JAPOH\3
100 FORMAT! I1H TAPE DUMP, 13.6H AT T= . IPE12.5.6H CYCLE . 15) TAPEtRm

END TAP&FI5
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SUBROUTINE TIMSTP
COMMON /SCI/ AA(1).X(BOO),R(80O).Y18OO).UI800).VI8OO).MCI8OO),
1 MVI800),RMV(800).ROIBOCM.VOLI800).P(8OO>,SIE(8OO),UL(8OO).
2 VL(8OO).ROL(BOO),PL(8OO),D(8OO).O(BOO).RRSUM(BOO).PIXX(BOO).
3 PIXYI8OO),PIYY(8OO),PITH(8OO1,RDSDP(8OO),UG(8OO),VGI8OO).
4 URELOOO) .VRELI8OO) .MPI800) .MVP(BOO) .S1EPI8OO) .UM0MI800),
5 VMOM(800).UMOMPI800),VMOMP(800),ZZ1

COMMON /SC2/ ANC.ANCO.AI^TVIS.ASO.AO.BO.LOLAMU.CYL.Cl .DPCOF,
1 DROU.DT.DTF.DTMAX.DTMIN.DX.DY.Dl.EPS.FIXL,FIYB.GMI, GRFAC.GRIND,
2 GX.GY, IDDT. IFIRST. 1FPH1 . ILAST, ILASTM. 1LASTV. ILPH1 , IMP. INC. IPRES
3 IRLZ.JFIRST.JFPHl.JLAST.JLASTM,JLASTV,JLPH1,JNM,LAMBDA.LOOPS,
4 LOOPKX.LPR,I1AXIT,MU,NAME<8> .NCYC.NDUMP.NUMIT.NX.NXP,
5 NY.NYP.OM.OMCYL.PAP.PEPS.PMAX.RF.ROI.ROIN.RON.SIEI.SIEIN.
6 T , TF I LM. TH I RD. T IMLMT , TL I MD. TPRTR. TWF I LM. TWF IN. TU.F TH . TH^RTR,
7 UlN.VIN.VMAX.WB.WL.l^R.WT.XCONV.XI .XICOF.XL .YB.YCONV.ZZ
REAL LAMBDA.MC.MP.MU.MV.MVP
INTEGER I*,U-,WR,WT

• • • COMPUTE THE NEW TIME STEP, j l
+ • +

DTCON=DTVlS=l.E+20
UTMAX=-l.E>20
DO 40 J=l.NY
IJ=(J-l)«NXP+l
IJP=IJ+NXP
DO 30 I=l.NX
IPJ=IJ+I
DXl=(X(IPJ)-X<IJ))«»2
DY!=(Y(IPJ)-Y(IJ))«»2
DX3= (X(IJP)-X(U))«*2
DY3=(Y(IJP)-Y(IJ))«»2
RDI=I./(DXI+DYI)
RD3=l./(DX3+DY3)

•++ IF SALE IS RUN IN THE LAGRANGIAN MODE (IREZ=l). THERE IS NO
+++ STABILITY LIMIT DUE TO CONVECTION. NONETHELESS. DT SHOULD BE
*• + + LIMITED AS FOLLOWS FOR REASONS OF ACCURACY AND TO ENSURE
<• + •>• POSITIVE CELL VOLUMES AT THE END OF PHASE I . . .

UVt'-t=(Uf IPJ)-U( I J) )"S*iVt !PJ)-V( I J) I " 2
CMAX=SORT(AMAXl(UVl4«RDl,UVl4'RD3))
UTMAX=AMAXl (UTMAX.CMAX)
IF(IREZ.EO.I) GO TO 10
UVR4=UREL( IJ)'*2+VREL( IJ) "S
CMAX=SORT(AMAXl (UVR4*RDl .!JVR4*RD3) )
UTMAX=AMAXl(UTMAX.CMAX)

10 IFICOLAMU.EQ.O.) GO TO 20
XYI=DX!+DYl
XY3=DX3+DY3

••• BYPAS5 CELLS W/ R0=0. E.G. SPECIAL BOUNDARIES OR OBSTACLES . . .

IF(ROdJ) .EQ.O.) GO TO 20
DTVIS=AMIN (OTVIS.ROIIJ)*XYl»XY3/(XYl+XY3))

20 U=IPJ
30 1JP=IJP+]
40 CONTINUE

DTGROW=.,05'DT
IF(NCYC.EQ.O) DTGROW=DT
IFCUTMAX.NL.O.) DTCON=DTF/UTMAX
IFCCOLAMU.NE.O.) DTVlS=.5*DTVIS/C0LAMU
DT=AMINl(DTGROW.DTCON.DTVIS.DTMAX)
IF(DT.EO.DTGROW) IDOT=lHG

3
4
5
6
7
8
9
10
I I
12
13
14
15
16
17

TIMSTP 8
COMD 2
COMD
COMD
COMD
COMD
COMD
COMD
COMD

, COMD
COMD

ccVc
COMD
COMD
COMD
COMD
COMD
TIMSTP 4
TIMSTP 5
TIMSTP 6
TIMSTP 7
TIMSTP 8
TIMSTP 9
TIMSTP10
TIMSTP11
TIMSTP12
TIMSTP13
TIMSTP14
TIMSTP]5
TIMSTP16
TIMSTPI7
TIMSTP18
TIMSTP19
T IMSTP20
TIMSTP21
TIMSTP22
TIMSTP23
TIMSTP24
TIMSTP25
TIMSTP26
TIMSTP27
T1MSTP88
TIMSTP29
TIMSTP30
TIMETP3!
IIMSTP32
T1MSTP33
T1MSTP3H
TIMSTP35
TIMSTP36
TIMSTP37
T1MSTP38
TIMSTP39
TIMSTPHO
TIMSTP41
T1MSTP42
T1MSTPH3
T1MSTPH4
TIMSTPH5
TIMSTP-+6
TIMSTP47
TIMSTP48
TIMSTP49
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IF(DT.EQ.DTCON) IDDT=IHC
IF(DT.EQ.DrviS) 1DOT=1HV
IF(DT.EQ.DTMAX) 1DOT=IHM
IF(NCYC.EQ.1) DTMINOTM .E-10
IF(DT.GT.DTMIN) RETURN
kRITE(6,lOO> DT.NCYC.IDOT
WR1TEI59.100I DT.NCYC.IDOT
U3ITE<12.100) DT.NCYC.IDOT
CALL EX1TA(6>

100 F0RHAT(4H DT=,1PE1?.5.9H AT CYCLE , 15. I ]H. CAUSE IS .All
ESC

TIMSTP50
TIMSTP51
TIMSTP58
TIMSTP53
TIMSTP54
TIMSTP55
T1MSTP56
TIMSTP57
TIMSTP58
TIM5TP59
TIMSTP60

c +++
c +++
c +++

10
20

SUBROUTINE ULTOU
COMMON /SCI/ AA(1),X(800).RI800),Y(800).U(800),V(800),MC(800),
1 MVC80O) ,RMV(800) ,RO(800) ,VOL(800) .PODO) ,S1E(8OO) ,UL(800) ,
2 VL(800),ROL(800),PL(800),0(800),Q(800),RRSUM(800),P!XV(800).
3 PIXYC800) .PIYY(BOO) ,PITH(800) .RHSDPOOO) .UGC800) .VGC800) .
4 UREL(800) .VRELI800) ,MP(800> ,MVP(800) .S1EPI800) ,IIMCM(800) .
5 VMOM(80G.,UMOMP(800),VM0MP(800),ZZl
COMMON /SC2/ ANC.ANCO.ARTVIS.ASQ.AO.BO.COLAMU.CYL.Cl.DPCOF.

1 DROU.DT.DTF.OTMAX.DTMIN.DX.DY.Dl.EPS.FIXL,F1YB.GM1.GRFAC.GRIND.
2 GX.GY,IDDT,1F1RST,IFPH1.ILAST,ILASTM,ILASTV,ILPHI.[MP.INC,[PRES.
3 IREZ.JFIRST.JFF-MI . JL AST .JLASTM, JLASTV, JLPH1 , JhM, LAMBDA, LOOPS,
4 L0GPMX.LPR.MAXn,MU,NAME<8> , NC YC . NDUrtP, NUM1 T . NX, NXP,
f NY.NYP.OM.OMCYL.PAP.PEPS.PMAX.RF.ROI .ROIN.RON.SIEI .SIEIN,
6 T.TFILM, THIRD. TIMLMT,TLIMD,TPRTR,TWFILM.TUF IN. TW.FTH. TtPRTR.
7 UIN.VIN.VMAX.WB.WL.HR.WT.XCONV.XI.XICOF.XL.YB.YCONV,ZZ
REAL LAMBDA.MC.MP.MU.MV.MVP
INTEGER WB.WL.H^.WT

* LAGRANGIAN C ALCUL AT IONS BYPASS ALL CONVECTIVE FLUXING. THUS THE
LAGRANGIAN VELOCITIES ARE THE FINAL VELOCITIES FOR THE CYCLE
AND NEED TO BE TRANSFERRED TO THE N-TIME ARRAY.

00 20 J=JFIRST.JLASTV
IJ=(J-l)'NXP+IFIRST
DO 10 I=IFIRST,ILASTV
Ur]J)=UL(IJ)
VCIJ)=VLUJ)
IJ=[J+I
CONTINUE
RETURN
END

ULTOU
COMD
COMD
COMD
COM3
COMD
COMD
CCMD
CCMD
COMD
COMD
COMD
COMD
COMD
COM)
COMD
COMD
ULTOU
ULTOU
ULTOU
ULTOU
ULTOU
ULTOU
ULTOU
ULTOU
ULTOU
ULTOU
ULTOU
ULTOU
ULTOU
ULTOU

a
3
4
5
6
7
8
g
to
li
12
13
14
15
16
17
4
5
6
7
8
9
10
11
IS
13
14
15
16
17
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SUBROUTINE VELPLT VELPLT ?
COMMON /SCI/ AA(1).X<800).R(800).YI800),U(800),V(800).MCI800). COMD 3
1 MV(BOO),RMV(800).R0(800),VOL(800).PI800).S1E(8OO>,UL(800). COMD 3
2 VLI800).R0L(800).PL(800),D(8OO).Q180O),RRSUM(800I.PIXXI8001. COMD 4
3 PIXYI800),PIYY(800>,PITH<800>.RDSDPIBOO).UGI800).VG1800). COM3 5
4 UT?EL<800> ,VREL(800) .MPI800) ,MVPt8OOI ,SIEP(8OOI .UMOM(800J . COMD 6
5 VMOMiBOO).UM0MPI800),VMOMP(800).ZZ1 COMD 7
COMMON /SC2/ ASC.ANCO.ARTVIS.ASQ.AO.BO.COLAMU.CYL.Cl.DPCOF, COMD 8
1 DROU.DT.DTF.DTMAX.DTMIN.DX.DY.Dl .EPS.F1XL.FIYB.GM1 .GRFAC.GRIIJ3. COMD 9
2 GX.GY.IDOT.IFIRST.IFPH1.1LAST,ILASTM.ILASTV.1LPH1. IMP. INC . 1PRES. CCMD 10
3 IREZ.JFlRST.JFPHl.JLAST.JLASTM.JLASTV.JLPHl.JM1.LAMBDA.LOOPS. COMD I !
4 L00PMX.LPR.MAXJT.MU,NAfE<8) .NCYC.NDUMP.NUM1 T ,NX.h4XP. COMD 18
5 NY.NYP.OM.OMCYL.PAP.PEPS.PMAX.RF.RO!.ROIN.RON.SIEI.S1EIN. COMD 13
6 T.TF1LM,THIRD.T1MLMT.TLIMD.TPRTR,TWFILM.T^F IN,TWLFTH.TWPRTR. COMD 14
7 UlN.VIN.VMAX.UB.WL.kF.WT.XCONV.XI , XICOF ,XL , YB. YCONV.ZZ COMD 15
REAL LAMBDA,MC.MP.MU.MV.MVF COMD 16
INTEGER UB,H-,WR.WT CCMD 17

C ••• VELPLT H
C • • • T f t VELOCITY VECTOR PLOT. (CALLED FROM SUBR. FULOUT) VELPLT 5
C +•••+ VELPLT 6

IF(VMAX.EQ.O) GO TO 30 VELPLT 7
CALL ADV( l ) VELPLT 8
DO SO J=1,NYP VELPLT 9
IJ=(J -1 CNXP+1 VELPLT10
DO 10 1 = 1 ,NXP VELPLT 1 1
IX1=FIXL*(X(IJ)-XL)»XCONV VELPLT12
IY1=FIY8-(Y(IJ)-YB)«YCONV VELPLTI3
IXP=FIXL+(X( IJ1+UI IJCDROJ-XL1* 'CuNV VELPLTm
IY2=FIY8-IY( I J ) * V ( I J ) ' C " J-YB1 "YCONV VELPLTI5
IF( IY8.GE. 1 ) GO TO 5 VELPLT16
IF( 1Y1 .EQ. IY2) GO TO '."• VELPLT17
1X2=1X1+11X2-1X1)«(IY1-1)/(IY1-1Y2) VELPLT18
1Y2=1 VELPLT19

5 CALL DRV(1X1,IY1,1X2.112) VELPLT20
CALL PLTI1X1,IY1.16) VELPLT21

10 I J= I J+ l VELPLT22
20 CONTINUE VELPLT23

CALL LINCNT(60) VELPLT24
WRITCI 12.100) JNK.DI,C1.NAME.T,NCYC,VMAX VELPLT25

30 CONTINUE VELPLT26
RETURN VELPLT27

100 F0RMAT(2X,A10,2(2X,A8),2X.8A10/40X.3H T=.1PE12.5.GH CYCLE,15, VELPLT28
1 6H VMAX=,E12.5) VELPLT29
END VELPLT30
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SUBROUTINE ViNIT
COMMON / S C I / AA( I ) .X(800) .R(BOO) , Y ( 8 0 0 l ,U(800) , 7 ( 8 0 0 ) .MCI800) .

1 MVI800) ,RMV(800I .ROI800I .VOLI800) ,P (800) .SIEIBOO) .1X1800) .
? VL 1800) ,ROL(80U) .PL(8001,01800 s ,0 (800 I.RRSUM(BOO) ,PI XX(800) .
3 P I / Y ( 8 0 0 ) . P I Y Y I 8 0 0 I . P I T H I 8 0 0 ) , R D S O P ( 8 0 0 ) . U G < 8 0 0 ) . V 0 < 8 0 0 ) .
4 URELi800 i ,VHEL(8OOI .MPI800) .MVP(800) .S IEPI8001,UMOM(800) .
f> VT10M' BOO I . UMOMP (8001 . VMOMP (800) . ZZ I

COMMON /SC2/ ANC.ANCO.AHTVIS.ASO.AO.rtO.COLAMU.CYL.CI .OPCOF.
I DROU.DT,OTF.OTMAX.DTMIN.DX,DY,Dl .EPS,FI XL.FIYB.GMI .GRT AC.GRIND.
8 G/ .GY, IODT. IF I R S ' . l K P H I . I LAST.ILASTM. U.ASTV.ILPHl . IMP. INC. IPRES
i IRE^. JFIRST . JFPHI . JLAST , JLASTM. JLASTV . JLPHl . JNM.LAMBDA .LOOPS .
H LOOPMX.LPR.MAXIT ,MU,NAME(8I .r-JCYC .r-OUMP.NUMI T .NX.NXP.
5 NY.NYP.OM.OMCYL,PAP .PEPS.PMAX.RF, ROI .ROIN.RON.SIEI . S I E I N .
6 T. TF K M . THIRD. TJMLMT.TL IMD. TPRTR. TUT ILM, T\f I N . TMLFTH, TUPRTR.
7 U I N . VIH. ' /MA' l-e.(-*_ .U**,WT . XCOTJV . X I .XICOF , XL . YB . YCONV . ZZ

RE AL I AJ-BOA . MC . «P . MJ . MV . MVP

• m i T ! A! l / t Pfj. Rf^ . C. f'L . I Jl AltJ A TO FX G IN Tt-» r rT L E .
• MAINTAIf. t 'Af A; Af t1 ;( [J 11-1 S'JJM ! < < " . if . . / /O

I I Jl 1
\? ut
kJ W
IF I W . [ Q.I.I I I i'

I M W H ("O f> I l\ -r1

I I ( ! *» . ( U.h\ I<"'- If" 1

I I (WI .( f j h i V - . V 1

IX) r'O J J l . Jr1

I J I J I I -NXP* I 1
DO 10 I I I . \i'
RO 11 J ) MT 11 j ) / v a 11 j i

E .O.S. I'j BYPASSED I CK? I M K I C I ! CALCULATIONS, Bf ^AUSt PL (ROM
PREVIOUS CYCLE IS fJRCJ6ABL Y Tt-f (31S1 GUESS I OR r>-T r fXT CYCLL.

10

30
40

I F I I M P . E Q . O i CALL E OSi P( I J i .RO ( I J i . SIE i 1 J) . 0 . . 0 . I

I J = I J « 1

CONTINUE

PMAX-0 .

DO 40 J ^ I . N Y P

I J = ( J - I I " N X P * I

DO 3 0 1 = 1 , N X P

ROLIIJ)=RO(U)
PL!IJ1=P(IJ
PMAX=AMAXI(PMAX.ABSIPIIJ)iI
UL( IJ)=U(IJ l
VL(IJ)=V(IJ)
1J=IJ+I
CONTI\>JE
RETURN
END

V IMI T
OMD
CCK)
COMD
COM3

coro
COM3

COMD

COMD

COMD

COMD

COMD

COMD

COMD

COMD

COMD

LOKJ

V I NI T

V I N I T
V I N I T

v i N : i
V I N I I
VIN I T
VIN I 7
VINI T
VIN I T
VIN I T

V I N I T
V I N I T
V I N ; T
V I N I T
VINI T
VINI I
VINI T
VINI T
VINI T
VINIT
V1NIT
V1NIT
VINIT
VINIT
VINIT
VINI T
VIN1 T
VINIT
VINIT
VINIT
VINIT
VINIT
VINIT
VINIT
VINIT

5
6
7

8
9
10
I 1
\S

13

14
15
16

17

6
7
9
9
10
1 1
I?
I 3
14
15
16
17
18
19
SO
B\
S?

as

B6
51

30
31
3^
33
34
35
36
37
38
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SUBROUTINE VOLUME
COMMON / S C I / AAI I ) ,X(800 i .RI800) .Y(BOO) ,U(800) .V(800) ,MC(800l ,

1 HV18001 .RMV(BOO) .ROC800I .V0LI800) ,P(8OO) ,5!e i8OO) .ULI8OOI .
2 VL (8OOJ .ROLOOOl .PL<800) .DI8OO) .QlBOOl .RRSLMI800) .P IXXI800I
3 PIXYI800).PIYYiBOOl.PITH(BOO).ROSOP<800).UGIBOO).VG(BOO).
4 URELlBOO) .VRELOOOI ,MP<800> .MVP1B00) .SIEPIBOO) .UMOMlBOO) .
5 VMOMIBOO).UMOM? 1800).VMCW31600),ZZI

COMMON /SC2/ ANC.ANCO.ARTVIS.ASQ.A0.B0.COLAMU.cn. ,C! .DPCOT.
I DROJ.DT,DTF.DTMAX.DTM1N.DX.DY.D1 .EPS,FIXL.FIYB.GM1 .GRF AC.GRIND.
? GX.OY. IDOT , IF IRST, IFPHi , [LAST . ILASTM. 1LASTV. ILPH1 . Iff, INC. I f ^ S .
3 IREZ.JFIRST .JFPHI .JLAST.JLASTM.JLASTV.JLPHI .JKM.LAfBDA,LOOPS.
4 LOOPMV LPR.MAXIT.MU.MVEI8) .NCYC .^t^LMP.NLr1] T .NX.NXP.
5 NY.NYP.OW.OMCYL , PAP . PCPS . PMAX . RF ,RO' ,ROI N .RCJN.S IE I .SIF. IN,
6 T . TF 1LM. THIRD. T IM.MT . TL IMD. TPRTR . TkF ILM . H F IN . TULF TH. TWPRTR .
7 UlN.VIN.VMAX.kB.H. .l-R.WT . XCONV . X I .XICOF .XL . YB. YCONV . ZZ

REAL LAffiDA.MC.f^.MU.MV.MVP
INTEGER UB.14..WR.WT

• • •

• • • CALCULATE VOLUMES OF ALL CELLS IN THE MESH. USING »APPAS Tt-COREM
• • •

DO SO J=l .NY
IJ=l J - l )«NXP*1
!JP=IJ*NXP
eDO iO I = 1 .NX
1PJ=IJ*1
IPJP=IJP*I
XI»Xf|PJ)
Y I 'Y ( IPJ)
R1=R( IPJ)
XP=X(|PJP)
Y8=Y(|PJP)
R?=R(IPJP)
X3=X(1JPI
Y3=Y(1JP)
R3=RMJP>

RH=R(]J)
A T R = . 5 « ( ( X 3 - X 2 ) » ( Y 1 - Y ? ) - ( X | - X P 1 * ( Y 3 - Y e ) )
A B L = . 5 ' ( (X l -XM) • ( Y 3 - Y H ) - ( X 3 - X m ' ( Y l - Y H I )
VOL I I J I=THIRO' ( (R l+R2+R3) •ATR*(R3+RM*R1) 'ABL)
I J = | P J

10 IJP=IPJP
20 CONTINUE

RETURN
END

VOLUME

COMD

COMD

COMD

COMD

COMD

COMD

COMD

COMD

COMD

COMD

COMD

COMD

COMD

COMD

COMD

COMD

VOLUME

VOLUME

VOLUME

VOLUME

VOLUME

VOLUME

VOLUME

?

3
4

5
6
7
8
q

10
l i

1?
13
14
15
16
17

5
6
7
8
9

10
VOLUME! 1

VOLUME 1?

VOLUME 13

VOLUME

VOLUME 15

VOLUME 16
VOLUME 17

VOLUME 18

VOLUME 19

V0LUM£81

V0LUME25
V0LUME26
V0LUME87
V0LUME28
V0LUME29
VOLUME30
VOLUME3I
VOLUME 32
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if* /rjifi T
j_\ < A>111 . x<&orj> .R<eooi .

I MVHOf; I .RMV18GO) .KOI 800) . VOL (fiOO) .Pl&OO) . S i t '8001 .IX (800) .
t? /I ' 800 i . MX i 800 i . PI I 800 i . DI 800 i . 0 1800 I . PftSlJM 1800 i , PI XX (800 > .
i a/ft 8oo i . M rv < BOO i . P I TH < eoo). KTJJP < BOO J . UO I BOO I . VG < eoo).
'< i j f l i 800 i . /»•*[ 1800) .fPiBQO) .MVP 1800J .SIEP<800> .UMOM<800) .
':, /MTJM I 800 I . IJMTJMP 1800 i . 7M0MP (800 1 . 77 I

r.rjMMQH /ST.?' UK. .ANCO.ARTVIS.ASG.AO.BO.COLAMU.CrL . c i .DPCCF .
1 DPOJ.LlT .DTF .DTMAX.DTMIN.DX.DY.Dl . t P S . F I X L . r i r B . G M l , GRF AC . 03 I fCl.
<» C.r.Gl'. (0D7 . If /ffST . I f PHI . I LAS 7. ILASTM. I LAS? V. ILPHI , |^F' . IMC. IPRES
'- IPf / . J l i x . t ..JFPH] . XAST.XASTM. XASTV.XPHI .. JhM, L U1SC A . L OCJPS .

'. I r/ jPM/.i W . M A / I T .HJ.MAJt '8 ) , HC YC ^OJKP . MUM I T .NX.NXP.
S rje.ffrP.OM.OfrjYL .PAP. PEPS. PMAX.RF ,ROI .R01f4.R0W.SIE I , SIE IN .
b T . r f HM.THIRD.TIM.M7.TL IKi .TPRTR.TUFILM.TtFIN.THFTH, TUfRTR.
7 UIH. VIN. ^MA^.ue.Ui .WP.WT . XCGtW . X I . / I COF .XL . YB . rCOTjV . Z /
Rt Al I AMBDA . (if. . fT' . P1J. MV . fT/P
IfjTF Of F* Ufi.Ul .UV.WT

10

100

I l f HOT ( C A l i f t j f F̂OM '"JJGK n i . r x i T )

NT. ff. OT Oi Rf TlJF»JIF ( I R t V . t r j 0
r.Al L ATI VI I )
DO ?0 }•- I .N<
I J- ( J I I -NXP. i
I J P " I >«NXP
DO I 0 I - I . NX
I P J - I J» I
IP.JP=IJP»I
IXl=F I XL ' I XI IP.J! XLI-XCONV
I X? = F I XL • I X I I PJP ) • XL I • XCONV
I X3=F "I XL • IX I IJP) XL I-XCONV
IX4«f" I XL • (XI I J ) XLI'XCONV
I Y I -f I YB - ( Y ( ] PJ I YB I • YCONV
IY£ = F i Y B - I Y t IPJP)-YB)•YCONV
I Y 3 = F I Y B - I Y t I J P I -YB)1YCONV
1 Y 4 = F I Y B - I Y ( | J ) -YBI-YCONV
CALL DRV I 1X4, IY4 .1X3 , IY3)
CALL DRV I ! X 4 . I Y 4 , I X I , m )
I F I I . E Q . N X i CALL D R V ( I X ] . I Y l . 1 X 2 . ! Y ? >
IF<J.£Q.NY) CALL 0RV< IXB. 1Y2. 1X3. !Y3l
1JP=IPJP
1J=IPJ
CONTINUE
CALL LINCNT<60>

U*R1 TE: t 18.100) JNM.D1 ,CI .NAME.T.NCYC
RETURN

FORMAT<ex.A10.2(2X,A8>,ex.BA10/40X.3H T-.1PE12.5.6H CYCLE.15)
END

70NPV
COM3
COMD
COK3

cere

3

5
6
7
8
9

10

I I

1 i

COMD
COMD
COMD
CGMD
COMD
COMD
COMD
COMD 14
COMD 15
CuMD 16
COMD 17
ZONPLT 4

ZONPLT 6
ZONPLT 7
ZONPLT 9
ZOt-FLT 9
ZONPLT!0
ZOhFLTI I
ZON»LTI£>
ZONPL T 1 3
Z0NPLT14
ZONPLT 15
Z0NPLT16
ZCT4PLT17
Z0NPLTI8
Z0NPLT19
ZONPLT20
ZONPLT21
ZONPL T82
ZONPLT23
ZONPLTP4
ZONPLT25

ZONPLTP7

Z0NPLT30
ZONPLT3I

ZONPLT33
ZONPLT34
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APPENDIX B

SYSTEM SUBROUTINE CALLS IN SALE

SAL I: c-ills a numhcr o! system subroutines to dis
play graphic or numeric information on microfiche. The
original microfilm recording CRT device at LASL was
the SC 4U2O, and although it has been supplanted, the
coordinate system in ihe particular software system we
are using is that of the SC 4020. The CRT face has a
matrix of 1024 y 1024 raster points, where (0.0) is the
coordinate of the upper left corner and (1023.1023) that
of the lower right corner. Because this coordinate
system is different from that of SALE, our code must
convert physical mesh coordinates to locate their posi
lions on the 4020 frame. This scaling process is per
formed in SALE subroutine FULOUT. Numerical in
formation is displayed in the typing mode, in which the
film frame consists of 64 lines of 128 characters each.
The system subroutines called by SALE arc:

CALL ADV (nf) advances the film by nf frames.

CALL PLT (IX,IY,ch) plots the 4020 character iden-
tified by ch at frame coordinates (IX,IY).

CALL DRV nXl.IYMX2.IY2) draws a straight line
vector segment connecting the 4020 points (IXI. IYI)
and (1X2.IY2).

CALL LINCNT (LN) locates the first column of line
LN. Accessible lines range between 2 and 61. Frame
advancement is automatic.

In addition to the alunc calls that are used con
tmuotish during program execution, initialization of the
film file at the beginning of the run is handled by calls to
GI-R80. (iRPHLUN. 1.IH4O2O. GRPHITN and
SETELSH. These communicate with the graphics
s\stcm at LASL and need not concern the outside user.

Other system calls not related to film usage appear in

SALS-

CALL CiETJTL (II.) returns the job CPU time limit

in seconds.

CALL DATEH(Dl) returns the dale as a Hollerith
constant of the form MM/DD/YY.

CALL TJMEHfTM relurns the wall clock lime as a
Hollerith constant of the f'inn HH:MM:SS.

CALL SECOND(time) returns the CPU time used
by the job up to this point.

CALL EXITA(n) terminates the code. Each call to
EXJTA in SALE has a different value for n. which is
retained by the operating system and available for
determining the cause of the exit, if necessary.

89



90



APPENDIX C

SAMPLE OUTPUT FPOM BROKEN DAM CALCULATION

The broken dam calculation described in Sec. IV.A is
chosen as a sample calculation for aiding in code
verification at other installations. It is solved using the
SALE program exactly as listed in App. A and the in-
put file listed in Sec. IV.A.

The frames on the following pages provide the cell
data as created at time t = 0, again after one cycle (t =
0.1), and again much later at cycle 71 (t = 5.0). Also

provided are two neighboring frames showing system
totals of mass, momentum, and energy, and a sampling
of cycle-by-cycle monitor prints of'iteration number,
grind lime, and time step hislory.

Exact agreement with our calculated values may be
impossible to attain because of different word lengths on
other computers and differences in various FORTRAN
compilers.
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