CHAPTER 2 Getting Started

While the ultimate goal in utilizing CFL3D will be to selyproblems pertinent to the
users work, it is highly recommended for weusers to bgin by running some of the test
cases described in ChapgrExperience gined while running these will help the user
when running a “real” problem. The folling sections prnade general instructions for
compiling and running CFL3D.

2.1 Acquiring the Code and Exampldds

The files needed to run CFL3D are located @amnéumann and Eagle, anCray
supercomputers located aANA Ames Research Centéihe files are in

~rumsey/ Cf | 3dv5/ cf | 3dv5. asci i

The files are tarred, compressed, encrypted, and uuencodeglvéré (obtained from
the Aerodynamic and Acoustic Methods Branch ASBN Langley — see bel) must be
used to decode the fit¢ | 3dv5s. asci i . The steps for this procedure are as fedio

Step 1

uudecode cfl 3dvb. asci i

Step 2
crypt keywod < cfl 3dv5.crypt > cfl3dv5.tar.Z

Step 3

unconpress cfl3dvb.tar.Z

Step 4

tar xvf cfl3dvs.tar

This step should create a directory namaeddvs with the appropriate CFL3D files in it.

Step 5
rmcfl 3dv5.ascii cfl 3dv5.tar cfl 3dv5. crypt
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If the test cases are not required, a more@aent option might be to obtain the file
cfl 3dv5. codeonl y. ascii. This file is also tarred, compressed, encrypted, and uuen-
coded, It it is much smaller thaet | 3dv5. asci i .

If access to ¥nneumann or Eagle is not possible, the encrypted codes areailso a
able on the LangleCFD anogmous ftp site. @ obtain the code in this mannp&ake the
following steps:

Step 1

ftp tabdeno. | arc. nasa. gov
or
ftp 128.155.24. 42

Step 2
When prompted for the username, type

anonynous

Step 3

Type the uses e-mail address as the passiv

Step 4

cd incom ng

Step 5

cd Runsey

Step 6
get cfl 3dv5. asci
or

get cfl 3dvb. codeonly. asci

To obtain the currentdgword needed to decode the source files, send mail or e-mail to
Dr. Christopher L. Rumge(see pagd) requesting the code, along with atplanation
describing the planned usage of the code. IncluddXarfumber with the request. All
users will be astd to fill out and sign a CFL3D Usage Agreement form. After the com-
pleted form is receed, the kyword will be pravided.

After obtaining CFL3D, it is required that the user remember not to ditdréy part
of the code to others outside of his or hemovorking group without prior permission
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2.1.1 The Code and Supplementary Files

from NASA Langle.. The CFL3D code is currently restricted to use within the United
States only

2.1.1The Code and Supplementarieb

The items listed bele are made ailable to the user when CFL3D is obtained. The
names irbold face indicate a directary

2dt est cases i srcheq_wkstn. f makepr ecfl 3d_hp_sng
3dt est cases | bex. f makeprecfl 3d_rs6000
Advi ce makecf | 3d_cr ay nmakeprecfl 3d_sg

Maggi e makecf | 3d_decal pha makepr ecfl 3d_sgi _R10000
Mul titask cray makecf | 3d_hp_dbl makeprecfl 3d_sgi _R8000
READVE makecf | 3d_hp_sngl makeprecfl 3d_sun

Ronni e makecfl 3d_rs6000 pl ot 3d_hp_dbl . f

Tool s makecf | 3d_sgi precfl.h

af 3f . f makecf| 3d_sgi _R10000 precfl 3d.f

bc. f makecf | 3d_sgi _R8000 rhs. f

cbsem f makecfl 3d_sun second_hp_dbl . f

cvngt _wkstn. f makeprecfl 3d_cray second_r s6000. f

dynpt ch. f makepr ecfl 3d_decal pha  second_wkstn.f

i nput . doc makepr ecf| 3d_hp_dbl turbs. f

The CFL3D code consists of one mainvdrisubroutine packagebsem f, and six
sets of library subroutinesc. f, rhs.f, af3f.f, I bcx. f, turbs.f, anddynptch.f.
Cbsem f contains the main subroutinegbl k) of the program as well as maaf the rou-
tines needed for the input and output of information. Thevéilé contains the boundary
condition subroutines, including y$ical boundary conditions, 1-1 blocking, and grid
embedding. It also contains the necessary routines for processing supplemental o
lapped-grid and static patched-grid interpolation informata. f contains the subrou-
tines needed for solving the right-hand side of theegong equations, whilef 3f . f
contains the subroutines needed for calculating the left-hand side ofvérmigg equa-
tions. (See AppendiR.) Lbcx. f contains a ariety of subroutines, including those needed
for multigrid and mesh sequencing, thosevalimg the metrics and other grid informa-
tion, those imolved with computing the forces, andseeal others. The fileur bs. f con-
tains the turblence models subroutines. Finalynptch. f contains the subroutines
needed for dynamic grid patching.

Some supplementary files are also needed for CFL3D. Aéfitakis used to compile
and link subroutines and to create aeaitable for the code. A preprocessing program
calledprecfl3d.f is used to determine the memory and array dimensions needed by
CFL3D for a particular caseOFprecf| 3d. f, usenmakepr ecf| 3d_nmachi nenanme. Here,
and in the discussions that follpthe terms in italics pertain to usspecific items. &r
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instancepachi nename might becr ay, sgi, orsun for the Cray supercompute3Gl, and
Sun workstations, respeetly. Precf . h is the parameter file required by this retille.
The array dimensions setpnecf | . h should be lage enough for nearly grproblem and
should rarely need modification; if a d@r \alue of a particular parameter is required,
precf | 3d will stop and request the user to increase theastegparameter

A makefile calledmakecf| 3d_machi nenane is also needed to compile and link the
CFL3D subroutines and create theeutablecf | 3d. Several files are needed to compile
the code on wrkstations. These files contaioriFan source code for the corresponding
Cray intrinsic functions. &t instance, when utilizingakecf | 3d_r s6000, make sure that
second_rs6000. f is available. Likewise, when usingekecf | 3d_hp_dbl , male sure that
pl ot 3d_hp_dbl . f andsecond_hp_dbl . f are in the wrking directory Note that for dou-
ble precision on the HRhe user must actuallemaove the subroutinesl ot 3d, pl ot 3c,
and pl ot 3t from cbsem f prior to compiling withmakecf! 3d_hp_dbl . For all other
makecf | 3d makefiles,cvngt _wkstn. f, i srcheq_wkstn. f, andsecond_wkst n. f are uti-
lized and therefore must beadlable. (Note thatikst n is short for “workstation”.)

The filei nput . doc contains the information found in Chapgerlt is a listing and
description of the input parameters used in CFL3D.

The files in directorpdt est cases are:

0012_patch Fl at pl ate Rael0
0012 _xnera Mul tielem Rot or st at or
README. 2d Mul tistream Vi brate

The files in directorgdt est cases are:

README. 3d Delta Oner anb
Axi bunp F5wi ng

Directory 2dt est cases contains warious two-dimensional test cases. A patching
example ivolving the NACA 0012 airfoil is located im012_pat ch. In 0012_xnera, a
case utilizing grid werlapping for the same airfoil is found. A three-element airfoil case
involving grid overlapping is set up imul ti el em Directory Rae10 contains a single
block case for the RAE 2822 airfoll at pl at e contains the files needed to run the flat
plate test case. A multistream nozzle case Mulimi st ream In Vi br at e are the files for
a vibrating plate case. A rotstator case is set up ot or.

The three-dimensional test cases are located in the direltoegt cases. A case
solving the flev over an axisymmetriclmp is inAxi bunp. Other cases currentlyailable
are for a delta wing (imel ta), an F-5 wing (inF5wi ng), and an Onera M-6 wing (in
Oner an6). The steps for running these test cases are described in Chapter
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The files in directorydvi ce are:

cfl 3dadvi ce. gi ve cfl 3d. references v4_to_v5.inputdif
cfl 3dadvice. grid cfl3d.turb. references

The first four files contain the same informatiowegi in Chaptel0 and in "CFL3D
Papers" on pagd837. Thev4_to_v5.inputdif file describes the ddrences between the
Version 4.1 and &fsion 5.0 input files. (This information is alseen in AppendixX.)

The files in directoryaggi e are:

README maggi e. doc makemaggi e_sg
i smax_wkstn. f maggi e. f makenmaggi e_sun
i smn_wkstn.f makemaggi e_cr ay second_wkstn. f
magl. h makemaggi e_hp_sng

The files in thevaggi e directory are needed for casegalving grid overlapping. The
chimera scheme code is calleghgi e. f. Maggi e. doc explains the input parameters for
maggi e. f . Makefiles for \arious machines arevalable and requireagi. h, which con-
tains the appropriate dimensions for the problem at hande Makei smax_wkstn. f,

i sm n_wkstn. f, andsecond_wkst n. f are &ailable before running MaGGIE on aowk-
station.

The files inmul ti t ask_cray are:

README makecfl 3d_cray_nul ti xlimmlti.f
fhat _multi.f tinvr_multi.f

These files should be used in conjunction with the standard CFL3D files when Cray
multitasking is desired.

The files in directoryronni e are:

READVE maker onni e_sgi ronnie. f

maker onni e_cray maker onni e_sun second_wkstn. f
maker onni e_decal pha ronl. h

maker onni e_hp_sngl ronni e. doc

When utilizing grid patching, the files in tiRenni e directory are needed. The code
that sets up the patching interpolation stencils is cabbedi e. f . Ronni e. doc explains
the input parameters foonni e. f . Makefiles for \arious machines arevailable and uti-
lize ronl. h in the compilation. The user must set the parametersnin h for each par-
ticular case. Also, maksuresecond_wkst n. f is available before running ronnie on a
workstation.
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The files in therool s directory are:

READMVE makelt ol. f reverseijk.f
everyot her . f make p3dt ot ec3d_cray v4t ov5_input. f
everyot her p3d. f p3dt ot ec3d. f v4tovb restart.f
hi storytec3d. f p3dtotec3d_pre.c v5i npdoubhal f. f

These programs are useful for gerting files from one format to anothdihe code
everyot her. f takes an risting CFL3D-type grid and coarsens it by takinvgry other
grid point. Theeveryot her p3d. f program performs the same task for HI3D-type
grids. The fileni st oryt ec3d. f reads in the residual history file and creates a correspond-
ing Tecplot file. It will also cowert iterations to wrk units if desired. Theake1t ol. f
program assists in the creation of the boundary condition and one-to-one blocking sections
of the input file. Thep3dtotec3d.f tool (along with p3dtotec3d_pre.c and
make_p3dt ot ec3d_cr ay) creates adcplot file from PLO3D grid and solution files. The
reverseij k. f code reads a CFL3D-type grid file,avs indices (as desired), and writes
out a ne&v CFL3D-type grid file. The4t ov5_i nput . f tool takes a érsion 4.1 input file
and conerts it to \érsion 5.0 form. The4tov5 _restart.f tool corverts a érsion 4.1
restart file to ¥rsion 5.0 form. Finally5i npdoubhal f . f takes an gisting input file and
creates a e input file with either double or half the grid points of the original.

2.20btaining a Grid He

The first step in solving a CFD problem is obtaining a grid. A pre-packaged tool such
as GRIDGEN® could be used to create a grid, or perhaps awsten program could be
used for relatiely simple configurations. koever the grid is obtained, an essential step
toward success with CFL3D will be Viag the grid file written in CFL3D or PLTBD/
TLNS3D format. See “Grid File” on pa@b for the appropriate formats for the filéme
can also be sad at this point by considering what options will be desirable. |&ber
example, since the use of multigrid is highly recommended, choose grid dimensions
wisely. See A Word About Grid Dimensions” on pade7. If viscous cases will be run,
make sure the grid spacing normal to thallvwn the boundary layer is fine enough. At
least 20 grid points are recommended larainar boundary layerAt least 3 points are

recommended in the laminar sub-layer afidulentboundary Iayer)(+ of first grid point

off the wall should beO(1)). Basically consider ha the problem will be sokd and
choose dimensions, blocking stigites, grid-line stretching, etc., accordingly

2.3 Creating the Input e

Chapter3 lists and describes all the parameters in the input file. The easjeti are-
ate an input file for a particular case is to\ape input file from the test case (see
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2.4 Utilizing Patched and/or Overlapped Grids

Chapter) most resembling the case at hand. Then change those parameters that pertain to
the current case. The other parameters should already be set to the recomaleleded v
Besides the test case sample inputs, some infarh@es for 1-1 blocking and grid
embedding are pwided in Chapte6 and seeral input @amples for multigrid, mesh
sequencing, and grid embedding areviated in Chapter. CFL3D preides additional

help in setting up the input file with artensve set of diagnostics which hakexution at
detectable errors and mide the user with a message indicating the problem.

2.4 Utilizing Patched and/or Overlapped Grids

When using patched and/oreslapped grids, the files containing the appropriate inter-
polation co€ficients must be obtained prior to running CFL3D. The preprocessors ronnie

and MaGGiE! will generate the needed cbeients for patched grids andrerlapped

grids, respectely, and will output the interpolation information in the format needed by
CFL3D. Information on using ronnie and MaGGIiE can be found im déhei e. doc and

maggi e. doc files, respectiely. The preprocessair ecf | 3d, which sets all the array size
parameters needed by CFL3D, will need the appropriate patch aweftapodata files in

order to properly size the arrays needed for these options. Therefore, be sure to run ronnie
and/or MaGGiBbefore runningpr ecf | 3d.

2.4.1Runningronnie

When utilizing the grid patching option of CFL3D, the preprocessor ronnie must be
run first. The basic steps for running this code are asm®llo

Step 1

Prepare an input deck, typically calleghni e. i np, for the case. Also, modify the header
file ronl. h as needed.

Step 2

Use the madfile to compile, link, and create theeeutable for the ronnie code (be sure
ronl. h is in the current directory):

make -f makeronni e_nmachi nenane

Step 3
Run the ronnie code:
ronnie < ronnie.inp

If successful, ronnie will create a file containing patch interpolation data. The name of the
patch file is specified by the user in the input file; it is typically caliedn. bi n.
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2.4.2RunningMaGGIiE

If grid overlapping is used in some portion of the grid configuration, then the prepro-
cessor MaGGIE must be utilized. The basic steps for running this code arews.follo

Step 1

Prepare an input deck, typically calleghgi e. i np, for the case. Also, modify the header
file magl. h as needed.

Step 2

Use the madfile to compile, link, and create theeeutable for the MaGGIE code (be sure
magl. h is in the current directory):

make -f makemaggi e_nmachi nenane

Step 3
Run the MaGGiE code:
nmaggi e < maggi e. i np

If successful, MaGGIE will create a file containingedap interpolation data. The name
of the wverlap file is specified by the user in the input file; it is typically called p. bi n.

2.5RunningCFL3D

The basic steps for running CFL3D are as feloRemembeiif using grid patching
and/or grid eerlapping, run ronnie and/or MaGGIE before proceeding with theafimlip
steps.

Step 1

Compile, link, and create theexutable for therecf13d. f code. Male sure the param-
eter fileprecf1 . h is available.

make -f nmakeprecfl 3d_machi nename

The resulting xecutable will be calledr ecf | 3d.

Step 2
Runpr ecf 3d.
precfl 3d < inputfil enane

Theinput fil ename here is the CFL3D input file name. Detailed diagnostic information
is printed out in the filer ecf 1 3d. out. Most items in the input deck will be checkfor

14
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consisteng. However, sincepr ecf | 3d does not read in the grid file, it cannot detect grid
problems and, most importantly cannot detect ordering errors in the 1-1 block inter-
faces. Check the output from CFL3D itself &rify that 1-1 block integces are set cor-
rectly. If precfl 3d has not run successfullhen the most lidy cause is an error in the
input file; precfl 3d echoes the input file as it goes along, so check the bottom of
precfl 3d. out to determine the approximate location of the input eA@uccessfulxe-
cution ofprecfl 3d will have one of the follwing lines at the end of the output file and
print to the screen:

you *MJUST* reconpile cfl 3d
or
you do not need to reconpile cfl 3d

When the code has run successfulere will be no further need for this program until a
new input file is deeloped.

Running precf | 3d will either create or modify the parameter files) 1. h, cfl 2. h,
cfl3.h, cfl 4. h, andcfl 5. h, which are used when compiling CFL3D. Remember that
these filesare case dependent. Therefore, another case will generally require that
precfl 3d be run agin and CFL3D recompiled.

Step 3
Compile, link, and create theexutable for CFL3D.
make -f makecfl 3d_machi nenane

The eecutable will be calledf | 3d.

Step 4

Runcf 1 3d. This step can be performed intereely or a submittal file can be utilized
to send the case to a particular queue of the machine being used.

cfl13d < inputfil enane

Users hae been knan to submit cases for lge numbers of iterations on the first run
only to disc@er that an input parameter@w set incorrectlyit is wise to bgin running
CFL3D with only a fev iterations and then check the output. Loekrathe main output
file. Make sure there are noawning messages and that, in general, it “looks right” for the
particular case being runake the PLQ3D files to a Silicon Graphics (or compatible)
workstation and check grblock boundaries to see if thevilas passing from block to
block as gpected.Thensubmit the case for a morgtensive computation.
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