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A. Abstract

The goal of the radiation modeling effort was to develop and implement a radiation
algorithm that is fast and accurate for the underhood environment. As part of this CRADA,
a net-radiation model was chosen to simulate radiative heat transfer in an underhocd of a
car. The assumptions (diffuse-gray and uniform radiative properties in each element}
reduce the prablem tremendously and all the view factors for radiation thermal calculations
can be calculated once and for all at the beginning of the simulation. The cost for anline
integration of heat exchanges due fo radiation is found to ke less than 15% of the baseline
CHAD code and thus very manageable. The off-ine view factor calculation is constructed
to be very modular and has been completely integrated to read CHAD grid files and the
output from this code can be read into the latest version of CHAD. Further integration has
to be performed to accomplish the same with STAR-CD.

The main outcome of this effort is fo oblain a highly scalable and portabie simulation
capability to model view factors for underhood environment {for e.g. a view factor
calcutation which took 14 hours on a single processor only toak 14 minutes on 64
pracessars). The code has also been validated using a simple test case where analytical
solutions are available. This simulation capability gives underhood designers in the
automotive companies the ability to account for thermal radiation - which usually is critical
in the underhood environment and also turns out t¢ be one of the maost computationally
expensive components of underhood simuiations.

This report starts of with the original work plan as elucidated in the proposai in section B.
This is followed by Technical work plan to accomplish the goals of the project in section C.
In section D, background {o the cument work is provided with references to the previous
efforts this project leverages on. The results are discussed in seclion 1E. This report ends
with conclusions and future scope of work in section F.

B. Radiation Modeling Effort as described in the Original Proposal:

B.1

B.2

B.3

First Year

» Initial Model development

«  Develop the radiation heat transfer model and perform preliminary integration into
the CHAD code,

Second Year

«  Model Refinement and Integration
« Complete the radiation model integration

« ‘Work with ANL and other partners in performing an evaluation of condenser
models and development needs for implementation in CHAD

Third Year

« Verification and Validation of Commercial Version of the Code




» Work in co-operation with ANL and other participants to improve the models

«  Verify and Validate new models within the framework of the release version of the
CHAD code

C. Technical Work Plan:

A stand-alone FORTRAN 90 code to calculate view factors for radiation mode! is
developed at ORNL under a previous CRADA by Williams et al. {Ref. 3). This is based on
the FACET code developed at LLNL by Shapiro (Ref. 4). The integration to CHAD has
been accomplished by another routine that computes the source terms to the energy
equation. Some of the tasks, which need to he performed for the completion of tasks listed
along with work plan, are:

a) Evaluate the current thermal radiation algorithm as compared to others in the literature
to see whether the net-radiation model is efficient and accurate enough for underhond
simulations.

by Parallielize the stand-alone routine tc have reduced wall-clock times for view-factor
calculations. With the use of SCALAPACK routines available and HPF compilers, this
slep can be easily achieved The parallelization procedure will be done using Shared
Memory Parallilization (SMP) in the beginning and later extend to Distributed Memory
Parallelization (OMP) using Message Passing Interface (MP).

t) Validation and verification of the view factor calculations and if possible the validation
of thermal radiatiocn model in totality coupled to CHAD or STAR-CD.

di Explore more intelligent and inbuilt approach to lump computational elements into
radiation elements rather than the need to do them manually. On a same note. a
provision should be provided fo only deal with the most critical elements based on
criteria like {line-of-sight, surface properties like temperature & radiation properties).
The problem being addressed is similar to the ones found © the studies of
Computational Geometry and Radiosity in Computer Graphics. A rigorous survey of
available literature in those fields can give enough insight addressing this problem.

Work plan described above is expected to produce a working and validated thermal
radiation model completely integrated into the CHAD code with possible migration to
STAR-CD. The capability will nol only be helpful in studying the Underhood problem but
also in any flow where heat-transfer rates due to themmal radiation can be significant.

D. Backgrourxd on thermal radiation models and Net-Radiation Model
implementation Details:
DA Comparison of thermal Radiation Models commonly used:
Over the past 3-4 decades themmal radiation modeling has received attention — this is due
to both the need for somea applications and also the ability to incorporate thermal radiation
effects with the advent of super computers. The most popular choices for simulating

radiative heat transfer are (Ref. 1 & 2):

a) Net-Radiation Modet




b} The method of Sphercal Harmonics
¢} The method of Discrete Ordinates
d} Zonal Methods

e) Monte Carlo Methods

One of the main hindrances for modeling thermal radiation is the exorbitant computational
cost associated with modeling the full set of radiative transport equations. Themmal
radiation not only depends on the surface properties but also the characieristics of the
incident rays and the properties of the surfaces where the radiation is being emitted. In
same instances, using Discrete Ordinates methods, the cost of the thermal radiation
madel can reach 90% of the total solver time. This essentially means the computational
cost increases by 10 times just by adding radiation model to the basic solver. in
Underhood environment several assumptions can be made and thus a net-radiation
model can be applied. More details of this model are described in the next section but an
important observation is that addition of the radiation model only increased the
computational time of the baseline solver by 15% and thus making radiation modeling very
affordable. When the assumplions as detailed in the fallowing section fail, Net-Radiation
model does not offer the best framework to model thermmal radiation. In other wards, this
madel is severely restricted but the assumptions made are usually valid over a wide range
of problems of practical interast — including HVAC applications.

D.2 Net-Radiation Model for GRAY-DIFFUSE Surfaces
In the previous section various methods used for thermal radiation model are mentioned
and of them Net-Radiation model is the simplest. Consider two surfaces are listed in Fig.
1. If the following assumptions can be made:
¢ The temperature is constant over each surface but can be different frem others

s The radiative surface properties are uniform

o Diffuse-Gray assumption; The emissivity, abosarptivity, reflectivity and transmissitivity
are independent of direction and wavetength

s Al the radiation properties are at most dependent on surface temperatures

s The geometric view factors are same as that of black-body and do not vary with time
for a fixed geometry

= Airis assumed to be radiatively non-participant medium

=« The semi-transparent surfaces are assumed to be symmetric such that radiative
properties are same on both sides.

The view factor between surfaces | and J reduces 1o the following equation (for more
details see Ref. 1)
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The main advantage of the above assumptions is that these view factors can once and for
all be computed at the beginning of the simulation and can be re-used. This drastically
cuts down the expense of the thermal radiation calculations. In the following sections mare
detailed information will be provided about how these view factors are computed and also
how the view factors are used to compute the heat transfer due to radiation.

Figure 1 View Facter Caleulation

D3 Implementation Details:
In the previous section an averview of the net-radiation madel is given. In this section, the
implementation of the net-radiation madel is reported (for more details see Ref. 3 & 4).
The view factors are computed offline using CHADVIEW code. This is a recast of FACET
code (Ref. 4). Here is a brief description of the CHADVIEW code.

D31  Stand-alone CHADVIEW code (Appendix A):
» This code calculates geometric view factars (F )

» ltis recastin Fortran 90 and memory is dynamically allocated

& Interface to read CHAD mesh and input files has been implemeanted




s Provides input to online routine User_Srcs and LU factors for efficient linear solver

The geometric view factors can be calculated from Eq. 1. The straight way of integration is
to discretize in the following manner.

o 1w xocosfhcosf AA, .
Fy e IZ ZT ................................................................ Equation 2
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This procedure turns oul to be very expensive and inaccurate. It has been found that
alternate procedures can strike a balance between accuracy and speed. For two non-
adjacent surfaces with no shedowing — one of the integration can be performed
analytically and arrive at the following expression for contour integration. This is extremely
efficient compared to Area Integration and is reported in Ref. 4.
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Jonnavithula {private communication) at adapco, NY found that the above expression is
not dimensionally correct. On further exploration, it was found that in most of the literature.
above equation was referred to but no point was made about the dimensional
inconsistency. It turns out that ivespective of what scaling one uses, the above formula is
correct as a contour integral of a constant is zerc. When the surfaces are adjacent,
contour integration does not work as it leads to a singularity. Mitalas and Stephenson (Ref.
5) have performed analytical integration and have come up with the following expression
for view factors.
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Only when the above conditions are not met — resort to Area Integration is taken. Mare
details of the implementation are given in Ref. 4.

D.3.2  Subroutine User _Srcs

Once the view factor information is obtained — it is used in the following expression o
calculate the heat fluxes from thermal radiation.
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where g, is defined as : .

for semi - transparent surfaces : . Eq uation 5

§,=4,-E0 3"’;‘ +iE +T,)4,

tor epaque and transparent surlsces : § =4,
In summary this routine provides and details are available in Ref. 3

s Online integration of thermal radiation mode! into CHAD




s It is called fram subrouting sources in CHAD to obtain surface heat fluxes due to
radiation

* Capable of handling parlially transparent and transparert surfaces with extermnai
radiation loads

E Results:

The algorithms implemented in the stand-alone code are presenied in the previous
sections. In this sectian, lhe results obtained are reported. First experiments were to
establish the computational cost of radiation model and also with respect to the cost of the
onling integration of the radiation model with the baselineg CHAD soiver. This is followed by
a report on the SMP parallelization and then the DMP parallelization. A simple validation is
presented at the end. The present CHADVIEW code is not integrated completely into
STAR-CD format and thus direct comparisons to STAR results were not performed.

EA1 Simple experimentation of Square Duct with CHAD and CHADVIEW:

The first set of results is for 2 simple case of curved duct with square cross-section. The
computational details of the problem along with the various timings are given in Fig. 2.
From these details one can conclude that view factor computations are most expensive
part of the CHADVIEW routine and Contour Integration is called most number of times.
The computational cost also increases as the number of sub-divisions of the element
increases. It has been also found thal running this problem with additional contributions
from thermal radiation only adds 15% cost to the baseline CHAD solver. This is very
reasconabie compared to the computational expense of other radiation solvers.

Problem Size: 4116 Nodes, 3168
Cells
nE 1 764 Surface Nodes

.Uy

View Factor Computations:

3 Subdivisions:

=View Factor Compt. : 272 Secs

| .t) Factorization: 76 Secs

7 Subdivisions:

+View Factor Compt. : 2241 Secs

LU Factorization: 63 Sccs

g *L1=3880538; MS = 511; Al = 134872

o.ang
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Figure 2 Curved Duct of Square Crass-section (with radiation)




E.2

SMP Parallelization:

The resulis from the previous section indicate that the view factor calculations can be
expensive and they are even more computational intensive as the number of surface
elements increase. The first approach to address this issue is to parallelize this code so
that the view factor caiculations can be performed on multiple processors. The first step in
this direction was to have a shared memory implementation. The 10 and was performed
by the root processor. The code was profiled and the most intensive calculations were
divided for different processors while the less intensive calculations were pefformed by the
oot processor. The parallel performance of this SMP code is shown in Fig. 3. There is
near ideal scale-up till 4 processors and the parallel performance degrades at B
processors. This is typical of SMP parallelization and this might be aggravated by the fact
that some less intensive work is only perfarmed by the roat. Based on this study it was
decided to have a distributed version of the code and the results are reported in the next
section.
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Figure 3 Parallel Scale-up for the SMP version of CHADVIEW




E3

DMP Parallelization:

The CHADVIEW code has been parallelized for shared memory systems and has been
reparted in the previous section. The shared memory parallelization — even though easier
to implement lacks in the area of high efficiency at large number of processors and also
very restrictive to certain computer hardware. Here a brief overview of the parallelization
strategy is given along with some results showing the parafiel performance. The following
strategy has been adopted to port the CHADVIEW to distributed memory systems using
MPI:

» The IO operations are handled by the root processor

s The surface element information is processed by the root processor and on all the
PrOCessors

+  Equally distribute the view-factor computations on all the processors

s The view-factor information is collected to the root processor using MPI allreduce
(message size is controlled for efficient operalion).

s The LU factorization is carmed out using ScaLAPACK

View factors are obtained for the earlier sample prablem of curved duct and are plotted in
Figure 4. The parallel performance is near ideal all the way upto 16 processcrs unlike the
SMP version of the code. It can be also noted that the most intensive part of the code
{view factor calculations) is highly scalable. A more detailed profile of the code is given in
Table 1. Here it can be observed that view facter calculations are very highly scalable and
even for such a small problem ScalAPACK performs reasonably well for the LU
factorization.
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Figure 4 Paratkel Scale-up for the DMP version of CHADVIEW




No. of Procs. ) o
Chadview Routines ! 2 4 8 10
Initialization & Data Input 1.3 1.92 271 2.60 2.6
Area*view factor computation 726 340 187 98 48
Reciprocity calc. & output 55 54 50 48 49
Row-sums calculation 28 27 27 26 27
LU Factorization of AMAT 716 4.25 2 99 2 53 1.75

Table 1 Profile of the OMP version af CHADVIEW

To test the distributed parallet version further — a problem with 4,800 surface nodes is
chosen. This is a simple cube with thermal radiation. The parallel performance is shown in
Fig. 5 and the superdinear scale-up i3 observed till 22 processors. Further it scaled well
upto 64 processors. It is worthwhile to note that the calculation that would have taken 14
hours on single processor only takes 14 minutes on &4 processors.
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Figure 5 Parzllel Scale-up for the DIMP version of CHADVIEW for the Cube problem,
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E.4

Simple Validation:

In the absence of detailed experimental data — a simple validation has besn performed. A
cube with enclosing walls is used as an example. The problem is shown in Fig. 6.
Analytical solution yields a value of 0.2 for the view factor between the bottom surface and
the top surface or bottom surface and any of the side surfaces. Figure 7, plots the error for
both the surfaces. A lrapezoidal rule was used for conlour integration and the
permpendicular surfaces employed the Mitalas and Stephenson method as the contour
integration gave rise to higher error. As you can note from the figure that the error does not
decrease as a second order scheme and it stagnates after 5 sub-divisions. A 2™ order
quadrature integration was also employed with similar result,

Top Sitfnca (2) AR =03

Farpenidic war Surface (3) F(1,3) = 0.2

Bottom Stfuce (1)
Figure B Simple Validation case of a cube

1




Absolute Error

l{k'm T [ T
9= Parallal Surface
L &—A Perpendicular Surfaces i
{ o3 ]
] -3
1.0e-04 — -
l ae_os 1 I 1 l | I
) 0 5 10 L5 20

Number of Sub-Elenienis

Figure ¥ Number af sub-elements vs. Absalute emor for the Cube Problemr

Comparing Fig. 7 with Fig. 8, where computational time is plotted versus number of sub-
elements, one can conclude that for this problem one can use just a few sub-elements {o
get reasonably accurate view factors without incurring too much computational cost. More
detailed studies like these on real problems will provide valuable database to determine
semi-automatic patching and sub-dividing algorithms for view factor caleulations.
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Figure 8 Campatalional time versus number of sub-elements.

Conclusions and future scope of work:

The goal of the radiation modeling effort was to develop and implement a radiation
algorithm that is fast and accurate for the underhood environment. As part of this CRADA,
a net-radiation medel was used to simulate radiative heat transfer in an underhood of a
car. The cost for online integration of heat exchanges due to radiation is found to be less
than 15% of the baseline CHAD code and thus very manageable. The of-line view factor
calcutation is constructed to be very modular and has been complelely integrated to read
CHAD grid files and the output from this code can be read into the latest version of CHAD.
Further integration has 1o be perfarmed to accomplish the same with STAR-CD.

The final cutcome of this effort is a highly scalable and portable simulation capability to
madel view factors for underhood environment (for e.g. a view factor calculation which
took 14 hours on a single processar only took 14 minutes on 64 processors). The code
has also been validated using a simple test case where analytical solution is availabie.

The future scope of work includes more close integration with STAR-CD and testing real
underhood geometries. Detailed validations against experiments would be very useful to
examine the validity of various assumptions used and the accuracy of the thermal
radiation calculations. A considerable effort can be used in the area of hetter algorithms for
shadow calculations and also in the areas of developing rule-based algorithms for
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patching and sub-dividing elements. A prelude to such an effort are given in the following
section

G. Exploration of altemnate algorithms for fast shadow calculations and
patching:

in this section some overview of the alternate algorithms for shadow calculations and
patching will be reported. Based on limited literature search and the understanding of the
thermal radiation model — these conclusions are arrived at. The algorithms are not tested
to have complete understanding of the gains they offer.

G.1 Shadow Computations:

Here is a brief outline of how shadow computations can be performed in serial. This
procedure will reduce the computational cost. This is due to the fact that the algorithm
being praposed is of order N? whereas the original algorithm implemented in CHADVIEW
is N

s Extract wall surfaces
e Create Hierarchy of the surfaces based on number of surface nodes

¢ Use ray tracing to sweep through surfaces in hierarchical fashion (from the nearest
objects to the farthest)

s Start with the nearest objecis. Determine the shadow region and the lighted
regicn with respect to the object picked and source.

¢ No more computations in the leeward side and the objects in the shadow of this
object {refer Fig. 9). This is the case because the objects in the Ieeward side do
not see the current source.

¢ This procedure is of order N because one has lo only march through paints on
the object surfaces which are lighted instead of all the surfaces in the enclosura
as it is currently set. The cost is coming up with a suitable parallel algorithm.

¢ Once the line-ofsight matrix is built, the view factor computation is relatively
straightforward like befare.

Use visibility mark and visibility interface to perform this operation in parallet (Fig. 10 and
Ref. 6). Here rays are shot in all directions to determine the shadowfighted region. This
information is marked on the visibility mask and projected to a visibility interface — a plane
dividing the regions on different processors. This information is communicated to all the
processors and these are associated with each source. Each processor will march
through the information sent from all the sourcss relfevant to it, to determine what the final
shadow/lighted region. This procedure can be used to extend the above outlined algorithm
for parallel computations.

The proposed method has not been implemented but added to this report for any future
reference.
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Figure 9 Reusing the shadew Information fram the green sweep in the blue sweep.
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*Read sources arriving from other processor, put them m queue e
‘ ' ' T surface nodes

*'ermination

Fsgure 10 Visibility Mask and Visibility Interface
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G.2  Grouping elements or defining patches:

The industry parners have expressed interest in more user-friendly ways of grouping
elements or defining patches to reduce computational expense. Currently, in commercial
software only has provisions to prescribe the patches manually and this process can be
very tedious and error prone. Here is a methodology proposed to address that;

¢ Cannot be done apriori (has to have built-in information regarding shadows and
topography of tha complex geometry)

¢ Set of user controllable rules to determine the patches
¢ Determine the most contributing view factor

s Look at neighboring elements o determine how the view factor varies with
respect to the element identified in the previous step

s Palch nodes on user specified tolerance

The above procedure can be an automated way to arrive at patches. Itis also conceivable
that if the problem warrants more expensive radiation modeling appreaches — the above
procedure can be used as a preprocessing step to improve the efficiency of the radiation
model by identifying the most contributing elements.
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Appendix A: Source code of CHADVIEW

e
D

1
2.
4
a.
8.

T

‘e

Ia

8.
3
110, Completaly in sync with © 6-38 verslan of CHAD *

CHADVIEW *
HADVIEW is based on the view factor code FACET written by ¢
r. A. B. Shapiro of Lawrence Livermare National Laboratory. ¢

Ref.: A.B. Shapiro, "FACET - A Radlation View Factor Computer ¥
Code for Axisymmetric, 2D Flanar, and 30 Gaometries with Shadowmg" *
Methods Developrant GSroup, Mechanizal Engineering Dept

August, 1383, Rpt. UCID-19887.

*

The following modifications weara made ta FACET to procuce CHACVIEW. *

Ramave subrautines relating to axmvrnmetnc and 20 planar -
geornetries.

Remaove all subroutines relating to 11e creahon of familied
direcl access files.

+

Recast entire code inte FORTRAN 90 *
Added dyramiz memary management. v
Added coding from CHAD plus new coding to prowde imtgrface °

wilh CHAD input and mesh files.

Added ooding te calculate LU factarization of AMAT usmg U
subroutines from LAPACK,

Minar madification to FTW's version and some debugging
Qpen-MP parallel directives for shared memory parallslization  *
Modified to use built in BLAS far greatar efficiency *

*

I Faul T Williams, FhD. P E. *
{ Computational Engineering Section *

omputaticnal Physics and Engineering Civision

! Oak Ridge National Latoratary *
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{ Qak Ridge, Tennessee 37331-6415 "
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Modified by Sreekanth Fannala
Dak Ridge Matior.al Laboratory b

P. . Box 2008 e

Buliding 6012, MS 6357 b

Cak Ridge, Tannessea A7831-6367 A
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module setraal b

PURFOSE:
Set precision for type real varnahles

implicit none

integer, pararreter :: setpr = salacted_rea._kKind{6,37) !singls

integar, paramstar : setpr = salectad _real_kind{15.307) ! doubls

integer, paramater o selpr selected real kind{15,307) | NEW CHAD VERS

pnd module setreal h

module elerment h
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PURPOSE:
[iefines cannectivity within an element among vertices,
connzctions, and faces.

QUTPUT vARIABLES:
Referto the following figure and definitions for unambiguous
definitipns of outpul variables.

7. &
1 /|
! i
A fi
& 4|
[T 1]
| | |
[
| [
Pal i ]2
| | ¢
[f
| I
|
4 1
Face No.  Face Vertices
1 Left 34-5T
2 Right 1-2-5-5
& Front 4-1-5B
4 Back 2-3-7-0
S BoHorm 3-2-1-4
6 Ten B546-7

Edge No. Connedticn Edge Mo. Connection  Edge No. Conneclion

1 1-2 5 1§ 8 56
2 2-3 [ 25 10 67
3 34 7 37 11 -8
4 41 g 48 12 83
Note: Each connection vactor in the abova tabls is defined to
be onginating from tha firs! vertex and pointing
tewards ‘ha second vartex. For example, connection 1
is from vertex 1 to vartex 2. The median-mesh boundary
areas are campuad consistently with this corventian,
varf = Fourvartices associated with each face of
the element in counlerclackwise direction while
vigwing from the outside of the eizmant.
{see the first table).

Varigble indices for ca [cops and local temporaries,
integer ib bl b2 b3 &

if1 if2 2 Jifd &

if5 B Jgace L&

v el N2 N3 A

fwd E G
sava it face

Faue variables.

irteger Nedf (4, 6)
save  vertf

Median-mesh boundary variabiss.

integer web (2 2
save  iverth

Define face varianles.

data ivertf /3,4 8,7, 1,26 5 41,58 237,58 &
321486567
Dafine madian-mash taundary variables.
catalverth /1,2, 2,3 3,4, 4,18&
1.5 26 37, 488
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9.6, g, 7, 7.8, 3 &

end module elemem_h

module global_h

e ERAAWKERELANLAhh kL AR AL kE

Glabal variablas,

Parameters.

nteger nf tec nf mesh  nfiin nf_out &
nf log ,l_abs &
ntp free  mp_teasliv.ntp_inflow .ntp_inl &
ntp_missing .ntp_noslip nip_outfiow .ntp_piston &
nip_tmpsmc ntp_uvwsre

parameter (nf_tec =12 nf_mash =11 K.}
nfin =10 Hf_out =14 &
nf_log =6 nf_gbs =25 &
ntgp_free =11 ntp_freeslip=21 K1
nte_inflow =41 rip_nt =0 &
ntp_missing =-1 ntp_noslip =31 &
ntp_outflow =51 ntp_piston =81 &
ntp_tmpsrs =71 Nlp_Uvwsrs =618

ang modula gioha_h

madule primary b

use setreal h
real{setpr) - dimengien(3.6) : qouio
integer ; IUMNR.NUMmel, ep:
integer maxl maxa,maxb,nblk,ndiv
integer L jin, jout, jlog, jabs
Bave CpUIio

and rmodule primary_h
rmadule compar
nchide rpif.h’

Variables to be declared for parallel information. Added by
Sreekanth on 10¥25/00.

myPE - my pracesser i {it varies from 0 10 nprac-1)
numPEs - total number of nodes

imeger - MyFE, numPEs

mpierr - used for emar checking

MNTEGER  mpier

integer © nodesk, nodes), nodesk

oot represents the ‘root’ processor. For now it is defaured to
zero

integer :: roct
data root ¢

declaratian fiyr storing filebasename, e.g. o000 dat
CHARACTER(lan=3) : faname
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end modula zompar
modula paralial_rrpl
! A madule to carry aut init, finalize and check for any parallel erors

use sompar
implict none

contams

subroutine paraltel_initf)

integar : lerr

call MPL_Init{ier)

cak MP1_Chack{ ‘parallsl_initMP1L_init ', iarr}

call MPLCOMM_SIZE( MPI_COMM_WORLD, numFEs, ier }
call MPI_Check{ 'parallgl_initMP1_Comm_size ', iefr )

call MP1 COMM RANK[ MPI COMM WORLD, myPE, iarr )
call MPI Check( 'paralie! initMP1 Comm size ', ierr)

relum
end subrouting pargdel_init

subrouting paralle_fin(;
integes & ierr

call MPI_Finalize(ierr)
zall MPI_Checd 'paralial_init:MP{_Finalize *, iam)

returm
end sunrouting parallel fin

subroutine MP| Check{ msg, ierm)
characted en=")intent{in) = rmeg
intzger, intent{in) :; e

character{len=512) ;. ermesg
integer :: resuklen

#{ie ne. MPI_SUCCESS }then
call MPIL_Ermar_string! ierr, &mmeq, rasultlen )
prind*, 'Error ', msg
print*, ermmsg( 1 rasuitian)
stop '** ERROR ***
endif

returmn
end subroutine MPI_Check

end module parallal,mpi

1
program CHADVIEW
[ LR Rl kxEndan L] * ik
! PURFOSE:
! A computar program ibat will rzad in CHAD input and mesh files
U and caloulate geometric view fadtors for future use by the
! GHAD radiation heat transfer modei.
1
1
1

INFPUT ARGUMENTS:
Not applicable, main program.
QUTRJT ARGUMEMTS:




! Net applicable, main program.

use satraal_h
use global_h
USé carmpar
L3E parallel_mgi

I Problem size.
integer nelemax  neles  nnodemax  nnocdes

characier *120  meshfie ,nun_labai

! Local variables .
integer | Jargs  nargs
character *24 dstr
character *120 infile fine
charactar ‘20 auffile
integer, dirmension{16) enar

I Global variablas.
logical  radiation, shading
integer  ndiv
redt (Setpri sigma. solar
save radigtion, shaging, sgma, solar

' Medal amays.
imeger.  dimension(:},allozatable © NODETYPE
real {se'pr),dimension{.)allocatable :; X
redl {setpr) dimensior!:} allocatable ;. Y
real (setpr) dimersion{)allocatable :: 7
real fsatps, dimension!:} allocatable :: EMISSIVITY
real (satpr}.dimension{ }allocatable :: TRAMSMISSIVITY

' Elamantal arrays.

integer, dimensionallocatable = ELETYPE ' ELETYPE{nelzrmax)
! Verlex amays,

mieger, dimensicy.., ).allocalable :: NODES | NODES(8.nelemizx)
integer, dimensiory.,.).allocalable : nds ! nds(5.nelernax)

! ™ Interface Prolotypes ™*
!

interface

subrouting check_allocistring,error nerr.nf_au)
character'{™ string
integer ner nf_out
integer error(nerr)

end subroutine chack alloc

subrouting check deallog!string,emornerc,nf out)
character'(*] sting
integer nerr,nf out
integer ernornern)

end subrouling check_deallgn

subroutine fopen_write{ fin, u, ilog}
character*20, intank{in} :: fin
integer, intent (in} . u
integar, optional ilog

and subroutine fopan_writa

subroutine rear_input{infile,ndiv. meshfile,nin_label radiation &
shading sigma,salar)
use satreal_h
integer  ndiv
legical  radiation  shading
character **20 infile meshfile  un_label
real {setpr;  skgma, solar

end subrouling read_input

subroutine setup (nip_free nip_fregslip, nip_inflow,&

ntp_intnkp_rmissing ntp_neslip,nip_outfiow, &




ntp_pistonntp_tmpsre. ntp_uvaseé, shading, ndiv, &
nelamax, nesas, nnodemax, nnodes, meshfile, run_labal, &
nf_tec.nf mesh.nf inn? oulnf log.nf abs &
NCOETYPE XY Z EMISSIVITY TRANIMISSNMITY &
ELETYFE NODES nds)

use satreal h

logical  shaging

integer nf_tec nf_mesh .nfin pfout &
nf kg nfabs &
ntp_frea  nip_freeshipnip_inflow ntp_int &
ntp_missing .ntp_noslip ntp_cutflow ntp_piston | &
ntp_trpsre | ntp_Lvwesre

charactar 120 rmeshfile  run_label

irteger noiv nelemax neles nncdemax &
nnadéas

integer MODETYPE  {rnodemax)

real (setpr) X {nnodemax), Y [nnodemax) &
z {nnodemax), EMISSVITY {nnodemax),&
TRANSMISSIVITY{nnoderiax)

integer  ELETYPE  (nelemax )

integer MODES  (Snelemeax ), nds  {5nzlemax)

end subroutire setup

subrouting facet$O(nnodemax nalenax.nf tec,nf naf out,nf log.&

nf_abws sigma.solar EMISEIVITY TRANSMISSIVITY)
use selreal_h

integer i nnodemax,nelemnax
integer i nf_fec nf_in,nf_out nf_log,nf _abs
real {setpr) . sigma solar

real {setpr}, dimansion(*) :: EMISSIVITY

raal fsatprt, dimension(*) = TRANSMISSIVITY
ana subrauting facets
subroutine version{caderame dsir

character 8 codename

character *24  dstr
end subroutine versicn

end ntarface

P T e ot el A e A e

Initialize timing utility
At B e v i B e sk e Sk ke

call timing (0

Ao s o T e by

Initialize the prograrm.

NN Rk bRkt akh bR Ak

Initiahize MPI & get ranxs & lolal PEs employec
call parallel in:t

Generate file basenama for LOG files
100 = nt{myPEA 20}

10 &int{{myPE-1100"100)10]

i1 = int{{ryPE-H 301601 0*10) 1)

100 =100 +48
10 =G +48
H = +48

fbname=char{i100W char{i10)pichai1)

Sirst: Create the outpul fike,

AT R L T

guffilz = ‘chad_view'/fbname/r.put’
call fopen_writs{ outfia, nf_oul llog=nf_log)

Prnt code version information and the date and time of the run.




dstr=""
*** Dala and 1ima {dstr) will be ratumed by subroitine
WERSION. This blank initialization is heing used as a
**flag for VERSIOM indicat:ng that this is the start of the
** program and not the end.

call versinnf CHADVIEW' dstry

Get program arguments {inpu fike name).

nargs=iargey)
if nargs LE.Q) then
nfile ='zhad.in’
elseffinargs.EQ. 1) than
call gatarg{1 Inflig}
glse
ifirmyPE.aq.raot) then
write/nf_log,"(f,13%,&
ekt saoe: chadview x [<data files ] %)
endif
stop
endif

Rk d KL ARk A bk koo b R ddh

Read the user data file (INFILE).

call rzad inpul{infile,ndiv.meshfia run_ label radiation, &
shading sigma. solar)
if { NOT radiation) then
iffyPE .eq rogt) then
wris (nf_log.' (" RADIAT!ON flag nas not been set to TRUE" &
"in CHAD input file: " a3/ &
" Job abertad. ™} inflle
endif
write (nf_out (%" RADIATICN flag has not been sat ' TRUE &
"in CHAD ingut files: " 3306 &
" dob abored. ™'} infile
stop
endif

Read the user problem size (fium rreshfilg).

L L e

Cpean the mash fila.
opaninf_mesh fle=meashfile action="read status="ola’ ioslat=ios)
call chack_ios ('rsad_mesh' meshdile ios,nf_out)

read(nf_mesh (&)™ lins
readfling,*) nelemax, neles nnademax, nnodas

rewind{nf mesh)
closa{nf mesh)

R e )

Allprale HEAR memory.

allocate { NOCETYFE (nnodemax), stat=errorf1) )
allocata | X {nnodemasx), stat=arorf2) )
allocats (Y {nnodemayx;, stat=eror(3)
allocata{ 2 {nnedemax), statemord} )
allocate { EMISSIVITY(nnodamax),  stat=ermon§) )
allocate { TRANSMISSIVITY nnodemax), stat=emonG) )
alocate { ELETYPE  ( nelemax), stat=eror(7} )
akocate ( NOCES  (B.relemax),  stat—emor(d) )
afocate {nds  {Snelemax),  stal=emorD) )

.15 there suffictent memory to solve the problam?

call check alloc{CHADVIEW emcr,3,nf_out)




Now' that we know ihe problem size, call SETUP to create the

nput flla for the FACETS0 program.

call setupintp_free nitp fraeslip nta irflow &
ntp_intntp_missing,ntp nosliprip oufflow. 8,
ntp piston.ntp tmpste.tp vwwsic shading, ndiv, 8
nealemaz nates, rnodemnex, nnodes, meshfile, run_iabel, &
rt_tew,nf_mesh,nf_in,af_out,if_log,nf_abs.&
NODETYPE X,¥.ZEMISSIVITY TRANSMISSIV.TY &
ELETYPE.NODES nds)

AT A T e A R A S

Daallacate HEAFP memaory

AT Py T R T

dealiocats { NODETYPE,  stat=emor(1) )

deallocate (X | stal=emor(2) )
dealiocate (Y | stal=emor3) |
deallecate { 2, stat=errond) )

deallocate [ ELETYPE | stat=amar(5) }
deallucale { NODES stat=error8) )
deallpcate [ nds  ,  stal=error7} )

....deallocation successiul?

call check dealloc!CHADVIEW error,7 rf_culj

Calculate geomiric view factors for 30 enclosure

cal: facel 30 nnodemax nelemax,nf_tec,n?_in,nf. out nf_log,nf abs &
sigma.solar, EMISSHITY TRANSMISSIVITY)

Desllocate ramaining HEAP meamory

dealiocate ( EM.SSVITY |, stat=arran(1) )
dealincate ( TRANSMISSIVITY, stat=emror(Z) )
call check_deslicol CHADVIEW emor,2,nf_out)

ANREEREEKARERRRREL AR RA KL kA MR Ak AL BN Lk h

Frint the dale and time of program termination.

call version{'CHADVIEVW dslr)

Close the output file and exit the programr

close {unit=nf oLt status=keep’)

Finalze and terminata MP
call paraiel_fin

ston
end program CHADVIEW

subroutine check allod string.errornem,nf_ou?)

o

PURPOSE:
Check for emors in HEAP memary allocation

implicit nene

charactar{*) string

characters © a_format = "(akN)"
logical e

irteger nem,nf_out,i

irtegear emor nesr)

ler = FALSE.
write: (3 format(3:4), frt="{i2.2)") len trim{strirkg)
loop emor: doi=1,nerr

if { ermor(i .[EQL O cycle loop_error

write {rf_out, advance="NC, &

fredl="(# Allocation emorl in')”)

write {nf_out,frmt=a_format} strirg

wiite {rf_out, frmt="(" Error(i2,%= i4}") i.emori)

write {nf out, &




fot="{" HEAP rrermory allocation unsuccessfull')")

lerr = TRUE.
end do loop_amar
# (lerr} then

wiite (nf_gutfrt="{" Execution aborted!)™)

slop
endif
writa {nf_out, advanca='NO" &

frt="{i" HEAF mamory allozation suczessful in ')

writa {nf_outfmit=a_formiat) string

end subroutine check alloc

subrouline check_deallocstring,error, rerr,nf_oul)

PURPOSE:
Check far emors in HEAP memory dealiocation

implicit none

character’(") string

character™s .. a_format = "(aNN)"
legical ler

integar nerr,nf_out,i

integer arrarnary)

lerr= FALSE.
wrile (a_format3:4), fmt="{i2 21"} len_tam{string]
lcop eror doi=1.nerr
if { ermon(i) £Q. ) cycle loop error
write {rf out, advance="NO', &
fmk="(!f Deallocation error? in '}
write {nf_out frd=a_format} string
wiite {nf_out,fmi="(" Emor(".i21="id}") i,ermoni)
write {nf_out, &
frmt="' HEAP memary deallocation unsuccessfull)")
latr = TRUE.
end do loopy_aror
f {lerr] then
writs (nf_out imt="' Execution abortad!'}")
stap
endif
write {nf out, advance='MC, &
frt="{#f* HEAP memory deallgcation successful n'}")
wiite {rf oulfmt=a fonmat) string

end subroutine check_dealloc

subrouting check_ios {string* sting2,ios,nf_cut)

Jrik

! PURPOSE:
! Check for IOSTAT amors opening filas
! lki—x—k*c
implict rnone
character(*) string1
character™(*} shing2
character™ @ al_formal = "(alNNyY
character o a2_furmal = "[alN}"
aiteger ios,nf_out

#(ics NE. 0} then
write (a1_format{3:4), fmt="{i2.2}"] len_trim{string1}
write fa2_format{3:4), frt="{i2.2)") len_trim{string2)
writa (nf_out, advanca="NO' &
frt="{/r****I03TAT ERROR ir "}
write (nf_outfmt=a1_formall  stingd
writa (nf_out, advanca="NQ' &




frr="(4"Could not apen )7
write {nf_cut frrt=a2_format) alring2
write {r_aut fmt=""t0S =" 1G}") los
write (n*_ aut frnt="{'Exacution abortad!'}")
wirite (rf_aut fmt="(%)")
slop
endif

and subroutine check ias

subrauiine get_unit(nf_unit)

!\xﬂttllltklﬁtt!ll ARREARER A kA i nC
! PURPOSE:
I Find an unuseo unit number
! C
irmplicit none
integar nf_urat i

logical connected

connected = TRUE.
irguire! unit=nf Ln.topenec=connected)
unit ioop : do =1,73
f{ .NCT.connected } EXIT unit loop
rif_unit = nf_uni + 1
inquiret urit=rt_unit opened=connecled)
end do unit_locp

end subrouting gat_unit

subroutine estup{ntp_free ntp_freeslip,ntp_inflow, &

ntp_int,ntp_missing .ntp_noslip ntp_outflow, &
ntp piston, ntp_tmpsre,ntp_uvwsre shading rdiv, &
nelemax,neles nnodemax nnodes, meshiile. run labe!, &
nf tec.nf meshnf nnf outnf logn® abs, &
NOCETYPEX Y. ZEMISSIVITY TRANISMISSVITY, &
ELETYFENODES, nds)

Y #

! PURPOSE:

! Create an inpul fle for the FACETS0 code based on the CHAL irput file.

H C

use satreal_n
use element_h

use compar
1

! Interface Prototypes ™
|

interface
subroutine read_meshint_mesn,nf_log,mashfile nelemax.neles, &
nrodemax,nnodes NODETYPE, &
XY.ZELETYPENODES EMISSIVITY, &
TRANSM'SSIVITY)
use setreal_h
intager nf_mash  nflog . &
nelermax  neles  nncdemax  nnodes
characlar *120 masHfilz
integer NODETYPE  (nnodemax]
real (setpr} X (nnodemax),Y nnodemax), &
z {rnodemax) EMISSIVITY {nnodemax), &
TRANSMISSVITY nnodernax}
integer  ELETYFE  {nelemax )
integer NQDES  (8,rzlemax )
gnd subroutine read_rmash
subrouting fopen_writa( fin, u, ilog)




charactar*20 intent(ing @ fin

inleger. intert {imy ©u

inleger. optional 2 ilog
end subroutine fopen write

end interface

Gicbal varables {scalars and sarigl amays) being passed
through the argument list.

Paramatars. '

lngical  shading

integer nf té¢  nf_mesh nfin  nfout &
rnflog  nfabs &
ntp free  atp freeslipntp infliow ntp int &
ntp rmissirg Mp Aosiip ntp outflow ntp piston | &
ntp tmpsre mip uvwsIc

integer  nelemax  reles  pnodemax  nnodes

character *120 meshfile, run label

charagte™20  chadvigwin, Chadtecpol

‘Localameys

logical cross_flow, window

integer, dimension{16) L error

intager ndim,nummat,numnp,numal, ndivnblk,nrot icheck, ncpl,ibug
intager kn0,nmiss inc,i

intager : nface jface isie
integer, dimension{4) iver:
nteger, dimension{d,5)  NFACFS

Save: UMD, AUMelknd,pmiss, inc i

Wda|army5

nteger, dimension{nncdemax) . NOCETYPE | NODETYFE{nnodemax)
regl {selpr),dimension{rmodemax) = X ! Xir1odemax)

real (etpr) dimension{nnodemax) . Y Y{nnoderrax)

real {setpr) dimension{rmodemax) : Z VZnnodemes}

real {setpr),dimension{nnodema) . EMISSIVITY! EMISS{nnodemax)

real (setpr), dimenslon{nnodamax} @ TRAMSMISSIVITY I Tinnodemax)

Elernental amrays

integer, dimansioninelemax) ELETYPE !ELETYFE{nalemax)
Vertex arrays.
intager, dimension{8.nelemax) THODES ! NODES{8.nelemax)

integer, dimension{a,nelerma) cnds ! nds{Snelemax)

A@ I I iU i

Read the mesh data
call read_meshinf_mesh,.nf_log,meshfile nelemax.neles &
nnodemax,nnodes NODETYPE . &
XY ZELETYPE NCDES EMISSIVITY, &
TRANSMISSIVITY)

Set EMISSIVITY and TRAMNSMISSIMITY at cross_flow boundaries
where{ NODETYPE.EQuntp_inflew OR NOOETYRE.EQ ntp_outflow)
EMIZIMTY ="10
TRAMSMISSIVITY = 0.0

end where

Craate the CHAD_VIEW input file

chadv:ewin = 'chad_view/ffonameif.in'
call fopen_write{ chadviewin ni_in, log=nf_iog:




ANIEHE RN KRR

write title card

B et e e

write {nf in{" CHAD YIEW input file: ",a50)run _|abe)

inflialze some control data

adim =3
wmmal =2
aumnp = nnodes
ablk =0
st =0
ichack =0
wpl =0
ibug =0
k) =0
amiss =
inc =0

determing anclosure alernent definitions: calcukate nuemet

raimel = 0
loop over all elements in CHAD resh
glerment_loop . do iele = 1, nelemax

rface =0
lcop over & faces of each glament
face_lcopt: do fface = 1,6
iiven(:) = NODES{ verf(. face}.isls)
test each face for bourdary faces
if { NODET¥PE(ivert(1}) GT.C AND. &
NODETYPE{wert{2)) GT.0 .ANC. &
NODETYPE{#var{3)) GT.C .ANL. &
NODETYPE(ivert{4}) GT.0) THEN
nface = nface + 1
NFACES(:.nface) = iiver{)
encdi
end do face_loop1
tast for a solid or ar interior elermant
ff { inface EC.0) .OR. {rface EQ.8} ) cycle zlement_lucp

face laopZ: do jfface = 1.nface

numel = numet + 1

cross_flow = FALSE.

wirdow = FALSE.

doifaca =14
nds(iface numely = NFACES(5-face fface)
if { MODETYFE(nds(iface,numel) EQ. ntp inflow &
SOR, NODETYPE( nds(iface. numedl} EQ. mip outflow } &
cross_flow = TRUE.
if { TRANSKISSMITY (nas(iface numell) GT.0.0) &
window = .TRUE.

end do

nds(S,numel) =1 Istandard wall glement

if {cross_flow) then
nds{snumel; =2 !cross-flow element

elsaif (window) then
rurmmat =3
ndsi5aumel; =3 lwindow alement

endf

end do face loop2

and do element loop

Check for intermal shading

if {shading} nbik = numet

Akt AR R A A

write conirol card

Akt B e A e




wrile (nf_ir;,14Q) ndim,nummeat,numng, numeindiv,nblk,nrot ichack, &
ncplibug

] BN Ak

! wirile nods: data

! e e e o e Al fevieueir
do =1 humng
write {if_in, TGRO) 1 X0, Y(i} 2{0 knn
end do

1 AN KRR FRNCKLLA LA AR ARHERZ AN LXK

! write enclasure element definitions

oo i=1.numel
write (nf_in, 190 i{nds{j.i),F1,5).nmiss,inc
erd do

| write blocking surface definitichs

if {shading) writa (nf_in,230) 1,nurmel-1,1

I rewind and close chadview input file

rawind (nf_in)
closa {unit=nf_in, status=keeo"

! Create the TECPLOT input file

! AMbddkkbdARRddd At bR hAALAkEARRN
chadtecplot=‘shad_tecpiot/fbname/r.in'
call fapen_write] chadtecpiol, nf_tec, ilcg=nf_ioq)

wiite (N tec.200) numapnumel
do i=1,numnp
write: (nf_tec,210) X{ij, ¥ (i) Z() EMISSIVITY(). &
TRANSIMISSIVITY{)), NODETYPE{i)1C
erwd do
g i=1,numel
wrize (nf_tec,220) (nds{j i1,j=14]
and do

| ke b Ak

! closa TECPLOT inpul file
| Ak At i konoak b oebonk
close {unit=nf_tec, status='keep")
t
140 format {12i6)
160 format {if 5x,1p,3e12.5.6)
190 format (86}
200 formiat { TITLE="*h",CHAD VIEW ENCLOSURE DEFINITICN 10" &
WARLABLES="th", X' 1h"" 2« 10" 107 2, &
1h"'Z' 1h" 2%, "h"/EMIS', 1h",' 2%, &
1R TRANS' R 2% 1h" TY2E 1h" &
'ZONE N="15,E="ig,' F=FEPOINT, ET=QUADLR!LATERAL"
210 format (1p,5{2x,812.5),Cp,2x¢.13)
220 formas (4{1%.i8))
230 format (3i6)
2nd subrautine setup

0 B
ren e

er sukrouting fdate g

!n» Q*nc

" The subrouline fdale creates a thme and date string =g

=+ yging the FORTRAN 90 intrinsic function date_and_time  ™c

*
L C

O Paul T. Williams e
l.kkl Q!tc
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subroutine fdate {date ime)

charactar?4 date time

mtager  ekements()

character™3 months(12)

data menths / Jar', 'Feb', 'Mar', ‘Apr', May', 'Jun’, &
Jul’, Aag', 'Sep', Oct, 'Nov', 'Dec’ ¢

call date_and_time { VALJES=siements )
invalid: if { slements{1) NE.-HLUGEQ) ) then
century: if [ slements(1} LT, 2000 ) then
slements(1) = elemants{1} - 1910
else
slements{1} = elsmenls(1} - 2000
and ¥ century
wite { date time, 100 } elements(3), &
rorhs { elernentsi2) ), &
alements{1). elzments{), &
elements{E), elements{T}
100 format{i2.2, 1% a3, 1. 12.2, 1%, &
R2 2V 22)
elsg invalid
date_time=""
end # invalid
and subroutine fdata

subrguting read charfvar labelvar defauit.file)

' FURPQSE:

! Reads character variables from the inpul file.

'O INPUT ARGUMENTS:

! var = Variable to be read,

! label B Labeito 3eek on the input file for reading VAR,
! var_defaull B Default valus of the variabla, VAR will be sef
! te this valua If not found on the input file.

! ffila = Input file unit numbar.

' OUTPUT ARGUMENTS:

! var = Sel to the desired value.

usa setreal h
use glebal 1
LSE Compar

*** Interface Prolotypes ™"

intarfaca

subroutine read_fike(ling,ibag.amar abel,ifile}
logical  arror

integer  ibeg e

charactar '*) line: Jabel

end subrouting reac file

end interface

I Glabal variables being passed through 11e argument list
intege’  fifile
characler *("} var qabel  ver_default

I Local variables.
legical  error
intags”  ihag
characier “120 line strag
|
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Read data file ural the line beginning with label is found

|
!
I Retun znbre ling in vanable LINE. ERROR is . TRUE. if label was
|

nol found in data file
calf read_filefling,ibey eror tabe: file)

I If LABEL was nol found, set VAR to its default; otherwise
| axbract its valua from LINE.
fi{amrar) than
varvar_dafaul
write{nf_out " 12,220 19% 237 ' (default))") labal var
glse
callrzad slinglstring.ibeg amor, ling)
iffeamor) then
vas=var default
write(nf_out"(1x,220,19x.837,' (default)}") label.var
glsg
var=string
wrie(df_out,"{ 1x,a20,19x.3)") label,var
endif
anddif

eng subrcatine read_char

subrautine read_fledling ibag,error laba fils)

RARLLEFARRKKE LS EARKRLKEERRRRINK

FURFQOSE:
Reads the entire file to search for LABEL.

NPUT ARGUMENTS:
label = Labeltc seek onthe inputfe.
ffile = Input file unit nuMmber.

OUTPUT ARGUMENTS:
line = Line frominpu file contaning LABEL.
inag = Position of space in line following |LABEL.
amor = Emorflag.

implcit none
] Rkk bt bR AL AARFARRA KL ARAR L
' Interfage Prototypes =
!

interfaca

subreutine ‘ead nxtine{line.end.ifile)
lcgica! end

integer ffile

character *(*} line

end subroutine read_nxtine

subroutine ead_label;label,ibeg,ermror ling)
icqleal  emmer
integar ibeq
character *(*) lina Jlabsl

end subroutine read_label

| AREEFEAARLR AR AL R LKA ERN K

end inlerface

! Global variablas being passed ﬂ“i‘ﬁﬂéh the argLment ist

lagical  err
integer  ibeg Jile
character ") line label

I Loecal variaoles.
logical  leaking
character *120 labsl

3t




! Rewind the input file and initialize some data.
rewind(ifile)

emor = FALSE.
looking=TRUE.,

' Look until LABEL 15 found or EQF is reached.
do while(locking}
ibeg = 1
cafl read_nxting!line,erro-,ifilg}
ff(arror than
looking=FALSE,
alse
call read_label(labellibag,errorling}
ff{labell EQLlabel) Incking = FALSE.
endif
anddo

| ARRLALLALARLLS (113

end subroutine read file

subrouting read_inpul{infile, ndiv.meshfile,ur labelradiation, &
shading sigma,solar}

B
PURFGSE:
Raads the usar input file.
IMPUT ARGUMENTS:
infila = Fila marme of tha user input data {entered on the

r
!
!
!
!
! command ling).
! nfin = User-input file (INFILE} unit number.
I QUTFJT ARGUMENTS:
! ndi = nurnber of subdivisions for adliation surfaces
! meshile = File name fof the mash data.
! rur_label = Character slring for case tithe
! radiation = 'ogical flag to signa radiation heat transfer
! shading = logical flag to signal if intemal shading exists
! sigma = Stefan-Bolzrmann constant in comect units
! solar  asolarinsctation for windows in correcl units
b A it o
LS gatreal _n
use glohal_k
LSE Compar
!
'

! ™ Interface Prototyoes ™
!

interface

subrouting check, ios {string1 string2,ios,nf _out}
character(™; slring1
character’(*} sting2
integer ios,nf_ocut

and subroutine check_ios

subrouting reac_chanvar, label,var_dafaull file)
integer  ffila
character *{*) var labsl wvar_default

and subrouting read_char

subroutne read_int{var,label var_default,ffila)
integer  var ifile  wvar_default
character *{") labed

end subrouting reéad int

subroutine read ogicl{var label var_defaultifile)
integer il
logical var, var_defautt
characler *(7) lakel

end subroutine read_tugid

subroutine read_real(var label var_default ifiley
use setreal_h




integer  ifla

real (satpry var var_default
character *{*) labal
and subrgutine read real

end interfage

!
1

-

t" Giobal variables being passed through the argument list.

legical radiation  shading

integar noiv

character *(%) irfile  meshfle run_labal
real (selpr)  sigma, solar

‘Local variables.

logical  restart default radiation default .1
shading default

integer nelemad_detault neles_detaull -
nnodemax, default .nnodes default L&
ndiv default

integer ios

characte: *120 meshfile_defawit run‘abel_defaull
real{setpr)  sigma_default |, solar_default

Initialize some variabies.

Dafine default values.

rdi_default =5 ! default number of subdivisions

meshfile_defaul = chad msh'

runlabel dafsult = '

radiation_defautt=_FALSE.

shading_cefault = FALSE.

Stefan-Boitzmann constant = 5.67051E-08 Wim™2-K"4
Stefan-Boltzmann constant = 5.67051E-08 engsisom™2-K"4
sigma_defaull = 5.E7051E-08 ! default Siefan_Boltamann constarl {(MKS)
sigma_defaull = 5E7051E-05 ! default Stefan_Bollzmann constant {cgs;
solar_default =0.0 | default sclar insolation

AT A A

Open input file,

L & st

wpan{nf_in fie=infile actior="raad' status="ol' ostat=iog)
call check_ios {'read_inputinfile jos, nf_aul)

Nkl AN RN Sk Rk ket kAN AR ok bR R bk N R Rk bk R LA LA A0,

Write a marker indicating the beginnirg of input-fie reading phase.

wnibel® {16, 717 0"

Read one vanable at a time from the inpu fike.

call read_char (run_label RUN_LABEL' runlabei_default .nf_in}
all read_char {mastile , MESHFILE' meshfile_defaull nf_in}
call read_lcgick radiation, RADIATICN' radiatian_default.nf_in)
call read_legic(shading 'SHADING' shacing_default ,nf in)
callread_int {ndiv 'NDIWVRAD' ndiv_default ,nf_in)
caliread_real (sgma 'SIGMA'  slgma_dafault  nf_in)

call read_rea! (salar ‘SOLAR  solar_defaull nf_nj)

Aok ki k.

Close input file

Tk Ok

close(rf in,status="keep")

Write a marker ind:cating the end of inputfile reading phase.

wiite(™ (4, 1L TR

end subroutine read_input




subrguling read_inthvar label var_defaull, ife)

PURPOSE:
Reads integer variables from the inpul fle.
INPUT ARGUMENTS:
var =Vanable o be read.
label  =Labello ssak on tha Input fils for reading VAR.
var_default = Default value of the vanable. VAR will De set
te this value if not found on the inputfile

file = Input file unit number.
DUTPUT ARGUMENTS:
var = Setla the dasred value.
T B
use satreal_h
use glohal_h
Us€ compar
!
£ ™ Interface Prototypes ™™
1
interface
subroutina read_fialine ibeg,error,|abal ifilsj
logical  efror

integar  ibeg Jfila

character *{*) lime latyed

end subrauting read_file

subrouting read_labelflabel ibeg,emar line)
logical  error

integer  ibeg

character *(*} #ne.label

end subrouting read label

end inlerface

Giobal variatlas bgma Bgésad through tha argument list.
intager var ifile var_default
charactar ** label

Lacal variables
logical - amor
integer ibag
character *120 line: sling

Read data fike until the line beginning with labei is found.

Retum entre line in varakle LINE ERROR is . TRUE., if label was
not found in data file.

call read_filefline,ibeg,emcr label ifile}

If LABEL was not found, set VAR to its defaull; otharwise
axtract its valug from LINE.
if{armor) then
var=var_defaull
write{nf_out,"(1x%,820.2x,i37 ' (default))™) 1abel var
sise
callread label(string ibeg.ermorling)
ifferrory then
var=var defauit
write(nf_out,"(1x,820,2:,i37 ' {detault} ") fabed,var
alse
read{string,™) var
write{nf_out,"(1x,820.2%,i37)") labelvar
andif
andif

and subrautine raad_int




subroutine read _labal{labal ibeg emor, lina)

i ik b Akrioh "o

PLIRPOSE:

Exfracts the LABEL (containing no spaces) from the input file.

INFPUT ARGUMENTS:
ibag = Position from where ta start tha search.
lira = Ling frominpat file containing LABEL.
OUTPUT ARGUMENTS:
label = Label lo sesk on the inpul file.
ibeg = Ppstion af space in line following LABEL.
emyr  =Emorflag.

implicit ncne

Global variables being passed through the argument list.
legical emor

integar beg

charactar *(*) lina label

Lacal variables.
integer ich Jlineten

e

Initialize some data.
error = TRUE.
label ="
linglen=len{ling)

Find the keginning of string.

do ich=ihag linelan
filne{ich:ich).NE." '} than
emor=FALSE.
exit
andif
enddo
ibeg=ich

ARt ik e A e e

Find the erd of sring.

do ich=beg,linelgn
ifflinetch:ich).EQ." ") exit

anddn

Zxtract LABEL and the position of space followireg it.

label(*:ich-ibeg =linefibeg:ich-1)
ibeg=ich

end subroutine read kabel

subrouting read_|ogicl{var, label var. defaut,ifile)

PURPOSE:
Reads logical varablas fram the input flls.
INPLUT ARGLUMENT 3:
var = Varanle ta be read.
label = Labeltu seek on the input file for reading VAR.
var_dafault = Default value of the variable VAR will bs sel
o this valug if not found on the input file.
file = laput file anit number.




I OUTPUT ARGLIMENTS:
! var = Set to the desired value.

1

3]

use sefrzal h
use global h
use compar

1,
|
1 ™** Interfece Prototypes ™
1

interface

subrouting raad_file/ling ibag arrar abei file)
logical  emor

inleger  iheg il

character *(*) line Jabel

end subrouting read file

subrouting read |abeld{labelibeg emorline)
logical  eror
inleger  ibeg
characler *(™) line label

end subroutine read labal

end intgrface

Glokal variables being passed through the argument list.
logical  var var_default

integer  ifila

character (%} label

! Lecal variables.
logical  error
integar iheg
character *120 ling stang

Read deta file until the lire beginning with labal is found.
Retum entire line in variable LINE. ERROR is .TRUE. if labe! was
net found in data file.
call -ead_fie{lina ibag,amor. |abel,ifile)
I fLABEL was net found, 2at VAR ta its dafault: otharwisa
I extractits value from LINE.
if{emor) then
var=var_defaut
write{r oul [ 1x,220,2x.137 ' [defaalt))"} fabelvar
clse
call read labslistring.ibeg,ermor,line)
if{gnor) then
var=var_gefault
write{rif_out,"{ 1x,a20,2x 137, {default)}"} label var
Else
read(string,*} var
write(nf_out,"(1x,220,2x137Y") label.var
endf
endif

! "
end subroutine read_logicl

subroutine read_meshi{nf_mesh.nf_log meskfilenelemax.neles, &
nnodemax,nnodes,NODETYPE X Y. Z, &
ELETYPE,NODES,EMISSIVITY, TRANSMISSIVITY)
Y c
! PURPOSE:
! Reads mash data fram MESHFILE.




INPUT ARGUMENTS:

nf_rresh = Mesh-input file IMESHFILE} urit numbar.
meshfile = File name for the mash data.
relemax = Maxirmum value of an glement number in the
problem.
nalas = Total number of alamants.
nnogdemax = Maximurmvaiue of a nade number in the problem.
nnodes = Totat number of nodes.
QUTPLT ARGUMENTS:
NQDETYPE = Mode type {positive value implies a real node).
X = X-coondingte of nade.
¥ = Y-cocrdinate of node.
Z = Z-courdingte of nods
ELETYPE = Element type. Hexahedmon=12, tetrahedion=g,

pyramid=8,prism=9 etc.{ basically the nurnber
of nonzero-length connections).
NODES = List of nodes associated with an element.
EMISSIVITY = noda! smissivities
TRANSMISSVITY B nadal transmissivities

1
1
|
|
|
|
1
!
!
!
!
!
!
!
!
!
!
!
!
¥
!

use satraal_h
use elemant_n

Global variables being passed through the arqument list.
integer nf_mesh  nf_log

character *(*) meshfile

integer NODETYPE()

real {setpn) X(*).Y(").Z(")

real {setpr) EMISSIVITY(™), TRANSMISSIVITY™)
integer  ELETYPE  { nelemax )

integer  NODES  { Bnelemax )

Locel varizbles.

integer i Jibb Jios &
vl A2 J nbade | &
nelamax ,nelss  nhnodemax Inodas, &
RpAEnts, reorns, aspl

character "24 name

logical FLAGB {12 nalemax )

A e

Open the mash file,
epen{nf_mesh fle=mestfik,adicn=read status="old' iostat=ios)
call chack_ios ('read_mesh' meshfile,ios,rf_out)

R A AR A ATt e S ey

Read problem dimensions.

e e

read/nf_rmeash *) nelemax nslas nnodamax nnodes, &
aparants nconns, nepl

Read standard nodal and elements: data.

read{nf mesh,*} name
iftnama{1 1).NE X) then
wiite(nf log,"(%." ™ Emor reading X #)")
stop
endif
read{nf_mesh,"} {X{i),i=1, rnodemax)
read{nf_mesh,"} name
fftnarne(1:1).NE ") then
write(nf_log," (!, *~*Emor reading ¥.™** ")
stop
andif
read(nf_rresh * (Y{D).=1.nnodemas)
read{nf_rresh,*) name
f{name(1 1).NE 'Z'} then
write(nf_log,"5f,! ****Emor reading Z.+**** /")
stop

T4




edif

read{nf_rmesh.") (Z{i),=1 nnodemax)

read{nf_rmesh,*} name

finame(d 6).NE NODESV) then
write(nf_log,"(i¥, =Eror reading NODES *****/f"}
stop

endif

read(nf_mesh,™ ((NODES{ij).i=1.8),j=1,nelemax)

Define efement typa basad on foragoing elamernt data. The element
type is defined as the number of nonzero-langlh edges. The
minimam allowabla slamant type is € {a tetrahecron). if this is

nat tha case, print & message aad abort the code.

Defing a boundary flag in elzmeants, such thal itis FALSE. at
dudded cormections
First set the flag to . TRUE. everywherg.
FLAGE=TRUE.
Set the flag to FALSE. where a connedlion has the same noge
rurmbers an both sides.
do ib=1,12
iv *=ivertd1.ib)
iv2=ivertb{2.ib)
WHERE{MNODESI w1, } EC NODES(vE,)) FLAGBI(ib, ;)= FALSE.
enddo
Now set the flag to FALSE. at duplicala connactions. For
exampls, a tatrahedmn could be defined by merging nodes 3 and 4,
and nodas 5 through 8. In this case, cannestion 3-7 is same as
connaciion 4-8. Ore cfthese rrust be eliminated to acnieve
UnUENesSs.
da ib=1,11
i1 =iverthy 1 i)
w2=ivertb{2.ib)
doibb=ih+1.12
vy 1=verth( 1,ibb}
vv2=vertb{2.ibh}
WHERE((MIN[NODES{v1 ,),NODES(iv2 1).EQ. &
MIN{NODESIvvt, ) NCDES{Mv2 3} &
AND. &
{MAX{NCDES(iv1 ;) NODES(iv2 :).EQ. &
MAX{NODES(vv 1, ,NOCES{iva, )} ) &
FLAGR(ibb, )= FALSE.
anddo
enddo

Defing glament type by courting . TRUE. cormecl-ons in each
elemenrt. Make sure alf elernent types are greater than or egual
to 5.
ELETYPE=COUNT{FLAGE DIM=1}
nbade=counkELETYPE.LT.8)
i nade.NE.D} then

write{","(,;' “"There are' 6, &

' zaro-voluma slaments in MESHFEILE. =*** 4 &

Read the rerraining dala.

NODETYPE_lvop : do
read{nf_mesh,fmi="(a} end=937) neme
ifrare(1:8) EQ. 'NODETYPE) exit NODETYPE_loop

end do NODETYFE_lnop

read{nf_mesh, " {NODETYPL(i) i=1,rnodemax)




EMISSIMITY oap 1 do

read(nf mesh fmi="{ay end=998) narne

fname(1:10) EQ. EMISSIVITY") exit EMISSIVITY loop
end do EMISSIMITY loop
read{nf_mesh,”) (EMISSIVITY{i}, =1 nnodemax)

TRANSM'SSWVITY _loop : do

read{nf_mesh fmt={g),end=953) name

ffinama{t:14} EQ. TRANSMISSIVITY'} axit TRANSMISSIVITY_laop
end do TRANSMISSMTY_laop
readint_mash *) (TRANSMISSMITY(i},iF1,nnodemax)

bbbk kb b kbbb

Close the mesh file.

B A s A ae ]

close(nf meshj

return

397 continue

write{nf 1og."(#. ""Eror reading NODETYPE."™ ™ )"}
stap

398 continue

writetrf_log,"t#, “"Error reading EMISSIVITY. ™" #1")
stop

999 continue

write(nf_log, (. *****Error reading TRANSMISSIVITY * )}
stop
raturr

end subrouting read_mash

subroutine read_nxdine{ling,end,ifile)

PURPOSE
Reads the next active ling frcm the input file by skipping
comyments and blank lines.
INPUT ARGUMENTS:
file = Input fla unit number
QUTFUT ARGUMEMTS:
ling = Line from input fiie
end = Flag for end-offile.

implicil none:

Clobal variables besng passed through the argument list.
logical end

integer  file

character "%} ling

Local varables

Ak b b ko ek

Initialize some data.

ARIEEEER Lok A Ak

tine="
end =TRLE.

Search for a elevant line.

do whitefend)
regd {ifile,"(a)",end=399) line
ifllined1:1L.NE. #.AND ling(1:1).NE,' " end=FALSE.
anddo

999 continue

end subroutne read_nxtine




subroutine read reailvarlabelvas defaultifike)

PURPQSE:
Reads floating-point variables from the irput file.
INPUT ARGUMENTS:
var = \arlable to be raad.
label  =Label to seek on the input file far rzading VAR,
var_default = Default value of the varable. VAR will be set
to this value if not found on te input file
file = Inputfile unit rumber.
CUTPUT ARGUMEMNTS:
var = 3et o the desired value.

¥ C
use satreal 1
use givhal h
use compar

* Interface Protelypes ™

interface

subrcdtine read_fils{lina, ibeg, emor, labal ifila}
leqical  emar

integar ibag Jile

character **) lire label

end subroitting rzad_file

subrautine read_laballabel ibeg emor line}
logical  emor
integer  ibeg
character (™ line kibel

end subroutine read label

end interface

Global varisbles being passed through 1he argumant list.
integer ffila

real (satprl  war ar default

character "y label

Local variablas,
logizal  ermor
mleger  ibeg
character *120 line string

Read data file until the line beginning with lakal is foand.

Retum entire line in vaniable LINE, ERROR is true. if labei was
not found in datz file.

call rezd_filailira,ibeg,emar, label,ifia)

If LABEL was nat found, set VAR ta s defaull othewise
gxtradd its valua from LINE.
fiiarrar) then
var=var_default
write{nf out,"(1x,a20,2x, 1ped7.14, (defaulty) '} labelvar
else
cail read label siring ibeg,errov linz)
ifterror) then
var=var_defaull
write(nf_out,"(1x.820.2%,1pe37.14," {default)}") label var
alse
read{string,”) var
write/nf_out,"( 1,820, 2% 1rald7.14% label var
andif
endif




KkLELRN

anc

subroutine read_string(string,ibeg,error ling)
* Tk

KRNAAKKLLLAN G

PURPOSE:
Raads a string from inpud lin2 and places it in a character
variable.

INPUT ARGUMENTS:
ibeg = Posdticn from where to slait the search.
ling = Input line,

DUTPUT ARGUMENTS:
sting = Desired dats placed n the character sirng.
ibag = Pesition of space in line following the sting
argr = Emor flag.

implicit nomne

Global variables being passed through the argument list.
logical  errar

integer ibeg

characta” *{*) sting  line

Local varables.

mteger Ich Jend linalern

AXTELER FRARKELL DA

Initiahze some data.
amar = TRUE.
strirg ="
linelen=leniline}

Find the beginning of input siring.

do ich=ibeg lirelzn
iitlinefich:ich).NE" " then
emor=.FALSE.
exit
endif
anddo
ii{knedich-ich) EGL™ OR lingfichiich) EQL™) ich=ich+1
ibeg = ich

Find the end of string by starting at end and moving backwards.

do ich=linelen,ibeg,-1
if{ling{ich:ich).NE."") exit
enddo
ii{linelich;ich) EQ.™ OR line{ich:ich). EQ."") ich=ich-1
iend=ich

Fek ik ik Ak a

Extract tha strirg and position of space following .
A Ak AR AR R A X RN R L AN KRR AR A A AR N Kk kLA RN Nk ke 2 k%
string(1:iend-ibeg + 11=lina(ibeg iend)

ibag=iend+1

end subrouting read sting

subroutine version(Codenams, dsir)

c
PURPCSE:
Prints version information and the date and tima of the run.
NPUT ARGUMENTS:
codename = Name of the code.
dstr = Date and tima of tha rur. As an input argumant,

41




| this is a flag that indicates # is the start

! oftha run if dsir is blank. A nonblank value

! Indicates that tha run is successfully completed.

I SUTFUT ARGUMENTS:

! dstr = Date and time of the run.

!\\’k&!l Ll C
use sefreal h
use glzbal h
use compar

! |Interface Protoctypes ™
!

atarfaca
subrcuting fdata {date_time)
character?24 date_time
and subrauting fdate
! AEXAFARRAALAA A AR AkAkt R h bt td
and interface

| Ak d b kA AT AR ENRREEANLLL

I Giobal variables being passed through the argumant list,
character "8 codename
charactar (%) dstr

' Local variables.
characler *8 codedate  codemach  codetime &
codeuser undate  runstetus  nuntime

L T T

Initialize some data.
f{dstr EQ.' "} than
runstatus="start
alsa
runstatus=finish'
endif

I Determine the run-me information

call fdateldstr)
codelime="10:30:.C0'
codedete="10/27100'
codeuser="pannala
codemach="COMPAL
| Hekr b Aotk
! Print vergian and run-time {startfinigh) informatian.

\ KEEARAKKEKEERNALARALAARE bt AR E R kEEE A ARARE kh b4 DRk baks

f{runstatus.EQ.'starl’) then

write{rf out, &

I(jrlfl13xlln-1.lt1-11‘fft-t-ttltttt'f‘-‘ﬂ. &
JF.‘|3XI'"' q-‘ &
H13x.™  Thisvarsionof "a8," wasmade: ™, &
£33, or dets a8 ™ &
3™ at time a8 &
13,™ by user "ab" "o
113™ on machine ".af." “ &
3™ &
f13x™  This run is being made on: w8
f1ax™  “a24” &
£ A8x ™ w8
Ir‘,flsx!liillliikllttkkklt*tkil*ikll a

i’ &

] &

) codenama.codedate,codealime codeuser.codemach, dstr

ifimyFE.eq.reot) then
wiite{if_log, &

|{”[I13xlll***wlk**kII'!**!'*\!*A**‘EI &




L13,™ &
{13, This version of ",ag," wesmade: ™, &

M3 ondate  “a8] MO&
3™ attma  "a8" &
3™ by usar a8 &
£,13x," o1 machine " a3 S
£ 130 " &
JA3x"  This run is being made on: &
A a2 = &

PR Too&
Jr.13K.l"'1"'t1'1tl.tv*.t!w!*tt!"l &
-3
7 &

] codename,codedate codetime codeuser.codemach, dstr
endif
else

wntelnf_out, &

l(ﬁl.‘axluaaianknilkkkxnlgxknngxx-xml R

13" . Y

13" Run succassfully finished on: &
13 " a2 &

#13%," R
"'I13x'illkAilllkikkllikikli*xkl#lll &

N &

i &
ydstr

iiimyPE.aq.roct) then
write(nf_log, &

L T

£13%.™ &
£33 Run successfully finishec on -, &
£13x.™ *a24" " &
.I’,13x,"* wl
rilnla‘xl"ibtttkﬂl\tx'xxilR'xtxillx*ll' &
&

&

3 dstr
endif
endif
end

subrouting facetSdinnodemax, nelemax,nf_tac,nf_in.nf_cut,nf_log, &
nf_abs.sigrma,solar EMISSIMITY, TRANSMISSIVITY)

usa satreal_h
use primary_h
us& sompar

Pk R A AR ENRLLHERRRANLLARENRA AL LAk A AR Rt AAA R Rk

integer nnademax, nelemasx

integer nf tec.nf in,nf out.nf lognf abs

imeger, dimension{:.-), allocatable = nds ! nds(B,numel}
integer, dimension(.,:), allocatable :: rocpl ! nocpl{2,nept+ 1)
integer, dimension{;,:), allocatable :: rig ! niald,ndivindiv}
integer, dimension(:,}, allgeatable - nja | njg(d,ndivindiv;
integer, dimension(.}, allocatable : kblk | kbik{numel}
integer, dimension(:}, allocatabls :; kset ' kset{numal)

real (setpry dimension(;,} allocatable :: xnd | xnd{3,numng)
real (setpr),dimansion(’). allocatable :: garea ! garaainumsal)
real (setpr) dimansion(:, ) allocatable :: xil | i3 maxi+1}
real (setpr) dimension(: ), allocatable = xjl ! xji3 maxi+1}
real (setpr),dimension(: ) allocatable :: xia ! xial3,maxa)
real {setpr) dimensiont:, j.allocatable - xja 1 xjal3maxa)
real (setpri dimension(:, ;) allocatable = xng * xng(3,numel)
real (setpr) dimension(:, ;) allocatable - xeg 1 xcg{3.numel)
real (setpr) dimension(:) allocalable - frow ! frow(nuimel)
real (setpr) dimension( ).allocatable . f f{(numel™Z2+numel)’2}




real {satpr) dimersion{),allocatabia :: emisf! emisfnumal)
real {satpr),dimersion{} allocatabls :: tranf! tranf{numat)
rsal {setpr) dimension! ) allocatable = rowerr! rowarnnumal)

rsal (satps),  dirmansion(4) L amien
real fsetpr),  dimension(4) »transn
real (setpr) L sigma. solar

integer idamax
gxternal idamax
|
|

1™ Interface Prototypeas ™
{

interface
subroutine check_alloc{string,eror,ram,nf_out)
charactar'(*} string
imlager nerr,nf_cut,i
inleger smortnerr)
end subroutine check_akos
subrouting check_deallocstring, grrar,nerr nf_out)
characier'(*] string
imeger nerr,ri_out,i
irtecer eror(nerr)
end subroutine chack deallog
subroutine datain{nds,nocplnia,nja kbik kset xnd garaa,xilx)l, &
xia.xjaxrg.xeg frow
use seireal_h
integer, dimension(8,™)  :nds ! nds{B.numsl)
irteger, dimension{2,”y . nucpl | noepl(2,nepl+1;
integer, dimensioni4.”}  :nia ! nia(4 ndy"ndiv}
integer, dimensiont4 *}  .:nja ! nja(4, ndi*ndiv}
Integer, dimansion{*)  : kblk ! kblkinumel)
Integar, dimanslon™) @ kset | kset{numal)
raal {satpr) drmanslan{3,* = xnd | xndf 3 numnp)
raal {setpr). dimension{*) = garea! garaa{numsal)
reat (setpr) dimension(3,*) - xil ! xil{3 maxi+1)
real (setpr) dimension(3,* 7l P xjil3 maxi+1)
raal (setor) dmension(3,*) < xia ! xa3maxa)
raat (selpr) dimension(3,"} D qga ' xja(3.maxa)
read (selpr) dimension(3,"} - xng 1 xng(3.numet)
real (selpr) dimension(2.7 : xcg 1xog(3rumel}
real (setpr), dimension{™ . frow ! frow{numel)
real (setpr), dimension{™) . f ! f{numal2+rumal)/d
and subrouting datain
subrouting factonfernisf tranf,garea nume' nf_out.nf_log)
uss salraal_h
integyer numel
real (satpr) dimension(*) f !f{numel*2+numel)2)
real {setpr) dimension(*) :: tranf! tranfinumel}
real (setpr) dirmension(™ : errist! emisfinumel)
real (setpr) dimension(™) : garea! gareafnumsl)
integer nf cut.nf log
and subroutine factor
sutroutine fopan_read( fin, u, log)
charactert20, intentin) :: fin
integer, intent {in} . u
integer, optional ileg
end subroutine foper_read
subrouting fopan_wriled fin, u, ilog)
charactart20, intant(in) = fin
integer, intent (i) o
integer, optional ileg
end subrouting foper _write
suhbrowting tming (k)
integer tk
end subroutine tming
subrouting uopen wate{ fin. u, ibg)
character*20, intent(in) :: fin
integer, ntent {in) v
integar, aplional Cikeg




and subroutine uopen_wrile
subroutine viewr (nrodemeax nelemax nds,sgra,solar, &
garea famisf tranf,rowarr)

use sefraal_h

integer ' nnodemas,netemas

integer, dimension{6*)  ©nds

real {setpr L sigrma, solar

real {setpr), dimension( ) - garea

real {setpr), dirmension(™) - f

real {setpr), dimension(™) . emisf

real (setpr), dimension(*; : rant

real {setps}, dimension(™} . rower

end subroutine viewr
subrouting view3dinds,nocplnia nja,kblk. kset xnd garea xilxjl, &

Xia,xa.xng xcg frowf
use satraal_h
Integar, dmansan{6*)  :nds | nds{E rumal}
integer, dimansion(2Y  : nocpl ! nocpl(2,nepl+1)

integer, dimension(4*y  :nia ! nia(4. ndivindiv)
Intagar, dimension(4.*y  :njfa ! njaid ndivtndiv)
intager, dimension(*) = kblk ! Kb&{numel)
integer, dimension*} wkset ' kset{nurmal}

real (setpr), dimensicn(3.%) 2 xnd | xnd(3, numnp;
real {setpr), dimension(*} + garea ! garsainurnal)
resl (setps), dimension{3, ) b 1xilf3,maxi+1)

real (setpr), dimension(3."y = xji 1yli{3maxi+1)

real (selpry, dmension(3.)y = xia ' 233 maxa)

real (setpr}, dmension(3."} . kja ' xa{3.maxa)

real (setpr), dimensicn(3.") Jang | xngi3.numel;
real {selpr}, dimensicn(3.") = xog 1 xcg(3,nume}
real {selpr}, dimensicn(™ .. frow | frow{numel)

real {setpr), dimensiond™ o f H{numa™2+nameli2}
eng subroutine view3d

!
end intarface

| AAELAXNEARRNKERAEARARREKELARR
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I variahle declaration section
1

character€,  dimensan("5) : fitle
character™8,  dimension(s) :: head

character™20 soninnoutnabs
integer, dimension{19) . emor
integer T nrot

integer sijicheck

integer .. ndim.nummat,ibug

real (setpry,  dimansion{*}  EMSSVITY
real (setpry,  dimansian{®} :: TRANSMISSIVITY

1 KARHEANE KR ARAETER EA AL

! aper chad_view files

! ARk EhARENREALIALARER
nin = 'chad_view/fbnameif.in’
nabs =‘chad view bin'
nout ='‘chad viewyfbnamed! out’

o= afn

jout = mf_out
jiog = nf_kg
jabs = nf_abs

call fopen_read( nin, jin , ilog=flcg}
call uopsn_write{ nabs, jabs, ilng=jlog)

! resd title and cantrol data

salllimedat (headi1),head(2), wead!3})
read (jin 90} (titkefi},i=1,12)
head(4)="chadview'
head(5)="02/ 14 /48"
I wiite {out, 1100 {titlet:), =1 ,12) thead(i).i=1,3),head(a]
wite (jout, 170} nin,nout,nabs
wiite {jout, 180}




write (jlog.110) (title(ii=1,12),(head{}.=1.3).head(5)

HmyFE eq.rool} then

wiike (jlog,170) nin.nout, ngks

write (jlog, 180)

andif

read (jin, *40Q) ndim, nummat. rumnp, nurmel, ndiv, bl nrot,icheck, &
nepl, lbug

...&et default values

i# {ndiv EQ.Q) ndv=>5

write {jout, 150) ndm,nummat, numng, rumel. ndiv nblik

fimyPE eq root) then

write {jlog. 190) ndim,rummat numnp,nurmel,ndiv, nblk

endif

FdrmAE e

set puirters

mexl = 4" ndiv

maxa = (ncwv+1)™2

maxkb = (numeifnumelnumel/2

Hridete 3 AN AP PR A

allocate HEAP memory
allncate ( nds{S.aumel), stat=emor1) )
allacate { nocpl(2,nepl+1). stal=arror(z) )
allasate ( niald,ndivndn). stat=aman 3} )
allacate ( njgld, ndivndie). stat=emar(4} )
allocate { kblk(numel),  stat=erron5) )
gllacate ( kestinurnal),  stat=emond)
allocate { xnd(3 numnp),  stat=erron(7)
dllocate { garealnumel),  stat=eror(d) )
aliocate ( xi{3max+1),  stat=errar(3) }
allocate { xji{3maxl+1),  sta=eron19) )
aliocate ( xial3d.mexa),  stat=error(11} )
alocate ( mjal3. maxa),  stat=erron12) )
ghocats { xng(3.numel}, satsemor(13) )
gilocate { xeg(3,numel),  stat=ermror(14})
gllocate ( frow(numal),  slat=amor{15) )
allocate ( fimaxh), stat=arror{16} )
allocate ( emisf{numes},  stat=anor("7) )
allocate ( ranfinumel),  slat=eror(18) )
alocate { rowerrinumel),  stal=emor(19) )

...is there sufficient memaory 1o sohve the probilem?

callcheck aliocfFACETYY emor, 19 nf out)

e

read remaning input data
call datain{nds nocp: nia njakblk kset xnd gareg xil xjl, &
Xia,xja.xng xcg, frow,f

Ty e e

initializa * to zern

B e L e

3= 0.0

call timing (1)
if (ichecx .EQ. Q) then

' ... determine face amissidties and transmissivities for SHAD

do i=1.numel
ermisr{1) = EMISSIMITY (nds( 1,1}
emisn{2} = EMISSIMTY(nds(2.i}}
emisn{3} 8 EMISSIVITY(nds(3.i}}
emisn{d} = EMISSIVITY(nds(4.i}}
transr1)= TRANSMISSIVITY{nds( i)}
transn(2)= TRANSMISSIVITY{nds(2,i})
transn(3)= TRANSMISSIVITY{nds(3.1)}
transn{4)= TRANSMISSIVITY{nds{4,i)}

if{ nds(6,iy EQ. 1) then

opaque wall lement
emisf{i} = 0.25(emisn(1)+emisn(2} +emisn{3)-emesn(4})




tranf{ij = 0.0

slssif { nds{& i) EQ. 2) then
blackbody cross-flow element
ermnisf{i)=1.0
tranfli) = 0.0

elseff { nds{8.ij ECL 3) then
pertially transmitting window element
emigili} = emisrfidamax(4 transn, 1))
tranfli) = transn(idamax{4 transn,1))

endif

snddn

KEEREXEERNE RN LN R RN AAET

calcllate view factors

M dddhdk kb bk

ifimyPE eq.root) then

wiite (jiog, 120)

endif

call wiew3d{nds,noepl niz,nja. kbik ksetxnd garea sl xjl, &
Xid xja,xng.xog . frow f

call iming {2)

Caloulate rw sum errors and wiite out binary file

iftmyPE.eq.root) then
writa {jlog, 130}
call viewr (rnodemax, netemax,nds sigma,solar, &
garea famisf tranf,rowerr)
andif
8lse
writefjout, 250}
f{myPE 2q.mot) then
writejlog, 250}
andf
ardif

...Carry oul LU factorization of AMAT

call factor(f,emist tranf garea,numel rf_aut.n®_log)

it A ik e Aok s

«[eleasa HEAP memcry
dealiocate ( nds, stat=errer{l) )
deallocate [ nacpl, stat=arror(Z) )
dealocate ( nia,  stat=emor(3) )
deatocate [ nja,  stat=emord) )
desllocate [ kblk, stat=erron(s) )
deallocate [ kset, stat=errar(B) }
deallocate ( xnd.  stat=errant () )
deallocate ( garea. stat=errc(s) )
degllocate ( xil, stat=emor®) }
deallocate [ xjl,  stat=error{10}
deallocate (xia, stat=emror(11} )
degliocate [ xja, stat=eror(12} )
deallocata [ xng, stat=emor{13) )
deallocata [ xcg, stat=amor{14) )
deallocats (f,  stat=erro16})
deallocata { amisf, stal=error(17) )
deallocatz | tranf, stat=ermron(18) }
deallocate | rowsrr, stat=emor(19} )

-..Was deallocation successful?

call check dealloc{FACETHY error, 15,nf out)
closa [unit=in, status="de'sle’)

closz funitjakbs status="Keep')

call timing(5)

R T

! .. print iming informaticn
write (jout, 160}

write (Jout, 190y cpuiof{1,1}
write (jout 200 cpuic{1,2)




write (jout,210) epuio{1,%)
wrile {jout,220) epuic{1 4)
wrile (jout, 225} cpuiod1,5)
wrile (jouz, 230} cpuin{ 1,6}
f{myPE aq.roat) then
write (flog, 150}

write {#og,180) cpuio{1,1]
write {fiog, 2007 cpuio(1,2]
write {Jlog,210] cpuio(1,3)
wrke (fog,220) cpuio(1,4)
wiite {jlog,225) epuio(*,5)
wirite: {jlog, 2300 cpuiof 1,6)
endif

1
| et
1

______ FORMAT STATMENTS
I e R i e W T
B0 format (42a8)
110 formet 134 2aB15x vme="a8,' date="a8,' machine="ag, &
#this version of chad view compiled ‘a8 nput phase’)
120 forrmat {7 solution phase’Sx,‘calculating upper triangular', &
* [a™] malrix’)
130 format {Sx, writing binary file")
140 format {10i6)
150 format(' GEQMETRY CODE =6 &
'"NUMEER OF MATERIALS =BS &
'"NUMEER OF NODES =6, &
'NUMEER OF ENCLOSURE SURFACES =6, &
'NUMEER OF SUBSURFACE OWISIONS ='iff &
'"NUMEBER OF SHADING SURFACES  ='6./7
" 60 formet {#' 7 &
1 ki tddrak T I M I N G Htki—ﬂ*“"r &

)

170 format{M10x," INPUT FILE NAME  {text) - “a15/&
10x. QUTPUT FILE NAME  (text; - '&15/ &
10x,' VIEW FACTOR FILE NAME (binary} - "a15%)

180 formatf’ &

twemwe CONTROL DATA v g

1

190 format{ ' initiallzatlon & data input',5x,1p.612.5," sec’)

200 formatt ' area * view factor cate. 5%, 1p&12.5, sac')

210 formatf ' raciprocity calz. & autpul,5x,1p 812.5," sec”

220 format ' row-sumes calculation 'S¢ 1p,e12.5 s2¢)

225 format ' LU faclonzation of AMAT 'ax, 1pe125" sech

230 format( tatal time used Lax 1p.e12.5 sec’)

250 formatf/f data chack only

and subroutine facet9l

integer furclion Karmax(n dx,ing:)

|

I Finds the index of element having max akbsolute value.

I Jack Congama, LIMPACK, 311/78.

I madifiad 3/93 to return i incx LE. 0.

I modiftad 12/3/93, array 1) declarations changsd to aray(™)
| * LLa el L] *

uge selréal_h
real (setpr)  de™) dmiax
integer iincxix,n

idamax =0

it n.LT.1 0R. incx._E.C 3 return
idamax =1

it ECL1)return

iffincx.EC. igo to 20

I code for incrernent not equal to 1

x="




dmax = aba(dx{1);
%=+ Ingx
do1Qi=2Zn
fftabs{dxi(ix}) LE.dmax)goto 5
idamax =i
drriax = abs{dx(ix))
5 ix=ix+incx
10 cantinue
retura

! cude far incrernent equal to 1

20 drmax = absidx(1))
do30i=2n
iffabs{dxdiy).LE.dmax) go to 30
idamax =i
dmax & abs(dx(i)
30 centinue
return
end

| AXEREXLEEFANKETEEE IR AKEA LA AR RAREE R RARARAARR RARAKALARRENLLALARRRALLAAAS

subrcuting couple (rocpliseg jseq.icouple)

|#x

use setreal_h
use afmary h

integer, dimension(Z.ncph+1) nocpl

integer L isey jsey
integer v icpl
integer . icouple

DATA icpl A/
save icpl

icaupte =1
if {iepl LE ncpl ) tnen
i ({ isag EQ.noepl(1,icpl) AND. &
jpeg.EQmocpi(Zicpl) ) then

opl =icpl+1
colple=10
andif
endif

end subrouting couple

subrouting datain{nds,nocpl,nia, nja kbik ksetxnd garea, <k xil, &
xia xja,xrg. xcg. frow f}

use setreal h

use pnmary h

use campar
!
| ™ nterface Prototypes ™
!

interfaca
subrouting 3eomad (5,Y.Z.%C, ¥C,Z0,XN yN,Z1 area)
use satraal_h
real (selpr) dirmension(4) %
real (setpr). dimension(d) oy
real (setpr) dimension(dy otz
real (selpr) XG, YO 2C, X, YN, 2N, arsa
end subroutine geom3d




end interface

Integer, dimansion(6,*)  :nds ! nda(f nurmel)
intager, dimension(2,*) . noopi ! nocpl(2,ncpl+1)

integer, dirmension(4.*})  nia ! niald ndivndivi

integer, dimension(4."}) o n@ ! nja(4,ndnndivy

integer, dirmnension(* - kblk 1 kblkinumel}

integer, dimension{™) kset | ksetinumel;

real {setpr), dimansion(3.7) : xnd ! xad(3.numng)

real (setpr), dimension(*} . gares ! garea{numel}

real {setpr), dimansion(3,% il ' xi{3,maxk1)

eal {setpr), dimansion(3" Xl ' xjI73,maxk1)

real {sefpr), dimensiond3,*} . xia | xia{3,maxa}

real (setpr), dmansior{3,"} ' xja | x|a{3, maxa)

real (setpr), dmansion{3,*} ' xng ! xng(3,humel)

real (satpr), dimansian{3.*)  xog ! xegi3 numel)

redl (setpr), dimansion{*} ::frow ! frow(numel)

real (setpr), dmansion{™) «f ' K(numel™z+numeal)/2)

real (setpr), dmansion{4d) xy, 2

réal (sefpr) < o, dy, dz, xnum
integer = nold, knd, ng, kn
integer 20, kKK, num, purmn
irteger T, M, nmiss, ing
integer 2L

data nold k),np#,0,2/

Lodnput and gererate node point data

ifimyPE.eq.root} then
write (jlog,250)
endif
n=_
knd =0
nold = 1
nodal_data: do
f(n GSE numnp)exit nodal_dala
kn = max{ knd. 1)
read {jin, 160) nxnd{1,n)xnd(2,n) xnd(3,n), kni
nurn = {renokdykn
TN = nam - 1
il (numn .GE. *; then
xnum = real{num)
gdx = (xnd(1,n) - xnd{1.nold)] # xnum
dy ={xnd(2,n) - xnd{2.nolcy) / xoum
dz = {xnd(3,n) - xnd(3,nolch] / xnum
kK =nold
o 20 j=1,mmn
kk =k
k =k +kn
xnad{ 1.k} =xnd(1,kk} + dx
xrid{2,k) = xnd(2,kK} + dy
xrd{3 k) =xnd{3kk} + ¢z
20  continue
endif
neid=n
end do nodal_data

...write node point data

writa fjout,170)
de 40 =1 numnp
write (jout, 480} i,(xnd{ji] j=1,3)
40 continue

| input and generate surfacs data

ifimy™E 2q.roct) then







writs (jlog 260}
endif
m=0
suface data; do
if ( nGE. numel ) exit surace_data
regd {jin, 190) rn,(nds{j.m),j=1,5),nrmiss,inc
nds{&,m) = max{nds{s,m), 1}
nds{5,m} = nds{1,m}
ff (nmigs .GT. 0y than
Inc = max(inc, 1)
do 70 i=1 nrmiss
I=m
= m+1
do 60=14
ndsij.my = ndsjl} + inG
B0 continug
nds(8.m) = nds(3,)
nds(5,m) = nds(1,1)
70 comtinue
andif
end do surface data
!
L...cakulate surface area
1 .
np=4
€0 100 [=1,numsl
do 90 ji=1,np
*(i) = xnd{1,ndsij )
VIl = nd{2,ndsgj 1))
=2{jji = xnd{3 ndsjj. i)}
90 continue
call georm3d(x,y.z.xca(1 ) xc0(2 jhxca(3.)), &
xng(1j)xng(2.j) xng(3 ) garea(j))
100 contnue
Y ownte surface data
wrile {jout, 200}
da 130 j=1,numel
write {jout 210 jirds(i [),i=1.4;.ndsiS j).gareaif)
130 continue

1
I.....input blocking surfaces
ff {nblk .GT. 0} then
f{rmyFE.2q.mot) than
write (log,270)
endif
write {joul 220)
m=0
block_surface : do
if { m.GE. nbik } exit block_surface
=+
read (jin. 2307 kblk{m).nimiss.ing
if inmiss .GT, 0] then
inc=max{ inc, 1}
do 141 i=1,nmiss
m=m+ 1
kblk{m} = Kblk{rm1} + Inc
141 continua
endif
d0 143 171 nblk
wite (jout 240} i khik(i}
143 gontinue
end do block surface
erxdif
r
L....input surface pairs that canng! interoouple
r
if{nepl .GT. 0) then
fitrmyPE.eq.root} then
write (jlog.280)




170 fornatfy’

endif
write (Jout, 2940)
m=0
intercouple: do
if (m GE. nepl) exit inlercouple
m=m+1
read fjin, 190) nocpli1,my,nocpl{2, mj,nmiss.inc
if {nmizs .GT. 0j than
inc amax{inc, 1)
do 1858 i=1,nmiss
m=m+
nacpl{1,m) = necpl{1,m-1}
nocpl(2,m) = nocal2,me1} + inG

198 continue

endif
end do intercoupla
do 158 i=1,ncpl
write {jout, 200; i,nocpk1,iknocpk2 0

183 continue

endif

160 format (i6,5:,3¢12.0,18)

' &

twrresmmceer WO O AL DA T A ey o

"nede’ 6% %1, 105,5%2, 105, %3 1)

180 format (i6,1p,3e12.4)
190 format (316)

1 &

EGD &orma.llfﬂ' £ ook ook
PhaAbakesir QR EACE DA TA Atrkesisren o

! &

T

‘elz# n1 nZ n3 nd mat 12 aedl)

210 formal (616, 1pe20.8}

220 formal (i

i &

18

e BLOCKING SURFACES ™™ ™™ &

index’ 5, surface'f)

230 formal [36)

240 farmal (125,58, 5x,i6)

250 formal{3x, 'reading ncde data’}

250 fammat{Sx 'reading surface data’)

270 farmat{5x, reading obstructing surfaces’)

250 farmat(i

&

280 farmat{Sx, reading surface pairs that cannat intercauple’)

Jr&

rtmre SURFACES THAT GANNOT COUPLE *w=s#thaesf g

pair iseg seg¥)

300 farmat(1.2x,18,2x i5,2x,i6)
!

gnd subroutineg datain

8

subrouhne aogs (xnd nds Jiseg.j5eg, Iedge}

subrouting to deterring if bwo quadrilatarals have an adpm edge”

iedga=1 nod adjoint
iedge=2 adjoint *

use satreal h
use primary_h

real (selpr), dimension(3, numnp, x4

regl (setpr}, dimensicn{3) . dif

integer, dimension{6.numel} . nds

integer . iseg jseg.iedge
intager '+ Kinedei nodej

raal {setpr}, parametar :emall = 1.0E-08




isdge =1
k =0
do 2014
nodei = nds(iiseq)
doiCj=14
nodej = ndsijjsey)
dif = abs{ xndi: nodei) - xnd{:,nogg)) }
F{ maxval(dd) LE. srall Jk=k + 1
1¢ continug
20 continue
if{k EQ.2)ledga=2

end subroutine edge

I G
™ file: foper _read i

! ik tttc

ek open aread only formatted file g

™ nput; ¢

I fin = file name g

o u = wnil nurmber ¢

™ ilog= output unit number for reperting (cpticnaldefaults to 6)*"c
‘!MC

[

I gt owilliams e

A e,

! (¢
subrauting fapar _read{ fin, u, ilog)
!ﬂiﬁt*t*ﬂmttktltﬁn:-- NERNEANER -.-.c
character*20, irtant(in) ;+ fin
teger, intant (i} o
integer, optional g
integer iU
! dedare opeh and inquire statemert variables
character soC*10, act™08, bink™tC, de™10, dirr07 &
fmt*Co, fm™11, n*15, pad*03, pos*06, r07. &
w07, seq 07, sta*0y, unf 11 w7
integerios, nr, num, recl
logical ax, nmd, od

I declara local subprograms.
!!mttl AERNFEXERARARKARAE RN RRNE LN
logical f0cpensh
extemal f9Gopensh

! checklo ses if ilog is present

iout=86
if { present( ileg ) ) iout = ilog

! initizlize open and inquire statement varnables.

acC=""
aci=""
bink ="'
dal =**
dir ="'
ex = FALSE
fm ="

nmd = .FALSE.
=0

num =0

cd =.FALSE.
pad 8''

pos ="'




o Wl -
ESEgERT
TR TR

! a3 AR RN,
! openthe file
gpen { unit = u fle=fin, form=formatted’, &
actioh="read’, isstat=ias)

it { NOT. fCopenehi 'open ', s, iout ) } gote 1000

U gelthe status of the file
ingquire{ unit=u, iostat=ios &

access=act,  action=act, blan<=bink. delim=dsl| &
diregt=dir,  exst=ex, form=fm, formatted=fmt, &
NaAMmeg=m, named=nmd. nextrec=nr, number=num, &
opened=pd, pad=pad, position=pes, read=r, &
readwrile=rw, racl=recl, sequential=seq. &
unfomatted=unf, write=w)

T NOT. f90opanah( inquirg, ias, iout) ) goto 1000

b display mauire kayword valuas
write {iout, GO0)
600 format {1k, 'inquire keyword values )
write {iout, 700 ace, act, bink, oel. dir. ex, &
fin, fm, fmt, 108, . nmd
700 format { 1h, ‘access  *, al0, 5x, ‘adion ' a9, &%
Sk blank ', a10, 8k, delim ', a1, &
Dihdiredt ) a4, Mx'exist ' [1.&
Hh,file &5, formr Lall, &
!1h, formatted ', a9, 6% ‘ioslat ‘55 &
f1h,'name ', a1s,  ‘'named I}
write {ioul, BOOY nr, num, od, pad, pos. 1, &
w, rec saq, unf u w
800 format ( 1h  'nextrec “i55, 10x 'number 'S5 &

/1h epened 1, 14x, 'pad 'al &
f1h position *, a6, Sx, 'read a7 &
1k readwrite Y, ay. Bx, ‘recl 11010, &

f1h,'sequentiai ', a7, 8x, ‘urformatied | all, &
F1h 'unit iS5, 10, write L ar)
goto 999
1
! ermor handling
1000 continue
write {ioud, 200} fin
900 format{f1h 'emcrs infoper_read! fila="'2315)
stop
L
398 rontinue
ang subrouline fopen_read

1 |
"™ file: fopen_writa f e

i ™

o open a write_on'y formatted file e

™ input: e

= fin = file name i

=0 = unit number e

= ilag= output unit number far reporting {oplional,defaults ta 6)***c
|1'l* 'l\tlc

== oy b owilliams e




P, Ty
! [+

! L * * LET 2T 13 AALEANEARNRALRARR AR RN kA IG
subrouting fopen_write( fin, u. ilog}
rx)!lllkkllttll C

character2d, intent{in :: fin

ntager, intent (in) - u

integer, optional cilog

integer Ligut

I dedare open and inguire statement vanables

charactar acC™10, act*09, bink™10, del*10. dir07, &
fm*02, fm*11, ™15  pad*03, pos*C6 o7, &
™07, saq*07. sta*07, unf*11, w7

ntager ios, nr, num, recl

logical ex, nmd, ¢d

KEENERRNKEEEREE IR WAL LAARER R RLA kR ER bk kL bd b

'j declare local subprograms.
legical f90openeh
axtemal f3openeh

' check to see if llog is present

iout =6

it { present{ ilog ) ) iout = ilog
I indiakze open and inquire statement variables.

acC = '

ag ="

blnk ="'

del ="

dir ="'

ex = FALSE.

'r.n =3 [N

frnt = [N

os =0

fn ="

nrel = FALSE.

nro=0

nurm =3

od = FALSE

pad ="

pos ="

! open the file
open { unit = u. file=fin, orm=Tormatied &
action="reachwrile’, status="unknowr', iostat=ios)

it { NOT. f2Copeneh{ ‘open ' ios, iout } } goto 1000

I get the status of the file
inquira{ unit=u, icstal=ios, &

access=ace,  action=act, blank=blnk, dalim=dal, &
direct=dr,  exist=ex, farm=fm, formatad=iml &
name=fn, Aaamed=amd nextrec—nr, number=num, &
opaned=ad, pad=pad, position=pos, read=r &
rzadwrite=rw, recl=recl, sequential=seq, &
urformattad=unf, write=w;

if{ NOT. f4Jopenahi ‘inquire’, ios, iout) | goto 1000

I display inguire keyword values
wiite {icut, 800)

820 format {1k , inquire keyword valugs ... )
write {iout, 700) ace, act, bink, del. dir. ex, &




fin, fm, frd, ios, fn, nmd
700 format { 1h, 'access ' a10, S« 'agtion &% &
{1h ‘blank 810, b5x, ‘'deim ‘' a1l &
{1h ‘direct 84, 1a'exist L H.&
1h ik Y als, form 81" &
{1h, formatted *, a2, B, 'iostat 5.5, &
f1h . 'nama ' a15, ‘named Y, 11}
wrilta (lout,80C) nr, num. od, pad, pos, r, &
tw, red, seq, unf, U, w
800 format{ 1h, ‘nextrec i85, 10x, 'number  'i55, &
f1h ‘opered M 14x 'pad Lad &
10 . 'position ' aB, 9 ‘read L al &
1h, readwnite |, a¥,  8x, 'recl S0AC &
f1h, 'sequential |, a7 8k, ‘untormiabied 811, &
fihunt RS, 10k 'wite L al)
gote 999
!
! emornandling
1030 continue
writa {lout, 200} fn
Q0d format (i*h 'error in fopen_write! file =" 8135}
stop
!
993 cantinue
end subrouting fopan_write

[HERREREERAEENARAANAA R R LA EAALARRARERAN Ak

subrauting fwrita {frow fiseg)

!
use setreal h
use primary_b

regl (setpr), dimension{numed) :frow

real {setpr), dimension{ (numel"numeal+numely2 ) : f

infager (AT

intager L jsegloca

infeger B
1A ik ek k * ARAAET XA RELNERARAARALNKEER ARG AL LA R AL
" declare looal subprograms

intecier indx

external ingdx

mw = rumel -iseg + 1
do 100 =1, rvw
jpeg=iseg +i-1
loca = indx{iseq.iseg)
floca) afrowi)
100 continua
1
erd subrouting fwrita

logwcal function fJopeneh { statement, s, iout)

characler*7 statement
integer s
integer iout

fatcpeneh @1 FALSE.
if { iog .GT. 0) then
wrila [ lout, 100 ) statement, ios
alseif { ios EQ. O] then
folopensah = TRLIE.
else
wirite: {lout, 200 ) staternent, ios
endif




1
00 format( " emont ', a7, ' statment ", &
"iostat="i5.5,"")
200 fomrmat(/ 1h, a7, staterrent ostat = 16.5'7)
!
end function 0csaneh

subrautine geom3d (X,¥,Z.XC.yC.ZC XN, yn.2narea)

use setreal_h
use global_k
LS€ Compar
real {selpr), dimensioni4) . x
real {selpr}, dimansicni4) .y
real {zetpr), dimensicn{4) .-z
real {3etpr) NG, WG, ZC, XN, N, 2N, area, 5t
real {setpr) : third
real (setpr), arameter . half=0.5
| A ik kd ARRALARALARRARLAAL RN R kbadd
third = 1.0/3.0
'.....calaulate unit nomral vectar
K = (W30 (2(1)-2( 20 (2(3}-2 (217 (W1 )-W(2))
¥n = (2(3)1 220 6 (2 32y ({1 )-2(2)
2n = ({323 Y (V2B Y2IF 04 1 x(2)
& = sqri{ xn*xn + yn'yn +znzn )
X =xn's
m=ynis
n=21{s
L...calculgte area
t = sqri{{(y(3)-y()) (24 )-2(1) (32N A RY(1)))2 &
HUR(EF 2N (A )3 {4) (22 1)) ™2 &
{3 AT DY S X T 2)
arsa=haf*{s+t)}
!....calcuiata cantraid
xG=third *{x(1) + 2(3) + 1.45+) * (%2 + t'x(4)))
e =third * (1) + y(3) + 1 AsH) = {5'(2) + 'v(4)))
za=third * (2(1) + 2(3) + 1 K3+) * (5*2(2) + t'z(4)))

end subroutine geom3d

!
subroutine grida (xnd,nds xpa nda kseq)

Y AAKRLEKARARLAL

= subdivida surface area for area integration

1 AR RN LERE LA NN A AL LA LA A RA ekl ARA RNk

ke

use sstraal_h
use primary_h

!
pei variable declaraton section hiad

real {setpr), dimension{2.rumnp) @ xnd
real {setpr), dimension{3.maxa) © xpa
real {selpr), dimansian(3} . dd

real {setpr) s div

integer, dimension§,numely  : nds
intager, dmension{4,ndiv*ndiv) :nda

intager. dimension(s) o losi

intager = ndivrmd ndivp1,n.ij
infager ido,jdo, 11,12 jm jj,jm1
inleger el nelm? inc kseg

div = real ndiv )
nadivmt = ndiv - 1
ndivpl = ndiv + 1

57




L.....8at comar points

locit1) =1
l0¢i(2) = 1 + ndfv
locCi(3) = maxa
lociid) = maxa - ndiv
do1CiF14
n o =nds{ikseg)
i =loci)

xpal.j) = z2ndi:.,n)
10 contirwe
!...set point an sides 1-4 and 2.3
do 30 ido=12
f{ido.ECL1) than
M =ioei{1)
2 = |oci{d}
alse
1 = loeil2)
12 = loci(3)
endif
dd = xpa(-,I2) - xpa(: 1)) / div
jm=1
do 20 ji=1 ndivm1
i =M tjindivei
xpa(.); = xpal:jm) + dd
im =]
20 continue
30 continue
L..setinterion points
do 50 ido=1 ndivp1
11 = laci(1} + (fdo-1*ndivp1
12 = Ioci(2) + (Hdo-1)*ndivp1
dd = {xpa(; 2} - xpal 1y} f div
do 40 =1, ndvm1
j =11+j
ml =j-1
xpaf: j) = xpaf;,jm1} + dd
40 continue
50 continue
!....determine sukregion nede numbenng
nel=0

inG = -1

do 70 ide=1,ndiv
rel =nel+1
ne =|ne+1

ndai1 naly =1 + inc*ndip
nda2 nal} = nda{1,nel) + 1
rdafd nall = ndaf2, nel) + ndivp?
ndaid rel) = nda{1,nel) + ndivp1
do 80 jdo=2 ndiv

netm1 = el

nel =nekH1

nolaznel) = nda{: nalm1}+1
60 continue
70 vontinug

!
end subrouting grida

kAR REERACEER R KAKKLANR A Ak Ak bRkt ErkA R

subrouting gridl (xnd nds xplkseg)

Jakrdnn

e+ subdivde surfaee contour far line inbegration

4
use setreal_h
use prirmary_h

I
== variable declaraticn section




real (setpr), dimension{3, nurnp) < xnd
real (setpr), dimension{3. mand+1) - xp

real {setpr), dimension( 3} . dd
real (setpr) s div

integer, dimension{8.numel}  nds
integer, dirmensicn(s) b s
integer : kseg,ij.n
integer »ondivet jm1

!.....8et comar points
div Braal ndiv )

j =1-ndv
do1di=1 5
j = | + ndiv
lagifi) =j
n = nd¥{i kseg)

xpl( ) =>xnd(:.n)
10 continue
! .set inbetween points
dodn-=14
ndivrnt = ndiv-1
dd = (xpl(: Joei(i+13-xpli: loci{iy} / div
do 20 j=1,ndivm1
i = loif) +
jmt =j-1
2K} = xpl(:jm1) + dd
20 continue
20 comtinue
and subroutine grid|

FRAR AR MK EL ke kA

integer function indx(iseg.jseq)

|*ann

use setreal h
Jse prmary b
imeger | iseg,jseg
integer ». rowjeol

if{ jseg .GE. iseg) than
irow = lseg
ol = jseg
alse
irow = jseg
jeol = iseg
endif

indx = {{irow-1)7(2 numel} - irow)¥2 + jool

end fundion ingx

subrauting obstr(xnd nds xrg.xcq kblk ksatiseq,jseg.nset}

ALK KA A A RN Rk kA LA R bk ks BANER

! this subroutine inspecs all the speciied obstrudting surfaces

¥ as possible shadowing surfaces between the current view factor
surfaces iseq & jseg. a subsat of obstructing surfaces is *
tformed. when the view factor is calculated between iseg & peg

!this subset is examined for the shadowing sufaces.
!

+

use setreal h

use primary_h
!
I*** |nterface Prototypes ***
!

interface




subroutine sectn (nd nds xcg,xng,iseq seg kseg flag)
use setreal_h
real (setpr), dimensior{3,*) == xnd
raal (satpr). dimension{3,*) :: xng
raal {sator). dimension(3,*) - xcg
Integer, dimension{6."y . nds
integer . 15€9,j389.kseq.iflag
end subroutine sectn

and interface

real {setpr), dimansion{3.numnp) ;. xnd
real (sefpr), dimansion{3.numel) 12 xng
rea: {setpr), dimansion{3.amel) = xeq

real {satpr) © dot
!
integer, dimension{B,rumell . nds
integer, dimension{inurmel) = kblk
integer, dimansionirnurrsl) T kset
integer T iseg jseq,nsel
integer i eount ksey
integer & iflag
1
raal (setpr), parameler :smell = 1.0E-06
1
da 10 i=1,nblk
kset(i} =0
1C continug

kount_laop: do kount=1 nblk
kseg = kblkikount)
if{iseq.EQ kseg OR. jseg EQ kseqg! cycle kounl kop
dot = dot_produci{xng(: kseg).(xcg! iseg)-xcg!. jseg)))
if {abs{dot} .GT. small} then
call secin (xnd nds, xcy xng iseg.jseg kseg,iflag)
# filag .EQY. 0} cycla kount_loop
endif
nset  =nset +1
kselinsel} = kseg
end do kount_loop
!
and subrouting obstr

subrovtine sectn (xnd.nds,xcg xng.iseq,jseq kseg. flag}

i
I tnis subroutne determinas if a ine connecting *ha centraids of ¢
| surfaces iseg & jseg intersects surface kseg. *
| iflag=0 ncintersection
! iflag=1 intersection
uss setreal_h
use primary_k
AR R AR ARA KL kAR A AR Rk LAARN AR A Ad kR Eh hdbhtdhhtkibbddhhik kit
real (setpr}, dimension(3,numnp) = xnd
el (setpr), dimension(3.numel) = xng
resl {setpr), dimension(3.nurmel) : xey
real {setpr), dirmension(5,.3) v
real {setpr), dimension(3) -he
redl {seipr), dimension{3) i ]l

real {setpr) seltrumiider t
real {setpr) ¥ %2 %13, angle
real {satp " den dot,adol

real {satpr} twoni

integer, dirnension{(6,numal} @ nds
intager ©ige, jseg keey,iflag

intagar o




real (setprl, paramstar © small=1.0E-06
real (setpr), paramstar L zero =00
raal (ator), paramater tene =1.0

[ 3ok ek otk b AR AT R RS ARLALAARRRANE R R AR btk kb bk bbb b

bwopi = B.0*atan{1.0)
iflag =0
n =nds{Z kseg)

....catamnine intersect on peint

ax = xog{iiseq) - xegl: jseg)

tden = dol_producl{ xng: kseg), ax;

if {atxs(tden) LT, small} retumn

¢! adol_product! xng{: kseqg). xnd(:,n} )

tnum B dot_preduct( xng(: keeq), xoq( iseg) § - ¢
t  =tnumfidan

X = xegliiaeg) - ax't

..i8 Intarsacticn point hetwesn surfaces iseg & jsey?

* = sgrt{dot_product(xi-xog(: iseq)x-xogl iseg))}
¥z = sqi{dot_product(xixogf: jsag)e-xcgl. jsegi))
X3 = sqri{dot_product{ax ax)}

it {{abs(x|3-«d2-x1)%i3) GT. smalfy retum

...i& intersactian point within quadrila‘eral kseg?

{1} = % nds( 1 kseg)) - 1
w2, = xnd{: nds(2 kseg)) - xi
(3 1) = ¥nd(-.nds{3 kseg)) - xi
{4 1) = xnd{. ndsi{d kseg)) - xi
vi5,:) = v{1.3)
angls = zeno
do 20 =14
den = sgi{dot_product! i) Wi &
sartidet_product{v(i+* ), vii+ 1,20}
if {den LT. smallj goto 30
det = dot_product] vi..). vii+1.:) ) f den
dot = min ong. max(-cne,dot) )
adot = acos(dat)
angle = angle + acat
20 ¢antinue
if fabsiangle-twopi) (GT. small) return
30 iflag = 1

end subrouting sectn

1

subroutine see {xnd,nds xng lseg,lsag.ises iedge)

¥

....... ANRARLLL AR Rkt akdb kbR

! determing self shadowirg batween two surfaces

JAREEANE Rkibk kdh

isee=-1 partial shadowing
isee=0 tota’ shadowing
isee=+1 nc shadowing

use setreal h
use primary N

P **= |Interface Protciypes ™

intarface
subrautine adge (xrd.nds iseq,jseq iedge)
use satreal_h
real {setpr}, dimension(d,) 2 wrd
intager, dimension(68*) 1 nds
intager iseg jseg iedge
end subrouting edge

end interface

rea’ (setpr), dimension(3,nurmnp) : xnd




&gl {selpr), dimension{3,numel} .: xng

rea: {setpr}, dimension{3) & xi
iftager dimensioniénuma} & rds
integsr " iseq Jeag isee
Inleger kpear edge
inleger ijnodei rodej
real (setpr) : detn,doti|,dotji
real ($etpr), parameter Czerp= 00
] *
k =0
iper=0

|

l.../f surfaces iseg & jseg are permpendicular - set iper=1

I dotn = dot_product] xn3{:iseq), xng!: jseg) )

I if{ abs(dotn) .LT. 1.5-0& Y iper=1

1....if surfaces iseg & jseg share a common edgs - set ladga=2
call edga (xnd,nds,iseg jseg iadge)

!....check 16 corner point vector dat products with su-face nomals

do 20i=14
radei = rds(iiseq)
sa10j=14

nocg| = nastjjseq)
xij = znd(:,nodej) - xnd(  ncded)
datij = dot_product( xij, xngl:iseg) )
dalji = dot produc(-xij xng(: jseq; )
if {clotij. G~ .zero AND. dotji.GT.2zero) k =k +1

1 contirue

20 continue

!....sel appropriate flags
if { KELO) then

izeg= 0 ! no see {total shadowing]
elseif (K NE.O AND. iedge.EQ 2) then

isee = 1 I zan sae (adjoint)
elsaif { KES . 18) then

isee @ 1 1 zan se8 (ro shadowing)
alee

isee =-1 ! partial
endif

end subroutire see

subroutine tmedat{limd.dat, nach)

1

™ return tha current tme, data, ard maching lettar
' gutput b

M firmd  ihe tme of day in the form hh mm:ss A
PeEr - dat the date in the farn rmroidatyr a4

P ek the machine leter e
!

ok

characters stirnd, dat, mach
integer ik
integer, dimans on{B} :: elerments

mach=1BMRE00C
call date_gnd_time( valugs=elements )
i = elements(2)
j= slerments(3)
cantury: # | elements{1) LT. 2100) then
slaments(1) = alaments(1) - 1800
alss
alements(1) = elements{1) - 2000
end if cantury
k= elements(1}
write{dat,'({2,"",i2,""i2) 1 k
white(timd, {i2," "ig" " i) &
slements(s), &
alements(t), &
alements(7)




and subroutine timedat

subrautine timeuseltm)

usé setraal b

raal (satpr), dimension!3) .- tim
reald,  dimension{2) : etimer
integar Gt it2 i3

i
1 output arguments

! tim{1),cpu total cpu tima usad

! tim(2)tio total o tima used
Pootim(2)eye total system time used

! call libfstat_timen2,it1} vms
v call libdstat_tirmer(3,it2) vms
v call libfstat_tirerd it3) vIMs
Y timi(1)=01l0akit1) vms

U tim 2 =001 loat(it? +i:3) vmns
I fim{3)=0. Vme

call systerm cleck{2ount=t1,count rate=it2 count max=it3)

tim{1) = real(t1)yreal(it2)
tim{2) = real{t3)}reallil2}

tim{1) = etime{elimer}

and subroutine timeuse

subrouting timing (k)

[ kxkhhRE

et accumulate cpw, i0 & sys solutiar timeas

ki

!
use setreal h
use primary h
Use compar

integer tk
real {setpr), dimansion{3} ip,t
save tp.t

call timauss ()
ff{k EG. 33 then
(— initialize i k=G
cpuio = 0.0
else
... accurnulats cpu, io, & sys solution times
(1) cpuiol1.6).98.3) then
cpuiof® k) = cpuiof1,k! + K1} - cpuio{1.6)
cpuio(* B = cpuio{ 1,6} + cpuio(1.k)
ekse
couio(1 k! = cpuio(1,<) + {2 - cpuio{1 €}
cpuio{1,8} = cpuio{ 1.8} + cpuio(1,k)
andif
andif
and subrauting timing

*** file: uopen write f

| L]

e upen awrre_only unformeited binary file

| i

inpat:

e




—

firy = file name
U =unit numizer
™ jlog= cutput unit number for reporting {optional, defaults lo )™

=

= p. t o williams b

| 3k Ak
| BARANARARERRLALKAERR N RASANL AR R L AR AR EARA AR LR TA R AR RLAE NN ARk
subrauting uepen_write( fin, u, ilog)
I BAAAAARA KT RAARRALLAAAARRAALALRARRLALLAY
character 20, intent(in} :: fin
integer, intent {iny o u
integer, cational silog
integer ;ioul
I declare cpen and inquire statement variabies
characler acC™10. act™09, bink™10, gel*10 dird7, &
fmt*0g, fm*11, ™15, pad*33, pos*ds, o7, &
w07, 2eq"07, sta*07, unf*11, w*7
Intagerias, nr, num. recl
logical ax, nmid, od
1 declars lacal subprograms.
logical f30opaneh
axtenal MOcpansh

! checkto see ¥ ilog 5 present
iout = o
if ( present{ ilog ) ) iout = ilog
! initialize open and inquire statement varables.
acl ="
agt ='
bink =
del ="
dir ="

nmd = FALSE.
nro=n

num =0

ad = FALSE.
pad ="'
pos
r ="
ed=0
y ="
seq ="'
sta ="
unf ="'
wo ="

I open the file
apan ( unit = u, fle=fin, form="urformatted’, &
action=writg', status="unknawr', icatal=ios)

i { NOT f¥0openeh( 'ogen ', ios, iout ) j golo 1000
I getihe status of the fils

inguire{ ani=u, iostat=ios, &
access=ece,  action=act, olank=blnk, delim=del, %
direct=dir, exist=ex, forn=im, formatted=imt, &
narme=fn, named=nmd, nextrac=nr, number=num, &
openad=cd, pad=pad, position=pos, read=r, &
readwrite=rw, reci=racl, seguential=seq, &
unformatted=unf. writa=w)

if { NOT. f¥apeneh( inguire, ios, iout) ) golo 1000
U display nquire <eyword values

writes {iout, 600)
B00 formal (1h | inquire keyword values ..




writa {iout, 700) ace, at. bnk, del, dir, ax, &
fin, frm, frd. ios, fr, nmd
700 farmat{ 1h 'access ' a10, Sx,'acdon Y a8, &
{1h 'blank ' &10, 5x,'delim  * a10, &
#1h direct ) oad, MMxexist M &
f1h. ik ' a5, form Lalt, &
f1h formatted |, 89, Bx,iostat  'i55, &
#1h,'name ' a1, ‘named ', 11}
wite (i0uL8C00) nr, num od, pad, pos, 1, &
rw, red, seq. unf u,w
800 format { 1h, axtrec IS5, 10X, 'numbar iS5, &
f1h 'spened ', 11, 14x, 'pad L ad &
f7h . 'position ', a6, 9x, read ar &
{th, readwrite | a7, 8x, recl M010, &
{1h | 'sequential’, a7 82 'unformated’ a1, &
b, 'unit DS, 10x, writs Lal
ot 939
t
I emor handling
1100 cantinus
write: {lout, 900} fin
900 format (1h 'ermor inuoper write! file ="a145)
stop
239 conlinue
end submuting uopen_writa

subrouting viewaa (xnd,nds xia xja,nia,nja xng ksat frow, &

| ez b T A R R TR R AL LRARERNLALAARARRANLLhA

I dnuble arga sturmmation algorthm for 3d gsometries
|Ilﬁ*ttttlIllxtﬂ'*kllllkl*kkllIkAAAIIlAAAAAAIIllklkk*ilIlkkakkllllkktx**
use setreal_h

use primary h

p o
1 *** Interface Protolypes ™
!

interface
subroutine geom3d (X .¥.2,X0,YC.2ZC.XN,yM,2h area)
use setraal_h
real (setpr), dimension{d}  x
real (setps), dimensiongd} oy
real (gstpr), dimansion(d} -z
real (setpr) LR, ¥G, ZC, XN, ¥0, ZNn, arca
end subrouting geormidd
subrouting sectr (and nds xcg,xng iseq.jseg.kseg flag)
use setrzal h
real {setpr), dimension(3,7) . xnd
real {setpr!, dimension(3.% . xng
real {setpr), dimension(3,%) © x0g
integer, dimension{g.") i nds
integer .. iseg.jseg kseg,fflag
end subroutine sectn

!
end intarfaca

JREAZFRRAKKELIARRRAKR LI ARRAAREE RARALAREN AL LA bk hEANR Rk bk AR Ak kEhhhER

real (sedpr), dimension(3 numnp) - xnd
redl (selpr). dimension(3,maxa) xia
real (selpr), dmensicn{3maxa) xa
real (se1pr), dimension{3,numed] - xng
reglf (setpr), dimensionumeal) 2 frow

real {setpry, dimensicn(4) LA

real (setpry, drmensicn(4) Dy

real (selpr), dimension{4} nZ

regl {selpr}, dimension{3,2} . xcl

redl {selpr), dimensiani3) v vy
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real {setpr) :: fij,areai,arsaj

real (setpr) i rnag,cosbi coshj
real (3etpr) = invpi
intzger, dimensior{6,numel) nds

integer, dimer:sior{4,ndivindiv] : aia
intager, dimersior{4,ndivindii = ja
integer, dimensiornumel) wkset
intsger, dirensior 4 i
integer et iflag,indexi
intager ndiv2, ik
intager .1 I36Q.jseg kseg

I write(**) viswaa' iseg.jean,nsat

irvpi = 1.044.0%atan{1.0)
fij =00

auler oop: do i=1,ndiv2
In = niaf: it
doi=14
x(ii) = xig!1,Infiiy)
Wi} = xia 2 Ingiiy)
2Z(ii) = xia!3,In(iiy)
enddo
call georn3d {xyz.x00( 1% el 2. 10,63, vnif 1), &
vi2) el 3,areai)

inner_loop: do =1,ndv2
In = njaij)
doj=14
xiii) = xja(t.n(j))
wiii) = xja{2.In(1 )
z{jj) =xja(3,In(j)
anddr
call geomad (xy.z.xcl{1,2).xcl{2,2% xcl(3.2) v 1), &
vnj(2) vnj(3) areaj)
if (nset NE. 0 then
Lo can differential surface 1 see differential surface |
L CONSIdEring the subset of thind surface obstractiors
do 30 k=1rset
kseg = kselik)
call sectn (xnc,nds xclxng, 1.2 kseg,iflag}
if (flag EQ.1} cycle inner_loap
30 continua
gdif
.caleuiate: rvector, cos bi; cos bj; dfij
roo=xol2)-xel: 1)
mag = sqri(dat_product(r.n)
cosbi = dat_ productr vni)rmag
cosbj =dot praduct(r vnjjrrag
if ({cosbi.GT 0.0) AND (2osbj.GT C.0)) &
fij =fij + invpitcosbicosh] areai*arsayrmag*rmag)

end ¢a inner_loop
end do outer_locp

indexi Bjseg -iseg + 1
frow(indexi) = fl|

end subrouting viewaa

RALK KRR KR ARARAE BT L Liaz T 4

subroutine viewce {xil xjl frow iseg jseqg)

I ANRLAR AL RN

coatour integration algonthm f3- 3d geomerias
!

use yeteal_h
use primary_h




real (setpr), dimension(3,max+1) & il
real (selpr), dimension{3,max|+1) . x|l
raal (zetpr), dimensicninurmeal) = frow

real {setpr) Edxi dyi,dzi, dxhi,dyhi dzhi
real (aefpr) = dx] o, ofz) r riog

real (setpr) - twopi

redl {(setpr), parameter G half=0.5

integer L 15eg,jsey

integer sjindes

twopi = B.0"atan(1.C)

f =4C

do 20 i=1,max|

dxi =xilf1,+1) - XK1 B
oyi =xil2i+1) - 2Kz 1)
ezi = xilid,i#1) - il(d.0)

dxhi = dxi * half
dyhi = dyi * haff
dzhi = dzi * haff

go 10 j=1,maxl
) = xl{1,141) - 4l{1.j)
dy: = x]l{2,j+1) - 22 j)
dz) = xjI3,j+1) - xjl(3 )
ro=sqrtf {xjK1)) + g half - xii( 1.3} - dxhi)*2 + &
(K2 ) + dyihalf - xif2.i) - dyhiy=2 + &
(H(3.j) = dz™hail - xik3.i) - dzhiy=2)
ricg = log(r)
T =F wriog*(dxi*ej + dyidy] + dzi"dzj)
1C continge
20 continue
indexi = jseg-iseg + 1
frow(indesxiy = *5 twopl

gnd subrouting viewse

subroutine viewrns (xnd rds frow, seq jseg)

e Milalas & Stepnenson Method for 30 Ceometries

use selrea_h
use primary_h

(LT T e Ty Y P YN FWYVE R S PFTV L ) PP T T e

real (setpr), dimansian{3,numnp) = xnd
real (setpr), dmans:on{numel] : frow
raai (sefpr), dimaensian{dy - aibigi
re: (sefpr), dimensionddy &) b

real (sefpr}, dimensiondd) = xleni, xlen]
real (setpr), dimension(3) - dr.ds,diLdx, p
real (setpr) = fijr st xdiv dlsumm
real [setpr) costh.cosph thata phiomaga
real isepr) cvaddeta

real {setpr) ;L pi, twopi

intege-, dimension{&numel}  ::nds

integer iend,jend.ijk,ntn2
integer njn2jindexi
integer »isen jseq

integar s ndiv_ngw

ndiv_rew = ndiv'h
pi =A.0%atan(1 )
twop =8 S*atan(1.0}

end =
jend =4
do 13i=1.jerd

n* = nds{iiseq)
n2 = wdglitlsey;
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dx  =xnd{ ,nz}-xndi:,nf)
xlenki) = sart{dot_productidx dx)
aif'y = dx(1) / xlenifi)
billy = dx(2) ¢ xkenifi)
gitt = dxt3) / xlenili]
10 continue
do 20 j=1,jend
n1  =nds{jjseq)
n2  =nds{+1jseq)
dx = xnd{,n2y-xndi;,n1)
xiangj) = sqr(dot_produchidx ey}
ajf) = dx*)/ xlerjj)
bitj) = dx{Z}  xlenjj)
gifj) = dx(3) / xlenifj}
20 continue
fj=0.0
do 60 j-1,jend
nij = nds(jjseg)
N2 =nds(j+1 jseq}
dr = xnd{:,nZj) - xnd{:,n1j)
r =sgri(dot produck{dr.dr}}
do 50 i=1,iend
zte = aiifa) + i) i) + gil)'gK)
n®  =nds{iiseg)
n2 ands{i+* iseg}
xdiv = realndiv_new;
X B (¥rd{;n2} - xnd(:.n")) f xdiv
dl =xleni(i} Fxdwv
g o=wncinti-dw2 0

sumr =900
do A0 k=1 ndiv_new
po=p +dx

ds =10 -zndiinj
s = sgi{cot_productids ds))
dt = p -xndiin3j
{1 = sqri{dol product{dtciy;
costh = dot_productids, dr) /{r's)
cosph = -dot_produc{dl. dr) / (rt}
costh =min{ 1.0,max(-1.0,costh})
cosph = min{ 1.0 max{-1.0,co3ph]})
theta @acosicosth)
phl = acos{cosph)
omega = pi-thata - phl
v = s*sinitheta)
add = dF(trcosph’iogith + s*cesth™log(s) + viomega - r)
Summ = summ + agd
30 continue
fij = fij + ala™summ
50 conlinve
B0 continue
indexi = jseq-iseg +1
frow(indexi) = fij ¢ twopi
|
end subroutine viewmns

subrouting viewr [nnademax, 1elemax nds,sigma,solar, &
garea f emisf ranf rowerr)

RALERANRLAL LA A ERL AL EXKE N NI EER RN

I
1= subrouting to calculate remaining view fackars by reciprocity

| Neke

use selredl h

use primary h

!
integer = rnodemex nelemex
integer, dimersior{8,numel} ards
integer, dimer sior{5} Ljdum

real (setpr) .. sigma, solar




real (setpr] dirensiorinumel) L ygarea

real {setpr). dimersior{numal) s emist
raal (setpr). dimerzior{nLmel) » tranf
raal {setpr). dimenzion{numel) I TOWET

raal (gatpr), dirmensior{ fnumel*numelnumely2 ) f
1

integer ki
integer ijjndo,hleft
integer,  dimension{1] L imax
real (setpr). dimersion{a} : fdurn
real {selpr) - avgerr
real {setpr) -l
reat (setpr) Gnomlerr
raal {zetpr) . NOM2erm
raal (zetpr) T stdem

raal (setpr) ;L sLMMm

L}

! caclare local subprograms

Pk kkkh AR LA AR LAk ARAARRALR

irtegar Indsx
exiamal indx

¥
wiite (jabs) nnodermax
write: (jabs) nelemax
write (jabs) numel
wrile (jabs) sgma
write (Jabs) solar
o 10 i=1.numel
writefjabs) (nds(].i) j=1 .4}
10 conlinue
write (jabs) garea
writa (jabs) emis®
writa {jabs) franf
writa fjabs)
call timing (31

[ FE Y FYV PN TS

.. .cetenming row sum emor

wiile (jout, 110}
ca BO i=1.numel
summ = 0.0
do 50 j=1,numel
kk = indx( j}
summ= surmm + fkkifoarea(i}
50 continus
rowarril = abs{1. - sumMT)
write (jout, 1207 i rowerri)
G0 continue

FRALEALRNRERALRER AR AKALLE LN YRS ARtk &

1. datarming row surm error statistics
1

maxer = maxval{ rowerr )

imax = maxlac{ rowerr)

NEMASIr = Surrk Fower |

nurriZerr = sqri{ dol_productirowerr rower)

avgem =normlervrealinume}

FOWEIT = [DWEIT - avgerr

stdem = aqnt! dol_producl{rowerr,rowermfreaiinumel) }

writa {jout,125) maxermr,imax(1).normiemnorm2err, &
avgerr,stdemr

!

L wirite view factar matrix
!ler*tl#llkktklllllk)kklllll*)\'k
1 wrile fout,150)

I ndo =numelid

I nlgf = numel - 5 ndo

I do 100 k=1, numel




b write (jout, 140 k
' do 80iElrdo
! do701=15
! LG RE
! Kk =indx{k.j)
L jdura() =)
! flurnil) = f{kk)/garea(k)
PT0 continus
! wiite {jout, 130} (jduml) fdum(),1=1,5}
! 80 continue
L.....Jast ling
I if[nieft LE.D) go to 100
I do9C=1nlef
| j o=ndgts+|
! ki =indx(k,j)
b jdumili=]
t fdumil) = f{kkj'garaa(k}
I 90 continue
boowrite (out, 130} {jdumil fdum(l,i=1,nleft)
F100 continue
callliming )

| .

110 format(fr ** " &

T ANERXERRLE ROW SUM ERRORMHMW# &

VR kA RIRE KL AL RAKKEEN NEREFRE R RRIREA S &

' row 1.-row sumy)

120 format {15%,i53,1pe12.4)

125 fOI'm&t( ri"-.xxlkl#ikiik*tlll)ktll AALKE KL EA KA Wk R iAok & &
e Raw-Sarm Error Statistics Mt &
[R ) Skt &
K sup tom="1peld atrow =5 &
S Linome =, 113 &
Ax, LZnom =% €113 &
Mx' mean =" 2103 &
fx std-dev =", e10.3}

130 format {S(4,1%,1p 810.3))

140 format (4,12, th row")

150 formmat(ff mer=*re b ' &
thkkERREIY N B F AT ()R G Pkt o
1 RKKELAAAR ko hr}

and subrouting viewr

subroutine view3d{nos,nocpl,nia,nja. kblk kset xnd.garea.xil xjl, &
xia xjaxng %oy frow,f

freven
e derarming view faclors for 3d geometries bl

JAREENNLLELKREN ]

use sstreal_h
use primary_h
use compar
implicit none
1

I ™ Interface Prototypes ™
|

inteface

subroutine cowple (nocpliseg,jseg, couvple)
integar, dimansion{2.%)  :: nocpl
integar ! isag jseg icoLple

eng subroiing Gouplé

subrouting edge (xned,nds jisaq,jisey iadge)
use seTreal_h
rzal (satpr), dimensior!3,") : xnd
integar, dimansion{6.*)  : nds




integer 1 sy jseg iedge

end suhroutire adge

subroutine fwrite (frow fiseg)
use selrgal_h
real {setpr}, dimension(™ : Tow
real {setpr), dimension{™} :f
infeger 1 igeq

end suarouting fw-ita

subrouting grida (xnd,nds,xpa.1da,kseg)
use setreal_h
real (setpr), dimansion{3,*) :: xnd
redl {setprl, dimension(3,") © xoa
integer. dimensior(6,;  nds
integer dimension(4,”; . nca
inleger L kseg

end suk-outing grida

subroutine gridi 2xnd nds xpl,kseg)
use setreal_h
eq: (setpr), dimension{3,*} :: xnd
-eal (setpr), dmensiond3,™) : xpl
integer. dimension{€,”] . nds
integer kseg

end subroutine g-idl

subrouline obetr {(xnd,nds.xng xcg kblk kset iseg,jseg.nset)
use setreal_h
real (setpry, dimansion{3.%) : xnd
raal (setpr), dimansion{3." :: xng
real (setpr), dimansion(3.%) : xog

intsger, dimersion/6,*]  : nds
int2ger, dimersion(*) 5 kbilk
integer, dimension*) © kset
integer Liseq jeeg,nset

end subrouting obstr
sabroutine see (xnd.nds xng iseg jseg.isee isdge)
Jse selreal _h
real {selpr}, dimensian(2 ™} = xnd
real {3elpr}, dimension(3 "} = xng
intager, dirmension(8,*}  :nds
intager .. iseg jseg.isee isdge
end subroutine sae
subroutine viswaa (xnd,nds,xia xja,nia,na xng kset, Tow, &
iseq jseq.ndiv2, nset)
use setreal_h
real (setpr), dimension(3.*) = xrd
real {setpr), dimension(3.*)  xia xja
real (setpe), dimension(3*) - xrg
real (selpr). dimension{®) : frow
integer, dmension{s,")  : ads

integer, dimension{4,")  : 1a,nja
integer, dimension{™} i ksel
integer . iseg,jseg.ndivd nset

end subroutine viewsa

subrcutine viewec {xilxjl. frow, iseg jseg)
use setreal_n
real (satpr), dimension(3,%) :: xilxjl
real (setpr). gimension(*)y  frow
integer T iseq jseg

end subrobting viswes

subrouting viewmns (xnd nds frow,isag,jseg)
use satreal h
real (selpry dimension(3.*) = xnd
real (selpr). dimension(™  : frow
integer, dimensondd."} . nds
integer 1 iseqg jseq

end subroutine viswms

end intarface

lexs variasle daclaraton section




integer, dimension(&,numel)  ::ncs ¥ nds{B.numel)
intager, dimension(2* 2 nocpl f nocpl(2.nepl+1}
integer, dimension(d,ndivinaly) = aia ! nia{4 ndiv*ndiv)

integer, dimension(d, Adivndiv) nja ¥ njaf4 ndiv ndiv)
integer, dimensiordnume!) = kblk ! kblk{nume!}
integer, dimension{numel) = ksat ! kset{numel;

real (seipr). dimension(3,rumnp) @ xnd 1 xnd{3 numnp}

real {selpr), dimensioninumsl} :: ganea ! gareainumel}

real (selpr) dimension(3,rmax+1} & xil 1 xil{3,max/=1)

raal (selpr) dimensioni3.max+1} & xjl 1 xji3,maxl~1)

raal (salpr) dmension(d maxa; :: xia ! xia(3.maxa)

real (saipr) dimension(3.maxa; © xja ! xja(3.maxa)

real (selpr), dirmension(3 numel) © xng ! xng(3.nurmel}

real (selpr) dimension(3 numel)  xeg ! xeg{3,numel)

real (gelpr) dimensionfnumely = frow 1 frow! numel)

real (setpr), dimensioni{pumel** 2+numelf2) = f | f{numal=2+numel)/2)
real'® . dimension{numel™2+numel/2) :: fltermp | #amp{numel numal}
real {setpr), dimension{{numed™2+nurmel¥2) : fsum ! fsum{rume. nurnel)
real*8 dimension({namel*2-numel)f2) :: ftsum ! fsum{numel rumel}

intager : sendbyne, recviype sandent
integer :ndiv2 iseg ses

integer 1 isee iedge nset

irteger s icouple indexi

irteger 1 iviewce iviewns, iViewad
irteger sigount, ierr

save iedge, ises

! Paramaters,
raal (gatpr), parameter :: one = 1.0
rzal (satpr), parametar : zero = 0.0

[LEEEEELL) NRCKELER R ARk

ndiv2 = ndivndiv

iviewes =0

iviewrns =0

iviewad =0

icount =-1

1
! .view tactor iseg outer loop
I .
1$DOACROSS
158 OCALliseg jseg,indexi nia,njs, xil, «l, xig, Kja, frow,
%4 lcouple, nset, ises, iedge)
1SAREDUCTION viewee, viewaa iviewrmns}
13&MP_SCHEDTYFE=GSS
outer_loop doiseg=1 numak1
if { modfiseg,10) .EG. 0) than
it ryPE .eq.root) then
writa(jlog i6," sufaces have bean processed. " §)) &
iseg
write(jlog, " viewes = ,i10," v swms = 10, &
" vigwaa = " 110))iviewes, ViEwms, viewas

endit
endif
frw =00
frow{ 11=0.0

call gridl (xnd,nds xil iseg)
call grida {%nd,nds xig,n a.iseg}

I..... view faclor jseg inner_leop

1. ARRRLLRAAFRRL eLr T

inner locp: oo jseg=iseg+1,nurmel
nsel =0
if (nep! (3T 0} then
Lo . ChECK i 1527 ANd j309 cOule
call couple(nocpliseg. seg ioouple)
if { icouple EQ. 0) then
indexi = jzey - iveg + 1
frow( ndexi } = 0.0
cycle irner_loop




endif
andif

icouple = inauple +1

fimed{icouple numPEs).ne.myPE) cyde inner laop

'....can surfaca i see suface j ignoring third surface obstruclions

call see {xnd rdsxng,iseg, seq isee iedga)

wrte!" " view3d' ise]d.jseg,isae,indge nast
. 1988 = 0 2> o3l saif-blockags

.. izae = 1 »> no self-hlackage
. isee =1 »= parial seff-blockage
. iedge= 1 == iseq and jseg do not share a commeon edge

- edges 2 => iseg and jseg share a common edge

ff lisze EQL. C) then

Vo .Ssurface iseg and jseg cannot see each olher

index’ = jpeg - iseg + 1
from( indexi ) = 0.0
elseif ({nblk. EQLO} AND. (Eee EQL1)} en

Yo third surface blockage - - use contaur integration

if {izdge. EQ. 1} then
viewee = vigwee + 1
callgrid” {xnd,nds,x! jseg)
call viewct (il xjl.frow,isaq,jseg)
alzaif (iadge.EQ.2) then
Ivlewerns = iviawrms + 1
call vigwms {xnd,nds fow iseq, jsaqg)
endf
glseif {({nblk ECLO} AND. {isee. ECI-1)) then

JRALENRLLLARLEN

L. . partial seff-blockage - - use area integration

vigwas = iviewag + T
call grida (xnd nds,xja.nja.jseg)
call viewaa (xnd,nds xia xja.nia,nja,xng,ksel frow, &
iseq.jseg,ndivZ,nset)
ele
! Ak ik L ARREAANNERNLL
Lo inantfy tha subset of the ohstrudting surfacas k that
... bhatruct the view betwesn surfaces i and |
[ELLLER T ELET LR
call obstr (xnd.nds xng xcg kblk kset iseq.jseg.nset)
if ({rnset.EQ.0y AND. {ise2 EQL1)) than
L0 1N surface blockage - - use contowr integrat.on
f{iedge.EQ.1) lhen
wiewer = iviewes + 1
call grigl (xnd,nels 1l jsey)
call viewoe (xilxj frow,iseg,seg)
ekeif (12dge EQ.2) then
igwms = awrns + 1
callviewms {xnd,nds,frow iseg.jseq)
andF
alse
...Ahird surface blockage - - use arsa integration
ivigwag = viewaa + 1
cal: gfida pond nds xja.nja,jseg)
call viewaa (xnd ns xia x4, nia,njge xng. ksat frow. &
iseg jsag,ndivZ.nsat)

andif
endif

L. ..end of view factor jseg inner_lcop

end do inner_loop

!......after having calculated the necessary slements in 'ow [seg,




nenv stanz in glabal aray

BPAR CRITICALSECTION

call fwrile (frow fiseg)

1$FAR ENDCRITICALSECTION

...and of view factor iseg outer_loop

and do cutar_laop

1

....pick up last elerment of f matrix

FRACR A AR AR KRR RAAL S Kk ELRRR bk bk bkt xk b b

ICEPAR CRITICALSECTION

from( * )=0.0
call fwrite {frow f,numel}

ICEPAR ENDCRITICALSECTION
1

....8urn the information from all the processors

racytype = MPI_DOUBLE_PRECISION
sendtype = recviype
sendgnt = maxo
ifikind(one).eq.kind(1.0a2)) then
call MPI_Allraduca{ f fsum, sandert, sandhype, MPI_SLIN, &
MPI_COMM_WORLD, err }
f = feum
else
flamnp = dbla(f)
call MPI_aAllraduce( ftemp, ftsumn, sendent, sendtype. MPI SUM, &
MPI_CCMM WORLD. ierr)
f =fteumn
erdif

fimyFE eq.rool} then
wiile{jlog,{i6." suraces have beer processed. ") inumel
write(iog,{" viewee =",110" viewmns = " 10, &
"vigwaa = ",i10)iviewce iviewms iviewaa
endif

end subrouting view3d

subrauine factor(f,emist tranf.garea,numel,nf_out,rif_log)

use satraal_h

PURPQSE:

Carries out an LU factorization of AMAT
INPLT ARGUMENTS:

nf_lag = unit rumber for |og file

usé compar

| NAEEEEEERREELLAAAARRAELEARAR

1%+ ntaface Prototypes ***

irterface

subroutine check allog{siring error,ner, nf_out)
character*(”) string
inegar nem.nf_ou;
integer ermuriner)

end subroutine check_allog

subroutine check_deallocistring,emor.nem,nf_out)
character{®) sting
integer nem,nf_out
Integar error(rarr

and subrouting chack_daallon

subrautinge chack_ios {string 1 string2 ios nf_out)
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character (") atring
character*{*) string 2
integerios.nf out

end subroutine ¢check ios

subroutine get unit{nf unit}
integer nf_unt

end subroutine get_unit

end interface

Local variables.

integer rf_bin,mf_fact.nf log,n® out,ijk.ios
integer. dimens.on{15) o=y
Ingical exists coanectaed

integer numel,nnodermax, nelemax, maxb,into
redl {setpr) © sigrna, solar

real (setp”) - deltakj Fkj

Allocatable arays

mteger  dimension(:.;).allocatable : nds ! nds{d numel)

integer dimensioni:} .aliocatable 1PN IPV{numel]

real (=etpr).dimension{inumel) :: garea! garea/numsal)

real (setpr} dimension{{(numel*numal + numel)2) :f

real {setpr).cimensicn(numel} .. amish emisf{numel)

real {setpr} cimensicninumal} :: tranf! tranf{numal)

raal {satpr] dimension{: ;) allocatable © AMAT IAMAT(numeal numel)
raal dmengion(: ). alocatable :: AMAT_S 'Single Precision

raal (setpr} dimension{inumel} 1 emisf_iny

raal (setpr) dimension{numel) - garsa inv

Extemal functions

integer indx
external indx

Parametars.

real (setpr). perameler :one =13
real (setpr), parameler :: zero=0.0
lagical , parameter @ SCA APACK = TRUE.

Data staternents

data existsd FALSE ./ connectadi FALSE
data rf_bin/26¢ nf_factr27/

s st tan s st

allocate HEAR memary
maxb = (umelmumel + numely2
allocate { AMATInumal numel). stat=emor{ 1) }
gliocate ( IPIVinumel}, stat=ermor{ 2} )
allozate { AMAT_S{numsal numel, stat=error{ 3! )

....is thera sufficient mamory to solva tha probiam?

call check_alloci FACTOR error,3,nf_out)

PV=0

Construcl AMAT
ii{myPE.2q.root) then
wiile (nf log. (" CONSTRUCTING AMAT."Y)
endf
emisf_inv = one/emisf
gares_iny = oreigarea
row_loop: do k=1 numal
column_loop: do j=1,numsl
if (k EQ. ) then
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deltakj = ona
BiS&
deltakj = zero
erdif
Fkj = ftndx(k i} ygares _inv(k)
AMAT(k ) = (deltakj"emisf inv(f)} - &
{une-enisty)-tranf(j)) "ernist_nv(j]"Fiy
end do wlumn_loop
end do row_loop

if (scalapack) than
cail tmatrix(AMAT, IRV, nurmel)

elseff (myPE.eq.mol) than

Nakk R bk

Carny out LU factarization of AMAT
Check for the real-type and use appropriate built .1 BLASALINPACK
otherwise capy lo single precision and call buitt-in lbraries

ifimyPE eq.root) then
write {nf 1og,{" BLOCKED LU FACTORIZATION BEGUN )}
endif

iftkind{one).eq.kind(1.0d0}) than

caill dgetrff numel, numal AMAT, tumel,IPIV info
glseifikind{one}.eq.kind(1.C); then

call sgatrii numelnume AMAT,numel IFIV, .o )

alse

AMAT_S = reall AMAT}

call sgatrf{ numel,numel AMAT_5, nurel IPIV infe |

AMAT = AMAT S

andif

f{myPE 2q.mat) then

write (nf_log,{" BLOCKEE LU FACTORIZATION COMPLETED 'Y,
endif

Akt i ey

GCheack solution flag INFO
INFO = 0 successful exit
<0 if INFOQ = -i, the ith argurent hat an iflegal value
>0, FINFO =i, Jiii} is exadlly zero, The factorizesion
has bean complatad, but the facter U is exactly
singu:ar, and division by zare will cceur if it is usad
to sohve a systam of equations
if ( info ME. O} than
write(nf_log, (¥ =~ERROR in FACTOR!M)]
write{nf_log,'( / LU factonzation of AMAT failed "y}
write(nf 169, INFO = "i6)} info
write(nf log.{" GHADVIEW exegution abartedt™))
write{nd log,"(in"
stop
endif

i e e Skl b e S e e

write out LU factorization

call get_uni(nf_fact)

cpen {Lnit = nf_fact fila=factor.bin' form='unformatied’, &
action="wrre’, status='unknawr , iostat=ics}

call chack_ios {FACTOR' factor.bin'ics,nf_out)

wiite (nf_log, (" Writing LU factorization to factor bin®)')

write: [nf fact) IPIV

write (nf facty AMAT

rewind (nf fact)

close (urit=nf factstatus="keep?

endif

deallocate HEAF memory

A A A Ak B A e
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deallocate {  AMAT, stat=arrer? 1) )
deallocata [ [PV, stat=amror 2} )
deallocata {  AMAT_S, stab=erron3) )
call check dezlac{FACTOR emor,3,nf_oul)

&nd subroutine factor

suoroJaung tmatrixiAmad. IP1Y, nurmei)

smplz test program to lest scalapack

implicit nona

staraga for paralisl scalapack

INTEGER C_EM_
PARAMETER  (OLEN =3)
INTEGER CTXT ,M_, N_ MB_ NE_

FARAMETER (CTXT_=2 M_=3 M =4 MB_=5NB =5)
INTEGER RSRC_, CSRC_. LLD_
PARAMETER {RSRC =7.C3RC =2 LLD =%}

doubleprecisicn 1
doubleprecisicn.external  mpi_wtime

ireger . numel

doubleprecision, paremeter | one = 1.0d0
doubleprecision, paramete’ :: zero = 0.0d0)
doubleprecigion . alpha beta, noma2

doublepracison, paramster :: UNJEFINED = -599 998
doublepreclsian, dimension{numel numel) : Arrat
doublgprecicion, sllacatable, dimension:) ;A

integer, dimersion{DLEN_] - descA descX descB

doublaprecis on, allocatable, dimension.) . work
integer, allccatable. dimension(:) pived
inleger  dimension(nurmel) 1PV Y IR numel;

integer .. m,n, mib.nk, rsrc.csre, lldicontsd, info
integer :: myrow,mycal, nprow,npool, myidnprac
inlager :: ‘start,iand isize, Loc_raw,Loc_calnths
inlager : Asize, valza

douhlepracision - AijXij
character(len=4) - suffix

integer i, irowicol, Iz ipos
integer iaja, incXincY, ingad
logical . isming, ok, is small
nteger, external :: nurmipe

integer .. ipmt,icpmit. noutA,noutB,noutk

satup paralisl environmant

call 2lacs_pinfol myikd, nproc )

if (nproc 1. 1) then
wrile("'("blacs pinfa returns: myid, nproc 2010197 myid noroe
stop "blacs nct setup *

endif

call blacs gel(-1.0.iconb:d)




fiprow = -1
npcol =-1
da nprow=inlisqri{dbleinprocy))+1,% -1
npcol = nproc/nprow
if /nprow*npcel eq.nproc) axit
enddo

call blacs_gridinit] iconte:, "rove-majar, npraw, npcal
calt blacs_gridirfo| icontd, nprow. npool, myrow, mycol)

if {ryid 2q.0) then
write(",'("blacs stared:; nprow,npool.nproc " 30109 &
noraw, npcol nproc

endif

may need to open different files like 'out38.001"
r progesser 001

suffix =000

suffix(4:4) = cranfichar'd") + mod{ myid, 10)}
suffix(3:3) = chan(.char('0} + mod( myidi10, 10))
suffix(2:2) = chanfichar{'d"] + mod( myidi100,10))

setLp dascriptor
M = nLrmel
n=rm

mb =5d

nb =50

rere =0
csrcal

if (myid.eq.0) then
writa{={"mr " 2{1xi6)," mb.nb " 2{1x,18))) &
m,n, mEnh

endif

lid = rmznc( 1. numrod, m. b, s, rryrow, nprow )

call descinit{ descA, m.n, mb nb, rsre,csre, icontxt, I1d, info )
it {info.ne.0) ther
writa(™,{"™ descirit for desca retuns info = " 1x.i2)7 info
stop ™ emor ™'
endf

call descinit descX, m,1, mo,nb, rerc.care, iconkxt, d, info }
if {info.ne.0) than
wrrita* (" daseinit for deseX returns infa =",1x,i9)') infe:
stop Yt arror <t
endif

call descini{ descB, m, 1, mb,nb, rsre.csrz, ivontxt, IId, info )
if finfo.ne 1} then
write” .t descinit for descB raturns o = *.1x,i9)) info
stap "™ error ™'
endif
theck storage
Loc_row = max(1,nurnree m,mb, sre, myreay, Iprowt)
Lea_cof=max{1 numrocin.nb rs ¢, mysolnpeol})
fnead = Loc_row * Loc_col
Aslze = inead +1
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vsize = Loc_row+1

allocate (A{Asize])
allocale (work(vsize))
allocale [pivot{vsize!)

doi=1,Asize
Afi) = UNDEFINED
endda

initialize: lower part oF matrix

call infog2l{ i), dascA nprow, npeol myrow,myzol, &
Irlc, irow,icol )
ismine = fimw eq. myrow).and.{icol aq. myool)
if {ismina) then
ipos = Ir + {le-13*descALLD )
Afipas) B Amat(l.j)
endf
enddo
enddo

capy ower part 1o upper tiangular part

call blacs_ barrier!, icontxt, "All’y
1= mpi_wiime{)

do, =11
istart=]
lend =m
lafze = iand - Ietart + 1
ineX =1
inGY = descAlM_)

if {isize ge. 1} then
calt FDCOPY! size, Astartj,descA, incX. &
Ajistart,descA, incy )
edif
enddo

call blazs_barrier iccnbxt AN
t2 = mpi_wtimef)
if {myld.8q.0) then
write(* '("tire fur transpose copy is " 1x,1pd14.47) (22-t1)
andif

nerform factorization
callblacs barrier| icontxt. ‘Al
1 =mpi wiime(}

imo =0
ia=1
ja=1
call PDGETRF{ m,n, Aia,ja,descA, pivet, infa )
f {info.na.0) then
writa!* '("PDGETRF raturns Info =" 1x,19)"} info
stop "** arrar ="
endif

cal. blacs_barer iconxd, 'All'y
t2 = mpi wtime{)




if {myid.2q.04 then
write!™ 1 time for POGETRF &' 1pe14.4)) (t2-11)
endif

step parallel ervironmant

call blags_gridexit icontxt }

return
end subroutine Imatrix




o

SR

11

12.

L3.
14,
15.
16.

C/C9800401

INTERNAL DISTRIBUTION

C. A. Valenting

Sreekanth Pannala

Eduardo I’ Azevedo

Thomas Lacharia

Central Research Library

ORNL Laboratory Records - RC
ORNL Laboratory Records - OS 1L

EXTERNAL DISTRIBUTION

Steve MacDonald, adapeo, 60 Broadhollow Road, Melville, NY 11747

Dr. Gary Strumola, Ford Mowr Company, 2000 Rotunda Drvive, Mail Drop
2122, Dearborn, M148121

Dr. Richard Sun, DaimlerChrysler, 800 Chrysler Drive, East, MC:481-33-01,
Auburn [ills, MI 48326-2757

Dr. V. Sumantran, General Motors, 30500 Mount Road, MC: 480106256,
Warren, MT 48090-9055

Dr. Adrian Tentner, ANL, 9700 South Cass Avenue, Argonne, lllinois 60439
Dr. David Weber, ANL, 9700 South Cass Avenue, Argonne, lllincis 60439
v Hank Domanus, ANT., 9700 South Cass Avenue, Argonne, [llinois 60439
Dr. Constantine Tzanos, ANL, %700 South Cass Avenue, Argonne, [llinois
60439

81




