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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- 

sical 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 type 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 
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differences, windward schemes, and the two-step MacCormack technique.. 
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 run times for these and other problems with 

a CDC 7600 have given improvement factors of up to 5 for the STAR code. 

The resulting calculations are identical to the 7600 solutions. The wall- 

clock time required to complete a GIM/STAR run is also significantly lower 

than a typical 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-l (STAR-Elliptic No. 1). The User’s Manual is valid only for this version 

of the GIM code. 
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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-Langley. 

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, 7’. An additional equation 

was added to compute the relative composition of the two gases at local 
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grid stations. The ideal gas law is used to relate the local gamma in the 

shear layer to the two I’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 

graphics 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 sys tern 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: 

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

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

l Added Algorithms to Diagonalize Coefficient Matrices into 
One-Dimensional Arrays. 
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l Eliminated Implicit Solution Algorithms (Finite Element). 

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

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

l 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: 

.n 
U. 1 = BijE;+ CijF;+ D..Gn-H; 

‘J J 

U.” +1 *n .n+1/2 
1 

= Un + f(Ui ,U. 1 
, At) 

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

c B..E.. 

j 
‘J J 

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-l - Matrix Diagonalization Technique Used in Vectorizing 
the Basic GIM Code Calculation 
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The vectorized G&i/STAR was run using four test problems. The 

first two of these are “simple” cases used mostly for debugging. They 

consist of two-dimensional supersonic source flow in a 15 degduct 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. 

Case Nodes 7600 STAR Ratio 

2-D Source Plow 2-D Source Plow 121 121 4.2 2.0 2.1 

442 442 15.4 4.0 3.9 

961 961 33.6 6.8 4.9 

1681 1681 58.8 10.6 5.5 

I 2-D Nozzle I 
1932 70.8 13.6 5.2 

I 2-D Scramjet 
I 

940 29.3 9.6 

I 3-D Scramjet 1 7904 480.0 124.0 

-- 
CP Set 
100 Tir 

mds for 
le Steps 

3.1 

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 Computer 

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 llcore,lW i.e., no large page faulting, the 

throughput time of a G&l/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. 

0 

i 

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. 

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

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

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

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. 

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

A ‘lpartially-elliptic 11 algorithm can also be added to solve vis- 
cous flows with some downstream feed-back effects. 

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

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’GLM/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. 
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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 

3-l 



and integrating over the volume of the element. By choosing the weight 

functions equal to the shape functions, we reproduce via Galerkin (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 “tirne~~ 

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-l. 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-l lists the viscous 
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terms with coefficients, ~1, h, k for the first and second coefficients of vis- 

cosity and the‘thermal conductivity, res’pectively;‘ These-are s’cecifi’ed by 

the user as l’laminarl’ 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 canceI low order t.runcation error terms which arise in the 

numerics. Reference 5 presents the basic principles of the NDC technique 

in more detail. 

The differential equations are solved 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 component gas. 

Geometry 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 considered as an infinite 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 discrete model of the 

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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Coefficient8 for Stress Termr 

P = pr. ’ crd 

4 = laminar, constant visco*ity 

Pd = cl p At (u2 t v2 t w2) NDC Value 

k = kr ’ kd 

kr = thermal conductivity 

kd = y2 cV i$ NDC Value 

Coefficient6 for Species Equation 

n=&tp, 

pr = binary diffusion coefficient 

c2 

I 

At (u2 t a2)P x-component 

P, = E 2 At (v2 t a2)P y-component 

1 

NDC Value6 

E 2 At (w2 t a2)P i-component 

Coefficients for Continuity Equation 

pu - ux pv - uy pw - az 

u = 
X 

c3 At (u2 ta2) ap/ax 

uy = E3 At (v2 t a2) 8p/ay NDC Value8 

U 
2 

= c3 At (w2 ta’)Bp/ae 

‘Fig. 3-2 - NDC Coefficient6 Used in the G&f/STAR Code 
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over each element can be studied independently. Thus the approximating 

functions for each element completely define the behaviorof 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 “assembling the system.” The assembly is per- 

formed by means of mathematical blending of each subdomain while main- 

taining continuity at the junctions. 

The General Interpolants Method uses these concepts, borrowed from 

Iinitc clement theory, to obtain discrete finite diffcrencc models of the Navior- 

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 ~1, n2, n3 with origin at point P1. The shape 

of the geometry is defined by 

1. Eight corner points, g1 through $g as shown (Fig. 3-3a) 
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a. Point 

b. Edge Designations 

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. 3-3~) 
I 

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

as continuous analytic vector functions 

.-~i(xt Y, z), ~i(x’ y, z, ’ 

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: 

^ blp2’q3) = 

(1’rQ) g5 + q 1 “k + (l-r12) g2 + O2 S4 

+ (1-q3) q + ‘13 513 

- (I-111) (l-r)9 Es - (l-r)+ 1)~ c8 - ‘71 (l-q21 26 

- JJl r72q - (l-JJ1) (1-q z4 - WJJl) q3q2 

- ‘I1 (1-q E2 - JJ1 JJ3 El0 - (M2) (1-q q 

2 

- (1~7~) rt3d9 - q2 (l-r13) E3 - ~2 

2 
173 Ell 

(3.1) 

t (I-rll) (I-rj2) (I-rt3) 3, + (l-Ql) (1-r)2) ‘13 $5 

t (1-rll) 17~ (1-1~~) s4 + (l-ril) o2 rt3G8 

t Jjl (1-rj2) (l-rjg) s2 t Jil (l-rj2) 773 $6 

J 
+ rll u2 (~-JJ~) +3 + o1 Q2 Q3 P7 
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Y 
I 

(rlls rlZs 0,) 

z b/l’ 772’ 03) 

and si, zi arc the vector functions defining the surfaces and cdgcs, respec- 

tivcsly, iLl1C.l $i arc the (x, y, z) coordiuatcs of the corner points. Edge and 

surface functions are currently inclktdcd in the GIM code as summarized in 

Fig. 3-4. 

0 HEXAHEDRAL BUILDING BLOCKS 

l EDGES (Combinations of up to Five Types) 

Linear Segment 

Circular Arc 

Conic (Elliptical, Parabolic, Hyperbolic) Arc 

Helical Arc 

Sinusoidal Segment 

l SURFACES (Bounded by Above Edges) 

Flat Plate 

Cylindrical Surface 

Edge of Revolution 

0 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 nl, n2, q3 can 

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

AJ = det]Jl 

(3.2) 

(3.3) 

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

flow gradient in r) 1, TJ~, n 3 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 L(n 1, q2, n3) such that 

8 

f(r)p2’r13) = c Ij(V1’rl2sU3) fj (3.4) 
j=l 

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 ar= 
hi c 2 f. 

j=l i J 
(3.5) 

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 

31 = 
/ 

W@dV=O (3.6) 

V 
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where W is an arbitrary weight function and 3, is the differential equation 

(3.7) 

The general intcrpolants I 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: 

[Fiji ‘j + [Fiji Ej t [CijI Fj + rDij3 Gj = 0 

where Uj, Ej, Fj, Gj are the flow variables at the node 

and the coefficient matrices, geometrically dependent, 

ing integrals. 

(3.8) 

points of an element 

are given by the follow- 

dlJ -j (3.9) 

+ drjl dr12 dn3 



The procedure is then to obtain individual element matrices b.y 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 

may be viewed as “derivative takers” or finite difference operators which 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 is to “assemble the system” to ob- 

tain a cc>nsistc~nt set of cocfficicnt nlatric.cs 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 bc 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 WI = W t 6W then 

N 
632 = 

w- 
6~ 4, dx dy dz = 0 

e=l R 
e 

Now let 

so that 

W 7 Wj 0) 1,~)2,~3) Uj or 

(3.10) 

6W = wj 56. 
3 

Wj 9 dx dy dz 66. = 0 
J 

I 

For the 5% to be stationary, the sum of the coefficients of 6cj must be 

z c r 0 . 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 

(3.11) 

where 
1 if node i of element e coincides 

6 = with node m of the region R 
mi 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 

PnuJ Un + bmnJEn + [CmnlFn + kmn3Gn = O (3.12) 

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 = I, then equation (3.12) is 

a classical Galerkin finite element model. We do not, however, use this 

description in the GIM code. Rather, wc choose the weight functions W to 

bc orthogonal to the general interpolants 

(W*AJ)II 

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 finitedifference coefficients containing all of the geometric 

transformations. 

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

A fully implicit scheme for three-dimensional’ problems requires the 
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simultaneous solution of a large system 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 Ye types 

of explicit schemes which the GIM code can generate. The inter polant 

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 ai 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 “Ztt 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 programs 

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 = TAPE8 specified. TAP33 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 ‘tprocessed” 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 Functions, I - 

I = 

‘k-l+ U-r12) u-r,3) 

rll (l-r),) (l-173) 

1117)2 (h3) 

w-/l) 7)2 (l-r,,) 

Wrll) (l-r,21 773 

‘71 (l-772) t73 

771 ‘72 r73 

(1-l 1) tl2 7)3 

Trilinear Orthogonal Weight Functions, W 

W*AJ = 

al (2/3-v $ (2/3-rt2) (2/3-v3) 

a2 (l/3-771) (2/3-v2) (2/3-v3) 

a3 (l/37/1) (l/3-v2) (2/3-rt3) 

a4 (2/3-v 1) (l/3v2) (2/3-q3) 

a5 (2/3-q (2/3-v2) (1/3-~~) 

“6 (1/3-r)l) (2/3-r)2) (1/3-f)3) 

a7 (l/371 1) (l/3-v2) (l/3v3) 

ba8 (2/3-r)l) (1/3-r)2) (1/3-r73) 

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

(STAR) (STAR) 

Module 1 Module 2 

GIMPLT 

(6000) 
Module 3 

Geometry Grid 
Generation 
Matrix Treat- 
ment 

Grid Network 
Finite Difference 

Coefficients r 

Inputs 

Initial Conditions 
Boundary Conditions 
Gas Properties 
Control Flags 

Calculates 

Flow Field 

Fig. 3-6 - GIM Code Modular Structure on STAR 



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 dimension 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 how 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 (5 12 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 

information blocked with 500 nodes (NN) or less, per block. 

Size = 10 + NN + 1 words minimum 

If less than 500 nodes per block are used, the total file size will be ; ’ 

larger since records of length 5001 are used even if they are not full. The 

number of nodez per block iz determined automatically by the GEOM module 
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based on the zone/region configuration 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 t 18*NSP t 6 (2D) 

= 48*NN t lS*NSP t 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 analog common block /G3MAP/ 

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 6322.14 format. The number of words (NWDS) 

contained in the file is given by the formula below. 

NWDS = 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 INT@G 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) 

= FINN (3D) 

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

number of records is determined by the iteration increment at which the file 

is written. This file is also formatted (6322.14), 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 

Number of = 
large pages 

(2D) 

(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 fallowing page. 
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/PRIM/ L, = 6 MN + MN2 t MNS 

/EBU*/ L = MEQ (2 MN t MNZ) 

/UBUF/ L = MEQ (2 MN t MNZ) 

/XBUF/ L = 6 MN t 3 MNZ 

/TAU/ L = 7 MN t 5 MNZ 

/AXSYM/ L = MNA (4 t MEQ) 

/vTEMP/ L = 4 MN t 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, /G3MAP/, is assigned 

to a large page boundary via the GROL parameter in the LOAD 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 Q3OPNMAP in INTEG. 

3-20 



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 

i28. 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 ttZ’l side via the TOAS com- 

mand. Note that FILE17 is a binary file (FILE17=BI) and FILEZO.ie 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) t 1 

= 79041 words minimum 

= 155 small pages minimum 

use 200 in CREATE card 

File 17 

L = (48) (7904) t (18) (7904) t 6 

= 521665 words 

= lol’! Ema11 Page8 
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GEu~~3D~CM60000~ Tloi). 
~Skkr6ki0077C. 
CHAHGEI 101857rLXC. 
GET ( ULDPL=GEWIAT 1 
bET(UYNMAT=DYNwlAT) 
UPtiATE(F,C=TAPcB) 
L)YPui’dAT. 
TOSTAR(INPUT-TAPE31 
7/8/9 
* I !A GEOMODS 
7/b/Y 

7904 3 
7/B/Y 
STUKE 6WO77 4bOSo.S Gt3MDECK 6 
STkGEOM*T200. 
FC)KTHAN( I=TAPE3r~=Gt!lvltlrU=~8) 
CREATE(FfLE16~200rT=P) 
CRtATE(FILEl7*101~rT=P) 
CRkAfEii=I~E20*306,T=P) 
LOAU(GE&vlEj*CN=Gf 3M33,512O,GkLPALL= ) 
GE OhGO. 
TOAS~Z=6~0077C~FILE17=~I~F~~~~O~ 

*+* GEOM DATA **it 

'6/7/8/Y/ 

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

L = (9) (7904) (2.2) 

= 156500 words 

= 306 small.pagee 

Controllee File Size Calculation: 

L = (307) (7904) t 3 large pages 

= 2426528 words + 3 large pages 

= 40 large pages 

= 5 120 small pages 

Note that the GRLPALL parameter is used in the LGAD 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) t 3 large pages 

‘. 

= 104380 words t 3 large pages 

= 5 large pages 

= 640 small pages 

‘INTEG 

This problem is three-dimensional, single gas. Hence, 
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GEUINT1CM6000brTlc20. 
uStkr680o77C. 
CHARGE* 101857rLHC. 
GET(CiLDPL=GEO’/IAT) 
GET (DYNMAT=DYNMAT) 
UPDATE(F,C=TAPE8) 
DYNMAT l 

COPYCF(TAPE3rbEObiC) 
REWIND(GEOMC) 
RETURNi GLDPL) 
RETUWN( TAPE3) 
hETUHN(TAPE81 
GET(CLDPL=INTtG) 
GET(DYNDIM=DYNDIIL?) 
UPDATE(F,C=TAPEO) 
DYNDIM. 
COPYCF(TAPE3rINTEGX) 
REWIND( INTEGX) 
WETURN( OLDPL) 
RETURN(TAPE3) 
RETURN ( TAPE& ) 
TOSTAR(INPUT*G;~MC,INT;GX) 
7/a/9 
* ID GEOMODS 
7/a/9 

340 3 
7/8/9 
*ID INTMODS 
7/8/9 

340 3 0 340 
7/a/9 
STORE 680077 4OUSDS TESTDECK B 
STRSIDEIT~OO~ 
FOHTKAN( I=GtcrlvlZ.j=.CicL)Ibi~*r=LL) 
LOAd(GtOMBrCN=GtOMG0,64O~GkdLPALL= ) 
GEOMG3. 
FORTRAN(I=INTtGXIB=INT~G~*O=L~) 
LOAD( INTEGBrCN=INTEG3,256 
~GRLP=*PRIMI+E~UF,*~~&~JI=~*X)~UF~*TAU~*VTEMP 
rGROL=*ti3MAP) 
INTEGO. 
7/a/9 

*** GEOM DATA *** 

*** INTEG DATA +*s 

6/7/8/g 

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 

MEG = 5 

The common block sizes are: 

/PRIM/ 

/EBUF/ 

/uBuF/ 

/XBUF/ 

/TAU/ 

/AxSYM/ 

/VTEMP/ 

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

= 2381 words 

L= (5) [(2) (340) + 3401 
= 5100 words 

L = (5) [(2) (340) + 3401 
= 5100 words 

L = (6) (340) + (3) (340) 
= 3060 words 

L= (7) (340) + (5) (340) 
= 4080 words 

L = (1) (4 + 5) 
= 9 words 

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 FILE 17 and FILE20 are attached as FILE 17A 

and FILE20A. When files are saved on the access station (“Z” side) a letter 
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INTTiG~~~rC~6OOC3rTL~r). 
usi r% e OtiCr77c. 
ZHA.xijEr 101857rLdC. 
GET( CLiJPL- INTtG) 
SET(LYN~IIM=DYIND~M) 
!JPD&TE(F,C=TAPE~) 
DYN~IM. 
ATTACH(FILE17=FlLE17A) 
ATTACH(FILE2d=FlLE2dA) 
TOsTnR( INPUT*TAPc3,f ILt!17=BI//U*FILtk!O) 
7/8/O/ 
it 10 MCDa 
7/e/9 
STbKE 669077 4005~35 IhVTiLGDCK B 
>TKINTE*T1’50. 
!=CWTRA;U( I=TAPt3eB= I~T~GBIO=LB, 
LOAL)( INTEG~rC~=lNTEG0,1536 
,GI~LP=+PRI,V,r~I~L~=-#EtjJ~ rGkLP=*UBUF.GK~P=+X~UF.GKL~=*TAU.G~L~=*VT~~tP 
9 cAkc;L =*u3MAP 1 
I NTfzGUe 
TOAsc~=6g0077CrFI~EL2) 
7/e/9 

SW+ DATA +4t 

6/7/8/c) 

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/ 

/EBuF/ 

/UBUF/ 

/XBUF/ 

/TAU/ 

. 

/VTEMP/ 

L = (6) (7904) + (7904) + 1 
= 55329 words ZO.85 large pages 

L = (5) [(2) (7094). + 7904)] 
= 118560 words z 1.8 1 large pages 

L = same as /EBUF/ 

= 118560 words ~1.81 large pages 

L = (6) (7904) + 3 (7904) 
= 71136 words =: 1.09 large pages 

L = (7) (7904) + 5 (7904) 

= 94848 words zl.45 large pages 

L = (4) (7904) + 2 
= 31618 words 20.48 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 

boundaries, 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 executed on the STAR Access Station. No TOSTAR 

command is needed. The TAPE22 attach statement is not needed if grid 
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PLOTXXICM~~~OOO*T~OO. 

USEM rbb0077C. 
CHAkGEr 1~1857rLKC. 
GET(OLOPL=PLOTl) 
UPDATE(F) 
FTN(I=COMPlLErL=O) 
ATTACH(TAPE20=t=ILE20) 
ATTACH(TAPE2Z=FILEZ2) 
ATTACH(LRCGOSF/UN=LlBf?AtdY) 
RFL( 111000) 
LDScT(LIB=L~CG3SF,Pl~ESET=INUEF) 
LCO. 
ATTACH(PLDT/UN=LiRHAHY 1 
PLCT.VAKIAN 
7/s/g 
*ID KORCHG 
x-0 hOKE.1 

COMMON A(21040) 
*D KGRk.2 

KMAX=21040 
7/8/9 

ULDG 1247A JL HUN1 

+W+ DATA ++W 

6/7/8/9 

Fig. 3-10 - GSMPLT Example Run Stream 
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plots only are being generated. This executkon 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 requirements) and the corn- 

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

of these calculations. 

NX = 2000 nodes 

KMAXIO = 504010 + 8*NX 

= 504010 + (8) (2000) 

= 2104010 

KFLIO = KMAXIO + 1600010 

= 2104010 + 1600010 

= 3704010 

Choose CM = 11 10008 

= 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 11 10008. This must be set 

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

preceding the LDSET card. 
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4. GEOMETRY MODULE GUIDE (GEOM) 

4.1 USE OF THE MODULE 

Module 1 of the GIM/STAR code calculates the geometry, grid and 

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 dimens ion” capability. A preprocessor, called DYNMAT, must be 

executed with GEOM to provide dimensions to the problem. Figure 4-l 

illustrates the logic sequence for using Module 1. 

The output files from GEOM are the following: 

l File 20 - Contains the grid point description 

l 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 GLMPLT 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 

I 
Nodes User CRU. 

CP Sec. 

2-D Scramjet 
Simulation 

940 27 22 

3-D Scramjet 
Simulation 

7904 1009 449 

L. 
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. . , 

$ 
ASSEMB OUTPUT 

+ 

MA TFUX 4 OUTPUT 

0 stop 

Fig.4-1 - Logic Sequence for GEOM Module 
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Thus for small, two-dimensional problems, the execution time for GEOM ir 
negligible compared to ‘INTEG. However, for larger, three-dimensional 

cases, the GEOM run time can be comparable 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-manw# 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 llpre-processorll 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 (215) . 

NX 

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

dimensioned by NX. 

L 
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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 number of coefficient matrices which are dimensioned. 

The remaining dimensions that are required are calculated internal 

to DYNMAT from these two input parameters. 

4.3 INPUT CARD SUMMARY 

This subsection presents a summa ry 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 

.fidentify each card and its contents.. 

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

ALPHANUMERIC A6 

INTEGER I5 

DECIMAL E 10.4 

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 

1 

2 

Parameter List/Format 

HEADER(I), I= 1,72 

(1=6) 

NZONES, IDIM, ISTEP, IMATRX, IMATE 

(515) 
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Card Type 

3 

4. 

5. 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

.1 

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 

(3E 10.4) 

[AETA(J, I), I= 1, NNOD(J)] ) J = 1, IDIM 

(8E 10.4) 

[(AC(I,K,J),I=~,~), ~=1,4or 12],~=1,5 

(8E 10.4) 

[AS(I, J), I= 1,8], J = 1,6 

(8E 10.4) 

(PT(1, J), I= 1. 5), J= 1, 4 or 12 

(8E10.4) 

(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 common with the preceding section. 

Card types 5 through 15 are repeated for each zone of NZONES 
to be processed. 
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, 
‘Card Type Parameter List/Format 

16 NDX, NDY, NDZ, ISNOPT 

(415) 
17 Nl,LC,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 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 a 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-domainstl 

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 0-1. 

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 giid 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 (12~6) 

‘< Problem Identification Labels 

I.. 

HEADER 

Any alphanumeric information that the user wants 

\ specifics of the problem. COLUITI.WI l-72 are read and pi 
\ 

” CARD TYPE 2 Format (515) 

Problem Option Control Flags 
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Y 

b’ 
X 

PT6 
Note: .Stirf 1 - Back Wide Face b-Q 772’ 0) 

Surf 2 - Bottom b-/l’ 0, ‘)3) 
Surf 3 - Front Wide Face (ri,42’ 1) 
Surf 4 - Top bJ 1’ 19773) 
Surf 5 -Back Narrow Face (O,V~,Q~) 

Sur’f 6 - Front Narrow Face (1, q2, q3) 

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

Number 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. (N o 1 imit.) (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 

axis ymme tr ic . 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 u.se 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 

I 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 region. For some 

complex shapes/grids, certain zones may need to be kept separate. (See 

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

CARDTYPE Format (315) 

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. 

LWRITE = 0 Do not print element matrices 

= 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. 

NWRITE = 0 Print only those grid points 
which lie on a boundary 

= N > 0 Causes every N th 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. 1 

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. 
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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 (15) 

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 (1215) 

Edge Shape Function Indicators 

MAPE(1) 

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-l 

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

Forward-Forward-(Forward)(FFF) 

2-D 3-D 

E Value a Value 

1 1.0 1 1.0 
2 l.OE-8 2 l.OE-8 
3 l.OE- 16 3 1 .OE- 12 
4 1 .OE-8 4 l.OE-8 

: l.OE-8 
l.OE-12 
l.OE-16 
l.OE-12 

Backward-Backward-(Backward)(BBB) 

2-D 3-D 
I I ! 

l.OE-16 
l.OE-12 
l.OE-8 
l.OE-12 
l.OE-12 
l.OE-8 
1.0 
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Table 4- 1 (Concluded) 

Backward-Forward-(Forward)(BFF) 

a 

1 
2 
3 

I 

4 

2-D 3-D 

Value a Value 

l.OE-8 1 l.OE-8 
1.0 2 1.0 
l.OE-8 3 1 .OE-8 
l.OE-16 4 l.OE-12 

5 l.OE-12 
6 1 .OE-8 

l.OE-12 
l.OE-16 

Centered Scheme 2-D Forward-Backward 2-D 

a Value cc Value 

1 1.0 1 l.OE-8 
2 -1.0 2 l.OE-16 
3 1.0 3 l.OE-8 
4 -1.0 4 1.0 

Note: Standard MacCormack scheme will use FFF 
on step 1 and BBB on step 2. 
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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 points in each co- 

ordinate direction. This is done by segmenting ea& 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 consist of up to five 

integers packed into one word MAPE(I). The segment indicators are input 

in chronological order of increasing q 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. 

CARDTYPE Format (615) 

Surface Shape Function Indicators 

MAPS(I) 

These flags are input 2 for three-dimensional problems since hvo- 

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 coeffcients~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. 
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Table 4-2 

EDGE SHAPE FUNCTION INDICATORS AND 
COEFFICIENT DEFINITIONS 

TYPO 

Linear 

Circular Arc 

Conies (Parabola, 
Ellipse, Hyper- 
bola) 

Helical Arc 

Trignometric 
Function of Xe 

Trignometric 
Function of 8 

Special Functions 

M=P Coefficients 
(C,ard 6) (Card 12) 

1 None. Omit Card 12 

2 AC1-AC3 are (x,y, z) coordinates 
of center of arc. AC4 is the ex- 
pansion angle from nozzle, if any. 

3 AC 
of ocal pomt. i-l 

-AC3 are (x,y, z) coordinates 
ACq-AC6 are 

(x, y. 2) components of unit vector 
alone: axis of conic. 

I 
4 ( AC, -AC, are coordinates of 

center of=arc. AC4-AC6 are 
components of unit vector along 
axis. 

5 AC1-AC3 arc coordinates of 
reference point corresponding 
to X,= 0. AC4-AC, are used in 

6 

equation 

I y = y, + AC4 sin (AC6Xe t ACT) 

t AC5 cos (AC6Xe t AC,) 

ACl-AC3 are coordinates of 
center of sweep angle 8. AC4- 
AC8 are used in equation 

y = AC4 t AC5 sin (AC7 EI tACg) 

t AC6 cos (AC7 0 t ACg) 

7 The user can modify the GEOM 
code to include any special function. 
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Table 4-3 

SURFACE SHAPE FUNCTION INDICATORS 
AND COEFFICIENT DEFINITIONS 

Edge of 
Revolution 

4 

Coefficients 
(Card 13) 

None. Omit Card 13 for this 
surface. 

None. Omit Card 13. 

The user can supply special 
function by modifying the 
code for a specific application. 

Surface formed by revolving edge 
about an axis. ASl-AS 3 is origin 
of surface coordinate system. 

AS4 -AS6 are components of unit 
vector along axis of revolution. 
AS7 indicates which qI direction 
the edge will revolve in. 
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CARD TYPE 8 Format (715) 

Boundary Indicators and Node Numbering 
Sequence Specification 

IBWL(1) 

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 IDLM= 2, then &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 

flags. 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. 
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Table 4-4 

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

Boundary Type 

Constant Node 

Axis Node 

No-Slip/Stag- 
nation Node 

Corner Node 
(3-D) 

Free Slip/ 
Tangency 

Not Currently 
Used 

One -Sided 
Differences 

Inter ior Node 

Remarks 

All flow variables are held fixed 
at the input value. 

Designates the axis points for 
axisymmetric flow. 

The density times velocity values 
are held fixed, (pu,pv,pw) but 
pressure, energy and density 
equations are integrated. 

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

Velocity vectors are forced to 
be tangent to a wall (or = 0). 

The user may modify INTEG 
for special cases. 

A boundary is computed from 
only information inside the 
region. Good for supersonic 
downstream condition. 

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. 

1 lDIM 1 ITRAIN 1 Numbering Sequence 

An example of the use of’ this table is: IDIM = 2, ITRAIN = 

the ~1~ direction are numbered first at the initial ql line. 

are numbered along n2 at the next fil station etc. 

1; all nodes in 

Then the nodes 

CARD TYPE 9 Format (615) 

Node Point Distribution Indicators 

NNOD (I) 

For I= 1,2,3, NNOD(1) is the number of nodes in the T)I direction for 

the current section being input. The limit is 100 nodes in each coordinate 

direction or-&kdes total. 

ISTRCH(1) 

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

of the coordinate directions. 

ISTRCH =. 0 uniform spacing 

= -1 reduce spacing in qI direction 

= +l increase spacing in T)~ 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 = +l, 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 (3E10.4) 

Stretching Function Values 

DIVPI(1) 

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 stretching of the grid points. This card is input 

if and only if ISTRCH = +l on card type 9. There are either two or three 

values depending on ID&l= 2 or 3. 

CARD TYPE 11 Format (8E10.4) 

Optional Grid Point Input 

AETA(I] 

The actual ql, rt2# rt3 coordinates of the grid for the section being 

construe ted. These are input if and only if any of the ISTRCH(1) were read 

in as NNOD(1). For example, the r) 1 coordinate Line could be equally spaced, 

the T)~ coordinates calculated with a stretching transformation and the q3 

coordinate line could be read into AETA( I= 1, NNOD(3). 

The AETA values are read in the order n1 then T)~ then T)~ as required 

in Format 8E10.4 using as many cards as required to get them all read. The 

AETA values are normalized to range from 0.0 toJ.0 and hence give a rela- 

tive spacing of nodes. The AETA values are not the actual x, y, z coordinatec 

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(1) are 

set to NNOD(1) on card type 9. 

4-21 



1.0 - 

0.8 - 

0.0 0.2 0.4 0.6 0.8 1.0 

N/NNOD(I) 

Note: Stretching functions are tangent functions of the form: 

l for reducing nodal spacing 

y=l.O-+9&+N=l,2 ,..., NNO;(I). 

l for increasing nodal spacing 

tan 
“I= 

tan DIV:I(I) 

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

Coefficients for Edge Shape Functions 

AC 

The AC8 are coefficients which describe the shape functions for each 

edge of the section being constructed. -- 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 (8E 10.41 

Coefficients for Surface Shape Functions 

AS - 

: 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 separate 

card in the same order as the surface indicators on card type 7. 
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CARD TYPE 14 Format (5E10.4) 

Coordinates of Points 

PT(1, J), : = :, gNUmber of Points 
= , 

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(l, 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 card6 of type 14 to 

be input. For three-dimensional problems there are eight card6 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 example6 
of this usage. 

CARD TYPE 15 Format (6E10.4) 

Segment Extremals for Edge6 

PMAX( 1, K, J) 

The extremal x coordinate, in the q 1 direction, for the K th 
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 Extwmal S 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. 
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PMAX(2, K, J) 

,th The extremal y coordinate, in the q2 direction, for the K segment 

of ‘edge J. 
* : 

PMAX( 3, K, Jj 

The extremal z coordinate, in the q3 direction, for the K th 
segment 

of edge J. 

PMAX(4, K, J) 

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

ment of edge J. 

PMAX(5, K, J) 

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

ment of edge J. 

ETAMAX(K, J) 

The maximum value of the r) coordinate on the K th 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 

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 1’4 and 

15. For two-dimensional problems, the order of input stops after 8; for 
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three-dimensional problem6 the order goes up to 20 as shown in the table. 

The point6 are input on a eingle card, followed by up to five card6 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 cease6 since all points,have been input. Only ex- 

tremals are input for orders 17-20. ’ 

Note6 on Input Sequence of Cards Type 5 Through 15 

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

l Cards type 5-15 are repeated for each zone of NZONES to be 
cons true ted. 

l Cards type 12-15 are not re-input for points, edge6 and eurfacee 
in common with the preceding section. Since these have already 
been input, the code transfers the entries from one section to 
another. 

l 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. 

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

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

CARD TYPE 16 Format (415) 

Coefficient Matrix Parameter6 

Thie parameter is the nodal decrement in the x coordinate direction 

for the full flow domain. NDX ia ueed by the STAR/GEOM module to per- 

form the matrix diagonalization. NDX is thus the difference in node number 

of adjacent node6 along the x axis. See the two-dimeneional Scramjet 6imu- 

lation cage in Section 8 for an example. 
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NDY 

The nodal decrement in the y coordinate direction for the matrix 

diagonalization. 

.NiX 

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 eet the number of epecial 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. Thie option 

should be used if the GEOM module ie to run in a separate execution stream 

before running the INTEG module. 

The reason for having thie option is to reduce the amount of etorage 

in the INTEG module. For small two-dimeneional problems, it is unimpor- 

tant, but for larger three-dimensional problem6 the large page fault6 can be 

reduced by using ISNOPT = 1. I 
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CARD TYPE 17 Format (315) 

Nodal Analog Print Control 

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

ie desired. 

Ic 

The nodal analog print increment to use, starting with node Nl, to 

printout the nodal analogs. 

NT 

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

ie wanted. 

Notes: 

l 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. 

l The analogs can be printed out in any order. 

l Example of cards type 17: 

15 1 2 

684 2 5 

-1 
- 

This sequence will produce analog printout for node6 15, 16, 684, 
686, 688, 690, 692. 

l Any number of nodal analog6 may be printed up to the total num- 
ber of node6 in the problem. 
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4.5 OUTPTT- DESCRIPTION 

The output of the GEOM module consists of two types: 

l Printed grid and nodal analog descriptions 

l 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 immediate) input to the 

INTEG (17 and 20) or GIMPLT (20 only) modules. 

The printed output from GEOM consists of two basic types: 

l Geometry/grid description 

l 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 
I. ..i 
.,r 

number followed by the following List: , 

k X,Y.Z - C.arte ian coordinates of the node 

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

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 
vet tors . 

BC - Boundary condition types (see Table 4-4). 

The user can control the number of nodes printed on the input cards 

previously described. 

Following the grid point printout is a summa ry 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 first 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: 

4-35 
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NODAL ANALnG FOR Y DIRECTION, STEP 1 
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Fig. 4-9 - Matrix Coefficient - Nodal Analog Output (Y, Step 1) 
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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 I29 is 

given by: 

aE 
ax I 129 

= (-10.895807) El29 t (10.085480) ElsO 

+ (9.865 1875) El45 + (0.022070995) El46 

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. (S ee 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 

ti=eated 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: 

[*mnl ‘tI + TBmnl En + [‘mnl =i-~ + [Dmnl Gn = O 

where the matrices [A-], etc., are obtained from the output tape of module 

1. I; is these coe-fficients 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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I 
I INIT 

I 
t 

DEQ VISC 

I 

I+ 

SPEC 

UCAL UDCAL 

4 

TSTEP 
I 

Yes 

6. stop 

Fig. 5- 1 - Logic Sequence for INTEG Module 
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After this llpreprocessing” is done, the INTEG module 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-l 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. 

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 DYND& 

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 
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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) 

MN 

The total number of nodes in the problem. Each flow vector used in 

INTEG is then dimensioned by MN. Thus, for llsmalll’ problems., the code 

is dimensioned small and will fit in the main memory of the STAR-loo. 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. 
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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 %EOM 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 re.locatable 

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 summary 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 A 1 

INTEGER I5 

DECIMAL E1O.O 

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 

1 

2 

3 

4 

5 

6 

Parameter List/Format 

ICASE, (ITITLE( I= 1, 78) 

(12, 78Al) 

IDIM, METHOD, ITMAX, IPRNT, ITSAVE, ISTART, 
IOTYPE, IUNITS, ITSTRT, IVISC, IDIST, ISPEC 

(1215) 

NN, NNX, NDX, NNY, NDY, NNZ, NDZ, NPM 

(815) 
DTIME, DTFAC, INCDT 

(2E10.0, 15) 

REALMU, REALK, GAMSl, GAMS2, WMl, WM2, DK, RK 

(8ElO.O) 

EMU, ELAM, ERHO, ESPEC 

(4ElO.O) 
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Card Type Parameter List/Format 

7 NNPM(I), NCPM(I), (NNCPM(1, J), J= 1, 5), 
+NGPM(I); I = 1, NPM 

(715, E1O.O) 

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

(15, 2ElO.O) 

9 RHOZ, PZ, ASTAR, NINC, A, B 

(3E10.0, 15, 2ElO.O) 

10 NJ, INC, NTOT, ITAN, ITYPE 

(515) 

11 RI, UI, VI, WI, PI, CSI 

(6ElO.O) 

12 Nl, 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 TYPE 1 Format (12; 78All 

Problem Identification Labels 
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ICASE 

The numerical number assigned to the given specific problem. This 

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

ICASE 2 0 identifies the case 

<o 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 

throughColumn 80 of the card. This title is used only for identification of 

the problem. 

CARDTYPEZ Format (1215) 

Program Option Control Parameters 

IDIM 

Flag indicating the dimensionality of the problem being run. 

IDIM = 1 indicates that the two-dimensional 
axisymmetric option is to be used 

= 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)* 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 flowfield save flag. Output of the flow field is written on File 22 

at every (ITSAVE) 
th 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. 

ISTART = 0 indicates a Ilcoldll 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 < 0. If IOTYPE > 0, 

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: 

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

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

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

IOTYPE = +l gives one-line output 

= +2 gives two-line output 

= +3 gives the special purpose 
output 

If IOTYPE > 0 then the zero 
th iteration 

< 0 the zeroth 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 

dimensionless. variables are used, 

are: 

Variable 

Velocity 

Density 

Pressure 

Viscosity 

Thermal 
Conductivity 

Gas Constant 

Binary Diffusion 
Coefficient 

Time 

inputs must be in that consistent set. If 

then set IUNITS = 2. The assumed units 

English 

w set 

lbm/f t3 

lbf/f t2 

lbm/ft-set 

lbm/ft-sec3-R 

ft2/sec2-R 

ft2/sec 

set 

Metric 

cm/set 

gm/cm3 

dyne/cm2 

PI cm-set 

gm/ft-sec3-K 

cm2/sec 2-K 

cm2/sec 

set 

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 ITS’TRT 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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IVISC = 0 indicates an inviscid 
case to be run 

= 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 case is being run. Mixing of the two gas streams could 

’ not occur, of course, for an inviscid flow. 

1. 

2. 

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

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 

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

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. 

IDIST = 0 provides an inviscid type of 
starting solution for nozzle 
flows 

= 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. 

CARDTYPE Format (815) 

Node Point Description 

NN 

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 time 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 # (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, NDZ) 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: 

:m’ yt-, 
5 9 13 17 
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For this example the input would bc 

NNX = 5 NNY = 4 

NDX = 4 NDY = 1 

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 discussed 

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 5 10 is the limit. 

CARD TYPE 4 Format (2E10.0, 15) 

Time Step Control 

DTIME 

Parameters 

The value (in seconds) of the time step At to be used 2 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., 

Atmin = ~DTFACI * ~~~~~~ 

The second function depend8 on the algebraic sign of DTFAC. 

If DTFAC > 0 the code will use the user DTIME 
value as long as it is below the 

Atmin’ 
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. 



The CFL condition is calculated in INTEG by the following formula: 

for each node point, where 

h, 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 INGDT 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 TYPE 5 Format (8~10.0) 

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 apprbpriate set of units. 

CAMS1 

The ratio of specific heats for ideal gas number 1. If a single gas 

system is being run (ISPEC = 0), CAMS1 is the value of y for this gas. 

CAMS2 

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

system is being run, set GAMS2= 0.0. 

WMl 

The molecular weight of gas number 1. If a single gas system is being 

run, WMl 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 constant8 

for use in the ideal gas equation of state. 
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DK 

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

mixture. 

If DK 2 0 the code will use this value in the species 
continuity and energy equations. 

DK < 0 the code will compute this coefficient as 

DK = p&O.7 

from the dynamic viscosity p with an 
a’ssumed Lewis number of 1.0 and Prandtl 
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 WMl. 

CARD TYPE 6 Format (4ElO.O) 

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 t EMU*(NDC Value) 
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ELAM (Nominal Value = -2/3) 

The coefficient to use in computing the l’secondl’ viscosity coefficient 

A in the Navier-Stokes equation is as foil OWS: 

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 TYPE 7 Format (715, E1O.O) 

Node Point Information for Special 
Treatment of Sharp Corners 

Note8 

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 sequie 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(I1 

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(1) 

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(1) = 3, then three of the connecting 

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

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

These are the node numbers of those connecting nodes which are to be 

recomputed. In the above example, NCPM(1) = 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(1, 1) = 801 

NNCPM(I,2) = 802 

NNCPM(I,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 ‘IUP- 

stream” of the expansion and will be computed from the upstream unex- 

panded flow. 
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ANGPM(1) 

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

The input angle is in degrees. 

CARD TYPE 8 Format (15, 2ElO.O) 

Finite Difference Information for Corner Treatment 

Notes 

1. The number of cards type 8 is 

4 *NCPM(I) 

where NCPM(1) was input on Card 7 for I= 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(1). 

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

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

for treatment of corner node I. 

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

following card sequence is required: 

Card 8-l NCT(I, J, l), PXPM(1, J, 1). PYPM(1, J, 1) 

Card 8-2 NCT(I, J, 2), PXPM(1, J, 2), PYPM(1, J, 2) 

Card 8-3 NCT(I, J, 3)s PXPM(1, J;3), PYPM(1, J, 3) 

Card 8-4 NCTU, J, 4), PXPM(1, J, 4), PYPM(1, J, 4) 
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PXPM(1, 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(I, 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. 

CARDTYPE Format (3E10.0, 15, 2ElO.O) 

Nozzle Flow Parameter Identification 

Notes 

1. Card type 9 is input for G 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 - l/Y- 1 
p/p, = 1 + y M2 
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PZ 

Value of the stagnation pressure of the gas flow. Same usage as 

RHOZ, where 

P/PO = 1 + y M2 
-Y/Y-l 

I 

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 is 

ASTAR - A 1 < l.OE-4 
I 

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) 

5-25 

I - 



then 

where 

M = MO ( 1 - y/y,lk 

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

Mo. = local isentropic Mach number at the centerline 
of the nozzle (x, y = 0) 

Y = local radial coordinate of the node 

x = local axial coordinate of the node 

YW 
= radial coordinate of the upper wall of the nozzle 

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

and a *‘boundary-layer-like ‘I 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 
field. All nodes can be input on a single card or each 

a flow 
node 

can be input on a separate card. The usual case is some- 
where between these two extremes. 

2. If 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 .lO (and 11 if required) are not input for a restart 
case unless changes are being made (see Section 5.4-e 
-1 card must be present even on a restart case. 

NJ - 

Node number of the first nodal point to be initialized by this card 

type 10. (NJ = -1 terminates the input of Card 10.) 
.-, 
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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. 
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ITYPE = 0 

= 1 

= 2 

= 3 

allows the user to input the initial 
conditions on cards (see card 
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 .) 

CARD TYPE 11 Format (6~ 10.0) 

Flowf beld Initial Conditions 

Notes 

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

2. If ITYPE= 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). 

RI 

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

ing card type 10. 
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UI - 

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 UI 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. 

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

set WI = 0.0 as is the case with VI. For two-dimens ional problems, input 

WI = 0.0. 

PI 

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

sponding card type 10. 

, 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 output in any order for con- 
venience of the user. The nodes do not have to be printed in 
sequential order. 
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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, 
each node to be printed can be specified on a separate card, 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. 

Nl - 

The node number of the first nodal point on this card to be printed. 

For example, Nl = 698, then node 698 will begin the printing controlled by 

this card. 

IC - 

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

example, N 1 = 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. 

Example of Card Type 12 Sequence: 

1 1 100 

101 2 50 

501 5 200 

-1 
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5.4.2 Special Input Sequence 

There are always lfspecial11 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 l’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 input unless changes are to be. made. 

For the standard &TART 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 desired. 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 l’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: 

*IDENT USER 

*D PAGEZ. 142 

User Code 

The variables that must be set in this subroutine are RI, UI, VI, WI 

and PI as defined in the discussion of card type 11. If IRTN= 0 is set, then 
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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(1) 

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: 

l Printed flowfield data, and 

l 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: 

l The input c.ards are printed out to allow the user to check the 
data. 

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

l 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 optibns 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 
c 
i= 1 

The order of this printout is 

For two-dimensional problems, the (~‘w)~ is not printed and for single gas 

cases, the (pi=)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 lo5 to 10 
20 . The primary use of this data is for debugging of a new problem 

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 lJ vector. A header is 

printed at each new page to identify 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 t v2 t w ) 2 l/2 

E - total energy 
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Fig. 5-9 - Special Output Format 
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P - pressure 

IB - node point type (see Section 4) 

IOTYPE = 2: This will be called the lltwo-line” output and consists of 

the basic flow variables & 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 - local value of the ratio of specific heats 

cs - mass fraction of gas species number one 

PHIX - flow angle in the x-y plane 

PHIY - flow angle in the y-z plane 

SOS - local sonic velocity 

T - temperature 

M - Mach number 

If a two-gas code is 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 - density 

P - pressure 

M - Mach number 

PHIX - flow angle in x-y plane 

PH IY - flow angle in y-z plane 

IB - 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 

output is requested every 10 iterations, and the CP time = 1.62 then each 

iteration is taking 0.162 set on STAR. 

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 
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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 IG 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. 
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The file requircmcnts for the GIMPLT module are illustrated in 

Fig. 6- 1. 

(Not Required for 
GRID Plots) 

Card Input 

Printed Output 

Fig. 6- 1 - File Requirements for GIMPLT Module 

The GIMPLT module resides on the STAR Access Station (CDC 6400 

II Ztt 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 

eters this input card 

its contents. 

user becomes familiar with the GIMPLT input param- 

summary can be used to quickly identify each card and 

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

ALPHANUMERIC Axx 

INTEGER 

DECIMAL 

Note that some fields are skipped 

the format description. 

I5 

E1O.O 

for some card types as indicated by nX in 

Card Type 

1 

2 

3 

Specs. 

S-l 

s-2 

Grid 

G-l 

G-2 

VVEC 

V-l 

Parameter List/Format 

ITITLE( l), ITITLE(2) 

(2A46) 

NX, ITERAD, ITRBLK, KDIM, ISP 

(515) 
GAMMA, FACTOR, RK, PO, TO, RHO0 

(6ElO.O) 

NPLT, STITLE, IVIEW, ISYM; ITHETl, IAXISl, 
ITHETZ, IAXIS2, IXTABL, IYTABL, VFAC 

(15, 5X, A20, 815, E1O.O) 

NTYPE, JO, IJUMP, JJUMP, NI, NJ, IPRNT 

(715) 

‘GRID’, IOPT, ICSCLE, NSPECS, (ISPEC(I), I= 1, 
NSPECS) 

(A4, 1X, 15, 25X. 215, 715) 

(ISPEC(I), I= 8, NSPECS) if NSPECS > 7) 

(45X, 715) 

‘VVEC’, IOPT, NITER, ICSCLE, NSPECS, (ISPEC(I), 
I= 1, NSPECS) 

(A4, IX, 215, 20X, 215, 715) 
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Card Type 

VVEC 

v-2 

I- 1 

Contour 8 

C-l 

c-2 

I- 1 

L-l 

Parameter List/Format 

(ISPEC(I), 1=8, NSPECS) (if NSPECS > 7) 

(45X, 715) 

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

(1615) 

ITYPE, IOPT, NITER, NC, ITABLE, INCR, KSCLE, 
NSPECS, ISPEC(I), I= 1, NSPECS) 

(A4, 1X, 515, 5X, 215, 715) 

(ISPEC(I), I= 1, NSPECS) (if NSPECS > 7) 

(45X, 715) 

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

(1615) 

(CVAL(I), I= 1, NC) 

(8ElO.O) 

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 (2A40) 

Problem Identification 
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ITITLE( I), ITITLE(2j 

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 TYPE 2 Format (515) 

Problem Size and Type Description 

NX 

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 TYPE 3 Format (6~10.0) 

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. 

RK 

The gas constant as input in INTEG. 

PO, TO, RHO0 

These are reference values which are used to normalize pressure, 

temperature and density, respectively, for contour plots. These may be 

stagnation values if desired. If contour plots of the unnormalized quantities 

are desired, PO, TO and RHO0 may be set to 1.0. 
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A set of “Plot Specifications” follows. Each “Plot Specification” 

defines the node/element content of the plot, its orientation, view angle, etc. 

A description of the four-node elcmcnts 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 co.nnectors is available to describe the outline 

of the flowfield region and/or any distinguishing 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 ltPlot Specifications” may be stacked. A card containing a -1 in Columns 

4 and 5 terminates the “Plot Specification” data library. 

CARDTYPES- F ormat (15, 5X, A20, 815, E1O.O) 

Plot Specification Labeling and View Angle Options 

NPLT No Default 

Plot e’pecification identification number. NPLT may be any ‘positive. 

numbe.r 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- 

tify&g the, plotted region, e.g., CORNER REGION. 

The view axis which is normal to the plotted plane. 
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ISYM Default. ISYM=O 

A symmetric reflection parameter. If ISYMf 0, 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, ITHETl, IAXISl, ITHETZ, 

IAxIS along with the view axis, IVIEW, are used to select a non-standard 

axis orientation on an oblique view angle. 

ITHETl Default ITHETl=O 

Rotation in degrees about axis IAXISl. 

IAxIS No Default 

Axis about which first rotation is performed. 

ITHET2 Default ITHETZ = 0 

Rotation in degrees about axis IAXIS2. 

IAxIS 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. 

Y 

t- +2 X 

IVIEW = 3 
(Standard) 

If a different axis orientation is desired, or if an oblique view angle is 

required, rotations may be performed by using the ITHETl, IAXISl, ITHETZ, 

and IAXIS parameters. Following are two examples. 

6-8 



-z 

r 

x 

k 

Y 

Y 
x 

IVIEW = 3 IVlEW = 1 
ITHETI = 180 ITHET 1 = 30 IAXIS = 2 
lAXLsl= 1 ITHETZ = -30 lAXIS2 = 3 

Note that the second rotation (ITHETZ, JAXlS2) 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 frame. The following parameters may be used to position the ID 

table elsewhere on the plotted frame. 

IXTABL Default IXTABL = 20 

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

IYTABL Default LYTABL = 980 

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

0,102: 

IXTABL = 20 
IYTABL= 980 

0, c /) 11023.0 
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VFAC Default VFAC z 1.0 

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

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

Examples 

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 S-2 is used to specify the node/element content of a plot 

specification. Any number of cards of this type may be input to 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 Defau!t NT-i PE = 0 

Element generation control parameter. 

NTYPE = 0 a single element is input 

= 2 a network of two-node line 
connectors is generated 

z 4 a network of 4-node elements 
is generated 

30 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 S-2 input for a plot specification. 
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IJUMP No Default 

For NTYPE = 2 or 4, IJUMP is the nodal increment in the i * direction 

for the element network generation. For NTYPE= 0, this is the second con- 

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

No Default 

For NTYPE= 2 or 4, JJUMP is the nodal increment in the j tb direction. 

For NTYPE= 0, JJUMP is the third connecting node, i.e., node JJUMP is con- 

nected to node IJUMP. 

NI - Default NI= 1 

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

direction. For NTYPE = 0, NI is the fourth connecting node, i.e., node NI is 

connected to nodes JJUMP and JO. 

X Default NJ= 1 

For NTYPE=4, NJ is the number of elements generated in the j th di- 

rection. If NTYPE = 2, NJ is the number.of lines of connecting nodes in the 

j* 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 Z-node line connectors are generated as illus- 

trated below. 

Where the ‘origin’ and ‘terminus’ of a line are connected to nodes Jl 

and J2, respectively. The program generated NI*NJ lines, as follows. For 

I= 1, through NT, and J = 1 through NJ. 

JI = JO + (J-l) *JJUMP t (I-l) *IJUMP 

J2 = Jl t IJUMP 
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Example: NTYPEz2, ~oz6,1JUMPz12, JJUMP=2,NI=5,NJ=5 

6 18 30 42 54 66 
J=l I I I I 

8 20 32 44 56 68 
Jz L I I 

10 22 34 46 58 70 
J= 3 t I 

12 24 36 48 60 72 
J=4 I 1 I I 

14 26 38 50 62 .74 
J=5 I I 

I= 1 1z 2 I: 3 I=4 I=5 

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

trated below. 

Where Jl, J2, J3, and J4 are the nodes connected by the element, 

the program generates, for I= 1 through NI, and J = 1 through NJ. 

Jl = JO + (I-l)*IJUMP t (J-l)*JJUMP 

J2 = Jlt IJUMP 

J3 = J2t JJUMP 

~4 = J3 - IJUMP = Jl t JJUMP 

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

6 18 30 42 54 66 

I= I 
8 20 32 44 56 68 

I=2 10 22 34 46 58 70 

1: 3 12 24 36 48 60 72 

1x4 14 26 38 50 62 74 

3~1 JZ2 5~3 J=4 Jz5 
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The remaining data describes the content and form of: 

- finite element grid plots, 

- velocity vector plots, and 

- P, T, p and Mach number contour plots. 

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. 

CARDTYPEG-1 I? ormat (A4. 1X, 15,25X, 215,715) 

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 = 0 no numbering or shading 

= 1 nodes will be numbered 

= 2 elements will be shaded 

= 3 nodes numbered and elements shaded. 
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ICSCLE Default ICSCLE = 0 

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 plot 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 wili 

be plotted. If NSPEGS > 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 as a result of this card. If 

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

50. 

CARD TYPE G-2 Fo.ry,t (45x, 715) 

List of plot s.pecifications is continued on cards of this type if 

NSPECS > 7. 

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), I= 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-l omitted. Iteration 0 will be plotted auto- 

matically. 

CARD TYPE C-l F ormat (A4, 1X, 515, 5X, 215, 715) 

Contour Plot Card 

ITY PE 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-l. 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 not 

labeled. If ITABLEf 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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NSPEG 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 l-l 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-l omitted. Contour plots for 

iteration 0 will be generated automatically. 

CARD TYPE L-l Format (8ElO.O) 

(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 input parameters. When input parameters are left 

blank the default values will be printed out. Additional printout can be called 

for on 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 IIzll machine which does not have the paging capability of the STAR. 
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Fig. 6-2 - Example Grid Plots for 121 Node Duct Problem 
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Fig. 6-4 - Grid Plot for Nozzle Flow 
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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 alldata arrays are given by the following formula: 

KFLIO = KMAXIO + 1600010 

where 

KMAXIO = 5040 1o + 8WX (NX = number of nodes) 

KMAX is the dimension of the array “A It in the GIMFLT MAIN program which 

is normally set to 15000 and must be changed to plot a 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 

NX = 150008 - 5040 = 1245 

The field length requirement for KMAX = 15000 is 

KFLIO = 1500010 + 1600010 

= 3100010 

= 744308 

The CM parameter on the JOB card must be at least as large as KFL8. A 

field length of 2000008 (6553610) would permit the following. 

KMAXIO = 6553610 - 1600010 = 49536 

NX = 49536 - 5040 
8 

= 5562 nodes. 
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7. USING THE GIMISTAR 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 

appropriate 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 
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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. Th.is 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 
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I 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 

1 of streams of different velocities, it is usually desirable to employ a finer 
I 
’ mesh size than that needed far out in the free stream where flow gradients 

i are less steep. 

In general, the use of different mesh sizes in the same flow field 

does not significantly change the GIM method of solution. This is true since 

a special form of the difference equations is used at the point of mesh size 

change. GIM uses “general interpolation 11 functions to account for mesh size 

c.hange s . Whenever possible, the use of a grid with rapidly changing mesh 

size should be avoided. It is better to stretch the mesh and have uniformily 

changing mesh size rather than abrupt changes. 

7.3 INITIA L 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. Sharpdiscontinyitiesin the initial conditions, such as a 
11 sharp” shock&an 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 

t&o-dimensional and three-dimensional Scramjet example cases. Another 
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alternative is to start with the sharp discontinuities and use a 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 algorithm 

'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 flbackward- 

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, Euler 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 11 sum of squares of the unsteady derivatives” at each 

ite’ration. as explained in Section 5.5. The user should monitor these quantities. 

Theoretically, they should go to ze’ro 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 llsums 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 commonly 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 runtimes 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 tables gives the CP times for the GEOM and INTEG modules for the two 

example problems which were computed on STAR. 

GEOM CP INTEG CP 
C onfig. Nodes (set) (set for 100 steps) 

2-D Scramjet 940 27 10 

3-D Scramjet 1 7904 1 1009 I 124 I 
I I I I 
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Several notes should be made about this table. For the twoTdimensional 

Scramjet problem, the INTEG module converged in - 1000 steps which re- 

quired about 100 seconds of CP time, compared to 27 set total for the GEGM 

module. If a number of parametric cases were to be run, then the GEOM 

module time would be insignificant 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 set 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. Our recom- 

mendation at this time is to make a 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: 

l Check the dynamic dimension inputs to ensure that the 
code has been properly compiled. 

l Check the grid plot for proper connectivity and distribu- 
tion of points. 

l Analyze the nodal analogs to ensure that the finite differ- 
ence scheme is a “g,ood” one. 

l 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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l 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. 

l Double check the initial conditions for violation of the 
physics of the problem and for existence of unusually 
sharp ‘gradients. 

l Check that the boundary conditions, flags and values, 
are correct as the user intended. 

During the initial usage of GIM/STAR, version SE-l, 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. 
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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-la and consists of a 15 deg expansion in a planar duct. 

Source-like circular arcs are used ad grids to render the flow effectively 

one -dimens ional. Figure 8-lb shows the input data cards for DYNMAT, 

GEOM and DYNDIM modules. Figure 8-1~ gives the input cards for INTEG 

and GIMPLT modules. 
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rLinear Edge 

Fig. 8-la - Configuration for Two-Dimensional Source Flow Check Out 
Problem 
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Fig. E-lb - Supersonic Source Flow Example Case (DYNMAT, 
GEOM. DYNDIM) 
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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 
-3 

cm. The equation shown on this figure is the wall 

contour used in GEOM to generate the nozzle geometry. Figure 8-Zb is an 

input set-up for DYNMAT, GEOM and DYNDIM for this nozzle contour. Fig- 

ure 8-2~ 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. 

8.3 TWO-DIMENSIONAL SCRAMJET SIMULATION 

The flow field analyzed involved mixing 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. 1. Figure 8-3b shows 

the input cards for the DYNMAT, GEOM, and DYNDIM modules. This case 

is initialized in the INTEG module using the USERS’ subroutine explained 

in Section 5. Figure 8-3~ is a FORTRAN listing of this subroutine for the 

2-D Scramjet problem. The INTEG input cards are given in Fig. 8-3d 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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-25.417 
0.0 

0.30 0.375 0.44 
0.75 0.80 0.833 
I .o 

000 0.3 
0.0 0.70 
0.0 
0.0 
0.0 .3 
0.0 0.4.Z 
0.0 0.70 
0.0 

4 s 4 Y 0 0 I 
66 2, 0 J 21 0 

0.0 6.YboooE-3 V.0 0.0 
5.Cooot-0>.2359, 102.lc146 ll23.YY17 -.7704072b-~2.447655 
2. sOOOOE-3 0.0 0.0 0.0 0.0 .09 

5.3000E-2 0.0 0.0 0.0 0.0 
5.OOOOE-2 ,.C463E-2 0.0 l8.71D 0.0 

,.,7950E-3 5.3246E-3 0.0 37.0 0.0 .09 
2, 1 3 0 

1 L ,rz 
-I 

0.50 
0.667 

Fig. 8-Zb - Two-Dimensional Nozzle Example Case (DYNMAT. GEOM, 
DYNDIM) 
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1 0 0 

U.0 0.0 ,?.02efjot+7 

0.0 

Fig. 8-2~ - Two-Dimensional Nozzle Example Case (INTEG) 
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Fig. 8-k (Concluded) 
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4 1 1 
2 1 2‘ 

1 21 
‘YLZ ,Y,2 

-I 
-1 

GR," 0 
‘R,O 0 
Gi?‘D 
PRES 0 1 

50 
.0‘15 0.0125 
.04 .045 

0.3 0.4 
MACH 0 L 

: 0 
.A .4 

1.0 2.0 
2.r 3.0 
3.7 3.:: 

““EC 0 1 
<JO 

““EC 0 I 
DO 

M!aCH I 1 
‘>O 

Pl)cS 1 1 

STdp’” 

46 
2 

2’t -1 

0.015 
.OS 
0.5 

26 -1 

.6 
2.3 
3.‘ 

5 1 

i) 1 

17 

0.0‘75 
.06 
0.6 

‘7 

*d 
2.4 
3.2 

17 

17 

1 2 
0 1 

0 1 

0.02 
.O? 
0.7 

0 1 

1.f 
c.5 
3.3 

0 ‘ 

1 2 

0 1 

0 1 

.50 

.50 

0.30 

1 2 
3 

3 

o.ocs 0.03 0.035 
0.O.Y ., .il 
o.tl .e.s .90 

3 

1.2 1.4 I .” 
c.5 2.7 c.i) 
J,4 3.5 2.6 

3 

I 2 

3 

3 

Fig. 8-Zd - Two-Dimensional Nozzle Example Case (GIMPLT) 
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Axial Distance, x/x 
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Fig. 8-3a - Two-Dimensional Shear Flow Configuration 
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++ OYNMAT 11rPUf +* 

Y40 2 

l * CEOM INPUT +* 

TWO OIMENSIONAL SCRAMJET CASE 
2 
0 

l*O 
2 

111 
24 
23 

oeo 
0*40 
0.2 
1-O 
1 . E 
3.0 
3* 0 
O*L 
Oa2 

1 
29 
21 

6eC 
6aO 

1 
1 
n 

Cl 
omo 
0*75 
3eo 
6.0 
6mO 
3br, 

16 
1 

-1 

940 

2 2 0 1 
0 1 

1 .OE-OB 1 l OE-16 1 l OE-08 1 l OE-16 1 .OE-08 1.00 l .OE-06 

1 1 
9 4 

16 0 
0.05 
0*45 
0*21021 
0*21021 
o* lt)Ylt) 
o*o 
2.30212 
1.2&3 
1 a0 

1 1 
8 4 

16 0 
0.0 
3939403 

1 1 
8 1Y 

13 0 
0.15 
Oe8125 
-2-O 
-2.0 
O*O 
090 

1 0 
1 100 

11 
0 0 
0 16 

0.10 
0.50 
090 
0.0 

::: 
093 
oao 
0.0 

1 

0’ 1: 
0.0 
0.0 

1 
0 0 
0 13 

0.30 
0.875 
0.0 
0.0 
090 
090 

1. 

+* DYNOIM INPUT ++ 

2 1 318 

0 1 
0 

0.1s 
0=60 
0.0 
o*o 
-6aO 
-6.0 

‘20.0 
20ao 
oeo 

0 1 
0 

oeo 
20.0 

0 1 
0 

0.4 
Om9375 
o*o 
0.0 
omo 
0.0 

0.20 0.25 0.30 0.35 
0970 0~80 0*90 la0 
o*o 
o*o 0.363636 
oeo 0 0454545 
0.0 
0.0 
0.0 
0.0 0.4 

omo 
0.0 

0.5 0.565 0.625 096875 
1eo 
o*o 
0.0 
090 
0.0 

Fig.8:3b - Two-Dimensional Scramjet Case (DYNMAT, GEOM, DYNDIM) 
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l uuu UPDATE .WD T3 UsE .USERlP’ SUBROUTINE ,+*++’ 
++ TidD DlMcNS IDNAL SCRAMJET CASt *+ 

+ I DENT USERI P 
+D PAGEZ. 142 -. c 
C ++ USEH kDUTIiJt TO INPUT 2-D SCRAMJET CAsti l * 

DIMENSION Ap1~~,4~.JMAX~4~.A~TA~lO.4~.DA~~4.lO~.PE~4~.PP~4~ 
READt5.5801 1JMAX(J).J=l*4).JNUM 

5MO FORMAT(SlS1 
00 550 J=l.4 
JMX=JMAX(J) 
HEAD(5rSYf) (AP(JJ.J1*JJ=l*JMXl 
RCAD(5rSYU) ~AETA(J~.J).JJ=I*JMX) 

550 CONTINUE 
490 FURMAT(tiE10.41 

DO 560 J=~.JNJM 
HliAD(5.5YS) 13AT(J.J.J1rJJ=l.41 

560 CONTINUE 
5Y5 FORMAT(4510.41 

XLINE=O.O 
PP(l)=AP(l.11 
PP(21=AP(lr41 
PP(3)=AP(JMAX141 r41 
PP(4)=AP(JMAX131.31 
30 600 I=1 .NTUT 
Wl=O.O 
I TAN=0 
lF(l.LT.6B91 iri) TO 600 

C l * FREc STREA:4 CONDITIONS +* 
Wl=0.003223 
Ul=S791 l o 
Vl=O.O 
Pl=105.a 
CSI =o.o 
GO TO 700 

6~0 CONTINUE 
11=1/16 
ll=l-II*16 
lF(ll.Eu.l) XLIIY~=XLINE+~.O 
lF( I l.EU.0) I I=16 
ETA=(XLlNE-1.01/42.0 
Yl=ll 
EP.s=(Yl-1.0)/15.0 
CHl =ETA 
DO 620 J=lr4 
lF(J.GT.21 CHI=EPS 
lF(CHl.tT.l.G1 CHl=l.O 
JMX=JMAX( J1 
DO 610 L=Z.JMX 
L2nL 
IF(CHI.LE~AETA~L.J)) GO TO 615 

610 CONTINUE 
61s CONTINUE 

Ll=L2-1 
PSl=(CHl-A~TA(Ll.J))/tAETAtL2.J1-AETA~Ll.J1) 
PE(J)=AP(Ll.J1+PSl*(APtL2.J1-APtLl.J11 

Fig. 8-3~ - Two-Dimensional Scramjet Case (INTEG Input by USERIP) 
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620 CGNT I NUE 
EPSl=l.O-EPS 
Pl~~~.o-~TA)*IP~~3)-~PS~+PPo-EPS+PP(4~~+~TA~~PE~4~-~PSl~PP~2~ 

S-EPS+PP(3)~+EPSl*PEo+EPS+PE(2) 
DO 650 J=2rJNclM 
JJ=J 
IF(Pl.Lt.3ATl4rJ1j GO TO 660 

650 CONTINUE 
660 CONTINUE 

JlrJJ-1 
NHR=(Pl-DATt4,Jl) )/(DAT(4.JJ)-3AT(4.J11) 
~l=DAT~lrJl)+XRX+~DAT~~.JJ~-DAT(l.~l~.) 
UlrDAT~2rJ1)+KRK+~DATo-DAT(2rJI)) 
Vl=DAT(3.Jl)+ttKK*(DATt3.JJ~-DATt3.J1~1 
ul=~DHT~U1*+2+V1**2) 
Cb1’1.0 
lF(XLlNE.GT.1.01 ITAN= 
1F~EPS.GE.1.01 ITAN=l 
lF(EPS.Lt.O.OI ITAN= 

7tiO CUNT 1 NuE 
C *+ cn~ctc Foti T~~NC~~NCY *+ 

IF ( ITAN .kO. 0 1 Gu TO 1.5 
THxY=THETA( l1/57.29578 
THXZ=O.O 
CALL TANGNTtOI,THXY.THXZ.Ul.Vl.Wl~ 

IS CONT I NuE 
C *it STCU+i INITIAL CONDITIONS ++ 

RHO( I )=t41 
UVEL( I )=ul 
VVELf I j=v1 
P(l)=Pl*FACTOK 
uV~L=StiHT~Ul**2+Vlf*2~ 
lF(lSPEC .tQ. 01 GO TG ltl 
(;S( I )=CSl 
~LOC=RGASl+CS(I~+RGAS2*~l.O-CS~l~~ 
CVM~l)=CV.l*CS~1)+CV2*~l.0-CS~1~) 
GAML~~~)=HLoC/CVM~~) 
GAMl=GAkLl(l1 

18 CUNT I NUk 
cNER~l~=P~I)/~~Adl*RHO~l~~ + 0.5*uVcL**2 

6OU CONT I NuE 
C +* RETUHN TO REGULAR OPERATIUN +* 

I&TN= 1 

Fig. 8-3~ (Concluded) 
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r 

++ INTEG IIYPUT USING USEldlP ++ 

3 TWO DIMENSIUNAL SCRAMJET SLI’IULATION *TWO GAb+ *SHARP cdWlvtn* 
2 2 JO00 1003 200 

940 43 16 16 1 
.2000E-5 1.0 1000 

1 .OC)OOE-3 0.0 1.27 
.3 -.67 .5 
ld9 2 145 146 0 
12Y-Y.8544914 1.204776Y 
I’O-.021&6~3~-.01L4LYZb 
14~L.ti31241~ -lc.Y18867 
1401 l 3431 150 9.7,?65185 
1~~~~.~2~~~9047.0122477~6 
130--9.7740653 1.165j537 
!4+.Y54Xl36 -9.7570468 
14610.70664 Um5!Y’i445b 

0 -2 1 0 1 0 1 
1 0 1 

1 .o 1 l o 
1 440 

3 Y 
1923.0 
0.19 
707.55 
0 l 5476 
192-i. 0 

4 
1923.0 
0.0 
707.55 
0.0 
192~mO 
707.55 
omc 
1.0 
200.0 
0.0 
0.0~1302 
OmW176y 
0.OIJL?YU4 
O.OU>870 
OmOO4b56 
0.00~432 
OmOJ5773 
0 l 006575 
0*0L)71Y5 
0.307771 

-1 

1.0 
0 3 
3 10 

30i)mo 
0.5236 
303.0 
1.0 
1746.0 

0 l 4667 0.5333 

300.0 303.0 
0.733 1.0 
73OY l 0 1227.1 
7126.4 743.0 
6111.3 2224.2 
SYY4.3 1872.8 
6020.~ 1437.0 
5990 l 0 1003.9 
5eti4 l 0 8ZS.O 
5671 .O 445.6 
5468 l 5 180.2 
526Y l 0 0.0 

1 940 
-1 

-3 END OF WUN 

1.4 id.0 rem0 -1 *lo 0.0 
0.0 

0 0 -6.0 

0 0.0 0.0 

200.0 
1.0 

1557.5 1327.7 1235.2 103&.0 860.7 

0.7063 om7a91 0*61i?t3 0 ma667 0.9191 

200.0 
300.0 
707.5b 
t160.7 
1038.0 
1235.2 
1327.7 
1557.5 
1746.0 
1923.0 

Fig.8-3d - Two-Dimensional Scramjet Case (INTEG) 
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+* GIMPLT INPUT ++ 

TWO 
940 

1 
4 

2 
4 

3 
4 

4 
4 
4 

OIMENSIONAL SCRAdJEf SIMULATION 
0 200 2 0 

1.27 xi!*174 18YS. 1.0 
SWAMJET KEG ION 

1 1 16 15 22 
-1 

SCI~AMJI~:T K&ION 
353 1 16 lb 20 

-I 
SCRAMJET KEGION 

689 1 12 11 20 
700 712 36Y 353 
712 724 385 369 
724 736 401 385 
736 74b 417 401 
746 76O 433 417 
760 772 44Y 433 
772 7c14 463 449 
784 7Y6 481 465 
796 a08 497 481 
808 820 513 497 
820 832 52Y 513 
832 844 543 529 
644 db6 561 54s 
856 E168 577 561 
868 8t)O 593 577 
880 iAY2 609 593 
692 904 623 6OY 
904 916 641 625 
Y16 92d 657 641 
Y28 y43 673 657 

-1 
SCc(AMdET KEG ION 

1 1 16 15 42 
689 1 12 11 20 
700 712 369 353 
712 724 385 369 
724 736 401 385 
736 74ti 417 401 
748 760 433 417 
760 772 449 433 
772 784 465 449 
784 7~6 481 465 
796 808 497 481 
808 820 513 497 
820 832 529 513 
832 844 54; 529 
844 856 561 545 
es+ 868 577 561 
at50 860 593 577 

1.0 

Fig.8-3e - Two-Dimensional S’cramjet Case (GIMPLT) 
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-I 
CR10 
GR13 
PRtS 

1000 

MACH 
1000 

880 
892 
vo4 
916 
928 

1 
16 

688 
689 
3s3 

1 
129 

-I 

0 
I 
0 

1069 
325. 
700. 

0 

I.8 2.0 2m 1 292 2.3 2.4 2*5 2.6 
2.7 2.6 2.9 3mo 392 3.4 3m6 3mi3 
4*0 4.L 4*4 486 498 4.9 

892 609 
904 625 
916 641 
92a 657 
940 679 

16 
608 
929 
929 
689 
129 
353 

1 24 -1 7 0 

593 
609 
625 
641 
657 

150. 
400. 
900. 

-1 7 

200. 250. 270, 2850 300e 
4500 500. 55c. 600. 650* 

1 loo* 1300* 15009 1700D 1900w 
0 1 4 

1 1 
1 4 

Fig. 8-3e (Concluded) 
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l + INTEC INPUT FOR RESTART CASE +* 

3 EXAMPLE RtSTART OF 2-O SCRAMJET CASE 

94: 43 2 200 16 203 16 0 

.kOOOE-5 1.0 .130; 

6 1 0 2 1 1 1000 1 0 1 

1*0000E-3 0.0 1.27 1.4 23. 28. -1.0 0.0 
85 -.67 05 0.0 
1d.I 2 145 146 0 0 0 -6.0 
ltY-9.8544Y14 1.2047769 
130-.021865Yd-.01L4L926 
1458.8312419 -13.Y18867 
1461.0431156 Y.7265189 
lE9.021809047.012247726 
130-9.7740653 1.1653537 
14b-•Y5438.36 -9.7370468 
14610.73664 tie5594455 

-1 
1 16 43 

16 16 43 
673 I 16 
669 1 12 

-1 
-3 END OF FIAST sCKAIL~ET RESTART 

Fig. 8-3f - Two-Dimensional Scramjet Case (RSTART) 
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y (Vertical) 7 1 
Nozzle Exit Freestream 

I 
& F = 1610 1.27 

m/aec 
9206.3 N/m2 

L = = 1765 1.27 
m/set 

P F P = 506.2 N/m2 
T = 2311 K T =’ 261 K 

3 M F 1.657 M = 5.0 

Fig. 8-4a - Three-Dimensional Scramjet Configuration 



*tr" Tt-wE+ v I wiNS IOIYAL SCwAidJcT EXAMPLE CASk l +*+ 

+I 0YN1vcrT InG’clT *+ 

7Y34 .j 

-9 GCWV I NPJT *it 

TV&I= 3 I I~~t-Nbl 3tUAL sc,iA~.iJi:T 5ielbLAT 1 Olri - st-lcc\n LAYcU HLGIUN 

1 3 2 0 0 
0 0 Y 

1.0 l.cJciOE-o l.OUOE-12 1.000E-0 1 .OOtJt--6 1*30t-IL 1.000t-lo 1 .OOk-Ii 
1.cot-la l.O3C-12 l.OOOE-6 1 .OOE-12 l.CCi:-12 1 .OOOc-o 1 l C I. :,;oct-6 

1 
i I 1 I 1 illlil I1 
1 
0 

16 
0.6 
0.32 
0.03’5 
o.ort, 
0.0 
0.4 
0.7Y2 
3.0 
6.0 
6.0 
6.0 
6.0 
6.0 
4. bad74 
3.0 
3.0 
3.ittm7 
4.4a77 
3.0 
3.0. 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
4.bOL174 
4.60274 
6.0 
6.0 
6.0 
3.0 
3.0 
3. cat37 
4.5o-l7 

4Y4 
1 

-1 

1 1 
d 0 

26 1Y 
0.056 
cl*3t, 
0.06b 
1 .O 
0.03 
0.45 
0.6l30 
-3.0 
-3.C 
-1 .O 
0.0 
3 . 0 
3.3Y40A 
2.914bY 
-0.50 
0.0 
0.5 
2.73 
-3.0 
-3.0 
-3.G 
-3.0 
-3.0 
J.3Y4OA 
3.3Y40j 
3.3Y403 
2.Y14r~Y 
2.914jY 
-1 .G 
0.0 
3.0 
-0.50 
0.0 
0.5 
2.73 

IY 1 
1 100 

1 1 
0 

0’ 26 
0.104 
0.40 
o.bYt, 

0.1 
0.5 
1.3 
0.0 
0.3 
0 l iJ 
0.3 
0.0 
0.3 
0.0 
0.0 
0.0 
0.0 
0.0 
1.5 
4.0 
1.0 
2.0 
4.0 
1 . 3 
2.9 
4.0 
1.5 
4.0 
4.9 
4.0 
4.0 
4.0 
4 . 3 
4.0 
4.3 

1 

Ill 111 
1 . 

b 1 
19 

0.144 
0.45 
0.7.?5 

11 1 

C.172 
0.50 
0.750 

0.15 0.2 
0.55 C.6 

0.0 0.0 
0.0 0.0 
C.0 0.0 
0.0 0.0 
le.0 0.6 
20.0 0.6 
20.0 0.0 
0.0 0.0 
-6.0 0.0 
C.0 0.0 
19.3 0.0 
0.0 0.0 
0.0 0.0 
0.3 (2.0 
0.0 0.0 
@.O 0.0 
20.0 4.0 
20.0 6.0 
20.0 0.0 
20.0 0.0 
20.0 0.0 
0.0 0.0 
0.0 0.0 
lb.0 (2.0 
0.0 0.0 
0.0 0.0 
C.0 0.0 
19.3 3.0 

1111 111111 

0.1&O 0.20 O.i!Y 
0.55 O.bC O.bIJ 
0.770 0.790 O.dlC 

0.25 0.3 0.35 
C.624 0.656 C.712 

C.2 
0.6 
C.625 

0.2 
0.4 
0.6 
0.625 
0.6 

0.2 
0.6 

0.2 
0.6 

6.6 

0.2 
C.6 
0.625 
0.2 
0.4 
0.6 
0.623 

Fig. 8-4b - Three-Dimens ional Scramjet Case (DYNMAT, GEOM) 
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* I Dt.\T “LP 

+D PAGE2.142 
C 
C *it SPtC 1 AL -u$,rdlp- Fuk 3-L; S~mAs,JttT CALL ** 
C 

L)llrit-lr;lsl:m C~A:JU( 10) .OAT(5,r 101 
.,I'~'C\c:Ii;i~ LA ;t5r1441 
~CAL)(5*53Ol XC.IC 
NZAD(SI~I~O) JW,yI 
33 560 J= 1. JNJI’I 
RcAu(5.5YO) ?AI~u(J).(~AT(JJ*J)*J~=~.~) 

5bC CONTINUE 
500 FdRWCsTt 15 1 
‘-‘~a k~q~%hT(b’il0.4) 

I=1 
IN== 1 
NTOT=4Y4 
30 43c rc=1.15 
ITAN= 1 
lF(.i.k”. 1) I TAN=g 

DO 295 ~ti=l r?dTL)T 
1 I =:fi/494 
I I =1*1-I I *4y4 
lFtIl.E~.Ol IL=494 
I IMAX=IYl 
JJ= I 
IF( 11 .LT. I I..:;\X) G:: TO 600 
IlI=II/lY 
11I=l1-111+~3 
IF~III.EU.0) III=lY 
I IIhpx=lo 
IF~III.LT.I~~I”IX) GU TU 730 
?~~=~Y~I~-Ycl~~XlI~-xc~ 
nWG=ATAN(AHG)~57,2Y5 
JJZ 1 
IF(Al\iG.~ti.Pa:~~i;( 1)) GO TO 600 
J.Jz JN’JM 
lF( ANC.LT.P..?NG( JI’WY) 1 GO TO 650 

6co CONTINUE 
HIzDATtlrJJ) 
JIzDAT(2rJJ) 
VIzDAT(3. JJ) 
\Vi=DAT(4. JJ) 
Pl=DAT(j.JJ) 
GO TO 750 

6S0 cONTIN& 
DC, 700 J=Z.JN;IM 
>J=J 
IF(ANG.GT.PAN~~(J)~ CC TO 700 

.JI=JJ-1 
RRR=(ANG-PANG(J1))/(PANG(JJ)-PANCo) 
RI=DAT(i.JI)+HHH+(UAT(l.JJ)-DAT(l.Jl)) 
uI=DAT~~.JI)+~~~+(~AT~~.JJ~-DAT~~.J~~~ 
v~=DAT~~~J~)+I<HH+~DAT~~.JJ)-DAT~~.J~)) 

Fig. 8-4~ - Three-Dimensional Scramjet Case (USERIP) 
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7uc 
7co 

7JO 

735 

750 

2Y4 

295 
000 

c 

wlrDAT~4.Jl)+~~H*~DAT~4rJJ)-DATo~ 
Pl=DAT(5rJl)+K~~+(DAT(5.JJ~-DA~~5.J1)1 
G3 TO 720 
CONT I NuE 
CUNT I NUE 
GO TO 750 
CUNT I NUc 
LL=(II-lYO)/lY 
L=LL*9+111 
IF(K.GT.1) Cc) TO 735 

READ(5.590) (UANIJ.L).J=l.S) 
CENT I NUE 
RI=DAN( 1 .L) 
ulzDAN(2.~) 
VIXDAN(J.L) 
wI.DAN(4.L) 
Pl.DAN(5.L) 
CONTIN& 
UI=SORT~Ul+uI+VI+VI+WI*wll 
IF(ITAN .EQ. 0) GO TO 294 
THxY=.THETA( 1) /57.29576 
THxZ=PHI(l)/57.29576 
CALL TANGNT(3I.THXY.THXZ.Ul.VI.WI) 
CONT I NUE 
RHO{ I)=til 
UVEL(I)=UI 
VVEL(. 11=v1 
YVEL( I) =w1 
~JVEL=S~~T~UI++Z+VI++~+WI**~~ 
P( I)=FACTOR+PI 
ENER(I)tP(I)/(GAMl*RHO(I)~ + O.S+OVEL++? 
I=l+INC 

CGNT INUE 
CCNTINUE 
INTN= 1 
++ RETURN TO NOHMAL OPERATION l * 

Fig. 8-4~ (Concluded) 
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l * ,JYNJI~JI INPUT l + 

7904 3’ 0 a53 

++ INiEG INPUT USING *UbERIP’ SUtlROUTtNt +* 

4 THHEE DIMIzNSIONAL SCRAYJET SIMULATION - SHEAR LAYtR RtiGlOk 
3 ‘, 2 10 10 0 0 2 1 0 1 0 0 

7504 16 434 26 19 19 1 0 
.4COOE-5 1 l 0 100 

i .ocooE-4 0.0 1.4 0.0 0.0 0.0 0.0 
.5 -.67 .5 0.0 
1 mu 1.0. 0 ~1rn.O 1.0 

1 1 494 1: l.*O3 
1.0 1.57418 

10 
-11.537 0.003223 57Yl.O 0.0 0.0 105.8 
-10.380 OmOO2Y62 5610.0 99.3 0.0 9406 
-e .963 0.302646 5831.0 222.0 0.0 82.3 
-7.032 0.032271 5e55.0 391 l o o*o 67.8 
-4.636 0.001867 5076.0 603.0 0.0 52.9 
-1 l t134 0.001473 5891 l o 853.0 0.0 39.2 
1 l 2UO 0.031117 5892.0 1137.0 0.0 27.5 
4 me72 0mOOOd16 5875.0 1445.0 0.0 1b.b 
8.21Y 0.00057’- 583YmO 1770.0 0.0 Il.8 
11.~4e 0.0003Y4 5780.3 2104.0 0.0 7.34 

.173tlE-02 .714YE+34-. 7~loE+O30. .2993E+O:5 

.1?4~,c-02 .71501~+Ob-.7515E+O3 .ldl4t+C!d .ti956E+g3 

.17SSE-02 .7143E+O’+-. 7bO8E+03 .245dti+Oj .2976&+03 

. 1769E-o.? .7127E+34-.7491E+O3 .3686E+03 .3005E+0:3 
‘m 1’7t)2E-02 .71OlEiO4-. 746fX+O3 .4gObE+O;? .303’N=+CL! 
l 17Y lE-32 l 7067E+O’t-• 7427E+03 l 6123L+03 l 3354E+O.3 
. 1 -fVlE-0.2 .7022E+1)4-. 7380E+O3 .7320E+03 ..-Wi’3E+03 
.1787E-0% .635bE+34-.7324E+o3 .85o4E+o3 .30S3E+G3 
.1767E-02 .bUY7E+~3’r-. 7z49E+03 .9577E+03 .301QE+03 
l lbkME-Oi_ .72a~E+34-.4747E+@3-.~850li-11 .;cBlEE:+CJ 
. lb96k-02 .?2~66+04-.4746E+03 .117’+E+OJ .2825k+C:, 
.17051X-02 .724tIE+0+.47>4E+O3 .2.39!L+O~ .te4tE+O3 
.171BE-02 .7233E+!)k-•4711Eio3 .36oEL+OJ .&l6kiE+o:~ 
.17Z-/E-od :7207E+04-.4676E+03 .4814E+03 .2893E+oS 
.173x-oc! .7172E+04-.4632E+03 .6031E+O3 .d911E+03 
.1737E-0% .7126Et04-.4S79E+o3 .7231E+03 .c?314E+03 
.1732E-02 .7071E+04-.4b17E+o3 .8421E+o3 .2908E+O3 
.1712E-02 .6YYtiE+O4-.4446E+o.d .9503E+o3 .2875E+O3 
.1623E-02 .7316E+04-.20P1E+03-.3317E-11 .2664E+03 
.lb29E-c)? .7316E+34-.202oE+o3 .1144E+Od .2676E+o:+ 
.1038E-02 .730tiIi+34-.2011E+O3 .232%+03 .d6YZE+O3 
.l’a5Oli-02 .7tYJE+O4-.lYY2E+O3 .i%llE+O3 .27.17E+O3 
. lb61E-0% .7267E+34-.lQ64E+o3 .4707t+o3 .r?74oE+o.3’ 
ml b69E-0c! .72x E+Q4-. lYzBE+oJ . bY 13E+oJ .:75uE+o:~ 
.166YE-02 .71&‘1E+.34- .ltltlSE+O3 .710YE+O3 .2761?E+O:3 
. lb65E-&> .71J2E+04-. 183OE+o3 .dizYdk+O3 .L75&E+O3 
.1647E-02 .7058E+04-.1775E+o3 .9387E+03 .27~3E+o:5 
.1552E--gE .7360E+04 .5YB~E+O2-.3217E-11 .Z515E+o3 
.lbEME-02 .735YE+04 .!JYBJE+OE .llllE+03 .~525E+03 
.1566E-02 .7LVSlE+O4 .6033E+O2 .2264E+O3 .i?541E+O3 
.1578E-02 .733SE+!)4 .6164E+o2 .3422E+03 .2564E+03 
ml %(3E-r~2 073 !OE+34 .6376E+o2 l 46oOE+o3 .iz5E)bE+o3 

2070. 

Fig. 8-4d - Three-Dimensional Scramjet Case (INTEG) 
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l l.SWE-02 l 7L76E+04 .6672b+C2~.57~4t+O3 .C60i:E+03 
l 150&E-02 .7c3OE+04 .7045E+O% l b+UEE+OA .~607t*o3 
.159x-02 .7175E+34 l 7’LOSE+O% .616bt+03 rnL6Or: c l 0.1 
9 la75E-n2 .71OoE+04 .7~32E+03 .92sek+03 .cS 77!-*Od 
l 1485li-02 .-lmlY5t+04 .3161E+O3-.J02di-11 l c37ut *-cl.1 
l 149lE-o2 l 7J’~jE+04 l 3 15YE+03 l 1 O’/CIE+OY •;c3UnE-C~.3 
l 14YbL-9d l 7.1dS1+3 4 .Jl’d+E+O:i .2201E+03 ,500 1 k+o:i 
l 15lOli-n2 l 7.56YE+04 l 3 165E+O3 l 333St+OJ l izc &-!E+oz’ 

l 1520E-02 l 7J44E+04 l 5 17HE+03 l 44Y4E+03 l 24 4 .-lE+O:+ 
l 1527E-02 l ?309E-c04 l 32OOE+03 .!~675E+O:$ .24C;oE+O:5 
l 1 S27E-C2 l 7263E+04 l 5227E+O3 .6(344E+04 .;c46jE +o: 
.1524E-n2 .7;coaE+34 l 3263E+O3 ,603 lE+O:‘. .rObC~+OZ? 
l 1 S07E-92 l 7l33E+04 l 3cYoE+o3 l Y 1 1 SE+03 .24d6;s+O;: 
l 14Ort-C2 l 74C6E+O4 l 6026E+O3-• aJEQYE- 11 l 22 1 cz+0.7 
l 14Ooti-02 l 7404k+O4 .6022E+03 .1034E+03 l ;c223t+03 

l 14 IbE-?2 l 7.wae+04 .6016E+O3 .2116E+O3 .2236E+O3 
l 14Z%-92 l 7380E+34 .6014E+C3 .A!16E+o:, .&23bt*03 
l 1435E-02 l 7.d%ati+04 .601YE+03 .435CE+o:* .i!27YE+O3 
l 1441E-q2 .7&!1t+04 .603oE+03 .551X+03 l k2W’k +03 
l 1441k-q2 l 7275E+04 l 6048E4.03 .667QE+O3 .Z2YL’E+C3 
l i 43cE-OE l 72LOE+34 l 6074E+03 .7847t+03 .ZBYCE+O3 
l 1423E-02 l I1 46E+04 l 60a5E+03 .892bE+03’ l Z26’rE*03 
i 1 -r36E-32 l 740’E+34 l ~9i57E+03-.k821t-11 l 2082c+o3 
l 1341&-02 l 740Ai+i)4 l Yir4QE+09 .Y742E+02 l kOY 1 ti+o:r 

l 1 J47E-c:Z l 7;r94E+34 l Jeid~E+O:i .rOO 1 c+Cd 92 10r’t.+03 
l 1357C-02 l 13 wt+34 l 3:34E+o3 l So57’t+C~ .rlrfcL+Q3 
l 1 db>E-~2 .7dLl5,i+04 l rc’35E+o3 l 4 1 bOt+O., .cl36L+C’> 
l 1 J73E-Cii~ l 732lE+34 .9c43t+o3 .52:32E+03 l 2177kdC5 
l 1 J~YE-9% l 7c’7Gi+34 l 4c!S6E+od .64?;6E+OJ .kiek+03 
l I ~bkz-02 l 72dlE.+0~ l YZ75E+03 l 76 1 bE+03 l c 14t;;:+o> 
l 134YE-02 .714tA+04 .L)z70E+03 .86Q9E+03 .2123~:+03 
l IdClE-r)2 l 731 lE+04 l 1Zz7E+C4-.215&t-11 l 2023E+OJ 
. 1 aO4k-32 l 73C6E+04 .1227E+o4 .d967&+02 l EO;cvE+C3 
. 13cC)c-C2 l 72v8E+34 l 1226E+C4 l 1(346t+O5 l i?o37p+33 
l 1315E-r)Z l 72v3E+34 .l;CY7E+04 .2b46E+03 ;&kc’.+03 d - 
l I JZOE-02 .72hlE.+34 l lEZ&E+O4 l 3907E+03 . 206SrL+03 

. 1 .jL2E-o2 l 7r&E+34 .123OE+04 .502lE+03 .2065:+03 
l i -1 let-:r: l -7 I ti4E+34 l 1232Ei.04 .615%+03 •zOla~e~03 
.lJl lL-3;’ .71rrc+34 l .L c34E+04 l 729X+03 .205jjt+o3 

. 1 r95IL-.q2 c-~o~~:~E+34 l 1k.l2E+C4 .8364E+o3 .L029E+03 
l : 1 b3YE-gP l 7~46tZ+34 l 1402E+C4-• ldolE-11 l cCY4L+C3 
l l.xjYL-02 l 7c40E+34 l 1403E+34 l 874rE+02 .d;)Ye11+33 
l 1343E-02 .7231E+34 l 1403E+O4 l 1797E+93 .2103iL+39 
l 13475-02 l 7i: 1 bi+04 .1404E+04 .277lE+03 .211;1ti+53 
. 1 j4YE-C2 .71’32E+34 l 1405E+O4 .,3806E+03 921 ltsE+C1 
.lJ4b<-oE .71msE+!)4 .1406E+O4 .4896E+03 921 lbE+O3 
.134X-C2 .711ZE+O4 .1406E+C4 .6004E+Od *El lAL+o3 
l 1334E-02 l 7035E+04 .1406E+04 .711eE+03 l 2 1 C;rE+3 
l laltE-32 .6~7,jE+04 :le02E+04 .~~~F-~E+cIA l c0’7br;+O3 
l 1317t-C2 .71Y7E+04 l 1627E+O4-• 3009E- 11 .20Sd,P+O3 
l 1 JZCE-r).? .71~OE+04 .1627E+o4 .a3SoE+o2 l cosoe +03 
. 1 Qk!3ts-o2 .71tA0E+04 .1616E+O4 .172lf-I+OL1 l zO64t+O3 
. 1 jZot-02 .7164E+04 l lo;c3E+o4 .2661ti+o3 .ZC74E+o3 
.1331”;-C2 l 71JY++04 l 161YE+C4 .3667E+OLJ l rOs!E+03 
l IdAlE-? l 7lCc!E+04 .1615E+04 .4728k+o3 l 2086E+03 
l 1327E-C2 l 7053E+34 l 16101X+04 .5814k+o3 .20~3E+o3 
l 131x-92 .69i32E+04 .1604E+o4 .6YoYE+o3 l E075E+O3 
l 1302E-C2- l 6Q 12E+34 l 1594E+C4 l 7937E+O3 .E054E+33 

Fig. 8- 4d (Continued) 
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. lc78E-~2 

.I dddE:-o;c 

.I robi- 

.I cYi!li-?i I 
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. ICY&c--r)d 
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. 1 di%E-q% 

. 1 c72E-nl 

. 1 i44tr-32 
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. ILPZE-nr 

. li’ 17t-qz 

.I COOL-oc 

. 1 I YrE-gc 

.I I0’k-02 

.1 i.tsX-02 
ml i c(kt-02 
. 11 odt-i)2 
. 11 aOE-f?k 
. 1174E-r-)2 
. 11 c&t-32 
. 11 set-nil 
.I 14&i-0; 

. 11 te~-.~c 
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.I.1 ~~~-~c 
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.6Ydoi+:JQ 
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.LcoijE+O4 .bJOtiE+OY 

.iLrB;E+o" .7437E.+Od 

.L4./9E+OA-. 1007~-11 

. L4’75E+o4 . a,b 1 at+OC 

.L4-f/rE+04 . l~loc+oJ 

.L40dE+O4 .lY70ti+O> 

. L4olE+04 .LkiY4li+OJ 

.L450ti+o4 .JY3dti+Od 

. i4d4E+04 0’206 lt+OJ 

.L41lE+04 .Cililbi+Od 

.2-, 79E+04 .7A32E+Oh 

.2616E+040. 

.Zbl lE+o4 .57lYti+o2 

.2bObE+O4 .121515+03 

.ZeOOE+OA .lYb’&+OJ 

. L5YoE+o4 .zBb5,i+O3 

.La76k+o4 .Jt3ult+OJ 

.2zm7t+o4 .4Y&tx+od 

.L>alE+04 .ol~ok+O~ 

. L4YbE+04 .7215t+Od 

Jcf COLD STAHT DhTA 

.1*7t5+*-* ” .- 

. i Yltk+ ;2 

.I ifb4t+03 

.1997~+0:4 

.2007t +0.3 

.iLOlkk*C; 

.allct+‘3 . ” 

.dor;&E+:.: 

. lYYlL+z:+ 

.19ock+c~ 

. 1 YObL+!y 1. 

.1913t+o.3 

. I Yd4h+03 

. 1 YJ;rt+a .J 

. lY>or.+33 

. 1 y37i;+c,’ 

. lY31z.+O;’ 

.1916,t+o1? 

. Ad4zk+O3 

.104bli+33 

. 1 t)f~ut+03 

.1&*3f+oH 

. 1 biitlc +a.? 

.16sGL+” ., :. 

. 1 usiti+3; 

. id)r(At+Sr 

. ludlt+32 

.1775iL+3; 

.17act+0,! 

.177tL+o,r 

.177st+39 

.1767C+33 

.17bC5+33 

.17’=2’=+33 w b 

.1741lL+o-( 

.17db,E+S3 

.17L7Z.+O.? 

. i 7~.oc.+3,? 

.1717;+0,, 

.170it+!jh 

.16~7~+33 

.16I55i;+33 

.1674r+O3 

. lbbZE+c);, 

.1640%+03 

.1660t+03 

.lb65lL+33 

.1642E+35 

. 1 bk?bE+o3 

. lbOvti+O3 

. lsYlkeQ3 

.15766+03 

.15b~~+o3 

.I ki4ut+o3 

Fig. 8-4d (Concluded) 
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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 =X0, 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 = X0. 

The problem was analyzed in three parts: (I) 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. 8-4~ 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 in Fig. 8-5a. The first 10 X0 consists of an expansion region with the 

final 10 X0 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. 8-5~. This case is shown as an example of a three-dimensional 

plot setup only; thus the INTEG module is not needed for this illustration. 
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(Z#Y) = 1.5 - 0.5 sin (5 + f$-), x 510 

(z,y) = 2, x >lO 

(All units dimensionless) 

\ 

Upper Wall 

\ 
.6096 m . 

\ 
/ ,/ I &---A 1 

- Lower / I I 17 ! /I7 A 

M = 2.94 
al I 

P/P = 845 
0 

Fig. 8-5a - Three-Dimensional Duct Configuration 
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AYbl 3 

++ GEW INPUT ++ 

Tii&Cc ;I IMC& i j~Ui I&CT 
1 3 z 3 0 
0 0 ~100 

1.3 1.00000E-8 l.OOOE-12 l.OOOOt-ti l.O003t-& l.OOOk-12 l.OO~~E-lb ImOOOE-12 
ld;OE-lb l.irOOE-12 l.OOOOE-t, l.OOOt-12 lm00Cic’-12 ~.OoOOE+3 1.0 1.00000E-a 

1 1 51 
; 

I 1. 1’ 1 51 1 51 1 
1 1 1 1 1 
4 4 4 4 ,c 8 1 

41 11 11 0 0 0 
0.0 0.0 0.0 -0.5 0.0 l 3141SYt7 1 l 5707Yb3 
0.0 0.6 0.0 -Cm5 0.0 l 314159c7 1 l 5707Y63 
O-O 0.0 0 . 9 -0.707107 0.0 l ~1415Yr7 1ma707ro3 
0.0 0.3 O=i 0.0 0.0 
20.6 0.0 0.3 0.0 O*C 
20*L 2.C 0.5 C.0 0-o 
10.c; 2.0 0.3 0.C OmO 0.5 
O*@ 1.C 0.0 0.0 0.0 
0.0 O.@ 1.0 0.0 0.0 
2c?*u 090 2.0 0.0 0.0 
2 0 l 5 ?*C 2.0 oeo 0.0 
090 1 .O 1.3 0.0 oao 
10.2 0.0 2.0 0.0 0.0 0*5 
109C 2.2 2 . 0 0.0 0-O .o .5 

121 11 1 0 
1 1 iO0 

-1 

Fig.8-5b - Three-Dimensional Duct Case (DYNMAT, GEOM). 
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r 

l * GIMPLT 1lUPUl *II 

tH4tt i> I MENSI JNAL XJiT 
4961 0 0 3 
1.4 1.0 l.OO 

1 ENTIRE EXTERIOR 
4 1 1 11 10 
4.4841 1 11. 10 
4 1 11 121 10 
4 11 I1 121 10 
4 1 1 121 10 
4 111 1 121 10 

-1 
2 ,ENTIRE EXTERIOR 
4 I 1 11 
4 4841 1 11 
4 1 11 121 
4 11 11 121 
4 1 1 121 
4 111 1 121 

-1 
3 HALF DUCT 
4 1 1 11 
4 2421 1 11 
4 
4 
4 
a 

1 11 121 
11 11 121 

1 1 121 
111 1 121 

-1 
HALF DUCT 

1 1 11 
242 1 1 11 

1 11 121 
11 11 121 

1 1 121 
111 1 121 

-1 

10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 

10 
10 
10, 
10 
10 
10 

-1 
CR10 
STOP 

1 a0 1 a0 I*0 
SURF 3 0 45 2 30 3 

10 
10 
40 
40 
40 
40 

SURF 3 0 30 2 30 3 
10 
10 
40 
40 
40 
40 

3 0 45 2 30 3 
10 
10 
20 
20 
20 
20 

3 0 30 2 30 3 
10 
10 
20 
20 
20 
20 

Fig. 8-5~ - Three-Dimensional Duct Case (GIMPLT) 

L- 



9. REFERENCES 

1. Spradley, L.W., Pi G. Anderson and M. L. Pearson, I’Computation of 
Three-Dimensional Nozzle-Exhaust Flows with the GIM Code,” NASA 
CR-3042, Langley Research Center, Hampton, Va., Auguet 1978. 

2. Spradley, L. W. et al., 1’ The General Interpolante Method,” AIAA Paper 
77-642, Third Computational Fluid Dynamics Conference, Albuquerque, 
N.M., June 1977. 

3. Finlayson, B.A ., The Method of Weighted Residuals and Variational 
Principles with Application in Fluid Mechanics, Heat and Mace Transfer, 
Academic Press, New York, 1972. 

4. MacCormack, R. W ,, ‘IThe Effect of Viscosity in Hypervelocity Impact 
Cratering;’ AIAA Paper 69-354, Cincinnati, Ohio, May 1969. 

5. Spradley, L. W., P. G. Anderson and M. L. Pearson, “Numerical Analysis 
Development for the Improved Accuracy Program (IAP),” LMSC-HREC 
TM D497409, Lockheed Missiles & Space Company, Huntsville, Ala., 
August 1977. 

6. Gordon, W. J., and C .A. Hall, ~‘Construction of Curvilinear Coordinate 
Systems and Applications to Mesh Generation,” J. Numer. Math., Vol. 1, 
1973,pp.461-477. 

l u. s. GOV5UWENT PRINTING OFFICE: 1979 - 635-050/33 

9-l 



1. Report No. 2. Government Accession No. 

NASA CR-3157 
4. Title and Subtitle 

GIM Code User's Manual for the STAR-100 Computer 

3. Recipient’s Catalog No. 

5. Report Date 

November 1979 
6. Performing Organization Gxb 

7. Author(s) 

Lawrence Spradley and Mark Pearson 

9. Performing Organization Name and Address 

8. Performing Orgemzation Report No. 

_ LMSC-HREC 0568850 
10. Work Unit No. 

Lockheed Missiles and Space Company 
Huntsville Research and Enaineerina Center 11. Contract or Grant No. 

4800 Bradford Drive - " ~- 
Huntsville, AL 35807 

. NhSl-15341 
I 

13. Type of Report and Period Covered 

1 12. Sponsoring Agency fvame and Address 

National Aeronautics and Space Administration 
Washington, DC 20546 

15. Supplementary Notes 

Langley Technical Monitor: James L, Hunt 
Final Report 

16. Abstract 

The General Interpolants Method (GIM) is a 3-D, time-dependent, hybrid procedure 
for generating numerical analogs of the conservation laws. The Navier-Stokes 
equations written for an Eulerian system are considered. 
developed for a CDC 7600 computer system. 

GIM code was originally 
The purpose of this work was the 

conversion of the GIM code to the STAR-100 computer at NASA-Langley Research Center. 
"GIM-ON-STAR" has demonstrated a CPU speed ratio of 5:l to the CDC 7600 for a 2-D 
nozzle problem with 2000 nodes. This report documents the implementation of 

~ GIM-ON-STAR and also serves as a user's manual for the GIM/STAR code. 

I 17. Key Words (Suggested by Author(s)) I 18. Distribution Statement 

Computational Fluid Dynamics 
Nozzle Exhaust Flows 
Navier-Stokes 
Eulerian System 
Time-Dependent 

Unclassified - Unlimited 

Subject Category 34 

19. Security Classif. (of this report) 

Unclassified 
20. Security Ctassif. (of this pae) 

Unclassified I 

21. No. of Pages 

I 

22. Price‘ 

201 $9.25 

l For sale by the National Technical Information Service, Springfield, Virginia 22161 


