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: I. INTRODUCTION '

Estimating the blast loading on various targets is an ongoing effort at \
’ the US Army Ballistic Research Laboratory (BRL)., Such loading may be i
estimated through tests in shock tubes, through high-explosives (HE) testing

’ in the field, or through computation with hydrocodes. One such hydrocode, ;
which has been used with success at BRL and elsewhere, is an airblast version i

3 of the HULLl’2 hydrodynamic computer code. This code solves the inviscid

; Euler equations in two dimensions (2-D) or three dimensions (3-D) using an :

0 explicit time-stepping method. The 2-D version has a number of options that !
are not available in 3-D, but the main disadvantages of the 3-D version are

. the much longer run time and the memory requirement. The mesh spacing for
- 3-D runs is too frequently set much coarser than desirable in order to fit

the storage for the required computational field into the computer or to
complete the run in a reasonable time. y

For some studies (simulation of an HE field test, for example) it
would be advantageous to use the 2-D cylindrical symmetry version of HULL
from initiation to near impingement of the blast wave on a target position,
then continue the calculation with the 3-D version to study loading on
a 3-D target (2-D ecylindrical HULL runs can be preceded by, and initiated
from, one-dimensional runs of the SAP program). The 2-D cylindrical HULL
could be used as long as the problem was cylindrically symmetric. It would
be much faster than the 3-D version, even with a finer mesh, and could
incorporate some useful options that are not present in 3-D such as dust or
maltiple materials. However, the 2-D HULL would not be appropriate for
examining the loading on a 3-D target such as a building or a vehicle. N
The hydrodynamic data in a portion of the 2-D cylindrical HULL computational :
field (actually three-dimensional) could be transferred to a smaller 3-D HULL
computational field containing the target, and the computation continued with
the 3-D HULL. (Some optional properties, multiple materials for example, do .
not exist in 3-D and cannot be transferred.) .

A R A AR

Such a procedure was at least partially available in our HULL. The grid
generation program, called KEEL, will transfer results from a 2-D cylindrical
problem to a new 2-D or 3-D problem. The user would have had to assign some
i existing, but unrealistic, boundary conditions. The results from the new run .
. would be meaningful until the effect of whatever boundary conditions were .
imposed reached the target area. The most likely boundary conditions would be
transmissive or reflective. If realistic boundary conditions from the 2-D
run could be imposed, the results would be useful until the reflected waves
. went from the target to a nonreflective boundary and back to the target. :
3 Using such boundary conditions would approximately double the error free K
' time, from program initiation to the arrival of false signals at the target, e
. for a given 3-D computational grid. To double the uncontaminated run time \
q using the wrong boundaries, the distance from the target sides to the edges
. of the computational region would have to be doubled; for a relatively small
3-D target, the computational region would have to be about # times as large.

This report documents the coding for this new type of bhoundary for
HULL, and presents the results of some limited tests. Section IT summarizes
the older HULL boundaries; the new boundary type is discussed in Section
I1IT. The program to produce boundary input for a 3-D HULL ran from the
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restart output from a <Z-D cylindrical HULL run is discussed in Section iV.
The results from a series of test runs is discussed in Section V. Appendix A
contains a tabulation of a sample runstream and the HULLUP program which will
produce boundary input for a 3-D run. Appendix B includes listings of a
runstream to use KEkL for a 3-D restart, a runstream for the corresponding
HULL run, the general UPDATE corrections to HULL, and the HULL changes for

W m i

)
¥ the new boundary conditions.
»
o
! 1I. HULL COMPUTATIONAL GRID BOUNDARY CONDITIONS
L
In order to understand the computational grid boundaries used in HULL,

A one needs an overview of the HULL method for solving the governing
N equations. The basic equations used in HULL to describe inviscid fluid flow
2 are:
2 dae =2 =

gc T Pvu) =0 (1)
' du N (2)
- Pdt +Vp= -p g
- dE (3)
2 Pt v-(pU) = -pu'g
! t
' P= F(P,I) (4)
. E=I1+%(T-Q) (5)

go ( )
) dt PY v.-u) =g
tu
Y where,
V.= the divergence operator

~ v = the gradient operator i !
': p = material density (5/cm3)
- p = pressure (dyﬁes/cmz) )
$ W = the vector fluid velocity (cm/sec)
o 1 = specific internal energy (ergs/g) f
\ E = specific total energy (ergs/g)
N 10

Sl
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the vector acceleration of gravity (cm/secz)
time (sec)

Yorg = 1 +p/ I is the "effective gamma'

Equations (1), (2), and (3) are the conservation equations for mass,
momentum, and energy, respectively. Equation (4) is the equation of state
(for this study, a gamma law equation of state, p = (¥ - 1)pI, was assumed
with ¥ = 1.4), Equation (6) can be derived by substituting equations (5) and
(3) into equation (2) and assuming Y =Y, e, is constant.

The solution is found by two phases for each time step. The first
phase is a two step Lagrangian solution in the manner of Lax-Wendroff.
The second phase is a transport phase which is also carried through in
two steps. (A description of one cycle of the HULL solution at a cell
for a 2-D cylindrically symmetric case is contained in the SAIL comments
at the beginning of the HULL program. In fact, there are two descriptions;
the original HULL authors were in mild disagreement. These comments have
equal signs in column 1 and are removed by the preprocessor POST. They are
in the output of UPDATE or of program LIST which is part of the HULL file.
A description of the phase 1 solution for 3-D HULL, with comments, is
contained in Section 2 of Reference 3.)

At the beginning of phase 1 (at time t) the velocity components, the
specific internal energy, and the mass are known for every interior cell of
the computational field. Routines and data are available to compute other
values such as volume, density, and pressure.

When the phase 1 solution is to be advanced for a particular cell,
it is assumed that the pressure and normal velocity components are known
for each low index side of the cell at time t +At/2. (It is convenient to
think of these intermediate time values being on the cell boundaries. They
are more closely Lagrange solutions for points that were between cell centers
at time t.) From the values in the cell and in the adjacent higher index
cells, the pressure and normal velocity components for time t +At/2 are
computed at the high index sides of the cell. This completes step 1 of phase
1 for the cell. The second step of phase 1 uses these pressures and
velocities "at the cell boundaries" to compute the Lagrange solution for
specific encrgy and velocity ~t time t +A t for the old cell center point.

For most cells the values at the low index sides of the cell for time
t +A4t/2 are retained from the previous calculations. If the cell is a 1low
index boundary cell (I=1, J=1, or K=1) these boundary values must be
supplied. The method of supplying these values differs with the condition,
the boundary, the dimension, and the programmer. Four fairly distinct methods
are used at low index boundaries:

l. A virtual external cell with the desired properties, at time t,
is assumed and the governing equations solved for pressure and
normal velocity at time t + At/2 on the boundary,
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2, The pressure and normal velocity on the boundary at time
t +At/2 are assigrned. (Some inconsistency in time was
discovered during this study. Changes to make them consistent
vwere added to the correction file.)

3. Hydro values are ass.ined to the boundary cell and computation
for that cell is skipped except for computing the velocity and
pressure at * + A%t/2 on the high index side. This is used
only with 2-D at the bottom boundary. The bottom layer of
cells is considered to be inside the computation region, hence
the mass and energy changes in the boundary row of cells is
added to the system mass and energy.

L., Hydro values are assigned to the cell and approximate boundary
values are imposed on the low index side. The governing equations
are solved for the boundary cell, but the results are in error
because of the approximate boundary values. The error is not
propagated since new values are assigned to the cell for the next
step. Again, the program must account for system energy and mass.

Boundary values at high index boundaries are all imposed in the same
manner: The cell with the highest index (I=IMAX, J=JMAX, or K=KMAX) is a
virtual external cell; appropriate values are assignad to these virtual cells
for the desired boundary condition and these values are used to compute the
pressure and normal velocity component at time t +A4t/2 on the high index
side of the adjacent internal cell.

The controls for the phase 2 calculations, the transport phase, are
gimilar. The first step in phase 2 computes the fluxing of mass, momenta,
and energy through the cell boundaries. The second step computes the result
of this fluxing. Initially, for any internal cell, the Lagrangian solution
for velocity and specific energy {at the point that was the cell center at
time t) are known at time t +At; the mass (hence density) of the cell is
known for time t. The average of the normal velocity components of two
contiguous cells is used as the rate of mass %‘ransport between them. From

this, the mass flux, the momentum fluxes, and the energy flux between the two
cells are computed.

Just as for phase 1, the values on the low index sides of the cell
are assumed to be known, either from computation for the cell on that side or
from boundary conditinn assignment. Computing the fluxing for the high index
sides of the cell completes step 1 of phase 2, Step 2 of phase 2 consists of
summing all the fluxes and computing the resulting mass, velocity components,
and specific internal enerpgy for the cell at time t +A¢t.

Similar boundary control methods £o those described for the first

phase are used tor phase 2. T addition, any transfer of mass or energy
through the boundaries must be accounted for. (In 2-D, some of the options
such as multimat»srial or radiation require additional computation.)

The »-~D apd 3= cnides ars preally separate programs although they share
some coding. They osven 1itfer slightly in the solution of the governing
equations. (Wor ~xampl=, 7-D simply averages for values between cell

ceanters, *he <= i tarpalatas far some of them,)

12
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A Reading the comment lines with the HULL coding could lead one to believe
X there were eight types of boundary conditions available at every boundary.

, This is not true. Of the eight options listed, only one type, reflective, is
available at all the boundaries. ITable 1 1s a summary of the author's
assessment of the availability and reliabiiity of the boundary conditions in
our airblast HULL. The eight types numbered O through 7 are called
reflective, transmissive, rezone, square wave, LAMB, SAP, HULL, and oblique
square wave, respectively.

The next section will describe the new imposed-solution boundaries
developed at the BRL.

r. - lTable 1. Summary of HULL Boundaries.

BOUNDARY TYPE

: BOUNDARY 0 1 2 3 4 5 6 7
i AFT 5<D YES A,C A,C A A = - 1ES
g BGTIUM  >-D  YES A,C A,C - - - - A
. BULTOM 2-D  YES A,C A,C B B A - YES

LEFT 5= 1BS YES A,C YES YES - - LES
: LEFT 2-D YES  A,C  AC  YES A A A YES
- FURE  3-D  YES  YES - - - - - -
TOP 3~D  YES YES - - - - - -
X TOP 2-D  YES YES {ES - - - - -
: RLGHT  3-D  YES YES - - - - - -
RIGHT ~ 2-D  YES YES ¥ES - - - - -

(Y£S) Has been used iocally. Looks good.
(=) No implementation.

(A) Has not been used locally. Appears to be fully implemented. May have

B S P

errors.
; (B) Unly partially implemented or has known errors.
; (C) Types 1 and 2 alike at each low index boundary. Believe they are

intended to remain unchanged ambient.

{
<
.

....................................
w

U .
L EREC Y CYRTRIES 2T, 05, Pha At DO R ILL iy



Iy

- . ) . » ' 4
AR RAPM SN . AT

»
-

-, ‘\r.‘% 't‘ N2 Y

ITTI, BOUNDARY TYPE 9, IMPOSED-SOLUTION BOUNDARY

The primary motivation for this project was to transform a section
of a 2-D cylindrical symmetry HULL run into a 3-D Cartesian HULL run.
Presumably, the 2-D HULL program would be run with a blast wave expanding
from some central source. The 3-D run would be for some subsection of the
cylindrical space with a target inside. The 3-D run could be initiated just
before the blast wave reached the target and would continue with input from
the 2-D sclution through the boundaries of the 3-D grid.

The KEEL program has coding for copying a portion of a 2-D cylindrical
HULL problem into a 3-D space but the boundary conditions from the 2-D run
could not be satisfactorily fed in after the 3-D run was initiated. The
result from such a restart would be good until a signal from whatever
boundaries were used reached the region of interest. With the addition of
input boundaries, with data from the 2-D donor run, the results should be good
until reflections from the target reach a boundary and the resulting erroneous
signal reaches the region of interest. Imposing a solution on the boundaries
of the 3-D grid would essentially double the real time that could be simulated
by the same grid with simple transmissive boundaries. For comparison, the
same time doubling of simulated time could be achieved by doubling the
distances from the target to the simple transmissive boundaries in the 3D
problem, but this could increase the space and computer time required for such
a run by a factor of eight. Thus, this new capability offers the opportunity
to run problems which might otherwise be too large or expensive.

In keeping with this scenario, the coding for these new boundaries allows
imposed values on any side. (Previous programming had not added boundary
conditions at the high index boundaries even though the existence of the layer
of external, virtual cells make this relatively easy.) These "imposed-
solution" boundaries will be called BOUND9 boundaries in this report. They
will be activated in HULL as type 9. (Type 8 has been assigned at the BRL to

an undocumented, partially successful exhaust type boundary that may be
reactivated.)

After some preliminary study, it was decided that the simplest way to
introduce these new HULL boundary conditions into the existing code was to
supply input values on a plane for each boundary, with a new subroutine in
HULL for each of these boundaries. These subroutines check that the point for
which data is requested is on the plane. Then they interpolate in time, and
in space on the plane, for five hydro values: three velocity components,
specific internal energy, and density. At the low index sides these planes
are on the boundaries: the "left" boundary at X0, the "aft" boundary at YO,
and the "bottom" boundary at ZO. For these boundaries, the coding computes
and stores the pressure and the normal velocity component at time t + t/2,
like method (2) in the previous section. At the high index boundaries, the
input planes for the imposed~solution values go through the center of the
external virtual cells on that side: the "right" boundary for maximum X, the
"fore" boundary for maximum Y, and the "top" boundary for maximum 7. The

coding inserts the "imposed" hydro data into the external cell (mass is stored
instead of density).

These new BOUNDY boundaries are designed to continue a 2-D HULL run in
3~D, but any sort of values could be imposed on a side if a file of data in
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the proper form were prepared for that side. (This assumes that the boundary
values are compatible with whatever is inside the computation region.)

The original plan was to supply two planes of hydro data at successive
times for each BOUND9 side. An evenly spaced grid with extreme values at the
BOUND9 planes was also imposed. This worked well for small 3-D HULL grids
with evenly spaced meshes. The examples cited later were run with this
coding, but some memory requirements were excessive even with a coarser mesh
on the input data planes than was wanted, Therefore, a new code was prepared
which presents the imposed-boundary data to the 3~D HULL one row at a time.
To avoid excessive searching for data, the hydro values for two successive
times are stored together for each row.

A description of this BOUND9 input for HULL is included in Appendix B

along with a listing of the BOUND9 changes for HULL and listings of the
runstreams for KEEL and HULL for one problem.

IV. HULLUP

The program to prepare the files for the 3-D HULL BOUND9 input boundaries
from a 2-D donor run is a FORTRAN 5 program called HULLUP. This program is
tabulated in Appendix A. It includes COMMENT lines that hopefully adequately
describe the input and output. The main output is the files of data for the
BOUND9 input to HULL described in Appendix B.

The original intent was to allow for 2-D and 3-D input and output at some
later date. There are some remnants of this remaining, but the coding is now
strictly for producing HULL input on 3-D boundary planes from a 2-D
cylindrical HULL run.

The user must plan the 3-D run thoroughly before knowing the input for
HULLUP. If there is a target, it 1s one or more orthogonal parallelepipeds
(boxes). 1If a target is to have flat sides, the 3-D grid must have boundaries
parallel to the sides of the target. These boundaries, except for reflective
boundaries, must be far enough from the target area to allow HULL to run
without sending a false signal to the target area during the time of interest.
(For BOUND9 boundaries, the signal from the boundary will be approximately
correct until reflection from the target reaches them.) Any BOUND9 boundary
plane must be entirely inside the cylindrical region of the 2-D donor. The
‘angle at which the shock froant strikes a target is determined by the
positioning of the target. The transfer from the 2-D donor space, which HULL
denotes as (X,Y) is clearer if one thinks of the 2-D cylindrical space as
(R,Z), or the 3-D cylindrical space (R,6,Z) at arbitrary g .

Points in the Cartesian 3-D space are defined as X = R cos(4),
Y = R sin(6), and 2 = Z (no rotation of Z plane). The user does not need to
know § . To set the boundaries of the 3-D Cartesian space the user must
envision, or draw, the X and Y boundaries of the 3-D computational field on a
constant Z plane. A line through the origin parallel to the X sides of the

computational field isg@ = 0, and§ = 90° is parallel to the Y sides. The
choice of quadrant and rotation angle of¢ is arbitrary. The only restrictions
are that the left boundary, XO in HULL, is the minimum X, and the aft
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boundary, YO in HULL, is the minimum Y. For the KEEL run, the initiation run
for HULL, the user needs to supply X0, YO, ZO, and the grid spacing for the

computational field. For HULLUP, a more complete knowledge of the
computational grid is needed.

The input for HULLUP is through four NAMELIST lines and some other data on
the INPUT file, and from the donor restart file. A user must have access to
file NUHULUP and should get specific instructions for program HULLUP from it.
The donor restart file must be ATTACHed as TAPE 9 and the output files must be

CATALOGed in the runstream. HULLUP and an example runstream are tabulated in
Appendix A.

V. TEST RUNS

A limited number of test problem runs have been made, most of them with
the original coding that supplied input data for the entire plane. The first
three problems were simply designed to get the program running. First a 2-D
c¢ylindrical donor run was made. It had a sphere of high pressure gas (E in
Figure 1) with radius of 1000 cm expanding into an (IMAX,JMAX) = (32,16) mesh
of toroidal cells, 80x80 cm in cross section. In the 2-D run (for the
cylindrical space A in Figure 1 represented by plane B), the elevation, Y,
went from O to 1200 cm with one additional layer of external cells and the
radius, X, from 0 to 2480 cm with an external column of cells. The sphere of
high pressure gas was centered at (0,1200)., The left, bottom, and top
boundaries were declared reflective and the right boundary transmissive,
Setting the top boundary reflective (i.e., symmetric) is all right for the

assumed constant atmosphere with no gravity until the reflected shock from the
ground reaches the top boundary.

The sphere of high pressure gas was given a density of 0.038120L g/cm3.
The ambient density was set at 0.00120L412 g/cm3. The specific internal energy

was 2.1037h x 109 ergs/g everyvhere and a gamma law gas was assumed with gamma
= 1,4, Such a driver gas would produce a 34L,T kPa (50 psi) shock in a
straight shock tube. With spherical expansion, the shock front should be
about 103 kPa (15 psi) at 1800 em radius. The 2-D HULL run was initiated at
time T = 0.02 seconds and was run to 0.05 seconds.

Two 3-D problems with cubic cells 80 cm on a side were based on this 2-D
donor computation. The first of these had an internal region (C in Figure 1)
with both X and Y from O to 1760 cm and 2 from O to 1200 ¢m. This was run
with the left, aft, top, and bottom boundaries reflective and the right and
fore boundaries transmissive, The initiation for this problem was from the
2-D donor through KEEL at time T = 0.02 sec. This was run to check the '
starting of a 3-D run from a 2-D run and to give some idea of the difference
in 3-D and 2-D results for this problem. (Starting the 3-D run from a 2-D run
will tend to further distort the boundary of the high density sphere.) As .
expected, the results were bilaterally symmetric about X = Y. Radial symmetry
was reasonable considering the coarseness of the grids.

The other 3-D run based on the 80 cm grid donor also had 80 cm cubic

cells, but it was for a smaller subspace (D in Figure 1) with BOUND9 input
from the donor on the left, right, fore, and top boundaries. The bottom and \

16

C ]

ERNY ~‘-‘-|" (S

LRI,




E

—~

T

LS 4

» 0

.

)
(]

o N N A AN

s

aft boundaries were reflective, A 9 by 7 by 8 mesh of cells was selected with
the inner region from X = 880 to 1520 em, Y = 0 to 480 cm, and Z from O to 560
cm. This was also initiated at time T = 0.02 sec from the donor restart file.
This region was entirely outside the high pressure sphere defined for the 2-D

run, 8o the initiation was actually for an ambient region.

BOUND9 input planes were supplied through HULLUP at X = 880, the left
boundary, X = 1800, the center of the external plane of boundary cells on the
right, 2 = 600, the center of the top plane of external cells, and Y = 500,
the center of the external plane of cells on the fore boundary. The grid on
these planes was such that values were available to HULL without further
smearing due to interpolation in the boundary planes (i.e., there were data
points at the cell centers).

Figures 2-T show the HULL records of overpressure at 6 stations (See
Figure 1) for the three runs. Stations 1, 2, and 3 were assigned at X = 990,
1250, and 1500 cm, respectively, Z = 30 e¢m, and Y = 30 cm for the 3-D runs
(0= 0 for 2-D). Stations L, 5, and 6 were assigned to X = 990, 1250, and 1500
cm, respectively, Z = 500 cm, and Y = 30 em. Although assignment is to a
point in space, the recorded values are for a cell containing the point. The
results are best thought of as the average values in the cell, or
alternatively, as the values at the cell center. For example, station 1 in
the 3-D runs is in the cell between X = 960 and 1040, Y = 0 and 80, and Z = O
and 80, with center at (X,Y,2) = (1000,40,40),

In Figures 2-T7, and the others in this report, time O corresponds to the
HULL initiation time of 0.02 seconds, and of course, 30 ms corresponds to 0,05
seconds in HULL time. The 3 curves are labeled DONOR, 3DTRAN, and 3DBND9 to
identify results from the 2-D donor, the 3-D simulation of the 2-D run, and
the 3-D run in the smaller subspace using BOUND9 input, respectively.

There 1is a shift in time between the 3-D and 2-D curves, most noticeable
in the shock arrival time and rise, Most of this is from the different
treatment of overpressure recording for 2-D and 3-D. In 2-D runs, the
Pressure at the beginning of a time step is recorded with the station data.

In 3-D, the pressure is computed from energy and density at the end of the
time step. For this coarse mesh, the time steps varied from about 0.05 to 0.9
ms after 5 ms. The time shift appears smaller for Figure 4 since the time
step is less than 0.3 ms during the initial pressure increase. (Incidentally,
the time recorded with a time step for both 2-D and 3-D is the time at the
beginning of the time step. The time step is not recorded, and rnot all time
steps have output so the correct time is not known.) Considering the
coarseness of the grid, the agreement among these resulis is reasonable.

Three similar runs were made with cells approximately 40 cm on a side.

(Halved cell sizes were desired with the same boundaries as before). Since
HULL demands an odd number of cells inside the bourdary in the vertical
direction, there was a minor problem. In the 2-D run ard the 3-D full
simulation, the top boundary was located at 12L0 cm and the layer of cells
between 1200 and 1240 cm was declared to be ISLAND cells. This created a
reflective (symmetry) boundary at 1200 cm. For the BOUNDO top boundary in 3-D
an odd number of cells between Z = 0 and 560 cm was required. The 7 internal
cells with DZ = 80 cm were replaced with 15 cells with D7 = 38, 30, or LO cm.)
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Figures 8-13 are overpressure records ‘for these "4O cm grid" runs at the
same stations as for the the "80 cm grid" runs. As was expected, the time
shifts are less, the peaks are sharper and higher, and the curves have more
detail. The peak pressures for the full 3-D run is always somewhat higher

I
than the corresponding 2-D peaks. This is a consistent feature of HULL
probably due to minor differences in the finite difference algorithms.

The improvement was so encouraging that a 2-D donor run and the
corresponding 3-D run with BOUND9 input boundaries were run with cells
approximately 20 cm on a side (overpressure vs time plots, Figures 1L-19) and
for cells approximately 10 cm on a side (Figures 20-25). Except for station
1, the 2-D donor runs and the BOUNDS 3-D runs are more alike for the 20 cm
grids than for the 40 or 80 em grids. The time shift due to the time step has
been reduced to about 0.2 ms so the "smearing" of the shock front by
interpolation for and from BOUND9 input boundary data is more evident at those
stations near the BOUND9 boundaries, stations 1, 4, S5, and 6,

One would expect further improvement with the 10 cm grid runs. This is
not evident. There are several reasons, the principal one being additional
smearing due to interpolation in the supplied BOUND9 data in HULL. For al
the coarser grids, the HULLUP coding used an evenly spaced mesh on every side
between the BOUND9 values at their edges. By choosing the appropriate number
of mesh divisions there were points in the center of the cells on the evenly
spaced sides and near the centers in the Z direction. Such a fine grid was
not possible for the 10 c¢m grid. A much coarser mesh was forced by computer
space limitations. Hence, there was smearing in both the HULLUP irterpolation
and the HULL interpolation. This difficulty led to a realization that a
revision was necessary.

Another probable source of differences at stations 1, 2, and 3 is that
they are closer to the reflective bottom boundary in 2-D than in 3-D. For 2-D
they are in the third layer up between 20 and 30 cm, and for the 3-D they are
in the fourth layer between 28.5 and 38 cm.

The notches in the initial pressure rise in Figures 20 and 21 are probably
due to an initial decay of the incident shock followed by the reflected shock.
(The stations are 3 or 4 cells from the reflective bottom.) An alternative
explanation is to assume a Mach reflection which needs time to develop in the
3-D restart run.

Station 1 is near the left BOUND9 input boundary in the 3-D runs.
Apparently it is too close for a sharp reflected shock to develop.

Figures 26-31 show a comparison of the overpressure from the four donor
runs at each of the 6 stations. The plots for stations L, S, and 6 (Figures
29, 30, and 31) are much as one would expect: the peak pressure increases
with decreasing cell size, the rise and fall from peak pressure is much
sharper, and the curves are more detailed as cell size decreases. The same
results are not so true at stations 1, 2, and 3 (Figures 26, 2T, and 28)
because of the offset in position and the rapid decay of the peak reflected
pressure rear the reflective bottom boundary. The results seem to converge
ard the 20 cm and 10 ¢cm grid results agree fairly well., Better agreement
would be welcomed at stations 3 and 6 near the end of these short runs.
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Figures 32-37 show a comparison of the overpressures for the four BOUND9
ariven 3-D runs at the same b stations. Overpressure for the donor run with
the 10 em grid 1s included as an assumed "correct" curve. Here again the
convergence looks good with the 20 cm grid results and 10 cm grid resuits
being reasonably alike.

As was stated earlier, the presented results were all from an early
version of HULLUP and UPDATE changes to HULL for BOUNDY boundaries. The
HULLUP program was revised to supply line by line data on the input planes at
grid points that may be specified. The BOUNDY coding was revised to use the
line by line input. Spatial interpolation was retained, but cell centered
input is desirable. The results for the BOUND9 run with the 80 cm gZrid were
duplicated exactly with the new coding.

The BUUNDY run with the 10 cm grid was also rerun with the new coding.
Figures 33-41 show the overpressure records at the stations 1 through 4,
respectively, for the 2-D donor run and the 3-D BOUNDY driven runs with the
early coding, and with the revised coding. The revised coding did not make as
much difference as the autnor expected. There is some separation of the two
3=-D generatea curves at station 1, and the peak values at stations 2 and 3 are
noticeably different. The results at stations 4, 5, and 6 are nearly
identical.

There is no reason to doubt that the HULLUP coding will properly prepare
BOUNDY input for a 3-D RULL run trom a cylindricai 2-D run, or to doubt that
the BOUND9 changes to HULL will give a satisfactory 3-D continuation.
however, there are a number of things that were not tested: there was only
one computation field location, no test with a target, no test with the bottom
or aft ooundary a BOUNDY type, no 3-D start with a region partially fillea
Wwith non-ambient gas to check for conflict between the KELL set up and tne
BUUND9 boundary, no testing of the effect of changing gria size, no coordinate
shifting, and only accidental testing of one or two abort situations.

VI. CONCLUSIONS

‘the HULL BOUNDSY coding for 3-D HULL and the HULLUP program to prepare the
BOUND9 input from a cylindrically symmetric z-D HULL run seem to be working
properiy. Any use of them should be caretully monitored; more testing is in
order before making any permanent changes to our HULL code.

The 5-D run to be made must be thoroughly pianned. The locations otf the
bUUNLY input planes must be exact, on the low inaex boundaries and in the
centers of the external cells on tne high index boundaries. A grid of mesh
points on the BOUNDY input planes matching the centers of the 3-D HULL cells
is desirable since it reduces smearing due to interpolation. A careful
analysis of expected velocities and desired run time is needed Lo determine
the placement of boundaries for the s-D (and the ¢-D) run.

The HULL BOUNDY coding willi accept input on the boundaries from any source
as long as it is in the proper tormat in tne input files. For example, input
on a side that is constant in space and varies with time might pe useful and
would be fairly easy to construct. by coding a program like nULLUt, input
from any hydrocode couid be usea.
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> BOUND9 type input for 2-D codes has not been soded. A 2-D Cartesian, or
h) new cylindrical, run may be initiated in KEEL rrom a 2-D cylindrical donor. A
'\ large enough region would be needed to prevent false signals from necessarily
Q incorrect boundaries and such a region may not be possible. A 3-D run could Y
2 be made in tne same way but the region needed would have to be much larger '
than one with BUUND9 boundaries for the same uncontaminated run time.
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(A) CYLINDRICAL SPACE FOR 2-D DONOR COMPUTATION

(8) 2-D CUT IN CYLINDRICAL SPACE

(C) 3-D REGION WITH TRANSMISSIVE BOUNDARIES

(D) 3-D SUBREGION WITH IMPOSED-SOLUTION BOUNDARIES

(E) INITIAL EXTENT OF HIGH PRESSURE SPHERE (). -.(®
LOCATION OF STATIONS FOR RECORDING PRESSURE

Figure 1. Computation Regions.
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80 CM GRID, STATION 1
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Figure 2. Comparison of Overpressure From a 2-D Donor Run,
a Comparative 3-D Run, and a 3~D Imposed-Boundary Run
for an 80 cm Mesh at Station 1.

S IR




A

e Pl

80 CM GRID, STATION 2 '

e T -

e

A A ARy -Ry-H

600

DA .

OVERPRESSURE (kPa)
8

a)o..
1ooﬂ
0 T
(] 5 40

Figure 3., Comparison of Overpressure From a 2-D Donor Run, :
a Comparative 3-D Run, and a 3-D Impqsed-Boundary Run
for an 850 cm Mesh at Station 2. )
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- Figure 4. Comparison of Overpressure From a 2-D Donor Run, :
N a Comparative 3-D Run, and a 3-D Imposed-Boundary Run :
- for an 80 cm Mesh at Station 3. X
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Figure 5. Comparison of Overpressure From a 2-D Donor Run,
a Comparative 3-D Run, and a 3-D Imposed-Boundary Run
for an 80 cm Mesh at Station L.
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Figure 6. Comparison of Overpressure From a 2-D Donor Run,

a Comparative 3-D Run, and a 3-D Imposed-Boundary Run
for an 80 cm Mesh at Statlon 5.
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80 CM GRID, STATION 6
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Figure 7. Comparison of Overpressure From a 2-D “jonor Run,
a Comparative 3-D Run, and a 3-D Imposed-Boundary Run
for an 80 cm Mesh at Station 6,




40 CM GRID, STATION 1
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Figure 8. Comparison of Overpressure From a 2-D Donor Run,
a Comparative 3-D Run, and a 3-D Imposed-Boundary Run
for a 40 cm Mesh at Station 1.
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40 CM GRID, STATION 2
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Figure 9, Comparison of Overpressure From a 2-D Donor Run,
a Comparative 3-D Run, and a 3-D Imposed-Boundary Run
for a 4O cm Mesh at Station 2.
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Figure 11. Comparison of Overpressure From a 2-D Donor Run,
a Comparative 3-D Run, and a 3-D Imposed-Boundary Run
for a LO cm Mesh at Station k.
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Figure 12. Comparison of Overpreasure From a 2-D Donor Run,
a Comparative 3-D Run, and a 3-D Imposed-Boundary Run
for a 40 cm Mesh at Statlon 5.
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Figure 14, Comparison of Overpressure From a 2-D Donor Run and a
3-D Imposed-Boundary Run for a 20 cm Mesh at Station 1.
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Figure 15. Comparison of Overpressure From a 2-D Donor Run and a
3-D Imposed-Boundary Run for a 20 cm Mesh at Station 2,
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20 CM GRID, STATION 3
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Figure 16, Comparison of Overpressure From a 2-D Donor Run and a
3-D Imposed-Boundary Run for a 20 cm Mesh at Station 3.
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Figure 1T7. Comparison of Overpressure From a 2-D Donor Run and a
3-D Imposed-Boundary Run for a 20 cm Mesh at Station 4.
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Figure 18. Comparison of Overpressure From a 2-D Donor Run and a X
3-D Imposed-Boundary Run for a 20 cm Mesh at Station 5.
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) Figure 19. Comparison of Overpressure From a 2-D Donor Run and a

3~D Imposed-Boundary Run for a 20 cm Mesh at Station 6.
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Figure 20. Comparison of Overpressure From a 2-D Donor Run and a <

3-D Imposed-Boundary Run for a 10 cm Mesh at Station 1.
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Figure 21. Comparison of Overpressure From a 2-D Donor Run and a
3-D Imposed-Boundary Run for a 10 cm Mesh at Station 2.
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Figure 22. Comparison of Overpressure From a 2-D Donor Run and a
3-D Imposed-Boundary Run for a 10 cm Mesh at Station 3.
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Figure 23, Comparison of Overpressure From a 2-D Donor Run and a -
3-D Imposed-Boundary Run for a 10 cm Mesh at Station U, .
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Figure 24, Comparison of Overpressure From a 2-D Donor Run and a i
3-D Imposed-Boundary Run for a 10 cm Mesh at Station 5 N
(Donor runs at Station 1). s
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., 3-D Imposed-Boundary Run for a 10 cm Mesh at Station 6. j
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Figure 26. Overpressure From 2-D Donor Runs at Station 1.
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Figure 27. Overpressure From 2-D Donor Runs at Station 2.
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Figure 28, Overpressure From 2-D Donor Runs at Station 3.
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Figure 30. Overpressure From 2-D Donor Runs at Station 5,
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Figure 31. Overpressure From 2-D Donor Runs at Station 6.
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Figure 32. Overpressure From Imposed-Boundary Runs at Station 1.
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Figure 34, Overpressure From Imposed-Boundary Runs at Station 3.
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': Figure 36, Overpressure From Imposed-Boundary Runs at Station 5. -
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Figure 37. Overpressure From Imposed-Boundary Runs at Station 6.
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APPENDIX A
TABULATION OF PROGKAM HULLUP

Appendix A is a listving of a SCOPE 2 runstream to use HULLUP to prepare
BOUNDY bounaary input with a listing of file NUHULUP which contains the HULLUP
program.

Problem 8405.09 is the "80 cm grid" donor file described in section V.
Problem 5406.20 (or b416.2G) is the corresponding BOUND9 controlled 3-D test
run. Restart output from problem 8405.09Y is found in the MFz file
HULLBY405P09.

Since data was wanted at all the availabie times on tnis restart file, the
only input for namelist INDAT1 was the donor problem number.

Namelist NDAT1 and the 10 lines foilowing it describe the locations of the
boundaries for the 3=D run and the number of and locations of the data points
on these sides. Since KNM was negative, the mesh points were specified (the
10 lines after namelist NDAT1). Equivalent output data, for this case, could
have been formed by setting INM = 18, YNM = 14, and KNM = 16 in nameiist
NDAT1, with no additional input. 7This would give more mesh points, but the
only effective ones would be those at the cell centers. This is possible only
because the 3-D run has equal cell sizes.

Namelist NDAT2 informs HULLUP tnat BOUND9 boundary data is to be saved for
X = XN1 and Xh2 (the left and right bounaaries), Y = IN2 (the fore boundary),
and Z = ZN2 (the top boundary). Namelist TABDAT tells HULLUP the number of
times that output is wanted for each of these boundaries.




Pad ol W'
1

#& RUN STREAM FOR HULLUP #*=

WORTMANI(STMFZ,T350,P5)

ACCOUNT(esss%s) WORTMAN B309 X6028

COMMENT. PROGRAM TO PRDDUCE BOUNDARY INPUT FOR HULL FROM AN OLD HULL.
COMMENT. SET FOR PROB B8416,20 FROM PRNB 8405.,09., B8/10/84

LA D I A

" COMMENT, THIS SHOULD REPRODUCE 8406.20 WITH THE NEW HULLUP :
W COMMENT, THAT PRODUCES OUTPUT FILES WITH ROW BY ROW RECORDS. '
N COMMENT. ‘

' COMMENT, CHECKLIST FOR A NEW PROGRAM )
‘. COMMENT, CHANGE IDENTIFICATION LINES, THE INPUT FILE FOR TAPE9, .
! COMMENT, AND SET CATALOGGING OF QUTPUT FILES. '
¢ COMMENT, ADJUST NAMELIST AND OTHER INPUT BELOW.

COMMENT, CHECK PARAMETER STATEMENT VALUES, FRONT OF FILE NUHULUP.

o COMMENT.

ATTACH{TAPE®,HULL8405P09, ID=JDW)

COMMENT.  REQUEST PERMANENT FILES FOR POSSIBLE BOUNDS OUTPUT,

REQUEST(TAPELL,»pF) t

REQUEST(TAPEL2,*PF)

REQUEST(TAPEL13,%PF)

& REQUEST(TAPELl4y *PF) [
REQUEST(TAPELS,*PF)

., REQUEST(TAPEL6,*PF) '

L. COMMENT.  TEMPDRARY SET UP FOR COMPILING HULLUP.

S BEGIN(GETMFAsFILE, LF=HULLUP, PFeNUHULUP, UN=JDW )

UPDATE(Ns I= HULLUP)

COMMENT, FTNS(I,Le0,0PT=2)

FINS(I,L0=S/A/R/ My 0PTe2)

: LGO(*PL=10000)

o COMMENT. CATALOG FILES OF BOUNDARY DATA HERE.

2 CATALDG(TAPE11,P841620L8, ID=JDW)

) CATALOG{TAPE12,PB841620RBs ID=JDW)

COMMENT, CATALOG(TAPE13,P8416208B,ID=JDW)

5 CATALOG(TA®PE14,P841620TB, ID=JDW)

- COMMENT., CATALDG(TAPE15sPB41620AB,1D=JOW)

’, CATALOG(TAPE16,PE41620FB, ID=JDW)

*EOR

SINDAT1 PROBIN=8405.09 $

X

ey

(. SNDATL XN1=880.sXNM=21560,»INMa2Q, YN120:.0s» YNN2520,0,JNN=T, s
> IN120,0s ZNH=6004 s KNH=-8$ :
o 920.0 \
o, 80.0 8 '
> -1 f
¢, 40.0 3
80,0 4
n 80.0 2
- -1
- 40.0 )
; 80.0 7 d
o -1 |
"o SNDAT2 NBND = 1,1,0,1,0,18 \
STABDAT LASTPR = 5,54,05450,38
(
. ¢
. 1
- ‘
N )
5 X
. 67
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2 HULLUP ##

%/ FILE NU4ULUP. HULLUP FOR 3D BOUND9 INPUT FROM 2D OONIR,

%/

s/ FIRST, THE 3 COMMIN DECKS FOR SUBPROGRAMS IN HULLUP.
./ THE FIRST 2 HAVE DONUR AND RECIPIENT ARRAY DIMENSIONS.

*/ PARAMETERS SET FODR PRDB 8407,24 FROM 8607.22.

*/ THEY MAY BE CHANGED IF NECESSARY,

./

*COMDECK CDIN1
c VARIABLE DIMENSICNS FOR NDANDR ARRAYS.
PARAMETER(IIBIGw257,1JB]IG=123,IKRIG=2,ILBIG=5000)
COMMON /CDIN1/ XI(IIBIG)»DELXI(IIBIG),YI(IJBIG),DELYI(IJBIG)
. sHYDROIC(ILBIG) 2ZI(IKBIG)»DELZICIKBIG)
sCOMDECK CDNU1
[ VARTIABLE DIMENSIONS FOR RECIPIENT ARRAYS
PARAMETER(NIJKMAX=200,NLE81G=1000)
COMMON /CDNUL/Z XNINTIUKMAX)I> YNINIJKMAX) s IN(NIJKMAX)»BND(NLBIG),
+ BND2(NLBIG)
SCOMDECK CDCOM
c OTHER COMMON TERMS FOR HULLUP.
COMMON/CDIN3/ IN9,PROBIN,CSTART,IIMAX, TIMAXY s IJMAX)IJMAX],
+ IKMAXy IKMAX1, IGEQM, INHy IROWPB, INHPS,
+ ITYPESITIME,CYCLEI,TIMEIN
COMMIN/CDNU3/Z XN1,XNMyYN1, YNM) ZN1s ZNMy INM, JNMyKNM,TSHy XSHs YSHs ISH,y
* NNHyNBND(6) s NFOUT(6),XYZB(6)s ICONV,NXPLINYPLSNZPL
*DECK HULLULP
PROGRAM HULLUP({INPUT,QUTPUT,TAPEG,TAPEL1» TAPEL2,TAPEL3,TAPELS)
¢ TAPE1S,TAPELG, TAPES«INPUT,TAPEG=OUTPUT,TAPEL,TAPE2!}
* % % & %
4ULLUP EXTRACTS BOUNDARY INPUT VALUES FOR A NEW HULL RUN FROM
A HULL RESTARY FILE., THE OLD HULL RUN IS CALLED DONOR OR OLD.
PARAMETERS FOR OR FROM IT MAY HAVE PREFIX OR SUFFIX I OR IN ,
THE NEW HULL RUN WILL BE CALLED RECIPIENT OR NEW., PARAMETERS
FOR IT MAY HAVE PREFIX OR SUFFIX N OR NU,

AN ATTEMPT HAS BEEN MADE TO ALLOW FOR FUTURE CHANGES. THIS
FIRST CODING WILL BE FOR A CYLINDRICAL SYMMETRIC DONDR AND
PREPARE BOUNDARY DATA FOR A 3D CARTESIAN RECIPIENT.
WE HAVE MACE OTHER ASSUMPTIONS.
THE RESTART DATA IS ON ONE FILEs, TAPE9. (WE WILL SET IN9s=9
AND USE INO TO MAKE POSSIBLE CHANGE SIMPLER,)
THE COORDIMATE POINTS OF DATA ON IN9 MAY CHANGE BETWZEN OUMPS.
WE ASSUME NO ISLAND OR SHORE CELLS ON NEW BOUNDARY PLANES.
NNH=5 FOR 30. (IE 5 HYDRG VARIABLES QUTPUT)
FOR CYLINDRICAL DONDR, RADIAL VELOCITY AT R = 0,0 SET TO 040
* % s &
WE HAVE VARIABLE PARAMETERS AND ARRAYS IN COMDECKS.
VARIABLE DONDR PARAMETERS IN CDINl.
VARIABLE RECIPIENT PARAMETERS IN CDNU1.
* * % % @
INPUT
* % % & %
INPUT IS THRU NAMELIST INPUT, OR DATA, ON TAPES AND FROM IN9.

s ] NAMELIST /INDATL/ (THIS IS READ IN HULLUP, I.E. MAIN)

ING -~ FILE FOR OLD HULL RUN RESTART DUMPS, DEFAULT = 9,
THIRD FILL ON PROGRAM CARDe. MUST ATTACH IN RUN STREAM,

PROBIN - OLD PROBLEM NUMBE. ON INPUT FILE. REQUIRED.
CSTART = STARTING CvCLE NUMBER OLD DATAs DEFAULT = 0,0,
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CSTOP - UPPER BOUND FIR INPUT CYCLES. WILL PROCESS INPUT .
CYCLES UNTIL CYCLEI GT CSTQOP OR INPUT FILE ENDS. K
DEFAULT = 9999999, K

IN9 HAS A VARIABLE NUMBER OF HULL RESTART OUMPS., EACH
OUMP IS A HEADERs, A 2-BLNCK» A VERTEX RECORD» AND HYDRD DATA,
THE HEADER RECORD IS & NUMBERS.

1 - SIGNAL. 55540 FOR A RESTART DUMP, 66640 FOR END OF FILE,

2 - DONOR PROGRAM NUMBER, THIS MUST BE THE SAME AS PROBIN,

3 -~ CYCLE NUMBER.

4 - TINME. g’

THE 2-BLOCK IS A 200 WORD RECORD, 92 NAMES AND VALUES, AND ID. '
WE WILL EXTRACT 7 VALUES. <

IIMAY, - THE NUMBER OF CELLS IN THE X DIRECTION.

TJMAX - THE NUMBER OF CELLS IN THF Y DIRECTION. A
IKMAX =~ THE NUMBER OF CELLS IN THE 2 DIRECTION. 3
INH =~ NUMBER OF HYDRD VARIABLES/CELL. WE USE ONLY 4, ]
IDIMEN = INPUT PROSBLEM DIMENSION., (WE ASSUME ONLY 2D NOW)
IGEOM <~ INPUT GEOMETRY. 1-CARTESIAN, 2=-CYLINDRICAL ASSUMED. .
IROWPB ~ ROWS STORED/BLOCK. (EACH BLOCK IS A RECORD). .

VERTEX RECORD
20 = (XI(I)yIe2,TIMAX+1)s (YIlJ)rdmlyIJMAXeLl)e XI(1)e0s0 ASSUMED,
30 = (XI(I)slods TIMAX+42)o (YI(J)pdolo TUMAX+L),(2T(K)sKnly IKNAX®L), i
HYDRO VALUES. INH®*IIMAX®IROWPB VALUES PER RECORD. :

FOR EACH CELL IN 2D, THE FIRST 5 HYDRO VALUES ARE. -

PRESSURE THAT IS NOT USEFULe IT IS FOR ANOTHER TIME.

X VELOCITY COMPONENT (RADIAL VELOCITY FOR CYLINDRICAL)s (CM/SEC)

Y VELOCITY COMPONENT (AXIAL VELOCITY FOR CYLINDRICAL). (CM/SEC)

SPECIFIC ENERGY. (ERGS/GM)}

MASS IN THE CELL. (6M)

N MrwNe
10t

NAMELIST /NDATY/ (READ IN STRTNU)

THIS DESCRIBES THE NEW BOUND9 PLANES. SOME EXPLANATION IS NEEDED.
FOR LW INDEX BOUND® BOUNDARIES, HULL NEEDS VALUES CENTERED ON
THE OUTSIDE EDGE OF EACH BOUNDARY CELL. FOR HIGH INDEX BOUNDS
BOUNDARIES, VALUES ARE NEEDED IN THE CENTER OF THE EXTERNAL CELLS.
HULL WILL INTERPOLATE IN THE SPACE DEFINED ON A PLANE. IT WILL
NOT EXTRAPOLATE. ACCURACY WILL BE BEST IF THE CELL CENTERS FOR E
THE NEW HULL GRID ARE SPECIFICALLY INCLUDED IN THE BOUND9® MESH, -
XN1,XNM,YNI,YNM,IN1» INM ARE THE LOCATIONS OF BOUNDARY PLANES. -
(XNCT) »Tulp INMI» (YN(JI D2 JIm1pINM) s (ZN(K)pK=1yKNM) ARE THE MESHES
ON THE BOUNDARY PLANES, "3
2D DONDR CELL VERTICES ARE (XI(I)»I=lsINAX4L)y(YI(J)pJmlrJNAXel) .
X0 = XI(1l) IS 0.0, XI(IMAX+#l) AND YICIMAX+1l) EXTERNAL.
THE HYDRO IN EXTERNAL CELLS IS NOT USEABLE.
WE HAVE THE FOLLOWING RESTRICTIONS FOR A 3D RECIPIENT. -
FOR XMAXsXI(IMAX)») YMAX=YI(JMAX)s» XO=XI(1)s AND YQeYI(1l), g
(SQRT(XN(I)*#2+YN{J)%%2) LT XMAX AND YD LE ZIN(K) LE YMAX, .

e TR LI

ALL POINTS ON AN DUTPUT PLANE MUST BE INCLUDED INSIDE THE SPACE ;
DEFINED B8Y THE 20 DONOR GRID. .
MAKING 2 OR 3 SEPERATE RUNS MAY BE MORE CONVENIENT. =

= = NAMELISY TERMS - -

XNl = LEFT BOUNDARY. DEFAULT =0.0. X
XNM - RIGHT EXTERNAL BOUNDARY CELL CENTER. REQUIRED. -
YNl - 20 BOTTOM BOUNDARY, 3D AFT BOUNDARY, OEFAULY = 040, Kk
YNM - 2D TOP, 3D FORE, EXTERNAL BNUNDARY CELL CENTER. REQUIRED. -
IN1 - 3D BOTTOM BOUNDARY. DEFAULT = 0.0, N
INM - 3D TOP EXTERNAL BOUNDARY CELL CENTER. REQUIRED FOR 30.

INM -~ NUMBER OF X POINTS IN OUTPUT ARRAYS, DEFAULY = 200. b
JNM - NUMBER OF Y POINTS IN OUTPUT ARRAYS. DEFAULY = 200. N
KNM —~ NUMBER OF Z POINTS IN OUTPUT ARRAYS, DEFAULT = 200, <

ﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂﬁﬂﬂﬂﬂﬁﬂﬂﬂﬂﬁﬁﬂﬂﬂﬂﬂﬂﬂﬁﬂ?ﬁﬂﬁﬂﬂﬂﬂﬁﬂﬂnﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ
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TSH
XSH
YSH
1SH

SHIFT IN TIME. TIMENU = TIMEIN - TSH., DEFAULT = 0.0.
X SHIFT. XNU = XIN - XSH. DEFAULT = 0.0
Y SHIFT. YNU @ YIN - 2SHe DEFAULT = 0.0
Z SHIFTe INU = XIN = XSHe OEFAULT = 040

THE OUTPUT MESH CAN BE DEFINED IN 2 MUTUALLY EXCLUSIVE WAYS.
(1) IF INM>0, JNM>0, AND KNM>0, THEN
XN(I) = XN1 + (I-1)#(XNM~XN1)/(INM=1) FOR JI=),INM
YN(J) = YN1 ¢ (J-1)*(YNM~YN1)/(JNM~1) FOR J=1lsJNM
INC(K) = IN1l + (K-1)*(ZNM-IN1}/(KNN-1} FOR Kel,KNM

(2) IF ANY OF INM, JNM, OR KNM < O, THEY ARE SET POSITIVE AND
THE FOLLOWING LINES ARE READ WITH FORMAT (E15.8,15):
XN(1)
0X1y N1 - FROM WHICH XN(I) = XN(I-1)+DX1 FOR Je2 TD Nl+1
DX2sN2 == FROM WHICH XN(I) = XN{(I-1)¢DX2 FOR IeNl¢l TO N1e¢N2+1l,
L] L] L] L L] L] L]
DXLsNL -- FOR XN(I) UP TO I=14N14N2+,,.NL (=2 INM),
ANYp =) --— TERMIMATOR FOR X GRID.
MUST HAVE 14N1eN2+,,.¢NL = INM,

FOLLOWED By SIMILAR INPUT FOR YN(J) AND THEN INI(X).
THEN),
o% 3 NAMELIST /NDATZ2/ MORE INPUT FOR NEW PROBLEM. (READ IN STRTNU)

NGEOM -~ NEW GEOMETRY. 2 IS CYLINDRICALs, 1 IS CARTESIAN.
DEFAULT IS 1 (CARTESIAN)

NDIMEN - OUTPUT DIMENSIONS. 2 OR 3. DEFAULT = 3,

NNH = NUMBER OF QUTPUT HYDRO VARIABLES PER POINT.
DEFAULT =« 5,

(NBND(I)sIels6) -~ SIGNAL FOR BOUNDARY 1,
FIND DUTPUT FDOR BOUNDARY I IF NBNO(I) = 1, DEFAULT = 0.
BOUNDARIES IN ORDER ARE LEFT)RIGHT,B0TTOM,TOP,AFT,FORE.,
(AT LEAST ONE NBND(I) = 1, OR A NULL REQUEST.)

L I I
R

‘r‘fl A

{NFOUT(I)»1=1,6) - FILE TO STORE NBND(I) RESULTS IN,
DEFAULT = T + 10,
THESE ARE THE 4TH THRU 9TH FILE ON PROGRAM LINE.
THOSE WITH NBND(I) = 1 TO BE CATALOGED IN THE RUNSTREANM.

o

$¢ & NAMELIST/TABODAT/ CONTROLS TAB OF BOUND9® FILESe. (READ IN REWRIT)

g

o T IR |
.

PR A AR

(INITPR(I})»I=1,6) - FIRST DUMP OF NFOUT(I) TO TAB. DEFAULT=1.

‘e
a%

(LASTPR{I)»Ie1,6) ~ LAST TIME DUMP OF NFOUT(I) TO TAB. DEFAULTe0,

CINITRO(TI)»I=1,6) - FIRST ROW OF NFOUT(I) TGO TAB. DEFAULT = 1.

e
e
ot el

(LASTRO(I)»I=156) = LAST ROW OF NFOUT(I) TO TAB. DEFAULT = 10.

Q

a s
Y
»

¢ % & SUBROUTINES ¢ #*» =
MOST OF THE PROGRAM IS IN THE MAIN PROGRAM CALLED HULLUP.
THERE ARE NOW (87/08/84) SIX SUBROUTINES.

L

STRTIN = INITIATION FOR READING THE INPUT FILE (IN9).
READ HEADER RECORD FROM IN9., CHECK THAT OLD PROGRAM NUMBER

*
f
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IS PROBIN. READ THE FIRST Z-BLOCK, EXTRACT AND COMPUTE TERNMS.
CHECK THAT INPUT ARRAY MAXIMA, (IIBIG,IJBIG,IKBIG,ILBIG), ARE
LARGE ENOUGH.

STRTNU - INITIATION FOR THE NEW HULL.
READ NAMELIST INPUTS NDAT1 AND NDAT2. SET UP QUTPUT POINTS
AND PARAMETERS. CHECK THAT QUTPUT ARRAY MAXIMA, (NIJKMAX
AND NLBIG)s ARE BIG ENOUGH.

NXTIM(IEND) = LOCATES NEXT TIME DUMP ON IN9., (2D ONLY)
IF ITIME = 0, SEARCH FOR CYCLEI=CSTART. READ DUMP HEADEP.
BYPASS THE I-BLOCKe READ 2D VERTICES AND SET UP VOLUME TERMS
AND MIDCELL VALUES. SET IEND TD O» 1, OR -1. O FQR HYDRO
DATA AVAILABLE, 1 FOR NORMAL FILE ENDs» =1 FOR READ TROUBLE.

FINDI(I»ZyYsIN) FIND I FOR LINEAR INTERPOLATION IN Y.
Isl IF 7 < Y(2)y I=INM=1 IF Z > Y(IM=~1)» OR Y(I) < 7 <= Y(]41),

NXTBLK(JP»IHB) <~ GET HYDRO INPUT DATA. (20 INPUT ONLY)
IHB IS THE LAST HYDRO BLOCK READs JP IS ROW OF DATA NEEDED.
THE PROGRAM CHECKS FOR BLOCK NEEDEDe IT IS PUT IN HYDROI(=-).

WRITPLIIBND)NF)X» XSsYaNYs YS,2,NIs2IS>BsNL) —- TEMPORARY DUMP TO NF.
ROW DUMP FOR A BOUNDARY PLANE. IF FIRST ENTRANCE FOR THIS
TIME, DUMP HEADER AND GRID., AFTER NZ ENTRANCES FOR FILE NF
THERE ARE 2+NZ RECDRDS ON FILE NF,

1 - HEADER OF 7 TERMS.
555.9 PROBINy TIMINSXoNNH;NYp N2
2 - LOCATION OF POINTS IN THE PLANE.
(Y(J)sJd=1sNY)s (Z(K)yKu1yNZ)
2+NI -~ HYDRD DATA FOR THE FDR KTH ROW IN PLANE, (K=1l,NZ).
(BND(L)»L=1pNL) WHERE NL = NNH®NY,
L1 1 AFTER THE FINAL TIME OUMP A HEADER IS DUMPED, ALL 666.

REWRIT(IBNDsNF) -~ REPLACES CONTENT OF FILE NF WITH FINAL OUTPUT.
THE CONTENTS OF NF ARE PUT INTO 2 FILES THEN COLLATED
AND PUT BACK ON NF WITH 2 SUCCESSIVE TIMES AT EACH DUMP.
AGAIN THERE ARE 2 + N2 RECORDS PER TIME OUMP,
EXCEPT FOR 2 SUCCESSIVE TIMESs TI1»TIZ2» TERMS AS IN WRITPL.
1 - HEADER OF 8 TERMS.
555405 PROBINy TI1» TI2, Xs NNHyNYs N2
2 = LOCATION OF POINTS IN THE PLANE
(YN(J)pJ=1,NY)» (IN(K)sK=1p,N2Z)
2¢NZ - HYDRO DATA AT TI1 AND THEN TI2 FOR ROW Ks (Ke=l,NZ).
(BND(LY,L=1sNL)5s (BND2(L)sL=2pNL} WHERE NL=NNH®NY,
BND(L) IS HYDRN AT TIME TI1, B8ND2(L) HYDRO AT TIZ.
*5* AFTER THE FINAL TYIME DUMP A HEADER IS DUMPED, ALL 666

* % & * % GLOSSARY OF TERMS * % & = &
SYMBOLS -~ * NAME IN A COMMON.
D NAME IN A COMDECK (CDIN1, CDNUl, OR CDCOM).
N IN A NAMELIST INPUT.
I VALUE IS FROM ZBLOCK ON (IN9), DIRECT OR COMPUTED.
~XXXXX_ DENOTES PARAMETER IN COMDECK CDIN1l OR CDNU1l.

*0 BND( _NLBIG_) - ARRAY FOR ROW OF NEW HYDRO DATA,

*D BNO2(_NLBIG_) - ARRAY FOR ROW OF NEW HYDRO DATA,

*N CSTART ~ STARTING CYCLE TO BE MATCHED ON FILE INS.

N CSTDP =~ STOP PRODCESSING CYCLES AFTER CYCLEI >= CSTOP.

* CYCLEI - PRESENT CYCLE.

*0Z DELXI(_IIBIG_) - VOLUME CONTRIBUTION IN X DIRECTION FOR CELL.
*07 OELYI(_IJBIG_.) - VOLUME CONTRIBUTION IN Y DIRECTION FOR CELL.
®07 DELZI(_IKBIG_) ~ VOLUME CONTRIBUTION IN 2 DIRECTION FOR CELL.
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CDCOM COMDECK, COMMONS /CDIN3/ AND /CDNU3/,

CDIN1 - CNMDECK, COMMON/CDIN1/», PARAMETERS AND OONOR ARRAYS.
CONU1l -~ COMDECK, COMHMON/CDNUL1/, PARAMETERS & RECIPIENT ARRAYS,
FINDI -~ SUBROUTINE TO LOCATE INTERPOLATION INDEX.
HYOROI(_ILBIG_) =~ ARRAY FOR 1 BLOCK OF INPUT HYDRO VALUES.
IBND - COUNT ON POSSIBLE QUTPUT FILES.
ICONV - CONVERSION TYPE. 2 IS CYLINODRICAL TO 2D CARTESIAN,
3 IS CYLINDRICAL TO 3D CARTESIAN, (3 ONLY 8/08/84)
COMBINES IDIMEN, IGEOM» NDIMEN, AND NGEOM,
IDIMEN - DIMENSIONS OF OLD HULL RUN.
IEND - SIGNAL FROM NXTIM. O MEANS NEW TIME ON FILE (IN9),
1 MEANS NORMAL END OF IN9, -1 DENOTES READING ERROR.
IGEOM - GEOMETRY OF OLD HULL RUN, 1 CARTESIAN, 2 CYLINDRICAL.
<JIBIG_ = ARRAY SIZE. NEED IIBIG > JIMAX.
IIMAX ~ IMAX FROM DONOR 2-BLOCK.
JINAX1 = IIMAX + 1,
JIJBIG. - ARRAY SIZE. NEED IJBIG > IJMAX.
IJMAX - JMAX FROM DONOR Z-BLOCK.
IJMAX] - TJMAX + 1.
JIKBIG_ - ARRAY S51ZE. NEED IKBIG > IKMAX.
IKMAX - KMAX FROM DONOR Z-BLOCK,
IKMAX) = IKMAX + 1.
JILRIG_ - ARRAY SIZE. NEED ILBIG >= INHPB = TIMAX®*IROWPB*INH
INS = FILE NUMBER OF OLD HULL RESTART FILE,
INH ~ NUMBER OF HYDRO VARIABLES/POINT IN OLD HULL.
INKPB - NUMBER OF HYDRO VARIABLES/BLOCK IN OLD HULL.
INITPR(6) - TIME DUMP TO START TABULATION OF NFOUT(1)r1I=1,6.
INITRO(6) — INITIAL ROW TO START TABULATION IN NFOUT(I)»I=l,b,
INM ~ NUMBER OF QUTPUT POINT IN X DIRECTION.
IP - POINTER FOR INTERPOLATION IN X,
IROWPB - ROWS/BLOCK IN HYDROI.
ITIME - TIME DUMPS PROCESSED. (REPEATED FOR EACH BOUNDARY),
ITYPE - INPUT TYPE. 1sCYLINDRICAL, 2=20 CARTESIAN, 3=3D.
JNN = NUMBER OF Y DIRECTION POINTS FOR OUTPUT.
JP ~ POINTER FOR INTERPOLATION IN Y.
KNM - NUMBER OF Z DIRECTIGN OQUTPUT POINTS.
LASTPR(6) — TIME DUMP TO STOP TABULATION OF NFOUT(1),I=1,6.
LASTRO(S) = LAST ROW TO TABULATE IN NFOQUT(I)yI=l,6e
NBND (6) - SIGNAL FOR BOUNDARY OUTPUT. O IS NO» 1 IS YES.
NDIMEN -~ DIMENSION FOR NEW HULL.
NFOUT(6) — FILES FOR BOUNDARY OUTPUT FOR NEW HULL.
NGEOM - GEOMETRY DF NEW HULL RUNe ONLY 1 (CARTESIAN} NOW.
MAY ADD 2 FOR CYLINDRICAL LATER.
_NIJKMAX_ -ARRAY SIZE., NEED NIJKMAX >= MAX(INMyJNMsKNM),
NLBIG_ = ARRAY SIZE., NEED NLBIG >= MAX{NXPLsNYPL,NZPL},
NNH - HYDRD VARIABLES/PDINT FOR NEW HULL PROBLEM (5 FOR 30D).
NTYPE ~ NEW HULL TYPE. 1sCYLINDRICAL, 2=2D CARTESIAN, 3+3D.
NXPL - NUMBER OF HYDROS/LINE FOR OUTPUT X-PLANES (NNH®JNM).
NXTBLK = SUBRJIUTINE TO FIND NEXT BLOCK OF HYDRO DATA ON (IN9).
NXTIM - SUBROUTINE TO FIND NEXT TIME DUMP ON FILE IN9»
BYPASS Z-BLOCK, READ AND PROCESS VERTICES,
NYPL - NUMBER OF HYDROS/LINE FOR OUTPUT Y-PLANES (NNH®INN).
NZPL ~ NUMBER OF HYDROS/LINE FOR OUTPUT Z-PLANES (NNH®*INM),
PROBIN -~ PROBLEM NUMBER OF DONDR HULL PROBLEM.
STRTIN - SUBROUTINE. CHECKS PROBLEM NUMBER, GETS Z-BLOCK DATA,
CHECKS ARRAYS FOR INPUT.
STRTNU - SUBROUTINE. READS NAMELIST INPUT FOR NEW HULL.
SETS UP POINTS. CHECKS OUTPUT ARRAYS SIZES.
TIMEIN = TIME OF HULL DUMP BE ING PROCESSED.
TI1,TI2 ~ TIMES FROM 2 SUCCESSIVE HULL DUMPS.
TSH - TIME SHIFT FROM OLD TO NEW HULL.
XI{_T118IG_) - VERTICES, THEN MID-CELL VALUES, FROM OLD HULL.
XN{_NIJKMAX_} = OUTPUT POINTS IN X DIRECTION.
XN1 ~ LEFT DUTPUT BDUNDARY. MAY BE MINIMUM X FOR OUTPUT GRIDS




X € s 1 2

-.I

aira I D S

N
*N

*DZ
*D
N

N

*N
%01
*0
*N
*N
N

OO AMOO0ONO

-
o
»
~
-

sCALL
sCALL

25

o0

2000

2005

(2 X2 X2l

3000
3010

3020

3030

(2] OO0 (2] [a]

XNM - RIGHT EXTERNAL CELL CENTER. MAY BE MAX X FOR GRIDS.
XSH = SHIFT IN X FROM OLD TO NEW HULL.
XYZB{6) - DUTPUT BOUNDARY LOCATIONSe (XN1l,y XNMs VN1, YNMs ZIN1»ZINM)
YI(_1JBIG_) - VERTICES, THEN MIDCELL VALUES FROM OLD dULL.
YNC_NIJKMAX_) = OUTPUT POINTS IN Y DIRECTION.
YN1 = AFT QUTPUT BOUNDARY (3D). BOTTOM BOUNDARY (2D},
MAY BE MINIMUM X FOR NUTPUT GRIDS FOR Y AND I PLANES.
YNM - EXTERNAL CELL CENTER, FORE BOUNDARY 3D, TOP BOUNDARY 20D,
MAY BE MAXIMUM Y FOR QUTPUT GRIDS FOR X OR I PLANES.
YSH - SHIFT IN Y FROM OLD TO NEW HULL.
II(_IKBIG_ ) ~ VERTICES, THEN MIDCELL VALUES, FROM OLO HULL.
INC_NIJKMAX_) = POINTS FOR QUTPUT IN Z OIRECTION,
IN1 - 80TTOM BOUNDARY, MAY BE MINIMUM I FOR OUTPUT GRIDS.
INM ~ TNP EXTERNAL CELL CENTER, MAY BE MAX Z FOR OUTPUT GRIDS
ISH ~ SHIFT IN Z FROM 0OLD TO NEwW HULL.
CDIN
CONU1
CDCNM

SET UP PARAMETERS FOR INPUT FILE
NAMEL IST /INDAT1/ IN9,PROBIN,CSTART,CSTOP
INPUT DEFAULTS
ING = 9§
CSTART = 0
CSTOP = 9999999,0
READ{5,INDATL)
WRITE(6,INDATL)
CALL STRTIN
SET UP PARAMETERS FOR THE NEW HULL DATA.
CALL STRTNU
READYs GO TO CODING FOR SELECTED CONVERSION.
IF(ICONV +EQ. 216070 2000
IF(ICONV +EQ. 3)GOTO 3000
WRITE(6,25)ICONV
STOP t  ABORT HULLUP 25, NO ICONV CODING.!
FORMAT(//% #%x ABORT, HULLUP 25, NO CODING FOR ICONV = ¢,12)
CODING FOR ICONV =2 NOT YET INSERTED.
CONTINUE
WRITE (6,2005) ICONV
STOP ' ABORT HULLUP 2005. NO ICONV CODING.!
FORMAT(//7% *% ABORT. HULLUP 2005. NO CODING FOR ICONV = ',12)

ICONV = 3, INPUT 2D CYLINDRICAL, OQUTPUT 3D CARTESIAN.
START LOOP ON BOUNDARIES FOR IBNDel,6.
IBND = ©
IBND = IBND ¢ 1
IF(IBND +EQ. 7)60TD 10000
IF(NBND{IBND) .GT. 0)GOTD 3020
GOTO 3010
START LNOP ON TIME., ITIME IS A COUNTER.
ITINE = O
REWIND (IN9)
FIND NEXT TIME DUMP (INITIALLY FIND CSTART) AND VERTICES.
CALL NXTIM(IEND)
IF END OF READABLE FILE, GOTO END OF TIME LOOP.
IF(IEND NE. 9)G0OTO 3900
THE INPUT TIME ODUMP HAS BEEN FOUND.
VERTICES READ, CELL CENTERS AND VOLUME VALUES SET.
BRANCH ON BOUNDARY. 1,2 X~PLANE 3,4 I-PLANEs 556 Y~PLANE.
GOT0(305003050,3500,3500,3750,3750), 18ND
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XPLANE BOUNDARY. IBND = 1 QR 2.

3050 CONTINUE

SET UP SOME PARAMETERS.
NN = (JN-1)*NNH IS LOCATION FOR OUTPUT HYDRODS.
KN IS ROWs JN IS COLUMN IN THE OUTPUT PLANE.
IHB IS INPUT HYDRO BLOCK NUMBER,
JP AND JP2 ARE THE ROW POINTERS IN THE INPUT PLANE.
YI(JP) oJLE, ZIN(KN) LLT, YI(JP2), JP2 = JP + ],
I8 = O
Jr =1
JP2 = JP+d
START LOOP ON IN,
DO 3140 KN=1,KNM
NN=0
IP = IN(KN)
CALL FINDI(IP»ZP,YIp IJMAX) -
IR IS THE INTERPOLATION RATIO FOR Z IN YI(JP) TO YI(JP+1),
IR = (ZP = YIWIP))I/(YI(JP+1)=-YI(JP))
IF(JP oLTe (IHB-1)*#IROWPB 41 «OR, JP 4GT. IHB*IRQWPB)
+ CALL NXTBLK(JP,IHB)
GET READY TO INTERPOLATE IN XI (FOR F(RsYI(JP)),
IP = 1
X=PLANE. START LOOP ON JN,.
XP = XYZB(IBND)
XPSQ = XP*XP
DO 3090 JN=1,JNM
YP = YN{JN)
YPSQ = YP*YP
RIN = SQRT(XPSQ + YPSQ)
CALL FINDI(CIPHSRIN»XI,»IIMAX)
LI = ((JP=(IHB=1)%IROWPB =1)*IINMAX ¢ IP~-1)®INH
RR = (RIN = XI{IP)I/Z(XI(IP+1) - XI(IP))
FIND F(RIN,XI(IP)) FOR F = VR,yVZI,EsRHO,.
RADIAL VELOCITY, AXIAL VELOCITY, SPECIFIC ENERGY, AND
DENSITY,RESPECTIVELYe DENSLITY IS MASS/VOLUNE.
BND(NN+2) = HYDROI(LI+2) + (HYDROI(LI+2+4INH) = HYDROI(LI+2))*RR
BND(NN+3) = HYDROI(LI+3) ¢ (HYDROI(LI+3+INH) = HYDROI(LI¢3))*RR
BND(NN+4) s HYDROI(LI+4) ¢ (HYDROI(LI®4+INH) = HYDROI(LI+4))*RR
RHOIP = HYODROI(LI+5)/(DELXI(IP)ISDELYI(JP))
RHOIP1l = HYDROI(LI+S+INH)/(DELXI(IP+1)#DELYI(JP))
BNDUNN+5) = RHOIP + (RHOIP1 - RHOIP)®RR
NN = NN ¢+ NNH
CONT INUE
NeO FINISHFD INTERPOLATION FOR F(R,YI(JP)) FOR A ROW.
NN=
Ip=1
YI(JP2) IS NOW THE INPUT Yo Y GT IN., (JP2=yP+l)
IS A NEW INPUT HYDRD BLOCK NEEDED?
IF (JP2 ¢6Te IHB*IROWPBICALL NXTBLK (JP2sIHB)
READY TO INTERPOLATE FOR F(RyYI(JP2)s THEN FOR F(Ry2).
X=PLANE. IBND = 1 OR 2. LOOGP ON YN,
D0 3130 JN=1,JNM
YP = YN(JN)
YPSQ = YPxyP
RIN = SQRT(XPSQ + YPSQ)
CALL FINDICIPSRINyXIsIIMAX)
LI = ((JP2 -~ (IHB-1)*IRDWPB ~1)®IIMAX + IP=1)*INH
RR = (RIN = XI(IP))/(XI(IP+l) = XI(IP))

FIND F(RIN,YI(+)), THEN F(RIN,ZIN) FOR VX,VY,VIy»E,RHO.
HYDROP = HYDROI(LI+2) + (HYDROI(LI®2¢INH) = HYDROI(LI+2))*RR
HYDROP « BND(NN¢2) ¢+ (HYDRDP - BND(NN+2))*2R

HYDROP = VR, FIND AND SAVE VX AND VY VELOCITY COMPONENTS.
IF(RIN +GT, 0.,0)60T0 3103

1ERD RADIUS. SET VX = VY = 0,0,




v BND(NN+1) = 0,0
BND(NN+2) = 0,0
60TO 3104
3103 BND(NN+1) = HYDROP*XP/RIN
BND{NN+2) = HYDROP*YP/RIN
3104 AYDROP = HYDROI(LI+¢3) + (HYDROI(LI+3¢INH) — HYDROI(LI#3))*RR
BND(NN+3) = BND(NN+3) ¢ (HYDRODP — BND(NN¢3))*ZR
HYDRIP = HYDROI(LI+4) + (HYDROI(LI+4+INH) — HYDRDI(LI#+4))*RR
- BND(NN+4) = BND(NN¢4) + (HYDROP - BND(NN¢&4))*ZR
5 RHOIP = HYDROI(LI+5)/(DELXICIPI®DELYI{JP2))

RHOIPL = HYDROI(LI+S¢INH)/(DELXI(IP+1)*DELYIIP2)})
HYDROP = RHOIP + (RHOIP1 = RHOIP)®RR
BND(NN+5) = BND(NN+#5) + (HYDROP - BND(NN+5))*2R
NN = NN + NNH >
3130 CONTINUE
5 CALL WRITPL{IBND»
+ NFOQUTCIBND) sXPsXSHyYNsJNMaYSHs ZNy KNMg ZSH» BNO» NXPL)
3 3140 CONTINUE >
- GOTO 3850

»
L7 » <

-

YPLANE BOUNDARY. IBND = 5 OR 6. .
3750 CONTINUE
SET UP SOME PARAMETERS,
NN = (IN=1)*NNH IS LOCATION FOR OUTPUT HYDROS.
KN IS ROW, IN IS COLUMN IN THE OUTPUT PLANE.
IHB IS INPUT HYDRD BLOCK NUMBER. ;
JP AND JP2 ARE THE ROW POINTERS IN THE INPUT PLANE. .
YI(JP) oLEs IN(KN) oLTe YI(JP2)e JP2 = JP ¢ 1,
IHB = O -
JP2 = JP+]
JP = 1
; C START LOOP ON ZIN. S
‘ DO 3840 KN=1,KN™ N
NN = O
2P = IN(KN) N
CALL FINDI(JP»ZPsYIsIJMAX) ,
c ZR IS THE INTERPOLATION RATIO FOR I IN YI(JP) TQ YI(JP+l), 5
IR = (2P = YLUJP)I)/(YI(JP+1)~YI(JIP))
IF(JP LT, (IHB-1)®*IROWPB 41 ,OR, JP .GT, IHB*IRQWPB)
4+ CALL NXTBLK(JP,IHB) .
GET READY TO INTERPOLATE IN XI (FOR F(R,YI(JP)). .
P =1 g

OOOOOO (2N 2]

* SUC A

o e
(]

[ N

c Y-PLANE. START LOOP ON IN. N
3770 YP = XYZB(IBND) )
YPSO = YPRYP

) DO 3791 IN=1, INM

. XP = XN(IN) ‘
", XPSQ = XPeXP

X RIN = SQRT(XPSQ + YPSQ)

X CALL FINDI(IPSRINsXI»IIMAX) )

. LI = ((JP=(IHB=1)8IROWPBE =1)*IINAX ¢ IP-1)¢INH g

> RR = (RIN = XI(IPN)/Z(XI(IP+1) =~ XI(IP))
C FIND F(RIN,XI(IP)) FOR F = VR,VI,E,RHO,
e ¢ RADIAL VELOCITY, AXIAL VELOCITY, SPECIFIC ENERGY» AND
c DENSITYSRESPECTIVELYe DENSITY IS MASS/VOLUME. .

BND(NN+2) = HYDROI(LI+2) ¢ (HYDROI(LI#2+INH) = HYDROI(LI+2))*RR

BND(NN+3) = HYDROI(LI+3) ¢ (HYDROI(LI*34INH) — HYDROI(LI+3)})®RR *
BND(NN+4) = HYDROI(LI+&4) 4 (HYDROI(LI+4+INH) = HYDROI(LI+4))*RR -
RHOIP = HYDROI(LI®5)/(DELXI(IP)I*DELYI(JP))

A RHOIP1 = HYDROI(LI+S+INH)/(DELXI(IP+1)#DELYI(JIP))
. BNDINN+5) = RHDIP + (RHOIP1 - RHOIP)®RR
- NN « NN ¢ NNHW
¥ 3791 CONTINUE D
5 c FINISHED INTERPOLATION FOR FIR,YI(JP)) FOR A RIW. ‘
i
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3800 NNeD
Ip =1
YI(JP2) IS NOW THE INPUT Y. Y GT 2Ns (JP2eyPel)
IS A NEW INPUT HYDRO BLOCK NEEDED?
IF (JP2 +GTo IMB*IRDOWPBICALL NXTBLK(JP2»IHB)
READY TO INTERPOLATE FOR F(RsYI(JP2)» THEN FOR F(R, 1),
LOOP FOR X=PLANE OR Y-PLANE?
Y=PLANE. IBND = 5 OR 6. LOOP ON XN.
3810 DD 383] INsl,INM
XP = XN(IN)
XP5Q = XxXP®xp
RIN = SQRT(XPSQ ¢ YPSQ)
CALL FINDICIP,RIN,XI»IIMAX)
Ll = ((JP2 = (IHB~1)*IROWPB ~1)*IIMAX + IP=1)¢INH
RR = (RIN = XICIP))/Z{(XI(IPed) - XI(IP))
¢ FIND FORINsYI(#¢)})s THEN F(RIN» ZN) FOR VXsVY,VZ,EsRHO.
HYDROP = HYDROI(LI+2) + (HYDROI(LI+24¢INH) = HYDROI(LI+2))*RR
HYDPOP « BND(NN¢2) + (HYDRDP ~ BND(NN+2))®ZR

(g X2 X g (2 X 2]

c HYOROP = VRe FIND AND SAVE VX AND VY VELOCITY COMPONENTS.
IF(RIN 6T« 0.0)GOTO 3813
c ZERD RADIUS. SET VX « VY = 0.0,

BND(NN+1l) = 0,0
BND(NN+2) = 0.0
60TN 3814

3813 BND(NN+l) = HYDROP*XP/RIN
BND(NN+2} = HYDROP#YP/RIN

3814 HYDROP = HYOROI(LI+3) + (HYDROI(LI*I+INH) = AYDROI(LI¢3))*RR
BND(NN+3) = BND(NN+3) + (HYDROP = BND(NN+3))#*IR
HYDRDP & HYDROI(LI+4) + (HYDROI(LI*&4+INH) - HYDROI(LI+4))*RR
BND(NN+4) = BND(NN¢&4) ¢ (HYDROP = BND(NNe4))*ZR
RHOIP = HYDROI(LI+5)/7(DELXI(IP)*DELYI(JP2))
RHOIPL1 » HYDROI(LI+S+INH}/(DELXI(IP+L)®DELYI(JP2))
HYDROP = RHOIP + (RHOIP1 = RHDIP)*RR
BND(NN+5) = BND(NN+5) + (HYDROP - BND(NNe¢5))#ZR
NN = NN + NNH

3631 CONTINUE
CALL WRITPL(IBND»

+ NFOUT(IBND)}»>YPsYSHaXNs INMsXSH» ZNs KNM» ISH,BNDSNYPL)

3840 CONTINUE

c TIME DUMP FOR AN X~PLANE OR Y=PLANE BOUNDARY NOW COMPLETE.

3850 CONTINUE
ITINE = ITIME + 1

c DJ WE WANT ANOTHER TIME DUMP?
IF(CYCLEL +LTe CSTOPIGOTO 3030
6070 39G0
c I~-PLANE BOUNDARY. IBND # 3 DR 4. (20 CYLINORICAL TO 3D)

3500 ZP = XYZB(IBND)

C FIRST, FIND HYDRD BLOCK WITH ROW OF DATA FOR YI(JP) < 1P,
IHB = O
JP = 1
CALL FINDI(JP,ZPsYI»1JMAX)

c FIND INTERPOLATED VALUES AT Z = IP ROW BY ROW.
C START LOOP ON RNWS,
¢ FIRST, FIND VALUES AT 7 = YI(JP),
00 3560 4N=1,JINN
CALL NXTBLK(JP, INB!}
NN=0O
YP = YN(JN)
YPSQ « YPsYP
¢ - START LOOP ON COLUMNS.
= 1
DO 3510 IN=1,INM *
XP = XN(IN)

XPSQ =~ XPe*XP
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RIN = SQRT(XPSQ ¢ YPSQ)

CALL FINDICIP,RIN,XI,IIMAX)

LI = ((JP-(IHB=1)%IRDWPB =1)#1JMAX ¢ IP=1)¢INH
RR = (RIN = XI(IPIIZ(XI(IP+1) - XI(IP))

c FIND F(RINSXICIP)) FOR F = VR,VZ,EsRHO, K
BND(NN+2) s HYDROI(LI+2) ¢+ (HYDROI(LI+2+INH) = HYDROI(LI¢2))®RR
BND(NN#3) = AYDROT(LI*3) ¢ (HYDROI(LI¢3+¢INH) = WYDROI(LI+3))#RR
BND(NN+4) = HYOROI(LI+#&) + (HYDROI(LI*44INH) = HYDROI(LI+4))®RR

‘ RHOIP = HYDROI{LI+5)/(DELXI(IP)®*DELYI(JP))
’ RHOIP1 = HYDROI(LI¢S+INH)/(DELXI(IP+1)sDELYI(JP))
BND(NN+5) « RHIIP + (RHOIP1 - RHOIP)®RR
N NN = NN + NNH
3510 CONTINUE
C NOWs FIND INTERPOLATED VALUES AT Z = YI(JP+l), THEN AT 2P,
JP2 = JP + 1
IF(JP2 +GT, IHB*IRDWPB) CALL NXTBLK(JP2,IHB)
c COMPUTE INTERPOLATION PATID IN 2, ;
IR = (ZP ~ YI(JP2=-1))/(YI(JP2) - YI(JP2-1))
c LOOP ON RODW,
NN = 0
¢ LDOP ON COLUMN,
IPp =]
D3 3550 INs1l,INM
P XPs XN (IN) R
3 XPSQ = xP®xP .
RIN « SQRT(XPSQ + YPSQ) -

& CALL FINDI(IP,RIN,XI,IIMAX) .

N Ll = ((JP2 =~ (IHB=1)1*#IRNWPB =1)*IIMAX ¢ IP-1)%INH

a RR = (RIN = XI(IP)}/Z(XI(IP+1l) =~ XI(IP))

2 Wi B B NS W 8§

) c FIND F(RIN,YI(+)), THEN F(RIN)ZN) FOR VXsVY,VZsEsRHO,

HYDPOP = HYDROI(LI+2) + (HYDROI(LI+2+¢INH) ~ HYDROI(LI+2))*RR

HYDROP = BND(NN+2) + (HYDROP ~ BND(NN+2))*ZR .
8 ¢ HYDROP = VR, FIND AND SAVE VX AND VY VELOCITY COMPONENTS, N
: IF(PIN +GT, 0.0)60TO 3543
2 ¢ ZERD RADIUS., SET VX = VY = 0.0.
X BND(NN+1) = 0.0
: BND(NN+2) = 0.0

GOTD 3544

-, 3543 BND(NN+¢1) = HYDROP&XP/RIN
- BND(NN+2} = HYDRAP*YP/RIN -
3544 HYDROP = HYDROI(LI+3) ¢ (HYDROI(LI¢3¢INH) — HYDROI(LI+#3))*RR E
BND(NN+3) = BND(NN+3) + (HYDROP - BNDINN+3)}sZR h
HYDRAP = HYOROI(LI¢4) ¢ (HYDROI(LI+&+INH) - HYDROI(LI+¢4))*RR
BND(NN+4) = BND(NN+4) ¢+ (HYDRDOP = BND(NN+&4))*ZR
- RHOIP « HYDROI(LI+S)/(DELXI(IP)I®DELYI(JP2))
RHOIP1 s HYDROI(LI+S*INH)/(DELXI(IP+1)*DELYI(JP2))
HYDROP = RHOIP ¢ (RHOIP1 - RHOIP)I*RR .
BND(NN+5) « BND(NN+¢5) ¢ (HYDROP ~ BND(NN+5))*ZIR -
NN = NN¢ NNH R
3550 CONTINUE
CALL WRITPL(IBND»s
5 ¢ NFOUTCIBND)»ZP» 2SHs XNsINMsXSHs YNy JNMy YSHyBNDsNZPL)
3560 CONTINUE
ITIME o ITINE ¢ 1

L I I T

BRI

8 c DO WE WANT ANOTHER TIME DUNP? D
. IF(CYCLEI LT« CSTOPIGOTO 3030 K
. GOTO 3900 .
X 4 END OF THE TIME LODP FDR ICONV = 3 .
X 3900 60TO 3019 .

c END OF HULLUP., PUT TERMINAL SIGNAL ON FILES.

10000 DO 10010 I=1,6

: NF = NFOUT(I) ;
N IFINBND(I) oG6Te OIWRITE (NF) 66602060660966b4566645666,60656066
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< c TABULATE A PORTION OF EACH BOUND9 FILE.
.4 IF(NBND(E) +GTs O)CALL REWRIT(I,NF)
P 10010 CONTINUE
, WRITE (6,10025) ICONV
<% STOPY NORMAL END OF HULLUP®
10025 FORMAT(® NNRMAL END OF HULLUP., ICONV =¢,12)
: END
N, SUBROUTINE STRTIN
-~ C CHECK PRDBLEM NUMBER ON FILE IN9 IS PROBIN,
-~ ¢ READ 2-BLOCK AND EXTRACT INPUT PARAMETERS.
- c CHECK THAT INPUT ARRAYS ARE LARGE ENOUGH.
¢
N *CALL CDIN1
#CALL COCOM
- ¢
> DIMENSION DIOIC&}s» JZ(200),IBL(200)
o EQUIVALENCE (12,28L)
- c
. c CHECK THAT INPUT PROBLEM NUMBER IS PROBIN,
. REWIND (IN9)
=» NTRY = O
10 IF(NTRY .LT. 10)GOTO 20
. WRITE(6,15) IN9
- STOPY' ABORT PROBLEM AT STRTIN 10.¢
- 15 FORMAT (//' #% ABDRT. INPUT PROBLEM AT STRTIN 10 FILE TAPE®,I4)
- 20 NTRY = NTRY ¢ 1
43} READ(INQI(DIDI(I)sIm1,4)
» IFCENF(ING) . NE. 0)GOTO 10
™ IF(ABS(DIDI(2) = PROBIN} LT, 0.00001)60TD 40
WRITE(6,35) IN9,DIDI(2),PROBIN
N 35 FORMAT(* % ABDRT, PROBLEM NUMBERS DIFFER, Y/
N . ' PROBLEM NUMBER ON FILE',I13,¢ IS 9,E15.6/
- . ' INPUT PROBLEM NUMBER, PROBINy, IS ')E15.67)
. STOP' e ABORT, STRTIN 30, PROBLEM NOS. DISAGREE.'
. ¢ PROBLEM NUMBERS CHECK. READ Z-BLOCK. SET UP IN-PARAMETERS.

40 READ(IN9)(ZBL(I)5I=1,200)
D0 50 1=1,92

IF(IZ(1+100) +EQ. 6HOIMEN ) IDIMEN = ZBL{I) + 0.5
IF(IZ2(1+4100) <EQ. 6HGENM ) IGEOM = ZBL(I) + 0.5
:S IF(IZ(I+100) <EQ. 6HIMAX ) IIMAX = ZBL(I) + 0,5
IF(IZ(14100) «EQe 6HIMAX ) IJMAX = ZBLII) ¢ 0.5
IF(I2(1+100) +EQ. 6HKMAX ) IKMAX = ZBL(I) + 0.5
IF(I2(1+100) +EQ. 6HNH ) INH = IBL(I) + 0.5
IF(IZ(1+100) +EQe 6HNROWPB) TROWPB = ZBLII) ¢ 0.5

50 CONTINUE
. INHPR = IIMAX*INH
. INHPB = INHPR*IROWPB
r. ITYPE = IDIMEN
o IF(IGEQM .EQ. 2)ITYPE = 1
- IIMAX1 = IIMAX ¢+ 1
- 1JRAX] = JUMAX + 1
- - IKMAXL = IKMAX ¢ 1
¢ CHECK ON THE INPUT ARRAY LENGTHS
IF(IIBIG.GE4IIMAX]Y oANDs IJBIGeGE.IJMAX) ¢AND. IKBIG.GE.IKMAX]
¢ oANDes ILBIG.GE.INHPB)GOTO 100
WRITE(6555)11IB1G» LIBIG, IKBIGS ILBIGs IEMAXL, IJMAX], IKMAXL, INHPE
STOP* e% ABORT., STRTIN 55. DONOR ARRAY! .
55 FORMAT(//' ¢+ ABORT. STRTIN 55. ODONOR ARRAY TOO SMALL.'»
* /* 11BIG, 14816, IKBIG, ILBIG = '»4110,
¢ /7' TIMAX1sIJMAX1,IKMAX2,EINHPB = ',4110)
100 WRITE(6,105)PROBIN

;
RN

RETURN
i) 105 FORMAT(/' READY TO PROCESS PROB',F1l0.4)

g END

-
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SUBRDUTINE STRTNU
SET JP OUTPUT CONTROL PARAMETERS FROM DEFAULT AND INPUT.

CONU1
cDCOM

NAHELISTINDATI/XNI:XNH:YNI:YNH;ZNI:ZNH:INH;JNH;KNH:TSH;XSH:YSH)ZSH

NAMELIST /NDAT2/NGEDM» NDIMEN, NNHsNBNDs NFOUT
DEFAULT VALUES
ND ACTIVE BOUNDARIES. OUTPUT FILE FOR BOUNDARY I IS 10+I.
00 10 1I=1,6
NBND(I) = O
NFOUT(I) = 10+I
CONTINUE
GEOMETRY IS CARTESIAN. DIMENSION IS 3.
NGEOM = 1
NDIMEN = 3
DEFAULT NUMBER OF NEW HYDRO VARIABLES/POINT IS 5.
NNH = 5
DEFAULT BOUNDARIES SET TO 0.0. DEFAULT SHIFTS SET TO 0.0.
0.0
0.0
0.0
0.0
0.0
0.0
0.0
XSH 0.0
YSH 0.0
ISH = 0.0
DEFAULT OUTPUT GRID DIMENSIONS SET TQ 200.
INM = 200
JNM = 200
KNM = 200
READ NDAT1 PARAMETER CHANGES AND PRINT PARAMETERS
READ(5,NDATY)
WRITE (65NDOATL1)
IF(INM.LT.0 +OR. JNM.LTo0 oOR. KNM,LT,0)G0TO 200
GRID INDICES POSITIVE. SET EVENLY SPACED GRID.
SET GRID VALUES. FIRST, FORCE AT LEAST 2 POINTS.
IF(IJNM LT, 2) NN = 2
IF(KNM LT, 2) KNA = 2
DELD = (XNM = XN1)/(INM ~ 1}
XN(1) = XN1
DO 20 I=2,INM
XN(I) = XN(I-1) ¢ OELD
CONTINUE
DELD = (YNM = YN1)}/(JNM - 1)
YN{1) = YNl
DO 30 J=25JNM
YN(J) = YN(J-1) ¢+ DELD
CONTINUE
DELD & (INM = IN1)/(KNM = 1)
IN(1) = 1IN}
DO 40 Ke=2,KNM
IN(K) = IN{K-1) + DELD
CONTINUE
IFCABS (XNCINMI=XNM) oLTe 0.00001%XNM) XN(INM) = XNM
IFCABS(YNCJINM)=YNM) (LT. 0.00001*YNM) YN(JNM) = YNM
IF(ABS{IN(KNM)=ZNM) oLTe 0,00001¢ZNM) IN(KNM) = INM
PRINT THE GRID.
WRITE (69246) (XN(I),I=1,INM)

XNl
XNM
YN1
YNM
IN1
INM
TSH

N N NN
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WRITE(6,247) (YN(J)sd=1,JNNH)
WRITE(65248) (IN(K)aK=1sKNM)
GQOTO0 50
246 FORMAT(* MESH FOR NEW BOUNDARY PLANES. SHOULD BE CHECKED.'/,
+ % NEW CELL CENTERS MUST BE BETWEEN EXTREMES. RESULTS BEST IF¢/,
¢ v CELL CENTERS ARE AT MESM POINTS (REMOVES INTERPOLATION)'//,
+ 10X,¢X GRID'/,{1P6E1S.T))
247 FORMAT(10Xs'Y GRID'/,{1P6LELS.7)}
240 FORMAT(10X,'Z GRID'/5(1P6ELS,T))
50 READ(S5,NDAT2)
WRITE (6, NDAT2)
NTYPE = 1 FOR 2D CYINDRICALs, = 2 FOR 20 CARTESIAN, = 3 FOR 3D,
NTYPE = NDIMEN ¢ 1 - NGEOM
SET THE CONVERSION TYPE, ICONV.
ICONV = 3 FOR 2D CYLINDRICAL TD 3D CARTESIAN.,
ICONV = 3&(ITYPE-1) + NTYPE
SET THE VALUES FOR BOUNDARIES,
XYZ8(l) = XNl
XYZB(2) = XNM
XYZg{3) = INl
XYZBR(4) = INM
XYZB{(5) s YNl
XYZB{6) = YNM
3D DUTPUT,. COMPUTE SIZE OF HYDRO DATA/PLANE.
NXPL = JNM*NNH
NYPL = JINM®NNH
NZPL = INM*NNH
CHECK THAT ARRAYS FOR OUTPUT ARE LARGE ENDUGH,.
IFINIJKMAX2GEoINM o ANDe NIJKMAX.GE. JNM oANDs NIJKMAX,GE.KNM
+ oANDo NLBIG.GEJMAXO(NXPL,NYPL,NZPL))GOTO 100
MAXPL = MAXO(NXPL,NYPL,NZPL)
WRITE(6sBSINIJKMAX,NLBIGs INMp JNMsKNMs MAXPL
STOP! »*ABORT. STRTNU 85, RECIPIENT ARRAY TOO SMALL.?
85 FORMAT(//* ¢ ABORT, STRTNU 85, RECIPIENT ARRAY TOO SMALL.',
+ /Y NIJKMAX,INMIJNMsKNMsNAXPL = *¢,5110)
100 WRITE(6,105)
RETURN
105 FORMAT(* DUTPUT PARAMETERS OK, READY TO COMPUTE BOUNDARY VALUES.*)
WILL READ DATA AND FORM THE RECIPIENT GRID.
200 INM = ABS(INM)
JNM = ABS({JNM)
KNM = ABS(KNM)
FORM XN(1)»I=1l, INM
READ(5,201) xN(1)
201 FORMAT(E15.8,15)
Nl = 1
212 READ(55201) DXNsNNX
IF(NNX «LT. 0)GOTO 220
NX = N1#NNX
N1l = Nl+l
DO 215 LeNl,NX
XN(L) = XN{L-1) +DXN
215 CONTINUE
N1l = NX
6070 212
FORM YN(J)sd=1,JNM
220 READ(5,201) YN(1)
NL = 1
222 READ(5,201) DYN,NNY
IF(NNY .LT. 0)GOTO 230
NY = N1 + NNY
N1 = Nl+}
DD 225 LeN1,NY
YN(L)} = YN(L-1) ¢ DYN
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CONTINUE
N1l = NY
6070 222

FORM IN(K),K=l, KNM
READ(55201) IN(1)
Nl =1
READ(5,201) DIN,NNZ
IF(NNZ LT, 0)6O0TQ 240
NZ = N1eNNZ
Nl = N1+l
D0 235 L=N1s»N2Z
IN(L) = IN(L-1) + DIN
CONTINUE
Nl = N2Z
6070 232

RECIPIENT GRID FORMEDe CHECK NXs NY» AND NZ.

IF(NX<EQeINM o+AND. NY,EQ.JNM ,AND. NZ.EQ.KNM)IGOTO 245
WRITE(652641)INXs INM) NY» JNMyNZ, KNN
STOP' ABORTe STRTNU 240« GRID INPUT COUNTS DISAGREE?
FORMAT(? ABORT. STRTNU 240. NXoNE.INM OR NY.NE.JNM OR NZoNE«KNM?

+ /9 "NXsINMINY; JNMsNZsKNM=?,3(215,5X))

»
(2]
»
-
-
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13
20

END
SUBRIUTINE NXTIM{IEND)
FIND NEXT INPUT TIME OUMP.
IF ITIME = 0, FIND CYCLE WITH DIDI{3) = CSTART.
SET IEND,CYCLEI, TIMEIN.
IEND = 0, DATA AVAILABLE.
IEND = 1, NORMAL END OF DATA. DIDI(I) = 666.0
IEND = -1, COULD NOT FIND NEXT TIME DUMP,

BYPASS THE Z~BLOCK
READ VERTEX RECORDS, FIND VOLUME CONTRIBUTIONS AND CELL
CENTERS.

CDIN1
cocon

DIMENSION DIDI{4)

IEND = 0
NTRY = 0
READ(ING)(DIDI(I),I=1l,4)
IF(ENF(IN9) .NE. 0)GOTND 20
CHECK FOR NNRMAL FILE TERMINATION WITH DIDI(I)=666.0.
IF(ABS(DIDI(1) - 666.0) .LT. 0.001
+ oAND, ABS(DIDI(2) ~ 66640) o+LTs 0.001) GOTO 30
CHECK FOR START OF TIME DUMP.
IF(ABS{DIDI(1) - 555.0) .GT. 0,001
¢ o0Re ABS(DIDI(2) -~ PPOBINI +GT. 0,00001)607T0 10
WE HAVE READ A HEADER RECORD FOR A HULL TIME DUMP,
IF(ITIME +6Te 0)6GOTO 40
INITIATION. FIND STARTING CYCLE.
IF(ABS(DIDI(3) = CSTART) LT, 0.1)GOTD 40
NJT STARTING CYCLE.
JF(DIDI(3) -CSTART LT, 0,0)607T0 1
REQUESTED STARTING CYCLE NOT PRESENT.
WRITE (6,15)0IDI(3)»CSTARY
IEND = -1
STOP! #& ABORT IN NXTIM. CANNOT FIND CSTART,?
FORMAT(//' ®* HAVE READ CYCLE'»I5," WITHOUT FINDING CSTART e?,15)
NTRY & NTRY ¢ 1
IF(NTRY .LE. 1016070 10
CANNOT READ ANY MORE INPUT,
IEND = -1

31
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RETURN
NORMAL END OF HULL RESTART FILE.
3C IEND = 1
RETURN
HEADER RECORD READ. START PROCESSING.
40 CYCLEI = DIDI(3)
TIMEIN = DIDI(4)
BYPASS THE Z-BLOCK
READ ( IN9)DUMMY
READ VERTEX RECORDS.
IF(IGEOM .EQ. 2)6G0TO 100
3D VERTEX INPUT PURPOSELY OMITTED UNTIL LATER.
WRITE(6545) IGEDM
STOP! &% ABORT. STRTIM 45, WRONG IGEOM.?
45 FORMAT(//* *% ABORT, STRTIM 45, NO CODING FOR IGEOM =%,12)
READ 20 VERTICES. CHECK SUITABILITY,
100 READCINMI(XI{I)» I=2s IIMAXL)»(YI(J}s =1y IJMAX])
XI(1) = 0.0
CHECK THAT INPUT SPACE INCLUDES OUTPUT SPACE.
IF(ICONV .EQ. 3)60T0 110
IF(ICONV .EQ. 6)GOTD 120
INPUT AND OUTPUT BOTH 2D.
IF(XN1 «GEe XI{1) ¢ANDe XNM oLEe XI(IIMAX)
+ o ANDe YN1 +GE. YI(1) oANDe YNM (LE. YI(IJMAX)})GOTO 140
6070 130
ICONV = 3, 2D CYLINDRICAL INPUT, 3D CARTESIAN OUTPUT.
110 DSAMAX = AMAXI(XN1#XN1l + YNI*YNLl,XN1#XN1l + YNM*YNM,
+ XNMSXNH ¢ YN1#YN1, XNM®XNM ¢+YNMEYNM)
IF(OSOMAX oLE. XI(IIMAX)#®2
+ «AND. IN1 oGE. YI(1) .AND. INM +LE. YI(IJMAX))GOTO 140
GOTO 130
ICONV = 6. 2D CARTESIAN INPUT AND 3D CARTESIAN OUTPUT,
120 IF{XN1 +6Ee XI{1) o¢ANDe XNM ,LE. XI(IIMAX)
+ «ANDe INl .GE. YI(1l) ANDe INM oLE. YI(IJMAX))GOTO 140
60Tn 130
INPUT GRID DOES NOT INCLUDE OUTPUT BOUNDARIES, ABORT.
130 WRITE(6,135)
STOP' ¢+ ABORT, NXTIM 135, GRID INADEQUATE,!
135 FORMAT (' = ABORT., NXTINM 135. OUTPUT OQUTSIDE DONOR BOUNDARY.')
GRID OKe SET DELYI(J) = Y(J¢1l)=Y(J)e
SET DELXI(I) « VOLUME CELL(I,J)/DELYI(S).
SET X(I) AND Y(J) TD CELL CENTERS.
140 DO 150 I=1,IIMAX
DELXI(I) = XI(I+}l) - XI(I)
XIC(I) = Qo 5¢(XI(I¢l) ¢ XICI))
IF(IGEOM .EQ. 1)60TO 150
INPUT GROMETRY IS 2D CYLINDRICAL.
DELXI(CI) = 6.2831853#XI(I)*DELXI(I)
150 CONTINUE
DO 160 J=1,IJIMAX
DELYI(J) = YI(J+1) - YIWJ)
YI(J) = 0.5¢(YI(J) + YI(J+1))
160 CONTINUE
RETURN
END
SUBRNUTINE NXTBLK(JPyIHB)
THIS MOVES THE DESIRED BLOCK OF INPUT HYODRO DATA INTO HYDROI.
THIS SUBPROGRAM ASSUMES DONOR HMULL IS 20.
IHB IS THE NUMBER OF THE PRESENT BLOCK.
JP IS THE DESIRED ROW.

*CALL CDINY
sCALL CDCOM

62
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IROWPB IS INPUT RONWS PER BLOCK.
HYDRII IS THE ARRAY FOR THE INPUT HYDRO DATA.
INAPB IS THE HYDRO VARIABLES IN A BLOCK.

JLAST IS THE LAST ROW IN THE PRESENT BLOCK.

JLAST = IROWPB*IHB
IS JP IN A HIGHER BLOCK?
IF(JP «GTe JLASTIGDTO 30
IS JP IN THE PRESENT BLOCK?
IF(IP «GTe JLAST-IROWPBIRETURN
MOVE TO BEGINNING OF PRESENT BLOCK.
BACKSPACE (IN9)
MOVE 70 BEGINNING OF BLOCK IHB-1,
10 BACKSPACE(IN9)
IHB = InB-1
JLAST = JLAST -~ IROWPB
c IS ROW JP IN A LOWER BLOCK?
| IF(JP LE, JLAST-IROWPBIGOTO 10
A c JP IS IN THIS BLOCK. READ HYDRD DATA.
20 READ(IN9)(HYDROI(L)sL=1,INHPB)
RETURN
c CHECK FOR RNW JP IN THE NEXT HIGHER BLOCK.
30 IdB=IHB+1
JLAST = JLAST + IROWPB
c Is JP IN THIS BLOCK?
‘ IF(JP +LE. JLASTIGNTO 20
o C JP 6T JLAST, SO BYPASS HYDRO BLOCK.
k: READ({ IN9)DUMNMY
6970 30
END
SUBRDUTINE WRITPL(IBND,NF,XsXSeYsNYsYSsZasNZs 2Ss BOUNDSNL)
THIS ROUTINE STORES THE OUTPUT DATA FOR A PLANE IN A FILE.
STORE 1 ROW AT EACH ENTRANCE,
TEMPORARY FORMAT. FINAL STORAGE IN REWRIT. (8/08/84)
THE NOTATION IS LIKE AN X-PLANE, BUT ROUTINE IS FOR ALL 3.
X=PLANE ORDER (XsYs2)
Y-PLANE ORDER (YsXs2)
L-PLANE ORDER (Z,X»Y)
IBND IS FILE COUNT USED HERE TO TELL INITIAL ENTRY.
NF IS THE FILE NUMBER
X IS LOCATION OF THE PLANE.
XS IS THE SHIFT IN THE PLANE LOCATION.
Y IS THE ARRAY OF CNOLUMN POSITIONS IN THE PLANE.
NY IS THE NUMBER OF COLUMNS.
YS IS THE SHIFT IN COLUMN POSITIONS.
Z 1S THE ARRAY DF ROW POSITIONS.
NZ IS THE NUMBER OF ROWS.
1S IS THE SHIFT IN ROW POSITIONS.
BOUND IS THE LOCATION OF THE HYDRQ DATA FOR THE PLANE.
NL I5 THE AMOUNT OF HYDRO DATA FOR THE PLANE.

(o] (o) (2] [n) AOONOO

'l‘ ,-- K

!". .’.

OO0 OHOON

CALL CDCOM

. DIMENSION Y(1)»Z(1)sBOUND(1)
’ DIMENSION TBND(6)

DATA TBND/6#%-999999,.999/

c SHIFT DATA FOR OUTPUT
TIMEIN = TIMEIN = TSH
X = X = XS
IF(YS «EQ. 0.0)G0TO 30

o ‘ DO 20 J=1leNY

< Y{J) = Y(J) - ¥S

= 20 CONTINUE

30 IF(IS .EQ. 0.01G0TN 45
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DD 40 K=1,N2
I(K) = I(K) - 25
CONTINUE
IF(TIMEIN EQ. TBND(IBND))GDTD 50
TBND(IBND) = TIMEIN
WRITE(NF) 555.0,PROBIN, TIMEIN, XoNNHs NY, N2
WRITE(NF) (Y(S5)pJdwloNY)s(Z(K)sKoloNZ])
WRITE(NFI (BOUNDCL)el=1,NL)
SHIFT DATA BACK.
TINEIN = TIMEIN + TSH
X e X ¢ X§
IF(YS «EQ. 0,0)G0TO 70
DO 60 J=1sNY
Y(d) = Y(J) ¢+ ¥S
CONTINUE
IF(ZS +EQ. 0.0)62TD 90
DO 80 K=1,NZ
I(K) = Z(K) + 2§

CONTINUE
RETURN
END
SUBPIJUTINE FINDICILZPsYI»INM)
FIND I SUCH THAT 11 IF 2P LT YI(2)
I = IN=1 1IF 2P GE YI(IM~]1)
(0] YI(I) < 2P <= YI(I¢3})s

I IS THE CURRENT POINTERe
ZP 1S A VARIABLE (FOR 3D OUTPUT, THE LOCATION OF A PLANE).
YI IS A TABLE (AN ARRAY OF CELL CENTERS FROM OLD HULL RUN).
IM IS THE NUMBER OF ENTRIES IN THE TABLE.

DIMENSION YI(1)

FIRSY, CHECK THAY ©0 < I < 1IN,
IFCI oLTe 1 ORs I oGEs IM=1)Isl

IS 2P » YI(I)?
IF(ZP 6T, YI(I))GOTOD 20

10 <= YI(1)s CHECK FOR I = 1, THEN REDUCE 1.
IF(I «EQ. 1)60T0 30
I ==~

IS 2P <= YI(I)?
IF(ZP LLE. YI(INIGOTO 10
607D 230

IP > YI(I)e CHECK FOR I = IM-],
IF(I +EQ, IM=-1)G60TOD 30

CHECK FOR 2P <= YI{1+1l).

IF(ZP «LE« YI(I¢1))GOTO 30
I1s1+]
60T0 20

DESIRED I FOUND. RETURN
RETUPN
END
SUBROUTINE REWRIT(IBND,NF)

iUBRUUTINE TO COMBINE TIMES AND PRODUCE FINAL BOUNDO FILES.

CDNU

WRITTEN AS IF FOR AN X PLANE, BUT FOR ANY 3D BOUNDY PLANE.
DIMENSION INITPR(6)s LASTPR(E), INITRO(6),LASTRO(G)
NAMELIST/TABDAT/INITPR,LASTPR, INITRO»LASTRO
DATA ISW,)INITPR,LASTPR,INITRD, LASTRD/0,0%1,6%0,6%1,06410/
IFCISW «GT.0)G0OTD 10

INITIAL ENTRY. READ TABULATION CONTROLS.

Isw = 1
READ(5,TABDAT)
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WRITE (6, TABDAT)
c READ FILE NF, PUT IN FILE 1 AND, SKIPPING FIRST DUMP, IN 2,
10 REWIND NF
REWIND 1
REWIND 2
SW = 0.0
WRITE(6,110INF
110 FORMATY('1 BEGIN COMBINING TIMES FOR FILE®*»I5)
20 READ(NFIHEADL,PROBINSTILly XoNNHsNYpNZ
IF(EDF(NF) oNE, 0)GOTO 90
IF(ABS(HEAD1-666.0) <L Te 0.001)G0TO «0
IF(ABS(HEAD1-555,0) +GTe 04001)G0TO 91
WRITE(1) HEAD1»PROBIN, TI1»XsNNHsNYsNZ
IF(SW «GT. O0.O0)WRITE(2) HEAD1,PROBIN,TI
READUINFI(YN(J)od=1lsNY)s (ZIN(K)sK21yNZ)
NL = NNH*NY
DO 30 K=1lpNZ
READ (NF) (BND(L)sL=1,NL)
WRITE(1)(BND(L),L=1,NL)
IF(SW «GTe 040) WRITE(2) (BND(L}sL=1,NL)
30 CONTINUE
SW = 1.0
GOTO0 20
c FILE NF HAS BEEN READ AND STORED IN FILES 1 AND 2.
c NOW WE COLLATE DUMPS WITH PROPER HEADINGS.
40 WRITE(11666405665.05666.0966640,066650660,60606
WRITE (2)66640,666409066640
REWIND 1
REWIND 2
REWIND NF
NOUT = 1
50 READ(1) HEAD1,PROBIN,TI1l, X>NNHyNY,NZ
IF(ABS(HEADL=66640) oLTs 0.001)G0T0 92
IF(ABS(HEADLl - 555.0) +GT. 0.001)60T0 92
READ(2) YEAD2,DUM,TI2
JF(ABS(HEAD2-666.0) +LT. 0.001}60TQ 70
IF(HEAD]1 o NE, HEAD2 .0ORe DUM oNE. PROBIN)GOTO 93
WRITE(NFIHEADL, PROBIN, TI1s TI25 XsNNHsNYsNZ
IFCINITPRUIBND) oLE« NOUT «AND. LASTPR(IBND) .GE. NOUT)
+ WRITE(6,900) HEAD1,PROBIN,TI1»TI2p XsNNHsNY,N2Z
WRITE(NF) (YNCJIs JulsNY)s (ZN(K)pKel,NZ}
IF(INITPRCIBND) oLEs NOUT oANDo LASTPRUIBND) .GE. NOUT)
+ WRITE(65901) (YN(J)sJ=1pNY)y (ZIN(K),Ksl,NZ)
D0 60 K=1,NZ
READ(1) (BND(L)sLe=l,NL)
READ(2) (BND2(L)sL=1,NL)
WRITE(NF)(BND(L)»L=1,5NL)s (BND2(L)},L=1,NL)
IF(INITPR(IBND) oLEs NOUT oAND, LASTPR(IBND) .GE. NOUT ,AND.
+ INITRO(IBND) oLEe K <ANDs LASTRO(IBND) +GE. K}
+ MWRITE(65902) Ko (BND(L)oLe=2pNL)» (BND2(L)sL=1,NL)
60 CONTINUE
NOUT = NOUT ¢ 1

6070 50
C FILE NF NOW STORED IN FINAL FORM EXCEPT FOR TERMINAL RECORD.
70 WRITE(NF) 665.05666:0566640,66600,606640,660656066,6006
RETURN
c ABORT PRINTS

90 WRITE(6,190INF
STOP' ABORT. REWRIT 90. NO DATA ON FILE.!
190 FORMAT(//* ABORT. REWRIT 90, NO DATA ON FILE*»IS)
91 WRITE(6,191INF)HEADL1,PROBIN,TI1s XsNNHsNY,NZ
STOP' ABNRT. REWRIT 91. MIX UP IN FILE NF,?
191 FORMAT(//' ABORT. REWRIT 91« MIXUP IN FILE NFet,15/
+ ! HEAD1)PROBINsTI1pXsNNHsNYSNZ =1/,1P4E15.75»3110)

- - PR R R
.

T RIS IE PP I SE RO W S SEGE AP IR I TIPS AR IEIL B SEIT DI I0 SPOEINIRN




[
¢
L

8 R

?

' 92 1T = 1

N 6OTO 94

" 93 IT = 2

2, 94 WRITE(6,194)IT)HEADY>PROBIN,TI1sXsNNHsNYsNZsHEAD2»DUM, T2
B STOP' ABORT. REWRIT 94, MIXUP IN FILE 1 DR 2.°

194 FORMAT('ABORT,REWRIT 94, MIXUP IN FILES 1 OR 2. ITe',I5/,

; + % HEAD1,PROBIN» TI1s XsNNHsNY,NZ o9/,1P4E154 753110/,

o + % HEAD2,DUM,TI2 =%,1P3E15,7)

~ 900 FORMAT(20Xs*HEADER®/,1P5E15,7,3110)

o 901 FORMAT(10Xs'VERTICES'/, (1P6E15.7))

- 902 FORMAT(10X,*PART OF HYDRO DATA STARTING AT ROW *» 15/, (1PSE1547))
: END

o
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APPENDIX B
LISTINGS FOR KEEL AND HULL

Appendix B has listings of the runstreams for KEEL and HULL for problem
8416.20. The listing of the HULL runstream is followed by listings of the
correction file for HULL, file HULCORR, and the changes for BOUND9 input, file
NEWBND9. These two files are in MFA,

Note that file HULL8LO5P09, the same file that was used in HULLUP, is
attached for initial data in the KEEL run. (This is actually only an
illustrative gesture for this problem. The entire 3-D region was ambient
initially.) Note also in the HULL runstream, that files for the four BOUND9
input sides are attached to appropriate local files and the MFA files NEWBND9
and HULCORR are included for UPDATE. These attaches and the declaring of
BOUND9 boundaries and the GENERATE AIR FIREIN HULL sequence in KEEL are the
only additional input at this stage. A lot of planning is needed to set up

the HULLUP run to produce the desired input in the files for the BOUND9
boundary input.

KEEL Changes for BOUND9 Boundaries

There were no changes needed to input for KEEL for the new type 9
boundaries. A few minor changes were made in subroutine HULLIN to add some
problem aborts with explanatory printing and to use the ambient atmosphere for
normalizing. If a region from a 2-D cylindrical run is to be mapped into a
3-D (or new 2-D) region, the restart file from the donor run must be attached
as TAPE Ll and the GENERATE AIR FIREIN HULL input sequence must be used for a
region that includes all cells in the new space that overlap the non-ambient
part of the 2-D donor space at the initiation time. The initiation time is
the first time on the donor restart file greater than the input time T. T is
replaced by this time. The user may set the boundary conditions in KEEL, but
they have no affect until the HULL run.

If one must, the reference location for the new run can be shifted through

input of XOB, YOB, and HOB in KEEL. Time cannot be shifted in KEEL without
some recoding,

HULL Changes for BOUND9 Boundaries

The coding changes to use the BOUND9 boundaries for 3-D HULL runs is in
the MFA file NEWBND9, ID=JDW. This coding may be made a permanent part of the
HULL file when the check-out for these boundaries is completed. If one wishes
to use this coding with a 3-D HULL run, file NEWBND9 must be picked up in the
SCOPE2 runstream and READ as part of the UPDATE input. The user must also
have available, and attach, an input file for each BOUND9 boundary. Any of

the 6 boundary planes may be declared a type 9 boundary. The NEWBND9 coding
assumes:

TAPE31 ~ Left boundary at XO

TAPE32 -~ Right boundary at X - 1/2 DX

TMAX
TAPE33 -~ Bottom boundary at 70

IMAX




- TAPEsld - Top boundary at Z.KMAX - 1/2 DZKMAX
- 1APE35 - Aft boundary at Y0
) .
TAPr 36 - Fore boundary at !JMAx - 1/2 DYJMAx
{j Notice that the planes of imposed data for the low index boundaries are on
., the boundaries and the planes of imposed data for the high index planes are i

through the centers of the external plane of cells.
The data on these files is a series of "dumps" of unformatted data for
A successive time intervals. Each dump is a header record, a grid record, and
- the hydro data at both ends of the time interval one row per record.,
The header record tor an X-plane is 8 numbers, 5 reals and 3 integers:
HEAD1, OLPROB, TI1, Tl12, XIN, NNH, JN, KN -

where,

9 HEAD1 = 555.0
{ - OLPROB = The donor problem number

111 = The first time
= Ti2 = The last time .
- XIN = X value for the plane ‘
- NNH = 5, the number of hydro values per point .
- JN z The number of columns of data .
- KN = The number of rows of data. -

The grid record for an X-plane is:

(YIN(J), J=1,JdN), (ZIN(K), K=1,KN).

This defines a JN x KN grid of points on the X-plane at which nydro data N
will be defined.

This is followed by KN records of hydro data for K=1,2,...,KN:

Sy
.

(((HB(L,J,N),N=1,NNH),J=1,JN),L=1,2).

The 5 hydro values are in order

- The X velocity component (cm/sec)
The Y velocity component (cm/sec)
The 4 velocity component (cm/sec)
internal specific energy (ergs/g)

Density (s/cmB) .

! '
[aul AR AN )

v ME < C
]

The % hydro values are given for J=1,2,...,JN for time Ti1 (L=1) and then :
3 for time VlZ.

B For a Y-plane, the boundary plane location is YIN and there are IN columns ¥
of data at XIN(L), L=1, LN on KN rows at ZIN(K), K=1, KN. :
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For a Z-plane, the boundary plane is at ZIN and there are IN columns of
data at XiN(I), 1=1, IN on JN rows at YIN(J), J=1, JN.

The program interpolates in this input data in time and space on the
boundary plane. Any attempt to extrapolate in either time or space causes a

program abort. The program also aborts if the plane's location does not agree
with the requested position.

There is no further new input other than declaring the type 9 boundaries.
There are a few coded in values that might be changed: Arrays are set for a
maximum of 200 words for 1N, JN, and KN, and 4000 words for the hydro data.
This uses 400 words of SCM and 4000 words of LCM for each BOUND9 boundary. It
might be necessary to increase, or decrease, these arrays. Also, the
programming allows shifting in time and position by TSHIFT, XSHI¥T, YSHIFT,
and ZSHIFT, all of which are set to zero. 1If needed, these could be changed.

There is a separate subroutine to obtain the data for each of the 6
boundaries. Each is compiled, and called in HULL, if the corresponding
boundary is declared type 9 and the dimension is 3 (e.g., LBOUND=9 and
DIMENSION=3).
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#% RUNSTREAM FOR KEEL *#=

WORTMAN(STMFZ,T1000,P2) KEEL RUN; PROB 8416420 8/15/84 ]
ACCOUNT(###42%3) WORTMAN B309 X6028 n
COPYSBF (INPUT,0UTOUT) \3
REWIND ( INPUT) -
COMMENT. SPHERICAL RESERVOIR (50 PSI SHOCK IN STINF)e PROB 841642C, )
COMMENT. START 3D RUN FRDM FROM CYCLE O DF PROB 8405.09. ’
COMMENT. THIS IS PRNBLEM 8406.20 BEING RERUN WITH NEW HULLUP AND BNDY. K
ATTACH(TAPE44,HULLB405P 09, ID=JDW)
h DISPOSE»JUTPUTsSTeMFAIET, UN=RJE1401, %PR,
ATTACH(PLsHULL,ID=JDW)
ATTACH(HULLIBsHULLIB, ID=JDW)
LIBRARY(HULLIB)
. REQUEST(TAPE 4, *PF)
- REQUEST(TAPES, *PF)
) UPDATE (PsPL,QsL=1) :
[- PLANK. .
' POST(COMPILE) .
N MAP{OFF) y
FYN» I=SAIL, B=KEEL,PL=50000,0PT=2,SL=0,Re0,EL=F)
. RETURN(PLsSAIL) .
. KEEL. b
. CATALOG(TAPE4»NULLB416P20, ID=JDW) \
: CATALOG(TAPES, STAB416P20, ID=JDW) .
- *EOR ~
. SLIMIT 10000 ,
SCOMPILE HULL ’
- #IDENT KCHNG
. *NOABBREV
: ®DELETE KEEL.4249,KEEL.4251 .
. c THE OLDO HULL INPUT FILE AS UNIT &4, .
y c THE DATA ARE READ INTO ECS AND THE UNIT R
S *INSERT  KEEL,4255 iy
- COMMNN/RDWR/ EOFF 5 ERR .
$INSERT  KEEL,.4272 .
IF(EQFF oNEe 0)STOP' HULLINe NO DATA ON NFILOT (s44)q!

*INSERT  KEEL.4281 .

IF(ENFF +NEe. O0)STOP' HULLIN. NO MORE DATA ON NFILOT (=44).? .
SINSERT KEEL.4305

IF(EOFF o«NEe O0)STOP' HULLINe NO MORE DATA ON NFILOT (=44),?
$INSERT KEEL.4327 . b
. IF(EOFF oNE. 0)STOP' HULLINe NO MORE DATA ON NFILOT (sé4),t J
#DELETE KEEL.4341
c NORMALIZE USING VALUES FROM ATMOSP.
*COMPILE KEEL i
*EQOR -
KEEL
PROB 8416420
LBOUND=9
RBOUND=9
880UND=0
TBOUND=9
- ABOUND=0
5 FBOUND=9
¢ ATMOS=5
) DIMEN=3
] EOS-Z
+ GEOH‘Z
HEADER
80 CM GRID. START FROM B405.09. 8416.20, .
RELGAM=1,4 :
RELRHD=0,00120412
RELSIE®2.,10374E9

Pt Sl et il

ata A s AT
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RELPO=1.01325E6
INAX=9
JHA"? b
KMAX=8 ;
T® 0,02
PTSTOP=0,05
NSTN=33 Y
ME SH
X0+880.0
NX#9 DX=80,0
NY=7 DY«80,0
NZ=8 DZs80,0
GENERATE AIR
FIREIN HULL
SPHERE RADIUS=1140.0 XCENTER=0.,0 YCENTER=0,0 ZCENTER=1200.0 -
STATIONS L
> XS=990 YS=30 [S$#30
XS$=1250 YS=30 15=30
X$=1500 vS=30 2530 . ‘
XS=990 YS=30 215«500
XS=1250 YS=30 25=500
X$=1500 YS=30 15500
" XS=990 YS=30 15=590
o X$=1250 YS=30 15590
XS«1500 YS=30 15=590
XS =990 ¥YS$S=280 12530
XS$s1250 YS=280 12530 4
X$=1500 YS$=280 12S=30
XS$=990 YS$S=280 25500
X$=1250 YSe*2080 IS«500
X$=1500 YS=280 12S=500
X$=990 YS=280 1ISs590
XS=1250 YS=280 125e590
XS$S=1500 vYS=280 1252590
XS$=990 YS=520 IS=30
X$=1250 VY§5=520 1S5+30
X$s1500 YS$S=520 12530
X$=2990 YS=520 1S5«300
XS$=1250 YSe520 15300
XS=15C0 YS$=520 15=500
. XS$S=990 YSs=520 ISe590
X$=1250 YS=520 215s590
- X$=1500 YS$=520 1IS+590
X§=1184 YS=500 ISe30
XS=1184 YS=500 125500

»
5

AN Y Y N

ror

Lo %

B s s . a

T e

s _F_ ¥

¢
y X§=1184 YS5S=500 25=590 -
o X§=1560 YS=30 15500 ~
" X§=1560 YS=280 15+300 y
3 XS=1560 YS=520 ISe500 i
. END 4
\d »
.
{ S
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®% RUNSTREAM FOR HULL s+

WORTMAN(STMFZ,T50sP1) HULL, PROB B416.20 8715784
ACCOUNT(%s¢%2¢) 8309 X06028

COPYSBF(INPUT,0UTPUT)

REWIND(INPUT)

COMMENT, RERUN DOF 8406,20 TO TEST NEW BOUND9 CODING.
COMMENT. SPHERICAL RESERVOIR (50 PSI STINF). PROB 8416.20.
COMMENT., 3D RUN STARTED FROM PROB 8405,09 THRU FIREIN/HULLIN,
COMMENT, 4 BOUNDARIES SET TO TYPE 9. INPUT FROM HULLUP.
ATTACH{TAPE31,P841620LB,ID=JDW)
ATTACH(TAPE32,P841620R8,ID=JDW)
ATTACH(TAPE34,P841620TB,10J0W)
ATTACH(TAPE36,P841620FB,ID=JDW)

COMMENT. UPDATE CHANGES (CORRECTIONS) FOR HULL FROM FILE HULCORR,
BEGIN(GETMFA,FILE, LFsHULCORR,PF=HULCORR,) UN=JD W)
COMMENT,. UPDATE CHANGES FROM FILE NEWBND9 IN MFA TO BND9 IN MF2Z,

BEGIN(GETMFASFILE,LFaBNDY, PFeNEWBNDI» UN=JOW )
DISPOSE»OUTPUT,»STeMFAIEI, UNeRJE 1401, *PR,
ATTACH(T4p HULLB416P 20, ID=JDW)
ATTACH(T9, STAB416%20, ID=JDW)
REQUEST(TAPE4,*PF)
COPYP(T4sTAPE4,1000)

RETURN(T&)

REWIND(TAPES)

REQUEST(TAPES9,*PF)
COPYP(T9,TAPES»1000)

RETURN{(T9}

REWIND(TAPES)
ATTACH(HULLIBs4ULLIB, ID=)OW)
LIBRARY(MULLLB)
ATTACH(PL,HULL, 1D JOW)
UPDATE(P=sPL,sQsLl=])

SWITCH(6,0N)

PLANK,

SWITCH(6,0FF)

POST(COMPILE)

MHAPIPART)

FTNCA) IsSAIL,,BoHULL yOPTe2,5SLe0yR20pELFsLCMe])
RETURN(PL,SAIL,COMPILE)

HULL

EXIT(U)

CATALOG(TAPE4,HULLB41l6P 205, 1D=J4DW)
CATALOG(TAPE9s STAB416P20» ID=JDW)
*EOR

*LIMIT 10000

®READ HULCORR

SREAD BND9

*COMPILE HULL

*EOR

HULL

PROB 8416.20

CYCLE=O

INPUT

STABF=0.,05

MRELER=1,0E~-6

CSTOP=200

END
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*¢ HULL CORRECTIONS. FILE HULCORR *%

SIDENT BNDCORR
./ CORRECT AN ERRORS CHANGE LBOUND TO ABOUND
SDELETE HULL.11059
¢KEEPTO *] ABOUND4 AND LAMB
oy AMEND SHKWV CALLS:
*/ MAKE BIUNDARIES MORE GENERAL. N7J Y=0,0 OR X=0.0 FOR 3D.
./ FIRST PHASEs TIME =T FOR EXTERNAL CELLs =T ¢ 0,5¢DT ON BOUNDARY,
s/ SECOND PHASE) TIME = T ¢+ DT,
¢DELETE HULL.11062
CALL SHKWV(T+0.,5#DT,DISXs YO,ALT,UAB,VAB,WABs EAB,RHOAB)
®DELETE HULL.11389
CALL SHKWV(T+0.,5%DT,DISX»DISY,ALT,UBB, VBB, WBB,EBB,RHOBB)
*DELETE HULL.11634
CALL SHKWY(T+0,5%DT,X0,DISY,ALT,ULB, VLB, NLB,ELB,RHOLB)
SDELETE HULL.12444
CALL SHKWV(T+DT»DISX»YOsALT,UABs VABs WAB,EAB» RHOAB)
*DELETE HULL.12600
CALL SHKWV(T+DT>DISX»DISY»ALT,UBB,VBB,wBB,EBB,RHOBB)
¢DELETE HULL.12815
CALL SHKWV(T+DT»XO0sDISYsALT,ULBs VLB, WLB,ELB, RHOLS)
¢DELETE HULL.13209
CALL SHKWV2(T+DT,DISX,DISY,UBB,VBB,EBBsRHOBB)
*DELETE HULL.13329
CALL SHKWV2(T+DToDISX,DISY,ULB,VLBy ELByRHOLB)
$IDENT DTFR2D
./ BETTER 2D TIME STEP. FIXED GAMMA ONLY.
SINSERT HULL. 4074
c COMPUTE CS FDR CELL(I,J)
c THIS IS FOR FIXED GAMMA. OTHERWISE, USE EQ. OF STATE.
EFORCS & H{N1¢4)=0,5%(H(N1+2)%#2 ¢ H(N1le¢3)**2)
CS = SQRT(GAMMA®(GAMMA-1,0)*EFQORCS)
c END CS INSERT,.
$IDENT HULLCOR
SNOABBREV
*/ ERRORS IN SHORE CELL OPTION (CORRECTION THANKS TD PAUL LEWIS)
./ POSSIBILITY OF ALL FLUID CELLS OMITTED.
*INSERT HULL.4116
CHECK FOR RIGHT CELL ALL FLUID
IF(LSR .EQ, 0) GITO 105
*DELETE HULL.4127
105 RHOP. = H(NR1+5)/VOLR
®INSERT HULL. 4145
c CHECK FOR CELL ABOVE ALL FLUID
IF(LSA +EQ. O0) GOTD 115
SDELETE HULL. 4157
115 RHOA = H(NAl+5)/VOLA
*DELETE HULL.11256
IF(LSI .LE. 0)GOTO &
VOL = VOL*0.5
SINSERT HULL.11260
6 CONTINUE
$INSERT HULL.11517
IF(LSI .LE. 0)GOTO 5
SINSERT HULL.11521
S CONTINUE
./ END OF THE PAUL LEWIS CORRECTIDN.
s/ TBR1 HAS OUPLICATE ADDRESS IF NM.GT,1
SDELETE HULL.12336,HULL.12337
DO 17 INM=1l,NM
17 H(NASNHN+IM) = H{NTBR+NHM+IN)*DEN
./ REMOVE AN ANOMALY BELOW HULL.13661
SDELETE HULL.13661,HULL 13662
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*KEEPTO TB352D0 RAD1 AND LBOUND NEO

5/ OBVIOUS MISSPELLED NAME AT HULL.17495
®DELETE HULL.17495
$ 5 AWT(SHALE»5)/47.90/,» FRACN (SHALE»1)/0.0055885/,
*/ *KEEPTO DOES NOT COUNT ts¢,
./ NOTEe. THINK BBOUND=1AND2 NOT CHECKED, WORTHLESS IF CHECKED.
®DELETE HULL.2039
SKEEPTO =4 BBOUNDO
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*¢ BOUNDS CODINGs FILE NEWBND9 &=

*IDENT BOUNDS
s/ XBOUND=9 IS INPUT FRDOM A PREVIDUS HULL RUN AT XBDUND.
*/ MAXIMUM INPUT PLANE A T6X76 MESH OF POINTS. T/24/04,
®INSERT HULL.T04
SKEEPTO ENDBNDS LBOUND9 OR RBOUND9 OR BBOUND9 OR TBOUND9 OR +
ABOJQUND9 OR FBOUND9
*INCLUDE DEEP-5IX REZONE
®LABEL ENDBND9
./ FILES FOR XBNUND=9,
®INSERT HULL.1146
SKEEPTO ) LBIUNDY
+  TAPE31l,TAPE6],
SKEEPTO +] RBOUND9
+  TAPE32,TAPE62,
SKEEPTO *1 BBOUND9
+ TAPE33,TAPESI,
SKEEPTO  *] TBOUNDS
+ TAPE34s TAPEG4,
*KEEPTOD »} ABOUNDO
+  TAPE35, TAPEGS,
SKEEPTD ¢} FBOUND9
+ TAPE36,TAPEGS,
S INSERT HULL.B161
*KEEPTOD *] LBOUNDS OP RBAOUND9 OR BBOUND? OR TBOUND9 OR ¢+
ABOUND9 OR FBOUND9
COMMON/SHIFT/TSHIFT, XSHIFT, YSHIFT,ZSHIFT
*INSERT HULL.B8369
*KEEPTD =4 LBOUND? OR RBIUNDY OR BBOUND9 OR TBOUNDS OR +
ABOUND9 OR FBOUND9
TSHIFT = 0,0
XSHIFT = 0.0
YSHIFT = 0.0
ISHIFT = 0.0
*INSERT HULL.9250
*KEEPTO  ENDBNDO DIMEN3
*KEEPTO  ENDBND9 LBOUNDS OR RBOUND9 OR BBOUNDY QR TBOUNDO OR ¢+
ABOUND9 OR FBOUNDO
C ADD HB ARRAYS TD LCMs USE NEXT LARGER MULTIFLE OF 8.

C 1190 4000 AS OF 8/21/84s 131 ASSUMES MAX(INsJNsKN) +LE. 200.
CALL FLECS(IB9ECS)

IF(ABOUND +EQ. 9) IB9ECS = JBY9ECS ¢ 4000
IF(FBOUND +EQ. 9) IBQECS = IB9ECS + 4000
IF(BBOUND +EQs 9) IBQECS = IBOECS ¢ 4000
IF(TBOUND .EQ. 9) IB9ECS = IBOECS ¢ 4000
IF(LBOUND .EQ. 9) IB9ECS = IBOECS + 4000
IF(RBOUND o+EQe 9) IBOECS = IBQECS ¢ 4000

CALL SETECS(IBSECS)
®LABEL ENDBND9
SINSERT HULL.11058
SKEEPTD *) ABOUND®
CALL ABND9D3(T+0.5¢DT,DISX,Y0s ALT,UABsVAB,WAB)EAB,RNOAB)
*SKIPTO *4&  ABOUNDY
SINSERT HULL.11092
*SKIPTO  STBND9 FBOUND®
*INSERT  HULL.11l102
*LABEL STBNDO
SKEEPTOD ENDBND9 FBOUNDS
DISX = X{(I) = 0.5%0X(])
DISY = Y(JMAX) = 0.5%*DY(JHAX)
ALT = Z(K) = 0,5%DZ(K)
CALL FBND9D3(ToDISXeDISY,ALToH(NL4L)oH(NL*2)sH(NL+3)sH(NL4),
. RHOFB)
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H(N1+5) = RHOFB*DX({I)*DY(JMAX)*DZ(K)
*LABEL ENDBNDO
$INSERT HULL.11388
SKEEPTO *1 BBOUNDS
CALL BBNDOD3(T+0,5¢DT,DISXyDISY,ALT,UBB,VBB,WBB,EBB,RHOBB)
sSKIPTO *] BBOUNDS
SINSERT HULL.11630
*KEEPTO *] LBNUNDY
CALL LBNDOD3(T+0,5¢DT»X0sDISY,ALT,ULBsVLB,WLB,ELB,RHOLS)
*SKIPTO *4 LBOUNDS
$INSERT HULLe11665
*SKIPTO STBND9 RBOUND9
S$INSERT HULL.11677
®«LABEL STBNDS
SKEEPTO ENDBNDO RBOUNDO
DISX = X(IMAX) = 0¢5¢DX(IMAX)
DISY = Y(J) =~ 0.5*DY(J)
ALT = Z(K) - 0.5%D2(K}
CALL RBND:D3;T;DISX’DISY:ALT:H(NL*I)pH(NL’Z):H(NL03);H(NL¢§)a
* HORB
H(NL+5) = RHORB*DX(IMAX)*DY(J)*DZ(K)
®LABEL ENDBND9
SINSERY HULL.12362
*SKIPTD STBNDS TBOUNDO
®INSERT HULL.12370
®LABEL STBNDO
SKEEPTO ENDBND9 TBOUND9
DISX = X(1) ~ 0.5%DX(I)
DISY = Y{J) ~ 0.5%DY(J)
ALT = Z(KMAX) = 0,5¢DZ(KMAX)
CALL TBNDQD3(T!D§¥X;DISY’ALT’H(Nl*l)nN(Nl‘Z)’H(NA*3)DH(NA95)D
+ RHOTB
H{NA+5) = RHOTB*DX(I)*DY(J)*DZ(KMAX)
*LABEL ENDBND9
SINSERT HULL.12443
*KEEPTQ *] ABJUND9
CALL ABNDOD3(T+DTsDISXs»Y0sALT» UAB,VABs WAB» EAB, RHOAB)
*SKIPTO *1 ABOUND9
®INSERT HULL. 12455
*SKIPTO STBND9 FBOUND9
®INSERT HULL.12467
*| ABEL STBND9
*KEEPTO ENDBND9 FBOUNDS
DISX = X(I) ~ O0¢5*DX(I)
DISY = Y(JMAX) = 0.5%DY{JMAX)
ALT & 2{K) = 0,5%DZ(K)
CALL FBNDQD3(T:DT:DISX:DISY:ALT’H(NIOI):H(Nl#z)nH(Nl#B)nH(Nl#hln
+ RHNOFB)
H(N1¢4) = H(NL#4) ¢ OS¢ (H(N1+1)%%2 ¢ H(N1¢2)%%2 + H(N1le3)*¢2)
H(N1+5) « RHOFB#OX(I)*DY(JIMAX)*DZ(K)
sLABEL ENDBND9
SINSERT HULL.12599
*KEEPTC 1 8BOUND®
CALL BBNDO9DA(T+DT,DISX,DISY,ALT»UBB,VBB,WBB, EBB,RHOBB)
$SKIPTO *]1 B8B8OUNDY
SINSERY HULL,12671
SKEEPTD ENDBND9 FBOUNDS
IF(I L.EQ, IMAX)GOTO S
DTH = DTH - FEJ(JL)
DMTH = DMTH = FMJ(JL)
5 CONYINUE
$LABEL ENDBNDO
S INSERT HULL.12672
*SKIPTO STBND9 FBOUNDS
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®INSERT HULL 12690
$LABEL STBND9
*INSERT HULL,12814
*KEEPTO *] LBOUND9
CALL LBNDOD3(T+DT,»X0»DISY,ALT,ULB,VLBsWLBIELB,RHOLB)
*SKIPTO *] LBOUND9
$INSERT HULL.12826
*SKIPTO STBND9 RBOUNDS
* INSERT HULL.12838
*LABEL STBNDO9
*KEEPTO ENDBND9 RBOUNDS
DISX = X({IMAX) = O.5*0X(IMAX)
DISY = Y(J) - 0.5%DY(J)
ALT = Z(K) - 0.5%DZ{K)}
CALL RBNDOD3I(T+DTsDISXsDISYsALT,HINL*L)sHINL42),HINL*3)sHINL+4),
+ RHORB)
H(NL+4) = H(NL*4) ¢ 0,55 (H(NL+1)%%2 + H(NL+2)*%2 ¢ H(NL+3)*%2)
H(NL+5) s RHORB*DX(IMAX)*DY(J)*DZI(K)
$LABEL ENDBNDS
®INSERT HULL.12890
*KEEPTO ENDBNDO9 RBOUND9
DTH = DTH - FEL
DMTH = DMTH - FML
sLABEL ENDBND9
*INSERT HULL.12898
*SKIPTO STBNDO RBOUND9
SINSERT HULL,.12911
*LABEL STBNDO
SINSERT HULL,.12980
$KEEPTO ENDBND9 TBOUNDO
IF(I +EQ. IMAX +ORe J +EQ., JMAX)IGOTO 5
DTH = DTH - FEK(KL)
DMTH = DMTH = FMK(KL)
S CONTINUE
L ABEL ENDBND9
S INSERT HULL, 12981
*SKIPTO STBNDY TBOUND 9
*INSERT HULL.12998
SLABEL STBND9
®INSERT HULL.13022
*SKIPTO STBND9 TBOUNDO
®INSERT HULL.13030
®LABEL STBND9
$KEEPTO ENDBND9 TBOUNDO
DISX = X(I) = 0.5%DX(I)
DISY = Y{J) - 0,5*DY(J)
ALT = Z(KMAX) = O0.5¢DZ(KMAX)
CALL TBNDOD3(Te¢DT,DISXsDISYsALTosHINA+LI))H(NA42),H(NA®I)sH(NA®S),
+ RHOTS)
H(NA+4) & H{NA+4) ¢ 0,58 (H(NA+1)%82 + H(NA+2)83%2 «+ H(NA+3)*s2)
HINA+5) = RHOTB*DX({I)*DY(J)*DZ(KMAX)
SLABEL ENDBND9
$ INSERT HULL.11010
SKEEPTO ENDBND9 LBOUND9 AND DIMEN3
SUBROUTINE LBNDOD3I(TH) XHs YHsZH,Us Vs WoE» RHO)
BOUNDARY SUBROUTINE FOR LBOUNDe=9, INPUT PREPARED BY
HULLUP IS ASSUMED ON FILE TAPE31l FOR X = (XIN).
XH SHOULD BE X0. XH ¢ XSHIFT SHOULD BE XIN.

KN ¢ 2 RECORDS PER TINE DUMP:
HEADER--535.0,0L0 PRNB,TI1,»TI2s XINs NNH» JNsKN
GRID==(YIN(J)sJd=1pJN)» (ZIN(K)pK=l,sKN)

HYDR0O DATA NNH/POINT FOR TIMES TI1 AND TI2
KN ROWS AT (YIN(J)I»ZIN(K)»Jal,sJN) FOR K=1l,sKN,
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10
16

20

22
24

COMMON/SHIFT/TSHIFTy XSHIFT,YSHIFT)ZSHIFT
VALUES IN SHIFT SET IN HULLIN.

FOLLOWING ARRAYS SET TO ACCOMODATE JN oLEe 200.
COMMON/HB17 TO ACCOMODATE LEVEL 2 STATEMENT.
COMMON/HB1/HB1(4000)
DIMENSION H(5)
DIMENSION YIN(200),2IN{200)

LEVEL 2, HB1l

NAMELIST/HEADIN/HEAD1,DLPROB,TI1,TI2,XINSNNH s INsSKN

NAMEL IST/GRIOD/XHy XSHIFT, Xy XINy YHy YSHIFT» Yy YINsZH» ZSHIFT» 2, 1IN
SET FILE NUMBER., STATE ARRAY DIMENSIONS.

DATA IBND,»NBNDsJMXsKMX2NMX/315615200,5,20094000/

NMX IS ADDED TO LCM IN HULLIN (HULL9250).

SET TF1 TO -1.0 FOR INITIAL VALUES.

DATA TF1/-1.0/

SHIFT DATA FROM HULL COQRDINATES TO BOUNDARY CODRDINATES.
TH + TSHIFT
XH + XSHIFT
YH + YSHIFT
IH ¢ ISHIFT
IS THIS AFTER THE INITIAL ENTRY?
IF(TF1l 6T. -0.9)GDTOD 30
TFl = 1.0
READ FIRST HEADINGs GRIDs AND AYDRO SET. CHECK.
REWIND IBND
READ( IBND)IHEADYs OLPROB, TI1,TI2,XINs NNHy JNy KN
IFCEQFC(IBND) oNE. O )}GITO 100
TTEST = 0,00001*%(TI2 - TIl)
XTEST = 0,0000001#%XIN
WRITE(6,5)
FORMAT(//* INITIATE LBOUND9 INPUT. FIRST HEADER RECORD:')
WRITE (6, HEADIN) :
IF(ABS(HEAD] - 555,0) +6T, 0.,01)60TD 110
NNHYPR = NNH*JN
NNHYPP s NNHYPR*2
IF(IN +GTe JMX ¢ORe KN oGTe KMX o0ORe NNHYPP o6Te NMX)GOTO 120
IF(T+TTEST LT. TIL)GOTOD 130
OLPRB1 = QLPROB
READ GRID FOR INPUT BOUNDARY PLANE.
READ(IBND) (YIN(J)oJdmlyoIN)s» (ZIN(K)»K=1)KN)
YTEST = (YIN(2) - YIN(1l) )*0,00001)
ITEST = (ZIN(2) -~ ZIN(1l) )#*0.,00001
IF(T+TTEST JLE. TI2)GOTO 20
FIND THE NEXT HEADER RECORD.

READ( IBND)HEADYL,OLPROBsTI1sTI2»XINs NNHy JNyKN
IF(EOF(IBND) .NE. 0)GOTO 160
IF(OLPROB oNEe OLPRB1 o0OR, HEADL «NEe 555.0)60T0 14

THIS IS A NEW HEADER RECORD. BYPASS THE GRID RECORD.
READ( IBND)OUMMY
60T0 10

READ HYDRO RECORDS., STORE IN FILE NBND,
REWIND NBND
DO 22 Ke=1y,KN
READ(IBHD) (HBLIL)»L=1,NNHYPP)
WRITE(NBND) (HB1(L),L=1,NNHYPP)
CONTINUE
REWIND NBND

READ FIRST 2 ROWS FROM FILE NBND.
READ (NBND) (HBL(L)»L=1,NNHYPP)
READ(NBND) (HBLI(NNHYPP+L),Lul, NNHYPP)

N <X -
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30

32

34

36

38

40

42

50

JIN =
KIN =
ISW =
INDH1 0
INDH2 = NNHVPP
TOENOM = 1.,0/(TI2 - TIl)
IF(T=TTEST «6Te TIZ2)IGOTO 14
IF(ABS(X - XIN) +GT. XTEST)IGOTO 140
IF(YIN(1) = Y «GTs YTEST oORe Y = YINUIN) +GTo YTESTIGOTO 160
IF(ZIN(1) = Z «GToe ZTEST «ORe Z = ZIN(KN) +GTo. ZTEST)IGOTO 140
IF(Z-2ZTEST oLTe ZIN(KIN) )6OTD 38
IF{ISW «EQe 1)GOTO 34
READ(NBND) (HBL(L)»L=1,NNHYPP)
ISw = 1
INDH1 = NNHYPP
INDHZ = O
GOT0 36
READ (NBND) (HBL(NNHYPP+L),Ls1,NNHYPP)
Isw = 2
INDH1 = O
INDH2 = NNHYPP
KIN = KIN+1
IDENOM = 1,0/ (ZIN(KIN) = ZIN(KIN-1))
JIN = 2
G60TD 32
IF(Z+ZTEST oLTe ZIN(KIN-1) )GOTO 24

LOCATE THE CORRECT COLUMN,
IF(Y*YTEST oLTe YIN(JIN=1) ) JIN = 2
IF(Y=YTEST «LT. YIN(JIN) )GOTD 42
JIN = JIN¢1
GOTO 40

NOW, SET ADDRESSES AND DO THE INTERPOLATION.
IREF = (JIN = 2)*NNH
YRATIO = (Y = YIN(J.N-1) I/Z(YINCJIN) - YIN(JIN-1) )
TRATIO = (T - TI1)*TOENOM
IRATIO = (Z = ZIN(KIN=1) )®ZDENOM

THREE INDICES THAT ARE 1 OR 2 BELOW REPRESENT LOWER DR

HIGHER VALUES OF Yy Z, OR T, RESPECTIVELY.

NN

LF1l11
LF211
LFll12
LF2l2
LF121
LF221
LFl22
LF222
00 50
Fl11
FYll
Fl121
Fra2l
FYZ1
Fl112
FYl2
Fl22
Fya2
FYZ2
H(L)

INDH1
LF1l11
LF1ll
LF1ll2
INDH2
LFl121
LFl21
LFl22

+

L K 2K 2% 2% 2R 4

IREF
NNH
NNHYPR
NNH
IREF
NNH
NNHYPR
NNH

L=1,5

HBLl(LF1lll + L)

F111 ¢ (HB1l(LF211+L) = Fl1l1)SYRATIO
HBl(LFl21+L)

F121 ¢ (HB1(LF221e¢L) - F121)*YRATIOD
FY1l ¢ (FY21 - FY11)*ZIRATIOD
HBLl(LF1ll2 + L)

F1l12 + (HB1l{LF212+L) - F1l12)*YRATIO
HBLl(LF122+L)

Fl22 ¢ (HB1(LF222+L) - Fl22)*YRATIOD
FY12 ¢ (FY22 - FY12)$ZRATIO

FYZ1l ¢ (FYZI2 - FYZ1)*TRATIO

CONTINUE
U= H(1)
V= H(2)
W= H(3)
E = H(4)
RHO = H(5)
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RETURN

100 WRITE(6,103)
STOP' ABORT, LBNDOD3. NO DATA ON FILE.!
105 FORMAT(//% ABDORT, LBNDSD3, NQ DATA ON FILEs")
110 WRITE(6,115)
STOP' ABORT LBND9D3. FIRST FILE WORD NOT 559%.0!
115 FORMAT(//' ABORT, LOND9D3, HEADL NOT 5535,0*)
120 WRITE(6s125)INs JMXs KNsKMXsNNHY PPy NMX
STOP' ABORT,LONDOD3s DIMENSION TOO SMALL.?
12% FORMAT(//" ABORT, LBNDOD3, DIMENSION TOO SMALL,?/
¢ v INsJIMXaKNs KMXs NNHYPPyNMX=0,618)
130 WRITE(6,135)TH) TSHIFT,T,T11
STOP' ABORT,LBND9D03. REQUESTED T LT INITIAL TINE IN FILE.*
135 FORMAT(* ABORT, LBNDOD3, REQUESTED T LT INITIAL TIME IN FILE.'/
¢ ' THITSHIFTsT,TIle ,1P4ELS,T7)
140 WRITE(6,145)
WRITE(6,GRID)
STOP! ABORT, LBND9D3, SPATIAL VARIABLE OUTSIDE RANGE.®
145 FORMAT(//7% ABORT, LONDOD3. SPATIAL VARIABLE OUTSIDE RANGE.®)
160 WRITE(65165)THs TSHIFT,ToTI1,TE2
STOP! ABORT, LBNDSD3. END OF FILE BEFORE T,.!
165 FORMAT(" ABORT, LBNDOD3, END OF FILE BEFORE T.'/
* ; THs TSHIFT,THTIL,TI2e ,1P3ELS5,T)
EN

*LABEL ENDBND9
OKEEPTD ENDBND9  RBOUND9 AND DIMEN3

OO0 OO0

(g X 2] on (2]

SUBRNUTINE RBNDSD3(THs XHs YHsZHsUs Vs WsEs RHD)
BOUNDARY SUBROUTINE FOR RBOUND=9, INPUT PREPARED BY
HULLUP IS ASSUMED ON FILE TAPE32 FOR X = (XIN),
XH SHOULD BE X (IMAX)=0.5¢DX{(IMAX)e XH ¢ XSHIFT SHOULD BE XIN,

KN ¢ 2 RECORDS PER TINE OUMP:
HEADER~~555,0,0L0 PROB,TI1aTI2s XINs NNHs JNsKN
GRID~=(YIN(J)sJuloIN)2 {ZIN(K)gKul,KN)

HYDRO DATA NNH/POINT FOR TIMES TI1 AND TI2
KN ROWS AT (YIN(J)»ZIN(K)s»Je)sdN} FOR KelpKNe

COMMON/SHIFT/TSHIFT, XSHIFTo YSHIFT)2ZSHIFT
VALUES IN SHIFT SET IN HULLIN. '

FOLLOWING ARRAYS SET TO ACCOMODATE JN +LE. 200.
COMMON/HB2/ TO ACCOMODATE LEVEL 2 STATEMENT.
COMMON/HB2/HB2(4000)
DIMENSION H(5)
DIMENSION YIN{200),Z1IN(200)

LEVEL 2, H82

NAMELIST/HEADIN/HEAD1,OLPROB,TIL,)TI2sXINsNNHsINsKN

NAMEL IST/GRID/XHy XSHIFToXo XINy YHo YSHIFT Yo YINs ZHy ISHIFT) 25 ZIN
SET FILE NUMBER. STATE ARRAY DIMENSIONS,.

DATA IBND,NBND» JMX)KMXsNMX/32) 6220022005 4000/

NMX ]S ADDED TO LCM IN HULLIN (HULL9230}),

SET TF1 TDO ~1.,0 FOR INITIAL VALUES.

DATA TF1/-1.0/

SHIFT DATA FROM HULL COORDINATES TO BOUNDARY COODRDINATES.
TH ¢ TSHIFT

XH ¢ XSHIFT

YH ¢ YSHIFT

IH ¢ ISHIFY

IS THIS AFTER THE INITIAL ENTRY?

IF(TF1 +6T. ~0,9)G0T0 30

TFl = 1.0

=< % =4
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READ FIRST HEADING, GRID» AND HYDRO SET. CHECK.
REWIND IBND
READ ( IBND)HEAD1, OLPROB, TI1»TI2,XINg NNHy SNy KN
IF(EIF(IBND) JNE. O )GOTO 100
TTEST = 0,00001¢(TI2 - TI1)
XTEST = 0,0000001*XIN
WRITE (655)
5 FORMAT(//% INITIATE RBOUND9 INPUT., FIRST HEADER RECORD1*)
W WRITE (6, HEADIN)
IF(ABS (HEADL - 555.0) +GT. 0.01)60TO0 110
NNHYPR = NNH®JN
NNHYPP = NNHYPR®2
IF(IN «6Te JMX 4OR. KN oG6T. KHX o+OR. NNHYPP ,GT. NMX)GDTO 120
IF(T+TTEST oLT. TILIGNTO 130
OLPRB1 = OLPROB
READ GRID FOR INPUT BOUNDARY PLANE.
READ(IBND) (YINCJ)sJ=1sdN)y (ZIN(K)pKelpKN)
YTEST = (YIN(2) - YIN(1) )%0,00001
2TEST = (ZIN(2) - ZIN(1) )%0,00001
10 IF(T+TTEST JLE. TI2)6OTO 20
¢ FIND THE NEXT YEADER RECORD.
14 READ(IBND)HEADL,OLPROB,TI1sTI2,XINg NNHs JNyKN
3 IFCEOF(IBND) .NE. 0)GOTD 160
IF(OLPROB oNE. OLPRBY oOR. HEADL oNEe 555.0)G0T0 14
¢ THIS IS A NEW HEADER RECORD. BYPASS THE GRID RECORD.
READ { IBND) DUMMY
60TO 10
c READ MYDRO RECORDS. STORE IN FILE NBND.
20 REWIND NBND
DD 22 Kel,KN
READ(IBND) (HB2(L)yL=1,NNHYPP)
WRITE(NBND) (H4B2(L),L=1,NNHYPP)
22 CONTINUE
24 REWIND NBND :
¢ READ FIRST 2 ROWS FROM FILE NBND. ‘
READ (NBND) (HB2(L)sL=1y NNHYPP)
READ (NBND) (HB2(NNHYPP#L),Lel, NNHYPP)
JIN = 2
KIN = 2
ISH o 2
INDH1 = © ‘
INDH2 = NNHYPP ;
TDENOM = 1,0/(TI2 - TI1)
30 IF(T-TTEST 6T, TI2)GOTO 16
IF(ABS(X - XIN) .6T. XTESTIGNTO 140
IF(YIN(1) = ¥ 6T, YTEST oORe Y ~ YINGIN) .GT, YTESTIGOTO 140
IF(ZIN(1) - 2 46T, ZTEST .OR. Z - ZINCKN) .6T. ZTEST)GOTO 140 ]
32 IF(2-2TEST LT, ZIN(KIN) )GOTOD 38
IF(ISW «€Q. 1160TQ 364
READ(NBND) (H32(L),L=1,NNHYPP)
ISW o 1
INDN1 = NNHYPP
INDH2 = 0
) G0TO 36 ,
. 34 READ(NBND) (HB2(NNHYPPoL),Lel, NNHYPP) X
. ISW = 2 o
: INDH1 o 0
- INDHZ = NNHYPP '
N 36 KIN = KINel :
ZDENOM = 1.0/(ZIN(KIN) = ZIN(KIN=1))
JIN = 2 .
5 G0T0 32
‘ 38 IF(Z+ZTEST oLT. ZIN(KIN-1) )GOTO 24
¢ LOCATE THE CORRECT COLUMN,
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IFCY#YTEST oLTe YINUJIN-1) ) JIN = 2
40 IF(Y-YTEST .LT. YIN(JIN) )GOTOD 42
JIN = JIN+)
GOTD 40
¢ NOW» SET ADDRESSES AND DD THE INTERPOLATION.
42 IREF = (JIN = 2)#NNH
YRATIO = (Y = YINCJIN-1) )7(YINCJINY = YINCJIN-1) )
TRATIO = (T - TIL)*TDENON
ZRATIO = (Z - ZIN(KIN=1) J$ZDENOM
¢ THREE INDICES THAT ARE 1 OR 2 BELOW REPRESENT LOWER DP
c HIGHER VALUES OF Y, Z, OR T, RESPECTIVELY,
LF111 « INDH1 + IREF
LF211 « LF111 + NNH
LF112 = LF111 + NNHYPR
LF212 = LF112 + NNH
LF121 = INDH2 + IREF
-
 §
E ]

LF221 LFl121 NNH
LFl22 LF121 NNHY PR
LF222 LF122 + NNH
00 50 t=1,5
F111 HB2(LF11ll + L)
Frll F111l + (HB2(LF211+L) - F111)¢YRATIO
Flal HBZ(LF121+L)
Fy2l F121 + (HB2(LF221+L) - F1l21)*YRATIO
Frzl FYll ¢ (FY21 - FY11)*ZRATIO
Fll2 HB2(LF11l2 + L)
Frl2 F112 + (HB2(LF212+L) = F1l12)*YRATIO
Fl22 HB2 (LF122+L1)
Fv22 F122 ¢ (HB2(LF222+L) - F122)*YRATIO
FyZ2 FY12 + (FY22 =~ FY12)*IRATIO
H(L) = FYZ1 ¢ (FYZI2 ~ FYZ1)*TRATID
50 CONTINUE
U = H(D)
vV = H(2)
Noe H3)
E = H(4)
RHO = H(5)
RETURN

LK IR R 2 3N J

100 WRITE(6,105)
STOP® ABORT, RBNDO9D3. ND DATA ON FILE.'
105 FORMAT{//* ABORT, RBNDOD3, NO DATA ON FILE.")
110 WRITE(65115)
STOP* ABORT RBNDOD3, FIRST FILE WORD NOT 5355,0°
1195 FORMAT(//* ABORT, RBNDOD3, HEADL NOT 555.0%)
120 MRITE(62125)INs JMXoKNs KMX)NNHYPP ) NM X
STOP' ABORT,RBND9D3., DIMENSION TOO SMALL.'
125 FORMAT(//' ABORT, RBND9D3, OIMENSION TOO SMALL.'?/
® 0 INsJIMXyKNp KM Xy NNHYPPoNMXu®,4618)
130 MRITE(6,135)THy TSHIFTHTHTIL
STOP* ABORT,RBNDOOD3. REQUESTED T LT INITIAL TIME IN FILE.!
135 FORMAT(* ABORT, RBNDOD3. REQUESTED T LT INITIAL TIME IN FILE.'/
¢ ' THyTSHIFT,;T,TIl=s ,1P4E15.7)
140 WRITE(6,145)
WRITE (6,GRID)
STOP' ABORT, RBNO9D3, SPATIAL VARIABLE ODUTSIDE RANGE.?
145 FORMAT(//*% ABORT, RBND9D3, SPATIAL VARIABLE OUTSIDE RANGE.*)
160 WRITE(6,165) THy TSHIFT» T TI1,T12
STOP' ABORT, RBNDOD3. END OF FILE BEFORE T.!
165 FORMAT(* ABORT, RBNDOD3, END OF FILE BEFORE T.!/
* B THs TSHIFT) ToTIlsTI2e t,1PSEL1S.T)
EN
SLABEL ENDBNOD9
*KEEPTO ENDBNDS BBOUND9 AND DIMEN3
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SUBRJUTINE BBNDOD3(THs X4y YHsZHsUs Vs HsEsRAD)
BOUNDARY SUBRNUTINE FOR BBOUND=9. INPUT PREPARED BY
HULLUP IS ASSUMED ON FILE TAPE33 FOR Z = (1IN),
I4 SHOULD BE 20, IH ¢ ISHIFT SHOULD BE ZIN.

JN ¢ 2 RECORDS PER TIME DUMP:
HEADER==535.,0,0LD PROBsTI1,TI2, ZINsNNH,INsJN
GRID-=(XIN(I)»I=1,IN)» (YIN(J)pd=lsdN)

HYDRO DATA NNH/POINT FOR TIMES TI1 AND TI2
JN ROWS AT (XIN(I)s»YINCGJ)»1=1,IN) FOR JelslNe

COMMON/SHIFT/TSHIFTy XSHIFT,YSHIFT, ZSHIFT
VALUES IN SHIFT SET IN HULLIN.

FOLLOWING ARRAYS SET TO ACCOMODATE IN +LE. 200,
COMMON/HB3/ TO ACCOMODATE LEVEL 2 STATEMENT,
COMMON/HB3/HB3(4000)
DIMENSION H(5)
DIMENSION XIN(200), YIN(200)

LEVEL 2, HB3

NAMEL IST/HEADIN/HEADL:OLPROByTILlsTI25ZINsNNHSINsIN

NAMFLIST/GRID/XHy XSHIFTsXs XINy YHs YSHIFT)Ys YINsZHs ZSHIFT,2Z»2IN
SET FILE NUMBER, STATE ARRAY DIMENSIDNS.

DATA IBNDsNBND» IMXe JMXsNMX/33,635200,200,4000/

NMX IS ADDED TOD LCM IN HULLIN (HULL9250).

SET TFl 10 =1.0 FOR INITIAL VALUES.

DATA TF1/-1.0/

SHIFT DATA FROM HULL CODRDINATES TO BOUNDARY COORDINATES.
= TH ¢ TSHIFT
= XH ¢ XSHIFT
= YH ¢ YSHIFT
= IH ¢ ZSHIFT
IS THIS AFTER THE INITIAL ENTRY?
IF(TFl .GT., =0.9)GOTO 30
TFl = 1.0
READ FIRST MEADINGs GRID» AND HYDRO SET. CHECJ.
REWIND IBND
READ(IBNDIMEADL,»OLPROB,TI1,TI25ZINs NNHy INsJN
IF(EOF(IBND) .NE. O )GOTO 100
TTEST = 0,00001*(TI2 - TIl)
ITEST = 0,00000001%Z1IN
WRITE(6,5)
FORMAT(//7% INITIATE BBOUND9 INPUT. FIRST HEADER RECORD:?)
WRITE{(6sHEADIN)
IF(ASS(HEAD]L = 555,0) 67« 0.01)60T0 110
NNHYPR = NNH*IN
NNHYPP e NNHYPR®*2
IFCIN o6Te IMX oORe JN oGTe JMX oORe NNHYPP 6T, NMX)GOTO 120
IF(T+TTEST LT, TI )GOTN 130
OLPRB1 = OLPROB
READ GRID FOR INPUT BOUNDARY PLANE,
READ( IBND) (XIN(I)»I®1lsIN)s(YINU(J)pJd=lsJN)
XTEST = (XIN(2) - XIN(1) )*0,.00001
YTEST = (YIN(2) - YIN(1) )#0,00001
IF(T+TTEST LE. TI2)6GOTO 20
FIND THE NEXT HEADER RECORD,
READ(IBNDYHEAD1»OLPROB,TYI1,»TI2,2ZINs NNH, IN,JN
IF(EJF(IBND) .NE., 0)GOTO 160
IF(OLPROB oNEos OLPRB1 oORs HEAD]1 oNEes 355.0)60T0 14
T4IS IS A NEW HEADER RECORD., BYPASS THE GRID RECORD.
READ ( IBND) DUMMY
60710 10
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READ HYDRO RECORDS.
REWIND NBND
DO 22 J=1,JN
READ(IBND) (HB3(L)»Le=1,NNHYPP)
WRITE(NBND) (HBI(L),Lol,NNHYPP)
CONTINUE
REWIND NBND

READ FIRST 2 ROWS FROM FILE NBND.
READ(NBND) (HB3(L)sL=1sNNHYPP)
READ(NBND) (HBI(NNHYPP+L),Lel, NNHYPP)
1IN = 2
JIN = 2
ISWw = 2
INDH1 = 0
INDH2 = NNHYPP
TDENOM = 1.,0/(TI2 - TI1}
IF(T=-TTEST 67, TI2)60TO 14
IF(ABS(Z = IIN) +6T. ITESTIGOTOD 140

IF(XINCL) = X o6Te XTEST oORe X = XINCIN) o6Te XTESTIGOTO 140
IF(YIN(1) = ¥ (GTe YTEST +ORe Y = YIN(JN) +6T. YTEST)GOTO 140

IF(Y=YTEST +LTs YIN(JIN) )GOTO 38

IF(ISW «+EQs 1)GOTOD 34

READ(NBND) (HB3(L)sL=1,NNHYPP)

1Sw = 3

INDH1 = NNHYPP

INDH2 = 0

GOTD 36

READ(NBND) (HBI(NNHYPP#L),Lel, NNHYPP)

ISw = 2

INOH1 = O

INDH2 = NNHYPP

JIN = JINe]

YDENON & 1,0/(YIN(JIN) = YIN{JIN-1))

IIN = 2

6010 32

IF(YeYTEST 4LT. YINCJIN=1) )GOTO 24
LOCATE THE CORRECT COLUMN,

IF(XeXTEST oLTe XINC(IIN=1) ) JIN & 2

IF(X=XTEST +LT. XINCIIN) )GOTD 42

IIN = IIN#)

GOTO 40

NOW, SET ADODRESSES AND DO THE INTERPOLATION.

IREF » (IIN = 2)®NNH

XRATIO o (X = XINCIIN=1) D/Z(XINCIIN) = XIN(IIN=1) )

TRATIO = (T = TI1)*TDENOM
YRATIQ = (Y = YIN(JIN-1) )¢YDENOM

THREE INDICES THAT ARE ) OR 2 BELOW REPRESENT LOWER 0.
HIGHER VALUES OF X, Y» OR T, RESPECTIVELY.,

LFlll = INDHLl ¢ IREF
LF211 = LF1lll ¢ NNH
LF112 = LF111 + NNHYPR
LF212 = LFl12 «
LF121 = INDH2 + IREF
LF221 = LF121 »
LFl122 = LF121
LF222 = LF122

D0 50 L=1,5

F11l HB3(LF11ll + L)
Fx11
Fl2l
Fx21l
Fxvl
Fll2
Fxiz

HB3(LF121+L)

FX11 ¢ (FX21 = FX11)®YRATIO
HB3(LF112 ¢ L)

STORE IN FILE NBND,

F111 ¢ (HB3(LF211eL) = F1l11)9XRATID
F121 ¢ (HB3(LF221+L) ~ F121)%XRATIO

F112 ¢ (HB3(LF212¢L) ~ F112)*XRATIO



F122 = HB3(LF122+L)
FX22 = F122 + (HB3(LF222+L) - Fl22)*XRATIO
FXY2 = FX12 ¢ (FX22 - FX12)*YRATIOD
H{L) = FXY1 ¢ (FXY2 = FXY1)*TRATID
50 CONTINUE

AIEE,

<
.

U s H(1)
A Ve H(2)
We H(3)
h) E e H(4)
' RHO = H(5)
f RETURN
D\ ¢
100 WRITE (6,105
STOP' ABIRT, BBND9D3. NO DATA ON FILE.!
- 105 FORMAT(//% ABORT, BBND9D3., NO DATA ON FILE.®)
> 110 WRITE(65,115)
- STOP® ABORT BBND9D3, FIRST FILE WORD NOT 555.0'
.. 115 FORMAT(//% ABORT, BBNDSD3, HEAD1 NOT 555,0')
- 120 WRITE(65125)INs TMXy Ny JMXSNNHYPP o NMX .
W STOPY ABORT,BBNDOD3. DIMENSION TOO SMALL,®
125 FORMAT(//' ABORT, BBNDOD3. DIMENSION TDD SMALL.'/
¢ 0 INSIMXs JN» JMXsNNHYPP , NMX= 0, 618)
130 WRITE(6,135)THs TSHIFT,T5TI1
STOP' ABORT,BBND9D3, REQUESTED T LT INITIAL TIME IN FILE.®

.

135 FORMAT(' ARORT, BBND9D3. REQUESTED T LT INITIAL TIME IN FILEe'/
¢ v TH)TSHIFTsTsTIle *,1P4E15,7)
1640 WRITE (65145)
WRITE(6,6RID)
STOP' ABORT, BBND9D3. SPATIAL VARIABLE OUTSIDE RANGE.®
oy 145 FORMAT(//' ABORT, BBND9D3. SPATIAL VARIABLE OUTSIDE RANGE.*)
' 160 WRITE(6,165)THy TSHIFT,T>TI1,TI2
e STOP' ABORT, BBND9D3. END OF FILE BEFDRE T.*
- 165 FORMAT(® ABNRT, BBND9D3, END OF FILE BEFORE Te'/
o ¢ 0 THyTSHIFTsToTI1,TI2= 4,1P5E15,7)
- END
M SLABEL ENDBND9
SKEEPTQ  ENDOBNDY  TBOUNDS AND DIMEN3
SUBROUTINE TBNDODI(THy XHy YH»ZHsU» Vs WsE» R4D)
BOUNDARY SUBROUTINE FOR TBOUND=9, INPUT PREPARED BY
HULLUP IS ASSUMED ON FILE TAPE34 FOR Z = (ZIN)s
ZH SHOULD BE Z(KMAX)-0.5¢DZ(KMAX)e ZH ¢ ISHIFT SHOULD BE ZIN.

.l .‘0 .‘l " “.‘.‘]..‘
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JN ¢ 2 RECORDS PER TIME DUMP:
HEADER=-555.0,0L0 PROB,TI1,TI2, ZINs)NNH»INsJN
GRID~=(XIN(I)»I=ls IN)y (YIN(J)rJ=1,JIN)

HYDRO DATA NNH/POINT FOR TIMES TI1 AND TI2
JN ROWS AT (XINCI),YIN(S)»I=1,IN) FOR J=1,JNe

Ao

COMMON/SHIFT/TSHIFTy XSHIFToYSHIFT,ZSHIFT
VALUES IN SHIFT SET IN HULLIN.

o

FOLLOWING ARRAYS SET TO ACCOMODATE IN +LE. 200,
COMMON/HB4/ TO ACCOMODATE LEVEL 2 STATEMENT.
COMMON/HB4/HB4(4000)
DIMENSION H(5)
DIMENSION XIN{200),YIN(200)

[ X2 Xa¥al OO OOOOHON

*

PRARV Mok
o

LEVEL 2, HB4
NAMELIST/HEADIN/HEADL,OLPROB»TI1yTI25ZINsNNHs INsJIN
NAMEL IST/GRID/XHy XSHIFT o X s XINs YH, YSHIFT Yo YINy ZH, ISHIFT» 2, 21IN .
C SET FILE NUMBER, STATE ARRAY DIMENSIONS,
DATA IBNDyNBNDs IMXy JMXsNMX/34)645200,200,4000/
C NMX IS ADDED TO LCM IN HULLIN (HULL9250).
{f c SET TF1 YO ~1.0 FOR INITIAL VALUES.,

[ 37
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DATA TF1/-1.0/

N c o
B c SHIFT DATA FROM HULL COORDINATES TO BOUNDARY COORDINATES.
2 T = TH ¢ TSHIFT \
X = XH ¢ XSHIFT
Y = YH 4 YSHIFT
Z e ZH ¢ ISHIFTY
, ¢ IS THIS AFTER THE INITIAL ENTRY?
: IF(TF1l 6T, =0.9)60TO 30
3 TF1 = 1.0

(4 READ FIRST HEADING, GRID, AND HYDRO SET. CHECJ. |
REWIND IBND .
READ ( IBND)YHEADLsOLPROB,TI1,TI25ZINs NNHy IN, N

, IFCEOF(IBND) JNE. 0 1G2TO 100

X TTEST = 0,00001#(TI2 - TI1) K
¥ ITEST = 0,00000001#Z1IN K
' WRITE(6,5) .
5 FORMAT(//% INITIATE TBOUNDY INPUT. FIRST HEADER RECORD:') -

WRITE(6,HEADIN) 4

IF(ABS(HEADL = 555.0) 6T, 0,01160T0 110
NNHYPR « NNH#IN
NNHYPP = NNHYPR®2
TF(IN o6Te IMX ¢DRe JN o6Te JMX oDRs NNHYPP oGT, NMX)GOTO 120 .
IF(T+TTEST +LT. TI1)GOTO 130 ’
OLPRB1 = OLPROB :
READ GRID FOR INPUT BOUNDARY PLANE. '
READ{IBND) (XINCI}sIs1sINY,(YIN(J)}pJdelydN)
XTEST = (XINC2) = YIN(1) )#0.00001
YTEST = (YIN(2) - YIN(1) )#0.00001
10 IF(T¢TTEST (LE. TI2)60TO 20
¢ FIND THE NEXT HEADER RECORD. K
14 READ (IBND)HEAD1»OLPROB,TI1,TI2,2Z1INs NNH, INsJN
IF(EOF(IBND) NE. 0)GOTO 160

! l<".'.‘.'-<
o

)
LA P R

IF(OLPROS «NE. DLPRB1 ,OR, HEAD]l oNEs, 555.0)60T0 14 by
c THIS IS A NEW HEADER RECORDs BYPASS THE G6RID RECORD. ‘
READ ( IBND) DUMMY
6070 10
c READ HYDRO RECORDS. STORE IN FILE NBND.

20 REWIND NBND .
B0 22 J=1l,JN -
READ( IBND) (HB4(L)sL=1,NNHYPP) .
WRITE(NBND) (HB4(L)}sL=1sNNHYPP) .

22 CONTINUE

24 REWIND NBND

c READ FIRST 2 ROWS FROM FILE NBND,.

READ(NBND) (HB4(L)sL=1,NNHYPP)
READ(NBND) (HBG(NNHYPP+L),Le), NNHYPP)

‘llll‘)‘

. IIN = 2 :

. JIN = 2 A

- IS = 2 »
INDH1l = O

INDHZ = NNHYPP
) TOENOM = 1,.0/(TI2 - TI1)
. 30 IF(T~TTEST «GT. TI2)GOTO 14 X
' IF(ABS(Z = ZIN) .GT., ITESTIGOTO 140

~ . IF(XIN(1) =~ X oGTe XTEST ORe X = XIN(IN) oGT. XTESTIGOTO 140 :
\ IF(YIN(1) - Y «GT. YTEST .ORe Y = YIN{JN) «6GT. YTESTIGOTO 140 9
g 32 IF(Y-YTEST «LTs YIN(JIN) 16OTD 38 .
: IF(ISW EQ., 1)60TOD 34 .
. READ(NBND) (HB&(L)pL=),NNHYPP)

, ISV = 1 "
. INDH1 = NNHYPP .
0 INDH2 = O

. 60T0 236
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v
L 34 READ(NBND) (HB& (NNHYPP4L)pLals NNHYPP)
j ISW = 2
y INDH1 = 0
i INDH2 « NNHYPP
Py 36 JIN = JIN#1
YDENOM & 1,0/ (YINCJIN) = YIN(JIN-1))
- IIN = 2
» 601D 32
] 38 IF(YSYTEST oLTe YIN(JIN-1) )GOTO 24
N ¢ LOCATE THE CORRECT COLUMN.,
b4 IF(X+XTEST oLTe XIN(IIN=1) ) IIN s 2
" 40 IF(X=XTEST «LT. XIN(IIN) )GOTO 42
" IIN = IIN#1
60TO 40
ad ¢ NOW» SET ADDRESSES AND DO THE INTERPOLATION.
N 42 IREF = (LIN = 21%NNH

N XRATIO = (X = XIN(IIN-1) )/(XINCIIN) = XIN(IIN-1) )
- TRATIO o (T - TIL)*TDENOM
A YRATIO = (Y - YIN(JIN-1) )®YDENON
-2 c THREE INDICES THAT ARE 1 OR 2 BELOW REPRESENT LOWER OR .
3 MIGHER VALUES OF X, Y, OR T, RESPECTIVELY.,
LF111 s INDH1 + IREF
> LF2L1 « LFI11l ¢ NNH
- LF112 = LF111 + NNHYPR
. LF212 = LF112 + NNH
~ LF121 = INDH2 + IREF
: LF121 + NNH
-2 LF122 = LF121 + NNHYPR
_ LF222 = LF122 + NNH
DD 50 L=1,5
F111 = HB4(LF111 ¢ L)
FX11 « F111 ¢ (HB4(LF211¢L) - F111)¢XRATIO
F121 = HB4(LF121+L)
FX21 = F121 ¢ (HB4(LF221¢L) - F121)$XRATIO
FXYl = FX11 ¢ (FX21 = FX11)#YRATIO
F112 = HB4(LF112 + L)
FX12 = F112 + (HB4(LF212+L) - F112)*XRATID
F122 = HBA(LF122+L)
FX22 = F122 + (HB4(LF222+L) - F122)#XRATIO
FXY2 = FX12 ¢ (FX22 - FX12)#YRATIO
HIL) = FXY1 ¢ (FXY2 = FXY1)®TRATIO
50 CONTINUE
U= H(1)
V= H(2)
W e H(3)
E = H(4)
RHO = H(5)
RETURN

LF221
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100 WRITE(6,105)

STOP* ABIRT, TBNDOD3. NO DATA ON FILE.®
105 FORMAT(//7° ABIRT, TBNDOD3. NO DATA ON FILE.*)
110 WRITE(6,115)

STOP! ABORT TBND9D3. FIRST FILE WORD NOT 355.0°
115 FORMAT(//* ABORT, TBND9D3, HEADL NDT 355.0')
120 MRITE(65125) INs IMXs SN JMX,NNHYPP)NHX

STOP' ABORT,TBND9D3. DIMENSION TOD SMALL.'
125 FORMAT(//' ABORT, TBND9D3, ODIMENSION TOO SMALL.'/
. ¢+ ' INsIMXsINs JNXs NNHYPP,NMX=?,618)
- 130 WRITE(65135)THs TSHIFT,T,TI1

STOP' ABIRT, TBND9D3, REQUESTED T LT INITIAL TIME IN FILE.® .

kv 135 FORMAT(* ABORT, TBND9D3, REQUESTED T LT INITIAL TIME IN FILE.*/
¢ * TH)TSHIFT,T,TIls 9,1P4EL5.7) ¢
i 1640 WRITE(6,145) N
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. WRITE(65GRID)
STOP' ABORT, TBNDGD3, SPATIAL VARIABLE OUTSIDE RANGE.!
145 FORMAT(//% ABIRT, TBND9D3, SPATIAL VARIABLE OUTSIDE RANGE.')
160 WRITE(6s165)THy TSHIFT,T,TI1,T12
STOP* ABNRT, TBND9D3, END OF FILE BEFORE T.!
165 FORMAT(' ABORT, TBNDOD3. END OF FILE BEFORE T,¢/
¢ ' THyTSHIFT,T»TI1sTI2s 9,1P5E15,7)
END
SLABEL ENDBNDY
SKEEPTD  ENDBND9  ABOUND9 AND DIMEN3
SUBROUTINE ABNNOD3(TH,XHsYHsZH»Us Vs Ws €5 RH0)
BOUNDARY SUBROUTINE FOR ABOUNDe9, INPUT PREPARED BY
HULLUP IS ASSUMED ON FILE TAPE35 FOR Y = (YIN),
YH SHOULD BE YO. YH ¢ YSHIFT SHOULD BE YIN.

X T 3 "5

, FLES

KN ¢ 2 RECORDS PER TIME DUNMP:
HEADER==555.0,0L0 PROB,TI1,TI25 YINsNNH» INsKN
GRID~=(XIN(I)sI=2,IN), (ZIN(K)sK=1,KN)

HYDRO DATA NNM/POINT FOR TIMES TI1 AND TI2 .
KN ROWS AT (XIN(I)sZIN(K),»Ie1,IN) FOR K=1l,KNe .

e e e &R
O

COMMAN/SHIFT/TSHIFT, XSHIFToYSHIFT,ZSHIFT _
VALUES IN SHIFT SET IN HULLIN. ~

FOLLOWING ARRAYS SET YO ACCOMODATE IN .LE. 200. N
COMMON/HBS/ TO ACCOMODATE LEVEL 2 STATEMENT. o

: COMMON/HB85/HB5(4000) :

; DIMENSION H(5)

B DIMENSION XIN(200)»2ZIN(200)

OO0 OOOOOOOOON

- LEVEL 2, HBS
- NAMEL IST/HEADIN/HEADY1»OLPROBsTI1sTI25YININNHS IN)KN
NAMEL IST/GRID/XHy XSHIFT o X s XINys YHs YSHIFTHYpYINy2ZHs ZSHIFT, 2, 2IN
SET FILE NUMBER., STATE ARRAY DIMENSIONS,
DATA IBND,NBNDy IMXsKMXsNMX735,65,2005200,4000/ B
NMX IS ADDED TO LCM IN HULLIN (HULL9230). N
SET TF1 TO -1.,0 FOR INITIAL VALUES. ’
DATA TF1/=1.0/

(2 X 2] [2X 2] (o]

SHIFY DATA FROM HULL COORDINATES TO BOUNDARY COORDINATES.
TH ¢ TSHIFT
XH ¢ XSHIFT
YH ¢ YSHIFT
IH ¢ ISHIFT
c IS THIS AFTER THE INITIAL ENTRY?
IF(TF1 .67, -0.9)GOTOD 30
TFl = 1.0
c READ FIRST HEADING» GRID» AND HYDRO SET. CHECK,
REWIND IBND
READ ( IBND)YHEAD1sOLPROB,»TI1»TI2,YINy NNH, INy KN
IF(EOF(IBND) NE. O )GOTO 100
TTEST = 0,00001¢(TI2 - TIl)
YTEST = 0,00000001%YIN
WRITE(6,5)
. S FORMAT(//% INITIATE ABOUNDS INPUT. FIRST HEADER RECORD:")
g WRITE(6,HEADIN) -
IF(ABS(HEADY ~ 555.0) +6T. 0.01)G60T0 110 -
NNHYPR = NNH® IN i
NNHYPP = NNHYPR®2
IFCIN o6Te IMX «¢ORe KN «GToe KMX oORo NNHYPP 6T. NMX)GOTO 120
. IF(T+TTEST +LT. TI1)GOTN 130
OLPRB1 = DLPROB
c READ GRID FOR INPUT BOUNDARY PLANE.
READ(IBND) (XIN(IDsZwd,INIs(ZIN(K),KelpKN)
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XTEST = (XIN(2) - XIN(1l) 1%0.00001
ITEST = (ZIN(2) - ZIN(1) )*0,00001
IF(T+TTEST +LE. TI2)60TO 20
FIND THE NEXT HEADER RECORD.
READ ( IBND)HEAD1sOLPROB, TI1»TI2,YINs NNHy IN,KN
IF(EOF(IBND) «NE. 0)GOTO 160
IF(OLPROB oNEe OLPRB1 +0OFe HEAD1l +NEe 555.0)60T0 14
TH4IS IS A NEW HEADER RECORD. BYPASS THE GRID RECORD.
READ ( IB8ND) DUMMY
6070 10
READ HYDRO RECORDS. STORE IN FILE NBND.
REWIND NBND
00 22 K=1sKN
READ(IBND) (HB5(L)sL=1,NNHYPP)
WRITE(NBND) (HBS5(L)sL=1,NNHYPP)
CONTINUE
REWIND NBND
READ FIRST 2 ROWS FROM FILE NBND.
READ(NBND) (HAS5(L)sL=1sNNHYPP)
READ(NBND) (HB5(NNHYPP+L),L =1, NNHYPP)
IIN = 2
KIN = 2
ISW = 2
INDH1 = O
INDH2 = NNHYPD
TDEMOM = 1.0/7(TI2 ~ TI1)
IF(T-TTEST .GT. TI2)GOTO 14
IFCABS(Y = YIN) .GT. YTEST)GOTO 140
IF(XIN(L) = X «GTe XTEST oORe X = XINCIN) 6T XTEST)IGOTI 140
IF(ZIN(1) = Z «6Te 2ZTEST OR. I ~ ZIN(KN) .GTe 2TESTIGOTO 140
IF(Z=-2TEST oLTe ZIN(KIN) )GOTD 38
IF(ISW «EQs 1)G0TO 34
READ(NBND) (HBS(L)»L=1,NNHYPP)
ISW =
INDH1 = NNHYPP
INDH2 = 0
60T0 36
READ (NBND) (4BS5(NNHYPP+L),L=1,NNHYPP)
ISw = 2
INDH1 = 0
INDH2 = NNHYPP
KIN = KIN+1
IDEMOM = 1,0/(ZIN(KIN) - ZIN(KIN~1))
IIN = 2
6aT0 32
IF(Z+2TEST oLTe ZINCKIN-1) 1GOTOD 24
LOCATE THE CORRECT COLUMN,
IF(X+XTEST oLTs XIN(TIN=1) ) IIN = 2
IF(X-=XTEST «LTe XINCIIN) )GOTO 42
IIN = TINel
60T0 40
NOW, SET ADORESSES AND DO THE INTERPOLATION.
IREF = (IIN = 2)%NNH
XRATIOD = (X = XIN(IIN=1) D/(XINC(IIN) = XIN(IIN-1) )
TRATIO = (T - TI1)*TODENOM
IRATIO = (Z - ZIN(KIN=1) )*2ZDENOM
THREE INDICES THAT ARE 1 OR 2 BELOW REPRESENT LOWER OR
HIGHER VALUES OF X, Z, OR T, RESPECTIVELY.
LF111 = INDH1l + IREF
LF211 = LF111l ¢ NN+
LF112 = LF111 + NNHYPR
LF212 = LF112 + NN
LF121 = INDA2 + IREF
LF221 = LF121 + NNH




LF122 = LF121 + NNHYPR

LF222 = LF122 + NNH

D0 50 L=1,5

F111 = HB5(LF1l1 + L)

FX11 = Fl11 + (HBS5(LF211+4L) = F1l1l1)&XRATIO

F121 « HBS(LF121+L)

Fxel Fl21 ¢ (HBS5(LF221+L) - Fl21)*XRATID

FxZ1 FX1l ¢ (FX21 - FX11)%ZRATIO

Fll2 HBS(LF1l2 « L}

FX12 F112 + (HBS(LF212+4L) - Fl12)¢XRATIO

Fl22 HBS (LF122+L)

Fx22 F122 ¢ (HBS5(LF222+L) - F122)*XRATIO

FXZ2 FX12 ¢ (FX22 = FX12)*IRATIO

ML) = FXZ1 + (FXZ2 = FXI1)*TRATIO
50 CONTINUE

U= H(1l)

V= H(2)

W s H{3)

E = H(4)

RHO = H(5)

RETURN

100 WRITE(65105)
STOP' ABORT, ABNDO9D3. NO DATA ON FILE.!
105 FORMAT(//' ABORT, ABND9D3, NO DATA ON FILE.®)
110 WRITE(6,115)
STGP* ABORT ABND9D3. FIRST FILE WORD NOT 555.0¢
115 FORMAT(//" ABORT, ABND9D3., HEAD1 NOT 555.0')
120 WRITE(65125)IN, IMXsKNg KMXo NNHY PP NM X
STOP' ABORT, ABND9D3., DIMENSION TOND SMALL.?!
125 FORMAT(//' ABIRT, ABNDSD3, ODIMENSION TDO SHALL.'/
* t INIIMXpKNpKMXs NNHYPPsNMXu?,618)
130 WRITE(6s135)THy TSHIFT,T,TI1
STOP' ABORT,ABND9D3s REQUESTED T LT INITIAL TIME IN FILE.?®
135 FORMAT(' ABORT, ABND9D3. REQUESTED T LT INITIAL TIME IN FILE.'/
+ ' THeTSHIFY,TH)TIl=s 9,1P4E15.7)
140 WRITE(65145)
WRITE(6,GRID)
STOP' ABJRT, ABNDG9D3. SPATIAL VARIABLE OUTSIDE RANGE,.!
145 FORMAT(//* ABORT, ABND9D3, SPATIAL VARIABLE OUTSIDE RANGE.')
160 WRITE(6s165)THy TSHIFT, T, TI1,TI2
STOP' ABORT, ABNDOD3., END OF FILE BEFORE T.?*
165 FORMAT(' ABORT, ABNDOOD3, END OF FILE BEFORE T,.'/
¢ v THeTSHIFT,THTIlsTI2a 4,1P5€15,7)
END

*LABEL ENDBNDY
*KEEPTO ENDBNDS FBOUND9 AND DIMEN3

OO0 A OODOOON

PR T A AP T R I I TR

I S

“

SUBROUTINE FBNDOD3(THs XHs YHs ZH s Us Vs Wr E» RHO)
BOUNDARY SUBROUTINE FOR FBOUNDe=9., INPUT PREPARED BY
HULLUP IS ASSUMED ON FILE TAPE36 FOR Y = (YIN),
Y4 SHOULD BE Y(JMAX)=0.5#DY(JMAX). YH ¢ YSHIFT SHOULD BE YIN.

KN ¢ 2 RECORDS PER TIME DUMP:
HEADER~-555,0,0LD PROB,TI1»TI2» YINsNNH, INsKN
GRID-=(XIN(I)sI=2sIN),(ZIN(K}sK=1,KN)

HYDRO DATA NNH/POINT FOR TIMES TI1 AND TIZ2
KN ROWS AT (XINCI)»ZIN(K)sI=lpIN) FOR K=1sKNe

COMMNN/SHIFT/TSHIFTy XSHIFT,YSHIFTs ZSHIFT
VALUES IN SHIFT SET IN HULLIN.

FOLLOWING ARRAYS SET TO ACCOMODATE IN JLE. 200.
COMMON/HB6/ TD ACCOMODATE LEVEL 2 STATEMENT.
COMMON/HB6/HB6(4000)
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10

14

20

22
24

30

DIMENSION H(5)
DIMENSION XIN(200),2IN(200)

LEVEL 2, HBS

NAMEL IST/HEADIN/HEADY,OLPROB,TI1,»TI2oYINsNNRH,INJKN

NAMEL IST/GRID/XHy XSHIFTaXs XINs YH) YSHIFT) Yo YINy ZHy ZSHIFT,Zs2IN
SET FILE NUMBER. STATE ARRAY DIMENSIONS.

DATA IBND»NBNDs IMX, KMXsNMX/365 6652005200, 4000/

NMX IS ADDED TO LCM IN HULLIN (HULL9250),.

SET TF1l 7O -1.0 FOR INITIAL VALUES.

DATA TF1/-1.07

SHIFT DATA FROM HULL COORDINATES TO BOUNDARY COORDINATES.
TH ¢ TSHIFT
XH + XSHIFT
YH ¢ YSHIFT
IH + ISHIFT
IS THIS AFTER THE INITIAL ENTRY?
IF(TFYl +GT. =0,9)G0OTO 30
TF1 = 1.0
READ FIRST HEADING» GRID» AND HYDRO SET. CHECK.
REWIND IBND
READ(IBNDIHEAD1,OLPROB»TI1»TI2» YINy) NNH, IN, KN
IF(ECF(IBND) o NE« O )GOTO 100
TTEST = 0.00001%(TI2 - TI1)
YTEST = 0.,00000001%YIN
WRITE(6,5)
FORMAT(//% INITIATE FBOUNDS INPUTe FIRST HEADER RECORD:*)
WRITE (65sHEADIN)
IF(ABS(HEAD1 - 555,0) .GT, 0.01)60T0 110
NNHYPR = NN4%*IN
NNHYPP s NNHYPR®*2
IFCIN o6Te IMX ¢NRe KN oGTo KMX oORe NNHYPP o6Ts NMX)GOTO 129
IF(T+TTEST LT, TI1)GOTD 130
OLPRB1 « OLPROB
READ GRID FOR INPUT BOUNDARY PLANE,
READ(IBND) (XIN(I)sI=1,IN),»(ZIN(K}sK=2lpsKN)
XTEST = (XIN(2) - XIN(1) 1%0,00001
ITEST = (ZIN(2) - ZIN(1l) )*0,00001
IF(T+TTEST .LE., TI2)GOTO 20
FIND THE NEXT HEADER RECORD,

READ ( IBND)HEAD1,OLPROBs TI1,TI2,YINy NNHy INsKN
IF(EOF(IBND) .NE. 0)GOTO 160
IF(OLPROB «NEs, OLPRB1 oOR, HEAD1 oNE« 555.0)60T0 14

THIS IS A NEW HEADER RECORD. BYPASS THE GRID RECORD.
READ ( IBND) DUMMY
6070 10

READ HYDRO RECORDS. STORE IN FILE NBND.
REWIND NBND
D0 22 K=1,KN
READ(IBND) (HB6(L)sLe1,NNHYPP)
WRITE(NBND) (HBO(L),L=1,NNHYPP)
CONTINUE
REMIND NBND

READ FIRST 2 ROWS FROM FILE NBND.
READ(NBND) (HBO6(L)»L=1sNNHYPP)
READ{NBND)} (HBOH(NNHYPP<+L)sL=l, NNHYPP)
IIN = 2
KIN = 2
ISw = 2
INDHL « O
INDH2 = NNHYPP
TOENIOM = 1.,0/(T71I2 - TI1)
IF(T-TTEST +6T, TI2)GOTD 14
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50

100

105
110
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IF(ABS(Y = YIN) +GT. YTESTIGOTO 140
IF(XIN{L) = X o6Te XTEST oORe X = XIN(IN) «6Te XTEST)GOTO 140
IF(ZIN(L) = 7 «GTe ZTEST +ORe Z = ZIN(KN) oGT. ZTESTIGOTO 140
IF(Z=-2TEST oLTe ZIN(KIN) )GOTD 238
IF(ISW +EQs 1)60TO 34
READ(NBND) (HBO6(L)»L=1,NNHYPP)
ISW = 1
INDH1 = NNHYPP
INDH2 = O
6070 3¢
READ(NBND) (HBOH(NNHYPP+L),L=ly NNHYPP)
ISW = 2
INDH1 = O
INDH2 = NNHYPP
KIN = KIN+]
IDENOM o 1,0/ (ZIN(KIN) = ZIN(KIN=1))
IIN = 2
GOTO 32
IF(Z+2TEST LT ZIN(KIN=-1) )GOTO 24
LOCATE THE CORRECT COLUMN,
IF(X&XTEST oLTer XIN(IIN=1) ) IIN = 2
IF(X~XTEST +LTe XINCIIN) )GOTCL 42
IIN = IINe¢l
670 40
NOW, SET ADORESSES AND DO THE INTERPOLATION.
IREF = (IIN = 2)*NNH
XRATIOD = (X = XINCIIN=1) )/(XINCIIN) = XINCIIN-1) )}
TRATIO = (T - TILI*TOENOM
ZRATIO = (Z - ZIN(KIN-1) )®2DENOM
THREE INDICES THAT ARE 1 OR 2 BELOW REPRESENT LOWER OR
HIGHER VALUES OF X, Z, OR Tp RESPECTIVELY.
LF11ll « INDH1 + IREF
LF211 LF111 + NNH
LF112 = LF1ll + NNHYPR
LF212 LF112 + NNH
LF121 INDH2 + [REF
LF221 LF121 + NNH
LFl22 LF121 + NNHYPR
LF222 LF122 ¢ NNH
00 50 L=1,5
Fl11l = HB6(LF1ll + L)
FX11 = F111 + (HBO6(LF211eL) - F1ll1l)eXRATIO
Fl2l HBO6(LF121+L)
Fx2l F121 + (HBO6(LF221+L) - F121)®XRATIO
FXIl FX11l ¢ (FXx21 - FX11)¢IRATID
Fll2 HB6(LF112 + L)
FX12 F1l2 + (HBO6(LF212¢L) - F112)*XRATID
Fl22 HBO(LF122+L}) .
Fx22 F122 ¢ (HBO6(LF222+L) - F122)*XRATID
FX22 FX12 ¢ (FX22 ~ FX12)%IRATIO
H(L) = FXZ1 ¢ (FXZ2 = FXZ1)eTRATIO
CONTINUE
U= H(1)
V= H(2)
W= H(3)
E = H(4)
RHD = H{5)
RETURN

WRITE (6,105)

STOP' ABORT, FBND9D3. NO DATA ON FILE.'
FORMAT(//% ABORT, FBND9D3, NO DATA ON FILE.')
WRITE(6,115)

STOP* ABORT FBND9D3. FIRST FILE WORD NOT 555.0!
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115 FORMAT(/7/" ABORT, FBNDOD3, HEADY NOT 555,0')
120 WRITE(65125) INs IMXs KNy KMXs NNHYPP s NM X
STOPY ABORT,FBND9D3, DIMENSIDN TOD SMALL.?®
125 FORMAT(//* ABORT, FBNDO9D3. DIMENSION TOO SMALL.'/
* Y INsIMXsKNsKMXs NNHYPPyNMX=?,618)
130 WRITE(65135)THy TSHIFT,T,TI1
STOP* ABORT,FBND9D3, REQUESTED T LT INITIAL TIME IN FILE.?
135 FORMAT(' ABORT, FBND9D3, REQUESTED T LT INITIAL TIME IN FILE.*/
¢ ' THTSHIFTSTeTIle $,1P4E15.7)
140 WRITE(65145)
WRITE(6sGRID)
STOP* ABORT, FBND9D3, SPATIAL VARIABLE OUTSIDE RANGE."
145 FORMAT(7/% ABORT, FBNDOD3, SPATIAL VARIABLE OUTSIDE RANGE.')
160 WRITE(6s165)THs TSHIFTS,T»TI1,TI2
STOP* ABIRT, FBNDOD3. END OF FILE BEFORE T,
165 FORMAT(' ABORTY, FBNDOD3, END OF FILE BEFORE T.'/
+ ¢ THyTSHIFT)TeTIL1sTI2= 1,1P5E15.7)
END

SLABEL ENDBND9
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