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1. INTRODUCTION

The General Interpolants Method (GIM) computer code was developed
to analyze complex flow fields which defy solution by approximate methods.
The code uses numerical techniques to solve the full three-dimensional time-
averaged elliptic Navier-Stokes equations in arbitrary geometric domains.
The equations are cast in Conservation Law Form and written in an orthog-
onal Cartesian coordinate system. A generalized three-dimensional geom-
etry package is used to model the flow domain, generate the numerical grid
of discrete points and to compute the local transformation metrics. Com-
putation is done in physical space by explicit finite-difference operators.
The approach taken in developing GIM is akin to the Method of Weighted
Residuals which can produce discrete analogs classically termed finite-
element methods. The GIM approach essentially combines the finite ele-
ment geometric point of departure with finite difference explicit computa-
tion analogs. This provides a capability which takes advantage of the
geometric flexibility on an element description and the superior computa-

tion speed of difference representations.

The numerical analogs of the differential equations are derived by
representing each flow variable with general interpolation functions. The
point of departure then requires that a weighted integral of interpolants be
zero over the flow domain. By choosing the weight functions to be the
interpolants themselves, the GIM formulation produces identically the clas-
gsical implicit finite-element discrete equations. We do not use these forms
in the GIM/STAR code due to their fully implicit nature. Rather, we choose
the weight functions to be orthogonal to the interpolant functions. This
choice reproduces explicit finite-difference t:‘ype discrete analogs. By ap-
propriate choice of constants in the orthogonal weight functions, the GIM

becomes analogous to known finite difference schemes such as centered

1-1



differences, windward schemes, and the two-step MacCormack techni'qué'.‘
The GIM analogs, however, are automatically produced for arbitrary geom-
etric flow domains. For pure Cartesian domains, the GIM method exactly
reproduces these known schemes, but is a more general point of departure

and provides greater flexibility in choice of difference scheme.

A motivation for developing this code on these principles was to
provide an analytical tool which is more user oriented than the basic re-
search tools which exist. A fully production-line code to solve the com-
plex Navier-Stokes equations does not exist today. In developing the GIM
code, we have attempted to bridge the gap somewhat between the pure re-
search codes and the ultimate production tool. The code was originally
developed for a CDC 7600 computer system. It has subsequently been con-
verted to execute on Univac 1108 and 1110 systems. The most recent ac-
tivity, which is the subject of this contract, has been the conversion of the
GIM code to the STAR-100 computer at NASA-Langley Research Center.

Development of the GIM/STAR code is motivated by a number of factors:

(1) NASA-Langley currently has a need for an analysis tool to aid in its re-
search programs in hypersonic aerodynamics and propulsion; (2) The STAR
machine has the potential of increased speed over a 7600 for flow field com-
putation; (3) the virtual memory concept of the STAR machine is well suited
for codes requiring large data bases; and (4) the GIM formulation and con-
cepts are readily vectorizable for a machine such as the STAR. A feasibility
study of the compatibility of the GIM concept with the STAR machine resulted

in the conclusion that definite and significant advantages could be achieved.

The objectives of this contract were threefold: (1) convert the GIM
code into STAR vector FORTRAN and implement it on the computer system
at NASA-Langley; (2) upgrade the code to include a two-gas capability and
a sharp corner boundary treatment; and (3) provide a compatible graphics
package for operation on the CDC 6000 series machines. These objectives
have been met with the code being successfully implemented on the STAR

system. Two primary example problems have been computed: (1) a
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two-dimensional simulation of a Scramjet exhaust interacting with a super-
sonic free stream flow, and (2) a three-dimensional Scramjet simulation.
Comparison of the STAR CP x;un times for these and other problems with

a CDC 7600 have given improvement factors of up to 5 for the STAR code.
The rggglting calculations are identical to the 7600 solutions, The wall-
clock time required to complete a GIM/STAR run is also significantly lower
than a typicé.l 7600 job for cases which do not require large page faulting on.
STAR. Large page faults occur when a problem size is too large to fit "into
core' and must be stored on external media. For larger problems which re-
quire page faults, the throughput time is comparable to the GIM/7600 code.
This ratio could be significantly improved by adding more high speed memory
to the STAR system. The additional technical capability tasks and the graphics

module addition have also been implemented and verified.

This report documents the results of the contract and also serves as
a User's manual for the GIM/STAR code. Decks for the program modules
reside on permanent files in the STAR computer system. FORTRAN listings
can be obtained from these files. Section 2 of this report summarizes the
contract study results and conclusions. Section 3 presents a general dis-
cussion of the GIM formulation, the structure of the code for STAR and ex-
ample runstreams for executing the code. The input guides constitute Sections
4, 5 and 6 for the Geometry, Integration and Graphics Modules respectively.
Hints on using the code and example problem setups are given in Sections 7
and 8. Section 9 contains a list of referenced documents which provide more

details of the GIM theory and methods development.

The version of the GIM code documented in this report is designated
SE-1 (STAR-Elliptic No, 1). The User's Manual is valid only for this version
of the GIM code.



2. SUMMARY OF CONTRACT STUDY

2.1 OBJECTIVES

The objective of this contract is threefold: (1) code the GIM formulation
to allow longer vector lengths and to take full advantage of the STAR vector-
ized multiplications; (2) update the GIM code to allow the treatment of internal
sharp corners and also to include a two-gas capability (each having different
transport properties) for computing exhaust/freestream interaction; (3) de-
liver the modified code and a compatible graphics package (to operate on CDC
6000) with appropriate documentation and demonstrate its capabilities through

the use of a sample case prepared by NASA-Lahgley.

The following tasks were performed to accomplish these objectives:

Task 1

The standard Lockheed-Huntsville elliptic GIM code was implemented
on the STAR system. This capability includes arbitrary two- and three-
dimensional geometries, inviscid Euler and full Navier-Stokes equations,
laminar viscosity model, ideal gas law for two streams with different specific
heat ratios and explicit finite-difference analogs. Four modules were imple-~
mented: (1) module 1 — geometry and mesh generation; (2) module 2 — matrix
assembly module; (3) module 3 — unsteady integration module and (4) Module

4 — graphics package on CDC 6000.

Task 2

The current standard GIM code was upgraded to handle gas stream
interactions with different specific heat ratios, ¥. An additional equation

was added to compute the relative composition of the two gases at local



u the local gamma in the
shear layer to the two '"pure'' gas gammas, and compute pressure from the
energy, density and velocity fields. The second modification that was made

is an option on handling flows over sharp corners through the addition of a

Prandtl-Meyer like expansion equation.

Task 3

A graphics package compatible with GIM outputs was implemented on
the Langley CDC 6000.

Task 4

The GIM code as implemented on the STAR computer and associated
grdphics package as implemented on CDC 6000 is documented in a User's

Manual and Input Guide.

Task 5

Test cases (two) which were computed by the GIM code on the STAR
computer system are two- and three-dimensional Scramjet exhaust plume
problems already analyzed with GIM on a CDC 7600 as reported in Ref. 1.
The sample cases were compared with ones previously run on a CDC 7600

system for a comparison of run time and computational results.

2.2 RESULTS

The GIM code was implemented on the STAR~-100 system at Langley,

The following are the major modifications which were made to the code:

e Combined GEOM and MATRIX Modules to Eliminate Large
Data File Transfers.

® Recoded Portions of GEOM Module to Use STAR Vector
FORTRAN and Interleaved Large Pages.

e Added Algorithms to Diagonalize Coefficient Matrices into
One-Dimensional Arrays.




Eliminé.ted Implicit Solution Algorithms (Finite Element).

Recoded INTEG Module in STAR FORTRAN. Eliminated Large
Data Files — Used Large Core.

e Added Algorithms to Use Operations with Vector Lengths Equal
to-Number of Nodes.

e Restructured Large Arrays in Common Blocks to Interleave
Data Base Layout,

Most of these modifications were programming changes. There was, how-
ever, one item which was completely reformulated. This item is the matrix
storage and multiplication operations. Scalar operations on the 7600 code
were replaced with vector multiplies and adds to take full advantage of the

STAR features, This basic operation involves the following calculations:

o® = B..E*+ C.F"+ D..g" - g"
i ij = ij7 j ijj i
P+l o gB oy @t gPtY2) Ay

i i 1 i ’

Most of the CP time is spent in forming the vector products and sums, i.e.,

jZBij E; .

The GIM/STAR code was vectorized by arranging the B, C,D matrices as
shown in Fig. 2-1. The order of operation proceeds down each of the
diagonals with elements a, b, c,d, respectively. The elements designated
with X are off-diagonal terms due to boundary conditions. These are
treated by scalar operations. The example shown in this figure is for a
two-dimensional, 20-node sample case. Three-dimensional cases can

have up to eight diagonals.
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Fig. 2-1 - Matrix Diagonalization Technique Used in Vectorizing

the Basic GIM Code Calculation
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The vectorized GIM/STAR was run using four test problems. The
first two of these are '""simple'" cases used mostly for debugging. They |
congist of two-dimensional supersonic source flow in a 15 deg,duct and a
converging-diverging nozzle flow. The two primary test cases consist of
the problems already solved with GIM and reported in Ref. 1. These are
termed the two-dimensional Scramjet and the three-dimensional Scramjet
cases, respectively. The GIM/STAR calculations reproduced the results

previously obtained on the CDC 7600.

A study was made of CP time improvement of the GIM/STAR code over
the 7600 version, The results of this study are shown in Fig. 2-2 for the four
test cases just described. This data is shown in Fig. 2-3 plotted as CP times
versus number of nodes in the problem. As seen from these data, a CP ratio
of 5.5 was obtained for test case 1 with ratios generally from 3 to 5 for the
other problems. This is a significant improvement in CP time especially

since GIM/STAR is coded entirely in vector FORTRAN.

CP Seconds for
100 Time Steps
Case Nodes | 7600 STAR Ratio
2-D Source Flow 121 4.2 2.0 2.1
442 15.4 4.0 3.9
961 33.6 6.8 4.9
1681 58.8 10.6 5.5
2-D Nozzle " 1932 70.8 13.6 5.2
2-D Scramjet 940 | 29.3 9.6 3.1
' 3.D Scramjet 7904 |480.0 |124.0 3.9

Fig.2-2 - Summary of CP Time Comparison of GIM/STAR Code
and CDC 7600
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Fig.2-3 - CP Time vs Problem Size for STAR and 7600 Ccmputer

The other significant study of machine efficiency involves the '"large
page fault' feature of the STAR virtual memory system. For problems
which are small enough to fit into '"core," i.e., no large page faulting, the
throughput time of a GIM/STAR job is approximately two times faster than
a typical CDC 7600 job. For large problems which require some large page
faults, the throughput time is about the same as a typical CDC 7600 job. The
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cost of a GIM/STAR job is then strongly influenced by the size of problem,
i.e., number of nodes.

2.3 CONCLUSIONS AND RECOMMENDATIONS

All tasks of the contract have been completed. This report constitutes
‘the final report and User's Manual as required by the contract. The follow-
ing is a summary of the conclusions reached and recommendations for further

utilization of the GIM code on the STAR computer at NASA -Langley.

e The GIM formulation proved to be ideally suited to the structure
of the STAR-100 system.

® Vectorization was easily implemented using vector lengths equal
to the number of nodes.

® STAR FORTRAN coding resulted in CP time ratios of approxi-
mately 5 over a CDC 7600 version of the code.

e Problem sizes which do not require large page faults run about
two times faster than a typical 7600 GIM run.

e Large problem sizes do cause page faulting of the GIM/STAR
code and hence total run times comparable to the 7600 code.

e The GIM/STAR code has successfully computed Scramjet nozzle-
exhaust flows which have not been previously attempted.

e For flows which are entirely supersonic, a hyperbolic GIM algo-

rithm should be added to the STAR code to reduce the cost of a
run,

e For viscous flow in which downstream influences are negligible,
a GIM parabolic solution algorithm should be added to further
reduce the run time.

e A 'partially-elliptic' algorithm can also be added to solve vis-
cous flows with some downstream feed-back effects.

e The special STAR language SL1 should be investigated for potential
use in GIM to further reduce the run time.

e Turbulence models, eddy viscosity and TKE, should be incorporated
in GIM/STAR to allow turbulent viscous flows to be computed.

@ An equilibrium chemistry model should be added in addition to the
" ideal gas model now used.

'@ The GIM/STAR code should now be run for additional problems such
-as Scramjet inlet flows, flows in the combustor area and some sim-
plified external aerodynamic flows,



3. GIM CODE STRUCTURE

3.1 SUMMARY OF GIM THEORY

A formal development of the General Interpolants Method (GIM) is
given in Refs. 1 and 2. The following discussion summarizes the theory,
equation sets and numerical approach used in the GIM code for use on the

STAR-100 computer.

GIM is a new methodology for constructing numerical analogs of the
partial differential equations of continuum mechanics. A general formula-
tion is provided which permits classical finite element methods and many
of the finite difference methods to be derived directly. The GIM approach
is new in the sense that it combines the best features of finite element and
finite difference methods. The technique allows complex geometries to be
handled in the finite element manner and operates on the integral form of
the conservation laws. Solutions can be generated implicitly with the finite
element analogs or by explicit finite difference analogs, which do not require
a reduction of large systems of linear algebraic equations (no matrix inverse).

The STAR version of GIM contains only the explicit finite difference analogs.

As is the case with all attempts to solve partial differential equations
by numerical approximations, the domain of interest is first discretized by
appropriate subdivision into an assemblage of interconnected finite elements.
A mesh generation is used in the GIM approach which incorporates general
curvilinear coordinates, stretching transformations and bivariate blending
to produce an automated mesh/element generation. Shape functions based
on a set of generalized interpolants are then chosen to describe the behavior
over each element. We then proceed, as in the Method of Weighted Residuals

(Ref. 3), by multiplying the discretized equations by a set of weight functions



and integrating over the volume of the element. By choosing the weight
functions equal to the shape functions, we reproduce via 'Galerkihl (Ref. 3),
the classical finite element nodal analogs. It is at this point that we intro-
duce one of the important concepts of GIM: orthogonal weight/shape func-
tions. By appropriately choosing the weight functions to be orthogonal to
the shape functions, we can obtain explicit nodal analogs. Further, by a
choice of arbitrary constants in the orthogonal weight functions, we can
produce known finite difference nodal analogs, such as centered difference,
upwind/downwind differences and the two-step MacCormack algorithm

(Ref. 4). As a result of this spatial discretization, we have reduced the
partial differential equations to ordinary differential equations with "time"
as the independent variable. Any forward marching algorithm such as Euler,
Runge-Kutta or predictor-corrector can be used to advance the solution pro-

files in time.

The GIM formulation is not a Finite Element method in the classical
sense, Rather, finite difference methods are used exclusively but the equa-
tions are written in general orthogonal curvilinear coordinates. Transform-
ations are used to transform the physical planes into regions of unit cubes.
The mesh is generated on this unit cube and the local metric coefficients
generated. Each region of the flow domain is likewise transformed and then
blended to form the full flow domain. In order to treat '"completely-artibrary"
geometric domains, different transformations may be employed in different
regions. For this reason, we then transform the blended domain back to phys-
ical space. This allows the same set of equations to be solved in each region,

with the local Jacobian of the transformation being the coefficients.

Equation Sets: The partial differential equations solved by the GIM code

are the Navier-Stokes written in three-dimensional Conservation Law Form for
a Cartesian coordinate system. The full set of differential equations solved
by the GIM code is shown in Fig, 3-1. These will be referred to as the Navier-
Stokes equations, although they include continuity and energy conservation as
well as momentum. For inviscid flow calculations without shock waves, the

7 terms can be set to zero to produce the Euler set. Fig. 3-1 lists the viscous
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terms with coefficients, y, A, k for the first and second coefficients of vis-
cosity and the thermal conductivity, respectively.” These are specified by
the user as "laminar' constants. For reasons of numerical stability and.
capture of strong shock waves, additional components of the diffusion coef-
ficients are added automatically by the GIM code. Figure 3-2 is a list of
currently used Numerical Diffusion Cancellation (NDC) coefficients. These
are added to the real diffusion coefficients. The purpose of these NDC coef-
ficients is to cancel low order truncation error terms which arise in the
numerics. Reference 5 presents the basic principles of the NDC technique

in more detail,

The differential equations are solvéd in strong conservation or diver-
gence law form. The solution is started at some time t where the entire
flowfield mesh is specified. The unsteady or relaxation of the equations is
then done using the user-specified nodal analogs. At this time, the pressure

is computed from the ideal gas law for a single or two corriponent gas,

Gebmetry and Coordinate Treatment: The underlying concept of the

theory of finite elements relates to the classical notion of '"piecewise approxi-
mation." A real continuum, R., can be cons‘idered as an 'm.finit_e number of
interconnecting points. A piecewise approximation to the continuous region,
R, consists of a finite number of interconnecting points which, in some man-
ner, resembles R itself. We are also concerned with a continuous field, f,
whose domain of interest is the region R; for example, the region R can be
a body over which a flow field is to be determined. The function f(X) pre-
scribes a unique value of f at an infinite number of points X in R. The
problem of piecewise approximation is to construct a 'discréte model of the
region R and the function f such that the field is represented approximately

at a finite number of points in R.

An important concept of the theory of finite elements is the '"disconnect-

ness' property. This means that a domain can be divided into a finite number

of pieces called elements and the approximation to the functional distribution
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Coefficients for Stress Terms

b= p,+u,
b, = laminar, constant viscosity
Bqg = P At (uz + vz' + wz) NDC Value
k = kr + kd
kr = thermal conductivity
2
kg = v C, Mg NDC Value
Coefficients for Species Equation
Z = o@r + Zd
‘@r = binary diffusion coefficient

€, At (uz + a.z)P x-component
,'Dd ={e, At (vz + aZ)P y-component NDC Values
€, At (wz +ad)p z-component

Coefficients for Continuity Equation

pu -0 pv -0 pw - O

x y z
2 2
o, = €3 At(u”" +a ) ap/9x
o, = €3 At (vZ + az) op/9y NDC Values
0, = €3 At (wZ + a.z)ap/az

Fig. 3-2 - NDC Coefficients Used in the GIM/STAR Code




over each element can be studied independently. Thus the approximating
functions for each: element completely define the behavior of the function
profile within the element without consideration of its ultimate location in
the full model, After each element is defined, the complete discrete model
of the body is obtained by "a.ssemblihg the system." The assembly is per-
formed by means of ;:nathemati,cal blending of each subdomain while main-

taining continuity at the junctions.

The General Interpolants Method uses these concepts, borrowed from
finite clement theory, to obtain discrete finite difference models of the Navier-
Stokes equations in arbitrary geometric domains. The development is done

in local curvilinear intrinsic coordinates based on:

1. Analytical regions such as rectangles, spheres, cylinders, hexa-
hedrals, etc., which have intrinsic or natural coordinates.

2. Complex regions that can be subdivided into a number of smaller
regions which can be described by analytic functions. The de-
generate case is to subdivide small enough to use very small
straight-line segments.

3. Intrinsic curvilinear coordinate systems that result in constant
coordinate lines throughout a simply connected, bounded domain
R in Euclidean space.

4. The intersection of the lines of constant coordinates that produce
nodal points evenly spaced in the domain R.

5. Intrinsic curvilinear coordinate systems that can be produced by
a univalent mapping of a unit cube onto the simply-connected
bounded domain R.

Thus, if a transformation can be found which will map a unit cube uni-
valently onto a general analytical domain, then any complex region can be

piecewise transformed and blended using general interpolants.
Consider the general hexahedral configuration shown in Fig. 3-3. The

local intrinsic coordinates are Ny Ny N3 with origin at point Pl' The shape

of the geometry is defined by

1. Eight corner points, Tsl through 1_58 as shown (Fig. 3-3a)
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a. Point Designations

b. Edge Designations

ﬂ S4
Q c. Surface Designations’

Fig. 3-3 - General Hexahedral Showing Local Intrinsic Coordinates,

Point, Edge and Surface Designations
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2. Twelve edge functions, E (Fig. 3-3b)

3. Six surface functions, § (Fig. 3-3c)

1

This shape is, then fully described if the edges and surfaces can be specified

as continuous analytic vector functions
S;(xv,2), E;xvy,2).

Based on the work of Gordon and Hall (Ref. 6) we have developed a general
relationship between physical Cartesian space and local curvilinear intrinsic
coordinates. This relation is given by the following general trilinear inter-

polant;
X (nl’nzvn3) =

— — . ¥ —
(1~r;1) S5 +n, Sé + (l—nz) S2 + n, S4

-+

S 3
(1-773)Sl+ 773 3

(1-n) (1-n,) Bg - (1-n)) n, Eg - 0y (1-n,) Eq

)

(3.1)

— -3 . —
(1-15) ng Eg = np (1-n3) Eg = mp n3 Eyy

-+

+ (1-ny) n, (I-n3) Py + (1-ny) n, n3 Pg
+ m (l-nz) (1-713) PZ + M (l-nz) N3 P6

— —
+ 1y np (1-n3) P34y ny ng Py
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x (”1' UPYRIEY
(nl’ nz’ ’73) = Yy (nlr 712: 713)
z ('71’ Ty N3)

Il

and §i’ Ei are the vector functions defining the surfaces and edges, respec-
tively, and -l-?'l arc the (x,y, z) coordinates of the corner points. Edge and
surface functions are currently included in the GIM code as summarized in
Fig. 3-4. '

® HEXAHEDRAL BUILDING BLOCKS

e EDGES (Combinations of up to Five Types)

Linear Segment

Circular Arc

Conic (Elliptical, Parabolic, Hyperbolic) Arc
Helical Arc

Sinusoidal Segment

® SURFACES (Bounded by Above Edges)

Flat Plate
Cylindrical Surface

Edge of Revolution

® REGION OF INTEREST DESCRIBED BY UNLIMITED
NUMBER OF HEXAHEDRAL BUILDING BLOCKS

Fig. 3-4 - GIM Three-Dimensional Geometry Package
Edge and Surface Function Types

With this transformation, any point in local coordinates Ny» Ny Ny €aN
be related to global Cartesian coordinates x,y,z. Likewise any derivatives

of functions in local coordinates can be related to that derivative in physical

space, i.e.,
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ox 8111
of -1 of
LI R — 3.2
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ot _of

| 9z _] _an3__

where J, the Jacobian matrix, is easily computed from Eq. (3.1);

[ ox 9y 9z |
ony  9nyp  Bny

9x oy 9z '

J = A, = det)s] (3.3)
8112 anz Snz J
ox oy 0z

ong Onz  9ngj |

Discretization of Equations: Equations (3.2) and (3.3) then relate any

flow gradient in n 1’ N» N3 Space back to physical space. We then need a
method of approximating the flowfield function f in local coordinates. This

is done with a set of general interpolation functions I(n P n3) such that

8
fnysn,.m3) = E , Lngmaims) f, (3.4)
j=1
where fj are the flow variables at the corner points of the element. The simplest
form for the Ij are the trivariable Lagrange interpolants., The theory itself does
not restrict the Ij to be linear, but in the elliptic GIM code we currently have

only the trilinear interpolants. Any flow gradient can then be simply computed as

8
oI,
2f —L 1 (3.5)
an-l . ani J
j=1

The elliptic GIM code uses these concepts to produce a discrete analog
of the Navier-Stokes equations for a single analytical region. Proceeding as

in Ref. 1, the point of departure is the requirement that
R = chpdv:o : -+ (3.6)
v
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where W is an arbitrary weight function and ¢ is the differential equation

oU , DE , OF ., 0G

=gt Yo Yoz - (3.7)

The general interpolants [ are used to approximate each of the flow variables

U,E,F,G and arc substituted into Eq. (3.6) to obtain a discrete analog:
[a.)u. .+ [B.JE + [c.)F. +[D.]JG. = 0
(21U, + [B) E + [c] i+ Dl g (3.8)

where ilj, E., Fj’ Gj are the flow variables at the node points of an element
and the coefficient matrices, geometrically dependent, are given by the follow-

ing integrals.

1 11
[Aij] = // W, Ij A di dn,dn, (3.9)
o o O
1.1 .1 a1
[B ]= W oy 8z 0z 9y 3
ij 1 {)nz 6n3 Z)nz 8n3 anl
g § d
L (22 0oy oy a2\, (oy sz 0z ay\ dn. dn. dn
My g Ony g on, oy On,  Ony On, on 5 172 713
1 1.1
[C ] _f/f W (Bz 9x__ _Ix 9z aIj
ij7 ~ i an, 9On o, On on
g d & 2 3 2 3/.°M
' oI, a1,
+ 9x 0z _ 9z 9x A dz O0x _ 9x_ 0z i dn. dn, d
("nl 5)113 (')nl Dn3 (')nz 81)1 ﬂnz Bnl anz E)n3 1“2 M3
1 1 .1 51
[D ] =f W I9x_ 9y _ 9y Ix i
ij JJ s i anz 3713 an 8173 anl

oo ox _ex oy \ %, [ex sy _ By ox oL,
Dnl i‘.-n3 ny 8113 8112 an, anz anl anz 8n3

dr,l an an



The procedﬁre is then to obtain individual element matrices by numcr-
ical Gaussian quadrature evaluation of Eq. (3.9). We thus have a Cartesian-
like finite difference equation (Eq. (3.8)) with all the geometric transformation
data as coefficients of the finite difference operator. The A,B,C,D matrices

m d.y UL VLLWLU. ad UUJ. I.Vd-LI.VB Ld-KeI'b or 1l.nu:e uuxeren(.c operd.cors Wnl.C con-

tain both the difference scheme and the transformation metrics.

To model a complex three-dimensional domain, it is first subdivided
into regions and Eq. (3.8 ) obtained for each region. After all regions are
so processed, the final order of business ié to "assemble the system" to ob-
tain a consistent set of cocfficient matrices for the full complex region. This

is accomplished by the so-called quasi-variational procedure,

Since the choice of the weight function W is arbitrary, the integral, (Eq.

(3.6)) must be stationary for variations in W. The so-called quasi-variational
approach determines the conditions under which the integral is stationary.
That is to say that if W' = W + 6W then
N
z: faw $ dxdydz = 0
e=1 R
Now let
W = WJ ())117)2,n3) Uj or
(3.10)
SW = W. 86U,
J J
so0 that

X = Z: -/-wj ¢ dx dy dz 8U; 0

For the 6% to be stationary, the sum of the coefficients of 6U. must be
zero. This provides a rationale for the classical assembly procedure for

MWR derived finite element schemes.
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In mathematics, this can be written as

[Amn] - Z % mi [Afj] ®nj (3.11)
(<

where
1 if node i of element e coincides
5 _ with node m of the region R

0 otherwise

and similarly for the B, C,D matrices. The rationale for doing this is di-

rectly derivable from the quasi-variational procedure.

Upon assembly then the finite difference equations for the full domain

have the form

[Anm] I.Jn + [an] Ent [Cmn] Fp+ [Dmn]c'n =0 (3.12)
L

At this point, the weight functions W are arbitrary. Thus, in general,
Eq. (3.12) is an implicit difference operator. If we choose the weight func-
tions W to be the general interpolants I, i.e., W = [, then equation (3.12) is
a classical Galerkin finite element model. We do not, however, use this
description in the GIM code. Rather, we choose the weight functions W to

be orthogonal to the general interpolants

(Whar) | 1

Now, inspection of Eq. (3.9) shows immediately that the [A] matrix becomes
diagonal. Likewise then Eq.(3.12) becomes an explicit finite difference
 operator. The GIM formulation thus allows either explicit or implicit oper-

ators with the finite difference coefficients containing all of the geometric

transformations.

The GIM/STAR code contains 6nly the explicit finite-difference analogs.

A fully implicit scheme for three-dimensional problems.requires the

.
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simulté.neous solution of a large syste_m of algebraic equations. These
operations are not as readily vectorizable on a machine such as STAR as
are the fully explicit schemes. Reference 1 contains examples of the types
of explicit schemes which the GIM code can generate. The interpolant
functions, I, described in this section are general in the formulation. The
current GIM/STAR code contains only the trilinear interpolants with their
corresponding orthogonal weight functions. Figure 3-5 shows these inter-
polant and weight functions that are presently coded in the STAR program,
The a, are constants, read into the program, which determine the specific

type of finite difference algorithm (see Section 4).

3.2 CODE LAYOUT ON STAR

The GIM code is split into three separate modules for execution on
the STAR-100 system. These.are the geometry module, GEOM, the nu-
merical integration module, INTEG and the graphics module, GIMPLT.
Figure 3-6 is a block diagram of the modular structure. All program files
reside on the STAR Access Station permanent file system in UPDATE format.

The GEOM and INTEG modules have variable dimensions in the source
code which are replaced by the actual dimensions by preprocessing the COMPILE
file before compilation. This is done on the "'Z'" side by a '"dynamic dimension"
routine. The names of these routines are DYNMAT and DYNDIM for the GEOM
and INTEG modules, respectively. The input data required for these progral;ns
is described in the sections on the GEOM module and INTEG module. DYNMAT
and DYNDIM read the compile file on unit 8 and write the '"processed'" compile
file on unit 3. Therefore the UPDATE command must have the parameter
C = TAPES specified. TAPE3 is then passed over to STAR via the TOSTAR

command for compilation.

The GEOM and INTEG modules are compiled and executed on STAR,
hence the '"processed' compile files for these modules must be passed over
to STAR via the TOSTAR command. The GIMPLT module is executed on

the "Z" machine itself so that no TOSTAR command is needed.
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General Trilinear Interpolant Flinctions, 1

((1-n)) (1-n,) (1-ny)

ny (1-n,) (1-n3)
ny ny (1-n3)
(1-ny) n, (1-n3)
(1-ny) (1-n3) n5
ny (1-ny) n,

ny NaN3

L(1""11) nz n3

Trilinear Orthogonal Weight Functions, W

("« (2/3-n) (2/3-n,) (2/3-n3)

a, (1/3-n,) (2/3-n,) (2/3-n,)
a3 (1/3-n,) (1/3-n,) (2/3-n3)
ay (2/3-n,) (1/3-n,) (2/3-n3)
ag (2/3-n,) (2/3-n,) (1/3-n5)
o (1/3-n,) (2/3-n,) (1/3-n,)
@, (1/3-n,) (1/3-n,) (1/3-n3)

kas (2/3"”1) (1/3'772) (1/3'773)

WA =<

Fig. 3-5 - General Interpolants and Weight Functions Used in the GIM/
STAR Code



GEOM
(STAR)
Module 1

Geometry Grid
Generation
Matrix Treat-
ment

Y

Inputs

Geometric Coefif's

Nodal Distribution|

Weight Function
Coefficients

l

Calculates

Grid Network
Finite Difference

Coefficients

Files
17
20

INTEG GIMPLT
(STAR) (6000)
Module 2 Module 3
Unsteady y—py Graphics
Integration Package
Restart
File 22
) "
Grid
Inputs Plots
Initial Conditions Files
Boundary Conditions 20
Gas Properties 22
Control Flags Contour
Maps of
Flow Field

Y

Calculates

Flow Field

Fig. 3-6 - GIM Code Modular Structure on STAR
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" 3.3 EXECUTING GIM ON STAR

Executing GIM on the STAR computer system involves the preparation
of several items other than the input data, These include: (1) the dynamic -
dimension routine data; (2) preparation of the LOAD card; (3) use of CREATE
cards for data files; and (4) the remainder of the runstream which is generally

standard. The description of the dynamic diinens_ion data is given in the

sections describing the individual modules. Example runstreams are pre-

sented and discussed in Section 3.4 which provides a guide in runstream

preparation for GIM runs. This section deals in some detail with items (2)
and (3) above. The LOAD card involves the specification of large or small
pages, page boundary allocation for common blocks and the size allocation
for the controllee file. These are discussed in detail along with a descrip-
tion of the data files and bow to calculate their size requirements. This will
determine whether a CREATE card is needed.

File space is created automatically for small files. Larger files must
be created by a CREATE card. The current default file allocation at NASA -
Langley is 128 small pages (512 words each). The file allocation will be
extended up to three times, adding 85 small pages each time, if the original
allocation is exceeded. Files which require more than the maximum of 384
small pages (196608 words) must be created with a CREATE command. (See

STAR Programming Manual and example runstreams.)

3.3.1 File Descriptions

File 16: Work file used in GEOM module only. Contains geometry

"in.formation blocked with 500 nodes (NN) or less, per block.

Size = 10 * NN + 1 words minimum
If less than 500 nodes per block are \ised, the total file size will be

larger since records of length 5001 are used even if they are not full. The
number of nodes per block is determined automatically by the GEOM module
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based on the zone/region configura.'tion and is not controlled directly by the

user.

File 17: This file contains the nodal analog coefficients. It is gen-
erated in the GEOM module and used by the INTEG module. It consists of
a single unformatted binary record of length (NWDS) given below.

NWDS 16*NN + 18*NSP + 6 (2D)

484NN + 18%NSP + 6 (3D)

where
NN is the total number of nodes, and

NSP is the number of special boundary terms (see GEOM
and INTEG input guides).

The record length is adjusted upward to be a multiple of large pages (65536
words). File 17 is mapped onto the nodal ansdlog common block /Q3_MAP/

in INTEG via the Q30PNMAP call. (See STAR Programming Manual, Section
5.2.2.)

File 20; This file is created in the GEOM module and contains all
geometry data. It is read by both the INTEG and GIMPLT modules. It is
a formatted file written using a 6E22.14 format. The number of words (NWDS)

contained in the file is given by the formula below.

NwWDS

6#NN (2D)

9%¥NN (3D) "

Since the file is formatted with 22-character word lengths, the file size is

increased by a factor of approximately 2.2.

File 22: This file created by INTEG contains the flowfield solution
data., It is used as a restart file by INTEG and as a flowfield data file by
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GIMPLT for plotting velocity vectors and contours. It consists of one or

more records of length NWDS given below.

NWDS = 5#NN (2D)

4 SR 12Ty
O TANLN \/)

For a two-gas case, additional NN words are contained in each record. The

=}

number of records is

etermined by the iteration increment at which the file
is written. This file is also formatted (6E22.14), so its length is increased
by a factor of approximately 2.2.

3.3.2 Controllee File Sizes

An adequate length for the controllee file must be specified on the LOAD
card. This requires that some estimate of the size of the controllee file must
be made prior to execution. Approximate formulas are given for estimating

the sizes for GEOM and INTEG.

GEOM
125 ¥ NN
=62 "N+ 3
%5536 (2D)
Number of = 307 % NN
large pages
%536~ T3 (3D

The value on the LOAD card is specified in small pages (512 words). The
GRLPALL parameter is always used in the LOAD card for the GEOM module,
however, indicating the use of large pages (65536 words, or 128 small pages).
Therefore, the number of large pages required should be calculated based on
the number of nodes NN and then multiplied by 128 to obtain the value to use

on the LOAD card. (See example runstreams in Section 3 4).

INTEG

Most of the space required by the INTEG controllee file is taken up
by seven common blocks. The size, L, of these common blocks is given by

the set of formulas on the following page.
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- /PRIM/

L = 6 MN + MNZ + MNS
/EBUF/ L = MEQ (2 MN 4+ MNZ)
JUBUF/ L = MEQ (2 MN + MNZ2)
/XBUF/ L = 6 MN + 3 MNZ
/TAU/ L. = 7 MN + 5 MNZ
/AXSYM/ L = MNA (4 + MEQ)
/VTEMP/ L = 4 MN + 2 MNS.

Where

MN = total number of nodes
MNS = MN for two gas case
= 1 for single gas case
MNZ = MN if 3D
= 1 if 2D
MNA = MN if axisymmetric

= 1 if not axisymmetric

MEQ = 4 2D -single gas
= 5 2D -two gas or 3D -single gas
= 6 3D -two gas

These common blocks should be assigned to large pages via the GRLP
parameter in the LOAD card. Unless the total space for these common
blocks occupies less than two or three pages, these blocks should be
assigned to page boundaries as in Runstream Example 3. For a small

problem they may be grouped together as in Runstream Example 2.

The remaining large common block in INTEG, /Q3MAP/, is assigned
to a large page boundary via the GROL parameter in the LLOAD card which
causes no space to be allocated in the controllee file. File 17, which con-
tains the analog coefficients, is mapped onto this common block via a call
to Q30PNMAP in INTEG.
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The space needed for the INTEG controllee file is then the total number
of large pages required for the set of common blocks above plus one additional
large page for the remainder of the program. The space parameter is given
in small pages, therefore, the number of large pages should be multiplied by
128. If in doubt, add an additional large page. Any unused space allocated
for the controllee file will be released.

3.4 EXAMPLE RUNSTREAMS
3.4.1 Example Runstream 1 (Fig. 3-7)

This runstream illustrates execution of the GEOM module by itself for
a large three-dimensional problem (3D shear layer — 7904 nodes). The output
files, FILE17 and FILE20, are saved back on the "Z'" side via the TOAS com-
mand. Note that FILE17 is a binary file (FILE17=BI) and FILE20 is a for-
matted file. Any updates to the GEOM module would follow the *ID GEOMODS
card.

Calculation of File Sizes:

File 16
L = (10) (7904) + 1
= 79041 words minimum
= 155 small pages minimum
use 200 in CREATE card
File 17

L = (48) (7904) + (18) (7904) + 6
= 521665 words
= 1019 small pages
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GE Ui 3D+ CM6QG000 T
USEK+680077Ce
CHAKGE « 101857+LRC,
GE T ( ULDPL =GEUMAT)
GET(DYNMAT=DYNMAT)
UPDATE(F,C=TAPES)

1 A
LOUe

LDYNiAT o
TOSTAR(INPUT+ TAPE3)
77879
*1U GEOMODS
77879
7504 3
7/8/9 _
STURE 680077 400SDS GEJUMDECK B
STRGEOMsT200

FORTRAN(I=TAPE3¢2=GELUMB+0O=L8)
CREATE(FILE164200,T=PR)
CREATE(FILE17+10194T=P)
CREATE(FILE20+306,T=P)
LOAD(GEOMBsCN=Gf OM3U 5120 +GRLPALL= )
GEOMGO
TOAS(Z=680077C«FILEL17=81FILEZ0)

*kx GEOM DATA #*¥**

C6sr7/8/9/

Fig.3-7 - GEOM Module Execution for a Large Three-Dimensional
Problem
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File 20

t
]

(9) (7904) (2.2)
156500 words
306 small pages

Controllee File Size Calculation;

L = (307) (7904) + 3 large pages
= 2426528 words + 3 large pages
= 40 large pages
= 5120 small pages

Note that the GRLPALL parameter is used in the LOAD card.

3.4.2 Example Runstream 2 (Fig. 3-8)

This runstream illustrates the execution of GEOM and INTEG together
for a small problem (340 node 3D). No files are saved on this run, All file

sizes are small, thus no CREATE cards are needed.

Calculation of Controllee File Sizes:

GEOM
L = (307) (340) + 3 large pages
= 104380 words + 3 large pages
= b5 large pages
= 640 small pages
""INTEG

This problem is three-dimensional, single gas. Hence,



GEUINT+CM6000GsT1CO
USER+6800n77Ce
CHARGE +1n1857.LRC,
GET(OLDPL =GEOQWAT)
GET(DYNMAT=DYNMAT),
UPDATE(F ,C=TAPES)
DYNMAT
COPYCF(TAPE3+LEOMC)
REWIND (GEOMC )
RETURN(OLDPL)
RETURN(TAPE3)
RETURN(TAPES)
GET(CLDFL=INTEG)
GET(DYNDIM=DYND1M)
UPDATE(F,C=TAPES)
DYND IMe
COPYCF(TAPEZ3+ INTEGX)
REWIND(INTEGX)
RETURN(OLDPL)
RETURN( TAPE3)
RETURN(TAPES)
TOSTARCINPUT ¢ GEOMC 9 INTZGX)
7,879
*ID GEOMODS
77879

340 3
7,879
*¥1D INTMODS
77879

340 3 0 3490
7/8/9
STORE 680077 4005DS TESTLECK B
STRSIDET100e
FORTRAN( [ =GEUMC e 5=GUrMB e 0O=LB)
LOAL (GEOMB » CN=GEOMGU » 640 s GRLPALL = )
GEOMGU »
FORTRAN( [ =INTEGX+B=INTEZGB+0=LB)
LOAD(INTEGB«CN=INTEGU 9256
'GRLP=*PR IM ¢ #EIUF 4 ¥UBUF « ¥XBUF ¢ ¥TAU + ¥V TEMP
+GROL =#UW3MAP)
INTEGOe.
7/8/9

*#%% GEOM DATA ***
7/78/9

##% INTEG DATA %*¥3

6777879

Fig.3-8 - GEOM and INTEG Modules for a Small Three-Dimensional Problem
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MN = 340
MNZ = 340
MNS = 1
MNA = 1
MEQ =5

The common block sizes are:

/PRIM/ L = (6) (340) + 340 + 1

= 2381 words
/EBUF/ L = (5)[(2) (340) + 340]
= 5100 words
/UBUF/ L = (5)[(2) (340) + 340]
= 5100 words
/XBUF/ L = (6) (340) + (3) (340)
= 3060 words
/TAU/ L = (7) (340) + (5) (340)
= 4080 words
/AXSYM/ L = (1) (4 + 5)
= 9 words
/VTEMP/ L = (4) (340) + (2) (1)
= 1362 words

The total for common is 21092 words which is less than one large page.
Therefore, all six common blocks are grouped on one large page. (COMMON/
AXSYM/ is not used.) The controllee file size requirement is two large pages,
-hence 256 small pages.

3.4.3 Example Runstream 3 (Fig. 3-9)

This runstream illustrates execution of INTEG for a large problem
(3D shear layer, 7904 nodes) utilizing files created and saved in a previous
GEOM execution. Note that FILE17 and FILEZ20 are attached as FILE17A
and FILE20A. When files are saved on the access station ("'Z'' side) a letter
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INTEGYMeCME00CUs T ) e

USE e BEBIr77Ce

CHANGL ¢ 1N 1857.LrRC,

GET(CLOPL= INTEG)
SET(LYNSIM=DYNDIM)

JUPDATE(F «C=TAPESB)

DYNDIMe

ATTACH(FILE17=FILE17A)
ATTACH(F ILE20=FILE2JA)
TOSTARCINPUT«TAPZ3sF ILELT7=BI//UsFILEZ20)
7/8/,9/

*1D MCOo

7/8/9

STURE 680077 400505 INTEGDCK 8
STRINTEsT150e
SCRTRAN([=TAPE34B8=INTEGB+0=LB)
LOAD(INTEGUL«CN=INTEGD»1536
TGHRLP=*PRIM eGP =¥ EBUF 3 GRLP =% UBUF « GRLP=%*XBUF + GRLIP=*¥TAU s GRLP= %V TEMP
W GRUL = ¥WaMAP)

INTEGUe

TOAS(Z=680077C+FILLEZ2)

7/8/9

*%*¥% DATA *xX%

&6/7/78/9

Fig.3-9 - INTEG Module for a Large Three-Dimensional Problem
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is added to make the file name unique if a file by that name already exists.
Note also that FILE22, the restart file, is being saved via the TOAS com-
mand, Following are the common block length calculations and controllee

file size calculation.

/PRIM/ L = (6) (7904) + (7904) + 1

= 55329 words =0.85 large pages
/EBUF/ L = (5)[(2) (7094) + 7904)]

= 118560 words X1.81 large pages
/UBUF/ L = same as /EBUF/

= 118560 words =1.81 large pages
/XBUF/ L = (6) (7904) + 3 (7904)

= 71136 words <1.09 large pages

/TAU/ L = (7) (7904) + 5(7904)
= 94848 words =~ 1.45 large pages
/VTEMP/ L = (4) (7904) + 2
= 31618 words *0.48 large pages

Since the total requirement for the common storage is approximately 7.5
large pages, these common blocks are assigned to large page boundaries
via the GRLP parameters. Since the common blocks are assigned to page

' bbundaries, the total space required is 10 large pages for the common plus
1 for the remainder of the program, or 11 large pages. This converts to
1408 small pages. On a problem this size, allow 1 extra large page in the
controllee file to be sure it is large enough. Hence, use 1536 as the length
in the LOAD card.

3.4.4 Example Runstream 4 (Fig. 3-10)

“This runstream illustrates the execution of the GIMPLT module utilizing
files created and saved on a previous execution. Note that the GIMPLT module
resides entirely and is executeﬂ on the STAR Access Station. N6 TOSTAR
command is needed. The TAPE22 attach statement is not needed if grid



PLOTXXeCM111000+T100s
USER + 68007 7Ce
CHARGE ¢ 101857+LRC,
GET (CLOPL=PLOT1)
UPDATE(F
FTN(1=COMP ILE +L=0)
ATTACH(TAPE20=FILE20)
ATTACH(TAPE22=FILE22)
ATTACH(LRCGOSF/UN=L IBRARY)
RFL(111000)
LDSET(LIB=LRCGUSF (PKESET=INDEF)
LGCOoe
ATTACH(PLOT/UN=L IRRARY)
PLCTeVARTAN
7,879
*ID KORCHG
¥D NOUREe1

COMMON A(21040)
*D KOREe2

KMAX=21040
7/8/9

*%¥ DATA *x%

677,879

sBLDG1247A JL HUNT

Fig.3-10 - GIMPLT Example Run Stream
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plots only are being generated. This execution illustrates the use of the

Varian post processor. Other post processors are available and the user

should refer to the Graphic Output System User's Guide for details.

The example illustrated is for a model with 2000 nodes. The calcu-

lations necessary for the field length (memory requifeméhts) and the com-

mon block dimension are given below. Refer to Section 6.5 for discussion

of these calculations.

NX
KMAX

KFL10

Choose CM

10

2000 nodes

504010 + 8¥NX
504010 + (8) (2000)
2104010

KMAX10 + 1600010
2104010 + 1600010
3704010

1110008

3737610 > 3704010 .

The A array dimension in blank common, KMAX, is calculated to be
21040. The runstream illustrates the UPDATE cards to set this dimension.
The corresponding field length requirement is 1110008. This must be set

in two places: the job card CM parameter, and in the RFL card immediately

preceding the LDSET card.



4. GEOMETRY MODULE GUIDE (GEOM)

4.1 USE OF THE MODULE

tho canmmrabsesr geeid amd
ui€ geoimnewuwy, gria aia

nodal analogs for the problem. This module is always executed first and
produces two output files of data for use in Modules 2 and 3. The GIM code
GEOM module as implemented on the STAR system at NASA-Langley has a
"dynamic dimension" capability. A preprocessor, called DYNMAT, must be
executed with GEOM to provide dimensions to the problem. Figure 4-1

illustrates the logic sequence for using Module 1.

e File 20 — Contains the grid point description

e File 17 — Contains the nodal analog matrices

If GEOM is executed in a runstream, in a stand alone mode, these files must

be saved for later input to the INTEG and/or GIMPLT modules (see Section 3).

The execution time for the GEOM module is very strongly dependent
upon the dimensionality of the problem and the number of nodes used. The

following information is provided from execution of the two example problems.

Configuration Nodes User CRU’
: CP Sec.
2-D Scramjet 940 27 22
Simulation
3-D Scramjet 7904 1009 449
Simulation




DYNMAT
6000

GEOM
STAR

¥

INPUT

MATE

ASSEMB

RMAP

MATRIX

A

OUTPUT

ouTPUT

Fig.4-1 - Logic Sequence for GEOM Module




Thus for small, two-dimensional problems, the execution time for GEOM is
‘negligible compared to INTEG. HOWever; for larger, three-dimensional
cases, the GEOM run time can be comparablé to the_iNTEG run times.
Further experience with the STAR version of GIM should provide more

information on run times.

The following subsections describe the input data and output listings
for this module. Section 4.2 describes the input for the DYNMAT deck and
Section 4.3 gives a ''"mini-manual' of the input format for GEOM. A de-
tailed discussion of the input variables is provided in Section 4.4. The

output listings are described in Section 4.5,

4.2 DYNMAT DECK

The GEOM module of the GIM/STAR code has a ""dynamic-dimensioning"
feature. The larger dimensional variables and arrays have parameters in
place of actual integers. The DYNMAT program uses the UPDATE feature
of the CDC software to replace these parameters with real dimensions so that
GEOM can be compiled. These dimensions are under user control via input
to the DYNMAT program. Execution of this '"pre-processor' routine must
be made before executing GEOM as explained in Section 3.4. This section
describes the input data for the DYNMAT program.

The required data are input on one card with the following format:

FORMAT (2I5) .

The total number of nodes in the problem. All flow variables are

dimensioned by NX,
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IDIM
The dimensionality of the problem.

IDIM 2 for two-dimensional geometries .

"

3 for three-dimensional geometries.
This flag controls the nuimnber of coefficient matrices which are dimensioned.

The remaining dimensions that are required are calculated internal

to DYNMAT from these two input parametérs.

4.3 INPUT CARD SUMMARY

This subsection presents a summary of the input cards and formats
for the GEOM module. A description of each input parameter and its options
aredetailed in the following subsection (4.4). After a user becomes familiar
with the GEOM inputs, this summarized input guide can be used to quickly

-identify each card and its contents,

Three basic formats are used to input the data to GEOM:

ALPHANUMERIC = A6
INTEGER . 15
DECIMAL E10.4

Integers are thus right justified in five column increments. Decimal, or
floating point data occupy ten columns each with, preferably, a decimal point

punched on the card (see examples, Section 8).

Card Type Parameter List/Format
1 HEADER(I), I=1,72
(12A6)
2 NZONES, IDIM, ISTEP, IMATRX, IMATE
(515)
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10
11
12
13
14

15

Parameter List/Format

IWRITE, LWRITE, NWRITE
(315)
ALPHA(I), I=1,4 (or 8)
(8E10.4)
NSECTS
(15)
MAPE(I), I=1, 12
(1215)
MAPS(I), I=1, 6
(615)
(IBWL(I), I=1, 6), ITRAIN
(715)
(NNOD(I), I=1, 3), (ISTRCH(I), I=1, 3)
(615) '
DIVPI(I), I=1, 3
(3E10.4)
[AETA(J,1), I=1, NNOD(J)], J=1, IDIM
(8E10.4)
[(AC(,K,J), I=1,8), J=1,4 or 12],K=1,5
(8E10.4)
[AS(1,7), 1=1,8], J=1,6
(8E10.4)
(PT(,J),1=1,5),J=1, 4or 12
(8E10.4)

B(PMAX(I,K, J), 1=1,5), ETAMAX(X,J), K= 1,4] R
=1,40r 12

(6E10.4)

Notes: Card types 14, 15 are repeated for each point and edge.
Card types 6 through 15 are repeated for each of NSECT sections

in a zone

Card types 12,13, 14, 15 are not re-input for points, edges and
surfaces in cormmon with the preceding section.

Card types 5 through 15 are repeated for each zone of NZONES
to be processed.
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16 ' NDX, NDY, NDZ, ISNOPT
(415)

17 N1,IC,NT
(315)

4.4 DESCRIPTION OF INPUT DATA

This subsection presents a description of the input parameters listed
in Section 4.3. Each parameter is identified as to its usage in the-GEOM
module with options of each shown. Reference to the figures and tables
must be made to explain some of the input parameters and order of input.
All of the card types are not necessarily input for a specific case. Much
of the input depends on the dimensionality of the problem (two- or three-
dimensional). Also, certain of the input flags on early cards dictate which
of the latter ones are read. Section 8 gives examples of the GEOM input,

which can be used as a guide for setting up 2 new problem.

In the subsequent description of the input parameters, a nomenclature
is used for describing the geometry that is key to understanding the sequence

of events. The key words are

ZONE, SECTION and SEGMENT.

The full flow domain may be input as one or more zones. A 'zone" is herein
defined as a first level partitioning of a full domain for the purpose of analyt-
ically describing a shape. A full domain is thus partitioned into '"sub-domains"
called zones, such that each zone can be readily defined by suitable analytical

functions.
A “'section" is defined herein as a second level partitioning of a full

domain or equivalently, a first level partitioning of a zone. This further

breakdown is done to facilitate easier handling of geometrical changes.
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A problem, for example, may be best described by one zo

subdivided into many sections.

Zones can be set up independently and either left th
with other zones. Thus, a building block modular concep

completely general geometries can be treated.

A "segment" is defined as a partitioning of an edge,
~general, for the purpose of grid distribution. An edge of
sist of one segment in which case the nodal distribution w
segmenting an edge into more than one nonuniform piece,

irregular grid patterns is made easier.

Three other names of extreme importance in under

input are;

POINT, EDGE and SURFACE.

Figure 4-2 illustrates each of these for a general hexahe
defined as the x, y, z coordinates of the corner of the gen:
An edge is a line segment connecting two points. A surf:
shape formed by connecting four points with an analytical

should be studied before proceeding with the card-by-cai

CARD TYPE 1 Format (12A6)

" Problem Identification Labels

HEADER

Any alphanumeric information that the user wants

specifics of the problem. Columns 1-72 are read and ps:

CARD TYPE 2 Format (515)

Problem Option Control Flags
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PT6
Note: Surf 1 — Back Wide Face (nl, upe 0)
Surf 2 — Bottom (n 1’ 0, '13)
Surf 3 — Front Wide Face (r;'l,nz, 1)
Surf 4 — Top > Ling)

Surf 5 — Back Narrow Face (0, upPy n3)
Surf 6 — Front Narrow Face (1, Ny 773)

Fig.4-2 - General Hexahedral Showing Point, Edge and Surface
Numbering Sequence




NZONES

Numnber of zones into which the full domain geometry is broken,
Regular regions can usually be input as one zone, but highly irregular shapes
require NZONES > 1. (No limit.) (See Section 8 for examples of zones,

sections and segments.)

IDIM
Flag indicating the dimensionality of the problem being run.

IDIM = 2 Two-Dimensional

3 Three-Dimensional

The INTEG module has an option for IDIM = 1 which is axisymmetric flow.
The GEOM module does not need to know if the flow is to be planar or
axisymmetric. Only 2, 3 are used for IDIM in the GEOM module.

ISTEP

A flag indicating whether a one-step or two-step time integration

scheme is to be used.

ISTEP

1 One Step
2 Two Step

The GEOM module will output either one or two sets of finite difference
matrices depending on ISTEP.

IMATRX

A flag which allows only a geometry and grid to be generated or both

a grid and the finite difference matrices.
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IMATRX = 0 Provide both a grid network
and matrices

=1 Only compute grid points
and nodal connections; do
not assemble matrices

Common use of the GEOM module is to set IMATRX=0. For some large
problems, the user may want to wait until a good grid is obtained before
assembling the matrices. For current use on STAR, it is suggested that

the zero value be used.

IMATE

. GEOM has the option of processing more than one zone in a given run,
The IMATE parameter allows the user to either mate the zones together to

form a full domain; or to keep the zones separate — unmated.

IMATE =1 Mate zones together

0 Do not mate the zones

Ordinarily, the user will want IMATE =1 to form a full région. For some
_' complex shapes/grids, certain zones may need to be kept separate. (See

Section 8 for examples of zones, sections and segments.)

CARD TYPE 3 Format (3I5)

Output Print Options

IWRITE
A flag used for debugging printout only.

IWRITE

0 No debug print

1 Provides intermediate output

The user should probably set IWRITE =0 for all cases unless a problem

occurs during execution.
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LWRITE

An option controlling the printout of each element matrix,

0 Do not print element matrices

LWRITE

N>0 Print element matrices for
every Nth element

The user will probably use LWRITE = 0 most of the time unless a problem

occurs during execution of the GEOM module.

NWRITE

This flag is the more important of the three print options. This con-

trols the amount of grid point printout that is given for a run,

0 Print only those grid poihts
which lie on a boundary

NWRITE

N>0 Causes every Nth node point
to be printed out

The output format of the GEOM data is described in Section 4.5. For large
problems with many thousands of nodes, NWRITE should be chosen carefully
to restrict the amount of paper produced on STAR. A plot of the grid is

usually more instructive than a massive nodal printout.

CARD TYPE 4 Format (8E10.4)

Weight Function Coefficients, a,

ALPHA(I)

These coefficients are used to define the weight functions and hence
the finite difference method. The reader may want to review the theory in
Section 3 and Ref. 1 for definition of the ALPHA parameters.



Table 4~1 gives values for ALPHA which produce several useful

schemes, such as MacCormack, etc,

For two-dimensional cases, only four values of a are input for each
step of the method. All values are input on one card in Format (8E10.4).
For one-step methods, only input four values of ALPHA; for two step methods,

input eight values of ALPHA.

For three-dimensional problems, eight values of a are needed for
each step. One step methods require all eight values on one card. Two

step methods requires two cards type 4 with eight values each.

CARD TYPE 5 Format (I5)

Number of Sections

NSECTS

Number of sections within a zone for the zone currently being input,
Recall that a flow region may be broken into zones. Further, each zone
can be subdivided into a number of sections such that analytic functions
describe the shape of each section. There is no limit to the value of

NSECTS within a zone.

CARD TYPE 6 Format (121I5)

Edge Shape Function Indicators

MAPE(I)

These are integer flags that define the edge shape functions for the
section being read-in. The edges are input in numerical order according
to Fig.4-2. The user should study this figure before setting up an edge

and surface input deck.

The values of MAPE depend on the type of analytic function describing
the edge. The library of edge shape functions in the GIM/STAR code are
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Table 4-1

VALUES OF ALPHA FOR SEVERAL USEFUL FINITE
DIFFERENCE SCHEMES (CARD TYPE 4)

Forward-Forward-(Forward){FFF)

2-D 3-D

a Value a Value

1 1.0 1 1.0

2 1.0E-8 2 1.0E-8

3 1.0E-16 3 1.0K-12

4 i1.0E-8 4 1.0E-8
5 1.0E-8
6 1.0E-12
7 1,0E-16
8 1.0E-12

Backward-Backward-(Backward)(BBB)

2-D 3-D
a Value « Value
1 1.0E-16 1 1.0E-16
2 1.0E-8 2 1.0E-12
3 1.0 3 1.0E-8
4 1.0E-8 4 1.0E-12
5 1.0E-12
6 1.0E-8
7 1.0
8 1.0E-8




Table 4-1 (Concluded)

Rackward-Forward-{Forward{BFF)

2-D 3-b

o Value o Value

1 1.0E-8 1 1.0E-8

2 1.0 Z 1.0

3 1.0E-8 3 1.0E-8

4 1.0E-16 4 1.0E-12
5 1.0E-12
6 1.0E-8
7 1.0E-12
8 1.0E-16

Centered Scheme 2-D Forward-Backward 2-D

o Value a Value

1 1.0 1 1.0E-8

2 -1.0 2 1.0E-16

3 1.0 3 1.0E-8

4 -1.0 4 1.0

Note: Standard MacCormack scheme will use FFF
on step 1 and BBB on step 2.




listed in Table 4-2. Three-dimensional problems require all 12 edges while
two-dimensional problems require only edges 1, 2, 3 and 4. If any shape
function other than a linear segment is used, then coefficients must be input

on card type 12 to define this function.

An option is provided to allow distribution of grid peoints in each co-
ordinate direction. This is done by segmenting each edge, Each of the
edges may consist of up to five segments with each of these segments having
its own shape function. The values of MAPE then can consiat of up to five
integers packed into one word MAPE(I). The segment indicators are input
in chronological order of increasing n for each edge with the final packed
integer being right adjusted. For example, if MAPE(4) = 312, then edge 4
consists of three segments; the first segment being type 3, the second seg-
ment type 1 and the third segment type 2, If a single shape function describes
an edge, the only one indicator is used, right adjusted. The example prob-

lems of Section 8 show how this segmenting procedure can be used.

CARD TYPE 7 Format (615)

Surface Shape Function Indicators

MAPS(I)

These flags are input only for three-dimensional problems since two-

dimensional geometries are defined completely by the edge functions.

The input sequence for the surfaces are shown in Fig. 4-2 for designa-
tion 1 to 6. The surfaces must be input in this order. The values for MAPS
are given in Table 4-3. There are three basic types; flat plate, cylinder and
edge of revolution. The latter case requires input of coefficients on card
type 13 to define the revolution axis, etc. The user should refer to Fig.4-2,

Table 4.3 and the examples given in Section 8.




Table 4-2

EDGE SHAPE FUNCTION INDICATORS AND
COEFFICIENT DEFINITIONS

Map Coefficients
Type (Card &) {Card 12)

Linear 1 None. Omit Card 12

Circular Arc 2 AC,—AC, are (x,vy, z) coordinates
of denter”of arc. AC, is the ex-
pansi.on angle from nozzle, if any.

Conics (Parabaola, 3 AC are (x,vy,z) coordinates

Ellipse, Hyper- of flocal point. AC4—ACy are

bola) (x, v, z) components of unit vector
along axis of conic.

Helical Arc 4 AC,—AC, are coordinates of
center of'arc. AC,—AC, are
components of unit vector along
axis.

Trignometric 5 AC,—AC._ arc coordinates of

Function of X referencé point corresponding

€ to X,=0. AC4—A07 are used in
equation
y =y, t AC4 sin (AC6Xe +AC.7)
+ AC5 cos (Acﬁxe +ACT)

Trignometric 6 AC;—AC, are coordinates of

Function of 8 center of 'sweep angle 6. AC
ACB are used in equation

y = AC4 + ACg sin (AC.7 8+ACg)
+ AC& cos (AC.? g + ACB)
Special Functions 7 The user can modify the GEOM

code to include any special function.




SURFACE SHAPE FUNCTION INDICATORS
AND COEFFICIENT DEFINITIONS -
Map Coefficients
Type (Card 7) (Card 13)
Flat Plate 1 None. Omit Card 13 for this
surface.
Cylindrical 2 None. Omit Card 13,
Special 3 The user can supply special
Application function by modifying the
code for a specific application.
Edge of 4 Surface formed by revolving edge
Revolution about an axis. ASl—-AS3 is origin
of surface coordinate system.
AS4—AS6 are components of unit
vector along axis of revolution.
AS7 indicates which ng direction
the edge will revolve in.
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CARD TYPE 8 . Format (7I5)

Boundary Indicators and Node Numbering
Sequence Specification

IBWL(

These integer indicators are used to tell the INTEG module which
boundary conditions to apply to an edge/surface. Table 4-4 lists the allow-
able boundary types. - . '

IBWL(I) is the flag for edge I or surface I. If IDIM= 2, then the IBWL
flags are for edges and if IDIM= 3 then IBWL is for surfaces. For two-
dimensional problems, there will be four edges to define, I=1, 4. For three-

dimensional problems, there are six surfaces to define, I=1, 6.

Each value of IBWL(I) contains a packed integer which contains two
flaga. The right-most integer is the boundary indicator listed in Table 4-4,
The single digit integer just to the left is a flag which designates the zone

number to which the edge is to be mated. For example,

IBWL(3) = 14

says that edge 3 is a boundary type 4 (wall tangency) and that edge 3 is to be

mated with zone 1 of a previous input sequence.

The boundary flags are input in numerical order according to the edge/
surface description in Fig. 4-2. Columns 4-5 thus describe edge 1, columns
.9 and 10 for edge 2, etc.

ITRAIN

This flag is always input in column 35 of card type 8. The value of

ITRAIN specify the node numbering sequence in the coordinate directions,



Table 4-4

BOUNDARY NODE DESIGNATORS AND THEIR
MEANING FOR USE IN THE INTEG MODULE

IBWL | . Boundary Type i Remarks

0 Constant Node All flow variables are held fixed
at the input value.

1 Axis Node Designates the axis points for
axisymmetric flow.

2 No-Slip/Stag- The density times velocity values
nation Node are held fixed, (pu,pv,pw) but
pressure, energy and density
equations are integrated.

3 Corner Node For internal 3-D corners, the
(3-D) flow is forced to go down the
corner and hence tangent to
both planes.

4 Free Slip/ Velocity vectors are forced to
Tangency be tangent to a wall (or = 0).
5-7 Not Currently The user may modify INTEG
Used for special cases.
8 One-Sided A boundary is computed from
Differences only information inside the

region. Good for supersonic
downstream condition.

9 Interior Node No constraints. All flow
variables computed from
the equations.
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The table below shows the values of ITRAIN for numbering along each of

three coordinate axes for two- and three-dimensional problems,

IDIM ITR

2
2

W
[
3
“w
3
~
3
—

An example of the use of this table is: IDIM = 2, ITRAIN = 1; all nodes in
the n 2 direction are numbered first at the initial 'nl line. Then the nodes

are numbered along 7 2 at the next nl station etc.

CARD TYPE 9 Format (615)

Node Point Distribution Indicators

NNOD(I)

For 1=1, 2, 3, NNOD(I) is the number of nodes in the np direction for
the current section being input. The limit is 100 nodes in each coordinate

direction or 10 nodes total,

ISTRCH(I)

An option is provided to allow unequal distribution of nodes in each

of the coordinate directions,

]
o

ISTRCH uniform spacing

-1 reduce spacing in ny direction

= +1 increase spacing in Ny direction

NNOD user input location of nodes
on card type 11.
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For uniform spacing, Cards 10 and 11 are not needed and are not input.
If ISTRCH = _-i_-_i, Card 10 is needed but not Card 11. If ISTRCH = NNOD, then
Card 10 is not needed, but Card 11 is required.

CARD TYPE 10 Format (3£10.4)

Stretching Function Values

DIVPI(I)

The values for each coordinate direction which are used to determine
the degree of stretching by the TANGENT transformation given in Fig. 4-3.
Typical values of 2.0 and 3.0 are shown as to the relative uniformity of a
grid. Large values of DIVPI produce essentially uniform spacing while a
small value gives drastic stretéhing of the grid points. This card is input
if and only if ISTRCH = +1 on card type 9. There are either two or three
values depending on IDIM = 2 or 3. '

CARD TYPE 11 Format (8£10.4)

Optional Grid Point Input

AETA(I)

The actual Ny» Ny N3 coordinates of the grid for the section being
constructed. These are input if and only if any of the ISTRCH(I) were read
in as NNOD(I). For example, the n4 coordinate line could be equally spaced,
the n, coordinates calculated with a stretching transformation and the ns
coordinate line could be read into AETA(I), I=1, NNOD(3).

The AETA values are read in the order ny then n, then n3 as required
in Format 8£10.4 using as many cards as required to get them all read. The
AETA values are normalized to range from 0.0 to,1.0 and hence give a rela-
tive spacing of nodes. The AETA values are not the actual x, y, z coordinates
For three-dimensional cases, there are up to three sets of AETA for each

.coordinate line., For two-dimensional cases there are up to two sets of
-AETA cards. Remember to input card type 11 if any of the ISTRCH(I) are
set to NNOD(I) on card type 9.
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1.0 o
0.8
0.6 |- DIVPL(I) = 3.0
b
0.4} DIVPI(I) =
0.2}
0.0 1 | 1 )
0.0 0.2 0.4 0.6 0.8 1,0
N/ NNOD(I)
Note: Stretching functions are tangent functions of the form:

e for reducing nodal spacing

: |
- NNOD(I) - N
C1o. 2 | BivEim (TNNOD() )l Nol 2
np = Y- i T (NNOD(I)-I.O) ’
DIVEIE) ¢ NNOD(T) ]

, NNOD(I)

e for increasing nodal spacing

¢ [ T N-1.0 )]
_ tan e (wNopm
2 S m__ (NNOD(I) - IO,
an I BIvei() NNOD(1)

Fig.4-3 - Stretching Function Illustrated
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CARD TYPE 12 Format (8E10.4)

Coefficients for Fdge Shape Functions

The ACs are coefficienfs which describe the shape functions for each
edge of the section being cdnstructed. If an edge is segmented, the coef-

ficients for each segment are input on separate cards in the same order as

the indicators on card type 6. Card type 12 is input if and only if MAPE > 1
on card type 6. MAPE = 1 defines the edge as linear and no coefficients are

required.

Table 4-2 defines the AC values to be input for each type of edge. The

examples of Section 8 should clarify the AC input sequence.

CARD TYPE 13 Format (8E10.4) .

Coefficients for Surface Shape Functions

The AS values are the coefficients which define the shape functions for
each surface of the section being constructed. This card may be input if and
only if IDIM = 3 since surfaces are not present in two-dimensional geometries,

Table 4-3 gives a description of the AS coefficients for each type of surface.

Note that AS coefficients are required only if MAPS > 2 in Table 4-2.

. For linear or cylindrical surfaces; no coefficients are necessary to describe
the surface. Only for edges of revolution (MAPS = 4) or special cases (MAPS = 3)
" is a card type 13 required.

Each surface which has MAPS > 2 on Card 7 is input on a geparate

card in the same order as the surface indicators on card type 7.



ARD TYPE 14  Format (5E10.4)

Coordinates of Points

umber of Points

oz

The PT values are the coordinate points which define each corner of
a general hexahedral. Figure 4-2 shows this configuration with the points

numbered from 1 to 8,

PT(1,J) — the x coordinate of point J
PT(2,J) — the y coordinate of point J
PT(3,J) — the z coordinate of point J

PT(4,J) — flow angle in the x-y plane
at point J

PT(5,J) — flow angle in the x-z plane
at point J

For two-dimensional problems there will be four cards of type 14 to
be input. For three-dimensional problems there are eight cards of type 14

to be input,

Important Note: All cards type 14 are not input consecutively. They

) are grouped with cards type 15. See Table 4-5 for
the exact sequence of types 14 and 15 and the order
in which they must be input. Section 8 has examples
of this usage.

CARD TYPE 15 Format (6E£10.4)

Segment Extremals for Edges

PMAX(1,K,J)

The extremal x coordinate, in the uM direction, for the Kth segment

of edge J.
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Table 4-5
INPUT SEQUENCE FOR CARDS TYPE 14 AND 15

TO DESCRIBE ALL POINTS AND EXTREMALS
OF SEGMENTS
Order Card Type Description
1 14 Point 1
2 15 Extremals for Edge 1
3 14 Point 2
4 15 Extremals for Edge 2
5 14 Point 3
6 15 Extremals for Edge 3
7 14 Point 4
8 15 Extremals for Edge 4
9 15 Extremals for Edge 5
10 14 Point 5
11 15 Extremals for Edge 6
12 14 Point 6
13 15 Extremals for Edge 7
14 14 Point 7
15 15 Extremals for Edge 8
16 14 Point 8
17 15 Extremals for Edge 9
18 15 Extremals for Edge 10
19 15 Extremals for Edge 11
20 15 Extremals for Edge 12

Note: For two-dimensional geometries, the order
of input stops after 8 since no other points

or edges exist.




PMAX(2,K,J)

The extremal y coordinate, in the 1, direction, for the Kth segment

of edge J.

PMAX(3,K,J)

The extremal z coordinate, in the ns3 direction, for the Kth segment

of edge J.

PMAX(4,K,J)

The flow angle in the x-y plane at the extremal point on the Kth seg-

ment of edge J.

PMAX(5,K,J)

The flow angle in the x-z plane at the extremal point on the Kth seg-

ment of edge J.

ETAMAX(K,J)

The maximum value of the n coordinate on the Kth segment of edge J.

Notes on Card Type 15:

Each edge may be segmented up to five times. Therefore, cards type
15 are repeated for each successive segment on edge J. Each segment must
be input on a separate card type 15. The extremal for the final segment of
an edge is not to be input since this point is already defined by the PT input.

The number of cards type 15 for each edge will thus be one less than the

number of segments on that edge. In particular, if an edge consists of only

one segment, no cards of type 15 are input for that edge.

Table 4-5 should be consulted for the input order of cards type 14 :«;._nd

15. For two-dimensional problems, the order of input stops after 8; for
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three-dimensional problems the order goes up to 20 as shown in the table. '
The points are input on a single card, followed by up to five cards containing
the extremals. Be sure to note the change of order of the input pairs after
order 8. Up to order 8, the points are input first — then the extremals.
After order 8, the extremals are input first — then the points. At order 17,
the input of card type 14 ceases since all points have been input. Only ex-

§

tremals are input for orders 17-20.

Notes on Input Sequence of Cards Type 5 Through 15

e Cards type 6-15 are repeated for each of NSECT sections in a
zone.

e Cards type 5-15 are repeated for each zone of NZONES to be
constructed.

e Cards type 12-15 are not re-input for points, edges and surfaces
in common with the preceding section. Since these have already
been input, the code transfers the entries from one section to
another.

e The first section of each new zone however, must be input since
zones are considered to be independent. Zones can of course be
mated as previously discussed.

e When inputting card type 10 for successive sections, only the
value of DIVPI (ITRAIN) may be changed among the sections.
The other DIVPI must be the same as for the preceding section,

e When inputting card type 11 for successive sections, only the
value of AETA (ITRAIN) may be changed among the sections.
The other AETA must be the same as for the preceding section.

CARD TYPE 16 Format (415)

Coefficient Matrix Parameters.

This paramefe_r is the nodal decrement in the x coordinate direction
for the full flow domain. NDX is used by the STAR/GEOM module to per-
form the matrix diagonalization. NDX is thus the difference in node numbea
of adjacent nodes along the x axis. See the two-dimensional Scramjet simu-

lation case in Section 8 for an example,
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NDY

Theé nodal decrement in the y coordinate direction for the matrix

diagonalization.
'NDZ

The nodal decrement in the z coordinate direction for the matrix

diagonalization. Set NDZ =0 for two-dimensional problems,

ISNOPT

The parameter is used to provide an option on the treatment of off-

diagonal terms in the matrix handling on STAR. If
ISNOPT = 0

then the GEOM module will set the number of special boundary terms equal
to the number of nodes. In general this will produce a dimension greater
than is needed. This option should be used only if the INTEG module is to
be run immediately following the GEOM module. If

ISNOPT = 1

then the GEOM module will calculate the exact number of special off-diagonal
terms and print out this number. The number can then be input to the INTEG
module to produce an exact dimension for the special terms. This option
should be used if the GEOM module is to run in a separate execution stream

before running the INTEG module.

The reason for having this option is to reduce the amount of storage
in the INTEG module. For small two-dimensional problems, it is unimpor-
tant, but for larger three-dimensional problems the large page faults can be
reduced by using ISNOPT = 1.
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CARD TYPE 17 Format (3I5)

Nodal Analog Print Control

This is the first node of a sequence for which the nodal analog output

is degired.

IC

The nodal analog print increment to use, starting with node N1, to
printout the nodal analogs.

NT

The total number of nodes, in this sequence, for which analog printout
is wanted.

Notes:

e Any number of cards type 17 can be input. The last card must
have a -1 in columns 4 and 5 to tell the code that no more cards
are coming,

The analogs can be printed out in any order.

Example of cards type 17:

15 1 2
684 2 5
-1 —

This sequence will produce analog printout for nodes 15, 16, 684,
686, 688, 690, 692.

e Any number of nodal analogs may be printed up to the total num-
ber of nodes in the problem.
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4.5 OUTP™™ DESCRIPTION
The output of the GEOM module consists of two types:

e Printed grid and nodal analog descriptions

® Two save files on which the grid and nodal analogs are stored.

The output save files from the GEOM module are 17 and 20. File 17 con-
tains the nodal analogs and File 20 contains the grid points and descriptions.
These files must be saved by user for later (or irmmediate) input to the
INTEG (17 and 29) or GIMPLT (20 only) modules.

The printed output from GEOM consists of two basic types:

e Geometry/grid description

e Nodal analog definitions

Each of these types is now briefly described. The reader should refer to

the corresponding figures while reading this section.

The first few pages of output from the GEOM module consists of sum-
maries of the input data. The control parameters, the zone and section data,

edge and surface designators are printed (see Figs. 4-4 and 4-5).

The major portion of the geometry output consists of node point loca-

tions and geometric data. The pages are headed by the statement

MESH POINTS FOR RECORD N .

Figures 4-6 and 4-7 are examples of this output for the two-dimensional
Scramjet problem. As these figures show, the first column is the node

number followed by the following list: .

X, Y,Z — C_a.rtegi.a.n coordinates of the node

THXY, THXZ —~ Flow angle descriptors in the x-y and x-z
planes for the node

e L
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VOL — A volume parameter associated with the node (average
only and not a true volume).

NX,NY,NZ — Geometric parameters which are non-zero only
for boundary nodes. If BC =4, these are unit normal vector
components to the surface. If BC =3, these are unit tangent
vectors.

BC — Boimdary condition types (see Table 4-4),
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previously described.

Following the grid point printout is a summary of the matrix diagonali-
zation data and nodal analog print flags. The actual nodal analogs, the finite
difference coefficient matrices, are printed next. Figures 4-8 through 4-11
are examples from the two-dimensional Scramjet problem. The analog

printout is headed by statements of the form:

NODAL ANALOG FOR X DIRECTION, STEP 1.

The {irst integer on a line is the node number for which the analog is being
printed. Following this node number is a list of the connecting nodes and
the finite difference coefficient. Refer to Fig. 4-8 (line 1 node 129) while

the following example is given.

Example:

48 130 146
47 129 . 145
46 8 144
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NODAL ANALNG FOR Y DIRECYION, STEP 1
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Fig.4-9 - Matrix Coefficient —Nodal Analog Output (Y, Step 1)
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NODAL ANALNG FOR X DIRECTINN, STE® 2
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Fig. 4-10 - Matrix Coefficient - Nodal Analog Output (X, Step 2)
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Reading from Fig. 4-8 on line 1, we see that the x-derivative at node 129 is

given by:

= (-10.895807) E,,, + (10.085480) E ,

+ (9.8651875) Eigs t (0.022070995) E 46
This is a type of forward-forward operator in the finite difference sense.

Nodal analogs for the y and z coordinates are printed next for step 1.
These are then followed by the analogs for step 2, if a two-step method is
being used. (See the remaining Figs. 4-9 through 4-11.) This concludes the
printout of the GEOM module.
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5. INTEGRATION MODULE GUIDE (INTEG)

5.1 USE OF THE MODULE

Module 2 of the GIM/STAR code performs the actual integration of the
differential equations. The '"derivative taker' matrices from module 1 pro-
vide the type of finite difference scheme such that the integration module can
be considered a general purpose equation solver., Boundary conditions are
treated in this module via input flags specified by the user in the GEOM
module. The output is a tape containing the flow field at user specified

time increments. This tape can then be printed, or contour maps obtained.

The GIM numerical analog has the form;

[Amn] t.]n + [an] E, + [Cmn] Fp + [Dmn] G, = 0

where the matrices [Amn] , etc., are obtained from the output tape of module
1. It is these coefficients which determine the finite difference scheme to be
used. Schemes which have been tried to date include Galerkin, MacCormack,

Hopscotch algorithms, centered schemes and Euler methods.

The calculation can start at time = 0 with initial conditions as input or
it can be restarted from the output solution of previous iterations. The

solution proceeds for a specified number of time integration steps.

Module 2, INTEG, must be executed after the GEOM, Module 1, has
been run. Also, the DYNDIM deck must also be run on the 6000 side of the
STAR system to provide dimension information to INTEG. Figure 5-1 shows
the logic path of execution for the INTEG module. The requirements are
Files 17 and 20 from the GEOM Module 1 and the dynamic dimensioning

information from DYNDIM (discussed in the next subsection),
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Fig.5-1 - Logic Sequence for INTEG Module




After this ""preprocessing' is done, the INTEG modulé is executed on
STAR and reads data cards in subprogram INPUT, For a restart case,
File 22 from a previous execution is also input. The code is then executed
in a loop as shown in Fig. 5-1 until the maximum number of iterations is

reached.

This module of the GIM/STAR code usually requires the largest run
time of the code. The actual CP time is a strong function of the problem
itself, the grid construction and the options chosen. The following numbers
are a rough guideline for execution of INTEG on STAR. The numbers are
the CP seconds required for one iteration of one node point. Total CP is
obtained by multiplying these estimates by the number of nodes in the prob-

lem times the number of iterations being run.

Mode Inviscid Viscous
2-D 0.6E-4 1.0E-4
3-D 1.0E-4 1.8E-4

The actual wall clock time is even more difficult to estimate and is very
problem dependent. For two-dimensional problems, wall clock times of
twice the CP have been found. For three-dimensional flows, ratios of up

to 10 could be obtained for highly irregular grids.

The following subsections describe the input data and the output formats
of the INTEG module. Section 5.2 describes the required inputs for the DYNDIM
deck and Section 5.3 gives a summary or '"'mini-manual" of the input formats.

A detailed discussion of each input variable is then given in Section 5.4. The

various types of output, with examples, are described in Section 5.5.

5.2 DYNDIM DECK

The INTEG module of the GIM/STAR code has a ""dynamic-dimension"

feature. Each dimensioned variable has a parameter in place of an actual



integer. The DYNDIM program uses the UPDATE feature of CDC software
to replace these parameters with real dimensions so that INTEG can then be
compiled. The dimensions are under user control via input to the DYNDIM
program, Execution of this ""preprocessor' routine must be made before
executing INTEG as explained in Section 3.4, This section describes the

input data for the DYNDIM program.

The required data are.input on one card with the following format:

FORMAT (415)

The total number of nodes in the problem. Each flow vector used in
INTEG is then dimensioned by MN. Thus, for '"small" problems, the code
is dimensioned small and will fit in the main memory of the STAR-100. For
"large' problems the code is dimensioned large and the virtual memory

handles the storage.

IDIM
The spatial dimension of the problem.

IDIM = 1 axisymmetric flow

2 two-dimensional planar flow

3 three-dimensional flow

This parameter is used to set the number of equations and vectors required
for solution. For two-dimensional problems, a dimension of 1 is set for all
variables in the third dimension. This results in a storage savings since

the third dimension is not to be used.




ISPEC
A flag denoting whether a single gas or a two-gas is to be run.

ISPEC = 0 ' single ideal gas
1 two ideal gases

This parameter also controls the dimensioning of the INTEG module. If
ISPEC = 0, the specie continuity equation variables are dimensioned by
1: if ISPEC = 1, these variables are dimensioned by MN.

NSP

The dimension of the '"'special node' variables. The INTEG module
uses vectors of length MN for most of the calculations., However, for
boundary points some of the operations are not vectorizable. These
special cases are treated by scalar operations. The dimension of these

scalar variables is NSP.

The value for NSP can be set in either of two ways:

1. NSP is output from the GEOM module. This value is subse-
quently input to DYNDIM.

2. If NSP = 0 is input to the GEOM module, and the INTEG module
then NSP = MN is the default value.

For larger problems in which GEOM is executed in a single runstream,
the user should set NSP from the GEOM output. If a smaller case is to be
run, with GEOM and INTEG in the same runstream, set NSP = 0 and use the
default value of MN.

If a particular problem, with fixed dimensions, is to be executed many
times, then the compiled INTEG code can be saved. On subsequent execu-
tions then the DYNDIM program will not be needed since the relocatable
INTEG will be called in rather than the source deck. Compiling the module
however, does not require much CP time so that this procedure is not
usually required.
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5.3 INPUT CARD SUMMARY

This subsection presents a sumrhary of the input cards and formats
for the INTEG module. A description of each input parameter and its options
is detailed in Section 5.4. After a user becomes familiar with the INTEG
inputs, this summarized input guide can be used to quickly identify each card

and its contents.
Three basic formats are used to input the data to INTEG:

ALPHANUMERIC Al
INTEGER 15
DECIMAL E10.0

Integers are thus right justified in five column increments. Decimal, or
floating point data occupy ten columns each with, preferably, a decimal point

punched on the card (see examples, Section 8).

Card Type Parameter List/Format

1 ICASE, (ITITLE(I), I=1, 78)
(12, 78A1)

2 IDIM, METHOD, ITMAX, IPRNT, ITSAVE, ISTART,

IOTYPE, IUNITS, ITSTRT, IVISC, IDIST, ISPEC

(1215)

3 NN, NNX, NDX, NNY, NDY, NNZ, NDZ, NPM
(815)

4 DTIME, DTFAC, INCDT
(2E10.0, 15)

5 REAIMU, REALK, GAMS1, GAMSZ2, WM1, wWM2, DK, RK
(8E10.0)

6 EMU, ELAM, ERHO, ESPEC
(4E10.0)
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Card Type Parameter List/Format

7 NNPM(I), NCPM(I), (NNCPM(I, J), J=1, 5),
ANGPM(I); 1= 1, NPM .

(715, E10.0)

8 - (NCT(I, J,K), PXPM(I, J,K), PYPM(I, J,K), K= 1, 4);
J=1, NCPM(I); 1= 1, NPM.

(15, 2E10.0)

9 RHOZ, PZ, ASTAR, NINC, A, B
' (3E10.0, I5, 2E10.0)

10 NJ, INC, NTOT, ITAN, ITYPE
(515)

11 RI, UI, VI, WI, PI, CSI
(6E10.0)

12 N1, IC, NT
(315)

5.4 DESCRIPTION OF INPUT DATA

This section presents a description of the input parameters listed in
Section 5.3. Each parameter is identified as to its usage in the INTEG
module with options and standard values also given. All 12 card types are
not necessarily input for a given problem. Some of the control parameters
on card type 2, for example, dictate which options have been selected and
hence which input cards are required. This information is given in the
discussion of each parameter to be input, Each input card which is read
by INTEG is then immediately printed out to aid the user in debugging a

problem setup.

5.4.1 Card and Parameter Descriptions

CARD TYPE1l  rFormat (12; 78a1)

Problem Identification Labels




ICASE

The numerical number assigned to the given specific problem. This

is used only for user identification of the case being run,

ICASE > 0 identifies the case

< 0 terminates the run

Any number of cases can be stacked and run in sequence with the INTEG
module. After the last case to be processed, the user can set ICASE = -1

to allow a normal termination of the run stream.

ITITLE

Any alphanumeric information that the user wants to assign to identify
specifics of the problem. The title should start in Column 3 and can extend
through Column 80 of the card. This title is used only for identification of

the problem.

CARD TYPE2 Format (1215)

Program Option Control Parameters

IDIM
Flag indicating the dimensionality of the problem being run.

indicates that the two-dimensional
axisymmetric option is to be used

IDIM

n
p—

= 2 for two-dimensional planar flow

= 3 for full three-dimensional flow

The only restrictions on the use of IDIM is that the input files 17 and 20
from the GEOM module must have been generated consistent with two- or

three-dimensional flow. IDIM is also an input in GEOM and must be con-

sistent with its use in INTEG.
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METHOD

A flag indicating whether a one-step or a two-step time integration

method is to be used.

1 one-step method
2 two-step method

The only restriction to use of METHOD is again a consistency with the GEOM
module. If METHOD = 2, then the INTEG module expects to find two sets
of matrices on the input file 17 from GEOM. One step methods probably
should not be used for problems involving shock waves, or for viscous

flows.

ITMAX

The maximum number of iterations to run on this execution of INTEG.
There is no method currently in the module to stop a run other than on the
specified number of iterations. A suggestion is to run, say, 100 iterations

and check the results, then restart and run several hundred more steps.

Nominal Values: ITMAX 50
= 500

1000, etc.

Discussions on "when a case has converged'" are given in Section 7.

IPRNT

The print control flag. Output of the entire flow field, at selected
nodes, is made by the INTEG module every (IPRNT)t:n iteration. For

example,
IPRNT = 100

provides a flowfield printout every 100 time steps.
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A suggestion is to printout often on a debugging run and then on subse-~

quent production runs only printout every several hundred steps.

ITSAVE

The ﬂowf:.eld save flag. Output of the flow field is written on F11e 22
at every (ITSAVE) iteration. For example,

ITSAVE = 500

will write every 500th time step out on file 22. This file can then be saved

on permanent files or rolled out to tape. This file 22 can then be used in

two ways:
1. Plotting of the flow field by Module 3 is done from file 22,

2. Restarting an INTEG run requires that file 22 be saved from
the previous run.

A good idea is to always save file 22 on any long run and then delete it if

no longer needed.

ISTART

The restart control flag. This controls the input data sequence for
the INTEG module.

1
o

ISTART indicates a '""cold" start
run with all initial flow-

field data read from cards.

N>0 indicates a restart run.

If N > 0, then file 22 must be available for INTEG to read. The numerical
value of N is the block number of the record on file 22 to be used as the

starting data.

Example: A previous run has saved file 22 at every 100
iterations for a 1000 iteration run. A restart
case is wanted starting at iteration 800.
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Then N=9 since block 9 will contain the 800th iteration. Iteration 0 is the
first block on file 22 if the user has flagged IOTYPE<O0. If IOTYPE > O,
then N =8 in the example because iteration 0 has not been written on the

file 22.

IOTYPE

Indicator of the type of flowfield output to be printed. An example of

each available type of output is shown in Section 5.5. There are three basic

types:

® One-line output prints only the basic flowfield variables such
as velocity, density, pressure, etc.

e Two-line output prints extra flow variables which are calculated
after the calculation such as Mach number, flow angle, etc.

e Simplified output consisting primarily of supersonic flow quan-
tities of interest such as Mach number, pressure, etc.

IOTYPE = +1 gives one-line output
= +2 gives two-line output

gives the special purpose
output

|
I+
w

If IOTYPE > 0 then the zeroth iteration
is not printed

< 0 the zerot'.h or starting itera-
tion is printed.

The user should refer to Section 5.5 for examples of the various types of

output than INTEG can print.

IUNITS

A flag indicating the units to be used on all flow variables.

IUNITS

1 English units are assumed

2 CGS metric units are assumed
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Either system may be used but all inputs must be in that consistent set. If

dimensionless. variables are used, then set IUNITS = 2. The assumed units

are:
Variable English Metric
Velocity ft/sec cm/sec
Density lbm/ft3 gm/cm3
Pressure lbf/ft2 ' dytie/cmz
Viscosity lbm/ft-sec gm/cm-sec
Thermal 1bm/ft-sec3-R gm/ft-sec3-K
Conductivity
2 2 2 2
Gas Constant ft“/sec”-R cm®/sec”-K
Binary Diffusion ftz/sec cmz/sec
Coefficient
Time sec sec
ITSTRT

Number of the iteration at which the run is to start. This is used only
for printout purposes to help the user keep track of the iterations on a se-
quence of multi~iteration restart cases. For the example restart problem
discussed in the ISTART card, the value of ITSTRT is 800. To keep all
iteration numbers in order, the values of ITSTRT and ISTART should be

consistent, i.e.,

ISTART = 9

ITSTRT = 800

is consistent for the example problem. Again, this is for accounting purposes

only, and an error in ITSTRT will not affect the run or the answers.

IVISC

Flag indicating whether the run is to be made with the inviscid Euler

equations or the full Navier-Stokes equations.
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indicates an inviscid
case to be run

n
(=)

IVISC

= 1 signals a full viscous
Navier-Stokes run

If a viscous run is called for, then the appropriate coefficients must be input
on subsequent cards. For inviscid runs, these coefficients can be read in as
zero since they are not used. The only restriction is that IVISC = 1 must be
used if a two-gas casé is being run. Mixing of the two gas streams could

not occur, of course, for an inviscid flow.

There are two viscous options available, both flagged by IVISC = 1.

1. Real laminar viscosity can be input as non-zero and INTEG
will use this value.

2. Only NDC type viscosity can be called upon. This is used for
numerical stability only and should not affect the problem
answers themselves.

Care should be taken when attempting to compute an inviscid supersonic flow
with shock waves. This type of problem should be run as viscous with only
NDC type artificial viscosity in order to capture the shocks. Methods of in-

putting real viscosity and NDC coefficients will be given subsequently.

IDIST

This is a special input flag to be used only for nozzle/boundary layer

flows.

n
o

provides an inviscid type of
starting solution for nozzle
flows

IDIST

= 1 provides for a viscous boundary
layer type of starting solution
for a nozzle flow. '

Details for inputting a nozzle flow starting solution are given in the descrip-

-tion of card type 9.
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. ISPEC .

Flag indicating whether the problem to be run consists of one ideal

gas or a two-gas system.,

ISPEC

0 indicates a single ideal gas

1 indicates a two-gas system

For single ideal gases, only one continuity equation is solved. For two-gas
systems, a global and a single species continuity equation are solved. Prop-
erties of each of these two ideal gases are input on subsequent cards. For
ISPEC =0, the input of these properties can be zero, since they are not used,
For ISPEC =1, the values of molecular weight and specific heat ratios must
be input. The binary diffusion for a species into the mixture is also required.
The IVISC = 1 option must also be selected.

CARD TYPE 3 Format (815)

Node Point Description

The total number of nodal points in the problem. This input must be
consistent with the input to the GEOM module. It is read in on a card in

INTEG rather than passed across on a file for convenience.

. There is, in theory, no limit on NN except for the external storage
devices of the STAR-100 system. In practice, the number of nodes, NN
should be selected based on accuracy and resolution of the problem. Keep-
ing NN as small as possible, however, reduces the CP time and the large

page faulting on the STAR system.

NNX

The number of nodal points in the x-coordinate direction. This param-

eter is input (and NNY, NNZ) because of the possible irregular grid system
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of the GIM code. To compute a tirne step, the INTEG module must know the

dimensions of the grid in each coordinate direction.

For some irregular grid configurations, the number of nodes in each
coordinate direction may be different among the regions of the full grid.

For this reason, we will sometimes have

NN 74 (NNX) (NNY) (NNZ).

As a guideline for irregular grids, the value of NNX (and NNY, NNZ) should
be chosen for that part of the grid having the most nodes. These inputs are
" for computing a time step only. If a constant time step is input by the user,
"the values of NNX (NNY, NNZ) are not meaningful, but should not be input

as zero.

NDX

This nodal parameter (and NDY, ND2Z) is input to the INTEG module
to indicate the coordinate directions in which the nodes are numbered. The
GEOM module has the option, specified by the user, to number the nodal
points in any order, i.e., starting along any of the three axes first. For
INTEG to set up the vectorization scheme consistent with data provided by
GEOM, the program must know the numbering algorithm,

NDX is the nodal point decrement in the x-coordinate direction, i.e.,

the difference between two node numbers adjacent to one another along the

x-axis., Consider the following two-dimensional example:

1

- N W R



For this example the input would be

1
-

5 NNY
4 NDY

NNX
NDX

n
-

and similarly for a three-dimensional problem.

NNY

Number of nodal points in the y-coordinate direction (see discussion

of NNX)

NDY

Nodal point number decrement in the y-coordinate direction (see

discussion of NDX).

NNZ

Number of nodal points in the z-coordinate direction (see discussion

of NNX). For two-dimensional problems set NNZ =1.

NDZ

Nodal point number decrement in the z-coordinate direction (see dis-

cussion of NDX). For two-dimensional problems set NDZ = 0.

NPM

This flag controls the treatment of sharp expansion corners in two-

dimensional supersonic flow.

NPM = 0 indicates that no special treat-
ment of corner points is to be
made

= N indicates that there are N sharp
corners to be treated explicitly
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The input data for each corner is given on card types 7 and 8 discusscd
later. If NPM=0, then cards 7 and 8 are not input at all. The current

limit on the number of special corners is 10, i.e., NPM < 10 is the limit.

CARD TYPE 4 Format (2E10.0, I5)

Time Step Control Parameters

DTIME

The value (in seconds) of the time step At to be used if the constant
step size option is chosen. The user has the option of using this value for
At or having the code compute At based on the CFL condition. The next

parameter to be input is DTFAC, which determines the option chosen.

DTFAC

A factor which has two functions. The first function of DTFAC is its
multiplication by the minimum CFL number to produce the minimum At for

each step; i.e.,

At .o o= IDpTFAC! *CFL_ .

The second function depends on the algebraic sign of DTFAC.

If DTFAC >0 the code will use the user DTIME
value as long as it is below the
At . .
.~ min
If DTFAC < 0 the code will always use the Atmin
itself and ignore the user input
value of DTIME.

If the value of DTIME is ever detected to be larger than Atmin' then DTIME

is set equal to Atmin'
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The CFL condition is calculated in INTEG by the following formula:

. lal | vl lwl 1 1 1 -1
CFL = + + ta + + |
| I15x * a5 * A \rsz pehiyect B

for each node point, where

Ax, Ay, Az are the grid sizes respectively in
the x, y, z direction

u, v, w are the velocity components re-
spectively in the x,y, z directions

a is the sonic velocity.

No computation is made for a diffusion controlled time step. The DTFAC

parameter can be used to adjust the CFL.

INCDT

Iteration counter indicating the frequency at which to update the At

calculation. The computation of all the CFL conditions for all nodes, and
then searching for the minimum, is a costly operation. It is not usually
necessary to do this at every time iteration. The value of INCDT can be

used to control this calculation. For example,

INCDT = 50

tells the code to run with a constant time step for 50 iterations and then |
check the stability value, update the step size if necessary, and then run
another 50 iterations, If INCDT =1, the code will compute the CFL values
at every iteration. If the time step is cut to satisfy the CFL, a message

is printed to this effect.

CARD TYPES5  Format (8E10.0)

Gas Thermodynamic and Transport Properties
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REALMU

The value of the dynamic viscosity of the ideal gas system. In the
current code, this is a constant, laminar-type value. There are no models
in this version of GIM to compute the viscosity coefficient, The units of

this value depend'on IUNITS input on Card 2 (see this discussion).

REALK

The value of the thermal conductivity of the ideal gas system. This

value is also currently a constant in the appropriate set of units.

GAMS1

The ratio of specific heats for ideal gas number 1. If a single gas
system is being run (ISPEC = 0), GAMS]1 is the value of y for this gas.

GAMS2

The ratio of specific heats for ideal gas number 2. If a single gas

system is being run, set GAMSZ2=0.0.

WMI1

The molecular weight of gas number 1. If a single gas system is being
run, WM1 is the molecular weight of this gas. The code has the option, for
a single gas, of reading-in directly the gas constant RK or using WM1 and

the universal gas constant (see discussion of RK to follow).

WM2

The molecular weight of gas number 2. The code uses the universal
gas constant and molecular weights to compute the individual gas constants

for use in the ideal gas equation of state.



&

The value of the binary diffusion coefficient for species 1 into the

mixture.

If DK >0 the code will use this value in the species
continuity and energy equations,

DK < 0 the code will compute this coefficient as
DK = pu/0.7

n

from the dynamic viscosity y with a
1.0 and Prandtl

assumed I.,ewis number of
number of 0.7.

For single gas systems, the value of DK is not used and can be input as 0.0.

RK

The gas constant for a single ideal gas. If RK > 0, the code will use
this value for the individual gas constant. If RK=0, the code will compute

RK from the universal gas constant and the molecular weight WM1.

CARD TYPE6  Format (4E10.0)

NDC Coefficients (See Fig. 3-2.)

EMU (Nominal Value 0.0 to 0.5)

Coefficient for multiplying the computed NDC artificial viscosity.
This, and the other NDC coefficients are used to control the amount of
numerical diffusion in the solution. The total viscosity is computed as

the sum of REALMU and the artificial term:

MU = REALMU + EMU¥(NDC Value)




e g -

“SEy

e

ELAM (Nominal Value = -2/3)

The coefficient to use in computing the '"second" viscosity coefficient
A in the Navier-Stokes equation is as follows: '

A = ELAM*uU
The value of -2/3 gives the Stokes relation.

ERHO (Nominal Value 0.0 to 0.5)

Coefficient to multiply the computed NDC artificial diffusion term for
the global continuity equation. This value is usually set to zero for shock-

free flows, but should be about 0.5 for problems which have strong shocks
(see Fig. 3-2.)

ESPEC (Nominal Value 0.0 to 0.5)

Coefficient to multiply the computed NDC artificial diffusion term for

the species continuity equation. Same usage as ERHO for global conserva-
tion of mass.

CARD TYPE7  Format (715, E10.0)

Node Point Information for Special
Treatment of Sharp Corners

Notes

1. Input card type 7 and 8 only if NPM > 0 on Card 3.

2. For NPM > 0, the input sequence is one card type 7 followed

by cards type 8; then repeat the sequence NPM times, Card 7 —
then 8, Card 7 — then 8, etc.

3. The number of cards type 8 to be input after each type 7 is a
variable specified on card type 7 itself. Thus, for different
NPM values, there may be more than one card of type 8 (see
description of Card 8).

4. In the subsequent input description, the subscript I runs from
1 to NPM.
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NNPM(I)

Node number of the corner point to be specially treated. See the

example below.

Node 701 is the corner node itself. Set NNPM(I) = 701.

NCPM(I)

The total number of nodes, connected to the corner node, which the
user wants to be computed using the downstream side expanded flow at node
NNPM. In the above example, if NCPM(I) = 3, then three of the connecting

nodes are assumed to be downstream of the Mach line from the corner,.

NNCPM(i,J), J=1,5

These are the node numbers of those connecting nodes which are to be
recomputed. In the above example, NCPM(I)= 3, thus, there are three values
of NNCPM to be input. (The J = 1,5 is for generality, simply set the re-

maining two values to zero.) For the example, the input would be

NNCPM(I, 1) = 801
NNCPM(, 2) = 802
NNCPM(, 3) = 702
NNCPM(I, 4) 0
NNCPM(I, 5) 0

This then connects the corner node 701 to surrounding nodes 801, 802 and
702. These nodes will be computed using the downstream flow from the
corner. Nodes 601 and 602 are also connected to the corner, but are "up-
stream' of the expansion and will be computed from the upstream unex-

panded flow.
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ANGPM(I)

The expansion angle of the corner, measured from the horizontal.

The input angle is in degrees.

CARD TYPE 8 Format (15, 2E10.0)

Finite Difference Information for Corner Treatment

Notes

1. The number of cards type 8 is
4¥NCPM(I)
where NCPM(I) was input on Card 7 for 1=1,2,..., NPM.

2. In the subsequent input description, the variable I runs
from 1 to NPM, and the variable J runs from 1 to NCPM(I).

NCT(,J,K), K=1,4

The node numbers (4 of them) which are connected to node number J,

for treatment of corner node 1.

Note that the format is (15, 2E10.0) for Card 8. This means that the

following card sequence is required:

Card 8~-1 NCT(LJ,1), PXPM(L,J, 1), PYPM(L,J, 1)
Card 8-2 NCT(1,7,2), PXPM(1,J,2), PYPM(L,J, 2)
Card 8-3 NCT(I,J, 3), PXPM(L, J, 3), PYPM(L,J, 3)
Card 8-4 NCT(1,7J,4), PXPM(I,J, 4), PYPM(I. J, 4)
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PXPM(I,J,K), K=1,4

The value of the ""derivative-taker' matrix B for computing the
x-derivative of node J due to the contribution of node K. These values
are taken from printout of the GEOM module. The best method of under-

standing this procedure is to study the example problems of Section 8.

PYPM(, J,K), K=1,4

The value of the ""derivative-taker' matrix C for computing the
y-derivative of node J due to the contribution of node K. See discussion
of NCT and PXPM.

CARD TYPE9  Format (3E10.0, I5, 2E10.0)

Nozzle Flow Parameter Identification

Notes

1. Card type 9 is input for all cases except a restart run,

2. The data on Card 9 are actually used only if a nozzle-flow
starting conditions type is flagged on Card 10.

3. The data on Card 9 can be blank if it is not to be used;
but the blank card must be there.

RHOZ

Value of the stagnation density of the gas flow. A one-dimensional
isentropic equation is solved to give an initial density distribution in the
nozzle. The flow conditions are simply expanded isentropically based on

area ratio of the nozzle. -

-1/'y..1
Y-1 2
p/po = [1+—2—M ]



Value of the stagnation pressure of the gas flow. Same usage as
RHOZ, where

1-v/v-1
P/P, = [1 ¢ 5L MZ]

ASTAR

The area of the nozzle throat. The isentropic expansion is done in
terms of area ratio, i.e., local area to ASTAR. The code uses a subsonic
expansion for the converging portion of the nozzle and switches to a super-
sonic equation after it encounters an area ratio of 1.0. The test that is

made 1is

l‘—\‘%‘?—R - 1|< 1.0E-4

The user should take care to ensure that ASTAR is accurate enough to allow
the code to detect the throat of the nozzle. If this test fails, a subsonic ex-

pansion will also be used in the diverging section of the nozzle.

NINC

The nodal point number increment between nodes on the nozzle center-
line and the upper wall. This is used to obtain the coordinates of the nodes
to compute the local area. In general, NINC is the number of nodes in the
y (or radial) direction minus 1. If there are 20 nodes radially in the nozzle,
then NINC = 19.

A, B

These are parameters that the user can set to obtain a "boundary-
layer-like' velocity distribution in the nozzle. These parameters are used
if IDIST=1 was input on card type 2. The equation used is

k = A+B*x (x is the axial coordinate)
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then
k
M = Mo (1 - Y/Yw)

where

M = local Mach number at location (x, y)

M _ = local isentropic Mach number at the centerline
o

of the nozzle (x,y=0)

y = local radial coordinate of the node
X = local axial coordinate of the node

Yo = radial coordinate of the upper wall of the nozzle

This gives a value of M, at the centerline, M= 0 (no slip) on the nozzle wall,

and a '"boundary-layer-like' distribution in between the boundaries.

CARD TYPE 10 Format (515)

Nodal Designators for Initial Conditions Input

Notes

1. Any number of cards type 10 may be used to initialize a flow
field. All nodes can be input on a single card or each node
can be input on a separate card. The usual case is some-
where between these two extremes.

2. f ITYPE =0 is input on card type 10, then a card type 11 must
immediately follow. If ITYPE < 0, no card 11 is input,

3. A -1 card (Columns 4-5) must be input as the last card in a
type 10 sequence to terminate reading of initial conditions
data.

4. Card type 10 (and 11 if required) are not input for a restart
case unless changes are being made (see Section 5.4.2). The
-1 card must be present even on a restart case.

Node number of the first nodal point to be initialized by this card
type 10. (NJ = -1 terminates the input of Card 10.) e



Node number increment to NJ to be used for inputting a sequence of
nodes on one card. Set INC=0 if only one node is to be set by this card.
If INC > 0, this will be added to NJ to allow the user the convenience of

incremental inputs.

NTOT

The total number of nodes to be set by this card type 10.

Example: NJ =600, INC=2, NTOT =5 will cause nodes 600, 602, 604
606 and 608 to be initialized to the same values (input on Card 11 to follow).

ITAN

A flag which can be used to allow the user to input either: (1) velocity

components, or (2) total velocity. If

ITAN 0 the code assumes that the user
will input u, v, w velocity compo-

nents.

= 1 the code will expect a total velocity
to be input. The individual compo-
nents will be computed by the code
using the flow angle information
from the Geometry file.

For boundary conditions which require inviscid free slip to be maintained,
ITAN =1 should be input to ensure that accuracy is maintained in applying
the "tangency'" condition at walls. This option can also be called upon to
start the flow in the proper direction to enhance the convergence to steady
state.

ITYPE

The critical flag that tells the code which type of initialization is to
be done,

5-27



CARD TYPE 11

Notes

ITYPE

______ a

allows the user to input the initial
s on cards (see card

condition
type 11).
signals the code to use the nozzle

flow initialization option (see card
type 9).

sets the initial conditions for this
card type 10 input to the same values
as the previous card type 10 node
values.

allows the user to code a subroutine
USERIP in order to initialize the flow -
field. This subroutine is provided in
skeleton form with the code. Often a
flow problem can be best initialized
from the output of another code, from
interpolated data or another source.
This option is provided to give the user
total flexibility in initializing the flow
field. The reason being that the initial
data determines to a great extent, the
amount of computer time it takes to
converge to steady state. (Examples
are given in Section 8 of the use of
USERIP inputs.)

Format (6E10.0)

ing card type 10.

Flowfield Initial Conditions

1. Card type 11 is input following a card type 10 only if
ITYPE =0 is input on card type 10.

2. HITYPE=0 on Card 10, then a type 11 card must follow.

3. Cards type 11 is not input on a restart case unless changes
are being made (see Section 5.4.2).

Mass density to be assigned to the nodes specified on the correspond-




Velocity component in the x-coordinate direction to be assigned as
initial conditions. If ITAN=1 was input on the corresponding card type 10,

the Ul is to be the total velocity rather than the x-direction component.

VI

Velocity component in the y-coordinate direction. If ITAN= 1, then

set VI=0.0 and the code will compute the component from geometric inputs.

Wl

p——

Velocity component in the z-coordinate direction. If ITAN= 1, then
set W1=0.0 as is the case with VI. For two-dimensional problems, input
WI=0.0.

Pl

———

Static pressure to be assigned to the nodes designated on the corre-

sponding card type 10.

CSI

Mass fraction of gas species number 1 to be assigned as initial condi-
tions., This must be between 0.0 and 1.0. For a single gas case, ISPEC=0,
input CSI=0.0.

CARD TYPE 12 Format (315)
Nodal Output Control
Notes

1. The nodal point flow field can be ocutput in any order for con-
venience of the user. The nodes do not have to be printed in
sequential order. '



2. The maximum number of nodes to be printed in NN, the total
number in the problem. A given node can be printed more than
once, if it is convenient, but the total number of output stations
must not be more than NN.

3. Any number of cards of type 12 may be input. For example,
aark nmada ¢ ha mwinéad ~fam o e nlfiad ae o cmme e dn e = P
Tatili 1IUUT W Ut piuittu Laii U d5peliiied Vil a s€paral€ Cara, Or
all nodes to be printed can be specified on a single card. The
usual case is somewhere between those two extremes.

4. A ~1 card (Columns 4-5) must be last card in the sequence of
type 12 cards. This causes the code to start the execution
cycle,

The node number of the first nodal point on this card to be printed.
For example, N1= 698, then node 698 will begin the printing controlled by

this card.

IC

The node number increment to N1 at which printing is desired. For

example, N1=100, IC = 3 will cause output of nodes 100, 103, 106, 109, ...

NT

The total number of nodes to be printed by this card type 12. For
example, N = 200, IC=2, NT =5 will cause output to be printed for nodes
200, 202, 204, 206 and 208.

Exé.mple of Card Type 12 Sequence:

1 1 100
101 2 50
501 5 200

-1




5.4.2 Special Input Sequence

There are always '"'special! cases to be input with most any flowfield
code. There are often problems which can best be initialized in some non-
standard way. There is no known method of single card input which will
cover all possibilities. In the GIM/STAR code, we have provided two options
for handling these cases. The RSTART option allows a problem to be initial-
ized from the GIM solution of another case. This is described in the subse-
quent discussion. The second choice is to use the USERIP option, This
allows the user to write a special purpose subroutine to initialize a problem,
At Lockheed we have found this to be the most efficient way of initializing
many problems. The better the initial guess of the flow field, the faster is
the convergence to steady state. The USERIP option is also discussed in
the following pages.

RSTART Option

The RSTART feature of the code has two basic functions:

1. It allows a problem to be '"restarted" from a previous run. If
a case does not converge for some reason, the problem can be
restarted from some point with different parameters. This also
allows a case to be run in segments. A run can be made for,
say 200 iterations and then stopped. The run can then be re-
started at iteration 200 and run again.

2. It allows parametric studies to be made efficiently. A case for
" a given set of flow conditions, (pressure, Mach number, etc.),
can be converged for a configuration., The output can then be
used to initialize a case for different pressure, Mach number,
etc. This permits steady state results to be obtained in much
less computer time than a ''cold start" run.

To use the RSTART option, the user proceeds as follows:

1. On the first run of a sequence, set ITSAVE > 0 and save file 22
on a tape or permanent file,

2. On the second run of a sequence, set ISTART > 0, and copy the
previously save file onto file 22.

3. Repeat this sequence for each restart case. There is no limit
to the number of times a case can be restarted.
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An important item to remember on a restart run is that the initial
conditions cards type 10 and 11 are not input unless changes are to be made.
For the standard RSTART usage, only the -1 card of sequence types 10 and 11
is needed. The option does exist for allowing the user to restart a run and
change some of the conditions if desifed. To use this option, the following

sequence should be used:

1. Set ISTART > 0 and copy the saved file onto file 22,
2. Input cards type 10 and 11 in the same manner as a '"cold start" case.

3. Conclude the type 10 and 11 sequence with the standard -1 card.

The example problems given in Section 8 show an example of the use of the

RSTART option.

USERIP Option

This option allows the user to write a special purpose subroutine to
initialize a flow field. The skeleton of this subroutine is provided with the

GIM/STAR code. To exercise this option, the following procedure is used:

1. On card type 10, set the parameter ITYPE = 3. The subroutine
USERIP is then called with arguments, NJ, INC, NTOT, IRTN.
The first three of these are just the inputs from the card type
10. (See this section for definitions.) The parameter IRTN
should be set by the user in USERIP. If IRTN=0, the code pro-
ceeds to store the flow ‘variables in the standard input manner.
If IRTN=1, the code will assume that the user has stored all
data and return is made to read another card type 10.

2. The second step is to code the required data into USERIP. This
is done using the UPDATE feature of the CDC software. The
IDENT is as follows:

¥DENT USER
*D PAGEZ2.142
User Code

The variables that must be set in this subroutine are RI, UIl, VI, WI
and PI as defined in the discussion of card type 11. If IRTN=0 is set, then




the above variables must be returned to the INPUT subroutine. If IRTN=1

is set, the code expects the user to set the following variables:

RHO(I), UVEL(I), VVEL(I),
WVEL(I), P(I), ENER(I)

The example problems given in Section 8 show an example of the
USERIP option. To use this particular option of the code efficiently requires
some experience and practice with its use. An experienced user will, how-
ever, find this to be a very efficient means of inputting the important initial

conditions.

5.5 OUTPUT DESCRIPTION
The output of the INTEG module consists of two types:

e Printed flowfield data, and

e Output file on which the flowfield data
are stored.

The output file (22) is a formatted file used in the GIMPLT module to plot
contours of the flow field (see Section 6) and for restarting a run. The

printed output from INTEG consists of the following types:

e The input cards are printed out to allow the user to check the
data.

e At each time iteration, a printout is given of the unsteady
derivative parameters.

e At user selected iterations, the flow field itself is printed.

Each of these types of output is now briefly described. The reader should

refer to the corresponding figures while reading these descriptions.

5.5.1 Printout of Input Cards (Figs.5-2 and 5-3)

The first page of output from the INTEG module is a summary of the

input cards. The variable names and nomenclature for this printout are the
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same as described in the INPUT guide (Section 5.4). The user should verify
that the intended input got into the code correctly. This page is followed by
problem summary statements which give the code's interpretation of the
options requested by the user. Again, this should be checked to ensure that
the proper options were selected. The final line on the input summary is
titled:

"Unsteady Derivative Reference Values."

The quantities are defined at current iteration '"zero'" and are the sum of

squares of the unsteady derivatives;
NN >
2. @y
i=1

The order of this printout is
2 e 2 e 2 v 2 . 2 . 2
P, (pu)-, (Pv) -, (Pw) s (PE) -, (PC) " .

For two-dimensional problems, the (p'w)2 is not printed and for single gas
cases, the (p‘C')2 is not printed. The values of these variables are different

for each problem and set of initial conditions, but generally are of the order

of 105 to 1020. The primary use of this data is for debugging of a new prdblem

set-up and to check for convergence of a set of restarted runs (see Section 7).

5.5.2 Sum of Squares of Unsteady Derivatives (Fig. 5-4)

The output philosophy of the GIM code is to print '"'some information at
all iterations and all information at some iterations." At each time step, the
current values of the ""sum of squares'" of the unsteady derivatives is printed.
This information has proved to be very useful in determining convergence of
a case. The printed values start at 1.0 since they are normalized by the
reference values at iteration zero. In general, these derivatives should start
to go down as the solution gets closer to steady state. In some cases, they
may go up for a while as the code is adjusting the solution. Convergence is
generally obtained after the values drop several orders of magnitude and then
stop changing.
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The iteration number, ITER, is followed by the current value of the
minimum time step, DTMIN. The normalized sum of squares of the unsteady
derivatives are then given for each variable in the U vector. A header is
printed at each new page to ide;'ltify the derivative being printed. See Section
7 for further comments on the unsteady derivative method for converging a

case.

5.5.3 Flowfield Output (Figs.5-5 through 5-9)

Printout of the flow field is given at user specified iterations. In addi-
tion, the user can also select the node points to be printed. These are con-
trolled by flagging the appropriate input cards. A large volume of paper can
be generated if all nodes are printed for a three-dimensional problem. Care-
fully selected nodes could be printed during the convergence of a case, and

then all nodes printed after steady state is reached.
The format of this output depends on two input parameters:
IDIM; IOTYPE

If IDIM = 2, only those variables pertinent for two-dimensional flows are
printed. If IDIM = 3, the full three-dimensional flow field is output, The

value of IOTYPE determines the amount of printout at each node point.

IOTYPE =1: This will be called the '"one line' output and consists of
the basic calculated flow parameters; density, velocity, energy and pressure.
Figures 5-5 and 5-6 are examples of this output for two- and three-dimensional

flow, respectively. The nomenclature for the printout is as follows;

NODE — node point number

X, Y, Z — Cartesian coordinates of the NODE
RHO — density

U,V,W — velocity components in x, y, z directions
QVEL — total velocity (u2 + v?‘ + w‘?')]‘/2

E — total energy
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.66200206E+03
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«10S80000E+03
«10580000F ¢+03
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.21282121E401
«C1U461152E+401)
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24031045E+01
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«25197S10F+01
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«.2RUL34IAE+OL
.29194174€+01
.2RAY0136E+01
.2A592904E+01
.2832127SE+01
.PRN57672€+01
+2PTT89964E+01
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.27279121€E+01
«27006090E+01
«26TUQ149E+01
«26S50141LE+0}
.20543180E+01
«26622240E+01
«26673271E+01
«26679564E+01
«2U996632E+01
«2U4996632F. +01
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TiMe=

PHIX
20000060402
.2¢000U0buE+D2
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e 19999GARKE +(2
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« 199999LAL +02
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« 199999 KA +02
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«286706u47L +00
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wB2626226F+01
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»199999K8E +02
o0
o0

Fig.5-9 - Special QOutput Format
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P
1B

pressure

node point type (see Section 4)

IOTYPE = 2;: This will be called the '""two-line'" output and consists of

the basic flow variables plus auxiliary calculations. Figures. 5-7 and 5-8

are examples of a two-line output for two- and three-dimensional flow, re-

spectively. In addition to the basic variables printed out for IOTYPE = 1,
the following are given for IOTYPE = 2.

GAM
CSs
PHIX
PHIY
S0OS
T

M

If a two-gas code is

local value of the ratio of specific heats
mass fraction of gas species number one
flow angle in the x-y plane

flow angle in the y-z plane

local sonic velocity

temperature

Mach number

being run, then IOTYPE = 2 will give a printout of the

species continuity equation solution.

IOTYPE = 3:

This will be called the "simplified output" option and

consists of only auxiliary flow variables;

RHO
P

M
PHIX
PHIY
iB

density

pressure

Mach number

flow angle in x-y plane
flow angle in y-z plane

node point type

This option is generally useful for simple cases such as inviscid supersonic

flow where only pressure and Mach number are wanted. It can also be used

during the debugging stage to reduce the volume of numbers to be viewed.

Figure 5-9 is an example of this type of output.
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At the top of each new page, the current iteration number and time
step are also .printed. Following each flowfield iteration is a STAR run time
printout. The CP time in seconds and the wall clock time in seconds is given.
The values are the elapsed times since the last printout. For example, if
and the CP time = 1,62 then each

The units for the output variables are the same as the input set of units.

This is set by the user input value of IUNITS (see Section 5.4),

5.5.4 Error Messages

The current INTEG module has a few error diagnostic messages that
are printed if the code detects an irregularity. This is not a complete set
of possible errors, but have been found to be most common ones which occur.

A brief description of these seven error messages follows.

1. TOO MANY OUTPUT NODES REQUESTED, MAXIMUM = NN

This message indicates that the user has made an
error on the node printout card type 12. The maxi-
mum number of nodes that can be printed is NN, the
total number of nodes in a problem.

2. TIME ITERATION DID NOT CONVERGE

This message is printed if the solution '""blows-up"
before ITMAX iterations are reached (see Section 7).

3. UNSTEADY DERIVATIVES GREATER THAN TOLERANCE

The normalized sum of squares of the unsteady
derivatives are monitored by the code. If any of
the values goes up by more than 5 orders of magni-
tude, this message is printed. It usually means that
the solution is about to ""blow-up.'" The time step
parameters, DTFAC, INCDT are a possible source
of the trouble, The NDC coefficients should be



checked and possibly adjusted. An error in the initial
conditions can often cause this message.

4. INITIAL CONDITIONS INPUT FOR NODE NUMBER GREATER
THAN NN '

A common error is the input of initial conditions data for
a non-existent node number. If this error message is
printed, the user should check the input cards type 10.

5. INVALID IOTYPE

The value of IOTYPE, on the input card type 2, must be
either 1, 2 or 3.

6. INVALID BOUNDARY CONDITION TYPE

The INTEG module checks the boundary condition flags
IB which are input from the GEOM module. All nodes
must have IB values between 0 and 9, The user should
check the GEOM module input data deck.

7. TWO-GAS CASE REQUESTED WITHOUT VISCOUS OPTION

If a two-gas problem is being run, the INTEG module
requires that the IVISC = 1 option is selected. This is
done to ensure that the mixing coefficients for the equa-
tions are all consistent. The GIM formulation does not
use an "inviscid slip-line' approach for shear flows and
hence must use the viscous terms to mix a flow from two
different streams. If ISPEC =1, then the user must also
set IVISC = 1.

Other possible error messages may be printed by the STAR system
itself. The user should refer to their documentation for explanation of

these diagnostics.
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6. GRAPHICS MODULE GUIDE (G IMPLT)

6.1 USE OF THE MODULE

The GIMPLT module may be used to generate plots of the finite element
grid, velocity vectors, and/or pressure, temperature, density and Mach number

contours.

Portions of the flow field may be plotted separately to obtain enlarged
views of certain regions, such as corner regions, throat sections, etc. These
regions may be plotted to the same scale, if desired, so they can be placed

together to form a large plot of the entire flow field.

The description of the region to be plotted including its node/element
topology, view angle, etc., is defined by a '"Plot Specification." Once these
"Plot Specifications' are input, grid plots, velocity vector plots, and/or con-
tour plots may be generated for any, or all, of the flowfield regions described

by the set of "Plot Specifications."

Many of the input data parameters to the GIMPLT module have default
values which are used if the input parameter field is left blank or set to zero.
Most of these default values will be satisfactory in most cases, relieving the

user of some data input.

The GIMPLT module may be executed following the INTEG module for
generation of velocity vector, contour, and/or grid plots. If grid plots only
are desired, the GIMPLT module may be executed following the GEOM module.
When checking out a new model, it is recommended that plots of the grid be

generated and examined before proceeding with INTEG executions.



e

The {file requirements for the GIMPL'I_‘ module are illustrated in
Fig. 6-1.

(Not Required for
GRID Plots)

File 20 GIMPLT |« Card Input
(GEOM) Module
4
Plots
+

Printed Output

Fig.6-1 - File Requirements for GIMPLT Module

The GIMPLT module resides on the STAR Access Station (CDC 6400
"Z" machine)., Hence, all files needed must be available on the Access
Station when executing the GIMPLT module. Since the GEOM and INTEG
modules execute on STAR, files 20 and 22 must be transferred back to the
Access Station via the TOAS command. See Section 3 of this report and/or

the STAR Programming Manual for details.

Following the execution of the GIMPLT module, the system PLOT
post-processor must be executed to obtain the actual plots. Several
graphics devices are available at Langley. Refer to the Graphic Output
System User's Guide for details.

6.2 INPUT CARD SUMMARY

This section presents a summary of the input cards and formats for
the GIMPLT module. A detailed description of each input parameter, its

options, and default values (where present) is given in the following
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Section 6.3. After a user becomes familiar with the GIMPLT input param-

eters this input card summary can be used to quickly identify each card and
its contents. '

Three basic formats are used to input the data to the GIMPLT module:

ALPHANUMERIC Axx
INTEGER 15
DECIMAL E10.0

Note that some fields are skipped for some card types as indicated by nX in
the format description.

Card Type Parameter List/Format
1 ITITLE(1l), ITITLE(2)
(2A40)
2 NX, ITERAD, ITRBLK, KDIM, ISP
(515)
3 GAMMA, FACTOR, RK, PO, TO, RHOO
(6E10.0)
Specs.
S-1 NPLT, STITLE, IVIEW, ISYM, ITHETI1, IAXIS1,

ITHET2, IAXIS2, IXTABL, IYTABL, VFAC
(I5, 5X, A20, 815, E10.0)

s-2 NTYPE, JO, ITUMP, JJUMP, NI, NJ, IPRNT
(715)
Grid
G-1 'GRID', IOPT, ICSCLE, NSPECS, (ISPEC(I), 1= 1,
NSPECS)
(A4, 1X, 15, 25X, 2I5, 7I5)
G-2 (ISPEC(I), 1= 8, NSPECS) if NSPECS > 7)
(45X, TI5)
VVEC '
V-1 'VVEC!, IOPT, NITER, ICSCLE, NSPECS, (ISPEC(I),

I=1, NSPECS)
(A4, IX, 2I5, 20X, 215, 715)
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Card Type Paramecter List/Format
VVEC
v-2 (ISPEC(I), 1= 8, NSPECS) (if NSPECS > 7)
(45X, 715)
I-1 (ITER(I), I= 1, NITER)
(1615)
Contours
C-1 ITYPE, IOPT, NITER, NC, ITABLE, INCR, ICSCLE,

NSPECS, ISPEC(I), I=1, NSPECS)
(A4, 1X, 515, 5X, 215, 715)

c-2 (ISPEC(I), I= 1, NSPECS) (if NSPECS > 7)
(45X, 715)

I-1 (ITER(I), I=1, NITER)
(1615)

L-1 (CVAL(), I=1, NC)
(8E10.0) -

6.3 DESCRIPTION OF INPUT DATA

This section presents a description of the input parameters listed in
Section 6.2. Each parameter is identified as to its usage in the GIMPLT

module with options of each shown,

Example plots are given for a few selected cases. All possible plot
combinations cannot be illustrated due to large numbers of possibilities.
The user can generate those options of interest for the example problems
as a learning tool for understanding the GIMPLT module. Finally, certain
restrictions which apply to GIMPLT on the STAR-100 system are given.

CARD TYPE 1 Format (ZA40)

Problem Identification




ITITLE(1), ITITLE(2)

This problem identification title appears on contour and velocity vector
plot frames as two lines of forty characters each. This title identification
should be made consistent with the problem identification for the correspond-
ing INTEG run which generated the flow field to be plotted. '

CARD TYPE2 Format (515)

Problem Size and Type Description

The total number of nodal points in the model which is being plotted.
NX must be consistent with the GEOM and INTEG runs which generated the
grid and flow field.

ITERAD

The iteration number of the first set of flowfield information on the
INTEG File 22 which is being used as input to the GIMPLT module. This
parameter may be left blank if GRID plots only are being generated.

ITRBLK

The number of iterations per block on File 22. This corresponds to
the iteration save increment ITSAVE used in the INTEG run which created
File 22.

This parameter may be left blank if GRID plots only are being gen-

erated.

KDIM

The dimensionality of the problem.

KDIM =2 for 2-D planar or axisymmetric
KDIM =3 for 3-D
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The two-gas flag used in INTEG.
ISP =0 for single gas

=1 for two gases

This parameter is needed to define File 22 content and may be left

blank if GRID plots only are being generated.

CARD TYPE3  Format (6E10.0)

Gas Constants and Reference Values

(This card may be left blank if contour plots are not being generated.)

GAMMA

The ratio of specific heats as input in the INTEG module.

FACTOR

This is a unit conversion factor.

Set FACTOR = 32.174 if IUNITS=1 in INTEG
Set FACTOR =1.0 if IUNITS =2 in INTEG.

The gas constant as input in INTEG.

PO, TO, RHOO

These are reference values which are used to normalize pressure,
temperature and densit)}, respectively, for contour plots. These may be
stagnation values if desired. If contour plots of the unnormalized quantities
are desired, PO, TO and RHOO may be set to 1.0,
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A set of "Plot Specifications" follows. Each "Plot Specification"
defines the nod_e/element content of the plot, its orientation, view angle, etc.
A description of the four-node elements which constitute the flowfield region
represented by each plot specification is required. These element outlines
.always appear on GRID plots but normally do not appear on velocity vector

or contour plots unless requested by the user.’

A set of two-node line connectors is available to describe the outline
of the flowfield region and/or any distinguish-ing features, such as centerlines,
flow boundaries, etc. Once this library of '""Plot Specification' is established,
GRID plots, velocity vector, or contour plots may be generated for any or all
of the flowfield region by selecting the proper '"Plot Specification." The input
data requirements for a single "Plot Specification" follow, The data for sev-
eral "Plot Specifications" may be stacked. A card containing a -1 in Columns

4 and 5 terminates the "Plot Specification'" data library.

CARD TYPE S-1 Format (15, 5X, A20, 815, £10.0)

Plot Specification Labeling and View Angle Options

NPLT No Default

Plot specification identification number. NPLT may be any positive
number less than or equal to 100. The plot specifications need not be iden-

tified in ascending order. NPLT = -1 terminates the plot specification data.

STITLE = No Default

"The plot specification title. This title will appear on grid plots iden~
tifying the plotted region, e.g., CORNER REGION.

IVIEW  Default IVIEW=3

The view axis which is normal to the plotted plane.



ISYM Default- ISYM=0

A symmetric reflection parameter. If ISYMZO0, the plane normal to
axis ISYM is a symmetry plane. The symmetric reflection about this plane

is plotted. This parameter is normally left blank,

The next four parameters on this card, ITHET1, IAXIS1, ITHET?Z2,
IAXIS2 along with the view axis, IVIEW, are used to select a non-standard

axis orientation on an oblique view angle.

ITHET] Default ITHET1=0

Rotation in degrees about axis IAXIS].

JAXIS1 No Default

Axis about which first rotation is performed.

ITHET2 Default ITHET2=0

Rotation in degrees about axis IAXIS2.

IAXIS2 No Default

Axis about which second rotation is performed. The standard view
angle consists of the z-axis (3) directed toward the viewer (out of the paper)
with the x and y axes directed to the right and top respectively, as illus-

trated below.

b4 z X
+z X +x y +y z
IVIEW = 3 IVIEW =1 IVIEW =2
(Standard) .

If a different axis orientation is desired, or if an oblique view angle is
required, rotations may be performed by using the ITHET]1, IAXIS1, ITHETZ2,

and IAXIS2 parameters, Following are two examples.
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-z X
b
Y
X
IVIEW =3 IVIEW =1
ITHETI1 =180 ITHET1=30 IAXISI=2
IAXISI=1 ITHET2=-30 1AXIS2=13

Note that the second rotation (ITHET2, IAXIS2) is performed about the ro-

tated reference frame resulting from the first rotation.

When creating contour plots, an option exists for labeling the contours
and constructing a label ID table. (See discussion of contour plots later in
this section,) This table is normally placed in the upper left-hand corner of
the plot irame. The following parametfers may be used to position the ID
table elsewhere on the plotted frame.

IXTABL Default IXTABI.=20
X raster value for upper left-hand corner of label ID table,
IYTABL Default IYTARL = 980

Y raster value for upper left-hand corner of label ID table.

0, 1023 1023, 1023

Default
_/ Liocation
IXTABL =20

IYTABL = 980

Plotted Frame

0.0 1023,0




VFAC Default VFAC=1.0

A length factor uscd to lengthen or shorten the vectors on velocity

vector plots., (See discussion of velocity vector plots later in this section.)

Exameles

VFAC=2.0 doubles the length
VFAC=0.5 halves the length

CARD TYPE S-2 Format {715)

Plot Specification Node/Element Content

Card type S5-2 is used to specify the node/element content of a plot
specification. Any number of cards of this type may be input te describe
a single plot specification. The last card for a particular plot specification
should be blank except for a -1 in Columns 9 and 10, which terminates the

data for that plot specification.
NTYPE Default NTYPE=0

Element generation control parameter.

NTYPE = a single element is input
= 2 a network of two-node line
connectors is generated
= 4 a network of 4-node elements
is generated
JO No Default

For NTYPE=2 or 4, JO is the starting node in the generated network.
For NTYPE =0, JO is the first connected node. JO= -1 terminates the se-

quence of card type $-2 input for a plet specification,



LJUMP No Default

For NTYPE =2 or 4, ITUMP is the nodal increment in the i.th direction
for the element network generation, For NTYPE =0, this is the second con-

nected node, i.e., node JO connects to node IJUMP.,

JIUMP No Default

For NTYPE =2 or 4, JJUMP is the nodal increment in the jth direction.
For NTYPE =0, JJUMP is the third connecting node, i.e., node JTUMP is con-
nected to node IJUMP.

NI Default NIi=1

For NTYPE= 2 or 4, NI is the number of elements generated in the i.th

direction. For NTYPE =0, NI is the fourth connecting node, i.e., node NI is
connected to nodes JIJUMP and JO.

NJ Default NJ=1

For NTYPE =4, NJ is the number of elements generated in the jEn di-
rection. LI NTYPE =2, NJ is the number of lines of connecting nodes in the

jth direction. For NTYPE =0, NJ is not used.

IPRNT Default IPRNT =0

IPRNT=0 no printout
=1 nodal connections are printed
for each element generated by
this card

For NTYPE = 2, a network of 2-node line connectors are generated as illus-
trated below.

Where the 'origin' and 'terminus' of a line are connected to nodes J1
and J2, respectively. The program generated NI¥NJ lines, as follows. For
I=1, through NI, and J=1 through NT,

JI = JO 4 (FJ-1)*JJUMP + (I-1) *LJTUMP
J2 = J1 + LJUMP
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Example;: NTYPE=2, JO=6, IJUMP=12, JJUMP=2, NI=5, NJ=5

6 18 30 42 54 66
J=1 f i —— + } —
8 20 32 44 56 68
.IZ 2 } T _TL + { ‘:
10 22 34 46 58 70
J=3 I i _— L | |
9 T T T |
12 24 36 48 60 72
J=4 1 l S L i |
) T 1 I o
14 26 38 50 62 74
J=5 F — 1 —- } i

For NTYPE = 4, a network of 4-node elements are generated as illus-

trated below.

Where J1, J2, J3, and J4 are the nodes connected by the element,
the program generates, for I=1 through NI, and J =1 through NJ.

J1 = JO + (I-1)*IJUMP + (J-1) *JJUMP
JZ2 = J1+ 1JUMP
J3 = J2+ JJUMP

J4 = J3-IJUMP = J1+JJUMP

Example: NTYPE=4, JO=6, IJUMP=2, JJUMP=12, NI=4, NJ=5

6 18 30 42 54 66
=1 8 2.0 32 44 56 68
I=2 10 22 34 46 58 70
1=3 12 24 36 48 60 72
I=4 14 26 38 50 62 14

J=1 J=2 J=3 J=4 J=5



The remaining data describes the content and form of;

- finite element grid plots,

— velocity vector plots, and

Any number of finite element grid (GRID), velocity vector (VVEC), and/or
contour (PRES, TEMP, DENS, MACH) definition decks may be included in

any order.

A card containing STOP in Columns 1 through 4 (or a blank card)

terminates the entire GIMPLT input data sequence.

CARD TYPE G-1 Format (A4, 1X,15, 25X, 2I5, 7I5)

Grid Definition Card

GRID No Default

The first entry on this card consists of the alphameric characters
GRID in Columns 1 through 4. This field defines this card as a grid defi-

nition card, calling for grid plots to be generated.

IOPT Default IOPT=0

Option parameter for optionally numbering the nodes and/or shading

elements on grid plots.

IOPT

i}
W v =~ O

no numbering or shading
nodes will be numbered
elements will be shaded

nodes numbered and elements shaded.
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ICSCLE Default ICSCLE=0

s

ER—

Constant scale parameter which permits plot specifications to be plotted
to the same scale such that portions of a flow field appearing on separate plot

specifications may be plotted on separate frames and placed together to form

the complete flowfield grid.

ICSCLE = 0 all plotf specifications are plotted to
the maximum size on each frame
= 1 all plot specifications called for on
this GRID card will be plotted to the
same scale.
NSPECS ' Default NSPECS=0

The number of specifications to be plotted as a result of this GRID
card., If NSPECS is input as zero, or left blank, all plot specifications will
be plotted. If NSPECS > 0, NSPECS values will be read on the remainder

of this card and continuing on following card(s) if necessary.

ISPEC(l), I=1, NSPECS)

List of plot specifi.catioris to be plotted as a result of this card. If

NSPECS > 7, continue on subsequent card(s) starting in Columns 46 through
50.

CARD TYPE G-2 Format (45X, 715)

List of plot specifications is continued on cards of this type if
NSPECS > 7.

CARD TYPE V-1 Format (a4, 1X, 215, 20X, 215, 715)

Velocity Vector Card
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VVEC No Default

The first entry on this card consists of the alphameric characters
VVEC in Columns 1 through 4. This field defines this card as a velocity

vector parameter card, calling for velocity vector plots to be generated.

IOPT Default IOPT=0

Option parameter for optionally superimposing the grid on velocity

vector plots.

IOPT = 0 grid will not be superimposed

= 1 grid will be superimposed.

NITER Default NITER =1

Number of iterations for which velocity vector plots are to be generated.

ICSCLE Default ICSCLE =0

Constant scale parameter. Refer to GRID card for description.
NSPECS Default NSPECS=0

The number of specifications to be plotted as a result of this VVEC
card. If NSPECS is input as zero, or left blank, all plot specifications will
be plotted. If NSPECS > 0, NSPECS values will be read on the remainder

of this card and continuing on following card(s) if necessary,

(ISPEC(I), 1= 1, NSPECS)

List of plot specifications to be plotted as a result of this card. If

NSPECS > 7, continue on subsequent card(s) starting in Columns 46 through 50.

'CARD TYPE V-2 Format (45X, 715)

List of plot specifications is continued on cards of this type if
NSPECS > 7.
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CARD TYPE I-1 Format (1615)

(ITER(I), I= 1, NITER)

List of iteration numbers for which velocity vector plots are desired.
If more than 16 iterations are desired, continue on subsequent cards of this
type. If plots of initial conditions only are desired, NITER may be set to
zero, or left blank, and Card I-1 omitted. Iteration 0 will be plotted auto-

matically.

CARD TYPE C-1 rFormat (a4, 1x, 515, 5X, 2I5, 7I5)

Contour Plot Card

ITYPE No Default

The first entry on this card identifies the type of contour plots desired.
Four types of contour plots are permitted, identified by the following four-

character alphameric names.

PRES — Pressure contours (P/PO)
TEMP — Temperature contours (T/TO)

DENS — Density contours (RHO/RHOO)
MACH — Mach number contours
IOPT Default IOPT=0

Option parameter for superimposing the grid on contour plots.

IOPT = 0 grid will not be superimposed
=1 grid will be superimposed.
NITER Default NITER =1

Number of iterations for which contour plots are to be generated as a

result of this card.
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NC Default NC=-10

Number of contour values to be plotted as a result of this card. NC
may be input as a positive or negative number. If NC is positive; the actual
"contour values are read in on card types L-1. If NC is negative, the con-
. tour levels are calculated automatically based on the maximum and minimum
values for the flowfield variable for which contours are being plotted. - The

absolute value of NC must be less than or equal to 50.

ITABLE Default ITABLE=0

This is a contour labeling flag. If ITABLE =0, the contours are nof
labeled. If ITABLE Z 0, the contours are labeled and a table is constructed

showing the actual contour values.

If ITABLE =1, the table will be placed directly on the contour plot

frame at raster locations IX, IY specified on card S-1,

If ITABLE = -1, the table will be placed on a separate frame at raster
locations IX and IY. This is sometimes necessary if there is not enough

room on the contour frame itself for the table.

INCR Default INCR =7

This is a contour labeling increment controlling the labeling density
on the contours. It is approximately the number of grid points between

contour labels.

If the contours are labeled too often, increase INCR. If the contours

are not labeled often enough, decrease INCR.

ICSCLE Default ICSCLE=0

Constant scale parameter. Refer to GRID card for description.
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NSPEGCS Default NSPECS=0

The number of specifications to be plotted for this set of contours.
If NSPECS is input as zero, or left blank, all plot specifications will be
plotted. If NSPECS > 0, NSPECS values will be read on the remainder of

this card and continuing on following card(s) if necessary.

(ISPEC(I), I=1, NSPECS)

List of plot specifications to be plotted for this set of contours.

If
NSPECS > 7, continue on subsequent card(s) starting in Columns 46 through 50.

CARD TYPE C-2 Format (45X, 715)

List of plot specifications is continued on cards of this type if
NSPECS > 7.

CARD TYPE I-1 Format (1615)

(ITER(I), I=1, NITER)

List of iteration numbers for which contour plots of this type are de-
sired.

If more than 16 iterations are desired, continue on subsequent cards
of this type.

If contour plots of initial conditions only are desired NITER
may be set to zero or left blank, and Card I-1 omitted. Contour plots for
iteration 0 will be generated automatically.

CARD TYPE L-1 Format (8E10.0)
(CVAL(I), I=1, NC)

List of values for which contours will be plotted. IF NC was input as

a negative number, omit this card. If NC is greater than 8, continue on
subsequent cards of this type.
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6.4 OUTPUT DESCRIPTION

Printed output from the GIMPLT module consists essentially of just
an echo printout of the i.hput parameters. When input parameters are left
blank the default values will be printed out. Additional printout can be called
for or-x card type S-2 by setting IPRNT=1. This causes the nodal connections
to be printed out for each element generated by that S-2 card. Otherwise,
just the generation parameters as input will be printed. In addition, follow-
ing the echo print of each GRID, velocity vector, and contour plot control
parameters, a message is printed indicating the number of plot frames

generated for that command.

The main output from the GIMPLT module are the plots. Figure 6-2.
is an example of a GRID plot for a 121-node duct case. This figure shows
the two types of plots, with and without nodal numbering. Figure 6-3 is ex-
amples of solution contours. for the 121-node source flow expansion. Shown
are velocity vectors and Mach contours at steady state (approximately 200

iterations).

Figure 6-4 is an example of a GRID plot for a converging-diverging
nozzle. The model was only for half of the symmetric nozzle, but the
GIMPLT module can plot the reflected half as shown. Figure 6-5 is a Mach
contour plot for this nozzle problem showing the details of flow that can be
resolved. Figure 6-6 is an example of a three-dimensional grid generated
for an expanding duct. Many combinations of plot types can be obtained.

These figures illustrate the type of capability available.

6.5 RESTRICTIONS

There is a limit to the size problem which can be plotted with the
GIMPLT module in its present form. The GIMPLT module resides entirely
on the 6400 "Z" machine which does not have the paging capability of the STAR.
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Fig.6-6 - Three-Dimensional Grid for an Expanding Duct
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The total core requirements for plotting including the program storage, sys-
tem library, and all data arrays are given by the following formula:

KFL = KMAX ot 16000

10 1 10

where .
KMAX,q = 504010 + 8#NX (NX = number of nodes)

KMAX is the dimension of the array "A" in the GIMPLT MAIN program which

is normally set to 15000 and must be changed to plota larger model. KMAX

is also a program variable which must be set in the MAIN program.

For KMAX = 15000, the maximum number of nodes in a model to be
plotted is

15000 - 5040

NX = B = 1245

The field length requirement for KMAX = 15000 is

10 + 1600010

310001

KFL

10 15000

0

744308

The CM parameter on the JOB card must be at least as large as KFLg. A
field length of 200000, (6553610) would permit the following.

KMAXl = 6553610 - 16000 49536

0 10 ©

49536 - 5040

NX = 3 = 5562 nodes.
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7. USING THE GIM/STAR CODE

The GIM/STAR code described herein is operational on the STAR-100
system at NASA-Langley. A number of example cases have been success-
fully computed by Lockheed-Huntsville through a remote batch terminal. As
with any large fluid dynamics code, the GIM-ON-STAR version may experience
problems for some flow cases, It is recommended that the user contact the
orginators at Lockheed-Huntsville to discuss any such problems which may
arise. The following subsections summarize a number of items that should

prove useful in running the code on the STAR system.

7.1 SETUP PROCEDURE

A first step, that we have found useful before setting up a problem on
GIM, is to have an open discussion of the case with people knowledgeable in
that type of flow. Major problem areas can be isolated, the type of flow
patterns expected can be identified and modeling techniques discussed. The
next step is to set up a geometry model of the flow domain, decide on the
number of grid points needed and run the GEOM module. Execution of the
GIMPLT module should be made next, if the grid is relatively complex. A
plot of the grid, especially for three dimensions, is often times the only way
to get it right. We usually require more than one try to get the nodal distri-

bution into the code properly.

The next step is to set up the INTEG module input deck. Selection of
approf.;riate initial conditions is critical for converging a case in a reasonable
amount of run time. It is usually a good idea to plot contours of the initial
conditions and to check iteration zero before making a long run. Always
make a short run (10 iterations or so) and check the unsteady derivative

printout, time step and spot check a few critical nodes. We have found that



the most efficient way to run a case is to use the "RSTART" option. Run

a few hundred iterations and save File 22. Check the flow field, either by
printout or plots and restart the case running a few hundred more. As the
problem converges to steady state the unsteady derivatives should go down

several orders of magnitude and then stop changing.

The final step is to execute the GIMPLT module to give the desired
flow field contour maps. This sometimes requires several runs to get the
exact pictures that you want. An additional item that we ususally do after
a case has converged, is to run INTEG for a '"dummy restart" case and
simply printout the entire flow field of nodes. This will provide a permanent

record for the files of the complete problem.

The following discussion describes some of the procedures that we have

found useful in making the code work.

7.2 GRID SELECTION

The choice of mesh sizes for the problems that can be solved with GIM
is dictated primarily by the truncation error of the difference equations and,
in some cases, by the stability criteria. The only way in which a final mesh
size may be chosen with complete confidence is to run the problem with suc-
cessively smaller mesh sizes until little or no change is observed in the
results. Such a procedure' may be impractical from the standpoint of com-
puter time required, and in this case an alternative, although somewhat less
desirable, solution is to run the problem for three mesh sizes and then extra-
polate to zero mesh size. This method will not produce satisfactory results
if the mesh sizes chosen are not fairly close to the size required to give a

reasonable solution.

No quantitative statements can be made about the choice of mesh sizes
for general domains. Smaller mesh sizes are usually required in regions

of more rapidly changing velocity and pressure. This means that a fine



/

mesh is required close to the wall in boundary layer problems, as well as
close to leading edges. In the region close to a wall, or in the mixing region
of streams of different velocities, it is usually desirable to employ a finer
mesh size than that needed far out in the free stream where flow gradients

are less steep.

does not ¢
a special form of the difference equations is used at the point of mesh size
change. GIM uses '"general interpolation'' functions to account for mesh size
changes. Whenever possible, the use of a grid with rapidly changing mesh
size should be avoided., 1It is better to stretch the mesh and have uniformily

changing mesh size rather than abrupt changes.

7.3 INITIAL CONDITIONS

If only a steady state solution is to be computed, the initial conditions,
theoretically, do not effect the results. In practice there are three primary

ways that initial conditions effect a GIM code run.

1. Convergence to steady state can be done with much less
computer time if the initial conditions are chosen as close
as possible to the expected solution.

2. Improper initial conditions, such as violating the ideal gas
law, mass conservation, etc., can cause spurious behavior
of the relaxation solution.

3. Sharpd'iscont'iny'it'ies in the initial conditions, such as a
"sharp'' shockKitan cause early instabilities to set up and
ultimately diverge the solution.

Thus the user should take special precautions to start a problem as
best he can. In the GIM/STAR code, a special input option called USERIP
is provided which will allow a user to set up initial conditions for special
circumstances. We recommend using this option and did so in both the

two-dimensional and three-dimensional Scramjet example cases. Another



alternative is to start with the sharp discontinuities and use a2 very small
time step until the discontinuity gets washed out and then switch to a realistic

step size.

7.4 DIFFERENCE OPERATORS

One of the advantages of the GIM formulation is the flexibility of the
finite difference algorithm. We have experimented somewhat with various
algorithms and have found that for explicit calculations, the two-step
MacCormack scheme works best for a wide range of flows. If the user has
any doubt about the choice of scheme, we recommend this MacCormack-type

algorithm in this fully elliptic, explicit version of the GIM code.

For certain cases, a choice of two steps in the MacCormack a]gorithm
‘must be made., For most applications to flows with shock waves, we have
found that ""forward-forward-(forward)" and ""backward-backward-(backward)"
operators work best. For supersonic, inviscid flows without shocks, we have
had some success with "backward-forward-(forward)" for step 1 and ""backward-
backward-(backward)' for step 2. This scheme always differences ""backward"
into the supersonic flow and does not allow the downstream side to cause any

influence (as physically it does not).

A simple one-sided, one-step, Eulér scheme has also worked well for
certain subsonic flows. The truncation error is of first order and generally
is unacceptable for flows with any appreciable gradients. It is suggested that
the beginning user print out selected nodal analogs in the GEOM module and

check them to see that the desired scheme has indeed been input properly.

7.5 CONVERGING A CASE

A definite well formulated and programmable criteria for determining
when a Navier-Stokes solution has converged is not known to these authors.

Consequently, in the GIM/STAR code we have left some of this burden on the
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user. We have, however, provided some assistance.'in making these decisions.
The code prints out the '"sum of squares of the unsteady derivatives' at each
iteration as explained in Section 5.5. The user should monitor these quantities.
Theoretically, they should go to zero as actual steady state is reached. Due

to finite discretization of a problem, this will of course not be true. As steady
state is approached, the ""sums square'' should go down. Based on our exper-
ience, they should go down several orders of magnitude and then stop changing
significantly. If the solution is going unstable, these '""sums square' will begin
to increase in value. The code is currently set to stop the calculation. if any

of the values go up by five orders of magnitude.

Another technique that we 'co-rnmonly use is to plot contours at selected
iterations and-overlay the plots on a light table. Significant changes can be
detected and the solution iterated for more steps. If the contours exhibit no
change for approximately 100 steps or so, we generally stop the calculation.
A careful look at the full printout of the flow field can then be made to detect
any special area of flow which may not have settled out. Any other technique
known by the user can, of course, be applied to the GIM solution as with any

finite difference code.

7.6 ESTIMATING RUN TIME

A definite formula for run times of the GIM/STAR code has not been
established at this time. The CDC 7600 version has such a formula, but
due to the vectorization on STAR, this formula no longer applies. The follow-
ing tabies gives the CP times for the GEOM and INTEG modules for the two
.example problems which were computed on STAR. -

GEOM CP . INTEG CP
Config. Nodes (sec) (sec for 100 steps)
2-D Scramjet | 940 27 10
3-D Scramjet 7904 . 1009 124




Several notes should be made about this table. For the two-dimensional
Scramjet problem, the INTEG module converged in ~ 1000 steps which re-
quired about 100 seconds of CP time, compared to 27 sec total for the GEOM
module. If a number of parametric cases were to be run, then the GEOM
module time would be in'.significant compared to the INTEG times. For
larger three-dimensional cases, such as the 7904-node Scramjet, the run
time would be essentially comparable among the two modules, for one case,

Still a 1000 sec job on STAR is not insignificant as with the smaller problems.

The actual CRU time of a run is even more difficult to estimate. For
problems which require very few large page faults, the CRU '"time" of a
GIM/STAR run is essentially all CP time. However, for problems such as
the 7094-node Scramjet cases, the large page faulting on STAR does cause
the CRU time to be significantly higher than the CP. At this writing, no
definitive criteria have been established to relate the run time (cost) with the
CP seconds. It depends largely, perhaps nonlinearly, on the way the grid is
constructed, and the manner in which the LOAD card is arranged. OQOur recom-
mendation at this time is to make a2 short INTEG run on the problem and deter-
mine the number of large page faults. Extrapolation can then perhaps yield a

run time estimate for the particular case.

7.7 TROUBLESHOOTING

If a GIM/STAR code run '"bombs," there are a number of items which

should be checked early in the debugging stages. Among these are:

o Check the dynamic dimension inputs to ensure that the
code has been properly compiled.

e Check the grid plot for proper connectivity and distribu-
tion of points.

e Analyze the nodal analogs to ensure that the finite differ-
ence scheme is a '"good'" one.

e Hand calculate a time step at a selected set of nodes to
ensure that violation of the CFL is not being inadvertently
done in the INTEG module.
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e Increase the NDC coefficients if the INTEG solution .
appears to be slowly blowing-up. They can be reduced
again after the solution has settled down. Nominal

~values of the NDC coefficients are ~ 0.1 to 0.5. We
have used values as high as 1.5 to stabilize a trouble~
some case.

e Double check the initial conditions for violation of the
"~ physics of the problem and for existence of unusually
sharp gradients,

e Check that the boundary conditions, flags and values,
are correct as the user intended.

During the initial usage of GIM/STAR, version SE-1, problems may occur
which are not covered in this manual. If this happens, please call the authors™

to discuss a particular set of difficulties.

*(205) 837-1800.



8. EXAMPLE PROBLEMS

Five example data setups are presented in this section to illustrate
the input formats described in this report, Full details of each case are
not.given since the purpose here is to show the user the proper way to input
the cards. The input guides (Sections 4, 5 and 6) should be consulted while

reading this section.
The five cases consist of:

1. Supersonic Source Flow (2-D)

2. Nozzle Flow (2-D)

3, Scramjet Shear Layer Flow (2-D)
4, Scramjet Shear Layer Flow (3-D)

5. Internal Duct Flow (3-D)

Each of these cases is now described briefly followed by a listing of the input
cards for each module of GIM/STAR.

8.1 SUPERSONIC SOURCE FLOW

This simple two-dimensional supersonic source flow case is used to
test the code on new installations. It may prove useful for the beginning
user of GIM to follow this simple example as a first case. The configuration
is shown in Fig.8-1la and consists of 2 15 deg expansion in a planar duct.
Source-like circular arcs are used as grids to render the flow effectively
one-dimensional. Figure 8-1b shows the input data cards for DYNMAT,
GEOM and DYNDIM modules. Figure 8-1lc gives the input cards for INTEG
and GIMPLT modules. ' '
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8.2 NOZZLE FLOW CASE

Next in the degree of complexity for internal flow is a transonic/
supersonic flow in a converging-diverging nozzle. Figure 8-2a is a sketch
of the Space Shuttle Main Engine (SSME) nozzle contour used in the example
calculations. The engine has been scaled down here for example only. The
throat radius is 5 x 10°° cm. The equation shown on this figure is the wall
contour used in GEOM to generate the nozzle geometry. Fipure 8-2b is an
input set-up for DYNMAT, GEOM and DYNDIM for this nozzle contour, Fig-
ure 8-2c shows the corresponding INTEG module data set-up. The GIMPLT
module input is given in Fig.8-2d to plot a grid and pressure/Mach contours
from an INTEG calculation.

B.3 TWO-DIMENSIONAL SCRAMJET SIMULATION

The flow field analyzed involved rnixing the exhaust from a two-
dimensional Scramjet afterbody nozzle with freestream. The problem con-
figuration and the flow properties of the two flow streams are shown in Fig,
8-3a. The flow streams have different values for the ratio of specific
heats y. Details of this problem are given in Ref.l. Figure 8-3b shows
the input cards for the DYNMAT, GEOM, and DYNDIM modules. This case
is initialized in the INTEG module using the USERIP subroutine explained

+in Section 5. Figure 8-3c is a FORTRAN listing of this subroutine for the
2-D Scramjet problem. The INTEG input cards are given in Fig. §-3d for
the USERIP optional input. The GIMPLT module input cards are given in
Fig.8-3e. Finally, Fig.8-3f is an example INTEG data deck for the
RSTART optional input, It is this type of data deck that can be used to

converge a case to steady state,

8.4 THREE-DIMENSIONAL SCRAMJET SIMULATION

A three-dimensional shear layer, resulting from the interaction of a
nozzle exhaust stream with the free stream, both beneath and beside the
nozzle, was computed using the GIM code. The configuration, shown in Fig.

8-4a consists of a rectangular nozzle suspended below a body or wing.
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END OF RUN

Fig. 8-2¢ (Concluded)
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*u  GIMPLT [inPUT %+

TWO DIMENSIONAL NJUZZILE EXAMPLE CASE

1932 o} 20 2 o]
l+535%
1 TH=uAT REoluy
1 21 20

] 1

3 1 21 24 4o
A 21
-1

2 AFT END REGIUIN
4 Ja6 | 21 =0
2 G466 21 20 a6
1912 1932
-1
3 COMPLETE NUZZLE
a 1 1 21 =0
2 i 21 20 Wl
1 2l
1912 1942
-1
-1
GRIO o
GRID 0
GRID
PRES o 1 24 =~1
50
«0L15 D«0125 D.01%
04 045 + 05
Qeld [osF X1 Da>
MACH 0 1 26 -1
=0
3 a 6
lea el el
2o 3+0 Fel
3.7 3.8
VVEL o l
S0
VVEC (8} 1
=10
MLaCH 1 1 2 1
20
PRcS 1 1 ) 1
50
STUP

Fig.8-2d - Two-Dimensional Nozzle Example Case (GIMPLT)
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le2
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4|
N\
3
X 20°
2
>..°
N
> y = 1.27
g Q = 1610 m/sec
g 11— P = 9206.3 N/m2
S T = 2311 K
g T M= 1,657
o .
& [ ~J
3 5 6
Axial Distance, X/xo
y =l.z /
Q= 1765m sec
T P = 506.2 N/m2
T = 261 K
M=150

Fig.8-3a . Two

-Dimensiona} Shear Flow Configuration
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940

0640

l1e0
leg
He O
30
02

Qe

079
3.0
[-XXe]
640
3e8

16

=1

940

*%  DYNMAT

1nPUT

*#%  GEOM [INPUT %%

* %

TWO DIMENSIONAL SCRAMJET CASE

2 2 0 1
0 1
1«0E-08
1 1 11
9 4 0 0
16 =} 0 16
005 0.10
045 050
Oe21021 0«0
0621021 0«0
OCelBYll Q0«0
00 040
230212 09
1283 00
10 060
1 1 1
8 [-) 9 (o}
16 - 0 0 16
00 0.0
3439403 00
1 1 1
8 1y 0 [o]
13 (¢} 0 13
O0el5 030
Q8125 0«87S
=20 0.0
-2.0 0.0
Oe0 Oe0
0.0 0.0
1 (o] 1
1 100

*%  DYNDIM [NPUT

2 1 318

* %

1e0E-16 100

(o} 1
[0}

Qe 15
0«60
[eX Y]
Qe0
~500
=60
2040
2040
(oY ¢}

Osa
0e9375
0e0
Oe¢0
Oe0
060

E-08 1e0E-16

020
0e70
Oe0
[o XY ¢]
00
Oe0
00
[eX' Y]
00

0e¢0
Oe0

OeS
1¢0
Qe0
Q0«0
OeO
Oe0

1e0E-08 10 1+0E-06
Qe25 0430 035
0+80 0490 1e0
0363636
06454545
Qea
04565 04625 0e6875

Fig.8-3b - Two-Dimensional Scramjet Case (DYNMAT, GEOM, DYNDIM)
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9 %%
* %

* [DENT

UPDATE #UD TU USE tUSERIP!' SUBROUTINE  ####
TWO DIMENSIONAL SCRAMUET CASE ##

USERIP

*D PAGE2e 142

c
[
[

580

550

590

560
595

O

6vo

610
615

Fig. 8-3c

##  USER ROUTINE TO INPUT 2-D SCRAMJET CASE ##

DIMENSION AP(1094) s UMAX(4) sAETAC 1004 ) DATI4e10)PE(4L) sPPL4)
READ(5¢580) (JMAX(J)eJx1e4) e JNUM

FORMAT(5I5)

LO S50 J=lea

IMY IMAX(J)

READ(S5¢591 ) (AP (JJUe) s JU=1 s UMX)

READ(5¢590) (AETA(JLGeJ) e dU=]1 e UMX)

CONT INUE

FUORMAT(BE1Oe4)

DO 560 J=1JNUM

READ(5+¢595) (VAT(JJsJ)edId=10a)

CONT INUE
FORMAT(4E10,4,4)
XLINE=0e0
PP(1)=AP(1+])
PP(2)=AP(14+4)

PR (3)=AP(JMAX(4) v4)
PR(4)=AP(JMAX(3) +3)
DO 800 I=1eNTUT
wWl=0e0

I1TAN=O

IF(1eLTe689) GO TO 600
+* 5% FREc STREAY CONDIT
R1=0003223
Ul=579140

VI=0es0

Pl=105.8

C51=Ce0

GO TO 700

CONT INUE

I1=1/16

Il=1~11%16
IF(11eEWel) XLINE=XLINE+1e0

IF(IleEWeQ) 1]=16

ETA=(XLINE=1e¢0)742e0

vi=11

EPS=(YI-1¢0)/1540

CHI=ETA

DO 620 J=1ls4a

IF(JeGTe2) CHI=EPS

IF(CHLeGTel,40) CHI=1e0

JMx = UMAX(J)

DO 610 L=2+UMX

L2=L

IF(CHI«LESAETA(LIJ)) GO TO 615

CONTINUE

CONT INUE

Li=lL2-1 - . ' '
PSI=(CHI-AETA(L1»J)I I/ (AETA(L2+J)-AETA(L]1+J))
PE(J)=AP(L ] 4J)+PSIR(AP(L2+J)=AP(L1+J))

- Two-Dimensional Scramjet Case (INTEG Input by USERIP)
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620 CONTINUE

650
660

700

15

18

80u

EPS1=]+0-EPS

Pl-(100—:TA)*(P:(3)-EPSI*PP(l)-EPS*PP(&))+tTAi(PE(4)-tPSI*PP(2)

S-EPSHPP(3))+EPSI*PE (1 )+EPS*PE(2)

DO 650 J=2¢JNUM

Jiz=J

IF(PleLEeDAT(4sJ)) GO TO 660

CONT INVE

CONT INUE

JizJdi=1
RRR=(PI=DAT(49J1))/(DAT(4+JJ)~DAT(4+J]))
RI=DAT(1+J1)+RRR#(DAT(1+JJ)=DAT(1eJ1))
UI=DAT(2¢J1)+RRR*(DAT(2+JJ)-DAT(2+J1))
VI=DAT(3+1 V1 ) +KRK*(DAT(34JJ)~DAT(3eJ]1 )
ul-SQRT(ul**2+Vl**2)

CHI=1e0

IF(XLINE«GT,1e0) ITAN=1

IF(EPSeGEs14,0) ITAN=1

IF(EPSeLbke0,0) ITAN=1

CUNT INUE

#%  CHECK FOR TANGENCY *#

IF(ITAN «EQs 0) GO TO 15
THXY=THETA(1)/57 29578

THXZ=0e0

CALL TANGNT(QI s THXYeTHXZeUl oviswl)
CONT INUE

#%  STORE INITIAL CONDITIONS *#
RHO( 1) =R1]

UVEL( 1)=Ul

VVEL(1)=Vi

P(1)=PI*FACTOR

GVEL=SURT(UI®%*2+V ]%%2)

IF(ISPEC ecQe 0) GO TC 18

Csclr=csl
RLOC=RGAS1*CS( ] )+RGAS2*#(10-CS( 1))
CVM(I)=CV1*#CS(])+CV2#(1+0-CS(1))

GAML 1 (1)=RLOC/CVM( 1)

GAM1=GAML1 (1)

CONT INUE

ENER(II=PUI)/ (SAMI*RHO(I)) + QeSHUVELE®2
CONT INUE

##  RETURN TO REGULAR OPERATIUN #¥*
IRTN=1

Fig.8-3c (Concluded)
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* 5%

3 TWO DIMENSIONAL SCRAMUET SIMULATION #*TWO GASH
2 1000 10D ' T

z
940 4
L] c.'OOOE—
«0D00E~
[x=

1c9

10y ~
L&9=7e8

INTEG INPUT USING USERIP

3 16 1

S 10

3 0.0
~e67

2 145 14

VL Y D
b= e A B 1¢c

9 200

6 1
1000
le27
5

6 0

AV Ay & 7 XY
Ui (97

120=-e02186L93-e01442926
145865312419 ~10e918867
190160431156 YeT7265189

1c+4e021809047e¢012247726

130-9e7
!45—.95
14610e¢7
10
1
4
192540
Qe 0
70755
Q0«0
192540
TO7e55
O«C
1e0
2000
Oe0O
QeOLC 1302
Qe QL 176
De QUYL
Qe QUL3BT70
Qe 0Q4656
Qe D04 32
Qe QUL773
Qe QUBETS
De QV7195
Q«CVL7771
-1
1
-1
-3

740653 141
43836 =947
0664 Hes5H
le0
1 940
3 9
192340
Oel9
T07e55
065476
1923540

D+4667

3000

Qe733

73090
7icoes
6llles
599460
6020e3
595060
588440
S671e0
546845
52690

1 940

653537
370468
94455
le0
0 3
3 10
300e0
05238
3000
10
174640

0.5333

3000
10
12271
7490
222442
18728
14370
1003.9
8250
44566
180e2
Qe0

END OF RUN

0

1

-2
(¢}

l1e4
Oe0
o}

2000
leO

15575

O« 7063

2000

3000

70755
860e7

10380
1235e2
13277
15575
174640
19230

* %

1

1

~6¢0

0

2360

13277

O=78%1

1

#SHARP
0

~

280

1235.2

Qeb5128

CORNER*
1

_l.p

10380

08667

Fig.8-3d - Two-Dimensional Scramjet Case (INTEG)

8

-15

856067

091061}



**  GIMPLT [NPUT #%

TWO OIMENSIONAL SCRAMJET SIMULATION

940 o 200 2 0
1e27 . 326174 1895¢ 140 1¢0 1e0
1 SCRAMJET REGION
4 1 1 16 15 22
2 © SCRAMJVET KEGION
4 353 1 16 1b 20
-1
3 SCRAMJET REGION
4 689 1 12 11 20
700 712 36y 353
712 724 385 369
724 736 401 385
736 745 4l71 401
748 760 435 417
760 772 449 433
T72 784 465 449
784 796 481 465
796 808 497 481
6808 B20 sl3 497
820 832 829 513
832 844 s43 529
844 486 s61 5495
856 868 s77 561
868 880 593 577
880 4892 609 3593
892 904 629 609
904 916 64l 625
716 w23 657 641
928 Y40 673 657
-1
4 SCRAMJUET REGION
4 1 1 16 15 42
4 689 1 12 11 20

700 7iZ2 369 353
712 724 385 369
724 736 401 385
736 748 417 401
748 760 433 417
760 772 a44vy 433
772 784 46> 449
784 796 481 465
796 808 497 481
808 820 513 497
820 832 529 513
832 844 s435 529
8aa 856 s61 545
856 868 s77 561
868 880 593 577

Fig.8-3e - Two-Dimensional Scramjet Case (GIMPLT)



880
892
v04
vie
v28

16
688
689
353

129

STUR

ave
904
L 2Y -
928
940

16
688
929
929

129
353

609
625
66l
657
673

24

125
3500
800

22

240
2.8
asd

593
609
625
641
657
-1 7
150.
400
900
-1 7
2e 1
209

G4¢4

250
500
1300,

2e3
3ec
Ge8

Fig.8-3e (Concluded)

2700
S5Qe
1500

2e4
3e4
GeD

285
600
1700

25
366

300
650
1900

206
3ed8



3

1

-3

*#  INTEG INPUT FOR RESTART CASE

EXAMPLE RESTART OF 2-0 SCRAMJUET CASE

e 2 200 200 o)
940 43 16 16 . 1
e 2000E~-5 10 1300
e0000E~-3 040 le27
'3 -e67 5
12w 2 145 146 o

1c9-9e8544914 1,2047769
130=e02186598=e01242926
14588312419 =-10,918867
14610431156 947265189
129¢021809047¢012247726
130~9e7740653 1,1653537
145=e9543836 ~9,7370468
1461070664 55594455
-1

1 16 a4
16 16 a3

(-]
1

2 1
o} i
lea
Oe0
O —660

673 1 16
689 1 12
=1
END OF FIRST SCRAMJET RESTART

* %

1000

1

286

~-le0

Fig.8-3f - Two-Dimensional Scramjet Case (RSTART)
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61-8

z (Lateral)

2

y (Vertical)

A Nozzle Exit Freestream
v =1.27 vy =1.27
Q = 1610 m/sec, Q = 1765 m/sec
P = 9206.3 N/m P = 506.2 N/m?2
T = 2311 K T =261 K
3+ M = 1.657 M=5.0

Fig.8-4a - Three-Dimensional Scramjet Configuration

Body

Plane of Symmetry

x (Axial)



*kewn THREE UINMENS IUNAL SCRAMJIET EXAMPLE CASE  ##xs

4 DYNmaT [nwPUT  ##*

7904 J

st Gewm INPUT e

ToxEe OImMeNSIUNAL SCRANJITT SIMULATION - SHesax LAYeR ReGLON

1 3 2 "0 o]
[o] [o] o
leQ 1¢0000E-0 1+000E~-12 1¢000E~0 1eQ0OUE~O 1eG0OL=1c 1e000k~1lo 1e00E-1c
leCOL-18 1e00E-12 leQ0O0E=6 100E~12 leCC~leg 1¢000c -0 leC 1e.:00k~06
1
toilli illyid 11 111 111 11 1 1111 111111
1 1 1 1 1 1 -
4 o -] 4 [¢) (=] 1
16 26 154 0 co 1y
Qe O Qe056 Qe LO4G Qe ldaqg Cel72 Ce ldo Ce20 Qeszs
Oe3uL 0e35 Qe40 Qe 45 0«50 QebdY Oe6C Qe 1S3
Qesob 0665 QebYo Qe 725 0750 Qe770 Oe790 OCe81C
Doyt 10
OeO Oe0% Oel Oel5S Oe2 De25 Oe3 Ve3S
Oe4 Qedd Ded Oed3 Ceb Ceb24 06356 Ce712
Qe 792 O..888 le0
30 ~-3.0 00 Oe0 Oe0
600 -3e0 Qe0 Oe0 CeO
640 =10 Qed) CeO Oe0 Ce2
&e¢0 Oe0 QeJ OeQ Oe0 [eXY-}
6e0 360 Qe 1840 Oe0 Ce825
60 3639403 QevV 200 0e0
Ge68274 291459 Qe0 200 Q0
30 -0e50 OCe0 Qa0 Ve0 QCe2
30 [eXYe] Oed -6¢0 [oXYe] Qea
320887 OeS Qe0 CeO OeO Qeb
4650877 - 00 193 Oe0 06825
3.0 -3.0 1+5 0«0 0.0 0.6
30 =30 440 Oe0Q Oe0
660 ~3e0 1«0 OeD Ce0 Oe2
6e0 ~3e0 200 Qe0 0«0 Qeb
6e0 =30 4e¢) Qe0O 0«0
60 3639403 1¢0 200 440 Qe2
60 36394035 20 2G0 60 Oeb
6e 0 339403 4e0 200 0«0
46074 2eF14DY leb> 200 OeQ Ceb
Y -1-Y-r L) 2091459 469 2000 0«0
60 ~1eC 4490 Oe0 0«0 Qs2
6.0 0e0 4e0 Oe0 Oe0 Ceb
60 3«0 4e0 1840 Qe0 OCe82%
340 -0e¢50 400 Oe0 [o XY o) Qe2
360 Qe0 4eD 0«0 0«0 Qe4
Sec3B7 QeSS 4Le) CeO Ce0O QCeb
4ebOTT Ce 7D 40 1%el Ce0 Qe820
ava 19 1 1
1 i 100

-1

Fig.8-4b - Three-Dimensional Scramjet Case (DYNMAT, GEOM)
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* %

+* %

GPDATE MUD TU USE SUSERIPY SUBRUUTINE  #w%s
* THREE DImMZTnS IUNAL SCRAMJUET CASE #

A\
Y

hY
*#[DENT  uSERIP

*D
[
C
C

P

S60Q
S0
i Je

650

AGE2e 142
*%  CPECIAL —USERIP- FUR 3-U LU~AMJET CALE  *#

DIMENSTUN FAdal( 1) e DAT(Se 1 O)

LlrENS TGN b $(Svlaa)

REAV(SeH90) XL YC

~READ Sy HB0Y  INUM

DY 860 J=1 e JNJIM

REAV(Se590) PANUI(J) s (DAT(JJUs ) s Uu=]15)
CONT INUE

FURMAT(I5)

FORSAT(OEL10.4)

=1

INC=]

NTOT=494

DO 400 K=14156

I1TAN=1

IF(Xebwel) JTAN=D

DO 295 M=1 ¢NTUT

11=%/494

Il=m=11%494

IF(11eEGe0) [[=6494q

1IMAX=191

Jd=1

IF(IleLTellwAX) G TO 600

111=11/19

It1=11=-111%y9

IF(111sEWeD)y IIl=19

11 IMX=10

IF(TIleLTelpiMmX) GU TU 730
ARAG=(Y(L)=YC)/ (X (1)=XC)
ANG=ATAN(ARG) *5 7T 4295

JJI=1

IF(ANGelLtZePANG(1)) GO TO 600

dd= JNUM

IF ( ANGeLTePANG(JHUM)Y) GO TO 6%0

CONT INUE

RI=DAT(1eJJ)

JI=DAT(26eJV)

VI=ZDAT(3+JJ)

WI=DAT(4eJJ)

PI=DAT(SeJJ)

GO TO 750

“ONT INUE .

DU 700 J=2+JNUM

Sh=u

IF(ANG«GT«PANGIJ)) GC TO 700

Hl=uJ-1

RRR=(ANG~PANG({J1)) /Z7(PANG(JJ)=PANG(J]1))
RIZDATI19J1 )+RXRRBIUVAT (e JJ)=-DAT(1¢J1))
Ul=DAT(2¢J1 )+RRR*¥ (VAT (2¢JJ)=DAT(2+J1))
VIzZDATI3+9J1 )+ kRRE(DAT {3+ JJI=DAT(3sJ1 1))

Fig.8-4c - Three-Dimensional Scramjet Case (USERIP)
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7uC
7<0

720

739

WlzDAT(GeJ1 )+ RRR¥(DAT (49JJ)=DAT(40J1))
Pl=DAT(S5¢J]1 )+RRR*(DAT (S JJ)-DAT(8sJ1))
Gv TO 720

CONT INUE

CONT INUE

GO TO 750

CUNT INUc

Li=(11=-190)/19

LELL*9+111]

IF(KeGTel) GO TU 738

READ(%5+4590) (DAN(JL) eU=1+5)

CUNT INUE

KRI=DAN(1sL)

VI=DAN(2+L)

T VIzDAN(J3eL)

750

2995
4 Q0

wi=zDAN(44L)

PI=DAN(S.L)

CONT INUE
WI=SORT(UI*UI+VI#VI+WI*w])

IF(ITAN «EQs D) GO TO 294
THXY=THETA(1)/57 29578
THXZ=PH1(1)/57.29578

CALL TANGNT(QI s THXY s THXZ Ul evViewl)
CONT INUE

RHO(1)=RI

UVEL L 1)Y=Vl

VVEL(I)=VI

WVEL(I)=wl]
UVEL=SSORT(UI##24V ] #X24yw ] *%2)
P(1)=FACTOR»®P ]

ENER(I)I=PII)/ (GAMI*RHO( 1)) + O¢SRUVELN®D
1=1+INC

CONT INUE

CONTINUE

IRTN=]

#% RETURN TO NOUORMAL OPERATION *#%

Fig. 8-4c (Concluded)
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sx  OYNUIM INPUT ##

7904 3 0 22353

*n INTEG INPUT USING 'USERIP! SUHROUTINE ##

4 THREE DIMENSIONAL SCRAMUET SIMULATION — SHEAR LAYER REG1ON
2 2 10 10 o o 2 1 o] 1 s o

790a 16 494 26 19 19 1 (o}

«4CO0OE-S 10 100
1«0C0O0E-4 00 . lea
«5 - 67 . 5
1eU 1e0 .. 140 o}

1 1 494 1 3
1e57418

Q0 0e0 2070«

1e0

10
~11537
-10¢380
=LeP63
=-Te032
-4 e 0L36
-1e839
12%¥0
HQeCTe
Be219
11e848

105.8
P46
823
67.8
529
392
27Te9
loed
118
Te36

579140
58100
58310
58550
58760
58910
589260
587540
583%e0
57800

0003223
0002952
0002646
000227
0001867
0e¢001472
0001117
Ce000d16
G e 00057=
0000394

OeO

GYe3

22240
39140
60340
85340
11370
144% 0
17700
210440

Qe0
00
0.0
0.0
0«0
0«0
0e0
[o X Yo}
Oe0
00

o 1738E~0<
el 745c~02
0 175BE-~-02
e 1769E~-02
«1782E-n2
e 1791E-02
e 17Y1E=-NZ
e 1787E~02
e 1767€E~-02
¢ 1OBYE~0x
¢ 1696E~-02
¢ 1705E-02
«1718E-02
ol 729E=-Q&
e 1737E-02
2 1737E-02
e 1732E-02
e1712E-02
e« 1623E-02
¢ 1629E-02
e 1038BE-02
e lUHOE-02
s l061E-02
e lOGIE=-Q2
e l66YE—-Q2
e 1665E-c2
e 1647E~02
* 15852E-n2
e 1558E=-02
¢ 1D66E~-02
e« 19S78E-02
» 15HBE~-n2

Fig.8-4d - Three-Dimensional Scramjet Case (INTEG)

e 7149E+)4~e ID14E+030e

.71j0t+0“—-7bl5€+03
e 7143E4+04—0e TH508BE+03
o 7127E+J4~e T491E+03
e7101E404~e TA6LE+03
¢« 7067E4+0%—e T427E+03
e 7022E+04—~0e T380E+03
s 6ISBEF+N 4~ T224E+03
CEBITEHD =0 T249E+03

e 7CIDE+DU4 = e 4 T4TE+D I~

e 72D6E+04-e4T746E+03
¢« 7T248BE+Qu—e 4T734E+03
e 7233E+04~e4T711E+403
e 7207E4+Q4—-e UOTEOE+03
¢ 71 72E+04—-e 4632E+03
e 7T126E4+D4-e 4S5TI9E+03
e 70T71E4+Q4 -0 &D17E+03
e OIIBE4Q G~ 4L446E+Q 3

e TI16E+04~e 202 1E+03~

l73l6E+0“‘02°a°E+°3
¢ 7308E4+04-e2C11E+03
e 7c93E4+D4=e 1992E+03
e« 726TE+J b4~ 4 L1964E+Q3
0 723 E4Q4~e 1928BE+03
e 7T187/E4+)4—6 1BBIE+03
e 71 32E+04—o LB30E+03
o 7058E+04=e¢ 1 775E+03
¢ 7360E4+04
e 7T3ISYE4+Q4
e 7351E4+Q4
¢ 7T335E4+Du
e 7310E4+904

e H98IE+02
¢ 6033E+02
e 6164E+02
«6376E+02

* 598EE+02~

el 214E+00
0 2453E+0 3
¢« 3I6B6E+03
e 4V0OE+03
e6123E+03
¢ 7320E+03
«B504E+03
e ISTTE+03
1 28%0E=~11
el 172E+03
e« 2395 +0.3
¢ 360ZL+0J3
e 4Bl4E+03
«&031E+03
¢« 7231E+03
»8421E+03
«IHOIE+Q3
¢ A317E-11
o1 144E+03
e 2328BE+03
e 3511E403
e 4707+03
«HY13E+03
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Referring to this figure, the nozzle has a sharp 20 deg upward turn at
X =0, a sharp 6 deg'turn downward at X = Xo’ and a.sharp 6 deg turn outward
along the dashed line located on the sidewall. The rectangular nozzle exit
plane is inclined 30 deg from vertical. The body has a sharp 20 deg turn
upward at X = Xo'

The problem was analyzed in three parts: (1) the nozzle; (2) the external
flow upstream of the nozzle exit, and (3) the entire flow downstream of the exit
plane. The nozzle flow field, which is three-dimensional, was computed using
the GIM code. It was computed using 2160 nodes and required 570 iterations
to relax to the steady solution. The external flow was computed using a
Prandtl-Meyer expansion at the 20 deg sharp turn. The nozzle exit plane
conditions and the freestream expansion were used as input boundary condi-

tions for the downstream shear layer region. Details are given in Ref. 1.

The shear layer region is analyzed using 7904 nodes in the GIM code.
Figure 8-4b shows the input cards for DYNMAT and GEOM modules for the
shear layer region, .Again the USERIP option of input to the INTEG module
was used. A FORTRAN listing of this code is given in Fig.8-4c for the three-
dimensional Scramjet case. The input to INTEG corresponding to this code is
shown in Fig. 8-4d for the DYNDIM and INTEG modules.

8.5 THREE-DIMENSIONAL DUCT EXAMPLE CASE

Next we consider three-dimensional inviscid flow in a square duct as
shown m Fig. 8-5a. The {first 10 Xo consists of an expansion region with the
final 10 Xo being a constant area section, The three-dimensional GEOM and
DYNMAT deck setups are shown in Fig.8-5b. An example GIMPLT deck is
shown in Fig. 8-5c. This case is shown as an example of a three~-dimensional

plot setup only; thus the INTEG module is not needed for this illustration.




2 1

(z,y) = 1.5 = 0.5 sin (—1 + ﬂ-). x < 10

" {z,y)=2, x >10

(All units dimensionless)

Upper Wall

Fig.8-5a - Three-Dimensional Duct Configuration
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Fig.8-5b - Three-Dimensional Duct Case (DYNMAT, GEOM)-
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1 ENTIRE EXTERIOR SURF 3 (o] a5 2 30
L} 1 1 11 10 10
4 4841 1 11 10 10
4 1 11 121 10 40
4 11 11 12l 10 40
4 1 1 121 10 40
a 111 1 1214 10 40
-1
2 ‘ENTIRE EXTER!OR SURF 3 o - 30 . 2 30
4 1 1 11 10 10
4 484t 1 11 10 10
a 1 1t 121 10 40
4 11 11 121 10 40
4 1 1 121 10 40
a 111 1 121 10 40
-l °
3 HALF OuCT 3 (o} 45 2 30
q 1 1 11 10 10
4 2421 1 11 10 10
) 1 11 121 10 20
a 11 1 121 10 20
a 1 1 121 10 20
a 111 1 121 10 20
. -1
4 HALF DUCT 3 Q 30 2 30
4 1 1 11 10 10
a 2421 1 11 10 10
q 1 11 121 10 20
a 11 11 121 10 20
4 1 1 121 10 20
4 111 1 121 10 20
-1
-1
GRID
STOP

Fig.8-5c - Three-Dimensional Duct Case (GIMPL.T)
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