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COMOC II: TWO-DIMENSIONAL AERODYNAMICS SEQUENCE,

COMPUTER PROGRAM USER'S GUIDE
By
P.D. Manhardt, J.A. Orzechowski
And
A.J. Baker

COMPUTATIONAL MECHANICS CONSULTANTS
Knoxyi]]e, TN

SUMMARY

The COMOC finite element fluid mechanics computer program system is
applicable to diverse problem classes. The two-dimensional aerodynamics
sequence has been established for solution of the potential and/or viscous
and turbulent flowfields associated with subsonic flight of elementary
two-dimensional isolated airfoils. The sequence consists of three
specific flowfield options in COMOC for two-dimensional flows. These
include the potential flow, option (2DPF), the boundary layer option (2DBL),
and the parabolic Navier-Stokes option (2DPNS). By sequencing through
these options, it is possible to computationally construct a weak-inter-
action model of the aerodynamic flowfield. This report is the user's
guide to operation of COMOC for the aerodynamics sequence.

INTRODUCTION

The COMOC finite element computer program can solve various differ-
ential equation descriptions for fluid flows of practical interest. The
two-dimensional aerodynamics sequence has been established to allow deter-
mination of the inviscid and irrotational flow about an isolated airfoil,
and the resultant pressure distribution including the trailing edge wake
trajectory. The potential flow shape may be the actual airfoil, or an
"effective" inviscid shape established by inclusion of viscous and turbulent
flow effects in the potential solution. These corrections are determined
by solution of the boundary layer equations for the viscous attached flow,
and the parabolic Navier-Stokes equations for the merging of upper and lower
surface turbulent boundary layers into the trailing edge wake. Under the
assumption of weak-interaction, the viscous flow computations are executed
within the axial pressure (gradient) field established from the inviscid



flow solution. The program outputs all viscous flow parameters of interest.
The computed distribution of displacement thickness can be employed to
augment the inviscid airfoil shape, and a new potential flow pressure dis-
tribution then established. Therefore, by cycling through the various flow-
field options in COMOC, it is possible to build a weak-interaction solution
for the aerodynamic shape of interest.

The two-dimensional aerodynamics sequence in COMOC is constructed upon
three distinct program options. Each option is basically a computational
sequence that allows solution of the differential equation(s) governing
specific classes of fluid flow. The potential flow option (2DPF) establishes
the distribution of velocity perturbation function for inviscid irrotational
flow about an isolated two-dimensional airfoil. It can be instructed to
call the pressure coefficient routine which computes C, from the potential
distribution on the airfoil and on the trailing edge wake. The boundary
layer flow option (2DBL) establishes solution for turbulent two-dimensional
attached flow in a given C, distribution. It can run two (opposed) boundary
layer solutions with distihct Cp as well, as occurs with upper and lower
surface flows on the airfoil. ?n both cases, closure for turbulence can be
accomplished using mixing length theory (MLT), or a second order model built
on turbulent kinetic energy (TKE) and solution of additional differential
equations. Upon special input specification, an economical integral boundary
layer solution can be computed as well, for the entire airfoil including
transition from laminar to turbulent.

The merging of the upper and Tower surface boundary layers at the trail-
ing edge into a turbulent downstream wake is an important part of the inter-
action flowfield. Solution for the wake flow is accomplished using the para-
bolic Navier-Stokes (2DPNS) option in COMOC. The lateral boundaries for
this flow are the extended upper and lower surface inviscid flows and the
solution is marched down the wake. Closure for turbulence must now be the
TKE model; initializing levels are obtained from the boundary layer solutions.
Both the 2DBL and 2DPNS options provide detailed downstream distributions of
jmportant integral parameters, e.g., skin friction (if appropriate), dis-
placement thickness, shape factor, etc. In the wake region, these parameters
are referenced to the downstream projection of the trailing edge included
angle bisector. The displacement thickness is usually interpreted to define
the effective boundary of an inviscid flow. Therefore, the computed distri-
bution of displacement thickness on the airfoil surface and wake can be em-
ployed to define a new effective inviscid shape, and the sequential solution
procedure repeated. This constitutes the weak-interaction solution algorithm,
which the aerodynamics sequence in COMOC is capable of executing.

COMOC is undergoing a rapid rate of growth and the features of the pro-
gram discussed herein are newly developed. The theoretical foundation for
the finite element solution algorithm, applied to the components of the weak
interaction solution, and detailed analysis of accuracy, convergence, and
verified capabilities are presented in reference 1. This report is intended
to guide the program user in correct problem specification and data deck
preparation. It contains a discussion of the organization of COMOC, including
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a complete description of all real and integer arrays and all FORTRAN varia-
bles. Brief mathematical descriptions of:the problem statements are given
in the next section, including boundary condition constraints. An overview
of the finite element algorithm form is presented. The next section dis-
cusses data deck preparation, including detailed output for comparison
standard test cases. The final section presents the organizational and
logical structure for the program.

PROBLEM DEFINITION

Aerodynamic Potential Flow

The 2DPF option in COMOC solves the elliptic boundary value statement
for the perturbation potential function, which is the Laplacian, i.e.,

52
L(¢) = x22 = 0
o Xjoxy (1)
The definition for ¢ , in terms of the reference freestream velocity at
angle of attack and the local velocity vector uj is
= pa _.EL
Uy = ”oo[ej T,
T (2)

Equation (2) provides the flow tangency boundary condition used for solution
of equation (1). Denoting #; as the unit normal vector defining any
impervious surface, the boundﬂry condition is

a¢ A _ A A
N, = €.Nn.

In the freestream, sufficiently remote from the airfoil surface, the flow
is undisturbed. Hence, equation (3) vanishing identically can account for
this as well as the Kutta condition to admit angle of attack.

Turbulent Boundary Layer Flow

COMOC can execute this eption using a coordinate stretching transfor-
mation to economically account for boundary layer growth (see ref. 1,
equation 94). Denoting . as the time-averaged mean flow velocity vector,
and assuming constant density, the 2DBL option solves the differential
equation system

o - 5, i
L{dy) = [Ké - (np + ”h3)'é?{]“1 7O : (4)
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In equations (4)-(7), v& 1is the effective kinematic viscosity defined as
v¥ = Re~lv +tvg

(8)

Here, Re is flow Reynolds number and vt 1s the turbulent eddy viscosity,
defined as

292]_ 1 o

tl

Vi

Cyk2e1 (TKE) ‘
G A (10)

In the MLT specification, « 1s the VanDriest damping and & 1is the mixing
length.

Boundary conditions are requ1red for all four variables, equations
(4)-(7), at the wall and all except u; at freestream. The freestream
condition is simply vanishing gradient. The no-slip constraint is used for
Uy and O, may have a specified value at the wall. The TKE closure is
jnvalid at a no-slip wall, since the local flow is not fully turbulent.
COMOC employs a sub-layer model to internally evaluate appropriate boundary
values for both k and e , at a user- -specified value of y+ (see ref. 1).
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Turbulent Wake Flow

The 2DPNS option in COMOC can be entered directly under a restart from
the 2DBL option. The 2DPNS equation system is.

! oy D gam : : '
15 L(p) = _—(3"1‘ pi;) = 0 (11)
_ o, = ol aﬁ]
~ - d ] e i 2
L(pli;) = pliyzot + = - u [ + =0
’ R I i TR (12)
3 d fve o |
L(k) = ——(i.k)
) axj J axzt?rk ax&_
du, 3 .
e 171
Xy Xy )
9 s ve o€
Ll = agliE) - agieroax,
d3u, o, :
o oplg-1e 1771 2 2 -1 _ \
Ceek™ v 3%, X Ceek 0 ‘ (14)

L

where 1 < i,j <2and 2 =2 only. The second of equations (12) is now
solved for 5, with equation (11) providing the freestream boundary
conditions in“terms of Cp, top and bottom. Since the wake is an unbounded
flow, the slip surface has vanished and the solution domain for all variables
is closed by vanishing freestream normal gradient. Further, the TKE equation
system is everywhere valid.

Finite Element Solution Algérithm

The appropriate differential equation systems are established. Each is
a special case of the general, second order elliptic boundary value specifi-

cation

,' -3 fy3q 2 5 i, =

(15)



where q is interpreted'as a generalized dependent variabTe, i.e.,

{9s U 1,,U2,k,e } .. The boundary condition statement applicable for all
numbers of "the"set q is §

2(q) = atllq + a(z)K-gg—ﬁ2 + a3 < g
L Xy
The finite element algorithm for equations (15)-(16) is established
using the method of weighted residuals. It is

(16)

I

. I {6(xg)} L(q*)dr - A[{o(xy)38(q*) dr

o
0} ! (17)
&n - 3RynaR ;

where S is the f1n1te e]ement assemb]y operator and W1th1n the finite
e]ementmdoma1n Ry » the finite element approximation qp to the solution
q is _

qﬁ (X'i) = {f(x,g

T L)}, (18)
where {f(xz)} are polynomials written on coordinates spanning R,. Upon

application of a Green-Gauss theorem, the giobally assembled algorithm for
the representative differential equation system (15)-(16) is

S I {4} K-EL-dr + ] {¢} (f] + f3)dt |
BT T T | |
m m L (19)

o B0+ 2T
BRpnaR

{0}

In equation (19) the ali) are coeff1c1ents in the boundary cond1t1on -

statements. Of particular interest, note that for q = ¢,

a(3); hs & (20)

which introduces the non-homogeneous boundary condition constraint directly
into the algorithm.



DATA DECK PREPARATION

The input facilities in the COMOC weak interaction viscous-inviscid
interaction flow program are highly sophisticated and greatly simplify data
deck preparation and modification. The program sequentially scans the data
deck and operates on command data cards as they are encountered. Numerical
data required for each command operation is input in free format on cards
directly following the command card. Command operations can cause vectors
to be filled, initiate a series of solution operations or specify output
formats and titles. Command card sequence is quite flexible and care has
been taken to ensure that most operations which must be performed sequen-
tially are specifiable under one command name. Guidelines for numerical
data preparation,command card sequencing and utilization of the output are
described in this section. Copies of actual data decks used for solution
~ of the test cases are given in the appendices ‘for reference.

P

Structure and qudelines

The COMOC data deck for weak interaction flow solution is divided into
six sections for description. Exclusive of machine related job control
cards, the six sections consist of a Fortran main routine and accompanying
subroutines (if any), namelist data, geometric description, output format
specification, boundary and initial condition data and solution command
cards (Fig. 1). Each of these data and its subset is preceded by a
command card which directs a program activity which when completed returns ,
control to the next data card. The program operates in a dynamic storage ¥
mode and the function of Main is to allocate sufficient storage for the IZ
array which is internally sized as a function of the number of finite elements
requested for a specific problem. The namelist section of the deck is used to
specify scalar integer and floating point data utilizing the Fortran namelist
option. The data is read in namelists NAMEO1l and NAMEO2, respectively, and
stored in the arrays IARRAY and RARRAY. Execution of the namelist read is
initiated via commands FENAME ©r NAMELIST.

The geometric description section contains the data required to generate
a finite element grid suitable for solution. Command FEDIMN dynamically
dimensions the arrays required by the analysis according to the number of
nodes (NODE) specified in namelist NAMEOl. The finite elements are generated
via command card LINK2 (14) for viscous flow and LINK1 (09) for potential flow.
Finite element numerical data follows these cards as noted in the data deck
description. ' '

COMOC employs a highly adaptive output routine which allows for data
specification of the scalar and array variables to be printed, scale factors
to be applied to each variable and titling information to head each variable
1ist. Each is specified under a command name in the output section (Section
IV, Fig. 1) of the data deck. The program operates in non-dimensional units
and the data specified scale factors are utilized to present the results in
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"a consistent set of units. A reference length parameter (REFL in NAMEQ2)
is also available to scale all output to a problem reference length, i.e.,
airfoil chord length. In addition, command names are available for speci-
fication of problem identifying titles to be printed at various strategic
locations such as the beginning of each set of printed output.

The fifth section of the data deck contains the required boundary and
initial condition data which are specified at the solution nodes. The finite
element method easily handles mixed boundary conditions, hence, both fixed
and Neumann type are allowed. Parameter tables such as C_ vs X may also
be specified in this section. Initial conditions are required only
for the viscous flow calculations. The inviscid (Cp) solution boundary
conditions are automatically generated in subrout1ne ARFOIL, hence, need
not be specified.

Section VI contains the commands for the solution proper. For poten-
tial flow, the Lapiacian elliptic boundary value problem is solved on the
perturbation potential function. Pressure coefficient Cp is subsequently
evaluated over the airfoil and in the wake region by differentiating ¢.
For viscous flow solutions, the generated C, curve is differentiated in
DPDXTB. Upon command QKNINT in the solution section,integration of the
2DBL equation system over the airfoil or integration of 2DPNS in the wake
region is performed subject to the applied pressure gradient.

A complete listing of the allowed command names and a brief description
of their use is given in Table 1. During the progression from sections one
to five in the data deck, various execution and data management commands are
required in addition to numerical data specifications. These are more fully
explained for particular sample test cases which follow.

Free Format

Most of the numerical data other than command data specified in the
COMOC input deck may be input in free format. Data delimiters may be blanks
or commas. The end of a data set is indicated by a T or blank card for
numerical data and a DONE beginning in card column 1 for literal data.
Exceptions to the rule are namelist data which utilizes the standard Fortran
Namelist option and certain special card types which combine 1iteral and -
numerical data. Command cards are an example of this type and the restric-
tions imposed are that the command name begin in column 1 and numerical data
begins beyond column 10.

Several features which greatly simplify sequential and repetitive data
specifications are available in free format. For example:



Repetitive Numbers 12. 5%7.

Fills Array 12. 7. 7.7.7.17.
Repetitive Sequence 2(5. 2. 4.
(one per card only)

Fills Array 5.2.4.5.2. 4
Skip P locations 10. 12. 3*p. 22. T

Fills Array 10. 12. A 4 4 22.

Increment by a constant 5*50 10 T

Fills Array 10 60 110 160 210

Exponential Notation 6. 10.E-2 14.E-4 T
Fills Array. 6. .1 .0014
Restart

The airfoil viscous solution proceeds in marching fashion along the
upper and lower airfoil surfaces toward the trailing edge and into the wake
region. If the solution fails to reach the final station in the allotted:
Cpu time, it is desirable to restart the solution where it ended rather than
begin again. The RESTART and SAVETAPE commands permit this by writing the
entire stored array on a user specified file at each requested print interval.

Sample Test Cases

Three test cases were selected for checkout of the COMOC solution options
which are coupled under a weak interaction assumption. - Test case results are
presented in the accompanying theoretical report (ref. 1). Potential flow and
pressure coefficient (C,) were calculated for flow over a NACA-0015 airfoil
with modified leading edge region as noted in Ref. 2. Secondly, a viscous
boundary layer solution was obtained for the geometry of Bradshaw as reported
in the Stanford Conference Proceedings (ref. 3). The wake region. was analyzed
for a Joukowski 12% thick airfoil at 6° angle of attack. Data deck setup for
these cases is described in detail in the following sections and a copy of the
compiete data deck for each is presented in the appendices.
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TABLE 1

Command Name Input

A CONTRAL CARD WITH THE FGLLCWING PARAMETERS 1S READ IN ~

PARANETE R| FORMAT (ARC CCLS CESCRIPTION
Vi A8 1 - 8 [CONTRGL VARIABLE.
NMUL FREE AFTER 8 |[NMULLL) = NX
NMUL{2) = NPCD
NNUL(3) = NREPET
MMUL(4) = NRTAPE
TG AMULIN) o

IF KOUMF = 1 IN NAOMEQOLl, THEN THE ENTIRE INPUT CARD IS PRINTED

IMAECIATELY AFTER BEING READR FCOLLCWECD BY THE DATA THAT IS BEING

STOFED ALCNG WITH THE DATA'S ENTRY POSITIOM IN THE IZ ARRAY
[SEE TPLACE AND ANFLACR)

THIS ROUTIANE LCCKS FIRST FGR & MATCH CF VI WITH CERTAIN KEY WORDS :
WHICH WwIlL ETTHER CAUSE A SUBROUTINE TO EE CALLED OR PROGRAM
FLCW TG CCCUR.

THE KEY WCRDS THAT RARE SCANNEC 2RE -

- e e e e e e e e = e = m e =

ABSVAL N1 A2 N3-  SET RZ{TZ{(NZ)) = AGS{RZ(IZIM3}}, T = L, Ni

(BLANK) -  RETURN TO SCAN ANOTHER CARD.
cervec - PRINT THE COMCC TITLE PAGE TWD TIMES. .
SCOMTITLE - READ A TITLE CARD WHICH WILL APPEAR ON CCMOC.
CESCRIFT MX -  CfLL CSCRPT AND PRQCESS ACCORDING TO NX.
NX

FLANK - READ AND WRITE INFORMATION CARDS.
203 - READ TITLES FOR DEP, VAR. QUTPUT HEADINGS.
274 - READ DESCRIPTIVE TITLE FOR HEAGING
AT BEGINMING OF QUTPUT HEADER.,
332 - READ TITLES FOR PARAMETERS PRINTED IN
THE OULTPLT READER.

END - RFTURN CONTRCL TO MAIN PROGRAM, RESET ARRAYS
AND RETURN TC BDINET.

EXIT -  CALL =XIT.

2DPF - - SET IBL = 0 ANC !PHI = 1.

3CRR - fET 1aC = 1.

3EFNS -~ SET IBL = 1 AND N3DPNS = 1.

2O0NS - $ET 18L = 0.

FEDIMN ~  (ALL DTMENSIONALIZATION ROUTINE FEDIMN,

FENANME - (ALL FENAME TO SET CEFAULT SCALARS AND THEN

CALL AMELST 710 READ IN NMAMEGL AND NAMEO2 -
NAMEL ISTS. :

TARRAY N1, N2y N3, N4, ETC. :
SET 1arRPmAY(ALl) = N2, TARRAY(N3) = N&, ETC.

11



TABLE 1 Contd.

ICCND - CALL 1CCAMD TC PRINT REAL AND INTEGER SCALARS,
INPUT N1 - SET INPUT UNIT TO Nt. :
INTEGER -  ALLCWS NFW VALUES TO READ INTO A SEQUENCE
CF LCCATIONS IN ThRE BORDER, IPLACE AND NLOC
VECTORS.
KBNO NX - ENTER FIXED NCRDES FCR DEP. VARIABLE NX.
CALL CETBMD .
KBAD NX 1 - ENTER FIXEC NOCES ANC/CR BOUNDARY

CCNDITICNS FOR DEP. VARIABLE MX.
(AaLL CGETRCC

LINK] M X - CALL LINKLINX)

LINK2 NX - (ALL L INK2{NX)

LINK3 NX -  CALL LINK3(NX,CUMMYL,DUMMYZ2)
LINKSG MNX -  CALL LINKGINX,sK)

LINKS NX - (ALL LINKS{NX)

MATSLM N1, N2, N2, N4, NS
- C2LL MATSUM ( RZ{IZI(NZ2})y RZ(IZ(N3}), RARRAY(N&),
RZLTIZINS YY), N1 )

NAMEL 1ST - CALL NMMELST TO READ IN NAMEOl AND NAMEOQ2
MAMELTSTS.,

PDUMP N1 N2 N3 - (ALL PCUMP ( TZ(12{N2))}, IZUIZ{N3)}, N1 )
FLUS dL N2 N3 . o o ETC.
READ AL N2 N3 N4
READ ( N1 ) RZ{IZ(N3)+N4) , I = 1, N2

SAVETAPE N1 N2 - SAVE CUTPUT CN UNIT N1, REWIND AFTER

MOD { KOLNT, N2 ) = D,
SETVAL N1 N2 N3 MNs NS

- CALL SETvVAL { RZIIZIN2}), RZ(IZIN3)),
RARRAY(M4), RAKRAYI(MNS5)}, N1 )

SQRT AL N2 ... - PRARRAY(NL) = SCRT{RARRAYI(NZ2)}
RARRAY(N3) = SGRT(RARRAY(N4))
« « o ETC,
SQRT N1 N2 M3 - RZ({IZ{N2) = SQGRTI(RZ(IZ(N3})), I = 1, N1
VYYEND NX - CENDTES END OF INPUT FOR DEP. VAR. NX,

WRITE NL N2 N3 A4
WRITE ( M1 ) RZITZ{N3)#N4) , I =1, N2

IF ANCNE OF THE ABOVE SITUATICMS OCCUR,
THE VFCTORS BCRLCER AMD VALUE ARE SCANNET UNTIL A MATCH IS FOUND
ANC THE LOCATION IS STCRED IN THE PARAMETER 'K?',

12



TABLE 1 Contd.

DESCRIPTIOM OF INTECER TYPEZ INPLT

FORCER 1S A VECTOR NF CCNTRCL NAMES WHICH IS SCANNED WITH THE USER
INPUT CCNTRQOL FOR INTECER INPUT,

’

TZ(IPLACE(K)) = LCCATICN IN TrHE 1Z ARRAY AT WHICH TO BEGIN
STORING INTECGER ENTRIES.

FTARRAYINLCCI(KY) = MUNMEER CF ENTRIES STOREL STARTING AT
TZ{IPLACE(K) ),

IF NX .NE, -1, CALL CETSND TO ENTER INTEGER DATA.
IF AX .5C. -1, CALL #DCCEL TO ENTER INTECER DATA.

SEE CETBND FCR INFUT DESCRIPTION,

K | ECRODER IPLACE(K]) | NLCC(K) CEFINITION
3| THICK 68 33 ELEMENT THICKNESS VECTOR.
7| IPINT 5 31 SCLUTICN SEQUENCE VECTOR.

12 | LINKCALL | 121 125 LIMNK NCS. TO BE CALLED AT END OF QKNUIN,

13 ] SPECIES 21 121 VERIAPLE NOS. FNR SPECIES TN BE RUN,

14 | IOMULT 123 &1 DLTPLUT VARTABLE MULTIPLIER FROM RARRAY,

15| TASAVE 124 60 VARTABLE LTIST TO BE DISPLAYED AT OUTPUT,

L6 § CNTPTS 127 47 CCNTCUR NODES TO BE USED IN
CONTES, DFCFBL, TRETHK, WLFLXS, ETC.

L7 | CNTNDS 128 128 N2, OF NODES IN EACH CONTOUR L INE.

13 | 18CRE 38 121 COUNTER-CLNCKWISE LIST OF BOUNDARY.

21 | TCAUMR 131 142 LIST OF ENTRIES IN RARRAY TO BE
CISPLAYED AT START OF EACH CUTPUT.

22 | VEARA 135 67 LIST JF MULTIPLIERS IN RARRAY USED

) TG MULTIPLY IONUMB ENTRIES,

26 1 NX 117 67 NO. CF SUBDIVISIONS / SUPER ELEMENT
ALCNG CIRECTION 1,

27 | NY 118 €T NO. OF SUBDIVISIONS /7 SUPER ELEMENT
ALCNG DIRECTION 2.

29 | ELEMENTS | 26 L4 READ IN ELEMENT NODE COUNNECTIONS.

NITE -

NLGC(K) CR NVOC{K) = 67 IMPLIFS PRESET LENGTH IS NOT CHANGED.

13



TABLE 1 Contd.

CESCRIPTICN CF REAL TYPE INPUT

VALUE IS A VFCTOR OF CONTRECL NANES WHICH IS SCANNFD WITH THE USER
INPUT CCMTPROL FOR REAL INPUT,

TZINPLACE(¥)) = LCCATICN IN THE 1IZ ARRAY AT WHICH TO BEGIN
STORING fEAL ENTRIES,

TARRAY INVOC (K} = MNUMBER CFf ENTRIES STORED STARTING AT
TZ{NPLACE(K) ).

RCUTIME REDREL IS CALLED AT THIS TINME TC ENTER DATA.

THESE CONTRCL CARCS CAN CCANTAIN A CRCUP OF MULTIPLIERS FOR
THE ENTERED CATA.

Le Go
VYY 3 -10d.1 =21
1.2 0.9 3.7 T VORTICITY INPUT
THE PRAGRAM SETS AMLLT = -100.0 * RARRAY(3) / RARRAY(2T7)
THEN VYY (1) = AMYLT =% 1,2
VYY(2) = AMULT % 4.6
VYY(2) = AMULT % 3.7
K VALUE NPLACE(K) | AVECCIK) CEFINITION
7 yU3PQsS 65 178 X STATICN FOR VAR[ABLE GRID CHANGE.
4  VyU3VAL 66 €1 SCALE FACTOR FOR VARIABLE GRID CHANGE.
5  VTHICK 70 67 VALUE CF ELEMENT THICKNESSES.
DEFALLT = 1.9 / ALC
6 VRHKD 84 67 DENSTITY AT NODE PIINTS.
_ CEFAULT = RHOINF
7 VTTAB 19 5¢ TARLF LNOK-UP TEMPERATURES.
CEFAMILT = TOFIMF
8 VCPTAB 18 67 TARLE LCCK-UP SPECIFIC KEATS.
CEFAULT = CPIINF
9 VXICCR 39 16 XL-CCCRCINATES AT NODE POINTS.
10 VX2COR 99 16 X2-CCCRDIMNATES AT NODE POINTS.
11 VH 79 67 SNTHALPY DISTRIBUTION AT MNODE POINTS.
DEFALLT = 1.0
16 VPRESS 91 67 PRESSURE VALUES AT NODE P3JINTS.
CEFAULY = PINF
17 VSCrMIDT| 114 67 SCHMIDT MO. DIST. AT NODE POINTS.
CEFMJLY = SCT
1é  vyy 82 £1 CEFENDENT VAR, CIST. AT XNUDE POINTS.
19 VTEMF 85 61 TEMPERATURE DIST. AT MODE POINTS.
FTEFAULT = TOFINF
22 VTK 58 67 THICKNESS OF ELEMENTS IN THICK VECTOR.
CEFAULT = 1.0 / ALC




23

24

25

2¢
27

29

[¥¥]
N

VSUTHLD

VPRANCTL
VvX3S8T

veySx
VEPSTLCN

RARRAY
VWALLSTA

VWALLVAL

134
139

1473
136

67

68

TABLE 1 Contd.

&7

67
161

&7
67

67

€l

STLDVR, STLDTR, STLDCR, STLDEX, STLCON
ENTRIES FOR SUTHERLANDS LAW.
DEF. J1163E-4,y 494.0, 204.0,y 1.5y 0.0
PRANDTL NJ. DIST. AT NODE POINTS.
CEFAULT = PR
DOWANSTREAM STATIONS AT WHICH PRESSURE
IS CEFINED,
NCLASTREAM PRESSURES AT VX3ST.
TURBULENT VISCOSITY AT NODE POINTS.
DEFAULT = XMUINF
RARRAY{NX) = AMULT, WHERE
AMULT = COMBINATION Of REMAINING ENTRIES.
COWNSTREAM POS. AT WHICH TC

INJECT TRANSVERSE VELOCITY,
VALUE CF INJECTED TRANSVERSE VELOCITY.
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NACA .0015. (Modified). Potential Flow..

Data specifications for finite element potential flow analysis over
single element airfoils has been greatly simplified through use of the COMOC
grid generator and automated evaluation of the airfoil normal gradient,(a3)
boundary conditions. The basic data requirements therefore, consist. of an
accurate description of the airfoil or viscous boundary shape. The airfoil
shape is left as a subroutine specification since certain classes such as
Karman-Trefftz may be generated rather than data specified. Subroutine
SHAPE is keyed to call various subroutines which generate airfoil shapes.

An example of data specification for a modified NACA -0015 airfoil is’ shown
in Fig. 2. The airfoil is point specified and the subroutine is called from
SHAPE when JSHP is set equal to 2 in Namelist NAMEOl. Other airfoil shapes
may be similarly input by substituting the Fortran subroutine AFSHP in Figure
2 and specifying JSHP = 2 in NAMEOl. - The Fortran deck is placed behind MAIN
in section one of the data deck. —If the-airfeil -shapeis of-a-classwhich .
may be generated from general parameters such as maximum thickness ratio,
chord length, etc, such as the Karmann-Trefftz class of airfoils, shape
changes are effected by merely changing the shape generating parameters.
The required parameters for the Karmann-Trefftz class are trailing edge angle,
maximum thickness ratio (t/c), angle of attack (s) and camber angle (g).
These data are input in the Namelist NAMEQ2 and maximum thickness ratio and
angle of attack are always required since they are used to scale the solution
domain. Given an airfoil shape, thickness ratio and angle of attack, therefore,
the appropriate finite element grid for an external flow domain is automatically
generated and the gradient (a,) boundary conditions are evaluated and applied
at the appropriate finite elefent boundaries.

The following list presents the major sections of the potential flow data
deck and a brief description of the command and data cards required.

Section I Fortran Main and Subroutines

The function of Main is to allocate space for the data arrays. The amount
of space required is problem dependent and the size of the data arrays must be
initially guessed at for each different discretization refinement. The actual
size of the "IZ" array utilized by the program is printed (IARRAY (100) = IREND)
as illustrated in the output section and the dimensions in MAIN can be reduced
accordingly on subsequent runs. A list of MAIN for the potential flow test
case is 7}lustrated in Figure 2.

Airfoil shapes are input by subroutine AFSHP which directly follows MAIN
in the data deck. The maximum airfoil thickness (t/C) must be specified in
namelist NAMEO2 to provide the discretizer with the proper domain size scale
factors. Data requirements consist of the airfoil coordinates along each
surface non-dimensionalized by chord length and in the order upper, lower
proceeding from the leading to trailing edge, and the number of points along

one surface.

16
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-= PURPQSE ~- POINT SPECIFICATION GF. AN AIRFOIL SHAPE

C T R R B

CCMMON / ARRAYS / 1Z140000)

COMMON / VARBLE / TARRAY{00500), RARRAY(00500)
EQUIVALENCE { TARRAY(00092), [ZSIZE ) _
o CALL ERRSEY (207, 500+ =1, 15.0,.217.)
100 _CONTINUE
c

CALL ZEROTK
e _CALL RESET {00500, IAERAY, O )
. _.CALL_RESET (_00500, RARRAY, 0.,0_)

. LZSIZE .= 40000 ___. ... I
e CALL _RESET _ ( TISTZE, 12, 0 )
] CALL BDINPT
o G0 T0 100
END -
2a MAIN Program
SUBROUTING AFSHP{D,XLAF,X2AF,;MPTS) T T v m e e T

- ‘ CANRIINATES TN CHORD LENGTIIS, UPPER SURFACE FOLLOWED ™ ™7

BY LOWER SURFACY, LEADING EOGE TU TRAILING EDGE, —~ ~ "
T 100 TOTAL PIINTS (MAX.) ’ T T e

SAME MNUMITR OF POINTS UPPER AND LUOWER

MAXTAUM THICK, KATIO (T/C) ®MUST BE SPEC. [N NAMEDL

DIMENSTME D(1), X1AR{L),y X2AF({1) o
DIHMENSTOY X10015(050), X20015(050) Crn e e
DETA X10915/7 . . e e e
Co% 0., 0023, .0057, .01l4, 0173, .0229, .0343, .0458,
W « 0572400657, L0821, 1032, 21259, 1488, 1717, .206,
*# «2518By o3s 39433, 43891, 44349, 4807, .52065, 5722
L . 5295, 6887y .T439, .801l1lsy .8534, .9156% .S61l4, ley ™~
g ' 18%0.7/ ' B o
DATA X200157 ' ’ o T
* J.y 40145, 022, ,0287, 0336, ,0376, 0433, 0473,

6lo

* <05y 20532, .05+5y 4039, 0632y 0606%y 00693, .0721,
# <0746y W075, 0744, 0729, 0704, L0672, 00633, .059,
G .0533y 40476, .0408, .0335, .0252y 0106y 0077, .0y 7
" 18%0. / K . B
NPTS = 32 . oo . T PR -
00 100 T=L.,NPTS ’ ’
RIAF{I) = X12015(1)
XSAF(T) = X2G015(1)
WRITE(L GO IXLAF{T} s I=1,RFTS) - Lo o e mmmm e
WRITE(6,6L0) LA2AF(T) yI=1,MPTS) ’ ' T CooTT T
RETURN ’ oo T T e
FOPMAT(//7,10X3THDATA SPECIFIED AIRFCIL X1-COORDIMNATES, ™~ =~ 777~
* [/447TX,5E12.5)) '
FORMAT{/ 432X, 14HX2CO0RDINATES, (/+447X45E12.5))
E) A . Ce e e e e e

2b Subroutine AFSHP

Figure 2 MAIN Program and Subroutine AFSHP
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Section II NAMELIST Specified Control
' -and Reference Parameters

Command ' Name Code Function
2DPF Initiates COMOC execution
FENAME ' Read NAMELIST & set default values
&NAMEO1 Fortran NAMELIST integer data
JSHP 1 Karman-Trefftz class airfoil
2 Calls user supplied subroutine
AFSHP to obtain airfoil shape
NAFPT Number of data points specified
along one airfoil surface.
NODE Greater than or equal to the
number of solution nodes expected.
NVRHS Dependent variable to be used in
. 5 STRF.
NVP 5 Variable vector extracted from
dependent variable array.
NIZS 250 Data starting point in the IZ
array
KDUMP 1 Prints data reflection and IZ
array entry points.
NMBOUT 1 Number of output variables
NC Number of digits to right of
decimal in print + 3
LCOL Maximum number of columns in
discretization
KROW Maximum number of rows in:
discretization
NMOUT 2 Prints dependent variable ¢
solution in node number ascending
order.

18



Section II NAMELIST (Cont'd) ' 2DPF

Command Name Code Function
- NMOUT 3 Geometric form print _
&NAMEQ2
THKAF Airfoil maximum €hickness
ALPHA Angle of attack
BETA Karman Trefftz camber angle
TEANG Trailing edge angle
RNB Flow Reynolds number
COMPX Geometric form print compression
- factor (rows). Required if
NMOUT = 3.~ )
”
COMPY Geometric form print compression
factor (columnsg '
ICOND e . - . Prints. NAMELIST data stored in
e - arrays IARRAY, RARRAY.
FEDIMN _ Dimension: Arrays
Section III Finite Element Discretization ' 2DPF
-Command ' ' Function
- wa_n- S - - Specifies grid refinement normal g

to the airfoil surface for each
super element

NY Specifies grid refinement along
airfoil surface for each super
element

LINK1 9 Generates airfoil flow domain dis-

cretization sized and scaled for
airfoil in subroutine AFSHP~

©OLIN 14 o Generate vectors for output
' - - control

19



Section IV Output Specification

Sample output is listed in the next section

Command

COMTITLE

DONE
DESCRIPT 204

DONE

Function

Reads title which is printed below the
COMOC symbol

Terminates literal data

Solution print heading

Same as above

The next three commands are inter-related and should be fully understood
prior to changing them. See subroutine BDINPT under subroutines and variables.

Command

DESCRIPT 332

MPARA -1

IONUMB -1

DESCRIPT 203

I0SAVE -1

IOMULT -1

Function

Solution print parameter titles
Starting location at RZ(L(32))

RARRAY locations of multiplier
to be applied to parameter print

RARRAY Tocations of parameters
to be printed

Titles to head dependent variable
(¢) print

List of dependent variables to be
printed.

List of locations in RARRAY of
multipliers to be applied to each
dependent variable for print

Section V Dependent Variable Boundary and
Initial Condition Specifications

The potential flow solution is strictly a boundary value problem, there-
fore, no initial conditions are required. Gradient boundary conditions are

internally computed
equation 16, hence,

20

from the specified geometry, and internally applied as in
no boundary condition . specification is required.



Command Function

IPINT . Mumbers- of--thes Depéndent and “Parameter
Variables:in:the Solution
Section VI Solution Procedure éDPF
Command Function
Link 3 4 Non-dimensionalize coordinates
LINK 1 3 Finite element matrices
LINK 2 5 Print node numbers
LINK 2 7 Potential Flow Solution (v2¢ = 0)
LINK 2 6 Print potential field
coMoc Print COMOC symbol and title
specified under command COMTITLE
EXIT : End of execution

Bradshaw. Boundary Layer

The finite..element discretization for 2D boundary layer solutions is one

dimensional and essentially consists of a column 6f one dimensional finite
elements normal to the airfoil surface. Explicit integration of the boundary
1ayer equations is performed over the column of elements as it marches in the

major flow direction. Specification of the finite element geometry has been

greatly simplified thru the use of geometric progression super elements where

each element stze is: a geometr1c function of the one preceed1ng it accord-

ing to the equation

Ml 5.0
z'i+1 ='ZO-l'stp\]

In equatioh (21) p is the specifiéd geometric progression ratio and M
For airfoil
flows, therefore, two super elements are required. The progression for the

the number of finite elements to be generated and scaled by S.

lower surface should be less than unity, while for the upper surface, greater

s

than unity to provide discretization refinement in the vicinity of the airfoi].

The fo]]ow1ng 1ist presents a dexcr1pt1on of the Bradshaw data deck
Parameters previously described are*Umitted-tO“ vovﬁ*reﬂundancy‘*—ﬁ compﬂéfe

listing of the actual data-deck-is.-given -in- Appendlx Bo - — .

o neme——



Command

FENAME

22

&NAMEO1

&NAMEO2

Section II

Name Code

IPTSPL

O =

ITWALL

Q=

NEQKNN

NM 2

NPRNT

NTKS

NTPRNT 99999
KNTPAS

RNULOC 0.

REFL
UINF
TOFINF
PINF
10

D

DELP

Namelist Specified Control 2DBL
And Reference Parameters

Function

t(wall), Patanker & Spaulding
t(wall), Ludwig Tillman

r(wall); du/dy wall

Use one of the above
Number of variables being integrated
(must net.be greater than NEQ)

One Qimgnsionalnfjnige Elements
Two-dimensional Finite Elements

Print page size,in columns
Number of 1ntegra1 parameters printed
Suppress ‘integral parameter print

Maximum number of integration steps
between prints

Laminar viscosity for Van Driest
coef. in DFCFBL ) )
Turbulent viscosity for Van Driest
coef. in DFCEBL

Reference length applied to output
Mean Flow Velocity (ft/sec.)
Reference temperature (Rankine)
Reference pressure (PSF)

Initial station for explicit
integration in direction of flow (ft.)

Distance to final integration
station (ft.)

Print interval (% of TD)



Bradshaw Section III Finite Element Discretization 2DBL

Command Function
LINKZ2 14 Forms discretization
VX2SCL

Z0, NINT1, 71, ZPR1, NINT2, Z2, ZPR2 Sample discretization card.
20 - first Z coordinate
NINT1,2 number of finite
elements, ZPR1,2 - geometric
progression ratio

NDECRD
NODZ, NOZ, 1, 1, O, T Sample node selection card
NODZ first node in discreti-
zation NOZ number of nodes
in Z direction

ELEM _ Finite element connection
table

DONE Ends finite element genera-
tion sequence

Section V Dependent Variable, Boundary and
Initial Condition Specifications

In this section, initial values of all dependent variables being integra-
ted must be specified at each solution node. An exception to this occurs when
integrating the TKE and DISS equations, since a program option exists which
allows these variables to be internally initialized from an MLT turbulence
model. Boundary conditions (eqn. 16) are specified in this section in two
forms, together with a vector of nodes along which each is to be applied.
Dependent variable values are held constant by simply specifying the dependent
variable number on the KBNO command card and listing the node numbers in free
format on cards following. (See subroutine GETBND in the next section).
Gradient boundary conditions are applied in a special format as described
under subroutine GETBCD. Other solution parameters may also be input in this
section in the form of tables to be interpolated as solution progresses (i.e.,
pressure coefficient for dp/dx1 evaluation). Table 1 lists and describes the
allowed command names and the = function of.each.
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Bradshaw

Command

KBNO 1

BOTTOM

VX3ST
VPVSX

VYY
VYYEND 1

Command

LINK2 4

LINK2 20
LINKCALL -1

24

Section VI

Section V Dependent Variable, Boundary 2DBL
And Initial Condition Specification

Function

Nodes where values of the variable 1
are to be f1xed

Special command card which fixes all
nodes along one surface. Other
options are Top, Right and Left.

Tabular input of x11ocations for
pressure table (ft.)

Tabular input of edge velocity

(U,/U.0)
Uy velocity initialization

(Non-dimensional input) may be input
dimensionally if non-dimensionaliz-
ing factor is specified on the VYY
card beginning in column 11. A
convenient method of nondimension-

-alization is to spec1fy the integer

location of UINF in the RARRAY array.

Solution Procedure 2DBL

Function

Calls the cont1nu1ty equation
solver

Bradshaw data initialization

Subroutines called during the
integration phase

Obtain P& ¢ from table

Evaluate gradients at airfoil
boundary



5 6 Evaluate effective viscosity
2 15 Evaluate the integral parameters

QKNINT Initiates explicit integration
phase to march the solution from
TO to TO+TD. At each integration
station,calls are placed to the
LINKCALL subroutines specified
under the command (Linkcall).

Joukowski Wake

A viscous turbulent solution was performed in the wake of a 12% thick
Joukowski airfoil at 6° angle of attack. The parabolic Navier Stokes option
(2DPNS) was utilized and initial velocity profiles at the trailing-edge.were
experimentally derived (ref. 4). The solution was initialized .01 chord
lengths upstream of the trailing edge and marched downstream and into the
wake region. A method of incorporating problem specification changes in
COMOC such as the sudden ending of the airfoil at the trailing edge is to
issue a RESTART command which is activated following return from QKNINT.

Upon restart program variables may be respecified and integrationm continued.
For the Joukowski airfoil test case the solution was begun at .99 chord

using the 2DBL option with TD set at .01. The restart deck following the
QKNINT command contained boundary condition information which effectively
removed the surface gradient. U, boundary conditions were applied and LINKCALL
was modified to perform a 2DPNS solution. The data deck sequence required

to perform this sequence is described below. Again, duplication of previously
defined parameters is avoided. A complete listing of the data deck required
to perform this solution is given in Appendix C.

Section II Namelist Specified Control and Reference Parameters 2DBL

Command Name Code Function

3DBR Initiates COMOC executions

FENAME Reads namelist data

& NAMEO1 B
NEQ Number of variable vectors in the

solution

LG ' E'Number of values in array. CNTPTS..
NU2P0OS Number of values in tables VU2PQS

And VU2VAL |
' 25



Command

&NAMED2

Name Code

NU3POS

NEQADD

NC

NBC

VSTART

Function 2DBL

Number of values in tables VU3P0S
And VU3VAL

Number of variables in IPINT not in-
tegrated until VSTART or C4EDSW
values of xl\are'reached.

Number of characters in a print
word

Number of a; » a boundary
conditions to be applied.

% of TD where U2 is to be
inif%a%ednwhen*ﬂs%ﬁg*GGNTEST—j~-

26

XMUINF
HSINIT
CAEDSMW

PRTKE
PRDIS

CATKE
C2TKE
CKTKE
cD

YLTKE

. ESCF

YPLUS

Mean viscosity
Initial integration step size

X, location where TKE and dissipa-
tion become dependent variables
and begin integrating (see NEQADD
in NAMEO1)

TKE from Prandtl mixing length

Dissipation from Prandtl mixing
length

Dissipation production coefficient
Dissipation dissipation coefficient
TKE Broduction coefficient

Constant in dissipation equation.

Constant for Diss. length.calcula-

tion:.for MLT.
Di¢s. with Scale factor. from MLT

Non-dimensional Y wall



Joukowsk i

Command

VU3POS

VU3VAL

~ KBNO

VYy
VYYEND

Section V Dependent Variable, Boundary * 2DBL
And Initial Condition Specifications

Function

Tabular specification of x; coonrdinate
describing geometric boundary variation
in the Z direction.

Values of Z at each VU3POS x; .coordinate
The 2DBL and 2DPNS equations are scaled
to allow for grid growth as the solution
proceeds

Nodes where variable is to be fixed

Variable No. 1

Uy velocity
Variable No. 2

Up velocity

Variable No. 5
Energy

Turbulent Kinetic

Variable No. 6 Dissipétion Function

Only U; need be initially specified.For
boundary layers U, is computed from the
continuity equation. The continuity
equation is initiated by setting VSTART
in NAMEO2, and Uz is counted as a var-
jable in NEQ but not in NEQKNN in NAMEO1.

TKE and DISS, variables 5 and 6
respectively, are initialized from the
MLT model. Setting NE1E2 equal to 2 and
E1E2SW to a small increment of TO will
initiate a laminar-turbulent (MLT)
sequence and NEQADD = -2 will maintain
TKE + DISS as solution parameters to be

~evaluated from MLT results. C4EDSW in_ﬂ

NAMEQZ is the X; location where varia-
bles 5-6 become”solution dependent
variables utilizing the values stored
during their parameter status as
initial conditions.
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Joukowski Section VI Solution Procedure 2DBL

Command Index Function
LINK2 21 Obtain pressure from the C, table.
SAVETAPE 10 2 ' Store the entire data arrays set

on unit specified at each print
station. The second integer indi-
cates the number of back-up writes
to retain for restart.

RESTART 0 1 To initiate a restart and allow
changes in the data deck. Change
equations to 2DPNS

~ The following explains the restart deck in Appendix C as used
specifically for the Joukowski test case.

Section II Namelist Specified Control © 2DPNS
And Reference Parameters
Command Name Code Function
NAMELIST Reads Namelist data
& NAMEO1
KDUMP 0 No print of input
1 Print input as encountered.
NEQADD 0 A1l equations integrated

immediately upon restart

NE1E2 0 : Do not evaluate MLT anywhere

28



Joukowski Section V Dependent Variable 2DPNS
Boundary and Initial Condition
Specification

Command Index Function

IBORD Set up vector of boundary-nodes for
boundary condition input.

RIGHT Freestream node along upper
surfaces
DONE Ends literal data
KBNO 1 . AT1 nodes in solution for Variable
: 1 (up)
DONE Terminates Literal Data:
KBNO 2 1 Dep. Var. 2 boundary conditions
BOTTOM 0,0,0, 0.0, 2, 4.321, 2 - -0.0;2 sets 3= 0:0
4.321,2 sets ' %§-= - Q%
TOP . 0,0,0, 0.0 2, -4.321, 2 Same as for bottom.

These cards set the boundary .
conditions required to integrate
U/ to form 2DPNS equation system.
ii.321 is a code indicating that
the a3 freestream boundary con-
dition is to be obtained from

du/dx.
DONE < Ends Titeral data
KBNO 5 Removes fixed restrictions on

TKE new airfoil surface

DONE . Terminates Literal Data

KBNO | 6 Removes fixed restriction on
dissipation near airfoil surface.

DONE S -

IARRAY 145 0 IMIN = 0

RARRAY 15 7 -1 H = (non-dimensional)

RARRAY 22 1.001 -1 Reset final station

(non-dimensional)

29
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Joukowski Section VI Solution Procedure (Cont'd) 2DPNS

Command - Index Function
LINKCALL -1 7 Calls routines to solve the
2DPNS equations
1 5 Evaluate dp/dx
2 15 . Evaluate integral parameters
5 6 Evaluate diffusion coefficients
3DPNS Flags 2DPNS solution
SAVETAPE 10 2 Saves data on unit 10 modulo 2.
QKNINT Initiates 2DPNS equation
integration.
EXIT End of job

_ Selected Print Samples

The output package in COMOC is quite versatile and allows the user
substantial print format control. The standard print may be described in
the three distinct classes of problem identifying titles, data reflection .
print and solution print. Each of these operates under control of the user
as described in the previous section. Three different titles may be input
under different command names for print below the COMOC symbol on command
COMOC, print at the beginning of the data reflection or as a descriptive
heading at the beginning of each solution print.

Data reflection print is accessed by setting KDUMP = - 1 in NAMEOL and the
print format is illustrated in Figure 3. Each card in the deck is printed
as it is encountered. In addition, vectors filled by array data are printed
directly following the data reflection, thus providing a positive verifica-
tion of proper input. Common data errors such as not specifying "T" or
blank card delimiters are easily detected since the reader will continue to
read cards until it encounters one of these. The print subsequently appears
as continuous data reflection of all the cards under the original command
name, thus providing a quick and positive data check. Scalar data is stored

in the arrays RARRAY and IARRAY. Print of these data is accessed by inserting

the command ICOND. Figure 4 illustrates the print format. This provides
-a quick check of the namelist data specification and program computed scalars
which are stored in these arrays. - T

B gy —mal —

—-
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Solution print may be subdivided into two parts for purposes of discussion.
The first contains header information which includes narrative titles speci-
fying the option being executed. This is followed by a titled table of
parameters as specified in Section IV of the data deck. Figure 5 illustrates
one of the more elaborate tables which includes mean values of various flow
and thermodynamic parameters in four different sets of units. Integration
parameters such as x5 station, current integration step size, cumulative
number of passes throagh the derivative evaluation routine, and number of
print stations are also given to provide information on integration status.

The header section is followed by print of the solution variables at
their current computed values. The variables specified under the I0SAVE
and IOMULT commands in Section IV of the data are printed according to the
-digit format specified in NAMEOI parameter NC. Titles for each variable
Printed are specifiable under command DESCRIPT-203 and appear as illustrated
in Figure 6. A1l dependent variables and their derivatives and node specified
solution parameters may be printed in this form.

Geometric form print of solution variables is the default option for print
at each solution print station. This form of print is illustrated in Figure
6 where the airfoil surface is envisioned at the center of the geometry and
the discretization proceeds above and below the surface. A more graphic
example of the usefulness of this option occurs in the potential flow solution
where a two-dimensional finite element grid is required. Figure 7 illustrates
that by geometrically ordering the print, values of potential function at
points of interest with respect to the airfoil are readily identified. 1In
order to keep this print form within a few pages, however, compression factors
must be applied to the data. These are specified as COMPX and COMPY in NAMEO2,
and higher numbers provide the most compression. Unfortunately, compression
causes some of the data to be eliminated from the print. The region of maxi-
mum loss is in the highly refined and more interesting portion of the flow-.
field. This problem can be overcome, however, by resorting to the more stan~
dard columnar form of print which is accessed by setting NMOUT = 2 in NAMEO1.

In addition to standard print. of discrete variables at selected print
intervals, the option exists to print integral solution parameters in the
2DBL and 2DPNS COMOC options at each integration station. This print, as
illustrated in Figure 8, provides an indication of solution progress between
print stations. Solution of these parameters must be requested (2-15) under
the LINKCALL command in Section VI of the data deck.

Upon call to QKNINT, a series of prints is initiated. The first, illus-
trated in Figure 9, prints the variable numbers and types in the solution.
If a restart unit is requested, the unit number is printed. The order of
calls for solution process is listed and identified, followed by the vari-
ables and multipliers to appear following the header page at each DELP.
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Figure 6 Typical Dependent Variable and Derivative Print
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soTution print interval. Following this print, a call to ICOND is initiated
to print the RARRAY and IARRAY scalar lists. This is followed by a node map
print which matches node numbers with their coordinates. A subsequent
standard solution print, as described above, is output which lists the
specified initial conditions.

¢ VARIABLES BEING INTFGRATED.
1 5 6 2 :

4 VARTABLES IN SOLUTION.
1 5 6 2

CSAVE ToTRUT ON UNIT 10
ORCER OF CALLS AT ©ND OF GKNUIN
CLINKLC 5) - DPOX
LINK2( 4) - GCUNTES

LINK2(15) = TRBTHK

; LINK2({ 3} - WLFLXS
§ LINKSt &) = 3ZTDIF 77 -
|

Ll PRINTOUT VARTABLES

| 1248 2248 5248 6243 1247 |
J1249 2249 5249 6249 305 .
PRINTOUT VARIABLE MULTIPLIERS,
2.2 2o
2 .2 . 2 .2 2o )

Figure 9 Solution Sequence Print,
Obtained Upon Entering QKNINT
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COMOC COMPUTER PROGRAM SYSTEM

General Overview

The COMOC computer program system is rapidly developing into its intended
design state as a general purpose differential equation solver. Present
capabilities include various fluid mechanics solution options (2DBL, 3DBR,
2DNS, 2DPNS, and 2DPF) including various turbulence modeling and thermodynamics
evaluation. The most recent capability-combines (2DPF, 2DBL and 2DPNS) into a
coupled weak interaction aerodynamic iterative flow solution sequence. The
program I/0 is highly developed and approaching a state of data specified
mathematical operations. The finite element method is utilized as the basic
numerical algorithm, thus providing the ability to easily model general geo-
metric boundaries and allows for simplified boundary condition specification.

The program is written entirely in Fortran and presently consists of
approximately 19000 cards. Array storage is dynamically allocated according to
problem size, making problem size limitation strictly dependent upon the
computer size on which it is run. This section gives a brief description of
the program flow followed by a 1ist defining the subroutines and some of the
more important variables in the program. Finally, some examples of diagnostic
print obrainable by code in Namelist NAMEOl are illustrated.

The COMOC macro-structure is illustrated in the flow diagram of figure
10. Main allocates core for the data arrays. The input module consists of the
sub-routines used to control the program flow and read unformatted data. A1l
data is read by subroutine REDREL controlled by READER. Command data are
interpreted by BDINPT which is the program director. Interpretation includes
the three categories of program control, integer data and real data. Command
data, therefore, controls the program sequence and directs the filling of
arrays. The LINK name is utilized to perform a sequence of operations which
require several subroutines. This manipulation helps insure that certain in-
ternal operations are performed in the proper sequence at the expense of some
user control. Vector initialization and discretization are user controlled,
but must be performed prior to the integration phase. Integration is initiated
by calling subroutine QKNINT and integration progresses via the integrator
QKNUIN. Derivative vectors to be integrated are formed in DERVBL. The user
has control over the equations evaluated through specification of dependent
variables in the IPINT array and NEQKNN in NAMEOl. User control of the sub-
routines to be invoked each integration step is exercised under the LINKCALL
command. Output is controlled by sub-routines REOUTP (prints node map) and
FEQUTP (prints data array) which are accessed through calls to LINK2-5 and
LINK2-6 respectively. Execution proceeds until T = TF whence control is
returned BDINPT. Command END is used to terminate a data case and EXIT
terminates execution. ,

The following pages list and give a brief description of the subroutines
and some of the more pertinent variables in the program.
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©
I

MAIN | | INTEGRATION

o

EQUATION
SOLVING

¥
PARAMETER
EVALUATION

YES. / caLl \ PRINT

EXIT

YES
®

V1=EXIT

YES

ouUTPUT

INITIALIZATION

y

DISCRETIZATION

Figure 10 COMOC Macro-Structure
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SUBRCUTINE DESCRIPTICNS,

NANMES IN PARENTHESES
IF NO

MAIN

ThHIS IS TkE

INCICATE CALLINCG ROUTINMNES.
NAME 1S ENTERED THEMN SEVERAL ROUTINES PLACE CALL.

MAIN CCNTRCL PRCGRAM WHICH INITIALIZES THE RARRAY,

TAPRAY AND THE IZ ARRAYS TQ ZERO.
TO CHANGE THE VARTABLE SOTRAGE CAPACITY CF THE IZ ARRAY, RESET
THE CIMEMSICN CF *12" ANC, ACCORDINGLY, THE VALUE OF *1ZSIZE?',

AFTER TNITIALTZATION THE

ECINPT

CEMTROL ROLT INE BDINPT IS CALLED.

(MAIN)

THIS IS TREE CCATRCL FCUTINE WHICH INITIALIZES VECTORS AND CONTROLS

THE FLOW OF THE PROGRAM ACCORDING

(

LINK]

TQ LSER INPUT.

SEE TABLE 1 FOR INFUT DESCRIFTICN. )

PLACE CALLS TC ThE FCLLOWING ROUTIANES.

2.
3.
4.
5.
7.
&.

L INK2

NCCELM
GECMFL
CETPPR,
CETPPR,
BCCNDT
CERVBL

GTIEDC
FRSGRC

PLACE CALLS TC THE FCLLCWING RCUTINES.

1.
2,

2

4.

5.
€,
IF

7.
Se
1G.
11.

42

tiTent
IF RESTART CODE

DFCFNS
CFCFBL
WLFLXS
CCNTES
RECUTF

FECUTP
DATA CH UNIT *'I708'.
Cy WRITE RESTART DATA ON TAPE

WRITE .'PLOTS!
IS .GT.

LT, 0,
INRT AFE?
STRF
CRFCBL,
TRLINP
CFFPKT
H2MI X
XY CROM
DSCRTZ
TRETHK
PFRMCP
ARFOILL
SYMELM
BLTINT

CEECNS, CRFQGS

'NRTAPE"*,



LINK3
FLACE CALLS TG THE FCLLCWING ROUTINES.
1. MBNDRY
2. RITE
4, DPCXTE, CIMEN ANC STORE DEP. VAR, LOCATION LIST IN IZ(INPINT)
5. LK

L INK4
FLACE CALLS TO TFE FCLLCWING RCUTINES.
2. QKAUIN :
9. PCTENT
LINKS
PLACE CALLS TO THE FCLLOWING ROUTINES.
L. NWCECH
2. CALL RCUTINES FROM LINKCALL LIST AT END OF QKNUIN.
3. CRINIT
5. SCHPRN
€. SETDIF

AESAVE

CCMFUTE TFHE SUM OF ABSCLUTE VALUES DOF A SEQUENCE OF WUMBERS.
ADDDEL ( ELEM, GETBCD, GETBND, SETUP )

ACD CF DELETE ENTRIES IN AN INTEGER ARRAY DEPENDING OMN THE

VALUE CF 'KTYP?,

KTYP = 1, CELETE

KTYF = 2, ADC
ASMSQ (STRF)

ECCLEAN ASSENMELY OF SQUARE SYMMETRIC MATRIX.
ASMVEC

ECOLEAN ASSEMBLY OF CCLUMN MATRIX,
AVRG

CGMPUTE THE ARTTHMETIC AVERAGE OF *NUMB' ENTRIES TN AN ARRAY.
EANCHC (STRF) .

SYMMETRIC EANCEC CHCLESKY LINEAR ALGEERAIC EQUATICN SOLVER.
BCCNDT { LINK1(7))

CRADIENT RCUNCARY CCANDITICN SPECIFICATICN (Al,A3) FIOR DEP. VARIABLE.

-1.234 = USE DUDY FOR A3.
+ OR -4.32Z1 = SET DVDY = ~ DUDX

BNOSET {GETBCO,GETBND)

DETERMINE NOCES TO RE INSERTED INTO BOUNDARY ARRAY.
CALORD (BDINPT)

PRINT CALL CROER OF RCULTIMES USED FOR VARIABLE PARAMETERS.

FRINT TATEGRATICN VARTAELE NCS. ANC CEPENDEMT VARIABLE NOS.

PRINT LIST OF PARAMETERS TO BE PRINTED IMN CUTPUT ROUTINE.
CCLS ({CSCRTZ)

CCMPLTE THE NUMBER CF CCLUMANS, *LCCL', IM THE OUTPUT DISPLAY

AND SET UP TFHE FILLCWINC ARRAY,

ITACCL(J) - NCo CF NCCES IN CCLUMN J,

CCHMCC (efIMPT)

PRINT THE CCNMLC SYMBECL CN TWO PACES ALONG WITH ASSOC. TITLE CARDS.
CONTES (LIAK2(4))

RUNNING SMOODTE CONTINUITY ZQUATION SOLVER TO COMPUTE U2 UP COLUMNS

CF NCDES AFTER VSTART FAS BEEN REACHEC.
CPIMIT (DIMEN)

CCMFUTE CPIMF AT TSINF.
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DELADD {ADDDEL)
ADD ENTRIES TO AN INTEGER ARRAY *NSIDE' AT A TIME.
DELELM (DELNOD)
DELETE ENTRIES IN AN INTEGER ARRAY *'NSIDE' AT A TIME.
DELETE [DSCRTZ)
DELETE NODES THAT ARE NOT CONNECTED YO ANY ELEMENTS.
DELNGD (ADDDEL} :
SET UP CALL TO OELELM AND SUPPRESS ZERO ENTRIES IN A VECTOR.
DERVBL {LINK1(8)}
FORM THE DERIVATIVE OF THE ORDINARY DIFFERENTIAL EQUATION FIRST
ON ULl-VELOCITY (GLOBAL CONTINUITY) AND OTHER DEPENDENT
VARIABLES INCLUDING SPECIES CONTINULITY, ENERGYs, LONGITUDINAL
AND LATERAL MOMENTUM, IF REQUIRED.
DERVDX {CONTES) .
3~-POINT FORWARD DIFF. FORMULA TO COMPUTE DERIVATIVE IN DOWNSTREAM DIR.
DESCRPIKA) [BDINPT)
DPDXTB )
COMPUTE DPDX FROM PRESSURE TABLE. OPDX IS CONSTANT OVER INTERVALS.
DFCFBL (LINK2{2))
COMPUTE TURBULENT VISCOSITIES FOR DEPENDENT VARIABLES FROM
l. TKE - DISSIPATION EQUATIONS OR
2. MIXING LENGTH THEORY, OR
3. COMBINATION OF BOTH TKE -~ DISS. AND MLT.
DFCFNS (LINK2(L1))
COMPUTE LAMINAR VISCOSITY ACCORDING TO TEMP. AT NODES
USING SUTHERLAND?®S LAW.
DIMEN {(LINK3{4))
COMPUTE NON-DIMENSIGNALIZING FACTORS USED IN PRCGRAM,.
DRHOBL {LINK2{9)) '
CALL IF IGAS = O IN NAMEOl
COMPUTES THE TEMPERATURE AND DENSITY USING A SIMPLIFIED
ENERGY EQUATION. ISOENERGETIC MIXING FLOW WITH 2 SPECIES.
DRHOGS {LINK2{9})
CALLED IF IGAS = 1 IN NAMEOL
COMPUTES THE TEMPERATURE, DENSITY AND SPECIFIC HEAT ON A NODAL
BASIS AS A FUNCTION OF PRESS.,, ENTH., VEL. AND SPECIES COMPOSITION.
IF NGETH = 1 -IN NAMEOLl, THE FIRST PASS THROUGH THIS ROUTINE
WILL RETURN ENTHALPY WHEN GIVEN THE TOTAL TEMPERATURE AT THE NODES.
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CSCRTZ (LINK2(14))

SET UP SCLUTICN CCMAIN CISCRETIZATION.

SET UP SCALE FACTORS,
ANC CCLUMN KEYS FOFf SCLUTICN ANMD PRINTOUT,

COCROINATES BY REFL.

CENERATE NCDES

AND ELEMENTS, COMPUTE ROW
AND SCALE INPUT

THE FOLLOWING KEYWCRECS ARE USED TO TRANSFER FLOW -

KEYWCRD

FCRMAT

ELCCK CCLS.

CESCRIPTION

VXLSCL

VX2ScL
NDECRD
N1

ELEM
N1

N2
N3

CCNE

A8

A8

FREE

A3
FREE

FREE
FREE

AB

AF1ER ©0L.
N1 EQ -1,

1 - 8

1 - &8
1 - 8

FAOR

1 - 8

BPFTER CidL. 8
LN SLEM CARD
PFTER N1
pPFTER N2

1 - 8

FOR N1 NE -1,

REAC THE
X0 -
NDIV1
xl
PR1
NDIv2

FOLLOWING IN FREE FORMATY
START OF X1 GEQMETRY.

ND. OF DIVISIONS IN FIRST INT.
X1 POS. AT END OF INTERVAL,
PROGRESSION RATIO FOR SPACING.
NO., OF DIV. IN 2MD INTERVAL.

X2 X2 POS. AT ERD OF 2ND INTERVAL.
PR 2 - PROG. RATIO FOR SPACING.
CCNTINUE WITH NDIV3 X3 PR3, ETC.
UNTIL A SCAN DELTIMETER *T!' OR A BLANK
CARC 1S SNCOUNTERRED. .

SAME AS VX1SCL BUT FOR DIRECTION 2

8 ON NDECRD CARD.

A RECTANGULAR GRID IS FORMED

FRCM THE VXLISCL AND VX2SCL INPUT.
READ IN RECTANGULAR MESHES, 4 PER
CERE IN FRET FORMAT.

TEAMIMATE READ WITH A BLANK CARD.
NRUy MCL, NCU

LCYER ROW MUMBER

UPPER ROwW NUMBER.

LOWER COLUMN MJUMBER,

LPPER COLUMN NUMBER.

NRL,
ARL -~
NRU
NCL -~
NCU
E.

G

3 8, 1 6

PRODICES A MESH OF NODES FRCM ROW 3

THRU KQW 8 AMD FROM COLUMNS 1 THRU 6

WITH SCALE FACTORS GENERATED ACCORDINGLY.
CENERATE ELEMENTS FROM RECTANGULAR MESH.

ACC ELEMENTS IN ELEM.
DELETE SLEMEMTS IN ELEM,
DIAGONALS BELCW ROW N3.

+1
-1
TURN

Hon

SC&LE X1COR BY XSCALE .
SCALE X2COR BY YSCALE AND RETURMN,

ANY CTHER

% % % NOTE * % %

KEYWCORC EMCCUNTERRED WILL CAUSE A RETURM FROM DSCRTZ.

VXISCL IS OPTICNAL FOR 1D ELEMEMTS.
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DUDY {WLFLXS)

THREE POINT INTEGRATION FORMULA FOR COMPUTY ING DUDY. -

ELEM (DSCRTZ)

GENERATE ELEMENTS AS A FUNCTION OF NODE COORDINATE INPUT.
USED PRIMARILY FOR A RECTANGUALR DOMAIN.

ELKEYZ2 (L7H)

GENERATE KEYS CORRELATING ELEMENT DOF TO. SYSTEM DOF.

FEDIMN (BOINPT)

SET UP DIMENSTIONS OF VARIABLE LENGTH ARRAYS USED IN THE
SYSTEM. - FINDS LOCATIONS OF CUTPUT ARRAYS FOR 'FEQUTP'.
IF *KDUMP::= 1, PRINT LOCATION OF ENTRY POINTS IN *1Z2*' ARRAY.

FENAME (BOINPT])

THIS ROUTINE CONTAINS A LIST OF ALL EGUIVALENCED VARIABLES
IN THE ITARRAY AND RARRAY VECTORS.
MOST DEFAULT VALUES ARE ALSO SET IN THIS ROUTINE.
CALL NMELST TQ READ IN NAMEOQ AND NAMEQO2 NAMELISTS.

FEPLOT (STOUTL)

GENERATE DATA TO BE USED FOR PLOT PACKAGES.

FINDBE {(BDINPT)

GENDA

DETERMINE A SERIES OF BOUNDARY ELEMENTS AS A FUNCTION OF
INPUTING BOUMDARY NOOES IN COUNTER-CLOCKWISE ORDER.
ON FIRST PASS., IF IBORD IS READ, FIND BGRDER ELEMENTS
AND REQRDER NODES SO THAT FIRST THO ARE ON THE BOUNDARY.

EXTRACT AN ELEMENT VECTOR FROM A GLDBAL VECTOR USING THE ELEMENT
CONNECTION TABLE *INODE’.

CEOMDR {GEOMFL)

COMPUTE ENTRIES FOR B112 AND B113 MATRICES.

GEOMFL {LINK1{3})

GENERATE THE UNIQUE ELEMENT MATRICES AND VECTORS,
SET UP THICKNESS VECTOR ITK.
GENERATE LENGTH * THICKNESS ARRAY IX1P2.
GENERATE AREA * THICKNESS ARRAY TAREA,
GENERATE 8112 MATRIX.
GENERATE 8113 MATRIX.
IF KODG .GT. 0. PRINT ELEMENT NO., NODES OF ELEMENT AND
CODRDINATES OF NODES FOR ELEMENTS FROM *IBOT' 70 *1T0P?.,
AFTER THE ELEMENT LOOP IS COMPLETED, PRINT THE VECTORS AND MATRICES
THAT WERE GENERATED IN THE ELEMENT LOOP.

GETADD {FEDIMN)

18M 360 ASSEMBLER LANGUAGE ROUTINE TO GET MACHINE ADORESS OF VARIABLE.

GETALC {XYCRDM)
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GETBCD {(BODINPT)

INPUT IS SIMILAR TO GETBND EXCEPT

THERE IS ONLY ONE BLOCK PER CARD -

KEYWORD FORMAT | BLOCK COLS.|DESCRIPTION
{SAME) - A8 1 - 8 SAME DEf. AS IN GETBND.
KEYWORD FORMAT | BLOCK COLS .|DESCRIPTION
KODE1 FREE AFTER 8 SAME AS KODEl IN GETBND.
KODE2 FREE AFTER KODE1|SAME AS KODEZ2 IN GETBND.
KODE3 FREE AFTER KODE2|SAME AS KODE3 IN GETBND.
Al FREE AFTER KODE3]|VALUE OF Al FOR THIS BOUNDARY.
MA1 FREE AFTER Al RARRAY MuULT. FOR Al.
A3 FREE AFTER MAl VALUE FOR A3 BOUNDARY CONDITION.
MA3 FREE AFTER A3 RARRAY MULT. FOR A3.
~ +MA1l = MULTIPLY BY RARRAY(MAl)
~MALl = DIVIDE BY RARRAY(MAL)

GETBCM (GETBCD)

EXTRACT BOUNDARY CONDITION VECTORS FROM INPUT DATA..

GETBND {BDINPT)
ESTABLISHES
EITHER THZ
FOLLOWING
EACH CARD

THE BLOCKS START IN COL.

THE BOUNDARY NODE VECTOR FOR EACH DEP. VAR. USING
WORD *ADD' OR SIMPLE GEOMETRY QOF THE PROBLEM WITH THE
KEYWORDS AND CODES - - ' .
1S DIVIDED INTO FOUR IDENTICAL BLOCKS OF 20 COLUMNS EACH
ALL BLOCKS ARE OF THE SAME FROMAT SO THAT A

-DESCRIPTION OFf GNE BLOCK ONLY wILL BE GIVEN.
le: 219 41 AND 61.

KEYWORD FORMAT | BLOCK COLS.|DESCRIPTION
TOP A8 1 - 8 ACROSS TOP FROM LEFT TO RIGHT.
~ToP . A8 1 - 8 ACRDSS TOP FROM RIGHT TO LEFT.
BOTTOM A8 1 - 8 ACROSS BOTTOM FROM LEFT TO RIGHT.
-BOTTOM | A8 1 - 8 ACROSS BOTTOM FROM RIGHT TO LEFT.
RIGHT A8 1 - 8 UP RIGHT HAND SIDE.
~RIGHT A8 1 - 8 DOWN RIGHT HAND SIDE.
LEFT A8 1 - 8 UP LEFT HAND SIDE.
~-LEFT A8 1 - 8 DOWN LEFT HAND SIDE.
(BLANK). A8 1- 3 IGNORE BLOCK. i
ADD A8 1 - 8 CALL ADDDEL TO INSERT ENTRIES.

’ IGNORE BLOCK COLS. 9 - 20.
DELETE A8 1 - 8 CALL ADDDEL 7O DELETE ENTRIES.

IGNORE BLOCK COLS. 9 - 20.

DONE A8 1 - 8 LEAVE ROUTINE.

FOR THE FOLLOWING KEYWORDS,

THE THREE CODES (WE'LL CALL THEM
KODEls KODE2 AND KODE3 FOR CONVENIENCE) WILL DETERMINE WHICH
NODES WILL BE SELECTED.

KEYWORD | FORMAT | BLOCK COLS.|DESCRIPTION
KGDE1 i4 9 - 12 ROW OR COLUMN DISPLACEMENT FROM
EDGE BEING DESCRIBED {DCF. = 0}).
KODE 2 14 13 - 16 POS. IN LINE TO START (DEF. = FIRST}.
KODE3 14 17 - 20 POS. IN LINE TO END {DEF. = LAST ).
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GETFSL {DFCFBL,TRBTHK)
FIND BOUNDARY LAYER THICKNESS, DELTA, AND NODE AT WHICH IT OCCURS.
GETIND (GEOMFL)
EXTRACT NODE INDICES FOR ELEMENT BEING PROCESSED.
GETPPR {LINKL1({5})
TABLE LOOK-UP OF PRESSURE AND DOPDX AS FUNCTION OF DOWNSTREAM STATION.
GMADD
GENERAL MATRIX ADDITION. C = A + 8B
GPAHFT { THERMO)
MULTIPLE SPECIES THERMODYNAMICS.
IF NGETH .GT. O+ CONMPUTE ENTHALPY DISTRIBUTION FROM TOTAL TEMP.
- IF NGETH .LE. Oy COMPUTE TEMPERATURE, DENSITY, SPECIFIC HEAT
AND MACH NO. AS FUNCTION OF PRESSURE, ENTHALPY AMD SPECIES COMP.
HZMIX {(LINK2{12))
COMPUTE THE MIXING EFFICIENCY HRSDOT AND THE MASS FLOW HDOT.
ICOND (BDINPT)
PRINT INTEGER AND REAL INITIAL CONDITIONS.
TARRAY{1l) — TARRAY(400)
RARRAY{1) — RARRAY{(400)
LOC (MPRD}
COMPUTE VECTOR SUBSCRIPT FOR AN ELEMENT IN A MATRIX OF
SPECIFIED STORAGE MODE. ’
LOCATE
FIND THE LOCATION OFf ?*M* IN THE ARRAY *NA* AND STORE IT IN 'N'..
LOOK
LINEAR INTERPOLATION ROUTINE.
LSFT {MISDIV) )
GENERATE A LEAST SQUARES FIT THRU & SERIES OF POINTS.
LTH {LINK3{5))
COMPUTE ELEMENT LINKING KEYS FOR SOLVER ROUTINE BANCHO.
MATSUM
COMPUTE All1) = B(1) + COEF * C{I)y I = 14 N
MINMAX {DSCRTZ,ORDER,SETSCL)
COMPUTE THE MINTIMUM *MN?® AND MAXIMUM *MX?* ENTRIES IN AN ARRAY
AT LOCATIONS 'IMN®* AND 'IMX' IN THE ARRAY.
MISDIV {CONTES)
POLYNOMIAL FIT THRU *NPT?* POINTS OF THE M—-TH ORDER.
NPT MUST BE AN OOD NUMBER.
MNMX (ELEM)

FROM AN INTEGER VECTOR INA CONTAINING NN ENMTRIES, STORE THE FOLLOWING -

LOW — POSITION IN '"INA' OF MINIMUM,
LHI — POSITION IN *INA!' GF MAXIMUM.
MN - MINIMUM VALUE IN 'INA'.
MX — MAXIMUM VALUE IN 9INA?
MPRD :
MULTIPLY TWO MATRICES AND STORE IN RESULTANT MATRIX.
C=A%8
MTRA { GEOMFL)
FIND THE TRANSPOSE OF A GENERAL MATRIX. T = A TRANSPOSE.
NBNDRY (LINK3(1))
THE VALUE DF 'NBSET* DETERMINES THE OPERATION OF THIS ROUTINE,
NBSET = 1, SET UP INTEGRATICN NODES AND STORE DEPEMDENT VARIABLE
INTO 'YY*! VECTOR. : ’ ’
0s SET UP INTEGRATION NODES AND RETRIEVE DEPENDENT VARIABLE
FROM *YY?! VECTOR. :

NBSET
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NDECRD {DSCRTZ)
GENERATE NODE COORDINATES FROM SUPER ELEMENT INPUT DATA.
NMELST (FENAME, BDINPT)
READ NAMELISTS NAMEOl AND NAMEO2.
NAMEOL = INTEGER INPUT.
NAMEO2 = REAL INPUT,
NODELM (LINKL{2))
SET UP THE ARRAYS 'IELS* AND *IELEM* TO STORE THE NUMBER OF .
ELEMENTS PER NODE AND A LIST OF ELEMENTS CONNECTED TO EACH NODE.
ALSO AVTHK AND AVAREA
NWGEOM (LINKS(1))
COMPUTE H21. G22, G23 AND F1 FOR VARIABLE GEOMETRY PROBLEM.
ORDER (COLS.ROWS,XYSCAL}
ORDER 3 ARRAYS ACCORDING TO THEIR X1 AND X2 COORDINATES.
THE THIRD ARRAY WILL CONTAIN THEIR ARRAY LOCATIONS.
DUTNOD : ’
PRINT AN INTEGER ARRAY ALONG WITH A 32 CHARACTER TITLE.
OUTPG {GEOMFL) -
PRINT THE ELEMENT NO. AND NODE CONNECTIONS AND NGDE:
COORDINATES FROM THE GEOMETRY ROUTINE YGEOMFL'.
OUTVEC .
PRINT A REAL ARRAY ALONG WITH A 32 CHARACTER TITLE.
PBLANK (REOUTP)
INSERT BLANKS IN THE OUTPUT VECTOR pt,
PFRMCP (LINK2{21}}
. COMPUTE PRESSURE TABLE AND DPDX TABLE FROM CP INPUT.
PLILNK (REDUTP)
CONVERT A FLOATING POINT NUMBER INTD 'A?' FORMAT.
POLY {MISDIV)
' FUNCTION TO GENERATE COEFFICIENTS ClI) IN Y = C{I) % X#&M
PRINTA .
PRINT A LIST OF REAL NUMBERS IN $A*' FORMAT.
PRATIO (DSCRTZ)
COMPUTE NODES USING PROGRESSION RATIO AND END POINTS.
PRSGRD
COMPUTE AXIAL PRESSURE GRADIENT.
OKNINT (SDINPT}
INTEGRATION CONTROL ROUTINE TO TRANSFER CALL TO OUTPUT
PACKAGE AT PRINT STATIONS.
OKNUIN (LINK&(2)) -
INITIALIZE INTEGRATION CONSTANTS DURING FIRST PASS.
COMPUTE STEP SIZE AND NEW VALUE OF DEPENDENT VARIABLES.
COMPUTE UPDATED PARAMETERS BASED ON UPDATED VALUES OF DEP. VAR.
QMCONC
COMPUTE A ROUGH APPROXIMATION GF THE AREA OF SPECIES
CONCENTRATION AND THE MASS DEFECT XMSDF = ROUALC * {AREA~XSUMJ),
WHERE XSUM = AMOUNT OF SPECIES PRESENT.
READER
READ INFORMATION FROM SPECIFIED INPUT UNIT.

READV1
READ FROM INPUT UNIT ACCORDING TO THE FOLLOWING FORMAT,
COL. 1 - 8, A8 _
COL. 9 AND FOLL. FREE FORMAT INTEGER OR REAL.
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RECIP (STOUT1)
INVERT INPUT VECTOR.
REDOREL (BDINPT,ADDDEL)
SCAN AN 80 CHARACTER CARD IMAGE AND CONVERT THE INFORMATION THEREON
INTO REAL OR INTEGER NUMBERS ACCCRDING TO THE FOLLOWING FORMAT,
DELIMETERS ARE BLANKS, COMMAS OR COLUMN 80.
INTEGERS CONTAIN NGO DECIMAL POINTS ’
REALS CONTAIN DECIMAL POINT AND MAY BE *E' FORMAT
IF A *C* APPEARS ON A CARDs THE FOLLOWING CARD IS CONSIDERED A
CONTINUATION CARD
SCAN TERMINATES WITH A *T°® OR A BLANK CARD.

A VALUE MAY BE REPEATED, SUCH AS 20%5.0 MEANS A SERIES OF 20 5.0
AN ARITHMETIC PROGRESSION MAY BE INPUT,
5%[-2.0 3.0 MEANS 3.0 1.0 -1.0 =-3.0 -5.0

“A GROUP OF NUMBERS MAY BE REPEATED

41 2.5 5 1.02 -1.2E-5 MEANS
5 5 1.02 =~1.2E-5, 2.5 5 1,02 -1.2E~5,
5 5 1.02 ~1.2E-5, 2.5 5 1.02 -1.2E-5,

REGRDR (FINDBE) .
REORDER THE NODES OF AN ELEMENT SO THAT THE FIRST TWO WILL BE-
BOUNDARY NODE SPECIFICATION IN THE *IBORD* VECTOR MUST BE
COUNTER-CLOCKWISE.
RECUTP (LINK2{5))
PRINT THE ARRAY GEOMETRY AND NODE MUMBERS IN A PATTERN THAT
RESEMBLES PROBLEM GEOMETRY.
{FEQUTP) {LINK2{63) FECUTP 1S AN ENTRY POINT IN REQUTP. .
PRINT OuUTPUT PARAMETERS IN A PATTERN THAT RESEMBLES PROBLEM GEOMETRY,
IFf MAX. SCALE FACTOR EXCEEDS *NSM'* (DEF, = 10), TERMINATE THE PROBLEM,
IF QUTPUT PRINT NO. *KOUNT?, EXCEEDS PRINT LIMIT *LPRINT' (DEF. = 100)
TERMINATE THE PROBLEM. '
RESET .
RESET *NN' ENTRIES OF ARRAY *A' TO THE VALUE V',
RESTDR .
REDEFINE A DEP. VARIABLE IF SOME ENTRIES ARE CHANGED
WITHOUT INTEGRATICON OR ITERATION.
RITE (LINK3{2)) : .
COMPUTE * NUMBER = {KEY-1}%10 + NMB ',
GO TO STATEMENT ACCORDING TO VALUE OF *NUMBER®'.
IF *NUMBER® IS OUT OF RANGE, WRITE TITLE INFORMATION.
ROWS {DSCRTZ)
COMPUTE THE NUMBER GF ROWS, *KROW®', IN THE OUTPUT DISPLAY
AND SET UP THE FOLLOWING ARRAYS,
INROW{I) - NO. OF NODES IN ROW T
INDRW{I) - COLUMN NUMBERS OF NODES IN ROW I.
INDEX{J) - ROW NUMBERS OF NODES IN COLUMN J.
NOCOL{I) - STARTING COLUMN NO. FOR ROW 1.

RSTRHS (DERvBL}
FOR 3DBR Ul VELOCITY WITH FIXED WALL, ALLOW FOR TRIANGULAR
NODES WITH ONLY 1 OR 2 ELEMENTS ATTACHED.
SCALEV (FEOQUTP)
CALL SCALE ROUTINE FOR UP TO 10 OUTPUT VARTABLES AT A TIME.
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SCHPRN (LINKS{5})
COMPUTE THE SCHMIDT AND PRANDTL NUMBERS ON A NODE BASIS.
SETDER (DERvVBL)
COMPUTE 0 = RHS / LHS, I = 1, NNODE
SETDIF {LINKS5{6))
COMPUTE EFFECTIVE VISCOSITY FOR DEP. VAR. USING DFCENS AND DFCFBL.
SETSCL (SCALEV)
SET SCALE FACTOR FOR AN ARRAY OF REAL NUMBERS AND NORMALIZE THE ARRAY.
SETVAL
COMPUTE A{l1) .= B{l) * C + D
SORT {LINKS5{8})}
SORT A VECTOR IN ASCENDING OR DESCENOING ORDER.
+NN = SORT IN ASCENDING ORDER.
) -NN = SORT IN DESCENDING ORDER.
STOQUT1 (FEQUTP) ’
DIMENSIONALIZE OUTPUT VARIABLES FOR DISPLAY PURPOSES.
STRF (LINK2(7))
IMPLICIT EQUATION SOLVER SETUP ROUTINE.
SUMKEY {L7H)
SET UP NODE KEYS FOR EQUATION SOLVER BANCHO.
SUTHLD (DIMEN}
COMPUTE VISCOSITY USING SUTHERLAND'S VISCOSITY LAW FOR AIR.
TAUW (WLFLXS) :
COMPUTE SKIN FRICTION USING PATANKER ANO SPALDING OR LUOWIEG = TILLMAN.
THERMO {DORHOGS)
INITIATE CALL TO GPAHFT.
TRBTHK {LINK2{15)}
COMPUTE AND PRINT INTEGRAL PARAMETERS.
IF *1TDA' .GT. 0. WRITE PLOYT TAPE FOR INTEGRAL PARAMETERS.
VARMAX (FEDIMN,FEPLOT)
FOR +NN, FIND MAXIMUM VALUE IH VECTOR,
FOR -NN, FIND MINIMUM VALUE IN VECTOR.
VECFUL (DERVBL)
MULTIPLY A FULL HYPERMATRIX BY A VECTOR OF LENGTH NN.
VECMAT {(DERVBL)
MULTIPLY A XYMMETRIC HYPERMATRIX BY A VECTOR OF LENGTH NN,
VECTA
BOOLEAN ASSEMBLY OF AN ELEMENT VECTOR INTO A GLOBAL VECTOR
USING INTEGRATIGN NODE SEQUENCE.
VHOLES {LINK21(241} .
TRANSVERSE VELGCITY AND/OR SPECIES INJECTION THROUGH A POROUS WALL.
{TRANSIENT BOUNDARY CONDITION).
WLFLXS (LINK2{3))
COMPUTE THE SKIN FRICTION DISTRIBUTION AND HEAT TRANSFER
DISTRIBUTION ALONG THE WALL.
XYCRDM (LINK2113))
GENERATE VECTORS FOR GRID OUTPUT ROWS AND COLUMNS,
SCALE CODRDINATES WHEN RUNNING VARIABLE GEOMETRY.
XYSCAL [DSCRTZ) )
COMPRESS A VECTOR GF NUMBERS *XL' B8Y SCALE FACTOR 'SCFT?.
FIND * XYD = MAX({X1) — MIN(XL) * SCFT ¢
IF TWO ADJACENT POINTS OF ARRAY *X1' ARE WITHIN *XYD' OF EACH
OTHER, SET THE UPPER VALUE EQUAL TO THE LOWER VALUE.
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ATRFOIL GENERATOR AND INITIALIZER.

THE FOLLOWING SUBRCULTIMES ARE USED TC GENERATE AIRFOIL
CISCRETIZATICN AAC ﬂ!TIhLllATICN FOR POTENTLAL SOLUTION.

AFSHP (SFAPE) .
USER SURBRCUTINE TC CEFINE AIRFCIL COCRCINATES. { JSHP = 1 IN NAMEOL)
ATRFGIL THICKNESS ANC ANGLE OF ATTACK MUST BE SPECIFIED IM NAMED2,
ARFCIL {(SYNMELN)
DEFINES SUBREGICN CATA FOR POTENTIAL FLCW CALCULATION AND MODIFIES
GRACTENT BCUNDARY CONCITICNS ALONG THE AIRFOIL SURFACE FOR
ANGLE CF ATTACK.
BND (REFINE)
AFPPLIES BCUNCARY CCACITICNS TO REFINEC GRID BNOUNDARIES.
CAPRY (REFINE)
EXTRACTS CCORCIMATE ANC PARAMETER CATA FOR A PARTICULAR
SUBREGICN FPCM SUBREGICN NATA,
CPFPET (LIAK2(11))
CCVMPUTES PRESSURE CCEFFICIENT ALCNCG VISCCUS BOUNDARY FROM A GIVEN
POTENTIAL SCLUTICN,
ELKEY (REFINE)
GENERATES REFINED GRID FINITE FLEMENT CCNMECTION DATA.
ELLIPS (ZRFGIL)
GENERATES SUEREGICN CATA CVER REGULAR ANC CEFORMED ELLIPTICAL SHAPES.,
EXTRCT (REFINE)
EXTRACTS REFIMED GRILC FINITE ¢IEMENT CATA FROM REFINED NODAL DATA.
EXTLD (3ND)
SAME AS EXTRCT BUT FCR BCUNCARY FINITE ELEMENTS.
CRDPHI (ARFCIL)
CCAPLTES GRADIENT BCLNCARY CCNCITICAS ALCNG AN SIRFQIL SURFACE.
MAXARA {ELKEY)
DETERMINES MAXIMUM ARESL OF A TRIANCULAR FINITE ELEMENT PAIR.
FOTENT (LIANKL(9)})
SETS UP TEMPCRARY STCRAGE LCCATICNS IN 12 ARRAY FOR POTENTIAL FLOW.
GUACR (REFINE)
PERFCRMS . EI-CUALRATIC TRAINSFCRNATICN CF QUADRILATERAL
SUBREGICN CATA AND GENFRATES REFINED GRID DATA,
REFINE [ARFCIL)
PEPFGRMS GRID REFINENMEMN CVER TWC-CIVMENSICNAL SOLUTION DOMAIN.
SELBNC (FEFINE)
RENUMBERS THE SUPRECICN CENERATEC BCUNCARY GRIDPOINTS.
SELINK (REFINE)
FGRMS SUERECICN CCANECTICM TABLE.
SETOSN (REFINE)
PE2FORMS SUBREGION ELENMENT TO SUBREGICN NODE DATA TRANSFER.,
SHAPE (ARFCIL)
GENFRATES SUBREGICN COCQLINATFS FOR SELECTED AIRFOIL SHAPE,.
SYMELM (POTENT)
SETS UP CALL TC AIRFCIL CISCRETIZER 'fRFCIL' AMNC STORCES QUTPUT
TO BE USED FOR POTENTIAL SGLUTICN.
TRIANC (REFINE)
PERFORFMS QUADRATIC TRAACFGQNATICN CF TRIANGULAR SUBREGION DATA
ANC CENERATES REFINED GRID DATA.

XCOCRC {(REFINE)
TRANSFORMS SUEREGICN CCOPDINATES T3 RECTAMGULAR CARTESIAN.
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TURBULENT INTEGRAL BCUNECARY LAYER SCLUTION.

THE FCLLCGWING SUBRCUTINES ARE USEC TC COMPUTE UPPER AND LOWER
AIRFOIL BCUNCARY LAYER INTEGRAL PARAMETERS.

ACOT (FMAT)
ARC (INFLTY
BLTINT (LINKLI1O))
CCMPUTES TURBULENT IANTECRAL PARAMETERS TO BE USED FOR POTENTIAL SOLUTION.
BOUND (BLTINT)
CFCLY (ACCE,FAT)
DRAG (BLTINT)
FAT (ACOE,TURE)
ENTRY = TINFAT
FMAT (INTBL)
INIT (3CUND)
INPUT (BLTINT)
INSERT (TgLul)
INSTAE (TRNSIT)
INTRL (Ture)
ENTRY - SETUPS
LAMNAR {RBCUAND)
MERSON {INTEL)
QUTPUT (TURR)
PRNTER (RLTINT)
SCHEREC (INPUT)
SMLN (FVMAT)
SMOOTEH (INPLT)
ENTRY - SCERV
STAG (BLTINT)
TBLUYL {BCUNC,FAT, INIT, INPUT,LAMNAR,SMOOTH,TRCALC)
TRCALC {TRNSIT)
TRNSIT (BOUND)
TURB (BRCUANDG)
XSTEP (FAT,TURR)
ENTRY - ISTEP
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TARR AY

Program -Variables

THE FCLLCWING TS A PIRTIAL LIST OF ENTRIES IN THE IARRAY VECTOR
WHICH CONTAINS INTEGER PARAMETERS THAT ARE USED TO
CCATROL PROGRAM FLCW. NOT ALL ENTRIES ARE LISTED SINMCE SOME

TARRAY NAME DEFINITICA NON-D DEF.
ENTRY
432 IARRST ~ STARTING LOCATICN IN IARRAY COMTAINING LENGTHS OF VECTGRS
TO Bk 2CCteC.
S6 IBASE. -~ BASE NC. FCR [7 ENTRIES. 200
261 1BC - NUMBER OFf BNOUNCARY CONDITICN TYPES.
211 IRICRV - COCE TO ALLCCATE STORACE FCR BI-DIRECTIONAL DERIVATIVE.
G9 18L - 1 = ROUNMCARY LAYER PRCGRAM, L
0 = 2-C NAVIEP STOKES PRGCRAM,
208 1847 - STARTING ELESNENT NC, FCR CERUC PRINT IM DERVBL, GECMFL AND STRF.
255 ICTAGL - 1 = REMOVE CIACCNALS FROM DISCRETIZATION PLOT. .
127 IDIFRT ~ NO., CF TIMES TC FRINT IANTER, CUTPUT IM WLFLXS AND PRSGRD.
491 IEXT - NO. DF EXTRA VECTORS TO BE ADOED TO IZ ARRAY.
115 IFORCE - 1 = REAC XCC& ANC YCOR IN 2E15.5 FORMAT IN SETUP.
120 IFR - 1L = FROZEN CALCLLATICN IN THERMC,
) = NCN-FRCZEN CALC. IN THERMOD.
175 1FSL - WHEN ITKE = 1, THF FCLLCWING CCNLCITINNS APPLY,
) = INTEGRATE TKZ AND DISSIPATION.
1 = INTECRATE TKE ANLC USE MIXING LENGTH FOR LENGTH CONSTAMT,
2 = INTEGRATE TKE AND USE FREE SHEAR LAYER FOR DISS. LENGTH.
83 IFSLT -~ TEMPNRARY STCFAGCE OF IFSL FOR CALL T9O GETFSL.
123 IGAS - 1 = CALL CRECGS,
O} = CALL ORECBL.
111 IMAX - NOCE AT whICH EGUNCARY LAYER THICKNESS IS FOUND.
145 IMIN - SWITCH IN GKALIN WHEN HMIN IS SET,
158 INITCN - INITTIALIZEF [N CCNTES.
28 TPASS - NO. OF CALLS TC RERIV,
250 IPFIT - 1 = EXECUTE PCTENTTIAL SOLUTICN.
213 TFHIE -
271 TPRINT - 1 = PRINT CRCSS FLOW THICKNESSES IN BLTINT.
105 TPTSPL - 1 = USE FATAMKER ANDC SPALRING'S FOR TAU WALL.
0 = USE LULOWIEC - TILL¥MAN FCR TAU WALL.
132 I1PwWRIT - COCE IN STRF FCR INTERMECIATE CQUTPUT.
100 IRENE - ENGC POSITICN IN 'IZ% BPRR2Y.
3 [RQW - L-0OR 2 = INDEX FCR PRESENT QR PAST VALUE OF DEP. VAR. 1
29 TRUN ~ PROPLEM NC. EEING RUN. ( USUALLY ONLY 1)
2%9 ISIDE - NUMBER OF SICES / SUPRR FLENENT,
186 ITLA - UNTT NO. CN WHKICH TO STIRE IMT. PAR. DATA FOR PLOTTING.
L87 ITCB = UNIT NC., CM WHICH TC STORE *PLOTS' DATA FOR PLOTTING.
123 I70P ~ UPPER PRINT LIMIT COLNTER FCR clLEMENTS.
97 ITKE - 0 = CC NCT INTEGRATE TKE - CISS. EGQNS.
! = USE TKE - DISS, T3 CCMPLTE TURBULENT VISCOSITY.
196 ITWALL - 1 = USE CULY FCR TAU waALL.,
281 1vyy - DEFENDENT VoaF, FCR WHICH TC CALL DPSISQ.
122 IWRIT - CEPUG PRINT FLAG IN DFCFPL, COCNTES AND WLFLXS.
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494
495

492

165

167

26
102
113

£2

136
2712

50

47
213
179
182
172

212
212
114
103

256
23
170
121
69

33

I1ZEFC
1Z EROS
1ZS12¢E
1ZSTRT

JCOORL
JSHP

KCODC
KpuMp

KEYMTD

KFXBNC
KIND
KNTPAS
KCGDC
KODS
KCUNT
KOLT
KFLVAR
KENT

Ko OW
KSav
KSKIP

Lot

LG
LMLT
Lcc
LCGS
LCWD
LPRINT

PLTEHS
MLTRHS
MSSC
MTH

NAFTP
NB
NBC
NBORD
NSSET

NBUG

t

STARTING LCCATICN CGF ACCRESSES IN IZ ARRAY TO BE ZEROED 0QUT.
NUMBER OF 12 ACDRESSES TC BE ZERQED QUT.
MAXTMUNM CIMENSICN GF IZ VECTOR.,
STARTING LCCATICN IN T1Z ARRAY WHERE NEW VECTORS
8RE T BE ACDED.
KEYS FOR INPUT CIOCROINATE SYSTEM,
1 = KARMAN-TREFFTZ CLASS AIRFCIL.
2 = CALL AFSFF { USER SUPPLIFC SUBROUTINE TO SPECITY
ATRFCIL CCCRCINATES.

1 = RESET NLIMNE TO 50 ANC CUMP KODE TO 2.
PRINT INPLT CARDS AND CATA GENERATED IN BOINPT.

INTEGRATICM TECKFNIGUE, 1
1 = MAXIMUM ABSOLUTE STABILITY,

2 = NMAXIMUM FRELATIVE STABILITY,

3 = EULER [INTEGRATICN,

FLUX RCUNCARY (CGDE USED IN WLFLXS.

KIND CF ELEMEM . ( USEC IN L7H]). 4

IF NO PRINT IN KNTPAS TIMES THRU QKNUIN, THEN FORCE PRINT. 99
PRINT CECMETRY CUTPUT IF .NE. Q. '
PRINT INTER, CERIV OUTPUT KCDS TIMES.

RUNNING CCUNT CF QUTPUT. ( LIMITED BY LPRINT.)
LOGIZAL UNIT NUMBER CN wHICH TC STCRE PLOT DATA.
NO. OF VARTAELES TG BE PLOTTED OR PUNCHED. 10
PEINT CFTICN { SET CURINC EXECUTION.)

O = NQ CALL TC FEOUTP FRCM QKNINT.

1 = CALL FEOLTP FROM QKNINT,

NO. OF RCWS IN DTSCRETIZATICN. 100
FLOT TAPE ND. SAVED IN QKMNINT.

N = PRINY EVERY N-TH INTECRATIOMN STEP IN BLTINT,.

NC. CF CCLUMNS IN CISCRETIZATICN. 20
[F «NE. O CN INPUT, THEN CNTPTS AND CNTNDS ARE
TQ 8¢ RELD IN.
NI, CF CCLS., IN SCLUTICN FIELC.
NO. 0OF CCMTOLRS FOR WHICH TGO COMPUTE MIX. LENGTH TURB. VISC.
INTERVAL NC. FCUNG IN LOCK SUBRAOUTINE.
PRINTALT VAR, KCOE USED IN STCUTL.

USE LAMINAR VISCOSITY BELOW LIOWD AND MLT FROM LOWD ON. 2
LIMIT CN CLTPUT CCUNT, . 100
NUMBER OF RIGHFT HANC SIDES TO SOLVE FOR IN STRF. 1

CODE T2 ALLCCATE CORE FOR MULTIPLE RIGHT HAND SIDES IN STRF.
CCNVERCENCE SWITCH USED IN QKNUIN,
NO, CF PASSES TG USE IN FECUTE, (PROGRAM SET)

AUNMBER CF [ATE FOINTS SPECIFIEC ALONG ONE AIRFOIL SURFACE,

NO, OF CHAR. IN EACH WCRD CF CUTPUT VAR. TITLE. 4

MaX . MO. OF ECUNCARY COMD. FOR ANY ONE DEP. VAR.

NO. CF NCD®ES ARCUNC PCRCER CF CISCRETIZATION.

1 = STORE CEP. VARTAALET [NTO YY ARRAY.

0 = STORE YY EMTRY INTC DEP. VARIABLE VECTOR.

1 THRU 5, PRIANT DERUG CLTPLT FRCM LT7H AND POTENTIAL FLOW
CATA CENEFRLTCOR, .
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22 NC - NC. OF CHARACTERS IN CUTFPUT FORMAT. 8
125 NCALLS - NO. F ROUTINES TG CALL AT END OF QKMUIN, 10
173 NCCMCC - NC. CF CARC RFAC IN FDOR COMCC TITLE PAGE.

174 NCCMTD - NO. OF CARDS READ IN FCR TITLE INFCRMATION,

59 NCPTAE - NO., OF ENTRTIES IN SPRCIFTIC HEAT TABLE. 1
1 ND - TNITIALIZATICN FARMMETER IN CFCFNS.

51 NLBL - CKNUIN COCE T DETERMINE MINIMUM STEP SIZE.
124 NDERIV — 2 = CALL DERVEL, 1l
279 NDIM - CORE ALLOCATICN FCR DELTA STAR SUBRCUTINES.

48 NDOF - NC. OF CECREES OF FREECOM. ( USED IN L7H) 1
164 NDP - SPACE ALLCCATICN IN INFIANT VECTCR, 7
168 NCPRES - 1 = PRINT CUTPUT FRCM PRSGRG BLT DO NOT USE IT IN SCLUTION.
162 NOPVSX - NO, CF CFOX'S IN FPRIME TAELE. 4

14 NELEM - NUMBRRR OF ELENENTS IN SCLUTICN.

89 NEMD - STIRTING LCC. PAR. IN FECIMN,

31 NEQ - NG. CF VARIAELES TC BE SCLVED. 5

43 NEGQACC - NO., OF ECNS. TQ ADD AFTER TKE - DISS. STARTUP.
- E«G, -2 = CELAY INT, TKE ANC CISS. UNTIL C4EDSW IS SATISFIED.

58 NEGKNN - NOJ. OF DEP, VAR, TC BE INTEG. IN QKNUIN. 1
45 NEXP - NO. CF BCUNC/F NOGES IN JBCUND VECTOR, ( FROM L7H)
LO7 NELE2 - C = DO NCT LSE MIXING LENGTH THECRY FQOR DIFF, COEF,
1 = USZ MLT FCR SOLUTICGN AF DIFF. COEF,
2 = DELAY LSING MLT UNTIL FLE2SW IS SAVISFIED.
46 NF - NO. OF 'MNEB' EYTE WORDS IN TITLE FCR EACH DEP. VAR, 4
257 NFLUX - NUNBER CF FLUX {A3) BOUNCARY CCMNDITIONS.
258 NFX - NUMBER OF FIXEC NCDES.
130 NCETF - COUNTER TN [CRHCCS TO INIT. VARIABLES IN GAS, 1

54 NHHALF - ANC, OF DECREZSES IN STEP SIZE IN QKNUJIN,

532 NH2 - KNC. OF INCREZSESIN STEP SIZE IN QKMNUIN,
68 NI - STARTING LCC, IN CEP, VAR, MATRIX FOR THIS VARIABLE.
€3 NIND - FEDIMN DISOLACENMENT CCUNTER,

94 NTZS - NO, CF IZ ENTRY POINTS THAT CAN BE STORED. 400

65 NJ - STARTING LCC., IN YY MATRIX FCR CEP. VAR,
275 NL - MQ. OF X, Z CCORDINATES CESCRIBING LOWER SURFACE IN BLTINT,
88 NLINE - LIANRE CCUNT CUTFUT COCNTRCL. 60
191 N - TYPE OF FLEMENTS IN SOLUTICN, 3
- 2 = LINE (CNE-CTMENSIONAL),
- 3 = TRIANGLE (TWO-CIMENSICNAL).
60 NMBCUT - NO. OF VARTAELES TO RE PRINTED. 30
2C6 ANMOL - ALLCW EXTRL STCRACE IN [2(711) AND 1Z2(72)
LENGTH OF I1Z(71) = MAXIMUM ( NCDE, NEQ*NMXNMDL )
LENCGTH OF 12(72) = MAXIMUM [ NCDE, NEQ*NMOL)
190 NMOUT =~ 3 = PRINT CLIPLT IN GECMETRY FCRM. 1
2 = PRINT CUTPUT IN NODE MG. SEQUENCE.
16 NMGNDE - NUMBER CF MCLES IN SCLUTICAK.
278 NNPT - : )
55 NODE ~ VARIABLE CIMENSICNING PARAMETER [N FEDIMN, 100
150 NCDNO - NODS NO. AT wHICH DRH3GS [S CCMPUTING.
19 NOE - NCo OF EQUATICN BEING SOLVED FCR DEP. VAR, 'NP!',
148 NCNC - NCN-CCANVERGEANCE CCCE IN C2S.
142 NCUTPR - NJ. OF SCALAGS TO PRINT IN GLTPUT. 60
283 NO1 - VECTCR FOR STCRAGE GF C/CX IN LCPSISQ.
284 NN2 - VECTICR FOR STORAGE OF D/DY IN CFESISGE.
30 NP - CEF. VIRTAELE PEING SOLVEC AT THIS TIME.
18 NPART - M3, CF PARTITICNS { LSFL IN 'LT7E'Y) 2
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198
199

35
11
24
153
16l

21
E7

2¢2
146

27

(2
2¢1
121
273

180
276
Lc9
140

62

157
176

274
232
263
84
&5

7C

-

12

90
S1
193
192
Les

NPCRCT
NPGRDV
NFRNT
NPSICC
NP TOOF
NFTEL
NFUACH
NPVSX
NCEL
NROW
NRSTRT
NR TAPE
NS
NSELEV
NS FCBE
NSKIP
NSM
NSMOOE
NSPEC
NSTAG

MSIRT
NUS
NTAFER
NTCNTS
NTITL

NTPENT
NTKS

NU

NV

NV AR
NVARD
NV ARL
NVH
NVP
NvU
NVY
NVW
NYY
NZZ
nM2
N2 M
N3CPNS

STARTHP COUMTER LUSED IN PRSGRD. 4
STARTUP CCUNTER USEC IN FRSGPRO. 4
MO, OF PRINT FCSITICAS CN A LIMNE CF CUTPUT. 132
NO. CF RCUNCZRY NODES FOR VAR. ENTERING STRF.

NO. CF PCINTS CEG. CF FREECOM. { JBCUND PAR,) 1

NO. OF PCINTS ELEMENT. (LT7H) 3

SET = 7 IF ELENMENTS ANC NCLCES ARE TO BE PUNCHED IN DIMEN.
NO. OF ORESSLRES IN P VS X TABLE., 2

NO. CF PCINTS / ELEMENT., (L7H) 3

BEP. vAR., ANC CERIVATIVE ALTERNATCR IN QKNINT, 2

LOGICAL TAPE NC. TO READ RESTART COND. IN *BDINPT'.,
LCGICZAL TAFE MC. TC STCRE RESTART CONO. IN 'LINKZ2?
GENERAL DUNMY FARAMETER.,

NG. OF SUPER ELEMENTS IN AIRFOI.

RESET CONCITICN FLAG IN *'FINDBE'.

NO. OF BAOUNCARY LOC. / DEP. VAR, NODE
STCP PRCGRAN IF OLTPLT EXP. IS .GT. NSM, 19
NO. OF SUPER NODES IN AIRFCIL.

NC. CF SFECIES IN SOLUTICN, 9

1 = INPUT GECMETRY AND PRESSURE DQ NOT BEGIN AT STAGNATION
FCINT ANT ENC AT TRAILINC EDCE.

STARTING LCCATICN I0F CEP, VAR, NCS. FOR SPECIES.

AUMBFR OF POINTS TC USE FNP COMPUTING DELTA STAR IN BLTINT.

LOGICAL UNIT MC. CF RESTART TAPE.

STARTUP PARAVMETER IN CONTES.

NO. CF TITLE CZRES TO SE€ READ IN AND PRINTED AT THE

BEGIANING OF EACH QUTPUT SFET. 10

99999 = CC NCT PRINT INTEGRAL PARAMETERS IN TRBTHK.

NO. CF INTEGRAL FARAMETERS TQ BE COMPUTED, 5

CNLY 5 INT. PARAMETERS ARE COMPUTED, BUT OTHER PARAMETERS
ARE SET, SUCF ANC THETA REYNCLD'S MO,, SHAPE FACTOR, ETC.

IF = ¢€6699, NC NOT PRINT INTEGRAL PARAMETERS BETWEEN QUTPUTS.

M3, OF Xo 2 CCCPRDINATES CESCRIBING UPPER SURFACE IN BLTINT.

ARRAY FCR TEFMECPARY STCRAGE GOF CEP. VAR. IN DPSISQ.

NUMBER NF VARIABLES TO BF DISTRIBUTED OVER REFINED GRID.

CCUNTER LUSEL IMN STRF, :

COLNTER LSED IN STRF.

CEP. VAR. NO., FCR ENTHALPY, DEF. = 4
NEP, VAR, MNC. FCR FSI. CEF, = 5
CEP. VAR . NO, FAR Ul VELOCITY. DEF. =1
CEP. VAR. NO. FOR U2 VELCCITY. DEF. = 2
CEP. vAR, NJ. FOR U3 VELCCITY. DEF., =3
NO. OF TIVME FERICDOS TO STORE YY. MUST = 2
NC, CF TIME FERICCS TC STCRE 27. MUST = 2

NM*%2, {SEC FCR STORING FuULL MATRICES.
ANM * 2, USEL FCR STGRINC SYMMETRIC MATRICES.
1 = CALL PRSGRD FCR DPOX COMPLTATION.
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RARRAY

THE FCLLOWING IS A PARTTAL LIST OF ENTRIES IN THE RARRAY VECTOR
WHICH CONTAINS REZL PAFAMETERS THAT ARE USED TO
CCONTROL PROGRAM FLOW, NCT ALL ENTRIES ARE LISTED SINCE SOME
GF THENM CC NCT PERTAIN TN THE PROBLEM CLASS IN THIS DOCUMENT.,

RAPRAY NANE DEFINITICN NON-D DEF.
ENTRY

156 AINF - REFERENCE SPFEC £F SCUND.

5 AJ - JOULES CCNSTANT, 778.28

3 ALC - (HARACTERISTIC ELSMENT SIZE, DEF. = MIN. SIDE
221 ALPEA - = ANGLS OF ATTACK,

87 ARNEW - NEW AREA CCRFEUTATICN IN PRSGRD.

86 AVD - DAMFING FACTCR IN CFCFBL. 25.3
252 BETA - KARMAN-TREFFTZ CAMBER ANBLE,
299 8LTk - BOUNGARY LAYER THICKNESS, DELTA.
176 CRTCKJ -~ SPECIFIC LEAT BRITISH TC AKS 4,184
365 CD ~ TK® - [ISS. CCEF, .0.09
3¢4 CK - TKE - CISS. CCEF. 1.0
Z11 CFOV2 - SKIN FRICTICHN .
184 CKTKE - TKE - DISS. CGEF. 0.09
83 CGMPX ~ CCMPRESSICA FACTCR FCR CUTPUT COL. VECTOR

INCICATES PERCENT OF X1 AXIS TO BE USED TQ SHGRTEN
SPACING INTERVALS.
84 COMFY - COMPRESSICN FACTCR FOR CLTPLT ROW VECTOR.
SANMC AS CCMPX, BUT FOR X2 AXIS.

124 CON - KARMAMNYS CCNSTANT USED IN MLT IN OFCFEL. +435

70 CONREC - IF .CT. 0.0, SET ALL RHO = COCNRHD,

€2 CCNV - CUTPUT SCALE FACTCR = 1.0 / REFL.

77 CCNL -~ ALC / U RE*CFCINF*XMUINF)

78 CGAN2 - CCNL /7 TCFINF

158 CPA - SPECTFIC REAT OF AlR, N.24
199 CP+ ~ SPECIFIC FEAT CF HYDROGEN. 3.445
160 CPINF =~ SPECIFIC REAT COCMFUTED IN CPINIT.

30 CPOIMNF -~ REFERENCE SPEQIFIC HEAT. 0.24
153 CVCF - SPEC, FEAT CCAVLWUSED IN THERMO, 418640
148 CVH ~ ENTHALPY CCNV. USED IN THERNC. 1.2

151 CVP ~ PRESSURE CCNV. USEL IN THERMO. +4T725€E-3
12 CVvRHO ~— DENSIIY CCAMV, LSEC IN THERMC. 16 .62
159 Cv7 - TEMPERATURE CONV. LSED IN THERNO,. 1.0

149 Cvu - VELOCITY CCAv. USEC [N THERM(. 0.3048
182 C1TKE =~ TKE -~ DISS. CCEF, 1.45
183 C2TKE - TKE - [CISS. (CEF. . . 0.18
120 C4ED = MIXING LENGTH MULTIPLIER., 0.0007
143 C4ECSW - TKE ~ DBISS. STARTUP POSITILN IN OFCFBL. 30000.90

13 DELP ~ PERCENT INTERVAL FCR PRINT(LT, DEF. = 2.0
205 DELSTR ~ CISPLACEMEMT THICKNESS.

2C7 DELTA3 =~ EMERGY DISSIFATICN THICKAESS.
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103
1£5

175

274
108
14
89
¢S
68
368

36l

DEPLT
CRTCDK

EBTCKJ
EKNINF
ENER

EANULT
[ )

EPSINF
EPTEST
EP4MD
ESCF

ELE2SW

FACT
FACTE
FACTNML
FACTP
FRCUCY
FTTOCH
FTTCIN
FITCMT
Fl

Fi0

G
GANMNMAF
Gl

G110
G22
G213
G32
G233

H
FDOT
HHNMTA
FINF
FMAX
FMIN
FRCCN
HRSCCT
kS
FSINIT
HT

F21
H31

CNE
COTEPS
CSF1S¢
gc12
Gsé

PERCENT COF T TO BE LSED FOR FLOTTING STATIONMS. 101.0
CEGREES RAMKINE TO FEGREES KELVIN ) 5.0 / 9.0

ENTHALPY BRITISE TC MKS 2.3244

TKE NCAN-C FACTCR -~ UINF%x%2

EMEPGY FOR VELCGCITY,

CIMENSTCNALTIZING FACTCR FOR ENERGY.

ACCURACY TEST BETWEEN PREDICTCR-CCRRECTOR FORMULAS, 0.01
CISSL. NCN-D FACTCR - UINF*%3 / ALC

ZERC TEST FCF ODISSIPATICMN USEC IM DERVBL.

MULTIBLIER FCR XMDCT IN PRSGRD. 1.0.
SCALE FACTCR IN CISS. LEMGTH . «435
STATICN AT wkhICH TC CHANGE NELE2 FRCM 2 TO 1. 330350.0

NCA-DIVM., FACTCR. ( BL = ALCy, 20NS = ALC / UINF )
1. /7 { CPCINFATOFINF)

RHCINF * UINF * ALC

1.C / FACTINMU

SCALE FACTCPR USEDC N FROUDE NO. IN DERVBL.

FEET TO CEMTINETERS. - 30.48
FEET TO INCFES. 12.0
FEET TC METERS. 0.3048

Y-COORDINATE CF F1 CURVE,
LAST VALUE CF F1 CURVE.

GPAVITIATICN CCNSTANT, 32.174
FACTOR USEL TN GAS LAWS. L.4
I-CCORDINATE CF Gl CURVE,

LAST VALUE OF C1l.

VARTABLE CECKETRY FACTCR.

VARTARLE CECNMETRY SCALE FACTOR.

VARIARLE F2CTCR.

VARIABLE FACTOR.,

CURRENT TRIAL STEP SI1ZE,
Q MASS FLCOw CCMPUTED IN HZMIX.
USEC IN GKMUIN FOR TIME STEP DETERMIMATION,.

FEF, ENTHALPY. CCMFUTED IN CRHCGS. 1.0

MAX, STEP STZE ALLOWED. DEF. = 0.02 * TD
MININUM TNTECRATICN STEP SIZE.

CONSTANT LSEC IM HZMIX. 0.029126

MIXING EFFICISEANCY COMPUTED IN H2MIX,

CURRENT STEP STZE.

ST2RT INTECRATICN STEP SIZE AT THIS VALUE. 1.0 €E-7
CUTPLT VAR, FOR TINME STEF = HS % FACT / REFL

GRID GRIWTE SCALE FALTOR. L.0
GRID GRCWYE SCALE FACTCR. 1.0
FRCCRANM CCASTANT, 1.0

ACCURACY TEST PARAMETER IN 'QKMNUIN?',
1.0 /7 21942 :

1.0 / FACTECRIALIAM#L)

1.7 /7 FACTCRIAL(NM)
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174 PCFTOC - POUNDS/FT*%2 TC GRAMS/CM*%2 N.01602

170 POFTCK - PCUMNDS/FT%%3 TC KG/M**3 16.02
3¢ PECCIM - DIMENSICNAL FRESSURE = PENGE * PRSCCN.
39 PEDCE - NCMN-CIM. PESSSURE AT PRESENT STATION.
9 PINF -~ FREESTREANM PRESSURE. CEF. = LST VALUE IN P VS X TABLE.
18) FVMSKGS - PAUNES / KC. 1.0 7 2.2

19 PNTEFS =~ ACCURACY TEST PARAMETER IN ' QKNUIN',
S9 PPRCCN =~ PRSCGN / ALC

100 PPRIME - PRSSURE CRADIENT CCMPUTED IN PRESSURE ROUTINE.

&7 PR - PRANDTL AUNBEFR, 1.0
185 PRCIS - CISSIPATICAN FRANDTL NUMBER, 1.3
171 PRSCCN - RHCING * UINFx%2 / G
181 PRTKE = TKE PRANCTL MNUVMAER, 1.0
166 PSFTQA -~ POUNRS/FT%#2 TC PSIA 0.4725E-3
L6G PSFTOI - PCUNDS/FT.%2 TC PCUNCS/IN**2 0.006924
168 PSFTCN - POUNNS/FT*#2 TC NEWTCNS/M%%2 47.88
167 PSFICT -~ SCUNDS/FT=*%2 TC TCFR 0.3591
29 PTIM - PRINT TINE PARAMETER IN 'OKNUIN',
1C6 FTFL - PLCT PCIAT CEFINITICN WHEN STATION PASSES PTPL.
123 QR - CYNAMIC FRESSLRE RATIO. . 1.0
134 Q3MAX - MAXINUM Q CCNC. FCUNC AT PRESENT STATION.,
179 RACCCN - CCAVERSICN FECTCR RACIANS TO CEGREES. 57.3

G4 RATO2 - RATIO OF Tw0 REMAINING GASES WHEN RUNNING H2, 02 AND N2.
21 RE - REYN2LD'S NO. RHOTNF*UINFRALC /XMUINF

43 REFL - REFERENCE LENGTh. . UINF 1.0

47 REFLRE - REYNOLD'S ND. BASED ON REFL.

10 RHCINF - FREESTREAM CENSITY.
127 REOUIN - RHOINF * UINF

8 RMINS1 - PRCGRANM CCASTANT. -1.0
255 RNB - REYNCLD'S MUMEER FCR AIRFOIL.
199 RANULCC - 1.9 USEC LCCAL VISCOSITY FCR VAN DRIEST DAMPING FACTOR.
185 RCCST - XMA / XM+ - 1.0
119 RGUALC - RHCINF * LINF * ALC*%2
116 RR - CPF /7 CP2
28 RT - THETA REYACLC'S NUNMBER.

32 RTCCNY - 2.9 » G * AJ :

23 RTCCA2 - CAMNAF / 2.0

34 RTCCN3 - PUNIV / XxMA

55 RTCCN4 - RTCCN2 *» XNACKHC**2

56 RTCCNS — UINFx%2 / {RICCNLHCPCINFETCFINF}

57 RTCCNG - 2.0 % RTCON4
117 RTCHM1 - RR * ( TCH/TCA - 1.0 )

28 RUNIV - UNIVERSAL CGAS CONSTANT. 1545.33
256 SANGLE - SWEEP ANGLE (LECREES).
129 SCT - CONSTANT SCHMIDT NUMBER. 1.0
210 SHAPEF - SHAPE FACTCR.
192 SLAOPE - SLOPE OF VERIABLES CCMPLTED IN LOOK.

6 SCUNG - SPEEC CF SCUNC FOR NODE BEING PROCESSED.
121 SPLIT -~ CUTOFF LSET IN h2MIX. 0.02835
44 SQ2 - SQRT(2.9)

73 STLOBCR - REF, CCAN, TEMF, IN SUTHERPLANC. 204.0

74 STLDEX ~ EXFONENT USEN IN SUTHERLAND. . 1.5
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104
177
178
12

333

STLCTR
STLDVR
SSINIT

TAREA

TCH
TRATID
TRIFCP
TRIPUP
TSINF
TwoPl

1JB AR
UED
UECCE
UINF
UWALL

VELCST
VLBTCA
VLBTOP
VST2RT

WSMAX

XEM
XL AM
XLE
XMA
XMACHD
XHACHS
XMDOTC
XMF
AMFACT
XMH

XM SDF
KMUINF
XNXDFE
XNWGED
XPRIME
XSCALE
XSHFT

PEF. TENMF. LSED IN SUTHERLANC. 492.
VISCOSITY LSED IN SUTHERLANC. .L16
FSINIT /7 FACTY

TOT4L CCMPULTATICNAL AREA.

MASS WEIGHTEL AVFRAGE TEMPERATURE.

TOTAL SCLLTICA TIME ( CISTANCE ) FROM TO. 1.0
FINAL TIME (CISTANCE), TF = 7C + TD

TRATLINC ELCE ANCLE.

MOMENTUM THICKNESS.

SCELE FACTCR LSED IM PRSCRC.

DEF. NCN-CIM. THICKNESS CF ELEVMENTS. 1.0
ATRFIIL MAXINLM THICKNESS.

CURRENT TINME (CISTANCE}.

SAVED TIME LCCATIGN FOR IMPLICIT INTEGRATION.
STARTINC TIME (CISTANCE).

0
3E-4

AIR REFEFENCE TEMP, FCR CCMPUTATICNS IN DIMEN. 533.0
REFERENCE TEMPERATURE. 533.0

H2 REF. TENPERATURE FCR CCMPUTATIONS IN DIMEN. 520.0
1.3 + (GANMNAF-1,9) % XMACHS*x2 / 2.0

1.0 = CTC NCT SET TRIP LOCATICN UNTIL RTHETA .G6T. 200.0
X/C VALULE CF TRIP LOCATICN IN BLTINT.

STATIC TEMPERATURE CCMP. IN CPINIT.

PI * 2.0

MASS WEICFTEC AVERACE VELCCITY.

EOCE VELOCITY.

UINF / UINFX USED IN BROSHW.

FREESTREAM VELCCITY,

VELCCITY JLST CF WALL

UINFx*2 y ( 2.0 % G ¥ AJ % CPA % TCA )

VISCOSTITY ERITISE TO MKS. : 1.488
VISCOSITY ERITISH TO CGS. 14.88
PERCENT OF TC AT whICH TQ START U2 COMP. IN CONTES.
WICTH GF DCMAIN AT INITIAL STATICN,

EXFONENT FACTCS USED IN VAN-CRIEST DAMP. FACTOR. 1.0
CONSTANT USEC IN DFCFBL. 0.09
LEWIS ANUMRBRER., 1.0
MOLELAR wEIGET CF AIR, . 28.97
MACE NUMBER,

LOCAL MACH MUFBER,

AVERAGE MAS FLCwu.

FCLECULAF wEICHT OF FLUIC. . 29.4

UINF % SC2T ( XMA / ([ TOFIANF * GAMMAF * G = RUNIV ) )
HMOLECULAR WEICHT GF HYDRCGEN. 2,016

¥ASS DEFECT CLHFUTED IN QMCONC.
FREESTREAM yISAOSITY.

RATE OF CHENCE GF CPDX. {USED IN PRSGRD).

1.C = RUNNING NVGECM.

NGN~DTM,. FRESUURE CRADIENT AT PRESENT STATION.
X1CCR SCALE FACTQR. 1.0
SHIFT X~COCRCINATE. .
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201 XTC - PRESENT STATICN FOR INTECRAL PARAMETER PRINT.

112 X3LAST ~ LAST TIMF STEF ULSEC IN DERVCX.

367 YLTKE - SCALE FACTCR IN DISS. LENGTH. | 45

220 YMULT =~ SCALE FACTCR FCR GRID NULTIPLIER,

168 YPLUS =~ Y+ VALUE AT WHICH TO SWITCH FROM MLT TO TKE. 30.0
£3 YSCALE =~ X2COR SCALE FACTNR, 1.0

42 YSEFT <~ SHIFT Y-COCRDINATE.
76 Y17 - SCALE FACTCR FCR PLOTTINC.

382 ZVULT - SCALE FACTCR FCR GRIC MULTIPLIER.

29 11 - DIMENSICNAL CLRRENT STEPIZE (LISTANCE).



1Z ARRRAY

THE FCLLCWING IS A LIST CF ENTRIES AT THE BEGINMING OF THE
1Z ARRAY WHICH CCNTAIN ERTRY PCIMTS IN THE REMAINDER OF THE
1Z BRPAY WHICH ARE THE STARTINC LOCATION FOR THE VARIABLE
LENGTH VECTORS LSEC IN THE PFCGRAVM,

NANE

CEFINITICN

1ccL
IROW
IFMTHD
ITITLE
TIPINT
K BNO
TINCEL
TINROW
1cerTAR
1T7A8
TTLSEC
INFINT
118ND
1INGDE
1J8CND
TKEYCL
IKEYDG
IKEYRW
IKIAN
INWN
TINDEX
1INCRY
INCCCL
T1ELS
T1ELEM
11BCRD
1AZ114A
1311
18211
IRZ11S
1cace
ISMSTR
TRCAST
I01F
1YY
122
IX1P2
Iygte
1PCOL
IFROW
1asSynm

[AMXLT |

TWW

CISCRETIZATICA COLUMN LOCATICNS.
CISCRETIZATICMN RCW LCGCATICNS.

REACINGS FCR CLTPUT VARIARLES.

TITLE FCR STERT NF EACE CUTPUT PHASE.

LIST OF DEP. VERIABLE NUMBERS.

N3 . OF BCUNCARY NODES / DEP. VARIABLE.

NC. fF NCDES FER CCLUMN,

NO. OF NCDES PER ROW.

SPECIFIC +HEAT TABLE ENTRICSS,

TEMPERATURE TARLE ENTRIES.

COUNTER USED IN FEQUTPUT.

NEF. VAR, FCSITICNS IN IIPINT VECTOR.
RE-QORCEREL NCELES / DEP. VAR. TN ACCCUNT FOR BOUNDARY COND.
ARRAY CF ELENENT CCMNECTICAS (AM/ELEMENT).
MODE SOLUTICN CRDER ULSED IN BANCHC.

CCLUMN KEYS FCR EANCHO,

CTAGUNAL KEYS FIR EANCHO,.

FOW KEYS FCR BAACHE.

LIST OF CEF, VIR. NOS., FCR SPECIES.
TEMPORARY STCRAGE FNR RE-CRCERELC NQODES.
CRDER CF NCCES EY COLUMNS FRAOM LEFT TO RIGHT.
CPDER OF NCDES BY RO%S FPCNM TCP TC BOTTOM.
QUTPUT COLUMN FGSITICN GOF NOOES BY ROWS.
NO. OF ELENMEM'S CCNNECTEC TC NCCES.

LIST NF ELEMENTS CCMNECTED 10O NODES.

LIST OF ECRCER NCCES IN CCUNTER-CLNOCKWISE ORDER.
A211A ANTI-SYNMFETRIC MATRIX,

11 MATRIX STCRACFE.

P211 NMATRIX CCMPLTER IN CECMFL.

P211S MATRIX CCMPUTED IN GEIMFL.

B2C0 MATRIX STRRAGE,.

EMTRY PGINTS IN 1Z FOR STANCARD MATRICES.:
STGRAGE FCR ECUNDARY CCNCITIGNS.

NIFFUSION COEFFICIENTS / DEF. VARIABLE.

2 SFTS DF VALUES / DEP. VARIABLE,

2 SETS OF VALUES CF DERIV. / [EP. VAR[ABLE,
ELEMFNT LENGTFS COMPUTED IN GECMFL.
NCN-CIMENSTCNAL TRAMSVERSE CCOURDINATES.
COLULMN COORDINATES FOR CUTFUT FAGE.

RCW CCCRCINATES FOR OUTPUT PACGE.

SUM OF ARELS CF ELFMENTS ARDUNLC EACH MODE.
MIXING LENCTFS.

TEMFCRARY STCFACE FCR CRCSS VELOCITY.

63



114

129

123

24
125
127
128
129
120
121

64

vy
vy
ITRRIK
TU3FOS
TU3VAL
TVWALL

IVWHSTA

IouTl

I0LTE
TAREA

IANML
INCRMY
INCRMZ
TUsSQ
TAVTEK
NJ ST
TPRVAL
IGL
IQPL
IVEL
W
1PRGRC
TYNED
18112
1”113
IPLOTS
IFLTYF
1SCHMT
TNX
INY
TAACH
TESTAT
1caLt
ICMULT
I0SAVE
INGUT
TICACL
ITCADX
wCos
TVSIN
[IPAR

1

t

TEMFORQARY STOGRACE FOR TRAANSVERSE VELOCITY.

TEMPORARY STCRACE FOR DOWMSTREAM VELOCITY.

STORACE FCF INTEGRAL FARAMETERS.

DOWNSTREAM PCS., FOR TRANSVERSE CCORDINATE CHANGE.

SCALE FACT(R FCR TRANSVERSE COGRDINATE CHANGE.

WALL VALUE OF INJECTEC TRAANSVERSE VELOCITY.

CCWNSTREAM STATIGN AT WHICH TO INSERT TRANSVERSE VELOCITY,

TEMPDRARY STCRAGE.

TENECRARY STCRACE,

AREA OF ELEMENTS CCMPUTED IN CEQOMFL.

MOCAL VALUES CF SPECIFIC FEAT.

NOCAL VALUES CF ENTHALPY,

TENPORARY STCRACE FUOR VARIABLE TO BE SOLVED IMPLICITLY.
TEMPORARY STCRAGE FOR DEFENDENT VARIABLE.

TEM-NRARY STGRALE,

NOCAL VALUES CF DENSITY.

MOGAL VALUES CF TEM-ERATLRE.

RIGET EANC SICE CF IMPLICIT EQUATION TQ B8E SOLVED.
FLEMENT THICKNESS DISTRIBUTICN,

NOCAL VALUES CF TRANSVERSE CONRDINATES.

NOCAL VALUES CF NCRMAL CCNRECINATES.

NOCAL VALUES CF -RESSURE.

NCCAL VALUES CF LAMINZF VISCGSITY.

NORMALIZEL TRANSVERSE COCRDINATES.

NCRMALIZEC VALUE CF CROSS CCORCIMNATES.

NOCAL VALLES CF PST * R211S * FEST1. (UlUl)

AVE. THICKNESS OF ELEMENTS AROQUND EACH NODE.

STCORAGE FCF FHS IN I¥BLICIT ECMN. SOLVER.

STORAGE FOR RESTARTING 'PRSGRO',

STYCRACE FOR CERVEX ROUTINE,

STORAGE FQR CERVDX FLUTINE,

MOTAL VALUES CF U2 CCM-UTED IN CONTES.

NCDAL VALUES CF U3,

NOCAL VALUES CF DPDX.

TR ANSVERSE CCCRC. USED IN CONTES, DFCFBL, TRBTHK, WLFLXS,
MATURAL CCCRLCINATE DERIVATIVE CCMP. IN GEOMFL.

MATURAL COCRCINATE CERIVATIVE COMP. IN GEOMFL.

LIST OF VARILELES 700 BE ~LCTTEC.

TYPE OF PLCT T1C BE GEMERATED,

MOL AL VALUES CF SCHMIDT NUMRERS,

MUMBER QF CIVISICANS ALCNG X1 CIRFCTIGN / SUPER ELEMENT.
NUNBER OF CIVISIONS ALONG X2 CIRECTION / SUPER ELEMENT.
NODAL VALLES CF MACH NUMRER,

MOCAL VALUES CF STATIC ENTHAL-Y. .

LIST CF LINK MCS . ANC GATRIFS TO CALL AT END OF QKNUIN.
LIST OF MULTI-LIERS FOR CUT-LT VARIABLES.

LIST OF VARTZELES TO BE PRINTED IN OUTPUT.

TEM=-RARY STCRAGE FOR GUT-UT VAR, AND SOURCE DATA,

NO. CF MODES 7/ CQOL. USED IN CCMNTES, OFCFBL, TRBTHK, ETC.
LIST GF NRCES / CCL. USEC IN CCMTES, LFCFBL, TRBTHK, ETC.
COSINF QF ANGLE / COL. USED IN CONTES.

SINE CF ANELE / CCL. USEC IN CCMTES,

LIST OF -ARAMETERS TC -RINT AT START OF OUTPUT.

ETC.



132
133
134
135
126
127
138
139
140
14l
142
145
146
147
187
201
202
203
2C6
2C7

203
2569
z10
211
212
213
214
215
216
217
218
219
220
222
223
225
226
227
228
229
220
231

201

10P AR
ISLTLE
PR
IMPAR
15pS
ISKAFF
ISTN
1X3ST
1-vS0
10P X3,
1CPVX
1ADIF
IVXLT
IXYCP
100UTP
NZCNE
I SHAPE
1cL?
N
11YPE

NCCL
MEL EM
MELK
Q

KeQ

KF
KTK
1gCivye
BCUND
ICuU¥
BC
NOCF
KTFIX
JELF
KRND
AA

BR
SNQOCE
SGRIG
cuy
ELMK
MATL

]

1

{

)

1

TITLE INFORMATICN FOR PARAMETERS AT BEGINNING CF QUTPUT.

LIST CF

CONSTZATS USED IN SUTHLD.

NOCAL. VALLES CF PRANGTL MNUNMRER,

LIST CF

MJLT o FOR PARAM., AT START OF OUTPUT.

NOCAL VALUES CF TURB, VISC. CCVM-UTED IN DFCFBL.
SKIN FRICTICM LIST. BY CCLUMN.

STARNTCN
LIST OF
LIST CF
LIST COF
LIST CF

NCe. CIST. PY CCLUMN.

CCWNSTREAM STATICNS IN -RESSURE TABLE.
OChN -PESSURES IN -RESSURE TABLE.
DOWNSTREAM STATICAS TN FRESS. GRAO. TABLE.
DOWNSTREAM -RESS. &RAD. IN DPDX TABLE.

NOCAL VALUES CF TURRULENT VISCCSITY,
MIXIMG LENGTE LSED IN OFCFBL.

AIRFCIL

ECUNLZRY COORCINATES, CP'S, PHI AMD NODE NUMBERS.

MATRIX STORACE FNR BNACHC SCLVER IN STRF.
SUPER ELENMENT NUMBERS.
CROER GF CENERATELD ELEMENTS IN REFINE,

TUPE N0OF

ELEMENTS DESIRED / SUPER ELEMENT.

NUMBER OF ELENMEANTS ALCANG CCORCIANTE 3.

TYPE OF

SUPER ELEMENT 1 = TRIANGLE,
2 = QUADRILATERAL .

NUMBER COF CLLLMNS IN SUPER ELEMENT,.
SUPER ELEMENT TC ELEMENT.

TYFE CF

SUFER ELEMENT LIMK.

SUPER MODE TC ELEMENT,

Q KEY,
F KEY.

THK KEY,

BCUNCARY TYPE KEY.
BOULNCARY CCEFFICIENTS,

- CUMMY NCDE CCUNTER IN REFINE.

GENERATED BCUANCARY CONDITICN ARRAY,
VECTOR OF ECUNCARY MODES.

FIXEC CEP. V2R, NCLCE KFYS,

VECRTR 0OF POLNCARY ELEVEATS.

SUBER ELEMENT ECUNLCARY KEYS.

NCN-RECTANGULER CARTSSTIAN (COQC INATES DIRECTION 1.
NCN-RECTANGULAR CARTESIAN COOQRDINATES DIRECTION 2.

SUPER ACDE NUMEER VECTCR.

VARIARLE ARRAYS RETURNED FROM REFINE,
BUMMY STCRACE IN REFINE,

SUPER NOCE CCANECTICN TABLE.

GEMERATEC SUPER ELFRMENT TQ ELELENT DATA.

- 240 ARE TEMPORARY LCCATICNS FCR PCTENTIAL AND DELTA % SQLUTIONS.
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Diagnostic Print

. Aside from the previously described standard problem oriented print,
various forms of debug type print are accessible to aid in checking out
program changes and size Timitations. These print are accessed via keys
specified in namelist NAMEOl1* This section describes the more useful of
these and illustrates the print to be expected for each.

KDUMP

KODG

KOD5

IPWRIT

As previously noted, the KDUMP flag
presents a data reflection together with
a print of the array filled by the data.
In addition, it provides a print of the
starting location of each variable in the
IZ array as dimensioned in FEDIMN. This
print is valuable for determining the
array sizes when adding new vectors to
the IZ array. A sample print of this
output is illustrated in Figure 11.

This flag prints finite element inter-
mediate data formed in GEOMFL. The
print can become quite cumbersome if
there are many elements in the solution,
and the flags IBOT and ITOP are utilized
to define the range of element numbers
to be printed.

During the integration process the
derivatives are formed by assembly over
the finite elements. A print of the
assembled and reduced vectors is obtained
by setting KOD5 equal to the number of
prints desired. The flag is decremented
by one for each pass through the deriva-
tive routine. Flags IBOT and ITOP also
apply to this print. An example of this
print is illustrated in Figure 13.

Equation solving is performed in sub-
routine STRF and this flag set to 1 causes
the global system vectors and matrix to

be printed during equation assembly and
solution. Flags IBOT and ITOP indicate
the span of elements over which print is
desired. :

* KPNT must also be set equal to 1 in NAMEO1 to obtain any debug print.
KPNT will be automatically set equal to 0 in LINK2-6.
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ELEMENT 1 NODE L NODE 2 NODF -
) 0.0 o o ~
LT TTRZ T 0.820798 01 0.11260F 02 o

1 ~3.2T645E-Q1 2

L TAKTEAN

1 1.00000& €O 2 0.0
811

O WS T2 E20) S AR P & /-7'1{-=Y+) S S Y

8211

1 1,07351E-01 2 -1.07351E~01

ELEMENT . 2 NOCE 2 NODE 3 NODE
X1 0.0

X2 G.112€0€ 02~

5075602 .~

AL ot

1 =2:.62117F=-01 2 2.62117E=01 3

1 1.00000E 00 2 0.0 3 0.0 4 1.00000E 00
‘811 '

Y Tz eaniye-o0l 2

C2.6211TE=0L 3. _0u0_ . 4 0.0

B211

1 £.B87053E-02 2 -6,87083E=02___ 3. _ 4.59916E=30 4 0.0

Figure 12 Finite Element Intermediate Print. (GEOMFL).
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Figure 13 Debug Print From the derivative Routine
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IWRIT

The IWRIT key is used to flag debug
print in three subroutines. In CONTES
it is used to print column vectors of
density-velocity data which is inte-
grated to obtain u,. In DFCFBL, various

- turbulence parameters are printed de-

pending upon the turbulence model used.
Debug print from WLFLXS Tlists various
intermediate data calculated in the
boundary region of the discretization
and used in wall shear stress calcula-
tions.
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APPENDIX A

Potential Flow
Standard Check Case Data Deck
Goradia NACA0015 (Mod.)
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22 &END

23 ENAMEQ2

e B0EEDIMN

29 EEND

. 31LINKA
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an S
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36LINK2_
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3I700NE_ ..
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41D0NZ

PT.

4500NE__ _
46DESCRIPT

47 RESERENCE
_A8 LENGTH

4900NE

5210NUMB
53
S4DESCRIPT

55PERTURBATION
__56DCNE ___

STICSAVE
58
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61

63
64KBND
65ADD .

T2LINK3
T3LINKL
T4C0MDC
TSEXIT

S
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TPERTURBATION

204 T
T
332 T

203" T
T

-1 T
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&

R e ]

LDESCRIPTIVE TITLE AT BEGINMING OF HEADER OQUTPUT.
LNACA 0015 (MOD.)

_END GF

EMGLISH-FT
v 0o FEET awe

CMULTTIPLIERS APPLISD TO HEADER QUTPUT,

PCTEMTIAL

CMULTIPLIERS APPLIED TO T0SAVE ARRAYS (LOC.

AR R

POTEMTIAL FLOW SOLUTION

NODC = 390, LcoL = 100, KROW = 100, NI1ZS = 250,
- HNPVSX = 2.4 _ NRC = 60, _ NEQ = 2, IBL = 0,
NVP = 5, NPRMNT = 132, IDIFRT = 0, NOUTPR = 70,
_NC = 7' . NM3OUT = 1, KUDG = 0, IWREIT = 0,
NBUG_=_ 1,. ... MNSPEC = 3, KOUMP = 1, KNTPAS = 10,
IARRLY(271)—I 10
TARPAY(201) = 5, TARRAY{205) = 100, TARRAY(208) = 5,
_ITAREAY(250D) = 1y 57y 124 .0y 0y Oy 10y S44y 1y 44 4,5 14 . .
TARRAY(271) = 1, 10, 1,
TARRAY(241) = 1, 10y 1, TARRAY(263) = 100,
__TARRAY(276) =_200), CTARRAY(279) = 200,
_TOFINF=5334y__ UINF =_la.y_ _ . RHOINF = la,. PINF = lay —-
XMUINF=533., . .
XMUINF=533., ALC = .001, THK = .001, CONRHO = 1.,
_THKAF = 4118, _ ALPHA = 6.4, COMPX = 244 . COMPY =243 .. ... _
ALPHA = 8. BETA = 0., THKAF = ,15, RNB = 1.4€07,
" S | _GENP NTC G GD FO— POTCNTIAL FLDH SULUT!UN
-l . .. ... . T. KD. OF DIVv. PER SUPER ELEMENT NORMAL TO AIRFOIL
_ox2x3 T -
T NO. OF DIV. PER SUPER ELEMENT TANuENT TO AIRFOIL
& 455 7675546
A4 T (DSCRTZY . e e
.. T END CF LITERAL DATA
T TITIE PRINTED BELCW COMOC_ SYMBOL

PRTENTIAL FLOW OVER HACA 0015 (MOD.) AIRFOIL

ATRFCIL, 8 DEGREE ANGLE OF ATTACK.
LITERAL NATA | R .

PARAMETER TITLES FOR HEADFR QUTPUT.
ENGLISH-IN M~K-S

eseeMocsae

TOPAR

eeeslNeaas
END OF LITERAL DATA
{LGC.

5%2, 2%2 162 164 163 T

LCCATION IN RARRAY JOF SCALARS TO BE PRINTED IN HEADER
999, |

5%200, 999, 200 4%43 T

TITLES

END OF LITERAL DATA

C-G-§
eeseCMaven

IN RARRAY)

FOR OUTPUT QF DEPENDENT AND PARAMET ER VAR IABLES.

DEPENDEMT VARTIABLE AND PARAMETER ARRAYS TO BE PRINTED

5248 T
2 T

DEPENDENT VARTABLE MUMBERS  _
5 T
PCTENTIAL FIXED AT THESE NODES

D CF LITERAL DATA

162%0. T
MOM = QIMENSIOMALIZE DATA  (DIHEM)
FINITS FLEMENT MATRICIES {GFOMFL)

PRINTS COMOC SYHMSOL.
£MD CF J023

IN ARRAY}.
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APPENDIX B

Bdundary Layer
Standard Check Case Data Deck

Bradshaw Re]axinng]ow



4BRADSHAW
53DBR
GFENAME
T CNAMEQL
8
9
10
il
12
13
14
is
16 &END
FTTFEDTMN
18LINK1
L9LINKZ
20VX25CL
21
22NDECRD
23
24ELEM
2500NE
26COMTITLE
27BRADSHANW
28DONE
29C0M3C
30DESCRIPT
31
2BRADSHAW
33D0NE

EEND
LNAMEQ2

34DESCKIPT
REFERENCE

35
36
37
38
39
40
41
42
43
44
45

LENGTH
VECLOCIT
DEMNSITY
TEMPERA
ENTHALP
FROZ.

NODE =
NPRNT =
ENTPAS =

T

40,
(A4
9

TOFINF = 5

T

REFL

1
14

3.917
= 8.3

T
T s
1

T
T

SOLUTION -

204

SOLUTION

332

Y

TURE
Y

VISCOSTTY
LOCAL PEESSURE
LGCAL SOLUTICN

X1/LREF

40DONE
&THPARA
48

49

50
SLIONUMB
52

53

54

55

56
STDESCRIPT
58UL/UREF
59D0NME
GOIOSAVE
[}
6210MULT
63
641PINT
65

66K8B1:0
6T780TTOM
68LINK3
6YLINKL
TOLINK2
TIVXE3ST
72
T3VPVSX
14
T5LIRK2
ToLINKZ
TTLINKCALL
78
TIUKNINT
BOEXIT
81LCASE CNOD

-1

-1

203

-1
-1

-1

20

&
-1

T
1
T

M
1

SPEC.HEAT

1

T

T
uz2/u
T
7

T

READS NAMELIST DATA
NM = 2, NEOKNN = 1, NMOUT = 3,
, KDUMP = 1, IKRIT = 10, KKOW = 28,
D, )
33., UINF = 110., UINFX = L1242y PINF = 227244
' TD = .5, DELP = 20. VSTART = 6.4
333, RNULOC = 1., -
DIMFNSTONS ARPAYS
ETUP NODE - LLEMENT GENERATION * DUTPUT TITLE. -
C. 30 .1 1.2 T T
1 28, 1 1, © T NODES 1 - 26 IN SOLUTION
ZMD OF LITERAL SEQUENCE e
TITLE PRINTED BELOW COMOC SYMBOL

IDENT 24004+ (REF. 31}

END OF LITERAL DATA .
PRINTS CGMOC SyMBOL. .
DESCRIPTIVE TITLE AT BEGINNING OF HEADER CGUTPUT.
LT
END CF LITERAL DATA
T 10PAR PARAMETER TITLES FOR HEADER OUTPUT.
ENGLISH-FT ENGLISH~IN M-K~S C-6-S
eeFEET ... corelitenes Y seealMaces
« FT/SEC.. e e/ Senas veoCM/Saue
SLBM/FT3a. e KG/M3.0s eseG/CCaue
SRANKINE . o coKELVING
LOTU/L3M. . e e KJ/KGo e
CBTU/LEK—K o KJ/KG=Kas
JLBM/FT-S. JNT=S/M2. . «.POISEL..
ceoPSFasan ceePSlaeae b NT/M2. .. eesTORRGa .
«MACH, NO. e« IP0OX1 a0 esENERGY as +HMIT Xe EFFa
COX1/LREF SEPSILON,. . LDXLM/LREF REFL REYNOLDS NO
END DF LITERAL DATA
MULTIPLIERS APPLIED TO HEADEK UUTPUT. (LOC. IN RARRAY)
5¢2, 2%2 162 164 163, 3%2 164 163, 3%2 170 174,
352 165 2, 2 -115 3%2. 3%2 176 2, 3%2 171 178,
2 2 169 168 167, 3«2 108 2, S¥z T o
LOCATION IN KARRAY (F SCALAKS TG EE PRINTED TH HEADER
996, 5%200, Y99, 266G 4%4i, 200 21 200 2%27, 200
10 200 2210, 200 S8 200 58 200, 200 97 200 97
200, 200 30 2CO0 30 200, 200 38 200 2%38, ’
999, 39 4%36, 200 LS4 98 135 122,
i 12 14 8% a7 T
TFMTHD TITLES FOUR OQUTPUT DEPENDENT VARIABLES.
REF Ul PRINE EFF. MU/MUREF
END OF LITFRAL SEQUENCE
DEPEMNDENT VARTABLE AND PARAMETEn ARRAYS TO BE PRINTED
1248 2248 1249 1247 T
MULTIPLTERS APPLIFD TO 10SAVE ARPAYS (LUC. IN ARRAY).
6%2 T
DEPENDENT VARIABLE NUMBERS
1 2 7
Ul FIXED AT THESE NODES
DONE
NON - DIMENSIONALLIZE DATA (DItEN)
FINITE ELEMENT MATRICIES {GEONMEL?
CONTINUITY EQUATINH SOLVER (CUNTES)
0.08333333, T X1 COURDIMNATES FOR PRESSURE TABLE.
47.0 52,0 59.0 65.0 20u.0 T
PRESSUKE DATA FOR PRESS. TABLE (CP)
1.04 1.02 1.00 1.00 L.00 7
GENERATES Ul InMITIAL PRUFILE FOR bRADSHAW CASE
PRINTS GENERATED MODE MAFP
PLACES CALLS 79 LINKI J AT [NO.QOF QKKNUIN,
2 4. ) 2 3. S5 by 2 19, T

INITIATES INTEGAATION RETUKNS CUNTROL Tu BOIMPT AT TF
END TF JCH
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Boundary Layer and Wake Flow
Standard Check Case Data Deck
Joukowski, 12% Thick, 6° Angle of Attack



)

20 {QSCRTZY . . ... ..

CK=1.,

T

C-G-§
sneeCMas,a
«eslM/Sees
0vsG/CCaue

« . POISE, ., .
a2+ T0RR. 0w
JHMIX. EFF.
cseeFlasnus

PEYHOLDS D

SFENAME T RFADS NAMEL (ST DATA
b ENAMEQL .. . L L. L . - PV ..
7. NODE = 55, . KROW = 55, LtcoL = 2. NIZS = 200,
8 ... NEQ = 4, . NEQKNMN = 4, NELEZ2Z = 1, HNEQADD = -3, .
_.9.. _._... NDERIV. =_2, NM o= 2, ITKE = 0, MNTKS = .10y .
10 NPVYSX = 70, NBC = 24 NOUTPR=80., KOUMP = 1,
11 NMOUT = 3, KNTPAS=49, IFSL = 0, LG = 29
12 . NSCY = _Lle.._. .. IPTSPL = 1, .. TARRAYI(206)=20,NC _ .= .10,
13 KPNT = 1, TWRIT = 1, ITDA = 0, L 1TDB = 0,
14 . NU2POS=20, . NU3P0S=20, NPRNT=60,
LS REND e e e e o e
16 ENAMEO2
17 TOFINF = 533., PINF = 2116.8, UINF = 40., XMUINF=,]1238F-4,
18, ... ... _REFL.= _les ... ACUCT =_ 1., .. _RARRAY(361)=,88,RARRAY{392)=1.666Ty_ ___ ...
19 . PRTKE=l., . PRDOIS = 1.3, CLTKE = 1.45y C2TKE = .18,
20 . CKTKE =_ .09, co = .09, YLTKE = .,4325, ESCF = 1., .
2V _C4EDSW = .99%, E1R2S5W=5., YPLUS = B. CVSTART = 10.»
22 TO = .99, T0 = .01, DELP = 20., HMAX = 10000.,
23 HSINIT = 1.0E-07,
_2% BEND. .. el e e e e = oo —
25FEDIMN T DIMENSIONS ARRAYS
26 . .
C2TLINKZ 14 .. .. T _GENERATE GRID FCOR VISCCUS SCLUTION -
28VX2SCL T INTERPRET SCALE FACTGRS AND LIMITS.
29 .97y, 15 1.0 0.84%0, 1 1.0 1.0y 20 1.06 "1.13
_3ONDECRD. . .. ....T _SPECIFY NJ. OF NODES TO BE GEMERATED IN EACH OIR.. ... .
31 . 1 37, L 1. O T
32ELEN . T CONSTRUCT Fo E. CONNECTION TAGLE.
A3DOME . ... T _END OF LITERAL SELUENCE Lo .
34CNTPTS -1 T MUMBER OF NODES {N EACH SUFPER ELEMENT
35 2L 16 T
C36CNTNDS___ =% _ __. . T _RENUMBERS THE NORES TO INCREASE FROM_BNO. OUT.
37 o 2i%*71 17, 16*I-1 16 T
38CNMTITLE T TITLS PRINTED BELOCW COMOC SYMBOL
39 . AIRFOIL TYRAILING EDGE AND WAKE SOLUTION |
4000DNE T END OF LITERAL DATA
413ESCRIPT 204 T DESCRIPTIVE TITLE AT BEGIMNING OF HEADER QUTPUT,
42 PR .o . . .o
43 JOUKOWSKT  T/C=,118, & DEG. ANGLE OF ATTACK, BND.-WAXKE SOLN.
44DONE . T END CF LITERAL DATA
_ 450ESCRIPT 332 . .7 (0PAR CLARAMITRR TITLES FOR HEADER OUTPUT.
46 REFERENCE ENGLISH-FT EMGLISH-IN M-K~S
47 LENGTH ee e FERT .0 s envelNeaas, reesMeviaon
.48 VELCCITY e FT/37%C, . cosM/Seeas
&9 DENSITY SLBEM/FT3.. o KG/M3.a
50 TEMPERATURE JRAMKINE.. S eKELVIN.,
51 ENTHAL®PY BTUZLAM., s oI/ KGawo
52 FRQZ. SPEC.HEAT LBTU/LAN-R WKJI/KG~K. ,
_ .53 VIscasiTy SLBH/FT-S, . . HT=S/M24a
54 LOCAL PRESSURE sesPSF.oae sesPSTcann «JNT/HM24..
55 LGCAL SOLUTION «MECH, NO. DDA Leas s EHERGY ..
_ 56 NWGEDH M!S _ aeHZlou.. eedl3224000 102eG2300en
57 X1/LREF LDXL/LREF, JEPSIAOH., <DXLM/LREF REFL
58DONFE T SND OF LITERAL DATA
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115

116RESTART 9 1 T PRESTART AT TRAILING E0GE (PARABOLIC NAV. STOKES)
117
TYBNAMELIST o o .
119 ENAMEOL . . .
120 i NEOKNN = &4, MEQADD = 0, . NDBL = O, NELE2 = 0,
121 L UKDUMP 2 L e i
122 £END
123 &NAMEO2
126 HMIMN. = 0.4 e e e e
125 GEND . . o .
126 1ARPAY . 145 0 T RESET IMIN TO ZEROD
C127RARRAY ___13.__ 0.1 _=3 _T RESET PRINT INTERVAL (NON-D) R e
128RARRAY 15 7 -1 T RESET STEP SIZE {NON~D)
129RARRAY 22 1.001 -1 T RESET FINAL STATION (NON-D) 2
_130ELEMENTS. __~1. . ___ T __RESET_FINITE ELSEMENT CONMECTION TASLE. . . _ . . o .
131, . 122334455667 78899101011 11 1212 .
132 . . 13 13 14 14 15 15 16 16 17 16 18 18 19 19 20 20 . _-.. ..
133 . . 21 21 22 22 23 23 24 24 25 25 26 26 27.27. .. S
134 28 28 29 29 30 30 31 31 32 32 33 33 34 34
135 - 35 35 36 36 37 T REM. 17 18, 16 18
_136DESCRIPT . o T _TITLES FDR OUTPUT OF DEPENDENT AND PARAMETER VARIABL
137U1 7/ UREF. . . . U2 / UREF . TKE / TKEREF 0ISS / DISSREF MU / MURSE
138U1 PRIME . ... U2 PRIME TKE PRIME DISS PRIME DPDX
_13GDONE___ ____.. .. _._.T _END OF LITERAL DATA_ . e o . e
14010SAVE -1 T DEPENDENT VARIABLE AMD PARAMETER ARRAYS TG BE PRINTED
141 1248 2248 5248 6248 1247 1249 2249 5249 6249 305, T .
_162I0MULT_ =1 . __ _T_MULTIPLIERS APPLIED TO [OSAVE ARRAYS {LOC. IN ARRAY). __ . .
143 ... ... ..1o*2 T o .
144KBNO 1 T Ul FIXED AT THESE NODES o )
145DONE__ _ __ ... ...... T_ END OF LITERAL DATA | . . L .
146 1BORD T  REORDERS BIUNDARY ELEMENT NODE PAIRS
147RIGHT DONE _ )
l48K8NOD. 2 1 .. DU/DX_BOUNDARY. CONGITICN OH U2 _ _ e o
149T0pP ) 0 0 0. 2 ~4.321 2
15080TT0M. .0 .G .0 0, 2 4,320 . 2 T
15100NE T END OF LITERAL DATA
152K8NO 5. T TKE FIXED AT THESE NODES
" 1S3DONE_ T END OF LITERAL DATA L o ; .
154KBNO 6 T DISSIPATIAN FIXED AT THESE NODES
15500NE T END OF LITERAL DATA
_1S6LINKCALL_ =1 _ T _PLACES CALLS TO LINKI J AT EMD OF QKNUIN. . S
157 ) . S 1, L 4 215 5 6y T
15830PNS o :
LLS9OKNINT ... .. T TINITIATES INTEGRATION,RETURNS CCNTROL TO BOINPT AT TF
160 .
L61RESTART O 1 T RESTART TJ INCREASS STEP SIZE INCREMENT
162 . e e e e L I R

163NAMELIST
164 ENAMEOL

J165 L UMDRL = 0, L L. L N - .
166 &END
167 ENAMEO2 .
L1680 HAIND = 0.0, . P e e
169 &END
1701ARRAY 145 0 T RESET IMINMN IN NOMEOL
171RARRAY 115 . 7 . -1 T RESET HMIN NOM-DIMEMS {ONALIZFD BY FACT
172RARAAY 20 23 T RESET NEXT PRINT TIME
L7IRARRAY 1 35 0.1 T RESET PRINT INTERVAL INDR~-D)
174RARRAY 22 1425 -1 T RESET FINAL STATION -TF- (NOGN-D) .
175RARRAY 35 0,25 -3 T RESET SCLUTION INTERVAL -TD- (NON-D)
176SAVETAPE 9 4
L77OKNINT | . T INITIATES IMTEGRATION,RETURNS CONTROL 70O B8DINPT AT TF
178EX1T T END OF JO8
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