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COMOC: THREE-DIMENSIOMNAL BOUNDARY REGION VARIANT
PROGRAMMER'S MANUAL
By
J. A. Orzechowski & A. J. Baker
Bell Aerospace Company

SUMMARY

The Three-Dimensional Boundary Region Variant of the COMOC
computer program system solves the partial differential equation
system governing certain three-dimensional flows of a viscous,
heat conducting, muitiple-species, compressibie fluid including
combustion. The solution is established in physical variables,
and employs a finite element solution algorithm for the boundary
value portion of the problem description in combination with an
explicit marching technigue for the initial value character.

The computational lattice may be arbitrarily non-reguiar, and
boundary condition constraints are readily applied. The program-
mer's manual contains a brief capsule of the mathematical prob-
lem description and the theoretical foundation of the solution
algorithm. It presents a detailed description on the construc-
tion and operational sequence of the program, and provides com-
plete instructions on the utilization of the many optional fea-
tures of the code. A more complete description of the theoret-
ical foundation of the finite element soTution algorithm, and a
detailed discussion of computational results for several sample
problems in fluid mechanics is contained in the theoretical guide
and user’s manual [Ref. 1].

INTRODUCTION

The finjte element methodology for numerical solution of
initial-boundary value problems in continuum mechanics is growing
rapidly. Formerly constrained to solution of structural problems,
or other linear field problems wherein an equivalent extremum
principle exists, the theoretical support is now sufficiently gen-
eralized to render the method directly applicable to explicitly
nontinear problems, including viscous filuid mechanics [Ref. 1-3].
The COMOC computer program system. is being developed to transmit
this rapid theoretical progress into a viable nuierical solution
capability. On the way to generation of this general purpose
concept, several Variants of COMOC have been developed for spe-
cific problem classes including transient. thermal analysis [Ref.
41 and the two-dimensional Navier Stokes equations [Ref. 5§]. .




The Three-Dimensional Boundary Region (3DBR) Variant of
COMOC, to which this programmer's manual is addressed, solves
the three-dimensional boundary region equations for flow of a
viscous, heat conducting, muitiple-species, compressible fluid
including combustion. The flow may be external or confined,
subsonic or supersonic, laminar and/or turbulent, and can con-
tain up to nine or more distinct species in frozen composition
or undergoing eauitibrium chemical reaction for a hydrogen/
oxygen/air system. The finite element solution procedure
marches the discretized equivalent of the governing eguation
system in the direction parallel to the nredominant flow. It
numerically establishes the complete three-dimensional distri-
butions of the three scalar velocity components, enthalny,
temperature, density, viscosity, and all anplicable species mass
fractions. Initial distributions of all dependent variables may
be arbitrarily snecified, and boundary condition constraints for
each dependent variable are user-specifiable on arbitrarily dis-
joint segments of the solution domain closure. The solutions
for each dependent variable, and all computed parameters, are es-
tahlished at node points lying on a snecifiably non-regular com-
putational lattice formed by plane triangulation of the ellintic
solution domain.

, A1l Variants of the COMOC system are built upon the macro-
structure illustrated in Fig. 1. The main executive routine al-
locates core, using a variable dimensioning scheme, based upon
the total degrees of freedom of the probiem. The size of the
largest problem that can be solved is thus 1imited by the core
size of the computer in use. The precise mix between number of
dependent variables (and parameters), and fineness of the dis-
cretization, is user-specifiable and widely variable. The Input
module serves its standard function for all dependent variable,
parameter, and geometric coordinate arrays. The Discretization
module forms the finite element discretization of the solution
domain, and evaluates all required finite element non-standard
matrices and standard-matrix multinliers. The Initialization
module computes the remaining initial parametric data reauired
to start the solution. The Integration Module constitutes the
primary execution sequence of probiem solution. It is based
upon an explicit finite difference inteqration aldorithm for the
column vector of unknowns of the solution, for which the discre-
tized description is initial-valued, Calls to auxiliary routines
for parameter evaluation, e.g., viscosity, Prandtl number, source
terms, combustion parameters, etc., as specified functions of
dependent and/or independent variables are governed by the Inte-
gration Module. The user has considerable latitude to adant
COMOC to the specifics of his particular problem at this noint,
by directly inserting easily written subroutines into COMOC to
compute 'special forms of these parameters. The Qutout module

is similarly addressed from the integration sequence and serves
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its standard function via a highly automated array display
algorithm. COMOC can execute distinct problems in sequence and
contains an automatic restart capability to continue solutions.

The 3DBR VYariant of COMOC, as a direct consequence of the
expansive problem class to which it may be addressed, is a fairly
large and comnlex computer program. This programmer's manual
presents a brief introduction to the partial differential equa-
tion system being solved, and summarizes the theoretical founda-
tions for the combined finite element-finite difference nroce-
dures used to establish the desired numerical solution. This is
followed by a compliete description of 3DBR COMOC inciuding envi-
ronment, proaram specifications, 1ink and subroutine structure,
program comments and detaiied flow charts. The instructions for
machine set-up and execution of the code are included, and sample
output for the standard test cases is fully discussed. A com-
plete discussion on the technical aspect of soiutions for the
standard test cases is presented in the user's guide [Ref. 1].

PROBLEM TASK DESCRIPTION

The system of partial differential equations governing the
three-dimensional boundary reqgion flow of a compressible fluid
is obtained from the parabolic aporoximation to the full Navier-
Stokes equations. The parabolic approximation, i.e.: "parabolic
Navier-Stokes eduations," describe steady, three-dimensional
flows wherein, 1) a predominant flow direction is uniformly dis-
cernible, 2) in this direction {(only), diffusion processes are
negligible compared to convection, and 3) no disturbances are
bropagated upstream antiparallel to this direction. The boundary
region eouation system s obtained from naraholic Navier-Stokes
with the single additional assumption that a known bressure dis-
tribution is superimposed upon the flow field. - It is the numer-
ical solution of this equation system to which 3DBR COMOC is
addressed. Identify the three-dimensional velocity vector

Uy = ougd o+ u,d o+ ougk ' (1)

For development of the differential equation system, assume that

i is aligned parallel to the predominant flow direction.. Iden-
tify a two-dimensional vector differential operator as

b = 30, e ROy o (@)




where the comma identifies the gradient operator. Employing
Cartesian tensor notation, with summation over 2 and 3 for re-
peated latin subscripts, the three-dimensional boundary region
equation system for a multipie-species, compressible, reacting
flow takes the form

0 = (pu'i)"i + (pu'l)s'l (3)
[5) - o o o

PUIYSY | ScRe Y’k],k - pup ey + S (4)
n )

Pty 1 % lRre ', T opUpuy 7 Pag (5)
] Kisy K
[ e | .

pujlz 4 Re U3, T Py, - Pig (6)
5 lsg

push.y = | gevpr Pok e puyHay

_ {Sc-Pr gﬁ Oy o
[Sc«Pr Re éh Y’kJ,k (7)

The variables appearing in Eq. (3)-(7) are non-dimensionalized
with respect t0 pw> Uxs Cp,s Tws and a length constant L, and
have their usual 1nterpre%ation in fluid mechanics. The Reynolds
(Re), Prandti (Pr), and Schmidt (Sc) numbers are defined with
respect to the effective diffusion coefficient, u®, in algebraic
combi?ation with the Taminar and turbulent contributions as, for
example . ‘

S A (8)

]
b |
-
]

L

In-Eq. (8), u is the laminar viscosity, e is the kinematic eddy
viscosity, and subscript T denotes a turbulent reference param-
eter. The stagnation enthaipy is defined in terms of species

static enthalpies as.




H = J h%v® + % Uy Uy (9)
o

The static enthalpy includes the heat of formation, hg, of the
species in its definition as

;

o - o o

he = J T + h (10)
TO

An equation of state is required to close the system. Assuming
perfect gas hehavior for each species, from Dalton's law, obtain

¥ ]
Po= eRT I (11)
o g

where R is the universal gas constant and W* is the molecular
weight of the a-th species.

Equilibrium combustion of hydrogen/oxygen/air systems in
three-dimensional bosundary region flow is operational in 3DBR
COMOC. The following reactions are assumed operative.

oH + 0 < 0

20 < H,

++

20 0,

H+ U< o0H

N2 + 20 « 2NO : ' {12)

~ The equilibrium composition of the combustion by-vroducts is
 determined by applying the Law of Mass Action [Ref. 6] to each
reaction defined in Eq. (12). This yields definition of a set
of equilibrium rate constants, K, which, Tor the simple reaction |
né + mB % aC, are expressed in terms of species mole fractioh, T
XG, as T I S e e D e




A B
K = [ﬂ.lgl%_lﬂ (13)
[X*]

Solution of Eq. (12) with (13), and coupled with conservation of
total and elemental wmass, yields an algebraic equation system
for determination of the equilibrium composition of the system,
of the form.

[Nﬁ]{x“} = f{const.} (14)

In Eq. {14), the elements of the matrix [NE] account for the
particular species mole fraction distribution, {X®}, containing
the gth elemental material, e.g., 0, H, and N.

METHOD OF SOLUTION

The three-dimensional boundary region equation system,
except for global continuity, Eq. (3), is uniformly an initial-
boundary value problem of mathematical physics. Each of the
partial differential equations, Eq. (4)-(7), is a special case
of the general second-order, nonlinear partial differential
equation

L(q) = m[K(q)q,k]’k * F(a,9,,5.%x:) - gla.x) = 0 (15)

where q is a generalized dependent variable identifiable with
each computational dependent variable. In Eq. (15), f and g are
specified functions of their arguments, x is identified with x3
for boundary region flows, and x; are the coordinates for which
second order derivatives exist in the lTead term. The finjte"
element solution algorithm is based upon the assumption that

L(q) is uniformly parabolic within a bounded open domain @, i.e.,

the lead term in Eq. (15) is uniformly elliptic within its domain

R, with closure 3R, where :

and yo < x < o, For Eq. (15) uniformly parabolic, unique solu-
~tions Tor q are obtained pending specification of bhoundary
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constraints on %R and an initial condition on RU3BR. For the
former, the general form relates the function and its normal
derivative everywhere on the closure, 3R, as

a(a) = a(1)q(?1=x) ¥ a(a)Kq(i},x)aknk -a3 = 0 )

In Eq. (17), the a(j)(x.,x) are user specified coefficients,
the superscript bar notdtion constrains xj to 3R, and ny, is the
local outward-pointing unit normal vector. For an initial
distribution, assume given throughout RU3R x Xo»

n(x.is}(o) = qO(Xi) (]8)

The finite element solution algorithm is estahlished for
the equation system (158)-(18), using the Method of Yeighted
Residuals {(MWR) formulated on a local hasis. Since Ea. (15) is
valid throughout R, it is valid within disjoint interior sub-
domains, Ry, described by (xi,x)eRp x [xo-x) called "finite
elements," wherein URy = R. Form an anproximate solution for q
within Ry x [xo0,x)s called qf{xi,x), by expansion into a series
sotution of the form

ar(x;x) = Le(x )Y, (19)

wherein the functionals ¢k(xi) are members of a function set com-
plete in Ry, and the unknown expansion coefficients, Qk(x), rep-
resent the x-dependent values of qm(x;.x) at specific locations
interior to Rm and on the closure, 3Ry, called "nodes.”

To establish the values taken by the expansion coefficients
in Eq. (19), require that the local error in }he annroximate so-
Tution to both the differential equation, L{gp), and the boundary
condition statement, &{qm), for 3Ry @R, be rendered orthogonal to
the space of the approximation functions. Emoloying an unknown
algebraic multiplier, A, the resultant equation sets can he
combined as

J{¢(x1)}L(q;)dT --1]{¢(x1}}z(a;)dc = 0 - (20)

Rm . | BRHWBR




The number of equations (20) is identical to the number of node
points of the finite element, Rpy.

Equation (20) forms the basic operation of the finite
element solution alfgorithm and of 3DBR COMOC. Establishment of
the global solution algorithm, and determination of A, is acrcom-
plished by evaluating Eq. (20) in each of the M finite elements
of the discretized solution domain, and assembly of these M x n
equations into a global matrix system using Boolean algebra.

The lTead term can be rearranged, using a Green-Gauss Theorem, to
yield

J{‘i’(xi)}K[Kq%sk]’de K §{¢(xi)}an’knkdc

Ry , BRm

¢ [t b kagsydr (20)

R

For 3RMIRp nonvanishing, Eq. (21), the corresponding segment of
the c1oseﬂ surface integral will cancel t?% boundary condition
contribution, Eq. (20), by identifying ralé) with « of Eq. (15).
The contributions to the closed surface integral, Eg. (21), where
3RmMBR = 0 can be made to vanish. Hence, combining Eg. (17)-(21),
the globally assembled finite element solution algorithm for the
;epresentativa partial differential equation system description
ecomes

LJ{n . j{¢},kkq;,kdr + j{¢}(f; - g3)dr

-k J{¢}(aé1)q$ - af3Ndo ']= {0} (22)
BRm R

The rank of the giobal equation system, Eq. (22), is identical

to the total number of node points on RU3R for which the depen-
dent variable requires solution. Equation (22) is a first-

" order, ordinary differential system, and the matrix structure

is sparse and banded. Solution of the ordinary differential




equation system is obtained using a finite difference numerical
integration procedure.

The solution algorithm for the global continuity equation
is similarly derived. Recognizing that Eg. (3) is an initial
value probtem on pup as a function of xp, with x} and x3 appear-
ing as parameters, the approximation function need span only the
transverse coordinate direction as

ar = {¢(x2)}T{Q(x],x3)}m (23)

The matrix elements Qg are nodal values of pu%; their functional
dependence requires solution of Eq. (3) along lines (xj,x3) eaual
a constant. The solution algorithm for Eq. (3) is directly spnec-
ified as

J{@}L(pug)da = 0 (24)

‘where the matrix elements of {&} are not coincidential with those
of {¢}, Ea. (23), and the segm~nts R, corresnond to lines of
(x1,x3) equal to a constant.

The functional flow chart for 3DBR COMOC is presented as
Fig. 1. MAIN initializes execution of COMOC and allocates core
using a variahle dimensioning procedure for the probhlem at hand.
The first steps within INPUT evaluate if a problem solution has
been completed, and if so, whether execution of an additional
problem is to be initiated. QKNINT is the calling routine that
begins execution of a problem. The first sten is INITIALIZATION
which includes reading of title cards as well as integer and
floating point NAMELIST input.

DISCRETIZATION is then called to establish a finite element
gridwork of the elliptic solution domain as specified in INPUT.
3DBR Variant of COMOC emplioys simplex (linear) functionals sovan-
ning triangular shaped two-dimensional finite elements as aporox-
imation functions, £En. (719). Using a natural coordinate function
specification [Ref. 1, 7], accurate determination of the finite
element matrices is achieved including those that are highly non-
linear. A1l matrix expressions are determined in terms of stan-
dard matrices and/or standard matrix muitinliers. For examnle,
the first term in Eq. (22) is standard for all dependent vari-
ables. Assuming th% generalized diffusion coefficient is dis-
tributed over the mth element as a dependent variable, obtain

10
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K

(Lo Katydr = e[ T), 1K1 163003 ], (03

)
R R

n

«{K}L{BT0}[B21151{Q}_ (25)

In Eq. {(25) and the following, matrices with B prefixes are
standard two-dimensional forms defined in Iab1e 1 For Eq. (22)
identified with each dependent variable, fj and gy universally
contain the nonlinear convection term and the initial-vaiue
operator as dominant terms. The finite element equivalent for
convection is

[torouganan = [tortarTougd ter] cay de

R R

= [B200S1{pU"}_{BI1}T{Q}, (26)

where the elements of the vector, {pujl}, are nodal values of the
planar mass flux transformed to a local coordinate system. The
initial-value operator, which comprises the mainstream convection
term, similarly becomes

[torouraryer = [tortorTtouny iLyTcaszen

Rm Rm

= {pU13,[83000S14Q}; (27)

where the matrix elements of [B3000S] are column matrices, see
Table 1. The superscript prime exterior to a matrix denotes an
ordinary derivative.

Computational entry to the INTEGRATION module, for each
dependent variable, is made through the inhomogeneous term in
the differential equation, Eq. (15). For mainstream momentum,
Eq. (5), this is the specified longitudinal pressure gradient.
Therefore, in finite element matrix form

11
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TABLE 1

STAMDARD FIMITE ELEMENT MATRIX FORMS FOR SIMPLEX
FUHCTIONALS IN ONE- AND THO-DIMENSIONAL SPACE

m A
Hatri Hated
*Rame Function Hatrix Evaluationt2)+(3):{4) -
g
o) :
t810) [tores 4
1 i
Rm 1
Lyt e
[s211s] OGN (ggpz) 10
0

x3p3 _|\* xae3 fxses %393 )
Xere v X2p2 \X2FZ "' ) Xape
x3ra\? X3p3
-(izF?) 0 (szz)

(20051 | [t41t1Tda &

R
n

ol PO —

"L
L——cy

to =
Mo o

‘mmm”-'rvm,

m
rsaooes] | [eeniodterTar | g

'-mml\.l ‘NN‘-‘"M“‘N’ |

|
Ry i
|
* .2 |
{811} (O O T S
°3),,. L]
.
T g 2 1
th2oosy | [tereerao el 2]
3R,
LB
10} [tords r‘[&
3, )

{1} Matrix names are a 6 digit code covering dimensionality, nenlinearity, degree of
differentiation and spacial matrix properties, as [a, b, ¢, d, e, f] where:
a = A, B, £ for spaces of ane-, two-, and three-dimensiens,
b = number of toordinate functions appearing in integral or matrix, -
¢, d, e = {0,1) Boolean counters indicating (no, yes) differentiation of each function,
eor f =5, A, &4 for matrix symmetric, antisymmetric or general.

{2) Symmetric matrices are written im upper triangular form.

(3) A™ = 172 (%2P2}{X3P3), the plane arca of the triangular finite clement.
X2P2 = the xp prime ceordinate of node 2,
X3P3 = the xy prime coordinate of node 3.

{4) 2™ = length of side for boundary condition (=X2P2).




J{¢}p,]d1 = {B10}p,, (28)

R

For each species mass fraction, the equivalent expression involves
the element distributed source term, S%, as

J{¢}Smdt = [BZOOS]{Su}m (29)

R

For non-~constant, but equal Prandtl and Schmidt numbers, the
energy equation, Eq. (7), has one source term. An integration
using a Green-Gauss Theorem is appropriate; the generated sur-
face integral vanishes yielding

e 1-p
o [1-Pr) e
j{¢} [Eﬁ? ( Br >“ (ujuj)’k] 3T

m2 1opp\# ok
w -Pri* e
e I{¢}=k ( o ) U u§u§’de

2

M 3

- T T ;
- ®e {XMU}m{PR}m[B3OOOS]j§1{Uj}m[3211S]{Uj}m (30)

Solution of the matrix equivalent of Eq. (22) occurs in the

INTEGRATION module, and is achieved using an explicit finite dif-
ference integration algorithm for large systems of nonlinear,
first-order ordinary differential equations. 3DBR COMOC employs
a first order accurate, predictor-multiple corrector algorithm
wjth an extended stability interval [Ref. 1, 8]. Identifying
ph+1 and pé.q as the sequentially predicted values of the depen-
deg variaBTe dp+7 at the n+15% x1 station, the integration algo-
ithm s

13




"Timit, the (n+1

1 _ 1 T .-
Ppse1 = 2y Gy * hby
2 _ 2 2 1. 2 .
Pn+1 a1 9 * h[b1 P+ N b2 qn:|
- 3 3 2 . 3 .
Goe1 = 27 Gy F h[b] Phsr bz qn] (31)

The a, and b. are fixed coefficients, and h is the current
integ}ation dtep-size, Ax1. The integration algorithm attempts
to extremize integration step-size automatically, based ubch
internal error control. An estimation of relative truncation
error is used of the form

2 .
|pn+1
If the relative truncation error associated with using the given

integration step-size, h, to estimate the (n+1)}5%t value of the
dependent varia?;%, is Tess than the user-supplied accentable

- a

IRTE] = n! (32)

If the computed relative error exceeds the 1imit, the predicted
values are discarded, a smaller step-size selected, and the oper-
ations of Eq. (31) repeated.

Following an integration sequence, entrance into the
PARAMETER module is made to evaluate the remaining solution pa-
rameters and functions in terms of the newest distribution of
dependent variables. Evaluation of node pnoint density and static
temperature is made first; for binary, isoenergetic flows with
temperature-independent specific heats, a simple quick running
subrotutine may be addressed. For the more complex case, COMOC
can handle arbitrary frozen flow compositions, as well as the
equilibrium composition of combustion of hydrogen/oxygen/air
mixtures as a function of temperature, pressure, and relative
concentrations of the elements, Hz, 02, Np, and Ar [Ref. 9]. The
species considered are H»0, 02, Hz, Nz, Ar, 0, H, NQO, and OH.
Since all thermophysical properties are temperature dependent,
initialization is based upnon a user finput total temperature dis-
tribution. As a function of input pressure at initialization
and the bujlt-in tables of thermodynamic data, distributions of
static temperature, frozen specific heat, and stagnation enthalpy
corresponding to input total temperature are determined using an
iteration algorithm based unon the method of false nosition. A1l
solutions following initialization are based upon iteration to
equilibrium comnosition using computed nodal static temnerature

14
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as the convergence parameter. The iteration on temperature is
assumed to have converged when the difference between successive
iterates is less than 0.001 non-dimensional.

After convergence to a static temperature, the equilibrium
constants for chemical reaction are calculated from the Gibbs'
function. Composition is then determined using a modified Newton-
Raphson iterative procedure for solution of a system of nonlinear
algebraic equations. Once the nodal species equilibrium (or fro-
zen) composition is determined, enthalpy, entropy, molecular
weight, and specific heat are calculated for mixtures of ideal
gases in terms of the computed species mole fractions, X%, The
computed composition, X%, is based upon solution of the nonlinear
equilibrium equations for mole fraction of hydrogen, atomic OXy-
gen, and the square root of molecular nitrogen at nodes of the
discretization, using a Newton-Raphson iteration algorithm. A
maximum of thirty igerations are allowed for the solution to
converge within 107°. 1In only a few cases has non-convergence
occurred, always within a few degrees of the threshold tempera-
ture for dissociation. For these solutions, the equations are
resolved assuming that dissociation is negligible, i.e., the mole
fractions of H, 0, OH, and NO are negligibly small in comparison
to H2’ 02, NZ’ and HZO‘

The next parameter evaluation is solution of the continuity
equation for us. An evaluation of (pu?),1 is first required,
since no streamwise derivatives of a dependent variable can be
formed before the distribution of all variables is known in a
plane. In the discretized soiution, the actual requirement is fo
establish {pU1}°; the following second-order accurate Tinite dif-
ference formula is employed.

- ' 1 _
{pUt} = h {2h + h ){pU1}
n+1 hnhn+1(hn + hn+1) [ n n+1 n n+

20 2 -
- (hy + ho ) ol hn_”{pU'[]-n_]:I (33)

In Eq. (33), hn+1 and h, are the xq integration step-sizes,
respectively, between the current X1 station, xp+1, and the
previous two stations. An analytic expression is then estab-
Tisheg for the x2 distributions of mass flux derivative using

a 2"Y order running-smoothing polynomial generator over appro-
priate sequential panels of data. Using a unit.step for the
weighting function, &, Eg. (24) is integrated directly as

o o kel |
Apuy) = kgoak(xa)-@m— - (34)
15




Evaluation of Eq. {34} is repeated along each node column at
each xq station, ' '

Several additional subroutine calls then comnlete the
parameter evaluation phase. Included herein is evaluation of
an integral mixing parameter, pertinent to cold flow hvdrogen-
air mixing problems, and the skin friction and wall Stanton
numbeyr distributions. Additional calls are made to evaluate
the two-dimensional distribution of Prandtl and Schmidt numbers.
An input data tablie is interrogated to evaluate the Tocal static
pressure and the Tongitudinal pressure gradient. The nodal
distribution of laminar viscosity, as well as turbulent eddy
viscosity if being used, is then determined. The narametric
sequence 1s terminated with a call to subroutine SOURCE which
evaluates the dependent variable initialization arrays for the
next integration step forward. The integration execution nrhase
is then compieted, Fig. T, with a test to establish if the
solution is compiete and/or if an outnut call is required.
Following these tests, execution is returned to INTEGRATION
to repeat the same sequence of operations.

PROGRAM DESCRIPTION

The 3DBR Variant of COMOC is written to be readily executed
on any large scale computer such as an IBM 36n, 370, CDBC A60N,
or UNIVAC 1108. 1t is programmed in FORTRAN IV exclusively, ex-
cept for certain machine-dependent routines, e.g., date, address,
error handling, etc. With overlay, COMOC uses about 60K words
on an IBM 360 for a solution region involiving about 200 nodes
and about tweive degrees of freedom per node. Output can be
stored on tape ‘or punched cards for future restarts.

Considerable effort has been devoted to construction of
3DBR COMOC in a uniform and consistent manner. A comprehensive
subroutine substructure is utilized to allow functional proces-
sing in a consistent and readily foilowed sequence. Innut for-
mats are consistent and fiexible, and program input controis are
standardized. Consistent notation of variable names is employed
in all subroutines, and only three major arrays are maintained.
The common block /VARBLE/ contains the IARRAY. and the RARRAY.

The IARRAY contains a list of all the integers used in common
throughout the program in locations 1 thru 200. Locations 201
thru 400 contain the entry Tocations in the IZ array where di-
mensioned variables are stored. The RARRAY contains a list of
all the real scalers used in common throuahout the proaram. The
common block /ARRAYS/ contains the IZ array. This array contains
all the variahle dimensioned vectors, matrices and hollerith data
which areused by the nrogram. - Shown in Table 2 is a listing of -
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the MAIN Tink of COMOC, and Table 3 presents the overlay structure
of the program for the IBM 360/65 computer.

The source 1isting of 3DBR COMOC is not dinciuded in this
document due to its excessive length. The following pages of
this section contain descriptions of the subroutines of 3DBR
COMOC, followed by macro-flow charts of their functional
sequencing.

TABLE 2
MAIN LINK OF CQMOC,.
BDINPT L INK3 L0C ' QUTVEC
SCHPRN MAIN LOCATE PSIBC
-SUTHLD LINK4 LOOK RECIP
SETDIF : ABSAVE MATSUM RESET
LINK2 ASMVEC MINMAX SETVAL
RITE AVRG MPRD TENDA
L INK5 GENDA MTRA VARMAX
LINKT - GMADD NBNDRY VECTA

READER INITBL QUTNOD XYSCAL

ey b i i
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TABLE 3

OVERLAY STRUCTURE OF CGMOC FOR IBM 360/65 COMPUTER
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THE FOLLOWING PAGES CONTAIN A BRIFF DESCRIPTION OF THE SUBROUT INES
IN THE COMDC COMPUTER PROGRAM,

NAMES IN PARENTHESES INDICATE CALLING ROUTINES.
IF NO NAME IS ENTERRED THEN SEVERAL ROUTINES PLACE CALL.
MAIN
THIS IS THE MAIN CONTROL PROGRAM TO INITIALIZE THE IZ ARRAY
THE RARRAY AND THE IARRAY TO ZEROES.
TO INCREASE THE CAPACITY OF THE PROGRAM 70 HANDLE MORE NDDES
IT 1S ONLY NECESSARY TO INCREASE THE DIMENSION OF THE LZ ARRAY,
AFTER INITIALIZATION THE CONTROL ROUTINE BOINPT IS CALLED.
BDINPT (MAIN)
THIS IS THE CONTROL ROUTENE 7O INITIALIZE VECTORS AND TO CONTRQOL
THE FLOW OF THE PROGRAM ACCORDING TO USER INPUT.
A CONTROL CARD WITH THE FOLLOWING PARAMETERS [S READ IN -

PARAMETER FURMAY CARD COLS. DESCRIPTION

Vi A8 1- 8 CONTROL VARIABLE.

NX 12 9 - 10 INDEX FOR ROUTINE OR CALL LIST.

NPCD I5 11 - 15 START POS. FOR PDUMP.

NREPET I5 16 - 20 END POS. FUR POUMP.

NMUL 1015 21 - 70 A. NMUL{1) = RESTART TAPE.
NMUL (2) = RESTART PRINT NO.
NMUL{3) = NEW RESTART TAPE.

Bo NMUL(1) THRU NMUL(3) ARE
SCANNED TO FORM A MULTIPLIER
FOR REAL INPUT. IF ALL ZERO
THEN 1.0 IS USED,

RTNE A8 7L~ 78 ASSOC, WITH V1 = LINKL ThRU

LINK5, DENDQTES NAME OF ROUTINE

TO BE CALLED.

{NOT USED BY PROGRAM)

IF KDUMP = | IN NMAMEQLl, THEN THE ENTIRE INPUT CARD 1§ PRINTED
IMMEODIATELY AFTER BEING READ FOLLOWED BY THF DATA THAT IS BEING
STORED ALONG WITH THE DATA'S ENTRY POSITION IN THE 1Z ARKAY.

THIS ROUTINE LODKS FIRST FOR A MATCH OF VI WITH CERTAIN KFY WORDS
WHICH WILL EITHER CAUSE A SUBROUTINE 70O BE CALLED OR PRCGRAM
FLOW TO OCCUR,.

THE KEY WORDS THAT ARE SCANNED ARE -

BBRBB (BLANK) RETURN TO SCAN ANOTHER CARD.

coMocC — PRINT THE COMOC TITLE PAGE TWO TIMES.
COMTITLE READ A TITLE CARD WHICH WILL APPEAR ON CUMDC.
DESCRIPT NX CALL DSCRPT AND PROCESS ACCORDING TG NX.

l

|
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END RETURN CONTROL TO MAIN PRIAGRAM, RESET ARRAYS
AND RETURN TO BDINPT.

EXIT CALL EXIT«

FEBL SET IBL = 1.

FEDIMN CALL DIMENSIOGNALIZ7ATION ROUTINE FEDIMN.

FENAME CALL FENAME TO SET DFFAULT SCALARS AND THFN
CALL NMELST TO READ IN NAMECGL AND NAMEOZ
NAMELI STS.

FENS SET IBL = 0.

ICOND CALL ICONMD TO PRINT REAL AND ITEGER SCALARS.

INTEGER ALLOWS NEW VALUES TO BE READ INTC A SEQUENCE
OF LOCATIONS IN THE BORDER, IPLACE AND LOC
VECTORS.

KBNO NX ENTER - BOUNDARY NODES FOR NEP. VAR« WX«

LINKL NX CALL LINKL(NX)

LINK2Z2 NX CALL LINKZ{NX)

LINK3 NX
LINK4 N X
LINKS NX
NAMEL IST

pPDUMP NX
QKN INT

REAL

RESTART

HOL IST

VYYEND NX
VYYRDF NX

CALL LIMK3(NX)

CALL LINK4{NX}

CALL LINKS{NX}

CALL NMELST 70O READ IN NAMEOL AND NAMEO2
NAMELISTS.

CALL PDUMP {ILZINPCD)Y, TZ{NREPET), NX )

CHECK FOR NDRHOBL OR DRHOGS USAGE.

COMPUTE DIFFUSICON COEFFICIENTS,

COMPUTE SKIN FRICTION AND STANTON NUMBER.
INTITIALIZE GAS ROUTINES.

PRINT INITIALIZATION CONTROLS.

CALL OKNINT.

ALLOWS NEW VALUES TO BE READ INTO A SEQUENCE
OF LOCATIONS [N THE VALUE AND NPLACE VECTOURS.
ALLOWS USER 7O USE DUTPUT FROM A PREVIQUS
RUN FOR RESTARTING AND ALSO TO DFFINE A NEW
DATA SET TO SAVE QUTPUT FOGR A FUTURE KRESTART.
READ IN A SEQUENCE NF TITLES TO COINCIDE
WITH A SCALAR UTPUT LIST WHICH WILL APPEAR
AT THE BEGINNING OF EACH OUTPUT DISPLAY.
DENOTES END OF INPUT FOR DEP. VAR. NX.
ALLOKWS USER TO REDEFINE SELECTED ENTRIES
EITHER IN A DEPENDENT VARIABLE OR OME OF

THE OTHER REAL VECTORS.

IF NEITHFR SITUATINN OCCURS,
THE VECTORS BORDER AND VALUE ARE SCANNED UNTIL A MATCH IS FEUND
AND THE LOCATINON TS STOREC IN THE PARAMETER 1K',

BORDER IS A VECTOR OF CONTROL NAMES WHICH TS SCANNED WITH THE USER
INPUT CONTRNL FOR INTEGER INPUT.
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TARRAYUIPLACE(K)) = LOCATION IN THE IZ ARRAY AT WHICH TO BEGIN
STORING INTEGER ENTRIES.

[ARRAY({LOCIK}) = NUMBER OF ENTRIES STORED STARTING AT
TARRAY {IPLACELK)).

IF NX .NE, —1, CALL GETBND TO ENTER INTEGER DATA.
IF NX .EQ. —1s CALL ADDDEL TO ENTER INTEGER DATYA.
SEE GETBND FOR INPUT DESCRIPTION,

RORDER IPLACE LOC
THICK 268 93 ELEMENT THICKNESS VECTOR.
IPINT 205 31 SOLUTTON SEQUENCE VECTOR
PLOTS 3il 113 PLOT VARIABLE AVECTOR.
NMAT 315 98 MATERTAL NUMBER VECTOR.
MEL EM 316 14 MATERI AL TYPE/ELEMENT VECTOR.
PLOTYP 312 113 TYPE OF PLOT/VARIABLE VECTOR.
ICALL 321 125 LINK NDOS. TO BE CALLED AT END OF QKNUIN.
ICALLS 322 125 ENTRY IN LINK TO BE CALLECD.
IOMULT 323 60 OUTPUT VARIABLE MULTIPLIER FROM RARRAY.
IOSAVE 324 60 VARLABLE LIST TO BE DISPLAYED AT QUTPUT,
CNTPTS 327 47 CONTOURS NODES TO BE USED IN CONTES
AND DFCFBL.
CNTNDS 328 128 NC. OF NODES IN EACH CONTOUR LINE.
IBORD 238 131 COUNTER—-CLOCKWISE LIST OF BOUNDARY.
IONUMB 331 142 LIST OF ENTRIES IN RARRAY TO BE
DISPLAYED AT START OF EACH QUTPUT.
MPARA 335 142 - LIST OF MULTIPLIERS IN RARRAY USED

TO MULTIPLY TONUMB ENTRIES.

VALUE IS A VECTOR OF CONTROL NAMES WHICH IS SCANNED WITH THE USER
INPUT CONTROL FOR REAL INPUT.

[ARRAYI{NPLACE(K)) = LOCATION IN THE IZ ARRAY AT WHICH TO BEGIN
STORING REAL ENTRIES,

ROUTINE REDREL 1S5 CALLED AT THIS TIME TO ENTER DATA.

VALUE NPLACE

VTIHICK 270 VALUE OF ELEMENT THICKNESSES.
DEFAULT = 1.0 / ALC

VRH 284 DENSITY AT NODE POINTS.
DEFAULT = RHOINF

VITAB 219 TABLE LOOK-UP TEMPERATURES.
DEFAULT = 1090.0

VCPTAB 218 TABLE LOOK-UP SPECIFIC HEATS.
DEFAULT = 0.24

¥X1COR 289 X1-COORDINATES AT NODE POINTS.

DEFAULT = 0.0
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VXZCOR

VH
ve
VP

STAT

LTSCL

VAKTAB

VAKZTAB

Ve

VS

RESS

CHMIDT

vYY

VT
vT

¥3

EMP
K

UTHLD

VPRANDTL

V2%3sT
VPVSX
VEPSILON

LINKL

PLACE CALLS TO

1.
2e
3.
q’.
5.
e
Be
LINKZ

SETUP

NODELM
GEOMFL
DPDXTH
GETPPR
SOURCE
DERVBL

290
219
281
313
317
318
291
314
282
285
288
333
334
339

340
336

X2-COORDINATES AT NODE POINTS.

DEFAULT = 0.0

ENTHALPY DISTRIBUTION AT NODE POINTS.
NDEFAULT = 0.0

STATIC PRESSURE AT NODE POINTS.
DEFAULT = PINF / (RHOINF * UINF##2 )
SCALE FACTORS FOR PLOT VARIABLES,
BEFAULT = 1.0

DEFAULT 1.0

DEFAULT 1.0
PRESSURE VALUES AT NODE POINTS.
DEFAULT = PINF
SCHMIDT NO. DIST. AT NODE POLNTS.
DEFAULT = Q.7
DEPENDENT VAR. DIST. AT NODE POINTS.
DEFAULT = 0.0
TEMPERATURE DIST. AT NODE POINTS.
DEFAULT = TOFINF
THICKNESS OF ELEMENTS IN THICK VECTCR.
DEFAULT = 1.0 / ALC
MURFF, TREF, TCON AND EXP ENTRIES FOR SUTHLD.
DEFAULT = ,L163F-4%y 494.0s 204.0, 1.5
PRANDTL NO. DIST. AT NOBE POINTS.
DEFAULT = 0.7
DOWNSTREAM STATIONS AT WHICH PRESSURE IS niFImEY,
DOWNSTRFAM PRESSURES AT VX35T.
TURBULENT VISCOSITY AT NODE POINTS.
BEFAULT = 0.0

THE FOLLOWING ROUTINES.

PLACE CALLS T0 THE FOLLOWING ROUTINFES.

1.
2.
3.
‘e
Sa
G

IF RESTART CODE *NRTAPE

DFCFNS
DFCFRL
WLFLXS
CONTES
REOUTP
FEOUTP

IS GREATER THAN O, WRITE RESTART

CONDITIONS ON TAPE *NRTAPFI,

10.
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1i. DRHOGS
LINK3
PLACE CALLS TO THE FOLLOWING ROUTINES.
L. NBNDRY
i 2« RITE - PRINT OUTPUT HEADING
4 DIMEN
LINK4
PLACE CALLS TO THE FOLLOWING ROUTINES.
< 2. GKNUIN
. 6. INITNS
T« INITBL
LINKS

PLACE CALLS TGO THE FOLLOWING ROUTINES.
2. CALL ROUTINES FROM ICALLS LIST IN LINK FROM TCALL LIST.
3. CPINIT
5. SCHPRN
6. SETDIF

ABSAVE { CERVBL)

COMPUTE THE SUM OF ABSOLUTF VALUES OF A SEQUENCE OF NUMBERS.
ADODEL [ELEM, GETBND, SETUP)

ADD OR DELETE ENTRIES IN AN INTEGER ARRAY DEPENDING ON THE

4 VALUE OF 'KODE'.

= KODE = 1, DELETE

i KOBE = 2, ADD

5 AVRG

# COMPUTE THE ARITHMETIC AVERAGE OF *NUMB' ENTRIES IN AN ARRAY,

BNDSET (GETBNDO)
DETERMINE NODES TO BE INSERTED INTO BOUNDARY ARRAY.
COLS (OSCRTZ)
GCOMPUTE THE NUMBER OF COLUMNS, °"LCOL*, IN THE OUTPUT DISPLAY
AND SET UP THE FOLLOWING ARRAY,
INCOL - NGC. OF NODES IN COLUMN J.
COMGC (BDINPT)
THIS ROUTINE PRINTS TWO TITLE PAGES ALONG WITH THE DATE.

CONTES (LINKZ2(4})
RUNNING SMOOTH CONTINUITY EQUATION SOLVER TO COMPUTE V AND W
UP A COLUMN OF NODES AFTER VSTART HAS BEEN RFACHED. IF NCOGORD
EQUALS 1, INPUT NODES {READ IN AS CNTPTS AND CNTNDS ) ARE USED
INSTEAD .
CPINIT (DIMEN)
COMPUTE CPINF AT TSINF.
THE VECTOR CP IS RESET YO CPINF.
DELADD (ADDDEL)
ADD ENTRIES TO AN INTEGER ARRAY YNSIDE' AT A TIME.
DELELM {DELNGD)
- DELETE ENTRIES IN AN INTEGER ARRAY °NSIDE® AT A TIME.
DELETE {DSCRTZ)




DELETE NODES THAT ARE NOT CONNECTED TQ ANY ELEMENTS.
DELNOD ( ADDDEL)
SET UP CALL TO DELFLM AND SUPPRESS ZFRO ENTRIES IN ARRAY.
DERSET (DERVBL)
COMPUTE Q¥RHU FOR Q = Uy Vs IR W,
DERVBL (LINKL{B}]
FORM THE DERIVATIVE OF THE ORODINARY DIFFERENTIAL EQUATION FIRST
ON U-VELOCITY {(GLOBAL CONTINUITY) AND THEN ON DTHER DEPENDENT
VARIABLES INCLUDING SPECIES CONTINUITY, ENERGYs LONGTITUDINAL
AND LATERAL MOMENTUM, IF REQUIRED.

DESCRP(N) (BDINPT])

N = 0,1 READ TITLE FOR OUTPUT.
N=2 READ HEADINGS FOR OUTPUT VARIABLES.
N=3 READ AND WRITE SELFCTED VARIABLES FROM IARRAY DR RARRAY

FOR PROBLEM DESCRIPTION.

IF ENTRY IS NEGATIVE — SELECT TARRAY ENTRY

IF ENTRY IS POSITIVE — SFELECT RARRAY ENTRY.
OFCFRL (LINK2(2})

COMPUTE MIXING LFNGTH DIFFUSICN COEFFICIENTS FOR DEPENDENT VARIABLES.
IF NELE2 = 1 YHE TURBULENT CURVE EL I3 USEO.

IF NELEZ = 2 THE TURBULENT CURVE E1 IS USED UNTIL ROk IMAX
IS REACHED AMD THEN THE LAMINAR FLNW CURVE E2 [S USED.
DFCFENS (LINKZ2{1)}
SEY THE TEMPERATURE AND DENSITY IF NOT INITIALIZED.
CALL DFCOFQ TOQ COMPUTE VISCOSITY (AMU VECTOR).
DFCOFO { CFCFNS)
ESTABLISH THE NODAL VALUES OF VISCOSITY USING SUTHERLANBLYS
EQUATION FOR AIR.
DIMEN (LINK3{(4))
COMPUTE T'ALC® IF NOT INITIALIZFD IN *NAMEQZ',
PUNCH COORDINATE CARDS,y IF DESIRED {NPUNCH = 7).
covL - X1 COORDINATE OF COLUMN J.
ROW ~ X2 COORDINATE OF ROW 1.
CPDXTB (LINKL(4])}
COMPUTE DPDX FROM PRESSURE TABLFy DPDX IS CONSTANT OVER INTERVALS,
DRHCBL (LINK2(10)}

CALLED IF IGAS = 0 IN NAMEGL.

COMPUTES THE TEMPRERATURE AND DFENSITY USING A SIMPLIFIFED
ENERGY EQUATION.

DREOGS (L INK2{11))

CALLED IF IGAS = 1 IM NAMECI.

COMPUTES THE THEMERATURE, DENSITY AND SPECIFIC HEAT Oh A RCDAL
BASIS AS A FUNCTIOUN OF ENTHALPY, VELOCITY AND SPECIFS
COMPOSITION.
iF NGETH = 1 IN MAMEOL, THE FIRST PASS THRUUGH THIS RNOUTINE
WILL RETURN ENTHALPY WHEN GIVEN THE TOTAL TEMPERATURE AT
AT THE NODFS.

NSCRTZ [SETUP)
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SET UP REGIODN DISCRETIZATIGN.
GENERATE ARRAYS USED FOR FINDING OUTPUT LOCATIONS.
ELEM (DSCRYZ)
IF NELEM = 0 IN NAMEOL, GENERATES ELEMENTS AS A FUNCTICN CF
NODE COORDINATE INPUT. USED PRIMARILY FOR RECTANGULAR DOMAIN.
ENERSC (SOURCE}
COMPUTE SOURCE TERMS FOR EMERGY EQUATION.
ERRSEI (MAIN)
IBM 360 ERROR HANDL ING ROUTINE TO SUPPRESS OVERFLOWS ETC.
FEDIMN (BDINPT)
SET UP DIMENSIONS OF VARIABLE LENGTH ARRAYS USED IN THE
SYSTEM. FINDS LOCATIONS OF QUTPUT ARRAYS FNR ¢FEDUTP!.
PRINT LOCATION OF ENTRY POINTS IN *IZ° ARRAY IF KDUMP = 1.
FENAME ({BDINPT)
THIS ROUTINE CONTAINS A LIST OF ALL EQUIVALENCE VARIABLES ALONG
WI¥H AN ALPHABETICAL CROSS-REFERENCE.
CALL NMELST 7O READ [N NAMEG! AND NAMEQ2 NAMELISTS,
MOST DEFAULTED PARAMETERS ARE SET ALSO SET HERE.
FEPLOT (STQUTL)
AT PRESENT, ALLOWS FOR PUNCHING DATA AT PLOT STATIONS.
FINDBE (BDINPT)
DETERMINE A SERTES OF BOUNDARY ELEMENTS A4S A FUNCTION CF
OF INPUTTING BOUNDARY NODES IN COUNTER-CLOCKWISE ORDER,
ON FIRST PASS, FIND BORDER ELEMENTS IF READ INTQ IBCRD VECTOR.
FSTAE {(MAIN}
IBM 360 RODUTINE TO SUPPRESS FORTRAN ERRQORS.
GAS (GPAHFT)
DETERMINE COMPOSITION AT SPECIFIC TEMPERATURE TO CREATE
ENTHALPY REQUIRED FOR CONVERGENLE.
GASBUG {GAS)
PRINT DEBUG INFURMAT! N FOR GAS ROUTINE.
GENDA
ASSEMBLE AN ELEMENT VECTOR WHEN GIVEN THE GLOBAL VECTOR AND
A LIST OF NODES PERTAINING TQ THE ELEMENT VECTOR.

GEOMFL {LINK1(3))
SET UP THICKNESS ARRAY.
GENERATE THE TRANSFORMED LENGTH OF ELEMENY AND STORE IN X12 VECTOR.
GENERATE THE TRANSFORMED HEIGHT OF ELEMENT AND STORE IN X23 VECTOR.
GENERATE THE V PART QF THE B2001 MATRIX AND STORE IN GEOML MATRIX.
GENERATE THE W PART DOF THE B200L MATRIX AND STORE IN GEQOM2 MATRIX.
GENERATE LENGTH # THICKNESS ARRAY.
GENERATE AREA * THICKNESS ARRAY.
GENERATE THE NON-STANDARD ELEMENT MATRICES B211 AMD B2I11S.
LF KODG [S GREATER THAN 0, PRINT ELEMENT NO<, NODES CF ELEMENT,
COORDINATES OF NODES AND B211S ENTRIES FOR ELEMENT. AFTER
THE ELEMENT LOOP (S COMPLETED, PRINT THE VECTORS AND MATRICES
THAT WERE GENERATED IN THE ELEMENT LOOP.

GETADD {FEDIMN)
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360 ASSEMBLER ROUTINE TO GET MACHINE ADDRESS OF VARIABLE.
GETALC (DIMEN) :
COMPUTE *ALC* AS THE, SHORTESY SIDE OF ALL THE ELEMENTS IF
1T IS NOT READ IN.
GETAND (BOINPT)
BOUNCARY OR INTEGER GENERATION ROUTINE USING EITHER THE WCRDS 'anD?
OR TDELETE' OR SIMPLE GEOMETRY OF THE PRORLEM WITH THE FOLLOWING
KEYWORDS AND CODES -

EACH CARD IS DIVIDED INTO FOUR IDENTICAL BLOCKS OF 20 CCLUMNS EACH.
ALL BLOCKS ARE SCANNED FOR SIMILAR INFORMATION SC A DESCRIPTION
NF ONE BLOCK WILL BE GIVEN. THE BLOCKS START IN CQL. 1.

COL. 21, COL. 41 AND COL. 61
KEYWORD FORMAT BLOCK COLS. DESCRIPTION

{BLANK} AB 1~ 8 IGNGRE BLCCK

ADD AB 1 - 8 CALL ADDDEL TU INSERT ENTRIES.
IGNORE COL. 9 - 20.

DELETE A8 L - 8 CALL ADDDEL TO DELETE ENTRIES.

IGNORE COL. 9 - 20

FOR THE FOLLOWIMG KEYWORDS, THE THREE CODES (WE'LL CALL THEM
KODE1ly, KNONDE2 AND KODE3 FOR COMVENIENCE )} WILL DETERFMINE WHICH
NODES WILL BE SELECTED)

KODE1 I4 9 - 12 ROW 0R CNOLUMN DISPLACEFMENT FRUM

EDGE BEING NESCRIBED.
KGDEZ2 14 13 - 16 PLS. IN LINE TO STARYT (DEF. = FIRST ],
KODE3 14 17 - 20 POS. IN LINE TO END (NEF. = LAST 1},

KEYWORD FORMAT BLOCK COLS. OESCRIPTION

Tap A8 1 - 8 ACROSS TOP FROM LEFT TO RIGHT.
~TGP A8 1 - 8 ACROSS TGP FROM RIGHT TO LEFT.
BOTTOM A8 1- 8 ACROSS BOTTOM FROM LEFT TU RIGHT.
-BOTTOM A8 1 - 8 ACROSS BOTTDM FROM RIGHT TO LEFT.
RIGHT AB 1 - 8 UP RIGHT HAND SIDE.

-RIGHT A8 1 - B DUWN RIGHT HAND SINE.

LEFT LY:] i- 8 UP LEFT HAND SIDE.

-LEFT AB 1 - 8 DOWN LFFT HAND SIDE.

GETPPR {LINKL(5])

TABLE LOOK-UP OF PRESSURE AND DPDX AS FUNCI{ IN OF NDOWNSTRFAM STATION.
GMALD

GEMNERAL MATRIX ADDITION. C = A + B
GPAHFT { THFRMO)

IF NGETH 1, COMPUTE ENTHALPY DISTRIBUTICN,

IF NGETH 0, COMPUTE CPCINF AND RHOINF.

IF NGETH «LT. 0Oy DETERMINE NODAL TEMPERATURE GIVEN PHFSSURE,

COMPOSITION AND ENTHALPY.

HZMIX {LINK2{12}}

COMPUTE THF MIXING EFFICIENCY HRSDOT AND THE MASS FLCW HDOT.
{COND (BDINPT}
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PRINT INTEGER AND REAL INITIAL CONDITIONS.
IARRAY{1} - TARRAY{200)
RARRAY(E)} - RARRAY(200}

INITNS (LINK&{6})
INITIALIZE DEPENDENT VARIABLES.
THIS ROUTINE GOES THROUGH AN ELEMFNT LOOP IN CASF THE VALUES
OF THE DEPENDENT VARIABLES DEPEND ON THE GEOMETRY OF THE PRCBLEM.
LOC {MPRAB)
COMPUTE VECFOR SUBSCRIPT FOR AN ELEMERT IN A MATRIX OF
SPECIFIED STORAGE MODE,
LOCATE )
FINC THE LOCATION OF *M® IN THE ARRAY TNAT AND STORE IT IN 'N°.
LOOK (CPINIT, DRHONS)
{ INEAR INTERPOLATION ROUTINE (USED ONLY FOR YCPY AT PRESENT}.
LSET (MISDIV)
GENERATE A LEAST SQUARES FIT THRU A SERIES OF POINTS.
MATSUM
COMPUTE A(I) = B{I) # COEF % ClI)y, I = 1, N
MINMAX {DSCRTZ, ORDER, SETSCL)
COMPUTE THE MINIMUM *MN? AND MAXIMUM *MXt ENTRIES IN AN ARRAY
AT LOCATION ®IMN® AND ?IMX* IN THE ARRAY.
MISECIV (CONTES)
POLYMIAL FIT THRU NPT POINTS 7O THE MTH ORDER.
NPT MUST BE AN DDD RUMBER.
MLTPLY {PRESUR) '
INTERMEDIATE MULTIPLICATION FOR PRESUR RNUTINE,
MNMX (ELEM)
FROM A VECTOR *INA® CONTAINING TNN' ENTRIES, STORE THE FOLLCWING-

LOW -~ POSITION IN IMA OF MINIMUM.
LHI -~ POSITION IN INA OF MAXIMUM.
MN ~- MINIMUM VALUE IN TNA,
MX ~ MAXKIMUM VALUE IN INA.
MPRD
MULTIPLY TWO MATRICES AND STORE IN RFESULTANT MATRIX.
R=A=28

MTRA ( GEOMFL)
FINLC THE TRANSPOSE OF A GENERAL MATRIX.

NENDRY (LINK3(1))

THE VALUE OF °®NASET® DETERMINES THE QPERATION OF . HIS ROUTINE,

-1 = SET UP INTEGRATION NCDES AND SYORE DEPENDENT VARTABLE

INTO *¥Y* ARRAY.

+1 = SET UP AND PR INT INTEGRATINON NODES AND STORE DEPFNDENT
VARTIABLE [INTO °YY' ARRAY.
SET UP INTEGRATION WODES AND RETRIEVE DEPENDENT VARIABLE
FROM fYY*® ARRAY.
NDECRD (DSCRTZ)

GENERATE NODE COORDINATES, [F NNODE = 0 IN NAMEQL.

NMELST (FENAME, BOINPTI

0

H
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READ NAMEL ST DATA INPUT.
NAMEQOL = [NTEGER INPUT.
NAMEOZ2 = REAL INPUT.
NCDELM (LINKL{2}) )
SET UP THE ARRAY IELS TO BE USED IN DRHONS.
IELS = NO. OF ELEMENTS CONNECTED TU NAODE N.
FRDER (COLSy ROWS, XYSCAL}
ORDER 3 ARRAYS ACCORDING TO THEIR X1 AND %2 COORDINATES. THE
THIRD ARRAY WILL CONTAIN THFIR ARRAY LNCATIONS.
BUTNOD
PRINT AN INTEGER ARRAY ALONG WITH A 32 CHARACTER TITLE.
QUTPG (GEOMFL)
PRINT THE ELEMENT NO. AND NCOE CONNECTIONS AND NUODE CCCRDINATES
FROM THE GEOMETRY ROUTINE *GFCMHT*.
DUTVEC :
PRINT A REAL ARRAY ALONG WITH A 32 CHARACTFR TITLF.
PRLANK (REOUTR)
INSERT BLANKS IN THE OUTPUT VECTOR *P* ({SED IN YRECUTP').
PLILNK {REOUTP)
CONVERT A FLOATING POINT NUMBER INTO 'a' FORMAT,
POLY {MISDIV])
FUNCTION 7O GENERATE COEFFICIENTS C(I) IN Y = ClT) # X%%M
QINIT (INITBL)
CALL QINO1l THRU QININEQ} DEPENDING ON VALUF DOF *NP',
QINDL (QINIT)
IN[TIALLZE DEPENDENT VARLIABLE L (U-VELOCITY!).
THF VALUFS ARE FITHER STORFD [N A DATA STATEMENT (R COMPUTED
ON THF GEOMETRY AND THEN ENTERRED INTO THE ELEMENT LCCATIONS.
GINO2 THRU QININEQ) (QINIY)
SAME AS QINOL BUT FOR DEPENDENT VARIABLF NP.
QQKNINT (BDINPT)
PRINT DISCRETIZATION OF REGION ALUNG WITH NODE NUMBER LOCATICNS.
CALL "QKNUIN' AND TRANSFFR CALL TO *FECUTP' AT PROUPER TIMFS,.
OKNUTN (LINK&(2)}
INTTIALTIAZE INTEGRATION CONSTANTS (N FIRST PASS.
COMPUTE STEP SIZE AND NEW VALUE OF DFEPFNDENT VAR[ABLES.
COMPUTE NEW DENSITIES, DIFFUSSION COFFFICIFNTS, VISCOSITY
AND OTHER PARAMETERS OFPENAFNT UN THE NEW VALUES OF THE
NDEPENNENT VARIABLES.
FIND THE MAXIMUM VALUE OF THE UDEPENDENT VARIABLES AND STORE IN 7¥AX.
IF ZMAX 1S LESS THAN ZTREST THE TIME WILL RBRE SET TO TF AND THF
PROBLEM WILL TERMINATE AFTER THE NEXT PRIWNTOUT.

Q3C0OMC { DFCFBL) .

COMPUTE A ROUGH APPROXIMATION OF THE ARCA OF HZ CONCENTRATIDN AND
STORE IN AREA. COMPUTE THE MASS NEFECT XMSDF = ROUALLC % {AREA-XSUM}
WHERE XSUM = AMUUNT OF H2Z PRESFNT AND ROUALC = RHOINF % ALC # UINF®%2

ROATE (COMBC, RITE)

ASSEMBLER ROUTINE TO GET MACHINE DATE AND STORE TN 2A4 FORMAT.

28



RECLP (DFCFNS, STOUTL)
COMPUTE THE RECIPRUCAL OF AN ARRAY AND STORE 17 INTO ITSELF.
REDREL (BDINPT, ADDDEL)
SCAN AN 80 CHARACTER CARD IMAGE AND CONVERT THE INFURMATION THERUN
INTO REAL OR INTEGER NUMBERS ACCORDING TC THE FORMAT PRESCRIBED. :
REGROR ( FINDBE) i
REORDER THE NODES OF AN ELEMENT SN THAT THE FIRST TWO WItL BE ;
BOUNDARY NODES AND THE IR ORDER WILL BE COUNTER-CLOCKWISE. 1
IN ORDER FUR THIS FEATURE TO OPERATE IT IS NECESSARY TG b
INPUT THE ORDER OF BOUNDARY NODES INTO THE IBORD VECTCR
IN A COUNTER-CLOCKWISE ORDER.
REQUTP (LINK2(S)) )
PRINT THE ARRAY GEOMETRY AND NODE NUMBERS IN A PATTERN THAT
RESEMBL ES PROBLEM GEOMETRY.
(FEOUTP} (LINK2{6}) FEOUTP IS AN ENTRY POINT IN REQUTP.
PRINT DUTPUT PARAMETERS IN A PATTERN THAT RESEMBLES PROBLEM GEOMETRY.
IF MAXIMUM SCALE FACTOR EXCEEDS tNSM? {DEFAULT = 101, TERMINATE
THE PROBLEM,
IF OUTPUT PRINT NO. *KOUNT', EXCEEDS PRINT LIMIT *LPRINT' {DEFAULT =100}
TERMINATE THE PROBLEM.
RESET
RESET NNt ENTRIES OF ARRAY 'A' T{ THE VALUE V',
RITE (LINK3{2}}
COMPUTE * NUMBER = {KEY—1)%10 + NMB °
GO TO STATEMENT ACCORDING TO VALUE OF SNUMBER®.
IF *NUMBERY IS OUT OF RANGE, WRITE TITLE INFORMATION,
SCALEV (FEQUTP)
CALL SCALE ROUTINE FOR 10 QUTPUT VARIABLES.
SCHPRN {LINKS5(5})
COMBUTE THE SCHMIDT AND PRANDTL NUMBERS ON A NODE BASIS,
ROWS (DSCRTZ)
COMPUTE THE NUMBER UF ROWSs 'KROW'; IN THE OQUTPUT DISPLAY
AND SET UP THE FOLLOWING ARRAYS,

INROW — NO. OF NODES IN ROW 1.

INDRW — COLUMN NUMBERS 0OF NODES IN ROW 1.
INDEX ~— ROW NUMBERS OF NODES IN COLUMN J.
NOCOL -~ STARTING COLUMN NO. FOR ROW I.

SETSCL (SCALEV)
SET SCALE FACTOR FOR AN ARRAY OF RFAL NUMBERS,; THUS NORMALIZING |
SETURP (LINKL(1))
IF NELEM .GT. 0O
READ ELEMENT COUNNECTIONS AND COUNT ELEMENTS ('NELEMT').
IF NNODE .GT. O
READ NODE GEOMETRY AND COUNT NODES (*NNODE®).
CALL TDSCRTZ' TO SET UP OUTPUT DISPLAY ARRAYS.
READ TITLE CARDS UNTIL THE WORD *DONE' APPEARS IN CUL. 1-4.
THE DEFAL:LT NO. OF CARDS TO BE ENTERRED IS 10, IF MORE NFED TN
BE READ VHEN SET SNTITL?Y IN NAMEOL EQUAL TO OR GREATFR THAN THE
MUMBER QOF CARDS 7O BE READ.
SETVAL
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30

COMPUTE AlI} = B{I) # C + D
SIMQ (GAS)
SIMULTANEOUS LINEAR EQUATION SOLVER USED IN GAS.
SCURCE (LINKL{6}) , ,
COMPUTE SOURGE TERMS FOR RIGHT HAND SIDE 0OF DIFFERENTTAL FQUAT LONS.
STOREV (SOURCE)
STORE APPROPRIATE VARTABLES IN DUMMY ARRAY FOR SOURCE COMPUT AT IEN.
STOUTL (FEQUTP)
DIMENS IONAL[ZE OUTPUT VARIABLES FOR DISPLAY PURPOSES.
CALL PLOT ROUTINE AT APPROPRIATE TIME, IF REQUESTED.
SUTHLD (DIMEN, DFCOFOQ) _
COMPUTE VISCOSITY USING SUTHERLANDTS VISCOSITY LAW FOR AIR.
TAUN (WLFLXS)
FIND TAU ALONG THE WALL FOR SKIN FRICTICN COMPUTATIUNS.
TENDA
ASSEMBLE GLNBAL VECTOR WHEN GIVE THE ELEMENT VECTOR AND
A LIST OF NODES PERTAINING TO THE FLEMENT VECTOR.
THERMD (DRHOGS )
INITIATE CALL TO GPAHFT.
VARMAX (FEPLOT)
IF *NK® .GT. 0, FIND MAXIMUM ENTRY [N ARRAY,
IF 'NK®* .LT. 0, FIND MIN(MUM ENTRY IN ARRAY.
VECMAT (PRESUR )
MULTIPLY A SYMMETRIC MATRIX UF VECTORS BY A VECTUR OF LENGTh NN
VECTA
BOULEAN ASSEMBLY OF AN ELEMENT VECTOR INTD A GLOBAL VFCTGP
USING INTEGRATION NODE SEJUENCE.
WLFLXS (LINK2(3))

COMPUTE THE SKIN FRICTION DEISTRIBUTION AND HEAT TRANSFER DISTRIBUTIUN

ALONG THE WALL.
XYSCAL (CSCRTZ}
COMPRESS AN ARRAY OF NUMBERS 'X1' BY SCALe FACTOR 'SCFT!.
FIND 'XYD= MAX(XL)-MIN(XL) % SCFT!
IF TWO ADJACENT POINTS IF ARRAY 'X1*' ARE WITHIW 'XYu* OF FACH
NTHER, SET THE UPPER VALUF EQUAL TO THE LUwFR VALUE.

gy v e e




MAIN

:

IRUN=1

RESET

RESET

BDINPT

E ()

IRUN

Fad
= IRUN + 1

MAIN-1

31

g



32

BDINPT-1

BDINPT

READ
CONTROL
CARD

VALUE
oFr
V1

BLANK 400

VYYRDF 720

]

Ol

ICOND 400

COMOC

READ
COMOC

TITLE

i




BDINPT-2

500

% EXIT )
IBL=1 400
IBL=0 400

]

FEDIMN hoo

)1

o

= J=
o o
< o

FENAME

Ji

DESCRP
(NX)

E

READ NAMES
OF SCALARS TO
BE PRINTED

&

33




34

RESTART

-

JI610|

< LINK1 >
(NX)

\/ LINK2 \

400

400

N\ (NX)  /

LINK3  \

(NX,OMEGA,YY)

LINKY

LINKY
3

G

400

{NX,I)

LINKD

LINKE s~

+

(NX)

VYYLND

*

END

1

» 710

#

»{ RETURN

jell

<

BDINPT--3



BDINPT-4

INTO BORDER

READ ADDITIONAL ENTRIES
IPLACE AND LOC @

\ READ ADDITIONAL 7
ENTRIES INTO

7\'VQELLUE AND NFPLACE /

bigQ
T
T=3+1 [
T 39/> 450]
<
BORDER DT 5510

()

GETBND

_/

STORE INTEGER
DATA IN PROPER
TZ LOCATIONS

\& PRINT
INTEGER

"\ 1nPUT

L TEI s e T e Sl i, * AN o — - i P o L e - s - — e Al e prm W R v < =T




36

)

V1: ;t

IBORD

ey,
Sy

MAKE SURE BORDER
NODES END WHERE
THEY BEGIN

750

400

400

BDINPT-5




BDINPT-6

COMPUTER NON-D FACTOR

FOR VARIABLE TO
BE READ

REDREL

a

STORE REAL NOS.
INTO PROPER LOC.
IN IZ ARRAY

PRINT

REAL
S\

]

NON-DIMEHN.
REAL VECTOR

100 !
PRINT
START
COND.
FDUNE :
RZ (
(RZ{NPCD, QKNINT

RZ (NREPET ,NZ) —

| 14‘0'0

37




&

GETBND

&
&

BDINPT-7

\k READ

RESTART
\ TAPE

SET
RESTART
PARAMETERS

0

—
STORE DEPENDENT
VARIABLE INTO PRESENT
AND PAST LOCATIONS
F SPECIFIED VARIABLE.

38

750

FINDBE

400

&9

REDEFINITION OF
VARIABLE. STORE
OLD VALUES SO THAT
ONLY OVERRIDDEN
VALUES WILL BE
ENTERED

\

470

CALLED BY:
MAIN




LINK1-1

:x SETUP } ﬂ RETURN }

x NODEL%J}~ RETURN
ﬁx GEOMFL } » RETURN }

g

RETURN

DPDXTB

GETPPR RETURN

SOURCE RETURN

ORONG
IR

— RETURN

]

CALLED BY:
( ) BDINPT
QKNINT

QKNUIN 39




LINK2~1

KK:1 — RETURN

1

DFCFBL RETURN
= RETURN

2

hu

KK:5

REOUTP RETURN

= DETERMINE
KK:6 XT,HT,RL,
TNT , KOUNT

WRITE
KOUNT,

NRTAPE: O

KOUNT:
LPRINT

RETURN

40




e T T DT T T T e S o T e T R R S ST
L RO A S US4

o

LINK2-2

RETURN

RETURN

RETURN
RETURN
RETURN
RETURN

[d

CALLED BY:
BDINPT
GPAHFT
LINKS
QENINT

41



LINK3-1 :
i
( Lmk3 ) ¥

e

AN

— >
< KK:il >= ;<f;;:::\j>—~u-m

NBNDRY

NF

RETURN

RITE

7\ (TITLE)

:
) -

RETURN

|
NGy

RETURN

bl

A\ DIMENj/f RETURN ?;

RETURN

CALLED BY:
42 : - MANY
ROUTINER




LINK4-1

—{ RETURN >
QKNUIN 1‘ RETURN )

J

RETURN

[

{ RETURN }

k——r
\\iigil/, . H=STHMIN
%

INITBL H=8SSINIT
H=HMIN RETURN

( RETURN }

CALLED BY:
BDINPT
LINK5
QKNINT

43




H2MIN

% RETURN

DETERMINE

" NCL,NCLS

CPINIT

b ‘% RETURN )

(}E:k _ KK=NCLS

44

s

LINKS- 1 N

CALLED BY:
BDINPT
DIMEN
QKNUIN




( ABSAVE )

ABSAVE-1

I:

N

AVE=AVE+ABS(A(I))

ABSAVE=AVE/N

=
(—R_ETURN )

CALLED BY:
DERVBL
Q3CONC

45

L SRS




v
Yo

ADDDEL~1

( ADDDEL ) ;

Y

SET ) v
INTEGERS

REDREL

iy ’_—
KTYp= Ca)———-)/ DELADD )—)

CALLED BY:
ELEM
GETEBND
SETUP
BDINPT

46 DSCRTZ




{ AVRG

COMPUTE
ARITHMETIC
AVERAGE
OF ENTRIES
IN AN ARRAY

( RETURN )

AVRG-1

CALLED BY¥:

GEOMF'L

47

estimas

e gty —

o i




43

{ BNDSET )

PICK OUT
NODE NUMBERS
ACCORDING TO

BOUNDARY

LOCATIONS

( RETURN )

BNDSET-1

CALLED BY:
GETBND



( cOoLS )

b 24

STORE NODE
NOS IN 'INDEX'
VECTOR BY THEIR

LOCATION

IN COLUMNS

¥

STORE COL.
COORD. IN 'COL'
VECTOR

b

STORE NO. OF
COLS. IN
TLCOL?

( RETURN )

COLS-1

CALLED BY:
DSCRTZ

49




50

( CcOoMOC )
v )

__~T__.~/

PRINT 2
COVER
PAGES

SO
(, RETUR§ )

COMOC-1

CALLED BY:
BDINPT



CONTES - 1

CONTES

GENERATE THE FOLLOWING VECTORS:

YNOD - NORMAL DISP. FROM WALL
VSIN - SINE OF ANGLE OF COL.
WCOS - COSINE OF ANGLE OF COL.

<>

=
&
70
>

=
RETURN

STORE RHO#®U

COMPUTE COEFFICIENTS

FOR U PRIME COMPUTATION

ST AT

)

51




52

COMPUTE UPRIME ON
A NODAL BASIS

z

STORE RHO*U AND RHO#W
INTD TEMP. VECTORS

Y

EXECUTE A COLUMN BY COLUMMN
ITERATION TO COMPUTE NEW
RHO*YV AND RHO®W USING
MISDIV TO GENERATE CO-
EFFICIENTS.

IWRIT

\\Qf

<

PRINT
RHO#V
REO®W

A

STORE NEW V AND W
BACK INTO DEP. VAR. ARRAY

s
( RETURN )

PR U

CONTES - 2

CALLED BY:
LINK2



N aistont et L ST

CPINIT-1

p—

CPINIT

LOOK i

\_

ITERATE TO

FIND STATIC

REF. TEMP.
TSINF

RESET

SETVAL ;

( RETURN ) §

CALLED BY:
DIMEN

53




54

DELADD

ADD ENTRIES
TO INTEGER
ARRAY

R
( RETURN )

DELADD-1

CALLED BY:
ADDDEL



DELELM~1

( DELELM )

DELETL ENTRIES
IN INTEGER
ARRAY

{ RETURN |}

CALLED BY:
DELNOD

55




56

DELETE

RESET

STCRE NO. OF
NODES ATTACHED

TO ELEMENTS

SCAN
ATTACHMENTS

PRINT 'NODE
N DELETED -
NO CONNECTIONS?

RETURN

DELETE-1

CALLED BY:
DSCRTZ




( DELNOD )

DELEM

RESEQUENCE
VECTOR
ELIMINATING
DELETED ENTRIES

p
‘ RETURN )

DELNOD-1

CALLED BY;:

ADDDEL

57




ER Aot gt e P R . I . 7 S - . - . IR RS

DERSET-1

DERSET

| 2
| //rLOCATE )

< weso i} ./ RETURN )

A\
~ / - s

d

DETERMINE
Q¥REO {
o

( RETURN

CALLED BY:
CERVBL

58




DERVBL - 1

‘ DERVBL )

Y

RESET COMPU-
TATIONAL VECTORS

STORE SOURCE TERMS
INTO RIGHT HAND SIDE

VECTOR
N
COMPUTE AND STORE
RHO*U,RHO ¥V
AND RHO#*W
~
IN AN ELEMENT LOOP, COMPUTE
THE CONDUCTION AND CONVEC-
TION TERMS AND ASSEMBLE INTO
RIGHT HAND SIDE VECTOR 'V!'.
COMPUTE CONDENSED LEFT HAND
SIDE AND STORE IN 'C'.
COMPUTE DERIVATIVE
FOR DEP. VAR. AS
TWP/ICT AND STORE
IN 'ZZ' VECTOR
RETURN
CALLED BY:
QKNINT, QKNUTIN

59



60

DESCRP--1

( DESCRP )

PRINT
RECORD

READ

FORMAT

hEADING )( )
FOR - RETURN

QUTPUT

READ 7 SN

PLINE W PLINE(] :"f.._
NTRY : 'DONE"' :

UNITS

PRINT 7
FROM
IARRAY

SKIP LINC

| RETURN ) CALLED BY:
o BDINPT




T I T R T pmi

DFCFBL - 1

( DFCFBL )

THIS IS A DUMMY SUB-
ROUTINE TO SET THE
TURBULENT VISCOSITIES
TO O.

IF NON-ZERO TURB.
VISCOSITIES ARE DE-
SIRED, USER MUST CODE
ROUTINE,

RETURN

CALLED BY:
LINK2

61



62

DFCFNS

DFCFNS-1

200

”\ RESET

TEMP(1)

:0.0

“\ RESET ;

DFCOFO

| SET vIsSOSITY

SET DIFFUSION
COEFFICIEITS
EQUAL TO VISCOSITY

( RETURJ )

CALLED BY:
LINKZ

et

L R R R R




DFCOFO-1

RETURN

CALLED BY:
DFCEFNS

63



1

SYOLI3A
LNdLNO MOY
‘102 3LNdWOD

I 0\

SILYNIAY00D |
d02ZX “¥OIIX
HMONMNd

>

0:
HONNdN

~

dW3dl J14Vl1S
d33dS aNNOs
TON HIOVW JiNdW0OD

- NIWIC

aTHLAS ¥O4
*4307 13S

3

g1Xada

( NIWIQg )

A



DIMEN - 2

SET ALC

NON-D IMENS IONAL I ZE
X1COR, X2COR

L

CONVERT COL, ROW
TO OUTPUT UNITS

-

COMPUTE SCALE
FACTORS AND
NON-DIMENSTONALIZE
INTEGRATION
'PARAMETERS

RETURN

CALLED BY:

BDINPT

65




66

( DPDXTB )

’

CALCULATE PRESSURE
GRADILENT 1'0 BL
CONSTANT BETWEEHN
X3 STATIONS.

I —
( RETURN
~— A

DPDXTH-1

CALLFD BY:
LTHEL




DRHOBL~1

l :i— :
' DRHOBL

LINK3
(1,U,YY)

L LINK3
P (1,H2,YY)

! COMPUTE TEMP.
AND DENSITY
AS FUNCTION

OF U-VELOCITY
AND H2 MASS

FRACTION

-
' RETURN )

CALLED BY:
LINK2
67




DRHOGS - 1

( brHoes )
[

Ay

STORE MASS FRACTIONS
IN TEMP. ARRAYS

-

STORE VELOCITY
AND ENTHALPY 1IN
TEMP. ARRAYS

\

AR}

CALL THERMO ON A
NODE BASIS TO
COMPUTE TEMP., DENSITY
AND SPECIFIC HEAT

[N

INITIALLY RUN 3 PASSES
PASS 1 - GET TOTAL ENTHALPY DIST.
SET HINF
PASS 2 - GET STATIC TEMP. DIST.
SET TOFINF, CPOINF,
PRSCON
PASS 3 - GET DENSITY, SPECIFIC
HEAT

T E—

.

RETURN

CALLED BY:
LINK2




DSCRTZ

DSCRTZ -~ 1

SET UP NODE COORDINATES]
AS FUNCTION OF INPUT

SCALE COORDS.
BY XSCALE, YSCALE

h

APPLY COMPRESSTON
FACTORS FOR OUTPUT

A

NELEM
:0

N

ELEM

|

SET UP NODE NO.
INDEX ARRAYS

DELETE

J

RETURN

CALLED BY:
SETUP

69




70

( ELEM ]

h

SET Up
INITIALTZATICGN

)

SCAN PAIRS OF ROWS STARTING
WITH TOP ROWS AND WORK DOWN.
WHEN A RECTANGULAR MATCH IS
FOUND, FORM TWO TRIANELES WITH
DIAGOMNAL FROM LOWER LEF7T TO
UPPER RIGHT. IF A TRIANGULAR
MATCH IS FOUND, USE IT.

RETURN

CALLED BY:
DSCRTZ



N S

( ENERSC )
-

VECMAT

IN A DEP. VAR. LOOP
COMPUTE SOURCE TERM
FOR ENTHALPY IN

AN ELEMENT.

ol
( RETURN )

= S

ENERSC - 1

CALLED BY:
SOURCE

71




B FEDIMN-1

( FEDIMN )

INITTIALIZE
STARTING LOCATIONS
FOR VARIABLES

L o S5 4

IN IZ ARRAY
.:Q
o B S PRINT
KDUMP: ™ - 17
)i - 1 7 EIITRY
I P POINTS

r aorm i

&
I %

;L__ﬁ\
{ RETURH )

R

CALLED BY:
BDINET

72




FENAME-1

! FENAME )

SET
SCALARS

NMELST

TRUN=IRUN+1

RETURN

CALLED BY:
BDINPT

73



FEPLOT - 1

( FEPLOT )

y

WRITE STATION
AND VAR.
DATA ON

KOUT

4

RETURN

e CALLED BY:
| STOUT1
74
e e e e e N




FINDBE-1

FINDBE

A REORDER

N

CONVERT NODE -
VECTOR ALONG

BOUNDARY INTO
CORRESPONDING
ELEMENT VECTOR

( RETURN )

CALLED BY:
BDINPT

75

T




e
“,—f.

GAS - 1

GAS

INTERPOLATE TABLES
TO FIND: H/R,
S/R, G/RT A? G IVEN

TEMP, FOR ALL S$SPECIES

COMPUTE COMPOSITION USING A TRIAL AND
ERROR ITERATION WHICH IS A MULTI-VARIABLE
ANALOG OF NEWTON'S METHOD.

COMPUTE PROPERTIES
o S, Coo My ¥, Vooing

AND MASS FRACTIONS AND
STORE IN VEC.

( RETURN )

CALLED BY:
GPAHFT




( GASBL. )

|

PRINTS DEBUG
INFORMATION
ABOUT GAS

e
{ RETURN )

GASBUG-1

CALLED BY:

GPAHET

77

e b e L

e




78

‘ GENDA )

ASSEMBLE

ELEMENT
VECTOR
T"TEL!

(  RETURN )

R

GENDA-1

CALLED BY:
MANY
ROUTINES




( GEOMFL )

DO 200
MEL=1, NELE
f

COMPUTE
TX
X12 X1P2#TK
X23 AREA®TK
GEOM1  B2lls
GEOM2 B211

RETURN

GEOMFL-1

PRINT
X1P2¥TK
AREA#*TK
GEOM1

GEOM2
X1l2
X23

CALLED BY:

LINK1

79

O S U L bR




80

(  GETALC )

FIND SHORTEST
ELEMENT
SIDE AND

STORE IN TALC!

{ RETURN )

GETALC-1

CALLED BY:
DIMEN




B I e e i e s e e T L e e

R AN LIS L AL

o3

ol St

ac . ow T R

GETPPR~1

( GETPPR }

TIMX=TIME¥*FACT

.

LOOK PRESSURE

DP/DX

RETURN

CALLED BY:
LINKL

81



82

@

b

7
READ
BOUNDARY
INFO.
( BNDSET

N\

\

No
' DONE @

RETURN

TR

GETBND-1

CALLED BY:
BDINPT



GMADD-1

[ GMADD )
e’

ADD TWO MATRICES
ELEMENT
BY
ELEMENT

{ RETURN )

CALLED BY:
DERVBL

83




GPAHFT-1

GPAUFT

-

MASS FRACTIONS
AND :

| MOLE F?AQTIONS |

*\

"NGETH\j;F J cas
&l e 7\—__“._)
-

TCOMPUTE AND STOREi

d

£
" STORE INITIAL
k DISTRIBUTION OF
ENTHALPY, DCLSITY |
AND SPECIFIC HEAT !

i

IBUGL SF .
o 7 GAS
-
{ GASBUG

ITERATE UP TO 100 .
TIMES TO FIID |
CORRECT TEIIP.

L—_—M—J

(A




GPAHFT-2

PRINT
FAILURE

! AND
CONDITIONS

;7 -¥ GASBUG

PRINT

NON-
: CONVERGENCE
N4 IN GAS
- i
COMPUTE AND CHECK
FOR EXIT
CONDITIONS

CALLED BY:
THERMO

85




86

r.___hr!.___

( LINK3
(1,H2,YY)
M

\

‘ COMPUTE 1
MIXING EFFICIENCY !
|AND H2 MASS FLOW ‘

I

RETURN )

H2MTX-1

CALLED BY:
LINK2

oy o




T e e e - e i E e m iy Er—— Era g i Tl

ICOND-1

( ICOND )

PRINT
INTEGER
INITIAL

CONDITIONS

PRINT
REAL
INITIAL
CONDITIONS

{ RETURN )

CALLED BY:
BDINPT

87



88

( INITBL )

e

INITIALIZE
DEP.
VARIABLES

- L

{ RETURN )

INITNS-1

DRHOGS )

_/

CALLED BY:
LINKY

e A Y . e TR 1 AR K s i 3 e s T -



LOC-1

GENERAL COMPUTE
MATRTX SUBSCRIPT
(N¥M ELEM)
'COMPUTE
SYMMETRIC SUBSCRIPT
MATRTX | OF UPPER ‘_%
TRIANGLE
DIAGONAL SUBSGRIET
MATRIX
(N ELEM, )
IR=
()
IR = IRX

CALLED BY:
MPRD

89




90

LOCATE

L’

FIND LOCATION

OF VALUE M IN

ARRAY NA AND

STORE LOCATION
IN N

’.-—AL—_Mr

Id
( RETURN )
N

LOCATE-1

CALLED BY:
MANY
ROUTINES




T T S L L T T T T L e i

N

=

TABLE LOOKUP
AND
.INTERPOLATION

{ RETURN )

v T b f ST

‘A Py e b

CALLED BY:
CPINIT ;
GETPPR t

91



LSFT - 1

bt p e e Maetds

oo e e

ke epeae

POLYNOMIAL LEAST
SQUARES FIiT TO
A CURVE

PSRRI, | g

& RETURN\) |

o

B

CALLED BY:
MISDIV

92




3 - B L

MATSUM-1

( MATSUM )

COMPUTE .
A(T) = B(I) + C(I)¥D

( RETURN )

CALLED BY:
GEOMFL
QENUIN
ENERSC
SETDIF

93




94

{ MINMAX )
~———

-

FIND MINIMUM
= MN AT
LOCATION IMN
OF ARRAY

FIND MAXIMUM
=MX AT
LOCATION IMX
OF ARRAY

( RETURN )

MINMAX-1

CALLED BY:
DSCRTZ
ORDER
SETSCL



L |

MISDIV-1
1 (  MISDIV )
POLY FIT
THRU !'NPT!
TO MTH
ORDER
E
Y
% RETURN
| | '~ CALLED BY:
ﬁ CONTES
L \ |
il AV |
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{ MNMX )

¥

LOCATE MINIMUM
AND MAXIMUM
ENTRIES IN A
VECTOR AND
STORE IN MN
AND MX RESPEC. IVELY.
STORE THEIR
LOCATIONS IR
LOW AND LHIT.

r

{ RETUR&;}

MNMX-1

CALLED BY:
ELEM '




MPRD-1

. MPRD }

MULTIPLIES
TWO
MATRICES

RETURN

CALLED BY:
DERVBL =
GEOMFL
HRMIX ..

 VECMAT
ENERSC

97,
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MTRA-1

<f. MTRA

_— . g

TRANSPOSES
A
MATRIX

{ EETURN )

- CALLED BY:
GEOMFL




( NBNDRY )
1

| INTEGRATION

SET UP 'NWN'

NODE ARRAY

NBSET:

NBNDRY-1

~

STORE DEP.
VARIABLE VECTOR
U INTO YY
VECTOR

N

WRITE

INTEG

NODE
VECTOR

Y
STORE YY
VECTOR INTO
DEP. VARTIABLE

VECTOR U

L

7 RETURN

CALLED BY:
LINK3

99




100

( NDECRD )

4

COMPUTE X1 AND X2
COORDINATES AS
A FUNCTION OF

INPUT WHEN
NNODE=0.

( RETURN )

NDECRD-1

CALLED BY:
DSCRTZ




NMELST

i

READS
NAMELIST,

CHECK
VARIABLES

RETURN

in

NMELST-1],

CALLED BY:
BDINPT -
FENAME

101




102

( NODELM )

DETERMINE THE NUMBER OF ELEMENTS
ATTACHED TO EACH NODE AND STORE
DATA IN IELS VECTOR.

DETERMINE THE ELEMENT NOS.
ATTACHED TO EACH NODE AND STORE
EACH SERIES SEQUENTIALLY IN
IELEM VECTOR.

(NOT USED AT PRESENT)

{ RETURN )

NODELM -

CALLED BY:
LINK1

1




( ORDER )

ORDER COORDINATES
AND INDEX VECTORS

BY: X1COR OR X2COR -

KODE=1 =+ X1COR
KODE=2 ~+ X2COR

( RETURN )

ORDER-1

CALLED BY:
COLS

ROWS
XYSCAL

103




CUTNOD-1

( OUTNCD )

)

DISPLAY
VECTOR OF .
INTEGERS /

i

RETURN

CALLED BY:
FEDIMN

104




WRITE NODES
AND COOCRD.
OF ELEMENT

(_ RETURN )

ouTPG-1

CALLED
CEOMFL

BY:

105




QUTVEC-1

ol pamen bt EL ]

(  OUTVEC

A

. DISPLAY
VECTOR OF
\ REALS

\

N
(ﬁ~RETUHN )

Ty ST I

R

T o i e

F3

CALLE. BY:
CONTES
LINK?
GEOMFL
DERVBL
- ' S : .. - QPAHFT -
106 _

A e T R T




( PBLANK )

RESET LINE OF
OUTPUT ARRAY TO
BLANKS

W

( RETURN )

PBLANK-1

CALLED BY:

REOUTP
(FEQUTP)

107




108

{ PLILNK )

N

rgu

CONVERT
POINT NO
FORMAT F

FLOATING
. TO 'A!
OR OUTPUT

>a

( " RETURN ;

N

PLILNK-1

CALLED BY:-
REOUTP
(FEOUTPF)



POLY-1

: POLY

COMPUTE
POLYNOMIAL
COEFFICIENTS

RETURN

CALLED BY:
MISDIV
106




110

( Q3CONC )

[ COMPUTE THE MASS |
DEFECT OF H2
FOR LAMINAR ‘

PLOW

( RETURN )

Q3CONC.-1

CALLED BY:
DFCFBL




{ QINIT )

| QINO1

: A
NP= (E.

o

QINIT-1

RETURN

QINOZ2

RETURN

QINO3

5
I4

(Nl

QINOA

RETURN

!
NP= <jr/
Np= (?;)

A RETURN

glojujolo

QINO5

j

RETURN

INO6

NP= (E{)

I

RETURN

(" RETURN

QINOY

L

UNORCRCAT

CALLED BY:
INITBL
111




e P

( .QIN(NP) )

INITIALIZE
DEPENDENT

|

VARIABLE 'NP'I

{ RETURN )

QIN(NP)-1

CALLED BY:
QINIT




QKNINT-1

( QKNINT )

DO 105
NS=1,NEQ

?
I
!
i

NRSTRT

-0 120

NROW = -1
PTIM=TINE+DELP

—(®

NROW = -NROW
TROW=TROW+NROW

@

113
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QKNINT-2

{190 )

PTIM = TIME+DELP
KPNT = 1

|

\ . / \

KPNT:0 > X FEOUTP? )

N S

ad L

- KPNT=0

e 7
<;§?TST:O TIME=TFTEST
A.VEE: : <
7 TETEST > A-20

\ ’,—"’ -

FEQUTP

\ L

( rerury )

CALLED BY:
BDINPT

A VTR

1




R CIER Ay

- Ay RTN

QKNUIN

INIT:0

INITIALIZE
INTEGRATION
COEFFICIENTS

Lo

J

COMPUTE PREDICTOR

VALUES OF DEP.
VARIABLES

v

COMPUTE CORRECTOR

VALUES OF DEP.
VARIABLES

INCREASE
STEP SIZE

I

DRHOBL
OR DRHOGS
DFCENS

CONTES
H2MIX

N

DERVBL

( RETURN )

QENUIN-1

CALLED BY:
LINKY
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READER-1

< READER }

j{
/ n
< Rmmm,>

1

{
e
/’(J;\k réTﬂRF j0s. TN

7 ANY
: ~IES ¢ RETURN vrCTOR.

NUMBERS
READ -
" . // f—w e - -P .,...-———-—-—j

‘LNO ;
- LR l
(ﬁkRET&E;-:)9~ J

M~

CALLED RY:
DSCRTZ

116




(  RECIP )

STORE RECIPROCAL OF
VECTOR INTO ITSELF

RETURN

RECIP-1

CALLED

STOUTL
SETDIF

DFCFNS

BY:

117




118

( REDREL )

\ READ 80
‘CHARACTE
\ CARD

'IMAGE

CONVERT DATA
ON CARD INTO
REAL OR
INTEGER

NUMBERS .

L — e et

|

REDREL-1

CALLED BY:
ADDDEL
BDINPT
READER




{ REORDR }

b 4
REORDER THE NODES
OF AN ELEMENT 350

THAT THE FIRST TWO
ARE BOUNDARY NODES
AND THE ORDER IS
COUNTERCLOCKWISE

( RETURN )

119

REORDR-1

CALLED BY:

~ FINDBE

I
t

|
H
H

3
i
t



‘ REQUTP >

INITIALIZE CONSTANTS.

INITIALIZE FORMATS.
SCALE COORDINATES,

NSS = 1)

FEQUTP

LINK3(2)
RITECO,0Q)

| A

NOUTPR
:0

PRINT
QUTPUT
HEADING

GENERATE AND
PRINT SCALAR
HEADING

INITIALIZE
LINE COUNT
LIMITS

PRINT
COUMTERS

&

REQUTP-1
ENTRY POINT
FEOUTP




e ——— e ——— s ——a ST

REQUTP-2

GENERATE QUTPUT

DO 800
= FOR 10 VARIABLES
MTM=1,NMBTIM AT A TIME
N
GENERATE
OUTPUT
STOUT1
VARIABLES

NORMALIZE OUTPUT

SCALEV AND SET SCALE FACTORS

PRINT VARIABLES
IN PATTERN
SIMILAR TO
DISCRETIZATION

PRINT NODE
ISCRETIZATION

CHECK CODES |

RETURN

CALLED BY
LINK2Z

121



122

( RESET )

SET
A(T)
FOR I=

Il

v
1, N

C RETURN )

RESET-1

CALLED BY:
MANY

"ROUTINES




RITE~1

( RITE )

r

NUMBER =
(KEY-1)#*10+NMB

NV

@0 TO (101,102,
...), NUMBER

No RDAT
IN RANGES A TDATE
n WRITE
WRITE PITIA
APPROPRIATE
FORMAT
L
( RETURN ),
CALLED BY:
LINK3 '
SETUP

- 123




ROWS-1

( ROWS )

/

SET-UP INDRW,

ROW, AND NOCOL
VECTORS AND SET

KROW = NO. OF
ROWS IN PRINTOQUT

A
RETURN )

CALLED BY:
DSCRTZ

124




100

SETSCL

NSC(LL)=1IT

RETURN

SCALEV-1

CALLED BY:

REOUTP




SCHPRN-1

{ SCHPRN

SET SCHMIDT NO.

RESET SET PRANDTL NO.

‘.RETURN ,

 CALLED BY:
LINK1 '

126_




SETDIF )

DFCFBL

DFCFNS

SETDIF-1

TURBULENT
VISCOSITY

LAMINAR
VISCOSITY

MOMENTUM
DIF, COEF.

COMPUTE
ENERGY .}
DIF. COEF.

COMPUTE SPECIES

RETURN

- CALLED BY: -

-LINKS5

127




{ SETSCL )

.—-BL_._\
A\
MINMAX

DETERMINE LARGEST
SCALE FACTOR FOR
AN OUTPUT VARIABLE

L e e

-
CRETURN- )

SETSCL~-1

 CALLED BY:
C REQUTP
scALEV |




" SETUP

' SETUP-1

\IN 315

READ ELEMENTS"
3 NODES/CARD

FORMAT

PT 2 NU
BLANKS

N T(999999)=0.0]




X1CORCID
X2CORCI)

o

XCOR . i

YCOR

SETUP-2

NNODE =

NODE

250

| X1CORCI)
X2CORCI)

i n

YCOR - }
XCOR

'NNODE = NNODE + 1




SETUP-3

LG = LCOL

RETURN™ )

©UCALLED BY:
CLINKL o

s a‘] 31




s A
A

SETVAL }

o

o

—— e e g e e

b

| SET i
lA(I) = B(I)#¥C+D!

-

!

A
( RETURN )

SETVAL-1

CALLED BY:

s MANYC o
~ 'ROUTINES =




( sme )

L

OBTATN SOLUTION
OF A SET OF
SIMULTANEOUS

LINEAR
EQUATIONS

. 4

RETURN

SINQ-1

© CALLED BY:

AS

T




134

( SOURCE ]

DO 900
| NS=1, NEQKNN

COMPUTE SOURCE TERMS
FOR DEPENDENT
VARIABLES AND STORE
IN UPPER REGION OF

DIF ARRAY.

w”oLo':

S

RETURN }

SOURCE~1

" CALLED BY:
LINKL




( STOREV )
PRI

-

STORE A STRING OF SEQUENTIAL
DEP. VAR. WHICH ARE STORED IN
INTEGRATION ORDER INTO TEMPORARY
STORAGE BY NODE NUMBER.

4
( RETURN )

STOREY - 1

CALLED

SOURCE

BY:

135



STOUTL - 1 -
( sTout: ) | ' | i

DO 400
L=1,NVOUT

A |
FIND MULTIFPLIER ~ | : v
LOCATION IOMULLTCL) -
IN RARRAY. IF '
NEGATIVE, USE
RECIPROCAL. STORE
VALUE IN AMULT.

FIND VARIABLE LOCATION
IOSAVE(L) IN 1IZ
ARRAY. STORE VALUE
IN LOGG.

!

KRECIP = 0

KRECIP = 1

LoGG=]LoGG}
LOGS=L0OGG '
NP=(LOGG/1000)+1

A

136




STOUT1-2

NX-NP-1

l

FIND THE POSITION OF NX
IN THE IPINT VECTOR.
STORE POS. IN NP. IF NX
IS NOT AN ENTRY, THEN

NP=O¢

LSY=MOD(LOEG, 1000)
LND+CNP—1)%NODE

STORE DIFFUSION COEF.

FOR NP IN OUTPUT ARRAY JE E’*:l

STORE DEP. VARIABLE
NP IN OUTPUT ARRAY

STORE DERIV. FOR NP |

IN OUTPUT ARRAY

187

oy Y




L

| MULTIPLY OUTPUT

VECTOR BY AMULT

MULTIPLY VECTOR BY
AMULT AND STORE IN
OUTPUT ARRAY

STOUT1 - 3




| A VARIABLE TO BE

'SCAN IPLOTS VECTOR
TO SEE IF THIS IS

PLOTTED.

(rerorn )

STOUTY - &

'FEOUTP, .
o139 )




, ;140_,““.

{ sUTHLD )

L

COMPUTE VISCOSITY
USING
SUTHERLAND'S
EQUATION

( RETURN )
o

SUTHLD-1

 CALLED BY:
. DFCOFO -
DINEN -



(o )

v

CALCULATE

" SKIN FRICTION
FOR ZERO PRESSURE
GRADIENT AND ZERO
SURFACE MASS ADD.

. 2
( RETURN )-

- TAUW-1

CALLED BY:

.':WLFLXS_* o
o 14y




._;142. .,

( TENDA }

A

STORE ELZMENT
DATA INTO A
NODE NUMBER

SEQUENCED
ARRAY

~/

( RETURN )

TENDA~1

- CALLED BY: .
. INTTNS

AT TR T R R T

»
e A T AT~ e B e AT AT T S T L T




{  VARMAX )

PIND MINIMUM
O R MAXIMUM

ARRAY

ENTRY IN AN

1

RETURN

VARMAY-1

CALLED BY:
- “DRHOGS " -~
FEPLOT

_ QKNUIN
. LINKZ =

,143._"




VECMAT. - 1

( vecmaT ) o SR ;

MULTIPLY A MATRIX o A _ _
OF VECTORS BY A ' b
VECTOR TO PRODUCE . ) 5
A SYMMETRIC MATRIC :

( RETURN )

. CALLED BY: i
. ENERSC .




( VECTA )

o

ASSEVMBLE ELEMENT

DATA INTO GLOBAL

- VECTOR - -

( RETURN )

VECTA-1

CALLED BY: . .
DERVBL ~

~ SOURCE




ISR VTR

THERMO

- DIMENSIONALIZE

PRESSURE
AND ENTHALPY

" GPAHFT

THERMO~1




THERMO-2

NON-DIMENSIONALIZE.

~ VARTIABLES-

( reTURN

147

U CALLED BY: |
- DRHOGS '




148

[ wLFLxs )

g

f LINK3

{ (1,U0,Y1)

/

COMPUTE SKIN FRICTION
AND STANTON NUMBER
ALONG SURFACE FOLLOWING
PATANKER AND SPALDING.

|

'RETURN

WLFLXS-1

' CALLED BY: -

LINK2




{ XYSCAL }

COMPRESS A VECTOR OF NUMBERS
1x1' BY SCALE FACTOR 'SCFT'.
FIND XYD=(CMAX(X1)-MINCX1)I#®
SCFT. IF TWO ADJACENT
ENTRIES ARE WITHIN XYD OF
EACH OTHER, SET THE HIGHER
VALUE EQUAL TO THE LOWER
VALUE.

J
f RETURN )

XYSCAL - 1

CALLED BY:
DSCRTZ
' - 149




OPERATING INSTRUCTIONS

The 3DBR Variant of COMOC constitutes approximately 10,000
cards. Considerable effort has been placed on minimizing input/
output complexity and on providing the user with considerable
Tatitude in data deck preparation. This section describes deck
set-up, input procedures, output files and procedures, internal
diagnostics that can be used to debug operating phases, and a
description of the data decks for the test cases.

Deck Set-Up

Shown in Fig. 2 is an illustration of the deck set-up for
3DBR COMOC. Any user-written subroutines should be compiled
first. The various machine requirements for the program are
Tisted below.

Tape: RESTART defines an input and/or output tape
which will be used for a restart condition or
to store data for a future restart. The inte-
ger ending in coiumn 25 defines a restart tape
and the integer ending in column 30 defines
the output print number that will be used for
restarting. The integer ending in column 35
defines a tape that will be used to store out-
puts for future restarts. This number may be
the same as in column 25.

Print: Printed output is sent to unit 6.

Punch: If NPUNCH = 7, in NAMEOT1, node coordinates and
element connections are punched on unit 7.
If KOUT.gt.0and KPLYAR .gt. 0 in NAMEOT, then
data generated for the variables defined by the
PLOTS card will be output from the FEPLOT
routine.

Reader: Card reading is executed from unit 5.
Disc: MNo internal requiremenfs by program
Input _
Unless a restart condition exists, all data are reéd on'
unit 5. A7) data which are strictly scalar information are read
~in free format style.  Delimeters on these input cards can be

either blanks, commas or column 80. Many features enable input
data to be read in a simplified fashion; :

150




///LKED.SYSIN DD =
" //LKED.OLDLIB DD

/" FORTRAN SOURCE DECKS
//FORT.SYSIN DD *

”//PARM. LKED=CLIST, LET, OVLY) ’
//STEP1 EXEC FORTHCLG, ]
//NAME JOB | FJ

)

Fig. 2 IBM/360 DECK SETUP FOR PROGRAM

151
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e.q. Symbols Internrétation

—r e it b

5%13 12, 12, 15, 18, 21, 24 f
3*1-.5 3.1E3, 3100.0, 3099.5, 3099.0 !
6*%23.2, 23.2, 23.2, 23.2, 23.2, 23.2, 23.2 ;

AT at the end of input or a blank card will terminate
the read cycle for a particular input parameter.

e.g.
ICALLS -
22451 4 2 5 T

stores the numbers 2 2 4 5 1 4 2 5 in the CALLS vector.

VTEMP
42*%533.0
blank card

stores 42 temperatures of 533.0 in the TEMP vector.
Output

Qutput for 3DPR COMOC is standardized to the format of the
test cases. A highly adaptive outpbut subroutine automatically
scales data and allows for widely variable field size disnlays.
Qutput formats are generated in the inout deck by specification :
of which dependent variables, narameters, and scalars are to he :
printed during the output phase. Addition of an output array
to the standard output is presented after the discussion of the
data deck for the test case.

Restrictions and Limitations o _ ]

Size of problem to be solved depends on the amount of storage i
available in core. The program contains a variable dimensioning g
scheme so that the total size can be snec1f1pd by adJust1ng the
dimension of the 1IZ array in MAIN.

Ed1t1ng and D1agnost1cs

There are severaT flags that can be user set to provide
detailed intermediate output for debug purposes, including KDUMP, v
NGBUG, IBUGT, IBUGZ2, IWRIT, IDIFRT, KODG and KOD5. 1In the .
-n_fo110w1ng, each of these is d1scussed with. respect to samn]e '
representative output from COMOC.
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T

- l r .
Je ’ +
"~ .
’ ROUMP .og. 1 nrintout Srom BDINPT.
.-

= . e s — e e —
Ll : .

VTg»p ¢ o9 0 o0 -58 9 ©0 @ 06 @ o 0 0 7 o o

NEVP Tt ENTHIES, NON-D FACTOR = 0,18762E-D2 .
154815~ Q.233000 03 L4 lo- 0« 53300E 03 1B4l17- 0,53300E 03 18418~ N0.53300E 03 18419~ 0.53300F 03

' 18420~ " 0.53300FTITIR4F = UT53300E7 03 18422= 0533008 03718423~ 0.53300E° 03718424~ ~ 0.53300F 0%

>
.

ORIGINAL PAGE T
* OF POOR QUALITY

on TUEGRATIAN wODFS Fap varlante L

15425~ 0.53J00F 02 la47p— 0.5330CF 03 18427~ 0.53300F 03 18428~ 0.533008 03 18425~ 0.533008 03
13430~ 0.53300F 03 13431~ 0.5330CF 03 18432~ 0.53300E 03 18433 0.53300F 03 18434— 0.53300E 03
~T 1R3G5+ 0,53 T0F UITIF436-""""OC%3300E U3 1RG3 T~ 0.533000 03 18438~ 0.53300E D3 18439-""0.53300E° 03 - T —e——T
' ) 13440~ D.553000 23 16a4)- 0.533G0F 03 18442~ 0.53300F 03 18443~ 0.53300E 03 18444~ 0.53300F 03
18445- 0.53300 O3 13hfi6— 0.53300E 03 18447~ 0.,53300E 03 L8446~ D.53300E 03 1844%- 0.53200€ 03
T TTBASIS T L 53 N0F B3 184S T- T UL E3300ET03 7184525 UL 533006703 18453="0,.53300F 03 18454~ 0.533008 03 -
t 18455~ 0.53300F 03 R3S~ 0.53300F 03 LU4ST- 0453300E 03 1B458— 0.53300E 03 18456 D.53300E 03
18a¢d- De533900 I3 lbhsl- 0.533G0E 03 18462- 0.53300E 03 18463- 0.53300F 03 LB4&64— 0.53300F 03
TTTTHSES- . TTUULSIIONA T 03 T174E6- T 0L 53300E° €3 1RALT="TTT0L53300E 03 18468-""" D.53300E D3 19465~ 0.53300E 03 ettt
15470~ D.5330DF 03 1RaTL- 0.533C00F 03 18472- 0:53300F 03 1473~ 0.53300E 03 1B4T4- 0.53300F 03
18475 0-53330F 03 loaTh= 0.53300E 03 18477~ 0.53300E 03 1B47B- 0.53300F 03 18476- 0.53300% 03
. Py o ¥ AT T ¢ T Fe 1l v i R T T o . - : “. : - -
vYY 2 H o =27 ] ] 0 ¢ o .0 0 o 0 . ’
R 4 { €6 ENTRIES. NON-D FACTUR = 0.43995£-03
i 17965~ N.0 - 17966~ 0.0 17967~ 0.0 17968- 0.0 17969~ 0.0 :
TTTTIEeTR TR T TS TS T 0L IB030F 04 T1T972-"T0415030F 04 17973 0.1503068°04 1T974-  C D.15030E 040 T T T o T
! . 17972 0.1593CE 04 173Ta- 0.1503CC 04 17977/~ °  0.16600E 04 17978- 0. L6600E 04 17979~ 0.16600F 0%
_ 17970~ 0.16630F 04 17781- 0. L0BCOE Q4 1T7932- 0.16600E 04 17983~ 0.15500F 04 17984- 0.15500E 04
TTTTIRESS TTULITSSAN T 04T 1TSES- T CULTS 908 04 17987 " 0.17590E 705 17988~ 0. L 7590E 0% 1TYEG~ D.155098 0 2 T T T e oo
17950~ 0.155J0F 04 17691- 0.143308 04 17992~ 0.13330E 04, 17993- 0.18330E 04 17994— 0.18330E 04
. 17945- J. 1359307 04 1TG%0- 0. 155000 04 17997~ 0.1B920E 04 17998~ 0.10920E U4 17599- U.18520E 04
. TEA0d= T-IE9200F 04 1800 T="""""0,82720F ©4F 18002 0:22720€ 0% 18003-—0,19420F 04 18004-" — 0.19420E 0% T s e e
. C 14935~ 0.15420f 04 1800&- 0.1542C€ 04 1BODT- 0.22720€ 94 18008- 0.22720E 04 lB009- 0. 19850 0%
: 191419~ 0. 1%85CF 04 EEQ1L- 0.1%850C 04 lud0l2- 0.19350F 04 18013- 0.22720C 04 lagcis- 0.22720E 04
L TTTUTTTADLIG- T 0 ZOTROF RAT18016= T DL ZCTAGE 067 1B0LTS"TT 04207406704 18018~ 0.20740E 04 1BO1G- Q.22720E D& 7 "7 TTRT T ee
. 18023~ 0.22729F 94 15321~ 0.216%0E 04 18022~ 0.21690E 04 18023~ 0.21690F 04 13024— 0.216908 04
193235~ 0.22720F 04 18026~ 0.2272GE 04 13027~ 0.27T20F 04 1802p- 0.22720E 04 1302%- 0.22720E 04
' 3930 = Frg AT BT P e o et et e S IILT S e - . - N
—
Eg- YYYLID 0 ] i} hi 0 ] 0 0 ¢ 0 0 0

.
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111 0.0 0. 10CO9F OL -0.16682& 06 0. LEOODE 0l 22 a2
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.GT: 0 Debug output.

ENIURT is-decremented by 1 for cach pass thru WLFLXS, whon IDIFRT .IE. 0 debug print stops.
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cE. 5 Ced v o4 el 5% =% 27 S
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» RODS .qt. 0 debug printout from GROUFL,

R . E ? - T — e e s e
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N - -

FLEYCNT - 100 a4 1Fi 5 NODE & NCDE 12
TRl 0.53333 ot 0.83333¢8 01 0.83333€ 01 {non-dim, transverse coordinate}
N T RITTTTOLE T U.J 'D.BBWE_DB__Tnoniﬂim._ﬁormari coordinate} """ T o e -
Wt (L=matrix)

B B T LR L)

1 =C.33273F 90 2 0.33333F 00
b $150208 J1

4 0.0 9

An  TiaN - (Recranspose matrix)
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& TOG10000ET QL T T

o . 2. =NLLL1LEAE DD

.J 1 ——— PR

I DlliillF
b 0.22550F

3 0.23611E 01

n211 .

NS T TTRATITIE Y

0 =0.22500F 01 1 0.0

3700

8 -0.22500E Gl

50 LILTIE 005
9  0.22500F 01
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1 B, 34K a1t 0L 2
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1 0. 1605TE O 2 0.1&56/E O 3 0f11111E 01 4 0.11111E 01 5 Q.27TWEOL .
- B 0L ZTTTRC T T 33333F 01 ) Oy 33333501~ ¥ 0L 500008 D1 100 0.SSGD0E 01 '
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. 26 L 13R93F 01 27 0.166A7E 0L 28 0.16667E 01 29 0.25000F 01 . 30 0.25009E Q1
GFLML {ist part of B2001 matrix)
I —D.6leoTR-01 2 0.37253F~08 3 0.41667E~01L. 4 0.0 5 ~De4l66TE~OL
b 0.4166TF-01 . T -D.2777RE-OL 8 0.37253E-08 9 0.27718E-01 10 0.0
S TRt T EE P TTIRYS 0T T T IR T 0GB TTIAE-0T T T I T RL 69444 ES0L T T IAT TTT0L. 372536407 15" "0.69444E-01 :
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. g 21, 0.43333 -0l 22 v 23 ~0.833336-01 24 0.83333£-0] 25 -—0.1250CF 00
. O"'C;'““" ST TR OGRS 0T T2 T UOVIZGUCE 00T TES T oS0 T T 29 T -0, 12500E 00 20 0:12500E 00
R o _ ]
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5 — & gy T =T 2RI5ZE-0T T TE T OTIIEEOE DO 9T TTS0T138B9E 00 T. 10 T=0.13889F 00 -
. E: 11 J9-1383%9 DU L2 c.0 13 ~-0.37253E-08 14 0. 13889F 00 15 -0.13839F 00
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T et TTANSIIS3ETOU “7 L M sNETOL T T T T 003E333E 0T 9T TULR22299ET0 T 10 0.33333E Gl
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13 S.-!; PN i Cela21lF Y0 13 0,234 10E-N2 14 0.52312F=01 15 0.21%928E 00
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B ‘.:. witul, GO 32 ALl 9CE QU i3 0.32662E 00 34 Q. 069700E Q0 35 DL.oTEYSE 00
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Test Case

Two data decks, generating a nominal Mach 5 isoenergetic
boundary layer flow and the three-dimensional virtual source
simulation [Ref. 1], come as standard test cases for 3DBR COMOC.
The Tistings of these data decks are included in Appendices A
and B. Another problem specification can be readily adapted
from these decks, since approximately one-third of a data deck
is associated with standard call sequences and output format
specification and arrangement instructions. Instructions for
additions to these standard data outputs follows discussion of
the data decks. This discussion covers details pertinent to the
data deck for the Mach 5 test case. Comments and descriptions
should be interpreted with reference to Appendix A. Subseguently,
the alterations required to establish the non-uniformly dis-
cretized virtual source problem data deck from the Mach 5 test
case are presented and discussed.

Preparation of the data deck is subdivided into four phases.

Phase I. Reference Gonditions and Control
Parameter Specification

Call Parameter Code Function
FEBL, Starts execution of COMOC
COMTITLE Reads one title card to appear on cover
page of output
FENAME Initialization
&NAMEO?1 Integer parameter input
: NEQKNN Number of dependent variables to be in-

tegrated in X1 direction

IGAS 0 Isoenergetic flow with constant Cp
1 General flows
IFR 0 Equilibrium composition (IGAS=T)
' 1 Frozen composition
KDUMP 0 Suppress debug output
1 Print debug output

NPVSX No. of entries in pressure table

NSCX 0 Uniform X3 interval in discretization
1 Non-uniform X3 interval in discretization
NSCY 0 Uniform X2 interval in discretization
_ 1 Non-uniform X2 interval in discretization:
&NAMEOD2 Floating point parameter_input
' UINF Reference (freestream) ve1ocrtyx(FjS)
TOFINF Reference stagnation temperature (“ﬁl\\\\\\\
REFL _ Reference length (F) —
T ‘Initial X1 station (F) '
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Calil Parameter Code Function
TD Le?g§h of X1 solution, starting at T@
F
DELP Percent of TD at which output is desired
EPS Integragion control parameter (.01 to
' L0007
VSTART Percent of TD at which transverse veloc-
~ ity (U2) comsvtation starts
XSCALE | Multipliers to convert discretization
YSCALE to Teet
CPA,CPH) Specific heats, stagnation temperatures,
TOA,TOH and molecular weights for two-compo-
XMA , XMH nent, isoenergetic, frozen flow mixing
: (IGAS=0)
FEDIMN Generate vector lengths and array entry
points.
Phase II. Finite Element Discretization
LINKT 1 This call generates the finite element discretiza-.
tion of the X2X3 piane. The data are read in free
format fields. A "T" terminates any sequence.
A. Automatic Uniform Discretization

166

e.g.

{ccurs for NSCX = NSCY =0

Set XSCALE = desired element width in the X3 direction
Set YSCALE = desired element height in the X2 direction
Read se1ect1on keys

YSCALE = 0.004
XSCALE = 0.002
1 21, T 2,
T

Generates discretization made up of 21 node rows x 2
node columns, or 40 elements (x T element). Elements
are 0.004 F high by 0.002 F wide.

Automatic Nan-Uniform Discretization

B R PR

Occurs for NSCX = 1 and NSCY = 1

Set X3 discretization first, X2 discretization second,
Data are used in sets of 3 integers at a time. First
integer identifies finite element interval concerned,
next two indicate element width (or he1qht) as rat10
in feet, e.g., 3.1200 = 3/1200(F)

1 3 1200,2 1 600,3 5 1200,
1 600,7 1 600,8 7 1200,...
11,1 4, o |

T S



This generates a finite eiement discretization of 11
node rows x 4 node columns. The element widths
(intervals between node columns) are respectively
3/1200 (F), 1/600 (F), ... . The height of the first
7 element rows is uniformly 1/600 (F), eighth 1is
7/1200 (F), etc.

Phase I1I. Qutput Specification

Following the discretization phase, the user can input up to 10
title cards to head each generated ocutput sequence.

The next ~65 input cards specify output format, see Appendix A,
and are typically not to be changed without reference to the
prodrammer's manuat.

Up to 10 title cards can follow the standard output specification
to fully describe the problem being solved. This output
will occur once, directly after printing of the cover page.

DONE Calis end *o output specification phase

Phase IY. Solution Parameters, Boundary Conditions,
and Initial Distributions

Call Function )
VX3ST Establishes NPVSX eniries into static
pressure table as function of XI
e.g. 11*#10.05 0.1 Eleven pressure values at intervals AX1
of 0.05, starting at X1 = 0.1.
VPV SX Read pressures ih PSFA

e.g. 4.3494 3.47...

IPINT -1 Standard Input consisting of integer
array of numbers corresponding to depen-
dent variables. Program will integrate
first NEQKNMN of them, plus U2. Do

KBNO (N} KBNO (N) establishes fixed boundary
. . conditions for dependent variables N
through NN.
KBNO (NN)
e.g. KBNO 4 Fixes variable 4 nodes on bottom of
BOTTOM DONE discretization at their initial input
_ values. o
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Call

ICALL 1

ICALLS 1

LINK3 4

LINKT 3

VTEMP -58

e.g. VTEMP

RZ2*189N
T

vyy -{X)

VYYEND  (N)

e.qg. VYY -27
42%0.0
I
VYYEND 2
e.qg. VYY -27
2%¥0.0 2*1654,..
...... 72%4004.8
-
YYYEND 1
OKNINT
DESCRIPT
NONE

DESCRIPT 3-

DONE
COMOC
END

EXIT

168

Function

Fixed calling sequence for internal
evaluations, not to be changed.

Read initial nodal total temverature
distribution. Non-dimensionalize

entries by number in location 58 (TREF).

Read: first 82 nodes at T0 = 18N01°R

Reads initial conditions for dependent
variable N. Non-dimensionalize entries
by number in |X].

Initial U2 distribution 9s all zeros.
Non-dimensionalize entries by number
in location 27 (UREF)

Initial U1 distribution is zero at
first two nodes, 1654 F/S at second,
two,..., last 72 nodes have 40N4.8
F/S. Non-dimensionalize entries by
humber 1in location 27 (UREF).

Standard completion of data deck

If a second test.case is des1fed
insert data deck starting w1th COMTITLE
before EXIT card

e

LreuiER AT
T

e N e LA s bt da S et e L AR R R S




Listed in Tabie 9 are the changes to the Mach 5 test case
data deck required to establish the three~-dimensional virtual
source data deck. The complete 1isting of the Tatter is inciuded
as Appendix B. The following explains the alterations with
respect to input phase and the 1ine numbers in Table 9.

Input :
Phase Line No. Description
I 1 Title card for output cover page
2 Reference condition and control parameters
. for combustion calculations using five
. dependent variables
7
II 8 Form non-uniform discretization, using 11
node rows x 6 node co1umns, producing 100
. finite elements
III 14 Title card to head each output call
15} Detailed problem description
22
IV 23 Entry locations of longitudinal pressure
24 distribution (constant)
25 66 nodes have uniform stagnation temperature
26 Initial U1 distribution
36
37 Initial U2 distribution is zero
38 Initial 02 distribution reflects Tocation
of virtual source
39 Initial N2 distribution
40 Initial HZ distribution

Hence, establishing the data deck for a muitiple dependent vari-
able, three-dimensional probiem using a non-uniform finite ele-

ment discretization is readily accomp11shed In this case, only
forty data card changes were required, using the two-dimensional
Mach 5 data deck as a master deck.
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e ettt i

ST N

0Lt

T

T

T

. TABLE 4
DATA DECK CHANGES TN PRODUCE VIRTUAL SOURCE SIMULATINN

COMOGC CHECK CASE FDR THREF DI MFNSIONAL REACTING BOUNDARY REGION FLOW

NFOKNN=%, TGAS=1, IFR=0, KDUMP=0,
NPYSX=2, NSCX=1, NSCY=1,
NE1F2=17
UINF=22T724 TOF INF=533.0, REFL=,003333333,
T0=0.0, TD=0.10, PELP=5.0, EPS=0.01,

XSCALE=C.002333333, YSCALF=0.003333333, VSTART=1D1.0,
1 7€ 100, 2 SC 100, 3 125 100y 4 150 100, 5 225 100,
INCRFMENTS RFETWEEN X3, NODE-NUMERATOR-MENOMINATOR
1 % 1¢, 7 5 LCy B 125 1C0, 9 175 1006, 10 250 100,
INCREMENMTS BFTWEFRN X2
1 11y 1 €
11 RIWS ANND & COLUMNS NORMALIZED BY LREF ,HENCE X-Y SCALES =LREF

CRECK CASE,THRFF DIMENSIONAL RFAC TING BCUNDARY REGION - VIRTUAL SOURLCE
CHECK FASE,THRFE DIMFNSIONAL RFACTING BOUNDARY REGION — VIRTUAL SNURCE
(H2/NZ/ATR SYSTEM WITH EQUILIBRIUM CHEMISTRY). PRCBLEM CONSTDERED
REPRFSENTS TRPAMSVERSE HZ INJCCTION INTO 4 SUPERSONIC AIR STREAM
CHARACTERISTIC DF SCRAMJET FUFL TNJECTION, SEE ROGERS NASA TNC-6ll4,
IGTL AMN MASA TND-A4TE,1971 FCR FXPERIMENTAL STUDY OF THIS 2ROBLEM.
TURBULENCFE WODEL EMPLOYEND TS5 DESCRIRED 1N USER'S MANUAL NASA CR-13245041974.
CALCHLATINNS ART STARTED LSING VIRTLAL SAURCE CCNCEPY TC REPLACE
COMPLFY NFAR INJFCTION FLZW FICLD. -
0.0 190. T X1 TABLE FCR PRESSURE
193, 163, Y PRESSURF  TARLF PSF

66%533.,

6%%.0

6*1573.

6*1660. '
%1580, 4%115%G.
2% 1550. 4%1£33,
2%1550. 4% 1852,
2%¥2272. 4% 142,
2%2272., 4% 1C8BS.
%2272, 4% 2C14.
Pw22T2 4%2169,

e¥2272.
66%C.0
18%,223 2% 0.0 4%¥.233 2%049 4%,233 2%0.0 34%,233
18%. 767 2%0.9 4%, 767 2%0.0 4%, 767 2%0.0 34%.767

18%0.9 2% 1.9 4%Je0 2%l.0 4% .0 2%1.0 34%0.0



Sample output for the three-dimensional virtual source test
case is presented in Appendix D. The processing of pre-solution
output js identical to the Mach 5 test case, and complete solu-
tion outputs are presented for the initial and final solutien
station. For the aspect ratio of this particular discretization, -
COMOC ascertained the six outputs could be placed on a page as
illustrated. Appendix E contains 1istings of the specifically
written subroutines for eddy viscosity, Taminar viscosity, and
effective Schmidt and Prandtl number for the virtual source
simulation.

An additional output array can be readily provided by COMOC
during the output phase of execution. For example, referring to
Appendix A, suppose that the array U3/UREF is to be printed. = Then,
in I@SAVE -1, before the card headed by T, add 3248 to card
headed by 1247. The "3" refers to dependent variable number
three, which 1s U3 in the YY array, and 248 1is the entry position
in the YY matrix in the IZ array. Also, in IBMULT -1, change
entry to 15*%*2. Finally, in DESCRIPTZ2, on third card headed
EFF.MU/MUREF, add U3/UREF in coltumns 65-80.
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o0

17
113
17¢
127
115
12n

127

iln

cq
120
1
131
154

2F
1?72
e

|

A
12f
2z
Lac
11"0
141
“1
FA

SYMBOLS

CROSS REFERENCE LIST FOR EQUIVALENCED VARIABLES

TESYEL
1Rt

raar
TeHnR?
YoM N
(FIFRGY
TFNR(F
VFo
Iras

Trinty
1At
1MATAR
O
NEAS
T ITON
1248
AL R
o Es e

I{.‘-"“.-:

PN L
TSpFL D
1504
‘+
[T
kALY
F AL
ey ere

o '\40\
L151T
PEATATS
KNP
Kot T
LERIVA
<P YAE
KOyT

Wil ™y

CORTAITL 240, Th $C8T9F 0 E0l GEAFRATIAG LrytTR,

= ROLMITARY (AYTH ERCAEAW,
= AVIFR-CSTOKES PRIGRAY,

Ca v

PLla T TARPLT S&D D YERLT F2 a8 (A SPAMET

MU IRT GTERM TATE STHEPY [N GPAWFT,
NM L DF MRTEE FOR AYTCaQyY, CONTES,

MY, Y TTMCE T PEINT JANTED, CLTRUTY TN WELFL XS,
REAT xC1R , ¥OME Th ZELGR .5 FOurAT Iy SETI2,

1 = F2O280 CALCLLATION BN THEORWND,

! CALL DPEROGS,

€ CAL L YA,

IMTTTALTZATION DAPAWMETE R [N THE2NT,
M7, Y VAT 2TAP S TN BRI E vV,

N L,OTE PR TN Iy MAYTRTAL TANGE
FTIARTGET NS TN O], AT wi I T yge
STAC TLI JARAYM THw TN GAC,

INTITTIAL TR TN v YES,

MU TR TRy T DR T,

FOUNTZD s por ILs PR PATR R, CHUTRUT,
PAS QT YR 1 o7t Aonyy

1]

L oYe 2 = T Tt REESTAT i PART VALUF F

\""g.‘\\i",‘l':‘ AN ﬁt"mTVATlvrl (S"'
!"}'J’:\lg‘l 1:-‘ "'.l o 4‘['i,\r-‘ ""L\C (L;‘;t‘a‘-'v i__'f\IY l

1
)

D

ANORQEALTRY

b= FrnBUIT GRS GERCa EATERIING CUTRUT ATAT,

MT e
TEAPTSATLD Y AT COURNT TN SBARET,

Moty e b RTC TR Gl 04 TE O DETAT (R DRESUT,
COSE P STREAL T LGE GRS IS AREA Fu RE[ARTIN

PRFAT TR Y T AT AND DATH ARAECATEN TR
TMTEERATIOR THEWMTCLL

T 2 VAYXIVYES VISR YR STAL LT TY,

? o= AANTYME Y L ATTIWE STAAT LTV,

KW b FLE AT L SR T ) NEF
AEEA T SR T R

I INT I OND Ty L YHLT 1F o= Y,

ARIAT IAT L, RN PLTPLT k(DB TEVES,

APIrNET,

PHENTNS CPLST F AL TRLT, (LTAITi0 Ay [ 02fNT)

DL TS T reegNe 4 LT T A,

NTa W AATTAILTE O ar BEOTTER C 3L DUNCHE T,

BETYY T ION {SOT AL ING OXRCOTICN),
R A AL Y I A L W 2R

T = SAEL *Fr L ae

Plg TF VORS TN DTCCRETTZATI(N,

OF POOR QUALITY

IFb, =

[}

1




12¢
50
156
47
34
137
138
157
103
22
131
69

22
2?7
12%
13

50

51
124
48
56
a2
162
15F%
154
14
8g
R
R
%€

107

46
96
104
119
130
95

53
54
68
€3
65
Ra
60
1%
l¢

KSAV
LeOL
LFIL
LG
LPRINT
LPSTAL
LPSIAM
LR S
MY

NA
NRIRD
NRSET

NRUG
NC
NCALL S
NCOORD

NCPTAPR
NP
NDBL
NDER TV
NP E
NROTZ
NP7
NDPYS ¥
NELADC
NEL PEL
NFL EM
NEWD
NED
NFQKNN
NEXP
NF1F2

NE
NF IRCL
NFL TP

NCAYG

NGETH

A

NH2
NHHAL F
N
NEIND
NJ

NI INE
NMARYY
NN

NN OE

[ I T T T I B

PLOTY TAPE NN, SAVFD IN CKNINT,

NO. OF COLLMNE IN DISCRETI ZATICN, DEF. = 20

FILL PARAMETER LSED IN ELEW,

ND, OF COLS, LSED TN CONTES AND DFCFBL,

LIMIT GN CQUTPLY CCUNT, DEF., = 100

PSIRT INPUT 1t = PCINY, 2 = SLPPE AT LCWER NCODE

PSIRC INPUT 1 = PCINT, 2 = SLOPE AT UPEER NODE

CUSCRETIZATION PARANETER USFD IN ELFM,

NO. OF PATSES IN FECLTP,

NN, CF ChAR, TN FACH WCRD CF OUTPUY VAR, TITLE,

Nn, OF NODES ARCUND BCRDFR OF DY SCREFIZATICN.

1 = SYTORE DFP. VARIABLE INTO YY ARRAY AND PRINT

INTFGRATICN NCDES. (USED IN *NSNDRY?)

= SINRE yY ENTRY [N DEP, VARIABLE,

= STORF NEP, VARTABLE INTOD-YY ARRAY,

= PRINT DLTPUT FROM YL THY RCUTINES.

OF CHARACTER”™ N CUTPUT FCORMAT, NDEF., = 8

NF ROLTINES fC CALL AT END OF QKNUTA,.

Th MIMENSTONAL. _

AXT=SYMMETRIC (NCT CPFRATICNALY

NOL. F ENTRIFS IN SFFCIFIC MEAT TABLE,

~INTTTALIZATICN PACAMETER [N DFCENS.

QKNL TN CONF TN NETERMINE MVINIMUM SYEP SIZE,

7 = CALL PERVAS., 8 = CALL DERVRL,

NR, JF DEGREFS NE FRFENCM, (USED N LTH)

C = SET LP DOLTP VECTOR IN SSTRFY DALY {NCE.
APPRIX, LFMGTH CF DCLYP VFCTOR. 0BF. = 5020
NT, NF DPNIXTS [N EPRIME YARLF,

SEY = | TF ELFMENTS ARE TO RE ANDED IN FLEM.

SEY = ) IF FLEMFNTS ARF TO BE NELETEC LN FLFV,
NUMRER [F FLEMFMTS { TRIANGLES ),

STARTING LNC. PAK. IN DIF ARRAY,

NN, OF NEP, VARTALES TC BF SCLVEDR,

NYs 1F NEP, VARTARLES TC RE INTEG. USING YCKNENTE,
N, TF BOUNDARY NENDES TN JRCUND ARRAY, (LTH)

1 = LSE E1 CURVF FCR FPSILCN,

2 = LSE F1 AND F? CLRVF FOR EPSILCN IN CFCFRL,
N NFEOUNBY AYTE w0ADS IN TITYLF FCR FACH DEP, VAR,
SONTROL PAR. IN 'RANCHO® FOR 1ST OR SUBRS. FASSES.
PLPY PARAMFTER TP MIKROR OUTPUT, ( 2=MIRRCR)
PRINY INPLT ANN NLFFLT IN THFRNE,

CAUNTER IN NRHOGS TC INIT, VARTARLES IN GAS.

NDe OF FLFMENTS FOATATNING ROUNDARY GRACTEAY
INFROMATECN FOR LMY, YTREFY AND #F¢,

N, TF INCRFASFS IN STEP ST7E IN CKAUIAN,

NOo. OF CECRFASES A STEP STZF LN GCKAMJIN,

STARTING LOM, INM ¥Y ARRAY F(CR NEP, VAR, NP,

Y771 ARRAY STARTING LNC . PAR, APPROX, = S*NOLE
STARTING LOC, IN 77 ARRAY FCR DEP, VAR, NP.

LINF CCLNT FIR OLTPLY CONTROL,. DEF. = 60
NC, 7F VARTABRLES Yr BE PRINTED,

LINEAR APPRCX, INDFEX, PEE, = 3
MLMBER DF NADES, ORIGINAL, par -

OF POOR qQuiar T~
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17
13

153

IS

143
142
30
18
int
20
13F
134

11

24

151

-

Let
47
r &

21

47

T

131

132

145
140
143

-

té

97
94

T4

70

.
. 17
. ' 73
ey

: 'r" I

NN S
NONDF
NDRMD

NAF
NNMFLR -

NONF

NOYTPR

3] -]
MPARTY
MPRFESS
NPRMT

NP SBEeL .

NESTAR
NOSICC
MDD THNF
NPYEY
SN
NPy SY

NOFL

ME G €

NR}
MR STYRT

AP TARF

AS
yery

nGEY

NG P EAY

NSFEAF
MEKED

NEM
MERDCF

T MSPRSE

S Tt 1]
RTEMT S

S HLLTI

nTH

NP A
Ak
NYO

NVY

Ny

NVY

NT?"

LINEAR APPRMX, [MDEX ' DEFe = &

- VI7 Y ARPAY STARTING EOC. PARAMETER,; MIN,=NACDE ¢ 3

MACE NNo AT WHICH DRMOGS 1S COMPUTING, .

Nfle NF EQLATICN RFING SCLVFD FOR PEP, VAR, ‘NPF,
N, OF RIUNNARY NCNES TO TC SCLVFR FNR IN *CMECANY
NON=FINVERGENGE CONF IN GAS,

NNy NF SCALATS TN PRINY TN CUTPUT.

TEP o VARTALE BFING SCLVFD, - _ ,

N, F PARTITICNS (LSER IN $LTHYY REF, = 2

Nile F AMMES AT WHICH PRFSSURFE IS CCMPUTERN,

Ny NF PRINT PRSITICAS €A A LINE CF PU?FUT. L =132

MO, OF ROINBARIES TC CLNPUTE PSERC,

Nfl. FTF NINTS BFAN [N FNR PRIAC,

NG, OF FIXFD ST 10C. (LSFP IN *STREY)

N, TF PAINIS 7 DFG, 0F EREENCH, (JRCUNE PAR, )
MY, Of BOTMTYS 7 FIENFNT, (LTM)Y - . PEF, = 3
SFYT = 1 1Ff FLEMENTS AAD ACLFS ARE TC Rbt PUNCHEL.
N, DF DIFSSURES [N P VS X TARLE, ~

NOy 1F PRINTYS / FLENMFNT, (LTH) NEF, = 13
STEATY STAYF PARANE TER N NERIVY, _ E

NEP. VAR, AN NFPIVATIVE ALTERAATIP TA CKNTAT,
NGICAL TAPE AC, T READ 2FSTART 1"ONY, IN CROINETS .
LOAGICAL TADE AP, 70 STORS RESTART ttwc. IN *LINK2Y
PRINTOLY COLYT PARANETFR, o

SET =V IF INTFRVAL INPLT 1S TF AL RFAD FCR

yIrrn TN Berrt7,

- SFT = L TF [UTWRVAL INPLT IS "C RF READ. FOFK
YR IN ASCTT7, :

accr1:$hlﬂﬁa T CHANGFE NTLF2 1IN DFCFRg,
RESFT CONDTTICN FLAG TN FINDRE,

Nfe TF 2N, LOTATICNS /7 NEp, VARTARLF, o
o ' ' ' NEF, = NNCPE 72 3
CYNP FRNGRAN IF CLTELT FP, 5T NSW, DFEF. = 19

SEYT = 1 IE SHECT DATA IS T oef YSES EN

CRICET RANDY SEIY LN DEGVHL,

v

"
L]

DR Tl SR Y CCLUTIONS. PEFAULT = 9,
N SINE CCYPLTATICN FOR FNTHALPY,

1 = LSF Wl L SCURCE TrMPYUT*TICA,

? = LSE WL e PUT2 SCURCS COMP, ( NCT USED )
RECETY {10 11 CHANGE £HF0 TR 1FCF6L. :

it 0.

'l!

- STARTLR DACAAITCO N CRNTE &,
CSTARTLO DAASFITL TN DFCTRL,

Ve OF FEILT CA20C 17 AF KFAY [N YSETUPE AAD

CARINTES AT TR 0T OIRNING BF EACH FUTPLT SET.

Yle VF ELEWESTS AV IRG KONSFANSTART rhtrxmrsq.‘

_ N, af t-D-ustlf|'Ftc~r\'s IV STRF,
“ara;

B TR N

= oo AR EAET T, rrﬁbfkruagav S ARREL s
f')r". ‘l""'\‘l— a\['.-‘:[f'f?_ PeE, Yo SF‘:.?—
YEUL VARIAZLL uC. FCROOMEGAL . pge, =
- HE“. V"'\Hl‘ [ o . Ty . - PFF -
S REPL VATIABLY Nr, BCR g YR R,
= NC o UE VPN 2P L1Org TCOSTORE VY, . musT o= 2
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ENTRIES

156

115
176
83

g4

124
70
62
77
78
158
159
16C

1€
148
151
is2
150
149
130
142
144
13
122

11N
113

114
161
165
17%
137
138

T 138

136
14

80
59

AINF

Al

ALC
BSTART
CRTOKJ
cumex

coMPY
CON

CONRHO
CONV

CON1

CnN2
CPA
CpH

CP INF
CPOINF
cvee
CVK
cvp
CVRHO
cvy
cvy
C4ED
C4EDSW
C4FACT
DELP
DEOL T
NELX3
PAST
P XM )
DPINF

DRTOOK:

FRTNKJ

Fi {PSA
FL [PSR
£l IPSE

FL IPSK
EPS

FLE2SK
FALT
FACTH

FACTMU

t

B RN S ts 1 li;l.llvt'll L U T U O N T I I T O T Y B R T N B A

RARRAY

ATFFRFNGCE SPFFN MF SCUND.

TE LINF JLE, Co AINF = SQRTIGHGAMMAF*PINF/RHCIANF)
TF LINF GT, (.

AINF = SQRT (GGANMMAFSQUNI VETCFINF/ XMA)

JOULES CONSTANT, TTE,2R

CHARACTYFRISTIC FLEMENT SUZE, DEF, = MIN, SIDE
NOT L SED
SPECTFYC HEAT RRLTISH TC MKS 4.184

COMPRESSECN FACTOR FOR CUTPUT COL VECTQR,
INDVICATES PERCENT BF XL AXES TO BF USFD TD SHORTEN

PRINT SPACING INTFRVALS. DEFAULY =~ 0.0

COMPRESSICN FACTNR FOR CUTPYT ROW VECTCR.

SAME AS COMPC, RLT FOR X2 AXIS.

CNNSTANT LSEN IN DFCFSL . -DEFAULY = 0.4

TF GT Ce0p SEY ALL RHO = CONRHC,

NUTPLY SCALE FACTOR = 1.0 /7 REFL

ALC 7 (REXCPIINF® XMLTNF)

CANL. /2 TOFINF _ _

SPECLIFIC FEAT OF ALR, DEFAULT = 0.24
SPECIFIC +#EAT OF HYDRUGEN,. DEFAULTY = 3,445
SPECIFIC FEAT CCMPLIED IN CPINIT,

RFFFIENCE SPECIFIC HEAT.

SPEC. FFAT CONV, LSED I.N THERMC. DEF. = 418640
ENTHALPY CCNVERSICN LSED IN THERNC, DEFAULY = 1.0

PRESSURF CONV, LSED IN THERMC. ODEF, = .4725 E-3

NENSTTY CONVe LSFD IN THERWE, DER, = 16.922
TFUP, CCNVERSICN LSED TN THERMQO, DEFAULT = 1.0
VELBCTIY CCNVERSICN USED IK THERMD., DEF. = 0.3048

COMSYANT LSED IN DFCFRL DEFAULT = 0.00023

PERCENT NF T3 AT WHICH T0O SWITCH C4FD IN DFCFRL,

MULTIPLIFR FOR NEW C4ED AFTER C4EDSW OCCURS.

PERCENY INTERVAL FCR PRINTCUTY. NEFs = 2.0
PEICENT OF TD TD BF LSED FER Ptarrlas STATICNS.
TIME STEP USED IN CCNTES.

TIME STEP LSED IN CCATES.

TIME SYEP LSED TN CCNTFS,

RENINF % LINF#%2

CEGREES RANKINE TC DEGREES KELVIN - 5.079.0

ENTRALPY: RQIIISH L2 NK% : 243244

NOT L SED

NPT L SFC

NOT LSED

NOT LSED-

ACCLRACY TEST RFThEEN PREDICTCR=-CORRECTER FLCRMULAS
PERCENT DF. T AT WHICH TO. SWITCH. FRCM £1 . Ye €2
NON=RE¥ - FACTCR = ALC /7 UINF

le0 /- (CPCINF‘TUFINF!

QFO!NF * L!NF * ALC
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79 FACTP = 1.0 7 FA%TMY

157 FTINCM = FEFT T CFATINE TERS 3I0.49

162 FYTOIN =« FFET 10 INZTRES : 12.0

4 FITOAY = FFET T) MFTrog ’ De3)a4

1N - BRAVITATICSN FENSTANT, 312.174

H0 RAMMAF = FACTIZ {1,%) TM NAS LAWS,

15 + = CURKENT TQTAL SIFP SI7E, ,

12 kN - MUYRL Y MARTALLF FOR OTIME STFD = W4 % FACY /7 FEfL

121 RPT - H2 MASS P COMPLYED [N H2MI Y,

R BHMIN = USEE Y GMMLTN PR YIME STER DETFRMINATICN,

S7  HINF. = 2fFEOEUAT CNTRALBY, COMPUYED A DRHEGS, S
1/ H™AY - MAY, SYTF0 STZ7F ALLUWFN, PFFy = 0,05 % Th
17 He ™ e MIMTIALY TATESRATICN STER SY7F, ‘

' ._u lf\]l' - ANAT l_l‘.!:‘jr‘

127 ERFCN o CONETANT LSH) TR GPMIX NEFAULT = 0,22125

157 MIGDAY = MV Iy” FEFICTEACE COVMPUTED TN H2MEY, ‘
4% kS - CEPRENTY €170 Sf2F

7 OFSINIT - STAQY INTEGOATICNY SYEP ST 7 AT THIS VALUFE,
' CONFFALLY £ Dal S—4 _ o
z ME - FLOATING POIMY 1,7, § SCALT FACTCPR TR STHUTL )
12 FoTFYS = ACTLTATY 18 ST DARANETER [N YORAUTIAS, '
173 PONY = PEICENT 0 =2 AT WHICH T 1 IMIT FL CUevE TN Se (T3,
e POTH - NPT L Sp R ' o o

174 PRETAC = DTRMOYC/ TRk 4 T OTANL oM g3 : CeIlan?
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PE & ( TOR/TCA = 1.0 )
INIVERSAL GAS CPNSTANT,
CINSTANY SCHMINT NUMRER

NEF. = [545.33
DEFAULY = 0,7

NTT L SED -

NOT L SED '

CUTAFF LSED [N HZMT X DEFAULT = 0.02835
QR TLz.CH

NOT USED _

RFF, CONe TEMP, TR SUTHERLAND.DEFAULY = 204.0

FXPONENT IV SLTHERLAND. PEFAULT = 1.5

PrE, TEMI, IV SLTHERLAND, NEFAULT = 492,0

VISCASTTY LSED IN SUTHERLAANR, NEFAULY = 1163 E-4%
FSINTIT 7 FACTY

TITAL SCLLTICN TIME FRCEM TC,

AINTMUM TEMPERATURF,

EIMAL TIME = T0 + 1D

DEFAULY NON=NIM, THICKNESS OF ELEWEANTS. (1.0}
CUPRTNT TIME,

STARTING TIMF,

AIR TEMPERATURF FCR CCMPUTATICAS IN DIMEN.
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APPENDIX A

DATA DECK LISTING FOR MACH 5
THU DIMENSIONAL FLOW CHECK CASE .

FERL

COMTITLE

- CHECK- CASE, THD. u:MENSIONAL SUPERSONIC FLOW WITH PRESSURE GRADLENT .
FENAME

ENAMED L : o ' S , - -
NEQKNN=2, 1GAS=0, " IFR=0, L KDUMP=0,
NPYSY=L], NSCX=1, NSCY=1, '

. RENE . N S R
- GNAMFO R : L ' o
S UINF=40Ch. 8, T YOEINF #1800, » REFLZ,0132 -
T0=0.1 TD=04 24 DELP=5,04 EPS=,01,
VSTART=E,0y : CPA=0. 24,y - CPH=3 445, , TNA=1800.
C TOHSCL0e AMAZ28, 6T . KMH=2.016. ! o .
XSEALE=140, | YSCALE=1,0, ' a
GFND ' :
FEDIMN - - : - _ S S o
L INK1L 1 o _ IR o , SETUP
1 2.1000, 2. 21800, a e ' IR :

T .
1 2 1000, 21 2 1CCCy

Y - T ;

L 21 1 2%

T
CHECK FAGF.THH n!MFNSIﬂNAL QUPERSPRIC FLCH WITH PRESSURE. GRADIENT

nrrcarmrp “NCI!%H-FT ENGLESH=IN ' M=K-§ - c-sus
DGME ,
MPAHE -] . SRR
2 2 €2 164 163
2 2 S22 . ke& 163
g > Z 10 174
2 2, 2 1€% 2
2 ~17% 2 2 2
2 2 2 116 2
2 2. 2 177 - 178
? 7 189 1en 1er
2 2 2 2 2
P2 2 2 2 :
’HBLIST S

LFNGTHocoo--ioc ' .
V'-‘L'T!C,XTV,.,...-,.- '—.FT";Jt.tnt-,
DENSETY s oesones LAMIFTI i
TFMDEQAYUFE.... > ..R'&hKINF.’I.

) .tNrFAlpvoionocc' : S

.“-‘--oo no--o K
ON.AQ... anae

L VISEOSTTY e eaass AET=S0ns
. Lﬂ(ﬂ\- PQ;SSHQL - DPSFCII.....V'




LOCAL SOLUTION MACH NC. DPDX] (LBF/FT3} MAX, H2 CONCe MIX EFF.(ETA}
XL/LREF DXL/LREF EPSILON UX1MIN/ LREF
TCNUMB -1

200 4% 43 200 27 200 2%27
200 10 200 2%1¢C 200 58 209 58 200

200 97 200 ST 2C0 - 200 30 200 30 200
200 38 200 2438
699
200 3¢ 3 36 36
200 .
€1 100 134 122

il 12 14 g5

T1CSAVE =1 .
1248 28% 2320 284 10248
2248 278 4248 924¢ 8248
1247 33% 252 214
T UsTs FSsRHOGWNZy Vo LR yHTOTyH2 402,01 FU,PR Nﬂo.LA"oVISC-!SCT NO.
HMULT -1
14%2
T UQT'FS;RHU!"?OV!fPQH‘QTnHZ|02vD|FU'PR N3e sLAMVEISC L 2SCT NG _
NESCRIPT 2 o ] .
11 17UREF T/TREF HSTAT/HREF RHO/RHOREF ELEM.N2 MAS.FRAC

Y2/UREF CPF/CPFREF ~ HTQV/HREF FLEM.H2 MAS.FRACELEM.O02 MAS .FRAC
EFF JMU/MUREF EFF, PRANDTL NiYoMU/MUREF EFF.SCHMIDT NO.

cemoc

CESCRIPT

COMOC CHECK CASE FOR TWO-DIMENSIONAL FLOW WITH PRESSURE GRADIENT,

A COMPARABLE SIMTLARITY SOLUTICN HAS BEEN REPORTED BY CHRISTIAN ET AL,
ARL 70-0023, SPECIFIC CASE CONSIDERED CORRESPONDS TN MACH NO.5 BETA=0.5,
St0)=0 (ADIABATIC WALL). SCLUTIGN STARTED AT X=0.10 FT. WITH SIMILAR
SOLUTION PROFILELLAMINAR FLOW WITH VISCOSITY FRCM SUTHERLANDS LANW.
CISCRETIZATION SPANS THREE TIMES INITVIAL ROUNDARY LAYER THICKNESS.
ISOENTRGETIC FLOW WITH TOTAL TEMPERATURE = 1800 R.

- DENE
vX3sT
11%10.05 Q.1 ' T XL TABLE FOR PRESSURE
veVsX _ _ o '
Ga3484 3,41 2,846 2,46 2.21T6 2.02 1.857 1.73 1.6378 1.53 1.445%
T
IPINT -1 _ .

1 4 e 10 9 3 2 T INTEGRATE UL +ENTH. ¢+C2¢N2sH2,U3,02
KaNO 1 . : ’
ANTYOM : OONE ' , .

EIXES Ul ‘VlﬂllSLE NGC. 1) ALCNG WALL T INITIAL VALUE
K BND 2 . :
ROTTOM DENE

FIXES UZ ‘VAR[ABLE NQ. 2} QLCNG WALL YO 1"!71AL VALUE
KAND.
BOTTOM DUNE

183




e D N M L AN

FINFS H (VARIABLE NO. 4) ALCNG WALL TO INITIAL VALUE
ALy -1 L -
2 5 2z 2 i1 2 1

1caLLs -1
10 6 4 12 5¢ 3 7
LINK? &
LINK ] 3
VTEMP -58
42% 1800,
T INITIAL TATAL TEMPERATURE PROFILE
yYy -27 o
2%0.0 2%8&S5, %1654, 2%2373. 2%30%. 2#3550. 243879,
223602,  2840C4, 2 2426004 .8
T INITIAL Ul PROFILF
VYYENT _
vYY : -27 _ '
2%0.0 2%2.12 220,14  2#53,52  2%83,2 2%109,3 = 2%165.

2¢251, 2461, 24%45C,
T INITIAL U2 PROFILE

VYYEND 2
vYvyY
42%,2210
T OINITIAL D2 YASS FRACTICN PRNFILF
VYYEND R
0247 _
452%,7€67C
T INITIAL NZ MASS FRACTICA PROFILF
VYYEND 10
vyv
: 42%0.¢C
T INTTIAL W2 MASS FRAFTICN ﬂHnFILF
YYYEND 9
AKNENT
NESCRIPT
RENE
rESER BT 3 -
REFELENT F LFOTHWREF 43 FT,
REFEHENCE YISCASITY,UAMINAR VALUF
EVALIJATER AT BFF, TEMBERATURE,. . . . 38 LBM/ZFT-S.
FREFSTRFAM VELICTTY AT XO(=(RF Co 21 FI/S
STAGNATTON TEMPEPATURE (CONSTANT ,=TREF) : 58 DEG R
EREFSTREAM AENSITY AT XQ(=RHOREF) 10 LAM/FTY
FYFESTORAM MACH AUMBER AT X0 194 ,
STATIM PRESSURE AT xC T S 9 PRE
NOMRER OF NOBES T R ! .
NysaFe nF FINITF FLFPFNTS =14
NONE
ceune
- ENGE
EXEY

DIMEN’
GEIMEL




- APPENDIX B

DATA DECK LISTING FOR VIRTUAL SOURCE
THREE-DIMENSIONAL CHEGK CASE

FEAL
COMTITLE
COMOC CHECK CASE FOR ruaes DIMENSIONAL RFACTING aaunoanv REGION FLOW
FENAME
ENAMEOY _ A o
NEOKNN=¢, 16AS=1, {FR=0, KDUNP=0,
NPVSX=2, NSCX=], NSCY=1,
NE1E2=1,
CEND
ENAMED2 .
UINF=2272.4 TCF INF=533, 0 REFL=4,003323333,
T0=0,:0, TD=0. 10, DELP=5,0, EPS*0.01,
¥SCALF=C. 003333333, YSCALE=0.003333333, VSTART=101.0,
SEND - - E .
FEDTMN _
LINKL 1 , _ SETUP
175 100, 2 50 100, 3 125 10C. 4 150 100, 5 225 100,
T INCREMENTS BFTWEEN X3, NODE-NUMERATOR-DENOMINATCR
1 5 10, 7 5 16, 8 125 100, 9 175 100, 10 250 100,

T INCREMFNTS BETYWEEN X2
1 1y 1 & ) B _
T 11 ROWS AND & COLUMNS NORMALI ZED BY LREF JHENCE X-Y SCALES =LREF
CHECK CASE.THREF DIMENSIONAL REACTING BOUNDARY REGION - VIRTUAL SOURCE

REFERFNCE ENCGLT SH-FT ENGL [ SH=IN M=K-§ C=G-$
NONE
YPARA -1 )

2 2 162 lea 163

2 2 2 1ea 163

2 2 2 170 114

2 2 2 165 2

2 =11% 2 2 2

2 2 2 116 2

2 2 2 117 178

2 ? 169 1¢8 167

2. 2 2 2 .2

2 2 2 2 '
HOE 18T
LENGYHecesosvee eINessvssane o"aoo.oooago elMicovssnss
VEI.O(‘ITV..-...._- aNihAs s . .HIS........ . .Cﬁls.......-
DENSITY sananiee : eNeheasioses KG/MInaense oG/CConesece
TgMDEﬂ ATURFEww os ‘.QANK!NE- cos sKohsseonvns .KELV  {, N .b'ﬂ‘q-,‘trl.iifooo e
ENTHALPY ;4 000 e la‘u’l—a"...l sNeAvssnenes -KJ’KG.-.u-- .N'o-lqn..-olq
FROZ «SPEC. HEAT BT /LBM=-R, . eNoBsssovaie o KJIKG K s nne sNohosesinee -
_' V[SCGS ‘TV-oono.;- .LB"IP?"‘S-o - .'.oﬂaﬂoouaqooo E o"f"S’“Zoocn .PDISE- sanes
LOCAL PRESSURE P5Fansnssrs aPS5leeescesw oNT/M2eeneee «TORRwssasss
LACAL SOLUTEION MACH NO: DPDXL “.BF’FT;’ MAX. HZ CONC. MIX EFF.UETA)




N R A

NL/LREF DX} /LREF EPSILON DX1MIN/LREF
TONUMB =) : ,

200 4%43 200 27 200 2%27 '

209 ¢ 200 2% 10 200 58 202 58 200

200 7 20¢ <7 200 200 130 200 30 200
200 38 200 ¢#38

599

200 36 26 kL. 3§

200
€l 10 134 122

11 12 14 £S

fOSAVE -1

1248 285 220 284 10248

2248 278 4748 924F £248

1247 334 262 214 )

T U. r' H"S.RHE.N?. V'CP.HHN 'Hz |"2|DIFUOPR Nr}o .LAM.V‘SC.'SC"NG.
oMLt -1

1482 : ) )

T UgTo HSyRHN N2 VoCP yHTO T HZ 412, DTFU PR Ny g LAMJVISC oo SCTNE,
AESCRIPT 2

HLIUREF . T/TREF HSTAY/HREF RHC/RADREF ELEM N2 MAS.FRAC
B2IREF CPF/CPFREF HTC T/HRFF ELEM,H2 MAS,FRACELEM.NZ MAS.FRAC
FFRF MU/VURFF FFe, PRANDTL NO.MUL/MUREF EEF JSCHMICT NC.

CoMie

CESCREIPY

LHECK CASE,THRFE PIMENSTENAL REAC TING RACHNDARY REGICN - VIRYIAL SOURCE
(R2/NE/AIR SYSTFY WITH FQUILIBRIUN CHEMTSTRY), PRERLEM CONSEICERFD

REPRESFNTS TRANSVERSFE HZ INJFCTION INTO A SUPERSONIC ATR STREAM

CHARACTER ISTIC NF SCRAMJFT FUEL INJECTICH, SEE ROGERS NASA TNC=61i4y

1971 ANP MASA Tan-£476,1971 FCR FYPERIMENTAL STURY OF THIS PROALEM.

YUIAYL FNCE MONEL FMPLOYED 1§ NESCRIRED IN USER'S MANUAL NASA CR~13245041974,
CALC/HLATIONS ARF STARTED LSING VIRTUAL SNURCE CONCEPT TC REPLACE

COMPL % NFAR INJFCTION FLOW FIFLD, '

NANE
VX2SF
s e} 160, Y %1 FAPLE FER FRESSURF
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APPENDIX E

LISTINGS OF AUXILIARY USER-WRITTEN SUBROUTINES FOR EDDY
VISCOSITY, PRANDTL NUMBER, SCHMIDT NUMBER, AND
LAMINAR VISCOSITY FOR VIRTUAL SOURCE SIMULATION.




C6/11/74

SUBRNUT INE CFCFAL 10001

% { INCOL, INDEX, INODE, IPINT, XLCOR, X2COR, AREA, RHO, RHOU, 10002

1 Uy Ws Y,EPSLN,YY, SCHMT, El, F2, AL, GAMMA ,CFOV2 ) 10003

c 10004

i C TWO LAYER EDDY VISCOSITY MODEL FOR COLD FLOW HYDROGEN MIXING 10005

c £l = MIXING LENGTH MODEL 10006

C E2 = MASS DEFECT MNDEL 10007

c COMPUTE FDDY VISCOSITY IN TERMS UF NON-DIMENSIONAL PARAMETE :S 10008

r BEFORE LEAVING SUBROUTINE,NIMENSIONALI ZE BY 10009

& FACTMU = ALC * RHNREF * UREF 10010

C Y(X2)- NON-DIMENSIONALIZED BY ALC 10011

c UtUL)- NON-DIMENSTONALIZED BY UREF 10012

C RHO - NON-DIMENSIONALIZED 8Y RHOREF 10013

r C 10014
c CON = MIXING LENGTH CONSTANT 10015

; o C4ED = MASS DEFFCT CONSTANT 10016
| C OMEGA = VAN DRIEST DAMPING FACTOR 10017
! C GAMMA = INTERMITTENCY FACTOR 10018
: C XMSDF = MASS DEFECT IN REGINNS CONTAINING ONE PERCENT OR MORE H2 10019
c (NOT THE USUAL DEFINITION OF MASS DEFECT). 10020

C ARR = ARFA OF FLOW CONTAINING ONE PERCENT OR MORE H2. 1002

C ELE2SW IS LOCATION DOWNSTREAM (FT) WHERE THE TURBULENCE MODEL 10022

o SWITCHES FROM COMPLETELY MIXING LENGTH TO THE TWO LAYER MODEL. 10023

| C FLE2SW USED ONLY FOR VIRTUAL SOURCE SIMULATION 10024
C PCNT IS THE PERCENY OF H2 DEFINING THE OUTER EDGE OF 10025

; C THE MIXING ZONF. 10026
! C NOTE - SPECIAL SUSSCRIPTING TFECHNIQUE USED TO LOCATE Y(X2},U(Ul) 10027
: r AND RHMO RUNNING UP COLUMNS OF NODRES. THIS WAS REQUIRED FOR 10028
i C COMPUTING MIXING LENGTHS AND DERIVATIVES OF Ul WITH RESPECT TO THE 10029
1 C NORMAL TO THF WALL,(X2). 10030
é c NOTE - CONSTAMTS WERE DETERMINED BY FITTING PREDICTIONS TO DATA OF 10031
E C ROGERS,NASA TND — 6114,1971. 10032
: (o 10033
: C IF DERUC PRINT OUT FOR ELl AND E2 COMPUTATIONS IS REQUESTED, 10034
; C SET IWRIT = 1 10035
3 c 10036
3 DIMENSINN Y(1), RPHO(1), U(1), ALF{1), TEMP(L) 10037
E DIMENSION INCOL(1)y INDEX(1), AREA(1l), INODE(1) 10038
; DIMENSTON  X1COR(L)y X2COR(1), RHOUCL) sy W(l)y YY(L)y EPSLN(L) 10039
5 DIMENTION Fl(1), E2(1iy AL(1), GAMMA(L) ,CFOVZil) 106040
) DIMENSION SCHMT( 1) 10041
3 COMMON / VARBLF / RARRAY(00200), IARRAY(0400) 10042
g EQUIVALFNCE ( IARRAY(00016), NNODE ) 10043
4 EQUIVALENCE { {ARRAY(00030), NP ) 10044
- FQUIVALFNCF ( ITARRAY(OGGG%7}s LG ) 10045
' EQUIVALENCF ( TARRAY(00070)s NVQ3 10046
FOUIVALENCE ( TARRAY(0007Ll), NVU ) 10047

EQUIVALENCE ( TARRAY(0D086), KPNT ) 10048

EQUIVALENCE ( TARRAY(00107), NEL1F2 ) 10049

EOUIVALENCE ( IARRAY(00108), NUQ3 ) 10050

EQUIVALENGE ( TARRAY(OO111l), IMAX ) 10651

EQUIVALENCE ( IARRAY(00122), IWRIT ) 14052

EQUIVAL NCE ( [ARRAY(00141), KALLQ3 ) 10053

EQUIVALENCE ( [ARRAY(00143), NT ) 10054

EQUIVALFNCE ( IARRAY{001l44), NS ) 10055

EQUIVAL ENCE ( IARRAY(00145), NS2 ) 10056

a FQUIVALENCE ( RARRAY{00003), ALC ) 10057
EQUIVALENCE ( RARRAY(00021), RE ) 10058

EQUIVALENCE ( RARRAY(00023), TIME ) 10059

EQUIVALFNCE ( RARRAY{00038), XMUINF ) 10060

EQUIVALFNCE ( RARRAY(00059), FACTMU ) 10061

217




218

e ey

SO00

C
C
C

Ooo0

9600

9610
9620

30

40

100

EQUIVALENCF
FQUIVAL ENCE
FQUIVAL FNCE
EQUIVAL FNCE
EQUIVALENCE
FOUIVAL ENCE
FAUIVALENCF
FQUTIVALENCF
EQUIVAL ENCE
EQUIVAL ENCF
EQUIVALENCE
EQUIVALENCE
EQUIVAL ENCE
EQUIVALENCE
EQUIVAL ENCE
EQUIVAL FNCF
EQUIVALFNCF
EQUIVAL ENCE

SET CONSTAN

AVD =
CON=0.1335
C4ED=0,0007
FLE25W=0.02
PCNY=1.0
USAR =
XLAM=0.0753
X MUW =
[MAX=2

FRAC =

25

S~ —————— ———

TS

«3

FA

av

XLAM / CON*,7

RARRAY(00101),
RARRAY(00L18),
RARRAY(QO01241,
RARRAY(00125),
RARRAY(00126),
RARRAY(00127),
RARRAY(00128),
RARRAY(00129),
RARRAY(0QO0L130),
RARRAY(Q0133),
RARRAY(00134),
RARRAY(0O143),
RARRAY(00144),
HARRAY(00145),
RARRAY(00010),
RARRAY(00027),
RARRAY(00046),
RARRAY(00048),

FOR TURBULENCE

.

CT™MU

L /7 XMUAIR

DERUG NUTPUT HEADINGS

IF ( NT
FORMAT
#5HUCTT)
FORMAT (
FNRMAT (

(1IHL

1H

INITIALIZE ARRAY COUNTERS

1

GX g 6HFLILL )

v 22Xy BHY(KTETLL)
1HO,

YupP

XM SDF
CON
XLAM
XMUAIR
XMUH 2
xMuUPs
SCT
C4ED
PCNT
Q3MAX
C4EDSW
C4FACT
ELE2SW
RPHOREF
UREF )
UE )
RHOE }

T T -

MODEL

9X.6HALILL)

1 SXy LOHY (KTETITI-1)

8115 / BEL5.5 )

50 4H E2(,

I3,

3H)

XT = TIME * ALC
IF { NS .GT. O ) GO TO 30
IF { XT JLT. ELE2SW ) GO TO 30
NELE2 = 3 - NELE2
KPNT et
NS e |
CONTINUE
IF ( NSZ.GT. 0 ) GO TO 40
IF { XT .LT. C4EDSW ) GO TN 40
KPNT - fal |
NS 2 = 1
CONTINUEF
SET UP ARRAY INDICES.
NP = NVU
CALL LINK3 ( 1, UCL)y YY( 1) )
NP = NVQ3
CALL LINK3 (1, Wll)y YY{ 1) )
DA 100 K = 1, NNODE
RHOUIK) = I{K) * RHD(K)

«ENe OLANDLIWRITLGTLO) WRITE(6,9600)

v 6X,9HGAMMA(LL)
v 9X.6HRHOLT)

E13.5) )

A

/

LOX,
)

10062
10663
10064
10065
10066
10067
10068
10069
10070
10071
10G12
10073
10074
10075
10076
10077
10078
12079
10080
10081
10082
10083
10084
12085
12086
10087
10088
L0089
10090
12091
10052
10093
10094
10095
10096
10097
10098
10093
10100
10101
10102
10102
10104
10105
10106
10107
10108
10109
10110
10111
10112
10113
10114
10115
10116
10117
10118
10119
10120
10121
10122
10123
10124
10125




C 10126

c COMPUTE MAX, H2 MASS FRACTION.COMPUTE ARFA CONTAINING H2 LEVELS 10127

c «GT.1.0 PERCENT 10128

c COMPUTE MASS DEFFCT. 10129

‘ c 10130

CALL Q3CONC ( INODF, AREA, W, RHOU, ARR ) 10131

& 10132

ARR =  SQRT (ARR) 10133

S KT =1 10134

C 10135

C CAMPUTE MIXING LENGTH MODEL 10136

c FlL = L*%2 * OMEGA #* GAMMA * ABS(DU/DY). 10137

c 10138

D) 600 KK = 1, LG 10139

M = INCOL(KK) 10140

IF ( M .LT. 2 ) GD YO 600 10141

N = INDEX(KTEM-1) 10142

c 10143

c VAN DRIEST DAMPING FACTOR 10144

C 10145

RHOED = RHOE * RHOREF 10146

ED = UE % UREF 10147

TAUW = CFOV2(KK) * RHOFD % UED * UED 10148

OMEGA = 1.0 10149

GAMMA( 1) = 1.0 10150

EL(1l) = 0.0 10151

ALL 1) = CON * Y(KT) 10152

DO 200 LL = 2, M 10153

6 A LB | 10154

I = INDEX(KT&II-1) 10155

1Pl = INDEX(KTEIT) 10156

YUP = Y(KTE&M-1) 10157

MM2 = M -2 10158

v = INDEX(KTE&EM-1) 10159

NO 160 IJ = 1, MM2 10160

IL = INDEX(KTEM-1J-1) 10161

VAL = ABS ( UCIL) 7/ UtIU) = 1.0 ) 10162

c 10163

c DETFRMINF UPPER BOUNDARY OF HYDROGEN CONCENTRATION 10164

(o 10165

IF ( NUQ3 .£Q. 3 ) 10166

VAL = ABS ( W(IL) / Q3MAX ) 10167

IF ( VAL .GT. PCNT ) YUP = Y(KTEM-IJ-1) 10168

[F { VAL .GT. PCNT ) IMAX = M - IJ 10169

IF ( VAL .GT. PCNT ) GO TO 170 10170

160 CONTINUE 10171

170 CONTINUE 10172

X1 = Y(KTELL=1) / Y(KTEM-1) 10173

AL(LL) = CON %* Y(KT&LL-1) 10174

IF ( Y(KTALL-1) .LT. FRAC¥YUP ) GO TO 190 10175

ALILL) = XLAM * YUP v 10176

| 150 CONTINUE 10177

i GAMMA(LL) = 1. / ( la & XI ¥%9) 10i78

G RHOVD = RHO(IP1)% RHOREF 10179

YVD = Y{(KT+LL-1)%ALC 10180

| IF( TAUW .GT. 0.0 ) 10181

‘ *0MEGA = 0OMEGA - EXP ( — YVD * XMUW * ( TAUW * RHOVD )*%*.5 ) 10182

- o 10183

| r COMPUTE FEl AND E2. BOTH ARE VECTORS WHICH WILL BE FILLED. 10184

; c VISCOSITY SELFCTEND FROM E1 NR F2 10185

l c 10186

; EL(LL) = AL(LLI)®*AL(LL)*OMEGA*GAMMA(LL)*ABS( (UCIPL)-U(I))/ 10187

| 1 ( Y(KTEII) - Y(KT&II-1))) * RHO(IPL) 10188

; KTPI R < PR o) 10189
l
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KTPM SKT-B1L. = 1 10190

IF ( NT NF. 0 ) GO TO 250 10191

I[F ( IWRIT .LE. O ) GN TO 250 10192

WRITE ( 6y 9610 ) LLy LLy LL, IPLl, I, KTPI, KTPM, IPl, 10193

¥ EL(LL)y ALCLL)y GAMMACLL) yUCIFL)UCLI)sY(KTPL) s Y(KTPM ),RHO(IPL) 10194

250 CONTINUE 10195
200 CONT INUE 10196
IF ( KALLO3 LEQ. O ) ARR = Y(KTEM-1) 10197

TEMP1 = C4ED * XMSDF / ARR 10198

DN 400 J = Ly M L0159

E2(J) = GAMMA(J) * TEMP1 10200

400 CUNTINUF 10201
[F ( INRIT .GT. O .AND. NT .EQ. 0 ) $19202
FWRITE ( 6y 9620 ) ( Ky E2{(K)y K =1y M) 10203

C 10204
C IF F1 IS LESS THAN E2, USE El. WHEN E1 BECOMES GREATER THAN E2 US 10205
c E2 FOR THF REMAINDER OF THE COEFFICIENTS. 10206
C 10207
KODE = 0 10208

DO 500 K = 1, M 10209

J =K 10210

I = INDEX(KTEK-1) 10211

IF (KNDE «ENe 1) GO TO 450 10212

[F ( K .GT. IMAX ) GO TO 450 10213
FPSLN(T) = EL1(J) * USAR 10214

GO TN 475 10215

450 CONTINUE 10216
KODFE = 1 2 10217

IF ( NELE2 NE. 2 ) FPSLN(I) = Fl(J) * USAR 10218

IF ( NELF2 .EQe 2 ) EPSLN(I) = F2(J) * USAR 10219

475 CONTINUE 16220
500 CONTINUE 10221
KT = KT &M 10222

600 CONTINUE 10223
NT S 10224
RETURN 10225

FND 10226

220




