APPENDIX 3 Subputine Listing

CFL3D contains all the subroutines listed below:

CBSEM RHS AF3F BC LBCX LBCX (continued) DYNPTCH TURBS
ngbl k resid af 3f bc tau findm n_new dynptch bl omax
setup resp amaf | bc1000 t au2x bbdi st gl obal 2  barth3d
rp3d fa swaf j bc1001 col | dat bbdst 1 patcher spal art
setbl k i2x amaf k bc1002 col | x cal c_di st | oadgr t woegn
gl obal i 2Xs swaf k bc1003 collv collect _surf collapse triv
| ead f a2xj anmaf i bc1005 collq di stcc rechk
ginter fa2xk swaf i bc1008 col | 2q di stcg expand
gout f a2xi di agj bc1011 collqcO initf i nvert
gf ace gf luxr diagk bc1012 col I xt initi shear
plot3c hfluxr diagi bc1013 collxtb ifree arc
plot3d ffluxr tinvr bc2002 addx ffree di agnos
plot3t xlim tdq bc2003 addxv iialloc di rect
update fhat dlutr bc2004 add2x ifalloc proj ect
updateg fill df bt r bc2005 add2xv makebb extra
resetg fluxp dlutrp bc2006 init cal cbb extrae
xtbatb fluxm df btrp bc2007 initvist getvrt t opol
grdnove gfluxv df hat bc2102 rrest shel s t opol 2
resetwk hfluxv dfluxpm chksym rrestg spltbb dsmin
rpatch ffluxv gofluxl chkrap wr est push xe
setgcO dird hfl uxl  chkrot westg pop xe2
setdqcO wrag ffluxl rield metric sort_x newfit
resadd delv abci z ri elde tmetric nove_real trace
readdat prntcp abcjz bl ockk cel l vol nove_i nteger transp
getdhdr trans abckz bl ockj ctime triang rotatp

transnc dabciz bl ocki vliutr heap_sort

rotate dabcjz cblkk viutrp cntsurf

rotatnc dabckz cbl kj bsub cel cen

hol e cbl ki bsubp ypl usout

dt hol e int2 g8sdot cal ypl us

bl kmax int3 g8smax f or ceout

rotateq g8smin hi st out

rotateq0 g8ssum
rotategb q8vrev

bcchk | 2norm
xupdt | 2nor n2
geti bk force
intrbc csurf
ccf csout
r snoot h
xmuki n
findmn
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APPENDIX J Subroutine Listing

J.1 CBSEM Routines

ngbl k

Advances the solution in time using multigrid acceleration. At easth ile the multi-
grid procedure, all the blocks are adeed before mwng to the ngt level.

set up

Reads in the grid and restart data and calculates some preliminary information, such as
the metrics, for subsequent use.

rp3d
Reads in the grids in PIX3D format.

set bl k

Initializes thebl ank array

gl obal

Reads in the case input file.

| ead

Installs the attribtes of a particular block into the common blocks.

gi nter

Interpolates the solution from a coarser mesh to a finer mesh. The finer mesh can be
either a global mesh or an embedded mesh. Also updates grid position of finer mesh if
meshes are in motion.

gout
Outputs data for plotting or printing.

gf ace

Determines the primite \ariables at the edges of the grid and installs them in the
gj 0/ gk0/ gi 0 arrays for use in output routines.
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J.1 CBSEM Routines

pl ot 3c

Writes the output file for the cell-centered points in PBD format. (Outputs the grid
and/or solution in single precision for use with§4 and/or PLQ3D.) Also prints solu-
tion data to a printout file for a specified range of points.

pl ot 3d

Writes the output file at the grid points in PLED format. (Outputs the grid and/or
solution in single precision for use with&T and/or PLO3D.) Also prints solution data
to a printout file for a specified range of points.

pl ot 3t

Writes turlulent information for the cell-centered points in FII3D format.

updat e

Updates the solution in time.

updat eg

Updates the grid to a weposition and obtains corresponding grid-boundatgaities
for use in the boundary conditions. Also collocates ged position to coarservels and
obtains grid-boundaryelocities on coarservels. Also updates moment center

resetg

Checks to see if gnblocks in the grid hae been translated and/or rotated out of the
bounds set in the input deck. If so, resets these blocks so thatréhat or near the initial
positions. If the rotational displacement of a block is reset, the solution must also be
rotated to correspond to the reset position. (Resetting wedlonly for constant transla-
tional speeditrans= 1, or constant rotational speextat = 1.)

xt bat b

Stores grid speeds and accelerations on the boundaries for use in setting no-slip and
wall pressure boundary conditions for dynamic meshes.

grdnove

Moves the grid from one position to another
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APPENDIX J Subroutine Listing

r eset wk

Replaces all locations of theovk array which were filled with inger \values in sub-
routinepl ot 3d with real \alues. (Otherwise, problems may arise later when a real array
attempts to access the igéz \alue located in memany

rpat ch

Reads in the generalized-coordinate interpolation data for grid patching from a file.

set qcO

Stores conseative \ariables for use in second-order tempordiedéncing and sub-
iteration.

set dqcO

Stores conseative \ariables Q,—Q,,_,) for use in second-order temporalfelfenc-
ing.

r esadd

Adds additional terms to the right-hand side for sub-iteration and second-order tempo-
ral accurag.

r eaddat

Reads in auxiliary data arrays for the “2000 series” of boundary conditions.

get dhdr

Sets the character data for the main output file headers when the “2000” series of
boundary conditions are used.

J.2 RHS Routines

resid

Computes the residual contuiions to the right-hand side.

resp

Computes and prints residuals and sums the forces.
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J.2 RHS Routines

fa

Accumulates flugs to insure conseation with grid embedding.

I 2X
Interpolates the primite variables from coarser meshes onto twice finer meshes for
grid embedding.

i 2Xs

Interpolates the primite variables from coarser meshes onto twice finer meshes for
grid embedding.

faz2xj

Accumulates flugs in thg direction for use on a twice coarser mesh to insure conser-
vation with grid embedding.

f a2xk

Accumulates flugs in thek direction for use on a twice coarser mesh to insure conser-
vation with grid embedding.

f a2xi

Accumulates flugs in thel direction for use on a twice coarser mesh to insure conser-
vation with grid embedding.

of | uxr

Computes residual conttibons for the right-hand side in thedirection from the
inviscid terms.

hf | uxr

Computes residual contrubons for the right-hand side in the direction from the
inviscid terms.

ffluxr

Computes residual conttibons for the right-hand side in thedirection from the
inviscid terms.
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APPENDIX J Subroutine Listing

xlim

Performs monotone interpolations to the irdeefs of the cells.

f hat

Computes Rog® generalized flux at the intade gien the left and right states at the
interface.
fill

Fills the edges of the array for safety using a multi-planectorization technique.

fluxp

Computes the “posite” parts of the flugs using the fluxectorsplitting method of
van Leer®

fluxm

Computes the “rgative” parts of the flugs using the flux-ectorsplitting method of
van Leer®

gf [ uxv

Calculates the right-hand-side residual comtrdns in thej direction due to the vis-
cous terms.

hf | uxv

Calculates the right-hand-side residual contigns in thek direction due to the vis-
cous terms whendf = 0. Calculates the implicit matrix terms whiedt > O.

ffluxv

Calculates the right-hand-side residual comtrdns in thei direction due to the vis-
cous terms.
dird

Evaluates directed distance from tke= 0 wall and thei =0/j =0 wall for use in
evaluating the Baldwin-LomadX turbulence model.

wag

Evaluates the articity magnitude for use in determining the tuldnt eddy viscosity
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J.3 AF3F Routines

del v

Evaluates the elocity dervatives at cell centers.

prntcp

Writes the pressures on the body (actually the cell centers closest to the body) to an
output file for unsteady fla

trans

Determines the increment to grid position due to a grid translation.

transnc

Determines the increment to moment center due to a grid translation.

rotate

Determines the increment to grid position due to a grid rotation.

rotatnc

Determines the increment to moment center due to a grid rotation.

hol e

Zeroes out the right-hand-side residuals for the l@ddndoints.

dt hol e

Updates theAt values for the hole and fringe cells. Tredues will be replaced with
At

min -

bl kmax

Determines the location of the maximum residual.

J.3 AF3F Routines

af 3f

Advances the solution in time using as&tior spatially-split approximateadtorization
algorithm.
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amaf |

Formulates the implicit matricesin the j direction for the 3-factor algorithm.

swaf |

Solves the block 5 x 5 tridiagonal equations for the 3-factor spatially-split algorithm
inthej direction.

amaf k

Formulates the implicit matricesin the k direction for the 3-factor algorithm.

swaf k

Solves the block 5 x 5 tridiagonal equations for the 3-factor spatially-split algorithm
inthe k direction.

amaf i

Formulates the implicit matricesin the i direction for the 3-factor algorithm.

swaf i

Solves the block 5 x 5 tridiagonal equations for the 3-factor spatially-split algorithm
inthei direction.

di agj

Solvesthe scalar tridiagonal equations to approximate the spatially-split factor in the
direction of the 3-D gpatially-split algorithm.

di agk

Solves the scalar tridiagonal equations to approximate the spatially-split factor in the
k direction of the 3-D spatially-split algorithm.

di agi

Solvesthe scalar tridiagonal equations to approximate the spatially-split factor in the i
direction of the 3-D spatially-split algorithm.
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J.3 AF3F Routines

tinvr
Multiplies the irverse of the diagonalizing matrik times the residual contrition
(T'R).

tdqg
Multiplies the irverse of the diagonalizing matrixtimes the change in characteristic

combination of ariables U'_lAq ).

dlutr

Performs the scalar tridiagonal (LU) decomposition.

df btr

Performs the back substitution for a scalar tridiagonal system of equation.

dlutrp

Performs the LU decomposition for a periodic scalar tridiagonal system of equations.

df btrp

Performs the back substitution for a periodic scalar tridiagonal system of equations.

df hat
Computes a Jacobian matrix with respect to the pxienvariables at the cell intexte.

The Jacobianvaluation is approximate, being t&akas either Aor A—(T/\T_l), and is

computed with metric terms from the interé and dependenanables fro the cell cen-
ters.

df I uxpm

Computes “positie” or “negative” parts of the flux Jacobians using the flector
splitting method of an Leer®

of I uxl

Computes the left-hand flux contuifions due to the wiscid terms for thg direction.
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hf | uxl

Computes the left-hand flux contuiftons due to the inscid terms for thek direc-
tions.

ffl uxl

Computes the left-hand flux contuifions due to the inscid terms for the direction.

abci z

Zeroes out the left-hand-side matrix element with the help of the blank Borag
point with bl ank =0, all elements of matricesandc become zero. Only diagonal ele-

ments matrix is changed to 1.0 farimplicit; j sweep.

abcj z

Zeroes out the left-hand-side matrix element with the help of the blank Borag
point with bl ank =0, all elements of matricesandc become zero. Only diagonal ele-

ments matrido is changed to 1.0 fgrimplicit; k sweep.

abckz

Zeroes out the left-hand-side matrix element with the help of the blank Borag
point with bl ank =0, all elements of matricesandc become zero. Only diagonal ele-

ments matrid is changed to 1.0 fdc implicit; j sweep.

dabci z

Uses the blankatlues to modify the cok¢ient matricesa, b, c, for the diagonal wer-
sion in thei direction.

dabcj z

Uses the blankatlues to modify the cok¢ient matricesa, b, c, for the diagonal wer-
sion in thej direction.

dabckz

Uses the blankatlues to modify the cok¢ient matricesa, b, c, for the diagonal wer-
sion in thek direction.
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J.4 BC Routines

J.4 BC Routines

bc

Determines boundary data/conditions at edges of grids.

bc1000

Sets free-stream boundary conditions.

bc1001

Sets symmetry plane boundary conditions.

bc1002

Sets &trapolation boundary conditions.

bc1003

Sets characteristic infidoutflov boundary conditions.

bc1005

Sets iwviscid surfice boundary conditions.

bc1008

Sets tunnel inflw boundary conditions.

bc1011

Sets singular axis (half plane) boundary conditions.

bc1012

Sets singular axis (full plane) boundary conditions.

bc1013

Sets gtrapolation boundary conditions for a singular axis.

bc2002

Sets pressure ratioxteapolates other quantities.
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bc2003

Sets characteristic inlet boundary conditions at engine inendjestimated) inlet
Mach numbertotal pressure ratio, total temperature ratio, anvd &ingle.

bc2004

Sets solid wall (viscous vall) boundary conditions.

bc2005

Sets periodic boundary conditionsgn angular rotation angle to the periodicd and
its block number

bc2006

Sets pressure via radial equilibrium conditioxty&polates other quantities.

bc2007
Sets all the primitie variables with standard CFL3D normalizatiqw,p,,, U/a

00 !

VA, WAL, B/ (PLE).

bc2102

Sets the pressure ratio as a function of timé&apolates the other ffield quanti-
ties.

chksym

Checks for symmetry boundary conditionsjink, or i directions in order to apply
boundary condition type 1011 (singular axis with half-plane symmetry).

chkrap

Checks for wrap-around in k, ori directions in order to apply boundary condition
type 1012 (singular axis with full plane).

chkr ot

Checks to mad sure that the proper rotation angle for periodic boundary conditions
has been set.
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J.4 BC Routines

ri eld

Determinesdrfield boundary data using quasi-1-D characteristic relations for bound-
ary condition type 1003.

ri elde

Determinesdrfield boundary data using quasi-1-D characteristic relations for bound-
ary condition type 2003.

bl ockk

Transfers information from the block designatedo thegko array of the block des-
ignatedi t .

bl ockj

Transfers information from the block designatedo theqj 0 array of the block des-
ignatedi t .

bl ocki

Transfers information from the block designatedo theqi 0 array of the block des-
ignatedi t .

chbl kk

Checks information transferred from the block designatetb thegko array of the
block designatedt .

cbl Kj

Checks information transferred from the block designatetb theqj 0 array of the
block designatedt .

chl ki

Checks information transferred from the block designatetb thegi 0 array of the
block designatedt .

int2

Linearly interpolateg from one grid to ghost cells of another grid using generalized
coordinates without using a limiter on the gradients.
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int3

Linearly interpolateg from one grid to ghost cells of another grid using generalized
coordinates using a limiter on the gradients.

rot at eq

Rotates the solution contained in arm@ythrough a specified angle and stores the
rotated solution imyr ot .

rot at eqO

Rotates the solution at ghost points contained in afoageitherqi 0, gj 0, or gk0
through the anglé‘;exlAGy/AeZ and stores the rotated solutiomr ot .

rot at egb

Rotates the solution in thgy array through the angIAzexlAeylABZ for the chimera
scheme with rotating grids.

bcchk

Determines if the boundary conditions/Bdeen set and fills the end-points for safety

xupdt

Updates the fringe points of/erlapped grids with boundarales which hee been
interpolated from other grids to pide the mechanism for coupling tharious grids.

geti bk
Reads the output from MaGGiEutnot the grids).

intrbc

Interpolates the corrections for boundaajues for all grids werlapped in the current
mesh.
ccf

Modifies u;, w;, a; (velocities and speed of sound at theffeld) based on poinby-
tex correction (used whed = -1 and thedrfield boundary condition type is 1003).
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J.5 LBCX Routines

J.5 LBCX Routines

tau

Computes a residual correction and stores #hgeg ofg for later use in determining
corrections to finer grids in the multigrid iteration scheme.

t au2x

Puts the restricted residual from a finer embedded mesh into a coarser mesh.

col | dat

Restricts auxiliary boundary condition data arrays to coarser meshes.

col I x

Restrictx, y, andz values to coarser meshes.

collv

Restricts wlumes to coarser meshes.

collq

Restrictsg (the primitve variables) with a @lume-weighted interpolation and residu-
als to coarser meshes. Also restrictsulebt eddy viscosity in the case of tukdnt flovs
to coarser meshes.

col | 2q

Restrictsg (the primitve variables) with a @lume-weighted interpolation and residu-
als from finer embedded meshes to coarser meshes.
col I qc0

Restricts conseative variablesQ, andQ,,—Q,_; to coarser meshes via summation
over fine-grid cells for use in time-accurate multigrid.

col | xt

Restrictsxt (array containing grid speeds) to coarser meshes.
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coll xtb

Restrictsxt b and at b (arrays containing grid boundarelecity and acceleration,
respectiely) to coarser meshes.

addx

Interpolates the solution or the correction from a coarser mesh to a finer mesh.

addxv

Interpolates the tuthence quantities from a coarser mesh to a finer mesh during mesh
sequencing.

add2x

Interpolates the solution or the correction from a coarser mesh to a finer embedded
mesh.

add2xv

Interpolates the tuthlence quantities from a global mesh to an embedded mesh during
mesh sequencing.

init

Sets the initial conditions on a mesh to be free stream.

initvist

Sets the tunblent initial conditions on a mesh.

rrest

Reads the restart file for a block.

rrestg

Reads the restart file to get the latest position for a dynamic mesh, along with corre-
sponding metrics and grid-boundary speeds. Also rgadfor a second-order accurate in
time restart.

wr est

Writes the restart file for a block.
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wr est g

Appends the latest position of a dynamic mesh to the end of the restart file. Also writes
qc0 for a second-order accurate in time restart.

metric

Calculates the cell-inteate directed areas.

tnetric

Calculates the time-metric terms for a grid in motion.

cel |l vol

Calculates the cellolumes.

ctinme

Calculates the time step for an inpukefixCourant number or calculates the Courant
number based on an inpulue ofAt.

vliutr

Performs the LU decomposition for a blogk 5 tridiagonal system of equations.

viutrp

Performs the LU decomposition for a blok« 5 tridiagonal system of equations
which is periodic.
bsub

Performs the back substitution for a bldek 5 tridiagonal matrix equation solution.

bsubp
Performs the back substitution for a bldek 5 tridiagonal matrix equation solution
which is periodic.

g8sdot (function)

Computes the dot product betweero tvectors.
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g8smax (function)

Finds the maximumalue in an array

g8sm n (function)

Finds the minimumaiue in an array

g8ssum (functi on)

Sums the elements of aator

g8vr ev

Reverses the elements in an array

| 2norm

Computes the L2-norm of the residuals or the change in premairiables from one
time to the nt.

| 2nor n2

Computes the L2-norm of the residuals, after subtracting out the coiatnilof the
unsteady terms that were added in subrout#sadd.

force

Integrates the forces on the body

csurf

Integrates control suaice mass fle and momentum/forces.

csout

Writes control sudce mass fls and momentum/forces to an output file.

r snoot h

Performs implicit residual smoothing (constant Gioent).

xnmuki n

Computes Sutherlarglformula with linear l& at lov temperatures.
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J.5 LBCX Routines

findmn
Finds minimum distances from field points to viscoadl(s).

findm n_new

Senes as a dver routine for computing distances to the closest viscouacgurf

bbdi st

Senes as a dver routine for determining the nearest bounding box for each field
point.

bbdst 1

Identifies the nearest bounding box for each field point.

cal c_di st

Finds the minimum distance to field points using the regensox algorithm.

col | ect _surf

Stores coordinates of sade points and identifies the neighbors of eactasenboint.

di stcc

Averages the distance function based at grid points to one based at cell centers.

di stcg

Collocates the fine-grid minimum distance function on a fine grid to a coarser grid.
initf

Initializes pointers to floating-pointwviables in recurse-box algorithm.
initi

Initializes pointers to inger \ariables in recurse-box algorithm.

ifree

“Frees up” pointers to inger \ariables in recurge-box algorithm.
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ffree

“Frees up” pointers to floating-poinakiables in recurse-box algorithm.

italloc (function)

Increments pointers to irger \ariables in recurge-box algorithm.

ifalloc (function)

Increments pointers to floating-poirdnables in recurge-box algorithm.

makebb

Senes as a dver routine for generating the bounding bsxfor the recurge-box
algorithm.

cal cbb

Calculates bounding bes.

getvrt

Searches for all points thatlfwithin a bounding box.

shel | s

Performs a shell sort.

spl tbb

Subdvides bounding baes.

push

Places an item into the stack and adjusts the pointer accordingly

pop
Remaves an item from the stack and adjusts the pointer accordingly

sort _x

Sorts surdice points with respect to-coordinate.
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nmove_r eal

Rearranges items in the real arkalyased on the pointeper m

nove_i nt eger

Rearranges items in the iger array based on the pointeper m

triang

Finds the closest distance from a field point to the actuai(f.e. not simply the
closest discrete sate point), using local triangulation of the sua.

heap_sort

Sorts a list of points.

cntsurf

Counts the number of viscous sagé points.

cel cen

Finds cell centers of field points.

ypl usout

Calls the routines necessary for calculating yplus at the first grid poiné aodd
walls.

cal ypl us

Calculateaf in turkulent flovs at solid sudces in a block and calculates statistics for

the y+ distribution (a/eragey+, maximumy+ and its location, standard\wdation).

f or ceout

Writes the forces and moments on indual blocks, as well as a global force/moment
summaryto an output file.

hi st out

Writes the cowmergence history for mean-flequations and tudbence equations to
an output file.
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J.6 DYNPTCH Routines

dynpt ch

Establishes zone-to-zone communication for block iatex$ that mee relatve to one
anotheyusing a patched-grid technique (nonconsre).

gl obal 2

Reads the dynamic patch input parameters.

pat cher

Calculates patched-grid interpolation dagénts.

| oadgr

Loads the proper grid from a 1-D storage array to a BEkarray

col | apse

Checks for collapsed points in the grid amgands an collapsed lines detected.

r echk

Checks for branch cuts.

expand

Expands the grid at boundaries.

i nvert

Determines generalized coordinates of cell centers of the “to” grid in terms of the gen-
eralized coordinate system(s) defined on the “from” grid(s).

shear

Determines the generalized coordinates of cell edge midpoings=06 andn =0
boundaries and determines the requisite shearing correction to the generalized coordinates
near¢ =0 and/orn =0 boundaries.

arc

Performs arc-length correction to the generalized coordinates near a boundary if
required when shearing correction haed.
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di agnos

Performs diagnostic checks on interpolation ficehts (generalized coordinates)
found via search andvarsion routines.

di rect

Computes normalized directed area components, ovagntly components of the
unit normal to a celldce.

proj ect

Projects a point onto a plane.

extra

Computes etra mid-cell points irg direction.

extrae

Computes era mid-cell points im direction.

t opol

Searches appropriate “from” blocks for current “to” cell cenBaiver routine for
determining andn of the cell center

t opol 2

Searches appropriate “from” blocks in one direction only for current “to” cell center

dsmin

Finds the closest point in a grid to a specified point.

Xe

Selects proper coordinates to use foemion.

xe2

Sets up the cofifients for locally fitting a polynomialariation in the¢ andn direc-
tions.
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newfit

Determines a ve polynomial fit for cells with stubborn ceergence.

trace

Writes the search routine history for the current “to” cell to unit 7.

transp

Translates the “from” block to pvade complete ceerage for interpolation for cases in
which the complete pisical domain is not modeled.

rotatp

Rotates “from” block to prade complete ceerage for interpolation for cases in
which the complete pisical domain is not modeled.

J.7 TURBS Routines

bl omax

Computes the turbent viscosity distribtions using the Baldwin-Lomé&ktwo-layer
eddy-viscosity model.

bart h3d

Computes the tuthent viscosity distribtions using the one-equation Baldwin-Barth
turbulence model.

spal art

Computes the tutbent viscosity distribtions using the one-equation Spafarntirbu-
lence model.

t woeqn

Computes the tuthent viscosity distribtions using the tarequation turblence mod-
els.

triv

Solwes a scalar tridiagonal system of equation
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