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SUMMARY

The development of a comprehensive computational techaique to predict the highly
complex flowfields associated witn typical V/STOL saircraft configurations has been
initiated by General Dynamics. The approach being taken is to use the PAN AIR higher
order panel method as the nucleus of this program and take advantage of its extensive
capabilities for modeling complex configurations and applying generalized boundary
conditions. A building-block approach is being used to incorporate additional capabilities
into PAN AIR to account for flow phenomena generally associatd with V/STOL
configurations that are not accurately treated by potential flow codes. Existing
methodology and codes are being utilized whenever possible to keep development time and
costs to a minimum.

The modules developed will interact with the nerodynamic code through input and e
output files only, thereby requiring no change to the PAN AIR code. This type of r
development permits easy replacement of any module or the nucleus aerodynamic code @

when improved versions become available. The progress mace toward the devel-pment of
three modules is presented in this report.

The Pre-processor Module is designed to decrease the manual data manipulation

- required to generate the input parameters necessary to analyze a configuration with PAN
AIR. The mo iule generates a panelling scheme that meets the critical requirements of
the PAN AIR code. Graphics are also included to permit display oi ‘he configur.ion and
rapid detection of panelling errors. The module is designed to operate interactively to
allow maximum configuration flexibility.

The Engine Simulation Module is designed to take into account the mutual
interference effects beiween the lifting and propulsion systems of the aircraft. It is
currently restricted to supersonic jets at small injection angles t> a subsonic freestream
flow. Both blockage and entrainments effects of the plume are simulated by the module.
Starting with a PAN AIR input file without any simulation of the plume effects, the
module generates another file with all necessary modifications to allow the analysis of a
configuration with plume effects. Preliminary validation of the module indicates that the
effect of the plume on the external flowfield is correctly transmitted in all regions except
in the immediate vicinity of the nozzle exit plane. The inclusion of viscous corrections to
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both the piume ani nozzle boattail is expected to improve the norediction in this local
region.

The Viscous Flow Simulation Module is being incorporated to account for real flow
etfects in the predictions of V/STOL aircraft flowfields. These effects, which include
decambering of lifting surface due to boundary layer buildup, trailing-edge flow
sep iration; leading-edge bubbles, and leading-edge vortex separations, are highly
prominant in most V/STOL flowfields. A two pronged approach is plannad for this module.
The first is to utilize an equivalent body defined from boundary layer considerations, and
the second is to apply empirical corrections to the predicted data. I[nitial work on this
module has been devoted to the task of devaloping the equivalent-body concept. An
output file coniaining the flow parameters coniputed by PAN AIR is used to compute the
bouncary layer displacement thickness and scparation points if any on lifting surfaces. A
two-dimensional boundary layer code is applied in a strip fashion to generate this
information. The RIM data base management program and several special programs
written for this module are utilized to arrarnge the PAN AIR output in a form acceptable
to th2 bounde~y layer program and vice-versa. Starting with PAN AIR inrut and output
files the module generates a new PAN AIR input file that includes the effects of boundary
layer build up and trailing-edge separation on the lifting surfaces. Check-out of this
module has not been completed, but preliminary indications »re that the equivalent body
model chosen is not predicting the correct trends. It is not clear at this time if the
prcblem is being caused by the equivalent body def'nition or by improperly computed
values of pressure coefficients in the trailing-edge region.

The continued development of this type approach is highly recommended, because
the only other way to get solutions for complex V/STOL flowfields is with the full Navier
Stokes equations. For that we needa at least a two orders of magnitude increase in
computational speed over the existing Class VI computers.



1. INTRIODUCTION

The need (o develop tactical aircraft having V/STOL and/or STOL capability in the
United States has been recognized for some time. This need has been reinforced by the
role played by the Britich manufactured Harrier aircraft in the Falklanc. War. This battle
scenario clearly demonstrated that aircraft with V/STOL and/or STOL csnability can be
effectively utilized from both sea- and land-based operations, under the most adverse
conditions. The interest in incorporating these capabilitier, in the next generation of
fighter aircraft has stimulated an interest in developing the methodology to accurately
predict the aerodynamics of these configurations in low-speed flight.

The flowfields associated with V/STOL configurations operating in the 10ver,
transition, or STOL modes are, in general, highly complex. and difficult to pradict. The
major aerodynamic interactions encountered during the analysis of V/STOL configurations
are outlined in Figure 1-1. Existing methods, in general, can only predict the force and
moment coefficients for a limited class of configurations and do not generate sufficient
information for 2 clear understanding of the flowfield, so design deficiencizs may not be
identified.

Government and industry have been active in the development of analytical methods
for the prediction of the aerodynamic characteristics of V/STOL aircraft. The varicus
programs have addressed a wide range of concepts including internally-flown flaps,
externally-blown flaps, jet flaps, mecharical {laps with thrust vectoring, lift jets, lift
fans, and vectored thrust. Most of these methods analytically mode! the real
configuration aerodynamics with empirical modifications as required. A few of these
methods are summarized below.

General Dynamics recently developed a preliminary design method (Reference 1) to
estimate the thrust-induced aerodynamic forces and moments on powered-lift
configurations. The method is based on the theory of Maskell and Spence (Reference 2)
with appropriate empiricai modifications. The incremental lift and moment coefficients
predicted by this procedure for the NASA/Ames V/STOL fighter model are in good
agreemnent with experimental data, as shown in Reference 3.
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The Convair Division of General Dynamics has developed a method for predicting
incremental forces and moments due to power for V/STOL configurations (Reference 4).
Various theoretical and empirical relationships were developed tc account for jet-induced
circulation, surface-friction (scrubbing) losses, and partial-span effects. The code
computes wing lift-curve slope, induced drag, thrust recovery, flap pitching-moment
increment, downwash, and lateral/directional stability derivatives. The jet-flap lifting-

line theory of Kerney (Reference 5) is used to estimate wing lift-curve slope with power
on.

Rockwell International has developed a method to analyze configurations with
externally blown flap systems (Reference 6). The lift curve slope in this procedure is
based on the two-dimensional, thin-airfoil, jet-flap theory of Spence (Refarences 7 and 8)
with the Maskell and Spence aspect-ratio correction e.aployed to account for three-
dimensional effects. The methed for the maximum lift coefficient is entirely empirical.
In addition to forces and moments, predictions are included for lift curve slope, maximum
lift coefficient, induced drag, thrust recovery, downwash, asymmetric engine operation,
and static longitudinal and lateral/directional stability derivatives.

A Boeing Company i <thod (Reference 9) is designed to predict forces and moments
on aircraft that employ mechanical flap/vectored thrust combinations or internally-blown
flap systems. The mechanical flap system method is basically empirical and uses an
equivalent jet-velocity ratio as a similarity parameter for the prediction of the power-
induced incremental lift, drag, and moment coefficients. The internally-blown flap
method employs an analysis based on a jet-flap lifting-line theory concerned principally
with the influence of non-planar trailing vortices on the wing aerodynamics.

Northirop Aircraft has developed a specialized aerodynamic force and moment
prediction method (Reference 10) for V/STOL aircraft that employ a lift jet, lift fan, or
vectored thrus: in the hover and transition flight regimes. This method uses a building
block approach in which the basic flow problems are solved independently. For example,
unpowered aerodynamics and power-induced effects are added together to obtain the total
aerodynamics. Various components of the aircraft ar= also treated individually and added
together to obtain total aircraft aerodynamics. The non-linear wing aerodynamic
charecteristi~s are analyzed by a double iifting-line theory, and the body aerodynamics
are acecunted for by mcdified slender-body theory. A significant feature of the Northrop
method is its ability to - apute the aerodynamics of transverse flow such as that emitted
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from a lift jet, lift fan, or vectored-thrust nozzle. The method takes into account
entrainment into the jet due to viscous mixing and distortion of the jet from a circulas to
a kidney-shaped cross-section, as the jet develops downstream. The jet is assumed to be
an elliptical-shaped solid body for purposes of drag estimation. Conformal mapping
techniques are used to analyze the interference effects of jets on the body and wing
components.

The Douglas Aireraft Company has developed a method based on a linearized lifting-
surface theory for jet-flapped wings, which Douglas identifies as the Elementary Vortex
Distribution (EVD) method (References 11, 12, and 13). This method has the capability of
predicting surface pressures and empirically corrected forces and moments. It is
specifically geared to the design and analysis of STOL transport aircraft employing
internally-blown jet flaps, externally-blown jet flaps. and mechanical flap systems with
vectored thrust. The EVD method is capable of handling zero-thickness wings of arbitrary
planform with arbitrary spanwise distributions of \wist, flap chord, jet-blowing
momentum, and jet-deflection angle. It represents one of the most general and exact
solutions available for jet-flapped finite-span wings.

The NASA/Langley Research Center and the University of Kansas have jointly
developed a linear inviscid subsonic compressible flow theory to treat the aerodynamic
interaction between the wing and an inviscid upper-surface-blowing thick jet. This
method provides predictions for numerous jet parameters including jet temperature, Mach
number, aspect ratio, exit area, deflection angle, and proximity to the wing. Forces and
moments are determined by integrating the theoretical pressures.

The Vought Corporation recently developed a code (Reference 14) that integrated
three separate plume modeling methods and an inlet method with a potential flow code.
It allows the user to select which of the plume methods will be used in the analysis. This
is a sound approach to modeling aerodynamic/propulsive interactions, but the plume
modeling methods are not general enough to hand.e several practical problems that are
often encountered in the analysis of modern fighter aircraft.

The analytical methods discussed above and cthers, too numernus to mention,
provide many theoretical, empirical, and semi-empirical methods to estimate the
aerodynamic characteristics of V/STOL aircraft. However, each method is limited in the
classes of vehicles for which it is specifically designed and often to a very limited range



of flight conditions. These restrictions are caused primarily by the empiricism normally
incorporated into theoretical procedures to obtain results for the given class of
configurations under study.

Exact solutions for the flowfields associated with arbitrary V/STOL configurations
require solution of the Navier-Stokes equations. This is clearly beyond the current
capabilities of the available computer hardware. A better near-term approach for
modeling free air transition and forward flight flow phenomena is illustrated in Table 1.
This approach is based on a modern panel method to predict the aerodynamics of the
baseline configuration extended and modified to account for propulsion effects and real
flow effects.

Tabie 1 V/STOL AERODYNAMIC PREDICTIONS APPROACH

Power-Off Baseline Configuration
Characteristics o Forces & Moments
0 Pressures
Powered Flight Inlet Flow
Effects o Spillage
o Ram Drag

o Interference

Exhaust Flow

Plume Shape
Entrainient
Impingeine.t
Supercirculation
Fountain Effects
Reaction Jets

0000 O0

Real Flow Viscous Flow

Effects o Separation

o Tip Vortex

o L.E. Vortex

o T.E. Vortex Rollup




The success of a panel-type approach hinges on several factors. Most important is
the selection of the baseline analysis code, which must accurately predict the
aerodynamics of complex configurations and also, allow application of general boundary
conditions that will be used to simulate power and viscous effects. A major objective is
to devise a method for the analysis of configurations in which the propulsive system is
closely coupled with the lifting surfaces. The interactions between the aerodynamic and
propulsive flowfields can be quite strong on scme configurations, and therefore, need to
be predictable so that designers can take advantage of these potentially favorable effects.
Another objective is to analyze flowfields where viscous phenomena dominate. For
instance, separated and vortex flows, which are significant features of the flowfield of
V/STOL aircraft operating at high angles of attack. General Dynamics has initiated the
development of a V/STOL aerodynamic prediction technique in which a building-block
approach is being used to enhance the capabilities of a modern aerodynamic potential-
fiow code.
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2. TECHNICAL APPROACH

General Dynamin's plan for a V/STOL aerodynamic code, includes the development
of distinet modules that will he mated to a potential-flow aerodynamic code. Special
methods *o handle the flow phenomena not adequately modeled by potential-flow codes,
such as viscous effects, will be integrated into the overall code in a modular manner. The
following subsections discuss the overall aspects of the code.

2.1. AERODYNAMIC PREDICTION CODE

General Dynemics has selected the PAN AIR code as the aerodynamic flow
prediction method This code was developed by The Boeing Military Airplane Company
under the joint sponsorship of IIASA's/Ames and Langley Research Centers, the Air
Force's Aeronautical Systems Division and Wright Aeronautical Laboratory, and the Naval
Coastal System Center. This higher order panel method has been selected because it
prevides more flexiblility than any other panel method. Similer codes developed by
Woodward and Hess, although excellent codes, just do not match the overall capabilities
of PAN AIR. A brief description of the theoretical method used within PAN AIR is
presented in this report and the reader is referred to the code documentation (References
15 through 18) for a detailed discussion.

PAN AIR solves the three-dimensional boundary value problem governed by the
second order partial differential equation usually referred to as the Prandtl-Glsuret
equation,

(1M Moy + by + bz =0

The above equation is valid for the analysis of incompressible and linear compressible
subsonic and supersonic flow of arbitrary fluids over arbitrary configurations. Mixed
subsonic and supersonic flows and discontinuities in the flow cannct be adequately
simulated by this differential equation. Similar to other pane! mathods, PAN AIR divides
the configuration into segments, each of which is further divided into quadrilateral panels.
Here the similarity between PAN AIR and most other panel methods ends. PAN AIR is a
higher order panei method because it does not use a ccnstant singularity strength over
each panel but allows linear source strength and quadratic doublet strength variation on
each panel. To further improve accuracy, 2AN AIR enforces continuity of dcublet
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strength over the entire configuration and also maintains continuity of the geometric
surface by subdividing each quadrilateral pane! into several piecewise flat panels. By
using these refinements, the solutions generated by PAN AIR become almost independent
of the panelling scheme.

The PAN AIR code is very flexible in the type of boundary conditions that can be
used to define the singularity strengths on the panels. A general form of the boundary
condition is incorporated into the code. This aiiows the user to seiect boundary conditions
which simulate impermeable surfaces, surfaces with specified normal or tangential
velocities ete. User selected boundary conditions can be applied over different parts of
the configuration since the number of unknown singularity strengths and boundary
conditions are matct.ed over each network.

The capabilities of PAN AIR (taken from Reference 1{, include the ability to

0 Analyze completely arbitrary configurations in subsonic flow and nearly
arbitrary configurations in supersonic flow.

o Analyze either unsymnietric configurations or configurations with one or two
plines of symmetry.

o Analyze configurations in either unsymmetric or symmetric flight conditions,
including ground effect conditions.

o Analyze or design both geometricaily thick configurations and thin
configurations, such as a camber surface representation of a thin wing.

o Analyze configurations eithe~ (in an exact sense) with boundary conditions
applied on the configuration surface or (in a linearized sense) with appropriate
boundary conditions applied to an approximation to the configuration surface.

o  Analyze control surface deflections either (in an exact sense) by geometric
deflection of the appropriate networks or (in a linearized se:.ise) by imposing
suitable boundary conditions on an approximation to the deflected control
surface.

10
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Design the location of surfaces, including wakes, by the non-iterative design
capability.

Superimpose incremental velocity components onto the freestream either in a
global sense, for example, additional velocity components to simulate a finite
roll rate, or on a local basis, for example, to simulate different angles of attack
for different networks or to simulate the effects of a slipstream or line vortex.

Calculate pressure coefficients and force moment coefficients by several
pressure coefficient formulas (isentropic, linearized, second-order, reduced
second-order, and slender body).

Calculate velozity components and pressure coefficients both at standard points
and at user-designated arbitrary points on the configuration surface (flow
quantities in the external flow field can be computed by using panels with zero
singularity strength).

Calculate the force and moment coefficients on individual panels, columns of
panels, and networks with the options of using user-specified reference
dimensions and moment axes of either individual networks or the total
configuration.

Include or exclude the force and moment contributions of individual networks in
the calculation of the force and moment coefficients of the total configuration.

Calculate force and moment coefficients in the reference axis system, in the
stability axis system, in the wind axis system, and in a user-specified body axis
system.

Calculate leading- and side-edge forces and moments due to singularity of the
leading- and side-edge force distributions for thin configurations, and to include
these calculations in the total configuration force and moment coefficients.

L

PR S.

PAN AIR code has been developed in a modular fashion using a structured software
development approach. This, together with a liberal distribution of comment cards
throughout the code, allow for rapid upgrading of the code where necessary. The various

11
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modules of the code communicate with each other only through common data bases so
that changes made in one module affect the other modules in a clearly identifiable
manner.

2.2 V/STOL ANALYSIS MODULES

The function of each module developed in this study is briefly discussed below and
then discussed in detail in the following sections of this report.

Preprocessor Module - Wide acceptance of a computer code requires that it be user
friendly. This in general implies that an engineer can understand the code, analyze a
problem, and interpret the computed results within a ~easonable time. PAN AIR is a very
general code that requires detailaed input for many parameters, some of which can easily
be foreset for V/STOL type problems. The basic goal for the preprocessor is to make PAN
AIR easier to use for V/STOL analysis by reducing the number of input bmmeters,
developing an automatic panel generation and modification scheme, and including
interactive graphic displays of the panelling arrangement.

Engine Simulation Module - In general, the engine placement in V/STOL
configurations is such that the interactions of the inlet and nozzle flows with the aircraft
external flowfield should not be ignored. A method to model a plume as a permeable body
with specified inflow velocities to simulate entrainment effects has been developed in this
study and is discussed in a later section of this report. A similar technique will be
necessary to simulate inlets by either specifying inlet velocities at the inlet face or by
modeling the capture tube as a surface.

Viscous Effects Module - V/STOL aircraft often operate at high lift coefficients and
flow inclinations and hence, incur significant flow separation on the lifting surfaces and
bodies. These areas of separated flow often lead to strong vortex formula*ions.
Simulation of these effects is a very difficult problem. The development of this module
has been initiated. Methods have been incorporated to simulate the effect of boundary
layer build up and trailing edge separation on lifting surtfaces using 2-D boundary layer
methods in a strip fashion. To include boundary layer effects on a body-and nacelle-tyne
surface, it will be necessary to utilize three-dimensinal boundary layer codes. Simulation
of vortical flows may have to be handled by empiricai corrections to the computed

results.
12
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3. VALIDATION OF THE AERODYNAMIC CODE

The mathematical concepts incorporated in the PAN AIR code have been
substantiated in nuiterous studies utilizing an earlier version of the code referred to as
the PAN AIR Pilot Code (Referenice 19). On the other hand, the PAN AIR code is still in
the final stages of development and checkout. Since the code was not generally available
to industry until 1981, it has not yet received the extended useage that is required to
identify all the programming errors that invariably occur during the development of such
complex computer programs. Several versions of the code have been released since that
time, and the success in using them has been mixed. The early work at General Dynamics
was directed towards the analysis of a complex VATOL fighter model. It was found that
complex configurations someiimes caused problems, but that these problems often could
not be recreated on simplier geometries when attempts were made to isolate their
sources. In other words, the code would perform correctly with less complex
configurations. The early results of these studies are presented in detail in Reference 20.

In the study reported in this document, attempts were continued to obtain an
improved flowfield prediction for the Ames/GD V/STOL Fighter model. Efforts were also
initiated to compute the aerodynamic characteristics of the Ames/Vought VATOL model.
The latest version of the PAN AIR code, released in January 1983, was utilized in this
stucdy. Preliminary indications are that some of the errors in the code, though not all,
have been corrected. The following subsections discuss the power-off predictions for
these two V/STOL models performed with the latest version of the code.

3.1 AMES/GD V/STOL FIGHTER MODEL

The Ames/GD V/STOL Fighter model is approximately a 75% scale of an operational
fighter designed to perform an air-superiority mission. During tests in the Ames 40 by
80-Foot Wind Tunnel, the model was powered by two turbojet engines. A general
arrangement drawing of this model is shown in Figure 3-1. The locations of the wing and
canard chordwise pressurz instrumentation are shown in Figure 3-2. The pressure and
force data that have been obtained during tests of this model are presented in References
21 through 25. Several variations of the paneliing arrangement for the Ames/GD V/STOL
model have been used since the inception of this study, the latest of which is shown in

Figure 3-3. i3
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Figure 3-1 General Arrangement Drawing of the Ames/GD V/STOL Fighter
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Figure 3-3 Panelling Arrangement for the Ames/GD Model



The PAN AIR prediction for chordwise pressures on the wing and canard are
compared with test data in Figures 3-4, 3-5, and 3-6. These predictions are not
substantially different from those reported earlier in Refurence 20. The predictions
compare reasonably well with the data, except in regions where {low separation effects
have been identified in the test data. The types of pressure formations that result from
the presence of a leading-edge vortex on this model are discussed in detail in References
23 and 25. One questionable aspect of the panelling arrangement for wing/canard
configurations is the proper placement of the canard wake over the wing. Especially at
higher angles of attack, the assumed straight-back trailing position of the canard wake
may not be in the best location relative to the witz. An investigation of this effect was
not undertaken during this study.

A test-to-theory comparison of the lift curve of this model (Figure 3-7) shows the
prediction to be lower than the test data. These results are also similar to those
presented in Reference 20. There are some reservations about both the test data and the
computed results presented in this figure. The test data shows a very high value of lift
coefficient at zero alpha, which may be due t the large amount of body camber. The
possibility of an error in the experimental lift coefficient must also be considered.

The PAN AIR prediction wes obtained from an analysis that utilized some artifices
to obtain a solution. First, the letest version of the code would not execute with gap-
filling panels. To eliminate them, minor modificatons to the geometry were required that
should not have caused any significant changes in the computed results. Second, a partial-
edge, mid-network abutment on the side of the nacelle, downstream of the canard, had to
be specified in the input to eliminate warning messages about empty-space abutments,
These abutments had exact corner-point matching and should not have required this
specification, thus pointing to a possible error in the PAN AIR code. Finally, some of the
wake networks near the nozzle exhaust had extremely low values of pressure coefficient,
as shown in Figure 3-8.

The artifices used to obtain a PAN AIR solution seem minor and would not be
expected to have significant impacts on the computed lift coefficients. However, since
differences exists between the test and predictions, both should be reexamined to resolve
the discrepancy. The Ames/GD V/STOL model is an extremely complex arrangement to
analyze with a panel method. It is noted that PAN AIR predictions for the lift
coefficients of the F-16 XL and the Ames/Vought models that have been performed at
General Dynamies have compared well with experimental data.

16
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3.2 AMES/VOUGHT VATOL MGDEL

The Ames/Vought model is a 0.4-scale powered VATOL model designed for testing
at angles of attack to 90 deg and greater. A general arrangement drawing for this model
and the locations of the pressure instrumentation are shown in Figures 3-2 and 3-10. The
model was tested with power off and also with a high RPM fan to simulate inlet flow.
Wind tunnel test data for this model are presented in References 26 and 27. The original
panelling arrangement for this model was obtained from NASA but was later enhanced
th ough the use of the Preprocessor Module, as discussed in Section 4. The enhanced
panelling arrangement is shown in Figure 3-11.

Test-to-theory co:nparison 2f the chordwise pressures on the canard surfaces are
presented in Figures 3-12, 3-13, and 3-14 for three spanwise stations. For each location,
data are presented at angles of attack of 4, 8, and 20 deg. Experimental data at 8 and 20
deg were available only with the engine fan operating at 10,000 RPM. The effect of the
inlet flow at these angles of attack is assumed to be small. Experimental data indicate o
the formation of a leading-edge vortex, similar to that of the fighter model and trailing- {
edge separation characteristics, at high angles of attack. These factors account for the @
major differences between experimental and predicted values.

Test-to-theory comparisons of the wing pressure data are shown in Figures 3-15,
3-16, and 3-17. They are similar to the compari=on for the canard. Again the effects of
trailing-edge separation and vortical flow have considerable influence on the test data,
which explain some of the large differences between test and theory.

The computed lift curve, Figure 3-18, compares well with the test data up to an
angl= of attack of approximateiy 12 degrees. Above this angle, additional lift, presumably
generated by the leading-edge vortex, causes the test data to be slightly higher than the
pradiction,

22
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4. PREPROCESSOR MODULE

The Preprocessor Module is intended to be an automated input generation module.
This module assists the user in preparing the detailed geometric input required by the
PAN AIR program. The Preprocessor was formulated as an interactive graphics program
designed to operate on one of the NASA Ames' VAX 11/780 computers. A description of
this module including existing methods selected for incorporation into the module is
presented in this section. User Instructions, sample input and listing of the coce
doveloped during this study are included as Appendix A. The source listing of the existing
codes are not included. For these the reader is referred to the references.

The primary function of this module is to generate the geometric panelling
arrangement for an arbitrary configuration consistant with the requirements of the PAN
AIR code. The generation of a panelling scheme from the geometrical data for an
arbitrary three-dimetisional configuration is a very tedious, time-consuming task. Errors
are easily introduced by the tedinus nature of the task, and once introduced are hard to
locate. Changes to the panelling arrangement are difficult and therefore, often
reluctantly made. The Preprocessor module geometry package coupled with an
appropriate plot package solves most of these problems.

4.1 DESCRIPTION OF THE GEOMETRY PACKAGE

The geometry package selected for the Preprocassor Module i: based on a panelling
code deveioped at McDonnell Douglas by Halsey and Hess (Reference 28) under contract
to NASA Langley. This :sogram was formulated to generate a panelling scheme
consistent with the requirements of the three-dimensional lifting version of the Dcugias-
Neumann Progran). .he Halsey-Hess geometric procedure was chosen for this application
because it was developed snecifically for use with a 3-D potential flow program, and it
was sufficieritly general so that it cou!d be used for the present appiication with only
minor modifications.

Tne panelling requirements for PAN AIR are similar to those for which the selected
geomelry package was developed; however, the dimensions set within the program had to
be increased to be compatible with PAN AIR. The coding was also altered for

32



-

LY AT e e

AT, ot

e

compatibility with the NASA Ames' VAX 11/780 computers. A brief description of the
procedure and the options available are presented in the following paragraphs.

The geometry package was designed to simplify the user's job by automating the
panel generation. Input to the geometry code consists of a very sparse set of coordinate
data to describe each component of a configuration. Often it is possible to daseribe a
component with an order of magnitude fewer points than required for an accurate
potential-flow solution. The user is also not required to devote a lot of time and care to
develop consistent spacing between the points because the package provides automatic
spacing options that augment and redistribute the input points. The package also has the
capability to calculate the intersection curves between components and then to repanel
the components so that the adjacent paneling distributions are compatible.

Use of the geometry package and understanding what the package does requires that
the user be familiar with some terms and conventions used in the development of this
code. These terms are illustrated in Figure 4.1 taken from Reference 28. Each
component is defined by specifying points on a section curve, then on an adjacent section
and so on, until all sections have been defined. Each component thus consists of a set of
points which can be connected to form a network of intersecting lines called N-lines and
M-lines. Points on a section curve are ordered along the perimeter of the section and are
designated as N-lines. On a wing, for example, the N-lines correspond to defining the
airfoil shape at a chordwise cut through the wing. The curves connecting corresponding
points on the N-lires are designated M-lines. On a wing, the M-lines run spanwise;
whereas on a body the M-lines generally run along the length of the body. The area
bounded by two adjacent N-lines is termed a strip and the area bounded by two N-lines
and two M-lines is termed an element (i.e., a panel). An understanding o{ N-'ines and M~
lines is required to comprehend the input ter minolegy of the geometry package.

Firsy, it is necessary to understand generally what the geometry code does before
discussing the restrictions and options applicable to the M and N lines. The first operation
performed by the geometry package is to panel or redistribute the points defining each
component &as if each component is completely independent of the others. The paneling of
each component is performed in the following two steps:

o the points on the initial N-lines are augmented in number and redistributed
according tc the number and the spacing algorithm specified by the user;
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o the N-lines are augmented in number and redistributed in number according to
the user's specifications. The latter is done by augmenting and redistributing
points along each M-line.

Cubic polynomials are used for the interpolation raquired to redistribute the points
along either N-lines or M-lines. The arc length along the polygon formed by connecting
straight lines between adjacent points is the parameter used as the independent variable
of interpolation. Interpolation for a point on a curve is accomplished by three separate
interpolations, one for each coordinate. In each interpolation, the first derivative of the
dependent variable with respect to the straight-line arc length is first found by taking a
weighted average of the angles of the straight-line segments. These are then used,
together with the coordinate values, to determine the coefficients of cubic interpolating
polynomials.

Both cubiec splines and cubic polymonials were investigated for inclusion in the
geometry package. The cubic-polynomial method selected is not a true spline method
because the second derivatives are discontinuous. Cubic splines were found to cause
problems when the defining data wu.very sparse. Any waviness that might exist in the

defining data can get out of control when using cubic splines to interpolate a very sparse
set of data.

Several options for the spacing of points on N-lines (i.e., in the chordwise direction
cn wings and usually the circumferential direction on fuselages) are available for the user
to select. These options are as follows:

Input distribution, unaltered

Input distribution, augmented in number
Constant increments in arc length
Cosine spacing

Curvature dependent distribution

User specified distribution

o ¢ 0 0 o o

No interpolation is done when the unaltered input distribution option is selected.

This option may be used when the initial defining distribution contains a sufficient number

of properly spaced points. The user must insure that the points are properly spaced such
that when M-lines are formed, the distribution of points on adjacent N-lines are fairly

similar resulting in smooth curves.
35
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The input distribution, sugmented in number cpt o1 results in a distribution which is
similar to the initial, defining distribution, but contains s uifferent number of points. The
user must input properly distributed points, but he need not input an extremely large
number of points. This option is useful for control.iing the desired distribution without
having to load a large number of points and without having — calculate what the
numerical values of the arc lengths are.

The constant increments in are length optica ’esults in points distributed uniform'y
around the perimeter of tiic N-line. This opti~n :s useful for smooth bodies that do not
have large variations in curvature. Use of this or tion for a wing component is not
recommended because it would result in too few points near the leading and trailing edges
to adequately represent the wing for potential f1:w calculations.

The cosine spacing option results * 2 very useful distribution for wing components.
This option results in a very {ine spucir . n ar the leading and trailing edges and coarse
spacing in regions away from these edges.

A very useful option is the curvature-dependent option where the point spacing is a
function of the local surface curvature. The resuits of potential flow methods are
improved by using fine spacing in regions of high curvature. In this option, the spacing is
linearly dependent on the absolute value of the curvature. This selection is useful for
both wir and body components because some control over the variation of the spacing is
provided. When this option is used for a lifting component, artificial curvature is added in
the usually flat trailing-edge regions resulting in more points bunched on the trailing-edge
as required by potential flow methods.

If none of the preceding options are adequate, the user ¢z specify a distribution.
This distribution is specified in the form of normalized are icngth (0.0< are length<1.0).

There are four spacing options aveilable for N-lines (spanwise spacing for wing and
lengthwise spacing for fuselage). The redistribution of points on the initial N-lines results
in a situation where each N-line has the same number of points distributed in a similar
manner. A set of M-lines is generated by connecting the corresponding points on all N-
lines. The M-lines should be smooth and have fairly small curvature since the distribution
of points on each N-line is the same. The process of augmenting and redistributing the N-
lines is accomplished by augmenting and redistributing points along th-se M-lines. [t is
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required that each M-line have a total length greater than zero. The four options
available for the spacing of N-lines are as follows:

Input distribution, \ ~altered
Input distribution, sugmented in number
Constant increments

Q O ¢ o

User-specified distribution

These spacing distributions are completed analogous to the preceeding options for
distributions of points on N-lines.

There are twe modes of operation of the gecmetry package during the distribution
of the N-lines. These two modes are the planar-section mode and the arc-length mode.
The planar-section mode, which is the most common!y used mode, redistributes the peints
in such a way that all N-lines are parallel except perhaps the first and last ones on a
component. In the arc-length mode, the points along M-lines are distributed in such a
manner to allow the N-lines to form smooth curves around a nonplanar edge of the
component. This is useful for a case where one edge of a component may be so'highly
nonplanar that a strip bounded by that edge and an adjacent planar N-line would vary
drastically in width. T.e arc-length mode would allow the adjacent N-lines to form
smooth curves nearly parallel to the nonplanar edge.

After paneling the isolated components, the next major operaticn performed by the
geometry package is the calculation of the intersection between components. The
intersection curves between components are calculated using a hybrid curve-fit/surface-
fit approach. A set of intersection points is obtained by calculating where the M-lines of
one component (designated the ini:rsecting component) pierce the surface of the oiher
component (designated the intersected component). The method calculates the
intersection point of a curve and a surface. After the intersection is determined, the
intersecting components are repaneled so that adjacent panels on either side of the
intersection curve line up in a manner which is satisfactory for potential flow
calculations.

There are some limitations and restrictions that appiy to the calculation of
intersection curves between components. This method is satisfactory for well defined

wing-fuselage intersections, wing-pylon intersections, ete.; however, it is not designed to
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handle complex cases where the intersection curve is discontinuous or is not well defined

due to fillets or smooth transitions from one component to another. Cuidelines to follow

when calculating the intersection between components are summarized (from Reference

28) as follows:

o

A distirction can be made between intersecting snd intersected components.

A component can intersect only one other component and can pe intersected by
only one other component. If a body intersects or is intersected by several
bodies, it ruust be divided up into several components. A single component can
intersect one component and be intersected by another component, however.

The M-lines on the intersecting compcnent pierce the surface of the intersected
component at a sharp angle. Surfaces are not tangent where they are meet.

The intersecting component has at least one N-line which lies entirely in the
interior of the intersected component.

No M-line on the intersectinrg component intersects the intersected component
more than once.

The final function of the geometry package is to repanel all components that

intersect other components. Some important features of the final repaneling of

components are:

o

That portion of any component which falls inside another adjacent compcnent is
eliminated or at the user's discretion designated as extra strips or ignored.

The entire component is repaneled to insure a smooth distribution of the

paneling over the entire component.
The user may specify a repaneling option with exact panel matching between

the components or panel matching at every second point on the intersection

curve.
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All intersecting components (typically the wing in a wing-body intersection
problem) are repaneled the same way whether they are lifting or nonlifting
components. There is nc redistribution of points along N-lines, only a
redistribution of N-lines. A new N-lirne is added along the intersection curve in
every case. The remaining l-lines on the extezior of the component are
respaced to avoid irregularities in the widths of the strips.

The repaneling of a nonlifting intersected component in an intarsection problem
was designed primarily for fuselages. Three options are provided for repaneling
of nonlifting intersected components. The first is no repaneling at all. The
sevond and third options are designed to produce panel distributions that depend
upon the paneling scheme of the intersected component. With each of these
options, the bcdy is divided into four comrponents., These components are
defined as that portion of the body forward of the leading-edge point of the
intersection curve, that portion of the body aft of the trailing-edge point on the
intersection curve, that portion of the body above the intersection curve, and
that portion of the body belov’ the intersection curve. The last two options
differ only in the distribution of panels in the regions above and below the
intersection curve. Matching with every panei or every other pane! on the wing
can be sclected by the user.

For the repaneling of lifting intersected components, the user also has three
options. The first is to do no repaneling. The second defines a region of
ignored elements around the intersection curve but results in gaps in the region
of the intersection curve. The third is similar to the second except that the

gaps are filled with nonlifting panels.

Knowlicuge nf the praceeding terminology and restrictions is essential for
understonding the geometry package utilizarion presented in Appendix A. The primary
output of the geometry package is a VAX file containing the desired paneling definition of
all of the aircratt components. The fcrmat of the coordinates is acceptable for input to
PAN AIR whe.: the appropriate JCL and boundary condition definitions have been added.
It may be desired to divide some of the components into several different networks for
the PAN AIR problem. Currently, this must Le handled by the user using 1he VAX editor
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4.2. GRAPHICS

The coupling of the geometry package with a graphics package is a very important
capability. This allows for easy verifying and editing o1 the geometry files or PAN AIR
input files. With the graphics package, the paneling scheme may be rotated to any desired
viewing orientation and scaled to any desired viewing size. The entire configuration, any
individual component (network, if plotting PAN AIR input file), or any combination of
components may be viewed. Another important fe iture incorporated into the graphics
package is a nidden line removal option reported in Reference 29. This feature adds a lot
of clarity to any particular view thus allowing easier identification of any problem areas
needing editing. This feature is illustrated in Figure 4.2 showing a detai'ed panel
arrangement generated for PAN AIR. User instructions for the graphies package and the
code developed for this package are presented in Appendix A.

4.3 PANELLING OF YOUGHT VATOL FIGHTER MODEL

The panelling scheme used for the analysis of the Vought VATOL Model using the
PAN AIR code discussed in Section 3.2 was prepared by exercising the preprocessor
module. The panelling definition that was available as a starting point was unsatisfactory
for input to the PAN AIR code. To accomplish this repanelling by hand calculation and
manipulation would have been a time consuming and error prone task. Using the
preprocessor gecmetry package linked with a graphics packsage significantly reduced the
tedious tasks to be done by hand and provided a quick and easy way to verify the final
panelling scheme. With these tools, several panelling arrangements were investigated
before choosing the cne deemed most desirable.

The starting and the final refined panelling scheme for the Vought model are shown
in Figure 4.3. In addition to several minor coordinate errors that were easily detected
with the graphics package, the initial panelling contained several areas that would have
had led to problems with the PAN AIR code. The chordwise cuts on the wing and canard
were not aligned and the panels along the fuselage and nacelle did not always match. In
addition at the abutment of the different components there were mismatches between
adjoining panels. It was desirable to have at least two panels between the canard wake
and wing surface; the initial panelling had only one. These problems would have resulted
in PAN AIR failures and/or would have resulted in questionable PAN AIR predictions. The
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spacing options in the geometry package allowed the user to easily specify the spacing on
each component thus eliminating the problems. The intersection option in the geometry
package was also used to ensure matching between the fuselage and wing.

The final panelling scheme for the Vought VATOL model as input to the PAN AIR

code is shown in Figure 4.1. The wake networks were removed for clarity. The PAN AIR
predictions for this arrangement were presented in Section 3.2.
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5. ENGINE SIMULATION MODULE

Modern aircraft that are designed for STOL operation often suppiement
aerodynamic lift with direct thrust from the propulsion system or from other devices
dedicated to the production of direct lift, such as lift jets. In either case, there is an
injection of high velocity air and/or exhaust gases into the freestream flow. This flow
condition is also experienced by VTOL aircraft in transition between hovering and
conventional flight. At the low speeds associated with this type of flight, the jet velocity
to freestream velocity ratio is relatively high, and hance, the interference phenomena
between the two flowfields can have a significant influence on the aerodynamic forces on
the surface of the aircraft.

The Engine Simulation Module is designed to include techniques that will simulate
flow perturbations caused by the propulsion sys*em in an aerodynamic potential flew
analysis code. In a previous study (keference 20) two basic ideas for modeling power
effec . in the PAN AIR code were evaluated. The first approach, which is illustrated in
Figure 5-1a required specification of the velocity or mass flux boundary conditions on the
nozzle exit plane. It was hoped that the aerodynamic solution per{ormed by PAN AIR,
with high velocities specified at the nozzle exit, would simulate a plume and cause the
desired flux perturbations in the external flowfield. Wake networks in the approximate
shape of a plume surrounding the exit would be utilized to sustain the high velocities
dow astream of the exit plane. Several variations of boundary conditions were
investigated to implement this approach. [t was found that some of the combinations of
boundary conditions were not properly handled by the PAN AIR c¢ ‘de. In other cases that
were apparently handled correctly, mathematically speaking, the velocity downstream of
ihe exit plane decayed too rap.dly. In fact, computations indicated :hat the exhaust
velocity decreased to almost freestream velocity within one nozzle exit diameter. Thus,
it was concluded that a plume could not be satisfactorily simulated by specifying the

velocity on the exit network.

The second approach addressed in Reference 20 was to represent the plume with
permeable networks to represent the boundary. Flow entrainment was simulated by
specifying a veloeity sormal to the panels of the plume. This approach is illustrated in
Figure 5-1(b). Plume modeling methods must be used external to the PAN AIR code to
derive the shape and boundary conditions that represent the plume. The PAN AIR ¢nde
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appeared to correctly analyze the configurations with plumes modeled in this manner.
Therefeore, the study reported in Reference 20 recommended this approach to modeling jet
exhaust flow in the PAN AIR code.

In the current study, a methcd was selected for use in representing plumes with
permesable networks. The conditions addressed are limited to supersonic exhaust jets in a
subs snic freestream flow. The exhaust may be aligned with or slightly inclined to the
freestream flow. Although the primary objective has been to deveiop methodology for
iow-speed applications, this method may eventually be used throughout the subsonic Mach
renge. This section of the report discusses the plume modeling method that was selected
and the approach that was taken to incorporate it into the Ergine Simulaticn Module.
User irstructions and a sample problem are presented in Appendix B.

5.1 SELECTION OF THE PLUME MODELING METHOD

A literature survey was conducted to find existing plume modeling codes that could
be adapted for use in the Engine Simulation Module. Several methods were focund that can
be used for predicting the effects of exhaust plumes cn the ccnfiguration afterbody.
Putnam and Mace (Reference 3.0) summarize these methods and present a discussion of
twe approaches to the solution of nozzle exhaust flow. The first method is based on a
solution of the Navier-Stokes equations and the second is based on a patched

inviseid/viscous interacztion approach.

The computation of jet exhaust flowfields based on the solution of Navier-Stokes
equations is now possible due to the availability of faster computers. These solution
techniques are now being applied to both two-dimensional and three-dimensional
problems. However, the application of these methods is not straight forward and requires
familarity with a variety of techniques to obtain a valid solution. Even with these
extended efforts, the large computer time required for a Navier-Stokes solution preclude

its use for the analysis of complete configurations including jet effects.

Patched inviseid/viscous solutions to plume analysis, which have been shown to
provide good predictions of the plume characteristics as well as the nozzie surface
pressure distributions, are easier to use and require significantly less computer time than

the Navier-Stokes sclutions. Their apgraoch to solving the nozzie flow problem .3 to
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divide the plume and external flow into several distinct regions, each of which can be
analyzed independently. The various regions are analyzed in an iterative manner until
convergence is obtained.

Two of the foremost plume modeling codes that use Navier-Stokes and patched
inviseid/viscous selutions are the Cline code =nd the Wilmoth code, respectively. These
methods are presented in References 31 and 32. An isolated nace!le model with a
specified set of exit conditions was analyzed with each of these codes. A comparison of
the computed flow properties are compared &t the nozzle exit (X=6.7) and at two
downstream stations in Figure 5-2. These properties match reasonably well, except for
the radial velocity at the most downstream station (X=15.8). The Navier-Stokes solution
had been computed for 2,000 iterations for the data shown here, and it is noted that the
solution for the radial veloeity had not completely converged. Based on the plume
predictions discussed above, and computer resource requirements, the Wilmoth code wa-
selected for use in the Engine Simulation Module.

The Wilmoth code, which is aiso known as RAXJET, performs a two-dimensional
viscid analysis of a region that ineludes both an external flow and an exhaust flow.
Several assumptions were made (to be discussed in Section 5.3) in order to adapt it to the
Engine Simulation Module. One important consideration in the selection of this code is
that it is currently being developed into a full three-dimensional procedure through
funding by the NASA Langley Research Center. RAXJET's capability to prediet the
effects of viscosity in the external flowfield is not currently being used.

5.2 DESCRIPTION OF THE RAXJET PROGRAM

The RAXJET code is comprised of methods that evolved over a number of years

through the efforts of several researchers. These methods are the South-Jameson

relaxation external flow analysis procedure, the Reshotko-Tucker boundary-layer solution,

the Presz senaration model, the Dash-Pergament mixing model, and the Dash-Thorpe
inviscid plume model. These computational techniques are coupled iteratively into a
single computer program called RAXJET. This program predicts subsonic and transonic
axisymmetric flow over nozzle afterbodies with supersonic jet exhausts and accounts for

boundarv-layer displacement, separation, jet entrainment, and inviscid jet plume
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blockage. The various computational domains where different solution algorithms are
employed in RAXJET are illustrated in Figure 5.3 and are summarized below.

Inviscid External Flow Solution - The relaxation procedure of South and Jameson
(Reference 33) is used for solving (he exact nonlinear potential flow equation in
nonconservative form. A computer code developed by Keller and South, commonly
known as RAXBOD, (Reference 34), is used to implement this technique.

Inviscid Jet Exhaust Solution - RAXJET uses the computer program SCIPAC
(Reference 35} to solve the flowfield in the inviscid jet region through a solution of
the conservative finite-difference form of the inviscid flow equations. The nozzle
exit flow is assumed to be supersonic, and the calculation is initiated at the exit
with the specified exhaust properties. The Mach disk location is determined by the
iterative procedure of Abbett (Reference 36).

Boundary-Layer Solution - The properties in the attached boundary-layer region are
solved by a modified version of the Reshotko-Tucker integral method for turbulent
flow (Reference 37). The integral solution is obtained by conventional boundary-

-y

layer marching procedures to yield the displacement thickness distribution over the
Jody using a computer program described in References 38 and 39.

Separated Flow Solution - The Presz Method (Reference 40) is used to predizt flow
separation and the disecriminating streamline shape. The iocation of separation on

:
g
g
s;

the afterbody is calculated by a control volume technique. The diseriminating
streamline near the separation point on the boattail is calculated by a control
volume analysis that sclves int gral forms of the continuity and streamwise
mom-~atum equations to account for stream-wise pressure gradients and surface skin
friction. The diseriminating streamline in the jet wake region is calculated by an
integral method that accounts for entrainment effects based on a turbulent mixing

analysis (Reference 41).

Mixing-Laver Salution - The mixing layer is the region between the core of the
exhaust plume and the external flow. A dispiacement-thickness distribution arising
from entrainment into this layer is calculated by the overlaid mixing model of
Reference 42 and the BOATAC ccmputer program (Reference 35). This code solves

the paratolic mixing equations by a finite-difference marching procedure.
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Turbulence is modeled by either a mixing-length or a two-equsation transport model.
A laminar viscosity option is included. Also calculated are an effective plume
boundary that accounts for mass entrainment into the mixing iayer and an inviscid
plume boundary. The difference between the effective and inviscid plume
boundaries define a displacement thickness related only to entrainment.

The various codes discussed ahove are coupled together in an iterative procedure.
The component solutions are performed in the following order.

1. Calculate inviscid external flow field

2. Calculate the inviscid jet exhaust boundary and flow field.
3. Calculate the boundary-layer displacement thickness.

4. Calculate the separation location.

5. Calculate the shape of the discriminating streamline.

6. Calculate the mixing-layer displacement thickness.

7. Calculate a new effective body and plume shape.

‘These steps are repeated in a single loop in the RAXJET code for a specified number
of steps. Convergence is monitored manually by checking surface pressure predictions
and/or boundary layer displacement thickness. A thorough discussion of the RAXJET code
is presented by Wilmoth in Reference 32.

5.3 MODIFICATIONS TO THE RAXJET PROGRAM

Although the inviscid plume characteristics requirec for this study could be obtained
from selected subroutines in the RAXJET code, the entire code was implemented in the
Engine Simulation Module. This not only maintained the integrity of the code but also
provided an easily accessible source to a number of parameters that are not currently
being used. Two additional capabilities that may be added to the Engine Simulation
Module are to (1) account for the influence of the fuselage/boattail boundary layer on the
plume characteristics and (2) iteratively soive for the plume shape, accounting for the
mutual interference effects between the plume and configuration boundaries. Maintaining
the entire RAXJET code provides for this type of expansior without major revision to this
portion of the module.
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Several modifications were made to the RAXJET code in order to interface it with
the Engine Simulaticn Module. For example, the input subroutine of the RAXJET code
and the Engine Simulation Module were merged to avoid repetitious user inputs and
several input parameters required by RAXJET were preset within the codc to specificd
values that are consistent with low-speed flight. Also, the nozzle boat:iail geometry was
predafined within the input subroutine. This is permissible since the inviscid plume
characteristics are independent of the noz:iie boattail geometry, and because the plume
boundary is non-dimensionalized in the RAXJET output routines before subsequent use by
the Engine Simulation Module.

The primary enhancement made to the RAXJET code was the development of a
means of computing plume characteristics that vould be meaningful in a PAN AIR
analysis. This problem was made even more difficult since there is no unique definition of
a plume boundary. Several combinations of plume boundary and inflow velocity were
found to be equally effective. An example is taken from Reference 20 of an analysis of a
plume shape computed with a Navizr-Stokes solution that was defined as the focus of
points defining the radial distanc: (y) at which the rate of change of the axial velocity
(dVx/dy) was maximized. This plume shape was very irregular as shown in Figure 5.4. The
same reference also shaws the results of an analysis made with a smoothed version of this
plume shape (Figure 5.5). Comparison between these results show that either shape,
although substantially different, can be successfully used in a PAN AIR analysis, provided
the corresponding inflow velocities are applied in each case. This is as it should be, since
the magnitude of the specified inflow velocity governs the change in the slope at the
boundary. As long as the geometrical slope and the change in the slope due to inflow
velocity add to the same value, the results computed by the PAN AIR .'ode will be nearly
identical.

Since the value used for the boundary of a plume can be somewhat arbitirary, the
inviscid nlume boundary was ceiected because it could be easily obtained from the
RAXJET code. The radii for this boundary were already computed within the RAX 't T
code; therefore, it was possible to obtain the inviseid plume boundary by adding a common

block within the code to transport the values to an output subroutine.

Entrainment of the external flow into the region of the plume is represented by an

inflow velocity that is normal to the inviseid boundary. This value is computed along the
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boundary of the plume by a set of equations that relate th'e velocity at the incation of the
inviscid plume to the known velccities at the equivalent plume boundary.

The only data that are passed from the modified RAXJET code to the Engine
Simulation Module ure the inviscid plume boundary and the corresponding inflow
velocities. These values are nondimensionalized by dividing by the exhaust exit radius and
freestream velocity, respectively. Therefore, these parameters can be applied to a PAN
AIR run by simply scaling them according to the dimensions of the configuration under
study and the freestream velocity.

5.4 INTERFACE WITH THE AEROD7NAMIC CODE

The PAN AIR code is quite complex and d.{ficult to modify, hcwever, it is
extremely flexible in regard to the netwcrk shapes and boundary conditions that it will
accept as input. Because of this flexibility, it was possible te develop the Engine
Simulation Module such that it can interact with PAN AIR exclusively through the input
data. To facilitate usage of the Engine Simulation Module, the RAXJET code has been
directly included in the module as a group of subroutines. Tlis eliminates the problems
associated with passing data files between the modified RAXJET code and subroutines
developed for other tasks to be carried out in the Engine Simulation Module.

User convenience has been emphasized durinrg the development of this module. [t is
currently installed on the NASA Ames' VAX 11/780 computer system anc may be exeruted
with only two input files: (1) a basic PAN AIR input file and (2) an input file to specify the
iocation of the nozzle and properties of the exhaust flow. These files must be in the same

directory as the Engine Simulation Module as described in Appendix B.

An overview of the activities of the Engine Simulation Module is shown in

Figure 5-6 and they are performed in the following order:

1. Read input data (i.e. name of original PAN AIK input file and properties of the

jet exhaust).

2. Read original PAN AIR file.
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3. Rurn modified RAXJET code.

4. Compute the panel corner-point coordinates and boundary conditions for the
plume.

5. Compute the coordinates for the piume base and the plume wake.
6. Generate a modified PAN AIR input file inciuding the plume simulation.

Thr output file generated by the Engine Simulation Module can be submitted for a
PAN AIR run after a few items are manuall; ~hecked as explained in Appendix B.

In order to make use of the two-dimensional data from the RAXJET code, it was
necessary to make two assumptions regarding the three-dimensional beravior of plumes.
The first assumption is that if the jet is injected at a smal! angle to the freestream flow
then its center line will become parallel to the freestream at a distance equivalent to 10
nozzle exit diameters downstream of the exit as illustrated in Figure 5-7. The patn of the
plume ccnterline is assumed to be represented by the second order equarion:

OZ = Anx® + Bax + C

where the coefficients A, B and C are determined by applying the following three
boundary conditions.

1. The nozzle centroid is a point on the path.
2. The path is normal "o the average nozzle exit plane.
3. The path is parallel to freestream at 10 1.ozzle diameters

downstream of the exit.

The second assumption regarding the three-dimensional behavior of plumes
(illustrated in Figure 5-8) is that the plume expands radially outwards from the plume
centerline path by the same ratio in which the two-dimensiona: plume expands. This

assumption ignor s three-dimensiona! effects on the plume boundary.

The generation of the nlume networks is governed by the information provided
through the input file. The user must specify which of the conriguration networks abut
the plume and also which edge of the network forms the abutment. Nozzle-type

networks, shown in Figure 5-9, illustrate the positions of the solid panels to which the
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plume networks will abut. One plume network is developed for each of the solid networks
in the exit abutment. Thus, a plume may be comprised of several networks, such that
each segment is constructed with exact corner-point matching at the abutment between
the configuration and the piume networks. This type of abutment minimizes the
likelihood of an error being enconuntered in the PA'Y AIR code due to a panelling
deficiency.

PAN AIR's CLASS 2 boundary conditions are applied to the networks of the plume.
This class is for a specified normal mass flux analysis and are applied through the

equations

T = —Uo‘;; -+ -5/7,

Specification of these boundary conditions al'ows the plume entrainment characteristics
to be specified through the /9,,, term. The boundary condition information is automatically
generated by the Engine Simuilation Module, using the RAXJET inflow velocity at each
panel center point, and included in the new PAN AIR file.

When the plume networks are added to the configuration panelling arrangement. ‘he
original nozzle exit network is automatically removed from the file, and base networks
are added to the downstream boundary of the plume in a manner similar to that shown in
Figure 5-10. One base network is developéd for each of the networks defining the plume,
and they all connect to a point at the plume centerline. The plume base network is also
constructed to provide exact corner point matching at its abutment with the plume. PAN
AIR's CLASS 4 boundary conditions are applied to the plume base network, which allows
for the selection of specific terms, The governing equations that are used are

M= —Ue - Y

¢L= o

These equations, 1n effec., :necify that there is no flow tangent to tha plume base and
allow the flow normal to the base to be determined by the aerodynamic solution. Thus,
the flow streamlines near the plume base do not have to turn a corner and follow the

closure.



18

QUAL\TY

ORIGNAL PACE
OF POOR

L~

— Fivn
-
o L'W:n\\.\xw

B—.a.ﬁﬂz gt—-—:—m

01-S @md 4

ISV

65



&d

e d

5.5 VALIDATION OF THE ENGINE SIMULATION MODULE

Isolated Nacelle Model. A preliminary application of the Engine Simulation Module
was made by running the code to predict the effects of nozzle pressure ratio on the
isolated nacelle model shown in Figure 5-11. This moael was tested in the 16-Ft.
Transonic Wind Tunnel at the Langley Research Center with high pressure air ejected
through the noz.le to simulate a jet exhaust flow. Nozzle boattail pressure data were
recorded at several nozzle pressure ratios and are documented in Reference 43. The
measured effects of the nozzle pressure ratio on the boattail surface pressures are shown
by the data in Figure 5-12. The lowe -t fach number tested, 0.6, was used in this study.

The panelling arrangement shown in Figure 5-13 was developed to represent the
basic geometry cf the isolated nacelle model, and a PAN AIR file was prepared for a
pewer-off run. The Engine Simulation Module was then exercised using this PAN AIR file
to create three new files, each for a different nozzle pressure ratio. The plume radii
distributions and the entrainment velocities are shown in Figure 5-14. PAN AIR runs
were then made with each of the modified files, resulting in the boattail pressures shown
in Figure 5-15. Comparisons with the test data (Figure 5-12) show that the predicted
power effects have the correct :rends but the pressure values near the nozzle exit are too
large in magnitude.

To investigate the reason for this pressure discrepancy, the unmodified RAXJET
code was run for a two-dimensional shape that was the same as a cross-section of the
isolated nacelle model. Although RAXJET is a two-dimensional code, it has been shown in
Reference 32 to be capable of handling the axisymmetric configurations, such as this
model. The code was run for twenty iterations in order to allow the solution to converge
and account for the viscous effects on the configuration as well as on the exhaust flow.
The predicted boattail pressures, Figure 5-18, compare well with both the levels and the
.vends of the erperimental data (compare Figures 5-12 anc 5-16). This indicates that the
information obtained from the RAXJET code is correct.

[n the Engine Simulation Module, the bourdary layer buildup and flow separation on
the nozzle boattail are ignored. This should increase the blockage effects of the plume
and hence, increase the boattail pressures just forward of the plume. In the absence of a

boundary layer, the flow near the surface of the model must turn sharply in order to

B _aala
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Nozzle Boattail Pressures Obtained from the Engine
Simulation Module and PAN AIR
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follow the surface of the plume, thus causing a compression (Figure 5-17). If the
boundary layer were represented by a displacement thickness, as shown by the cross
hatched area, the external flow would not be turned as sharply, and the boattail pressures
would be reduced. It is anticipated that in future correlations at lower Mach nur bers, the
smaller effect of the boundary layer will be masked by the much larger effect of flow
entrainment into the plume. If this proves to be the case, then power effects on V/STOL
configurations will be obtainable at low speeds 1 ith the curren’. approach. The use of this
method at higher Mach numbers will probably re ire a viscous simulation on the nozzle
boattaii.

Ames/Vought Model. Thiy model, discussed in Section 3.2, was used to validate the
methodology developed ir. the EiLgi~< Simulation Module. Since this model was not tested
with operating engines, typical values for nozzle exhaust parameters were used as input to
the module. The modified panelling arrangement, with the plume added, is shown in
Figure 5-18. This can be compared with the panelling arrangement for the basic
configuration shown in Figure 3-11.

The file generated by the Engine Simuiation Module, including the plume simulation,
was analyzed with the PAN AIR code. This analysis was performed to check the sbility of
the Erngine Simulation Module to communicate with the PAN AIR code and to establish
genera: trends predicted for the effects of the plume. There are two factors that
prevented a realistic analysis of this configuration with the existing code. The first i3 the
large base area between the periphery of the plume and the edge of the eft fuselage. In
the absence of a technique to accurately mode! this geometry, the nozzle base netwcrks
were assigned impermeabhle-sur.ace boundary conditions. Tl.us, the flow was forced to
follow tiie contours of the fuselage and base networks, which caused a turning of the flow
through 96 deg at the nozzle base.

The second problem is the spacing or the exhaust plumes. The Engine Simulation
Module is designec to perform analyses of single-nozzle configurations only. It may also
be used for multi-rozzle configurations if the spacing is sufficient to justify the omission
of mutual interference effects between ‘“e two exhaust flows. The two iets on the
Ames/Vought model are closely spaced and undoubtedly have significant interference

effects.

Althougn this model presents the two probiems discussed above, an analysis was

performed to determine if the correct trends wou'd be predicted. Test data “or this
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model are available only with a small amount of nozzle exit flow, which resuited from a
simulation of inlet conditions. This did nct simulate realistic nozzie flow; therefore, the
computed effects of the plume are compared with test data on the Ames/GD model
(Figure 5-19). This qualitative test-to-theory comparison is for the wing upper-surface
pressure near the one-third exposed semi-span of each model. An angle-of-attack of zero
deg was selected to minimize the vortex effects in the experimental data. The power-
effects in both sets of data are shown to propagate forward on the configuration and
cause an almost constant pressure decrease over the wing chord.
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6. VISCOUS SIMULATION MODULE

The simulation of viscous flow phenomena in a potential flow anaiysis is a difficult
and tedious task, but one that needs to be addressed if realistic aerodynamic predictions
are to be generated for V/STOL configurations. There are several aspects to viscous flow
phenomena, namely,

Laminar and turbulent boundary layers
Laminar and turbulent flow separation
Flow bubbies

Vortex sep~ralion

0O © 0 o o

Trailing vo-*ex sheet roll-up.

Each of these aspects need to be addressed in a comprehensive aerodynamic
prediction method, but such is not entirely within the scope oi this study. As an initial
step toward the development of a viscous method, this study addresses two of the more
prominent of the viscous flow phenomena - turbulent boundary layer buildup and trailing-
edge separation on lifting bodies.

The classical way of simulating the viscous phenomena is to define an equivalent
body that wiil simulate viscous effects when analyzed in potential flow. Definition of the
equivalent body is usually accomplished through an iterative coupling of the analysis code
with a boundary layer code. The success of this type of solution depends on:

o The accuracy of the aerodynamic flow-field prediction method

o The accuracy of the method to compute boundary-layer displacement thickness,

separation lines, etc.

o The accuracy of the equivalent body to model all important aspects of the real
flow field

The outline of an iterative scheme to simulate viscous effects using an equivalent
body approach is shown in Figure 6.1. Starting from an inviscid solution, boundary layer

charact*eristics are con'puted. These characteristics are us2d to define an equivalent
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body. An inviscid solution is obtained for the equivalent body. This process is repeated

until the inviscid flow field computed for the equivalent body becomes invariant between

successive iterations. At this stage, the solution is completed.

Due to the unexpected delays encountered in the availability of the baseline code,

the programming of the complete iteration cycle has not been accomplished. The

progress tc date has been limited to developing methcdology to define an equivalent body.
The basic loop coupling the PAN AIR and Whitfield codes has been accomplished. This
loop may be easily iterated as many times as desired by the user. The automation of this

iteration can easily be completed when the development of a satisfactory viscous

simulation is completed. The high cost of running PAN AIR and the manipulation of large

blocks of flow properties and geometry for a realistic configuration has hindered the

development of this iterative loop.

6.1 WHITFIELD BOUNDARY LAYER METHOD

The boundary iayer prediction method selected for inclusion in the viscous
simulation module is tiie 2-D Whitfield code (Reference 44). This method was selected ,G
because of the following reasons:

o

It has shown good agreement with experimental data.

The resulting computer code is relatively small.

Computation times are low.

[t is widely used in industry.

It has been successfully applied as a strip boundary layer method in conjunction
with a 3-D inviscid calculation method.

[t is less complex thus more suited to inplement in an iterative-type solution.

Turbulent boundary layer methods can be classified as either integral or differential

techniques depending upon the method of solution. Integral methods require the solution



|
|
|
i
;
.

to one or more ordinary differential equations; however, differential methods require the
solution to a system of partial differential equations thus requiring more computationel
capabilities. Differential techniques are regarded in general to be more accurate than
integral methods, but due to their requirement for more computer time and storage are
not suited for the present application.

Whitfield attempted to develop an integral method that would rival the accuracy of
differeatial methods without taxing the available computer resources. His method differs
from other integral techniques primarily in the velocity profile and the velocity-
temperature relationships used. The velocity profile used by the Whitfield method is an
analytical expression that depends on the local values of skin friction, shape factor, and
Reynolds number based on momentum thickness. The significance of this expression is
that no new parameters are introduced into the integral equations.

Based on the results presented in the literature, Whitfield achieved the desired
results. Shown in Figure 8.2 taken from Reference 44, are the results presented by
Whitfield for the boundary layer displacement thickness, momentum thickness, shape
factor, and local skin friction coefficient for the upper surface of an airfoil. The velocity
profiles on the same airfoil are shown for two values of Reynolds Number in F.gure 6.3
which was also taken from Reference 44. The agreement with experimental data
indicated in these and other comparisons was one of the major reasons for the selection of
the Whitfield procedure.

6.2 INTERrACE WITH THE AERODYNAMIC CODE

The Viscous Simulation Module was formulated to apply a two-dimensional boundary
layer procedure to three-dimensional flow fields using a strip approach on lifting surfaces.
The chordwise pressure distribut® ns computed by the PAN AIR procedure at several span
stations are used as input to the Whitfield procedure. The resulting boundary layer
predictions for displacement thickness and separation points are used to define an
equivalent body which when analyzed in potential flow will simulate boundary-layer

buildup and trailing-edge separation effects.

Two approaches defining the equivalent body were considered. The first was to add

the calculated displacement thickness normal to the surface and thus define a new surface
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coordinate for input into PAN AIR. This approach had the disadvantage that since the
network geometry was being modified, the intersection abutment definitions between
adjacent networks would be effected. This could consequently lead to a redefinition of a
large part of the configuration geometry.

The second approach was to model the equivalent body by specifying a normal mass
flux emitted by the network as illustrated in Figure 6.4. In this approach, the local mass
flux is defined by the following equation. a 5*

ﬂnm = Y_u° o8

This approach does not require any changes in geometry but does require a boundary
condition specification change and an input of the mass flux values for the analysis of a
new PAN AIR problem. This apprcach was selected because it was judged to be easier
» than the geometrical definition of the basic corfiguration.

The loop required to implement this approach is depicted in Figure 6.5. The inviscid
PAN AIR problem is first run without any currections. The file containing the inviscid
flow properties is generated on lcgical unit 10 by the PAN AIR code if the input contains
the required records for executive Print-Plot Processor (PPP) module. These records are
described in the PAN AIR Users Manual (Reference 16). The file ~reated on logical unit
16 in the PPP module must be transfered to the VAX computer to execute the Viscous
Simulation Module. The VAX system will allow for more user interaction and
convenie..ce. Once the flow properties are transferred tn the VAX, they are used as input
to the Whitfield Boundary Layer Procedure. The Whitfield predictions for displacement
thickness and separation points ave then used to calculate the mass flux required to define
the equivalent body. A new PAN AIR problem is then generated. Once the inviscid flow
properties are transferred to the VAX, this ioop is completely automated. [t is assumed
that both the original PAN AIR problem and the calcu'ated ‘nviscid flow properties are

stored in separate files on the VAX system.

- W

The programs required to produce a new PAN AIR problem for the equivalent body

N

|
;.

are shown in Figure 6.6. All of these programs are executed by a central command file
named VISC.COM on the VAX computer The user is assumed to be interactive during this

loop and is occasionally prompted for informaticn such as file name containing fiow

properties and Mach number and Reynolds Number for bouviidary layer analysis. Tne

source listing for each of these programs and user instructions for the execution of tne
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INVISCID FLOW PROPERTIES
STORED IN A PAN AIR
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PDP FILE : LCGICAL UNIT 10

WHITFIELD CODE

NEW PAN AIR PROBLEM
WITH EQUIVALENT BODY

Figure 6.5 Loop Required For Viscous Simulation Module
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Figure 6.6 Programs Required to Link PAN AIR and Whirfield Procedures
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Viscous Simulation Module are included in Appendix C. A discussion of 2ach of these

programs including required input and primary function is contained in the follo. . 7
paragraphs.

The program which reads the file cortaining the inviscid flow properties from PAN
AIR is na.ned EDITTEN. This program was developed at NASA Ames. This progran is the
first program executed by the command modui2 and accomplishes the following tasks:

o Reads the output file generated by the PPP module of the PAN AIR co ‘e and
separates out the desired flow properties.

0 Generates a VAX command file nained PATEMP. COM that, when executed,
sets up a RIM data base containing the inviscid flow properties.

o Generates a file named PATEMP.INFO containing informaticn from the PAN
AIR run which can be printed by the user if desired.

0 Generates a file named INCEX.TMP which contains the indices of the networks
in the PAN AIR problem.

The command file named PATEMP.COM generated by EDITTEN to set up the RIM
data hase con:aining the calculated flow pruperties is the second program executed by the
comrnand file, VISC.COM. This file contains t!ie neccssary RIM commands to establish a
IM qate base which will have the name NETWORKS. The third program executed by the
command mcdule is the SELECT prograni. In many cases the uppcr or lower surface of
the wing may be divided into several networks. The user must provide the number of
networks and their identificatior. numbers for both the upper and lower surfaces; these
will be displayed on the terminal for the user. The SELECT program will generatz a
cornmard file named RUNRIM,COM, which will utilize the previously generated data base
fiie NETWORKS, select the required flow properties for only the designated upper and
lower surfac2 networks, and store thein in ‘wo VAX files named WINGU.DAT and
WINGL.DAT. The RUNRIM.COM containing the RIM commands to accompiish these tasks
is executed next by the central command file, VISC.COM.

The files containing the required {iow perameters, ¥ INGU.DAT and WINGL. DAT,
need to be converted to a format acceptable to the Whitfield srceedure. Tk~ program



&

WHITIN was developed to accomplish this task. The user is asked to specify - geometric
tolerance value to determine panel alignment in the chordwise direction, a Mach Number,
and a Reynolds Number per million for the boundary iayer analysis. A geometric
tolerance value is required because the panel control points where the flow properties are
computed by PAN AIR do not necessarily lie exactly on a straight line. The stagnation
point at each station is then located. The location of the stagnaticn point is then used to
generate two boundary layer analysis problems, one for the upper surface and the other
for the lower surface. The length measured from the stagnation point along the surface is
used as the length parameter in the boundary layer calculations. The result is a file
named UPPER.DAT containing the boundary layer problems (one for each station) for the
upper surface and a file for the lower surface names (LOWER.DAT). These files are then
used as input to the Whitfield Procedure. A third file named STAG.DAT is also generated
by the WHITIN prcgram to keep track of the location of the selected stagnation points at
each station.

The results from thc Whitfield program are stored in two VAX files named
UPROUT.DAT and LOWOUT.DAT. It is now necessary to sort the results back into an
order consiitent with the PAN AIR scheme, i.e. by networlk column number, und row
number. The RIM program was again usec as the basic tool for this task. A program
named WHITOUT was formulated to utilize the Whitfield program output files to gznerate
a command file named REORDER.COM for creatire a data base usable by RIM. At the
completion of the WHITCUT program, the RIM data base named ORDER is created using
the REORDER.COM file.

Once the data base ORDER is established, the commands to access the data base,
sort the data into the proper order, and store the results is needed. The program SORT
was written for this task. This program produces a VAX command file named
RIMSORT.COM containing the RIM instruc.ions to accomplish the desired results. The
viscous module executes this command file at the completion of the SORT program. The
results are stored in the VAX files named UPPER.OUT and LOWER.QUT.

The only remaining task to complete the loop is to combine the boundary layer
results with the original PAN AIR problem to generate a new problem with an equivalent
body. This is accomplished in the program LINK. The boundary conditions needed to
define the equivalent body are rciuded in the new problem. Arn example is included in
Appendix C.
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The viscous effects module is designed to operate on only one lifting surface at a
time. The lifting surface may be composed of several different networks on the upper and
lower surfaces. If more than one lifting surface is to be analyzed, (for example, a wing
and a canard), they must be processed through the viscous simulation module
consecutively. After a new PAN AIR problem has been generated for the first lifting
surface, it is used to generate another PAN AIR problem for the next lifting surface and
so on. The final PAN AIR problem will have the bourdary layer corrections for all lifting
surfaces included.

6.3 RESULTS FOR VOUGHT V/STOL MODEL

The Vought VATOL Model was analyzed with the PAN AIR Code, as discussed in
Section 3.2 and the aeruiynamic flow properties were saved on a TAPE 10 file for use in
the Viscous Simulation Module. The preliminary results of an analysis of the viscous
effects of this model are presented in this section.

An angle of attack of 8 degrees was selected for the present analysis. The output
file ccntaining the PAN AIR predicted flow properties was input to the Viscous Simulation
Module. Boundary layer calculations were made for both the wing and canard surfaces. A
second PAN AIR run was made using the equivalent body to simuiate the boundary layer
eifects as defined by this module. As previously discussed, the present equivalent body
model does not result in an actual change to the configuration geometry but consists of a
specified mass flux over the surface. This mass flux is proportional to the gradient of the
boundary layer displacement thickness. The main purpose of this exzrcise was to verify
the Viscous Simulation cycie and to begin {he evolution of an equivalent body definition

technique.

The transpiration method currently being used as an 2quivalent body appears to be
the best approach to simulate viscous effects. Further refinements to the equivalent body
will be necessary as additional data correlations are made. As the separation grows at
higher angies of attack thus creating a large separated wake, the present equivalent body
model may be altered to simulate th_s¢ effects. Additional specifications of the boundary
conditions on the separated wing and wake may be necessary to correctly model the

viscous effects.




The effects c¢ viscosity on the wing pressures of the Ames/Vought Model were
computed with this technique and are shown as the increments between the solid and
dashed lines in Figure 6.7. At both of these wing stations, the leading-edge suction
pressures were decreased by the viscous effects. This is 8 well-known result of viscosity.
There were other factors that overshadowed the viscous effects near the trailing-edge of
the wing. As shown in Figure 6.7, the upper and lower wing surface pressures computed
by PAN AIR divergered near the trailing edge at the 38% span station. Further outboard
at the 63% span station, the pressures crossed near the 95% chordline and then diverged.
Thus, the PAN AIR code did not satisfy the Kutta ccndition at the wing trailing edge.

These inviscid PAN AIR predictions were used as input to the Viscous Simulation
Module as a preliminary checkout problem to verify that the data-handling routines in the
module were operating correctly. The module performed the analysis and computed the
boundary-layer thickness shown superimposed on the airfoil in Figure 6.7. Here the
computed pressures on the upper surface did not show a strong favorable pressure gradient
at the trailing edge. The computed boundary layer displacement thickness at this station
shows the anticipated trends. The primary impact of this boundary layer is to reduce the
effective camber of the wing. The resulting changes in the wing pressure coefficients are
indicated by the pressure plots. An assessment of the validity of the pressure changes
near the trailing edge must be deferred until the Kutta condition is satisfied in the PAN
AIR analysis.

Several imprcvements to the equivalent body definition and boundary layer method
are underway but were not utilized in the current analysis. The present equivalent body
used the free stream velocity as a multiplication factor to the gradient of the boundary
layer to simulate the local surface shape change as indicated in Figure 6.4. This was
convenient as a first approximation. It is more correct to use the loca! value of velocity
whieh means the multiplication factor in the leading-edge would be almost twice that
used in the present analysis. This would lead to a further magnification in the trends
noted toward the leading-edge. This velocity term is already saved in the RIM data base
and the changes required to include this term are underway.

The data fur the current problem under consideration were obtained at a very low
Mach number and Reynolds numter combination. The Whitfield program was developed to
be valid into the transonic regime. Some modification to the code might be required at

the low end of the spectrum to improve its applicability. Currently the Whitfield
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procedure estimates an initial value of boundary layer momentum thickness and shape
factor based on Reynolds Number and Mach Number. Then the procedure uses a
predictor/corrector scheme to march along the surface at a constant step size calculating
the boundary layer properties. At some point downstream, the solution should be
relatively independent of the initial cenditions. The startirg approximations and step size
are being investigated for the present case.

Due to the previously discussed problems, a2 complete viscous solution involving
several iterations was not achieved during the present study. Solutions to these problems
are currently being investigated. The proper equivalent body to model viscous effects will

evolve as the method matures.
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7. CONCLUSIONS AND RECOMMENDATIONS

The development of a V/STOL analysis method has been initiated, and progress has
been made in the development of three modules. Significant conclusions from this study
are discussed below:

o The lift curve slopes computed by the PAN AIR code are generally in good
agreement with experimental data. This is evidenced by the excellent
agreement obtained in test-to-theory comparisions of iift curves for the
Ames/Vought model discussed in this report and other configurations, such as
the F-16XL analyzed by General Dynamics. However, the lift curves predicted
for the Ames/GD model match the slope but not the level of the experimental
data.

o The pressure coefficients predicted by the PAN AIR code are in good
agreement with experimental data except in local regions where viscous effects
are known to significantly influence the flowfield.

0  .ue Preprocessor Module was found to be very useful in developing a panelling
arrangement for the Ames/Vought VATOL model. Significant reductions in

manual data manipulation were achieved.

o Effective use of the Preprocessor Module requires extensive use of graphics
cspability to develop and display the panelling schemes for complex regions of a
configuration and to rapidly detect panelling errors. This need was
demonstrated in the panelling arrangement deveioped for the Ames/Vought
VATOL model. The graphics package developed by General Dynamies cannot be
transferred to NASA until the package is modified to operate with the NASA
software. This was not accomplished since extensive graphics capability and

more sophisticated hardware is already available at NASA Ames.

0 The Engine Simulation Module, which generates plume characteristics,
predicted the correct trends in surface pressure changes with varying levels of
uwzzle pressure ratio. Boundary layer simulation on the nozzle afterbody is

expected to further improve the predictions.
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o

o The Engine Simulation Module can be used to simulate exihaust jets on
configurations with non-complex nozzle arrangements. However, it cannot be
used for complex configurations like the Ames/GD V/STOL fighter model.

o The Viscous Simulation Module can be used to simulate viscous effents on
lifting surfaces. The communication link between PAN AIR and boundary layer
calculation procedures has been established. The viscour effects computed for
the Ames, ‘ought VATOL fighter model did not show the correct trends, which
indicates problems either in computing boundary layer characteristics or in the
definition of the equivalent body.

The progress made on the V/STOL Aerodynamic Prediction Technique is very
encouraging and this work should be continued. Recommendations for future work are
outlined below and are designed to supplement planned exparimental V/STOL programs at
NASA Ames.

o Refine the Preprocessor Moaquic tn (1) read and modify existing PAN AIR files,
(2) automate the procedures for redefining natworks, i.e., combining several
networks into one network and/or separating one network into several, and (3)
initiate the development of an automaved capability to allow multicomponent
intersections and corner-point matching st abutting networks.

o Refine the Engine Simulation Module to (1) rllow more user interface during
plume generation, i.e., panei density, plume size, center-line lacation, ete., (2)
incorporate constraints into the plume generation module tha: will force
abutments between the plume and specified points on the configuration or
wakes, (3) develop an iterative procedure to account for the aircraft flowfield
influence on the position and shape of the plume, (4) initiate the development of
a capability for the analysis of models with jets at relatively large injection

angles to the freestream. and (5) account for inlet flowfields.

o Continue the development of the Viscous Module to (1) define a satisfactory
equivalent body model to simulate boundary layer buildup and trailing-edge
separation effects on lifting surfaces, (2) define an equivalent body to simulate
viscous effects on podlike surfaces, and (3) develop empirical corrections for

vortical “lows.
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APYENDIX A

USER'S GUIDE TO THE PREPROCESSOR MODULE

The appendix gives the user instructions required to run the Preprocessor Module,
sample inputs, and results. Listings of the source codes developed specifically for this
module are included in section A.2. This module was developed to be operational on any
of the NASA Ames' VAX 11/780's.

A.1 Preprocessor Module Command File (PANEL.COM)

The execution of the Preprocessor module is ¢yitrolled by 2 command file
(designated PANEL.COM). Every function performed by the Preprocessor can be
executed by keying in the proper response to the prompts issued by this command file. If
it is desired to operate one of the Preprocessor programs without entering the command
file, any individual function may be performed by addressing the required program
directly after making the proper assignment commands. Execution of the Preprocesso:
Module is initiated as follows:

1. Press "(@ PANEL" {(RETURN)

2. The VAX will respond with a listing of the "Terminal Type Indentifier Codes"
and ask the user to "Enter Terminal Type". The user enters the integer code
corresponding to the terminal being used. For example, for a VT1)0 terminal,

the response is:
1 (Return)
J. The VAX responds with a "WHAT NOW?" prompt. The available commands are:

(a) HCPY - Run RASM on plot file
(b) PGEN - Create a PAN AIR input file
(e) CFIL - Create preliminery geometry file

(d) EXEC - Execute panel generation procedure
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‘e) (NPT - Generate input file to panel generation procedure
() MODD - Modify geometry files

(g) PLOT - Plot geometry files

(h) LOUT - Logout

(i) HELP - List available communds

The user now enters one of the above four letter commands io perform the desired
task. For exampie, to plot a geometry tile, the following command is entered:

PLOT (RETURN)

Execution now shifts to the plot program. The programs cilled by each of thesc
commands &re shown in Figure A-1. Each of these programs may call cther programs.

Aftzr execution of the plot program, control is returned to the commard file.

The code contained in PANEL.COM is included in Section A.2.1. Each of the
available commands which result in a transfer to another program are further explained in
the following sections along with a utilization for that progr m. As previously stated,

each of these prograrms csn be directed ‘rom the command file or executed separately if
the user deuires.

The commands which do not result in a transfer to another program are explained
below.

1. HCPY: During execution of the graphics program which is initiated by the
PLOT command, the coordinates of any view may be saved in a file. After
trnnsfer of ccntrol back to the command file, a plot of ihese views raay be
ottained on the VERSATEC printer by executing the HCPY co.imand.

2. HELP: The available commands for execution from the comrand file are listed

on the terminal screen iy this ~fommand.

3. LOUT: This command transfers control ocut of the command file at the enc of

any session.
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A.1.1 Program to Create a Preliminary Geometry File (Command: (FIL)

The purpose of this program is to help the user generate a preliminary geometry file
1o be used in the panel generation program. it is assumed that the user has the X, Y, Z
coordinate definition of each component and wants to record them in a VAX file to
initiate development of a detr‘led paneling scheme for a PAN AIR preblem. The
coordinate definition may be very sparse as the geometry package will later augment and
redistribute these points as desired by the user. This program will prompt the user for the
number of points per column, the number of columns, and then a point by point data entry.
The code for this program is presented in Section A.2.4, A program utilization is not
required becuase the user is prompted for each input as required; however, a brief

discussion of what the user will be nrompi=d for follows.

The user is first asked to enter one of the the following codes to indicste whether
additions are to be made to an existing file or entries are to be made to a new file. This
prompt is as follows:

"Enter the code corresponding to the method that you desire. Enter the negative of

the code to continue a previous geometry definition."

0 - Abort
1 - Point by point data entry

2 - Interactive configuration development

The user ig currently limited to enteriny either a 0 or 1 because the interactive

development option is not available.

For a point by point data entry, the user is next asked to enter the name of the
preliminary geometry file name. This may be either the name of an existing file to which
additions are to be made or the name of a new file to be generated. The next prompt is

for a title to be placed on the first line of the file.

The user is now prompted for a network title, the number of points per eolumn, and
the number of columns. The program then prompts the user to enter each X, Y, Z point
(format as follows: XXX.XXX, YYY.YYY, ZZZ.ZZZ) until the entire network is defined.

As many decimal places as desired may be used; however, each X, Y, Z must be entered
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on a single line separated by commas. After completion, which is indicated by entering
"QUIT", the data is stored in a VAX file under the name which was previously indirated.

This program may De executed without entering the Preprocessor Command File
(PANEL.COM) by entering the VAX command "RUN WRTCON." A preliminary geometry
file may also be generated in the VAX editor mode by observing the following formats
when creating the file. -

Line 1: Title (any desired title in A format)
Line 2: M N NTITLE (title card for first network)
Line 3: X Y Z (begin coordinate definition of first network,
one point per line)
Hote: Repeat beginning at line 2 for each network.

where: M = number of points per column
N = number of columns
NTITLE = network title
X,Y,Z = coordinates of pcint

Each network title card is entered in the format (214, A30) and each X,Y,Z
coordinate is entered in the format {3F20.5). The file is complete when all networks are
defined.

A.1.2 Program To Create An Input File To The Panel Generation Procedure
(Command: INPT)

After the preliminary geometry file has been created as described in Section A.1.1,
the input options for the Halsey/Hess procedure need to be combined with the geometry
file to create an input file to the panel generation program (GEOM.EXE). These input
options basically indicate the spacing options and number of panels desired for the final
geometry defintion for the PAN AIR problem. The program (SMHESS.EXE) written to
perform this task is written in a conversational mode. The program defines each desired
input then prompts the user for a vaiue. A definition of the input parameters required for
the Halsey/Hess geometry package is provided in Table A-1. Execution of this program
will basically flow as follows:
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1. User will be prompted for name of preliminary geometry file (13 characters
max.). Input name of file which was created s described in Section A.1.1.

"Enter Preliminary Geometry File Name"

2. Default values for input options to Hal!sey/Hess procedure will be reviewed on
terminal. These values (refer to Table A-1) are as follows.

"Default Values for Input to the Panel Generation Procedure Are:"

NOPT =1
IMODE =0
NPTS =1
NSEG =1
NB=10
ITR=0
NwW =10
INTS =0
NS=0
NALG2 =0
NALGB =10
NALG3 =o
NALGW =0
NALGS =0

3. "Do you wish to review all program options and variables and/or only those
selected by ti.e user." The us~r now has the option to review all of the program
options and variables (including the above default options) or only those
specified by the user. If user selects "NO", only those variables specified by
user will be changed from the default value. If user selects "YES", then each
variable and/or option will be defined and the user will be asked to enter a

value.

A. "YES" is entered by user. Each variable presented in Table A-1 is defined
and the user is prompted for a value. [f no input is required for a

particular variable due to a previocusly selected option, then that variable is
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6.

not reviewed. After all options are selected for a particular network (or
compenent) then the options and their vaiues are presented on the
terminal. After all values are entered, the user is offered the opportunity
tc change any value by specifying the variable and component number &s in
(B) below. Enter "Q" if finished.

B. "NO" is entered by user. With this answer all default values remain
unchanged unless a variable including the component number is specified in
the following format: VAR (I) = VAL where VAR is one of the input options
or variables defined in Table A-1, I is a component number (if required),
and VAL is the value desired for VAR. A printed listing of the variables in
Table A-1 is available if requested. Enter "Q" when finished.

"Enter Input File Name (13 characters)". After all variables have been entered,
the user is prompted for the name of the file to store the input variables for the
Heaisey/Hess geometry procedure.

"Enter Qutput File Name (13 characters)" Enter here the name of the VAX file
where the results from the Halsey/Hess geometry procedure will be stored.
This file will contain the network definition to be used with the PAN AIR
procedure and is the primary output file.

"Enter Batch Output File Name (13 characters)" Enter here the file name
where the input, results, and intermediate resuits from execution of the
Halsey/Hess geometry procedure will be stored. This file is primarily suited to
be batched to a printer for reviewing tiie input and results from the
Halsey/Hess procedure. This will not be used in conjunetion with PAN AIR and
may be purged if it is not desired.

After the above output files for the geometry package resuits are identified, control

is shifted to & command file (ASSGN.COM) which makes the logical unit assignment for

execution of the Halsey/Hess geometry procedure. Contro! is then shifted back to the

Preprocessor Module Command File (PANEL.COM). The execution of the geometry

procedure is then initiated with the "EXEC" command as described in the following

section.




The input file for the Halsey/Hess procedure may be generated in two ways without
entering the Preprocessor Module Command File (PANEL.COM). The execution of the
previously described program may be initiated by entering the VAX instruction: "RUN
“MHESS". All of the preceeding discussion on input options and variables would then
apply.

The input file generated by this program (SMHESS.EXE) could also be generated in
the VAX editor mode. The file generated in this manner should conform to the formats
described in Table A-2.

The recommended ordering of input coordinates is shown in Figure A-2, All points
on the first N-line (including wake points which are entered last for each N-line on a
lifting component) are input consecutively, followed by all points on the second N-line,
and continued in this manner until all N-lines for that ¢ mponent are entered. The first
N-line may be at either extreme of the component, but the choice determines the order of
input of points along the N-lines. The order must be such that the negative of the cross
product of the vector from one point on an N-line to the next point on the N-line with the
vector from a point on an N-line to the corresponding point on the next N-line results in a
vector which is directed to the exterior of the component. On a wing, this requirement is
satisfied by ordering the N-lines from tip to root whiie ordering points on the N-lines from
the trailing-edge along the lower surface to the leading-edge and back along the upper
surface to the trailing-edge. On a fuselage, this requirement is satisfied by ordering the
N-lines from front to back and the points on each N-line increasing counterclockwise
(looking aft).

The code developed for the program (SMHESS) to create an input file for the
Halsey/Hess Procedure and an example input file are presented in Section A.2.2.

A.1.3 Execution of the Panel Generation Procedure (Command: EXEC)

Once the input {ile described in Section A.1.2 has been created, the geometry
procedure may be run. If control has been transferred back to the Preprocessor Command
File, this may be accomplished by answering the prompt "WHAT NOW" with the command
"EXEC". The "INPT" command which initiates the running of the SMHESS.EXE program

must be used before the "EXEC" command is used. The reason being that the assignment
of the logical units are made during execution of the SMHESS.EXE program.
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If the user desires to run the geometry procedure without ertering the Preprocessor
Command File (PANEL.COM), then the following steps must be taken.

1. Generate input file as described in Section A.1.2.
2. Make assignment of logical units on VAX as follows:

(i) ASSIGN FILE.DAT FORO005 (FILE.DAT is the input file created in (1)
above)

(ii) ASSIGN BATCH.PRT FOR006 (BATCH.PRT is the output file from the
Halsey/Hess Procedure which is suitable to be batched to a pri..ter)

(iii) ASSIGN QUT.DAT FOR004 (OUT.DAT is the output file from the
Halsey/Hess Procedure which contains the panel coordinate data to be

| used for PAN AIR input.

(iv)  ASSIGN SYSSOUTPUT FORO008

R T PP RTTISNSS

The names of the above files may be seiected to suit the user.

3. The geometry package may now be run using the VAX command "RUN.GEOM".

hamiie . 2 o

A.1.4 Graphics Package (Command: PLOT)

From the Preprocessor Command File (PANEL.COM) the graphics package may be
; utilized using the "PLOT" command. A preliminary geometry file (Section A.1.1), an
output file from the Halsey/Hess Procedure (Section A.1.3), or a PAN AIR input file may
be plotted. The "PLOT" command results in the transfer of control to the program
THRDPL (Three Dimensional Plots).

The use * encounters the following prompts as illustrated in Figure A.3 after using
the "PLOT" command.

(1) "Enter File Name". Enter file to be plotted.
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Enter File MName

Is File a PAN AIR Deck?

(yes or no)

Do You Know The Network Numbers?

(yes)

Enter Numbe- of Networks That

You Wish to Plot

(no)

Do You Want All Networks? =

(no ) (.yes )

One at a Time

Enter Network Numbers

Enter "Y" to Keep Network for Plotting
Enter "N" to Ignere Network |
Enter "Q" When Finished

(Each Network Name is Displayec on
Screen and a "Y" or "Q" Entered)

Do You Want the Axis?

(ves)

ommm——f D0 You Want a Plot Tit.e?

(yes or no)

(no)

Do You Want to Override the
Default Plot Title?

(no)

(yes)

Enter a Pleot Title,

For No Title

f PLOT

Enter CR

Figure A-3
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(2) "s file a PAN AIR Deck™ Enter "Yes" or"No". If "Yes" or "No" then the

following prompts are encountered:
(3) "Do You Know the Network Numbers?" If "Yes" to (3) then
(31) "Enter Number of Networks that You Wish to Plot". Enter number.
(3ii) "Enter Network Numbers One At a time". Lnter network networks.
If "NO" was the answer to {3), then the following prompts are encountered.
(3a) "Do You Want All Networks?" Enter "Yes" or "No".

If answer is "Yes" then question (4) is next. If answer is "No" then each network
title is displayed and a "Yes" or "No" answer is expected for each.

(4) "Do You Want the Axis?: Enter "Yes or Ng".
(5) "Do You Want a Plot Title?™ Enter "Yes" or "No".
If answer is "Yes" then the following prompts are encountered:

(51) "Do You Want to Override the Default Plot Title?" (Default is the file title
card) If "Yes" to (5i) then:

(5ii)  "Enter a Plot Title, Enter Return for No Title™ Enter a Title.

(6) A frontal view of the configuration is now plotted on the terminal. The
interactive plot manipulation commands shown in Table A-3 are now
available tc move the configuration to the desired viewing perspective. The
initial pivot point for rotating the configuration is set at {0,0,0) so it is
desirable to use the "PIVT" command from Table A-3 to a point near the

middle of the configuration.

(7) Use "STOP" command to terminate the plotting sequence.
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A.1.5 Program to Modify Selected Point= of the Detailed Panelling Scheme
(Command: MODD)

During plottirg and checking of the detailed panelling scheme generated for the
PAN AIR problem, sometimes it becomes necessary to edit or change selected
coordinates. Editing is allowed during the plotting sequence (Section A.1.4) by using the
interactive plot manipulation command "CHNG" from Table A-3. Sometimes it is
desirable to edit a selected few points while in the Preprocessor Command Module
without entering the plot sequence. This capability is precvided with the command
"MODD" which can be executed from the Preprocessor Command File (PANEL.COM).
After exercising the "MODD" command, the user is presented the following prompts:

-  "Enter File Name to be Modified": User enters the desired file name.

-  "Enter Point Number for Changes": The points are assumed to be numbered
beginning with the first point in the first network as 1-1 (i.e., 1-1, 1-2, 1-3...,
2-1, 2-2, 2-3..., N—-1, N-2, N-3....) where the first number is the network
number and the second is the relative position of the point within that networks
definition. During the plot seequence (Section A.5), these numbers may be
displayed using the interactive manipulation command "NUMB".

-  -Enter "Q" when the last point is changed.

The code developed for the "MODD" command is presented in Section A.2.3. The
editing process may also be accomplished in the VAX editor mode without entering the
Preprocessor Command Module.

A.1.6 Program to Create a PAN AIR Input Problem (Command: PGEN)

This command simply asks the user for the geometry file created by the Halsey/Hess
procedure and adds the JCL and input records required for a PAN AIR problem. It should
be noted that the user will be required to specify the type of boundary conditions,
abutment specifications, etc. by entering the VAX editor mode. This program simply adds
the required JCL and makes the PAN AIR program options that are required for this
methodology. The corract positions for the specification of boundary conditions,

abutments, ete, are indicated.
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Table A-1:

Variable
NSEC

NPTS

NOPT

NB(I)

NALGB (1)

DESCRIPTION OF INPUTS TO HALSEY/HESS

GEOMETRY PROCEDURE (GEOM.EXE)

DESCRIPTIO’l OF TNPUTS

Descripicion

- Total number of components

- Format control for X,Y,Z, input coordinate data.

NPTS = 1, 1 point per record.

NPTS = 1, 2 points per record

(not available)
Note: NPTS automatically set
equal to 1 for this application.

-  Execution flag.

NOPT < 2, panel isolated components only.

NOPT

0 2,

panel isolated components and
calculate iniersection curves.

NOPT > 2, panel isolated components,

calculate intersection curves,
and repanel intersecting and
intersected components.

- Specified number of on-body points
per N-line on component I.

- Spacing algorithm for on-body points
on k-lines for component I.

NALGB

NALGB

NALGB

NALGB

NALGB

NALGB

=0,

= 1,

A-14

input distribution, unaltered.
input distribution, augmented.
constant increments in ar. iength.
cosine distribution.

curvature-dependent distribution.

user-specified distribution.




(Teble A-1 Continued)

Variable Description

NW(I) - Specified number of wake points per N-line
on componenc I.

NALGW(I) - Spacing algorithm for wake points on N-lines.
(Values have same significance as values of
NALGB, except that NALGW = > and NALGW = 4
should not be used.)
NS (I) - Specified number of N-lines on component I.
NALGS (I) - Spacing algorithm for N-lines on component I.
NALGS = 0, input distribution, unaltered.

NALGS

I
—

input distribution, augmented.
NALGS = 2, constant incremer.ts.

NALGS = 3, user-specified distribution.

INTS (1) - Index of component (if any) which component I
intersects.
NALG2 (1) - Repaneling for intersecting compouents if I

is an intersecting component.
NALG2 = 0, minimal repaneling.
NALG2 = 1, full repaneling.

NALG3 (I) - Repaneling flag for intersected components
if I is an intersected component.

NALG3 = 0, no repaneling.

NALG3 = 1, (a) Nonlifting components.
Full repaneling with an N-line
passing thrcugh every point on
intersection curve.

(b) Lifting components. Full
repaneling, but with gaps in
the region of the intersection
curve,
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{ (Table A-1 Continued)

Variable Description

NALG3 = 2, {a) Nonlifting components.
Full repaneling with an N-line
passing through every second

point on the intersection curve.

(b) Lifting comp-nents.

Full repaneling with additional
nonlifting elements to fill the
gaps around the intersection
curve.

IXFLAG(I) Extra strip flag for component (I).
IXFLAG = 0, no extra strip.

IXFLAG

1, the first strip of the
final coordinates is extra.

EXFLAG 3, the last strip of the final

coordinates is extra

IMODE(I) - Planar-section/arc-length model flag for
component I.

IMCDE = 0, planar-section mode using
default values of direction
vosines of axes (1,0,0) for
nonlifting components; (0,-1,0)
for lifting component.).

[MCDE = 1, planar-section mode using input
values of direction cosines «f
axis.

IMODE = 2, arc-length mode.

COSX(I) - X-direction cosine of the axis of compounent T.

COSY(I) - Y-direction cosine of the axis of component I

COSZ(I) - Z-direction cosine of the axis of component I.

NOTE: COSX(I), COSY(I), and COSZ(I) are
required if IMODE(I) = 1.

i ITR(I) - Component transformation flap.
| (The vealue indicates the number of
transformations to be performed.)
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(Table A-1 Continued)
Vzriable

NSEG(I:

SSB(J,I)J=1,NE(I)

SSW(J.I),J=1,NW(I)

S§s(J,I),J=1,N5(I)

IEND(J,I),J=1,NSEG(I)

ITR2

TR(1)

Description

Number of segments into which M-lines are
broken (Default = 1).

Specified arc lengths of on-body points on
N-lines on component I. 0.0 £ SSB 2 1.0.

NOTE: NB(I) total points per component
only required if NALGB(I) = 5.

Specified arc lengths of wake points on
N-lines on component L. 0.0 < SSW 2 1.0.

NOTE: NW(I) total points per component
only required if NALGW(I) = 5.

Specified distribution of N-lines on
component I. 9.0 <€ 858S 2 1.0.

NOTE: NS(I) total points per component
only required if NALGS(I) = 3.

Point numbers of the ends of the segments
on M-lines on component I.

NOTE: NSEG(I) total (max. = 5) per
component only required if NSEG(I) > 1.

Type of transformation to be applied to
component I.

TRT2 = 1, scaling

ITR2

3, translation
ITR3 = 3, rotation
First transformation parameter:

x multiplication factor if ITR2 =1

il
3§}

X translation if ITR2

]
w

angle of rotation if ITR2

(Positive clockwise, looking down
axis away from origin).
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(Table A-1 Continued)

Variable Description

TR(2) - Second transformation parameter:

y multiplication factor if ITR2 = 1

y translation if ITR2 = 2
X direction cosine of axis of rotation
if I1R 2 = 3
TR(3) - Third transformation parameter:

z multiplication factor if ITR2 = 1
z translation if ITR2 = 2

y direcrion cosine of axis of rotation
if iTR2 = 3

TR(4) -  Fourth transformation parameter:

Dummy if ITR2 = 1 or ITRZ = 2
z direction cosine of axis of rotation
if ITR2 = 3

NOTE: The axis of rotation is assumed to
pass through the origin. This input is
required if ITR(I) # C for any component I.
A total of ITR(I) transformations are
performed for each component I.

X X,Y,Z2 coordinates of a point. (All points
Y ) - input N-line by N-line, component by

Z component.)

STATUS - STATUS = 0 same N-line

STATUS = 1 new N-line

STATUS = 2 new component

TATUS = 3 last point input {exception below)
STATUS = 4 first point on wake

STATUS = 5 point on wake and also last point

input

A-18



(Table A-1 Continued)
Variable

LABEL

X
)
Z

STATUS
LABEL

Description

LABEL = 0 nonlifting component

LABEL = 1 lifting component

X,Y,Z coordinates of the next point input.

Same meaning as above.

NOTE: Repeat records to input more
points. If NPTS = 1, input only 1
point per record (columns 1-32).

NOTE: The X,Y,Z coordinate data will be read
from the preliminary geometry file created as
described in Section A.2. The status of each
point will be added after each point in the
format (3F 20.5, IX, 2I1).
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A.? FORTRAN Codes Developed for Preprocessor Module

This appendix contains codes developed specifically for the Preprocessor Module.
The methods included in the Preprocessor Module were described in Section 4. A
utilization on how to use this module was included in section A.1. The codes written in
the VAX Fortran were separated into this section for ease of referral.
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A.2.1 Code for PANEL.COM

The foilowing pages contain the code developed for the PANEL.COM procedure.
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¥ ORISINAL FACE 19
. OF POOR QUALITY

FAaNkL .Ccuin

SUFERVISE THE EXECUTLON UF THE [NIERACIIVE
AERODYNANIC FANELLING FRUCEUEURE

! UEFINE ROUTINES AS FOREIGW DCL COMMARNS
1
3CREFIL:==3DRCOSLBHAIELEY .FANALRICREF 1L .EXE
$SMHESS { ==3URCOSLBHAIELEY sFANAIRISHMHESS . EXE
BFLTTI==%0RCOILEBHAIELEY .FANALRIFLOT.EXE
BMODFY $ ==3URCOSCEBHATELEY « FANALRIMOUF (. EXE

| S3GEOM{==3URCOILBHATELEY .FANALRIGEFUM.EXE

| l

! OETERMINE WHICH TERMIWAL 1S BEIHG
|

$L.AB103
]

: SWRITE
: FWRITE

USED

SYSHOQUTFUT * TERMLNAL 1YFE IDENTIFIER CODES®

SYSsoufTPUT * °
FWRITE SYS3OQUIFUT * 1 - VT100°
SWRITE SYS30UTFUT * 2 - TEKTRONIX 402G*
S3WRITE SYS30UTFUT * 3 - TEKTRONLIX 4014°
3WRITE SYS30UTFUT * O - TEKTRON1X 4010°
SWRITE SYS$30UTFUT * & - TEKTRONIX 4027°*
3WRITE SYSsouirul *  *
$INQUIRE NTERM *ENTER TERMINAL T(YPE®
$3ASSIGH SYS3INFUT FOROOS
$ASSTGN SYS3OUTFUT FOROO0S

$LABSO:

|

! SELECT ROUTINE 10 EXECUTE
|

$TNAQUTRE EXEC “WHAT NOW?™*

3IF EXEC.NES.*CFIL" .AND. EXEC.NES."FLU1"~-

JAND. EXEC.NES.®INP1*® .AND. EXEC.NES.'EXEC"-

JANT, EXEC.WES.'MODOD®.AND, EXEC.HNES.*LCUT®-

JAND, EXEC HES.'HCFY® .AND. EXEC JHES."FGEN"-

.AND. EAEC.HES.'HELF® THEM GOTO LABLO

$GOTO “EXEC’

$G0TO LARSO

|

SHELF

|

! LIST AVAILABLE COUMMAHNS

|

SWRITE SYS¥OUTPUL *

SWRITE SYSSUUTRUT * HCFY - RUN KASH OM FLOT FILE®

sWRITE SYS3OUTFU( * FGEM - CREATE @& FPAHALE THPUT FILE®
TWRITE SYS30UIFUYT * CFIL - CREA(E FRELLMLHARY GEOMETRY FILE®
tWRITE SYS$30UIPUT * EXEC - EXECUIE FANEL GEMERATION FROCEDEUKE®
tWRITE SYSSOUTFPUT * IHFT - GEWERATE THFUT FILE TO ®ANMEL GEHERATION FROCE
tWRITE SYS$OUTFUT * MODD - HMODIFY GEOHMEI1RY FTLES®

SWRITE SYS$OUTFUN * FLOT - FLOT GEOMETRY FTILFS®

$WRITE SYS$0UTFUT * LOUT - LOGOUT®

FWRITE SYS3OUIFUT * HELF - LIST AYAILAKLE COMHANDS®
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$G0TO LARYO ORIGeNAL benl .
I OF POCR QUALM™
$HCPY 2

FPLOT

$GOTO LABSO

|

$CFILS

I

$SET NOON

$ASSIGN/USER_MONE SYS3ICOMMANDL SYSBINHFUTLS
$CREFIL "MTERNM’

$SET ON

$GOTO LARTO

!

FINFT.

!

$SET NOONM

$ASSIGH/USER_MONE SYS3COMMANDS SYSHLINFULS
$SMHESS "HIERM’

FIFL=3STATUS-%X1000000

X 3IF IFL .EQS. 1 THEN GU10 COMG 'GET GEOMETRY FILES

' $IF IFL .EQS. 2 THEN GOT0O CON2 ICREATE FRNOBLEM FILE FOFR S-H RUN
$3IF IFL .EQS. 5 THEN GOTO CONS3 'ABURT SIMHESS FROCEDEURE
$3GOTO CONS
3CON21

|
! CREATE FROBLEM FILE
1

3F1=3

$GOTO LABSO

3CON3:

PF1=1IFL

$GOTO LARSO

1

$MODD S

|

3SET NOON

$3ASSIGN/USER_MONE SYS3COMMANDT SYS3INFUTLSL
$MODFY "NTERM’
3F1=$STATUS-%XX1000G0C0O

$SET ON
$IF F1 .EQS. O THEN GUTU LGUN 'EXIT WI1SH
¥GOTO LABTO
|
3FLOTS
: '3WRITE SYS!30UIFUT * FLOUT FACKAGE NOT CURREMNILY AVALLABLE OH IASa MACHI

13G0TO LABS0

|

$ASSIGN SYSEINFUL FOROOS

$ASSIGH SYS30UTFUT FOROVS

$IF WTERM .EQS. 1 THEN GOTO LAKS0

$SET NOOH

$4SSIGN/USER_MUDE SYSICOMMAND: SYSSIHFUT:

PPLTT "NTERM® 1 ! FLUOT GFUMEVRY FILES
FF1=¢$STATUS-UX10G000000

¥EET ON

3[F F1 .EQS. 0 THEN GU10 LOUT 'EXLIT W1EH
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onIMAL FAGE 19
$GOTO LABSO OF POOR QUALITY
ILARBO S
SWRITE SYS$OUTFUT *HO FLUYTIHG ON A VT100°
$GOTO LAKS0
|
SEXEC:
SWRITE SYS$OUTPUT * IF INPT COMMAND HAS BEEi{ EXECUTED JUST FRIUR®
SWRITE SYS3UUTFUI 10 USING THIS CUMMAHL » (HEN THE FROFER FILE °*
$WRITE SYS3UUIFUT * ASSIGNMENTS HAVE BEEN MALE. *
SWRITE SYS3UUIFUI .
IWRITE SYSSOUTFUT
SWRITE SYS30UIFUN
SWRITE SYS3UUTFUT
IWRITE SYS3UUIFUI
3WRITE SYS30UNPUI
$WRITE SYS30UTFUT
TWRITE SYS30UIFUT
$INQUIFE IASSGW * ENTER O FUR YES OF 1 FOR HOU®
$IF IASSGN .EQS. O 1HEN GUIC LAB&S
$INMQUIRE OTFILE1 * MNAME OF OQUIFUT FILE FOR FAHEL GEOMETEY TO BE USED Ii
$4SSIGH ‘OTFILEL’ FUK0OA
$INQUIRE OIFILEZ * OUTFILE FlLE FUK BAICH FRINTING OF GEOMEIRY 7*
$4SSIGN "OTFILE2’ FURVO6
$INQUIRE INFILE * FILE WAME FUR LNFUT 10 GEUMETRY PACKAGE 7T°
$4SSIGN “LNFILE® FOROOS
$ASSIGN SYS30UTFUI FDROCS
3LABSS:
$RUN GEOM
$G0TO LABSO
|
|
SFGEN:
$3ASSIGN/USER_MODE SYS3CUMMANIIE SYSSLNFUT S
3ASSIGN SYS31NFUT FOROOS
$ASSIGN SYS$OUTFUI FURDOS
3RUN FAF1LE
$3G0TO LABSO
|
$LOUT:
|
- LOGOUT FROCEDUKE
|

3[F WTERM EQS. T THEN TKRCLKR

I

! DELETE FILES TO CLEnRN UP
|

I3L0GOUT

$EXLT

IF NOT » THEN THE ASSIGHNMENTS HAVE 10 BE MADE *

NOW BY ANSWERIWG WO ¢ 1 = NHO ) TO THE FOLLOWIMG *
QUESTIOHW . *

HAS INPT COMMAMHL BEEM EXECUTED JUST FRIOR (0 °
TH1S COMMARD 7 °*



A.2.2 Code For Program SMHESS

The { '‘~wing pages contain the code developed for the SMHESS progrom.
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ORIGINAL b/ 'Y
OF POOR QUALMTY
FROGKANM SHHESS

FROGRAM SHHESS GENERAITES INFUL FUR 1THE HALSEY/HESS
GEOMETRY FANELLNG FRULCEDEURE

FROGRAMIMMED UN 29 MARUH 1982 M.C.WLITITE
ADDITIONS MALE UN MAY / 1982 He We MMANN

DIMENSION INEY (3960) yCUURDC4300Y3960)
DIMENSION NBC(EO) s NALUEB(ASO) s NW(A0) y NALLW (S0 ) v NN (60 ) s NALLL (60 Iy
ALB2GA0) v NALLB(SV) 2 LAFLAGLIS0) v LMULE (£0) sy LIK(&D) ¢
2 INTS(60)
DIMENSLUN 35B(606960) 9SSW(306960)9S55(306960)
DIMENSLIUN LCUSK(80)LUST(60)LUS2(60)
DIMENSION NSEG(U) v LENU(S»60)
DIMENSION [TR2(Ur00) 2 IR1(Ur60 9 IR2(0U960) 9 1R3(9980) 9 1RI (U260

CHARACTERA20 CHU» INFUTA4y 1 1 1LEXGO»GNAMERLS  LNF LLEXL1 S UUIFULI AAY
10TFILE1X13yUIFLILEZRLISyNILT(60)K30yLINEABO

LUGICALX1 EX
INEGER STAT(400r2+60)

GET TERMINAL 17FE

STATUS=LIBEGE T _FURELGNCLNFLIL » viN)
READCINFUT»B00) NIERM
FORMATC(IL)

READ FRELIMINARY GEUMEIRY “ILE NAE

WRITE(as7 )" ENIER FRELIMLINARY GEUMEIRY F1LE NAME (15 CHARYS) S
[FINTERM«EU+3) WRLIECO» %)’ ‘
FINTERM.EWQ.4) WR1IE(6»YL0)
READ(59y310) GNANME
FURMAT (A)

TEST FUR VAaLLID FILE NANME

IF(GNAMEC(L 1) JEW. W) LU TU 400
INQUIRE(F ILE=UNAMEYEALS T =EX)
LFCoNUT.EX) THEN

WhITE(&s&) FILE LUES NUI EAXALSTS

GO 10 o
END Lk

ReAll LNFUT FRUM FREL!)ALNART LEUMEIRT FILE

UFEN(UNLT=1sFlLE=UGiAMEYySTATUS=-"ULD )
READ(1¢,Y0L) 11LE
FURMNT (A&B )
U0 K=1r00
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READCLyYOUPENU=Y) INET (39 K) p INET (29 K) s NI L1(K)
INET(1rR) =K

NNET =K
955 FORMAT(2I4,A30) &a“m“- PACE 1y
WRITE(&9%) LNET C3yK) y LNE (29K) POOR QuaLriy

LENO=INET(2+sK)KLNE) (J9K)
U0 J=1sLEND
READ(1yY00)CUURUCJ» 19 K) yLUURU(Jr 29 K) LUURD(JP 3»yR)»STAIT(Jr 1K)y
1 STAT(JrLeK)
960 FORMAT(3F20.0r1X911911)
END DO

END DO

CLUSE(UNIT=1)

WNSEC=NNET

5

INLITLIALLLZE VEFAULT VALUERE FUK UFY1IUNS AND VARLABLES

= GG

0 NOFT=1
NFTS=1
DU JJ=19NSEC
NB(JJ) =0
NW(JJ) =0
NS (JJ) =0
NALGB(JJ) =0
NALGW(JJ) =0
NALGS (JJ) =0
[MUDE(JJ) =0
NSEG(JJ) =1
[TR(JJ) =0
INTS(JJ) =0
NALB2(JJ) =0
NALG3(JJ) =0
ENU DO

WRIITE DEFAULL VALUES 10 1ERMLNAL

cGoc G

WRITE(a»%) THE BiFAULI VALUES FUR LNFUI 11U ITHE FANEL UGENEKAILUN
WRITE(&r%) "FRUCEYURE ARL ¢

WRITE(&»X) " NUFI1 = 2 § FANEL L1SULAIED CUMFUNENITS UNLY
WRITE(& X NB(L)= 0 I NUMBER UF UN-BULY FULNIS FER WN-LLINkK-
WRITE(&e M) Ul COMFURERNT L

WRITE(&yX) " NALGEB(L)= 0 { SFACING ALGUKLIHM FUR UN-RULY FULHIS®
WRITEC(S9X) ' UN N=LINES FUKR LCUMFONeiNID [ =

WRITE(&9 %) INFUI ULISIKLIBUIIUN » UNALIEREL
WRITE(&69X) " WNW(LY= 0O § NUMABER UF WAKE FULNis FEE N-LLINE URN
WRITE(&vX) CUMFUNENT 1

WRITE(SyX) " NWALLW(L)= 0 { SFAULNG ALLURLIHA FOR WAKE FULNIS
WRITE(&rX) FER N-LiNE FOR CUOMFORNERNT | =

WRITE(&y X" INFUT DISTHLIBUTLIUON » URALIEKED

~

WRITE(SsX)" WS(L1)= 0 7 SFECLFIED WUMBER UF N= LLINES UN LUAF. |
WRITE(&9X) " NALUS(L)= 0 ! SFAULING ALGUKLIHA FUR WN=L1NES UN
WRITE(&yX) - CUMFUNENI | -

WRITE(&9X) INFUL DISIRIBUTION » UNALIEKED
WRITE(&9&) INIS(L)= O ¢ CUAFUKNRERN] DUES NOT INITERSELCT ANUIH'
WRITE(&9 %)~ CUMFLUNEN
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cCoOooGo

OGO OO

N

ORIGINAL PACE '
WRITE(&r X))’ * OF POOR QbALITY
WRITE(&2XK) ' FRESS "KREIURN" 10U CUNIINUES
READISyX)
WRITE(Ssk)’ NALG2(L)= 0
WRITE(ar%X)’ NALG3(L)= 0 ¢ NU REFANELLING
WRITE(Se¥)” LMOLE(I)= O ¢ FLANAR- SECT10UN MUDE USLKG LEFAULI
WRITE(& k)’ VALUES UF ULIRECT10H COSINES -
WRITE(S&»%X)” 1TR(I)= 0 ¢ HNO CUOMPUNENT TRANSFUORMAITIUNS -
WRITE(&sXR)’ NSEG(I)= 1 ¢ NUMBER UF SEGHMENTS INI1U WHLICH M-LLINES
WRITE(&9X) ARE BRUKEN
WRITE(&9X) “ g

MINLMAL REFANEL LNG

E ok

USER HAS OFTIUR 10 REVIEW ALL FRUGRAMA UFILUNS ARNL VARLAKBLES ANU/UR
ONL¢ THUSE SELECTED BY 1HE USER

WRITE(Sy&2 DU f0U WISH 1U REVIEW LNFUI OFP11UNS AND VARLABLES FUK®
WRITE(&6»%)"ALL LUMFUNENIS ( YES UR NU ).

WRITE(&6rX)” ‘

WRLTEC(&69X) " LF fUU SELECT ¢ NU ) s YOU WILL HAVE THE UFPFURIUNLIY
WRITE(69%) 10 CHANGE ANY UDEFAULIT VALUES BY SFECIFLING 1HE
WRITE(69X) "PARAMETER AND CUMFOUNENY 10 Be CHANGED 7 UNLY THUSE
WRITE(&y%) "SPECIFIED BY THE USER WILL BE ALIEREL .

WRITE(&6r %) " £

WRITE(&9X) “1F YOU SELECT ¢ YES ) » YOU WILL HAVE THE UFFURIURINY”
WRITE(&»%) ' TU REVIEW AND SELECT THE 1NFUT VARLABLES ANU UF1LUNS
WRITE(SsX) "FUR EACH CUMPUNENT 3 THEN THE USER WILL HAVE 1THE'
WRITE(&69X) "UFFURTUNITY TU CHANGE ANY OFTION OUR VARIABLE SELECIED”
WRITE(&69X) "AS ABUVE'

WRITE(&62X) %
WRITE(&69rX)’ ENTER Y FUR ( YES ) OR N FOR « WU ) .
IF(NTERM.EQ.3) WRLTE(S69X) -

CALL YESNOCNY)
IF(NY.EQ.Q0) GU 70 20

INFUT CONTROL ARD REFANELLING UPIIONS

WRITE(&»%) " NUF! 2 » PANEL 1SOULAITED COMPONERNTS ONLY C(UEFAULY) -
WRITE(6rX) " NUFI = 2 » FANEL LSULAIED CUMFUNEMIS AN CALCULAILES
WRITE(&6v %)’ INTERSECT LUN CURVESS

WRITE(&s%) "  NUFI 2 » PANEL LSULAIED CUMFONENTS » CALUULAIE
WRITE(6sX) ' I[NITERSECT1IUN CURVES s ANL REFANEL
WRITE(& %)’ INTERSECTING Al LNTERSELCITED CUMFUNENT S
WRITE(&s%X) " ERNIER AN INTERSER VALUE FUR NUFI » LE. 1y 2y UK &°
[FI(NTERM.EU+3) WRLITE(&» %) ° ’

READ(Sy %) NUFT

00 II=1yNSEL

FORMAT ("  COMFUNENT NU. “»sl2suXsAs0)
WRITE(6r %)’ !

LRITE(&69 k)’ :

WRITECOrK) '

WRITE(69X)

WRITE(&y709) s LLeNTLTCLL)
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ORIGINAL PRCT &
WRITE (&%) * : OF POOR QUALFMY
WRITE(6yX) "ENTER LNTERGUER VALUE FUR NB(l) ¢ SFECLFIED NUMABER UF -
WRITE(& X)) "UN=-BUUT FULNIS FER N=Llike UN CUMFUNERT L
LF(NTERM.EQ:3) WRLIE(O9X) ’
READ(S»R) NBC(LI)
WRITE(S2X) "ENTER LNIERGER VALUE UR WNALLB(L1l) § SFACLNG ALGURLIHM’
WRITE(&69X) ‘FUR UN=-BUDLY FULNTS FER N=-LINE UN CUAFUNEN! 1
WRITE(&9X) * 4

WRLITE(&69X) "NALGUEB = 0 » 1NFUI UISIRLIBUILIUN » UNALIERED (UEFAULIY) S
WRITE(&6X) "NALLB = 1 » INFUI DISTRLIBUTIUN » AUGHENIED
WRITE(S69%) "NALLEB = 2 » LCUNSIAND INCREMENIS 1IN AKU LENGIH
WRITE(&9%) "NALGB = 3 » CUSINE DISTR1BUILUN

WRITE(&69X) "NALLGB = 4 » CURVAIURE-UEFENUEN] D1STRLBUIL1UN
WRITE(&6+X) "NALWEB = U » USER-SFECLIF1EVD DISIRLIBUTLUN

WRITE(&69X)’ ENTER NALGH(Ll) -

IF (NTERM.+EQ.3) WRLITE(62%k) " ‘

READ(S»X) NALGB(LL)

WRITE(&9X) " 5

WRITE(O9X) "ENTER A LNIEGER VALUE FUR WWi(l) ¢ SFEUCLFlED NUMBER UF-
WRITE(&69X) "WAKE FULNTS FER N-LLINE UN LCUMFURNERT |1

IF(NTERM.EQ.3) WKLTE(SH»X%X) "’ ‘

READ(SyX) NWCIL)

WRITE(orsX) "ENIER A LNIEGER VALUE FUKR HALGW(L) § SFACLNG ALGURLIH4®
WRITE(&9%X) "FUR WAKE FULNIS UR N-LINE®

WRITE(&sX) " -
WRLITE(6X) " NALGLW
WRITE(&2%) " NALULW
WRITE(6s%X) " HALUW
WRITE(&2 %)’ ’
WRITE(S9X) ’ ENTEN NALUW

LF(NTERM.EQ.3) WRITE(&X) ' :

READ(S» k) NALGWCLL)

WRITE(&YX) ’ 4

WRITE(S»X) "ENTER A LNTEGER VALUE FUR NS(1) § SFECLFLED RNUMBER UF -
WRITE(&9X) "R-LINES UN CUMFORER) |

LF(NTERM.EQ.3) WRLIE(O»X) " ’

REAUC(UyX) NS(11)

WRITE(&rX)’ ’

WRITEC(OyX) "ENIER A LNTEGER VALUE FUR NALLS(L) § SFALLNG ALGUKL IHi4’
WRITE(6sX)"FUR N-LLINES UN CUMFUNEN! [

WRIIE(cr X))~ ’

O » IWNFUI DISIRLBUTION » UNALITEREL (DEFAULIL)
1 » IAFPUI VDISTRIBUTION » AUGHENIED
2 CUNSIANI 1NUREMENTS 1IN ARL LENGIH

WRITE(&»Xk)* NALGS = 0 » 1¥-Ul UISTRLIBUILUN » UNALIERED (UEFAULL) -
WRITE(6»%) " NALGS = 1 » LNFUT DISTRIBUTLUN » AUGHMENIED
WRITE(&»%k) " HALGS = 2 » CONSTANT INCREMENIS LN ARC LENGIH
WRITE{(S2%) " NALULS = 4 » USER-SFECIFLED ULSIRL1BUI1UN

WRITE(O6rX) ” d

WRITE(ov k)~ ENIER wALUS

IF{NTERMJ.EQ.3) WRLITE(69X)’ £

READ(Sy %) NALLS(11)

WRITE SO %)’ ’

WRITE(&yX) "ENTER A INIEGER VALUE FUR LINTS(1) ¢ 1INUEX UF THE-
WRITE(Ss %) "COMFORENT (1F ANY) WHLICH CUMFUNEN1 1 1NIERSECIS -
WRITE(or %)’ ENTER O 1F NUNE

IFINTERM.EQ.53) WRLIE{(S9%K) "’ ‘

REAUCT» &) INTS{LL)

WRITE(or &)’ '

WRITE{orX) "ENTER A INIEGER VALUE FUR WNALLZ(L) ¢ REFANELLNG FLAG®
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OF POOR QUALITY
WRITE{(&r%) ‘FUR 1NIERSECIING CUMFUNENTS ONLY -

WRITE(&9K) ° NALGZ2 = 0 » MLINLMAL REFANELLNG (UEFAULY)
WRITE(&9 %)’ NALGZ2 = 1 » FULL REFANELLNG

WRITE(&9%) * ’

WRITE(&9X) ’ ENTER NALULZ2

IF(NTERM.EQ.3) WRITE(&9X) ’

READ(SyX) NALL2C(LI)

WRITE(&69X)’ ‘

WRITE(&69X) "ENTER A INTEGER VALUE FUR NALG3(1) ¢ REFANELLING FLAL’
WRITE(&9%) ‘"FUR LNTERSECTED CUMPUNENTS UNLY

WRITE(So2 %)’ ’
WRLITE(&2 %) "NALLS
WRITE(&69%) ‘NALLS

Q0 » NU REFANELLING (DEFAULY) ~
1 » (A) NUNLLIFTING CUMPONENTS ¢ 7

WRITE(6r %)’ FULL REFANELLING WITH AN N-LLINE FASSING®
WRITE(6v %)’ I'HRUUGH EVERY FULNI Uiv LNITERSEUI LUN
WRITE(orX) * CURVE

WRITE(&yXk)’ (B) LIFIT1NG COMPUNEMIS ¢ 7

WRITE(&9X) ” FULL REFARLLING BUI W1TH GAFS LN 1HE®
WRITE(&9%) ' REGIUN UF THE LNTERSECT1UN CURVES
WRITE(&62%) "NALGS = 2 » (A) NUNLLFTING CUMFUNENTS &

WRITE(69X%) * FULL REFANELING W1TH AN N-LINE T'FSSING®
WRITE(&69%) THRUUGH EVERY SECUND FUINI UN IHE®
WRITE(6eX) ’ INTERSECT1UN CURVE

WRITE(&¢X) "’ (B) LIFI1ING CUMPUNENTS 3

WRITE(692 %)’ FULL REFANELING W1TH AUDLITIUNAL NUN--
WRITE(&2 %) LIFTING ELEMENTS 10 FILL 'HE GAFS’
WRITE(&9X)’ ARUUND THE LNTERSECTIUN CURVE
WRITE(&2XK)’ ‘

WRITE{6r%)’ ENTER NALG3

IF(NTERM.EQ.3) WRLIE(&69%)’ g

READ(SyX) NALGS(IL)

WRITE(6s%k) 7 ’

WRITE(é» %) "ENITER A INTEGER VALUE FUR IXFLAG(1) § EXTRA S1R1F FLAG'
WRITE(é6+%) "FUR COMPONENT I -
WRITE(69X%) e

WRITE(69X) " IXFLAG
WRITE(S69%) " IXFLAG

0 » NU EXTRA STRIF (DEFAULI)
1 » THE F1RS1 STRIF OF THE FINAL CUOORDUINAIES

WRITE(&e %) " 1S EXTRA 7

WRITE(Ssk) "IAFLAG = & » THE LAST STR1IF UF THE F1NAL CUURULNAIES’
WRITE(&69 %)’ 1S EXTRA

WRITE(&e %K)’ !

WRITE(6y %)’ ENTER 1XFLAG

IF(NTERM.EQ.3) WRLIE(69X) ‘

READ(ISy%) IAFLAG(LL)
WRITE(&r %K)~ ’
WRITE(69X) "ENIER A LNIEGER VALUE FUR IMODEC(I) ¢ FLANAR SECTIUN /7

WRITE(S69%) ARC-LENGTH LNULICATOR
WRITE(69 %)’ ’

WRITE(&y X))’ IMUDE = 0 » FLANAR SECTIUN MODE USING LEFAULI
WRITE(&9X) DIRECTION CUSINES OF AX1S (1»0:0) FUR
WRITE(A9X) "’ NONL1F1TING CUMFONERNTS & (09y=-150) FUR °
WRITE(&r %)’ LIFTING CUMFUNENTS (DEFAULY) 7

WRITE(&6e %)’ IMODE = 1 » FLANAR SECT10N MUIE USLNG LINFULD VALUESS
WRITE{(6s%) " UF DIRECTION COSINES OF AXIS

WRITE(&y %)’ IMUDE
WRITE(&s X))’ !
WRITEC(&9X) ' ENTER 1lMULE

» ARC LENGTH MULE
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IF(NTERM.EQ+3) WKIIE(69X)
READ(Sy%) IMODLE(LL)
WRITE(&vX)’ z
WRITE(S6yX) ENIER AN LWNIEGER VALUE FUR LI1R(1) ¢ CUMPUNENT
WRITE(o2 %) “ IRANSFURMATIUN FLAG. "
WRITE(&9X) “ ‘
WRITE(S6rk) " ( THE VALUE INLLCATES THE WUMBER OF TRANSFURMATLIUNS
WRITE(&9X)’ 0 BE PERFUORMEDL - DE"3ULIT VALUE = O -
WRITE(&9X)’ “

WRITE(&69 %)’ ENTER L'R
IF(NTERM.EQ.3) WRLIE(&9%) :
READ(Sy»X) ITRC(IL)

WRITE(S» X))’ ‘

WRITE(S&sXk) " ENTER AN INITEGER VALUE FUR NSEG(1l) : NUMBER UF
WRITE(é&9X) " SEGMENTS 1HTU0 WHICH M-LINES ARE BRUKEN
WRITE(&69¢%)” (LDEFAULI=1)"

WRITE(&yX)’ g

WRITE(S9X) ENTER #35:6

IF(NTERM.EQ«3) WRITE(& R’

READ(SyX) NSEG(11l)

WRITE(&9X)’ <

WRLTE(&9 X))’ e

WRITEC(&s %K)’ ’

WRITE(&69XK) * ‘

WRITE(&69707) 11eNTLTC(11)

FORMAT(’ CPTIONS FUR CUMPURENT NO. “912:5X2A60)

FORMAT(’ NB="9.392Xs "NALUGB="» 122Xy ‘NW="y1292X» " NALLW="512)
WRITE(&69X)’ £

WRITE(&69708) N3(LL)yNALGBCLL) sNWC(LL) s WNALLWC(LL) -
FORMAT(" NS='913»2X» "NALUS="»1292Xs "1NTS="»1292Xy 'NALLZ="»12)
WRITE(&9X) ' ‘

WRITE(&9»/709) NSC(LL) o NALGSC(LI) p INISCLL) »NALL2C(11)

FORMAT (" NALGA="91292Xy " LXFLAG="91292X» "1MULE="»12)
WRITE(&9X) ' <

WRITE(S59710) NALG3(11) s IXFLAGC(LL) » IMODECII)

FORMAT (" ITP= 122Xy 'NSEG=4y12)

WRITE(S6s %)’ ‘

WRITE(&»719) LTR(11)syNSEG(II)
WRITE(Sr%k) ’

END DO

00 II=1sNSEC

IFCNALGB(II) JEQ.Y) THEN

WRITE{(Sr %)’ '

WRITE(S9XK)”

WRITE(&2X) "ALUULTLIUNAL LNFUI REQUIREL FUR $°

FORMAT C’ COMFUNENT NU. " »12,5XeA)

WRITE(69933) LLIeNTLITCLL)

WRITE(or%) ’

WRITE(&s%) " ENTER NB(1l) VALUES UF SSB(Jrl) » J=1yWB(L1)

WRITE(&9%K) ’ SSB ¢ SFECLF1EL ARC LENGITHS UF UN BUDY FULNITS UN-
WRITE(&9 %)’ N=-LLINES UN CUMFUNENT 1 ( 040 = SSB - 1.0 )’
WRITE(&r k)’ z

o JJ=1yNBC(II)
WRITE(&9K) ’
WRITEC(6y711) L[1,J4J
FORMAT (" ENIER VALUE UF SSB FUR COMFUNEN! NU. " s L2s2Xy "FULRNIT WU

2)
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LF(NTERM.EQ.3) WRLIE(&9 %K) ' OF POUR QUALITY,
READ (S %) SSBGJJsLL)
ENU DU
ENU LF

LF I(NALGW(LL) EW.G) THEN

WRLIIE(arX) "’ -

WRLITE(SX) "AUDUILITIONAL LNFUI REUWULRED FUR -

WRITE(&69933) LLeNILTCL1)

WRLIE(&rX) "’ '

WRITE(SX)* ENIER NW(Ll) VALUES UF SSW(Jrl) » J=1sNWCL)
WRITE(S» %)’ SSW ¢ SFECLIFLED ARU LENGIHS UF WAKE FULNTS UN
WRITE(6v %)’ N=LINES UN LCUMFURERI I ¢ 0.0 = SSW - 1.0
DO JJ=1snNW(lL)

WHLIE(OsX) " !

WRLTE(ar717) Ll»JJd

FORMAT (" ENTER VALUE UF SSW FUR CUMFUNENT NU. " 2ILy2Xs "FULNT NU. "y

12)
IF(NTERM.EQ.3) WRLIE(&?X) "’ '
READ(SyX) SSW(JJrll)
END DU
END LF
IF{NALLS(II).EQ.3) THEN
WRITE{&vX) ’ 2
GYRITE(OyX) " ALULILIUNAL LWNFUI REUWULRED FUR 3
FORMAT (' COMPUREN] NU. ‘yl299XrA)
WRITE(S69»332) L1sWTL1IC1L)
WRITE(692%)’ ¢
WRLIEC(GOvK) " ENIER NS(1) VALUES UF SSSdJyl)
WRITE(&62X) ’ (J =19 NS(1) )
WRITE(6X) ¢
WELTEC(O9 X))’ SSS8: SPFECIFLED U1ISIR1IBUILION UF N-LLINES-
WRITE(&69 X))’ UN CUMFUNENT I ¢ 0.0 = 888 - 1.0 ).’
WRITE(62X) ’
DO JJ=1sNS(II)
WRLITE(&vXK) ’ '
WRLITE(69333) LlirJdJ
FURMAT (" ENIER VALUE FUR SSS FUR CUMPORENT NU. 9Ly

2’ FOINT HU. “»1l2)

LFiNTERM.EQe3) WRLIE(69%) "
READ(Sy%) $SS.JJrll)

END DO

END IF

[F{LMODE(II) JEQ.1) 1AEN

WKLTE (& K) " '

WKLIE(67%) ' AUDLILUNAL LNFUI REUWULKED FUK 3°
WRITE(orY33) LisWll1CLL)

WRLITE(ark) '

WRLITE(ork) " ENIER DLKEL!1UN CUSLNES =

WRLTE(&YX) ” LUSK(L) = X=INLKECT10N LCUSLINE UF THE AXlS UF CUNMF.
WRITE(69 %K) ” LUSY(1l) = Y-ULRECILIUN LCUSINE UF 1HE AX1S UF LCUNKF.
WRITE(69 %) " LUSZ(Ll) = Z=DIKECI1UN LCUSLINE UF 1THE AXLlS UF CUMF.
WRITECA&Y®) * ’

FORMAT (© ENIER VALUE UF LUSA(L) FUR CUMFUNENT NU. "9 1l2)
WRITE(6r 712) 11

IFINTERM.EQ.3) WRLIIE(6s%K) "’

READ(Sy X)) CUSK(LL)

FORMAT (" ENTER VALUE UF LUST(L) FUR LCUNMFUNREN] NU. "o Ll2)
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ORIGIMAL PAGE 13
WRITE(&» %) ¢ OF POOR QUALMY

WRLITE(S»712) L1

SLF(NTERM.EQ+3) WRLIE(O %)’ ’

ReAD(SyX) COST(LL)

FORMAT(’ ENITER VALUE UF LUSZ(1) FUR CUMFUNENT NU. “»12)
WRITE(&rX)’ .

WRITE(&y712) 11

IF(NTERM.EQ+3) WRLITE(&Hv &)’

READ(SyX%) COSZ(1l1l)

END IF
IF(NSEG(II).G1+.1) THEN
WRITE(&9 k)’ ’

WRITE(&y%)"ADDLITIONAL LNFUT REWULKED FUR ¢

WRITE(6»Y33) LIsWIITC(II)

WRITE(&y %)’ ’

WRLITECS %) "ENIER NSEG(L1) VALUES UF LEND(Jrl) » J=1»HSEG(L)T
WRITE(&»%)* IEND ¢ PULHT NUMBERS OF THE ENDS OF THE SEGHENIS’

WRITE(&9 %)’ UN M-L1NES ON COUMPONERT I .-

WRITE(&9%) ° 4

WRITE(Ssk)" NUTE § NSEG(I) 10T1TAL (MAX.=5) PER COMFUNENT ONLY’
WRITE(&r k)’ REQUL1RED 1F NSEG(I) - 1 . °

DO JJ=1»NSEG(1I)
WRITE(&9X)’ 5
WRITE(&6»713) JJ

FORMAT(’ ENTER VALUE OF IEND FUR SEGMENT NO. “»12)
IFC(NTERM.EU.3) WRITE(S62%) " ’

READ(S» %) IEND(JJr1ll)

END DO

ERND IF

IFC(ITR(II).GT.O) [HEN

WRITE(&s%k)’ !

WRITE(&6yX) ADDITIUNAL L1KFUT REQUIRED FUR ¢°

WRITE(&r933) IIsNTIT(11)

WRITE(SyX)* 4

WRITE(6rXk)"ENTER TRANSFURMAT1UN FARAMETERS - A TUTAL UF ITR(L)”
WRITE(&6s%) " TIMES FUR CUMFUNENT 1

WRITE(&6¢X) ‘EACH TRANSFURMATIUN REQULRES 1HE IWFUT OF ITRY » TR(1)°
WRITE(&sX) s TR(2) » TR(3) » AND TR(4) g

WRITE(&» %)’ ‘

WRITE(&s%k)’ ITRZ ¢ LINDICATOR FUR T1YFE OF TRANSFURMATTIUN’
WRITE(S6s %)’ 1 » SCALLRNG

WRITE(&9X)’ 2 » TRANSLATIUN

WRITE(Ss %)’ 3 » RUTAT1UN

wonn

WRITEC(S» %)’ ‘

WRITEC(S2X)° TR(1) ¢ FIRST TRANSFORMAT10ON FARAMEIER -

WRITE(&9 %)’ MULILPLLICAT1IUN FACTOR UN X-SCALE 1F ITRY = 1°
WRITE(62X) TRANSLATIUN OF X-SCALE IF ITR2 = 27
WRITE(S6s %)’ ANGLE OF ROTATION IF INRY = &~
WRITE(69%X) (PUS1T1VE CLUCKWISE » LOOKING DUKN AXlS’
WRITE(62 %)’ AWAY FRUM ORIGIN)

WRITE(&6%) " TR(Z) ¢ SECUNLD TRANSFURMAYTIUN FARAMETER - 7
WRITE(&r %) ” MULTIFLLCATIUN FACIUR UN Y-SCALE IF ITRLZ = 1°
WRITE(69 %)’ IRANSLAT10UN UF Y-SCALE IF L1R2 = 27
WRITE(&69 %)’ X DIRECT1UN CUSINE UF AXIS OF RUTATLIUN
WRITE(&s %) ” ) IF 1iR2 - &7
WRITE(6s%) " 1R(SE) ¢ THIRU TRANSFURMATION FPARAMETER - ’
WRITE(&9 %)’ MULTLFLLICATIUN FACTOR OW Z-SCALE 1F ITRZ - 17

A-36



.
. N S A NS C TR S S N e v

S

GGG

/16

ORIGINAL PACE ')
OF POOR QUALMY

WRITE(& %)’ TRANSLATIUN UF Z-SCALE 1 ITRZ = &
WRITE(&»X¥)’ Y ULRECTLUN CUSLINE UF AX1S UF RUTATIUN
WRITE(&»X) * IF LIRE = &7
WRITE(S&»X)” TR(4) I FUURIH IRANSFURMAIIUN FARAMETER - ’
WRITE(S9X) ' ouMMyY LF LIRZ = 1 Of 11RZ = 2 7

WRITE(&»X)’ Z DIRECTIUN CUSINE UF AX1S OF RUTATIUN
WRITE(&sX) 1F 1TR2 = 37

WRITE(&69 %)’ ‘

WRITE(&»X) "NUTES’

WRITE(&yX)’ THE AX1lS UF RUTAT10R 1S ASSUMIU TS PASS THRUOUGH I1HE

WRITE(&9X)’ URLIGIN o 1HIS LNFUI 1S REWUIRED IF ITRKR(I) 1S WUTS
WRITE(&»%X)’ EQUAL 10 O FUR ANY COUMFONENT I . A TOTAL OF IMTR(L)”
WRITE(&»X)’ TRANSFURMA1IIUNS ARE PERFORMED FUR EACH CUMFUNENT I
D0 JJ=1»L11R(11)

WRITE(&r %)’ g

WRITE(&9X)’ ’

WRLITE(6y716) LlvJJd

FORMAT (* COMPUNENT NU. “91292Xy’ 1TRANSFURMAITION NU. "9 l2)
WRITE(&9X)’ ’

WRITE(&69X) ENIER VALUE FUR ITRZ -

L[F(NTERM.EQ.3) WRITE(&9%)" ‘

READ(Sy %) I[TRZ(JJIr»11)

WRITE(&9%) 4

WRITE(&yX) ENIER VALUE FUR (R(1)

IF(NTERM.EQ.3) WRLIE(&sX)" ‘

READ(S»X) 1R1(JJr LI 1)

WRLTE(69X)’ g

WRLITEC(6»X)’ ENTER VALUE FUR TRLZ2) 7

IF(NTERM.EQ.3) WRLITE(&6¢X%) " ‘

READ(Sy%X) TR2(JJr»11)

WRLITE(&69X)’ ¢

WRITE(S6rX%)* ENIER VALUE FUR 1R(3) °

IF(NTERM.EUW.3) WRLIE(S2%X) " ‘

READ(Sy%) TR3(JJr11l)

WRITE(&yX)’ ’

WRITE(&sX) " ENIER VALUE FUR I1R(4)

IF(NTERM.EQ.3) WRLIE(&9%X) " ‘

READ(SyX) TR4A(JIr1l)

WRITE(&vX) “ g

END DO
END IF
END O
WRITE FROMFT FUR VARLAKLE SFECLFLICATIUN
WRLITEC(OPX) ' ‘

WRITE(&¢%X)’ YUU WILL NUW HAVE 1HE UFFUKIUNLIY 10 UCHANGE -’
WRITE(&9%) " ANY CUMPUNEN! VARLABLE UK UFTIUN BY SPECIFING’
WRITE(&69%) 1THE VARLABLE AND 1HE CUMPUNENT NU. -
WRITE(&9X) ” ’

WHITE(S&9X) !

WRLITE(&9X) ' ’

WRITE(SyX) " ENTER VARLABLE MHAME AND VALUE-

WRITE(69X) EG. VAR(1)=4.5 7

WRITE(69%X)’ ENIER *KRESET® 10 RESET THE UEFAUL!I VALUES'
WRITE(&69X) " ENIER "(* WHEN FLNLSHED”

WRITE(&vX)" ENIER "ABURT" 10 TERMINAIE'
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IF (NTERM.EU.3) WRLIE(Sv%) " ORIGINAL PAGE I3
[F (NTERM.EQ.4) WKLTE(4s9%50)
950  FORMAT(/) OF POOR QUAL(TY
30  WRITE(&s%)’ ENIER COWMAND
IF (NTERM.EQ.3) WRLTE(69%) " °
IF(NTERM.Eu.?’ WRI1E(6r950)
READ (5810 ERR=20) CHD

TEST FOR ABOR)

Ccoo

IF(CMD(131).EQ."A’) LU 10 300

TEST FOR END UF INFUI

oo

[F(CMD(131) .EU. Q") GU TU 300

TEST FOR RESET UEFAULI

GGG

IF(CMD(1231).EWQ."KR") LU TO 10

TEST FOR HELP REUUEST

(7 ¢ &

IF(CMD(131).EU."H’) IHEN

LIST COMMANDS

oG

WRITE(&»X)’ DU YOU WLISH A PRINIED LLISTING UF THE VARLARBRLES?Y'’

IF(NTERM.EQ.3) WRLIE(SsXx) " “

[F(NTERM.EQ.4) WR1TE(69930)

CALL YESNO(NY)

IF(NY.EQ.1) THEN
UFENC(UNIT=1»FlLE="SMHSINFU.SAV ' »yS1ATUS="0ULL " »ULISF-"FRLINI1")
CLOSE(UN1T=1)

WRITE(&9X) " UBTALN LLISTING A1 VAX VERSAIEL’

ELSE

MAKE SMALL LET1ERS UN 3014

GGG

IF(NTERM.EQ.3) 1HEN
LALL H4014(0)
END LF
UFEN(UNIT=1sF1lLE="SMHSINFU.SAV »STAIUS="0ULL ")
10S=0
[=0
DOWHILE (IO0OS.EQ.Q)
READ(1y810y IUSTAT=1US) LIKE
LFC(IOS.EQ.Q0) I1HEN
l=1+1
IF(I.EQ.22) THEN
WRITE(69%X) " ENIER <CRX> 10 CUNI1INUE"
READ(Sy X)
L=0
ENU LF
WRLITE(&9820) LINE
ENLU LF
820 FORMAT(1XyA)
ENL LU

A-38



R e

-w

(N ol

coac

G

GGG

ORIGINAL Pht.c .

OF
CLUSE (UNLT=1) POOR QUAL(TY

MAKE BLlU LETTERS UN 4014

[F(NTERM.EQ.3) IHEN
LAaLL H3014¢2)
ENL LF
END LF
LU 10U 30
ENL LK

UECUOE CUMAMAND LWNFUT
LALL UECUDE (CMUyNSEL LLAU LLUNAF VALY LVALy LERK» LUUNMFL)
CHELR FUR LCUMMARL [NFUI ERKUR
LF (LERR«NE.Q) THEN
LFCLIERR.EQ.1) WRLITE(ov®k) " LWVALLL VARLABLE WNAME" L1l
LFC(IERR.EQ.2) WRLIEC(S»¥) " LNVALLYD ARGUUMENT SHFEL. " sLMAD

LF(IERR.EU.3) WRLIIE(S»X) " 1NVALLU UCUMFURENT SFEC ~»UHMU
LF(lERR.EQ.d) WRLIE(6»%) " LNVALLL VALUE SFEC. “sLNMD

GO rog so0
ENL LF
BRANCH 10 ASSIGUN AFPRUFKLAIE VAKLABLE
GU 10 (405509609 /0¢809Y091009110y120915091409100>
1160,1/091809190920092109220923092409,200926022/0
2)ICHMD
WRITE(Sv&) " INVALLD CUMMAND »LCMU

VARLEBLE WNSEC

NSEC=IVaAL
L0 TO 30

VARIABLE NOFI

NOFT=[VAL
G0 TO 30

UaklABLE B

NBCLCOMF) =1VAL
G0 TO 30

VAaklABLE NALGE

NALGEB (ICOMF) =1VAL
s0 TO 30

VAaRLlBLE WW

NWCLCONF) =LVaAL
G0 TO 30
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VARTABLE NALLW

NALGW ( ICOMF) =1VaAL
G0 TO 30

VAaRlABLE NS

NS CICOMF) =1lVAL
GU TO 39

VAaRIABLE WNALUS

NALGS (ICOMF) =1VAL
GO TO 30

VARIABLE INTS

INTS{ICOMF) =1VAL
GO TO 30

VARIABLE NALULZ

NALGZ (ICOMF) =1VAL
GO TO 30

VARIABLE WNALGLGS3

NALG3(ICOMP) =1ValL
GC TO 30

VARIABLE IXFLAU

[AFLAG(ICUMF) =1VAL
G0 TO 30

VAaRlABLE IMODE

IMODE(ICUMF) =1VAL
GU 1O 30

VARIABLE 1TR

[TROICOMF) =1VAL
GO 1O 30

VARIABLE WNSEG

NSEG(ICOMF)=1VAL
GO TO 30

VARIABLE COSX

COSK(ICOMP)=VAL
GO TO 30

VARIABLE COSY
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CUSYY CLCOMF) =VAL
GO TO 30
ORIGINAL PAGE 19

VAaRIABLE COSZ
“ OF POOR QUALITY
COSZ(ICOMFP) =VAL
GO TO 30

VARIABLE SSB

SSB(ICOMP2y LCUMP) =VAL
GO TO 30

VARIABLE SSW

SSWI{ICOMF2y LCUMF) =VAL
GO TO 30

VARIABLE SSS

SSS(ICOMF2y LCOMF) =VAL
GO TO 30

VARIABLE IEND

IEND(ICOMPZy LCUMP) =VAL
GO TO 30

VARIABLE ITR2

ITRANS=1
WRITE(Ss k)’ ‘
WRITE(S»%) IS THERE MURE THAN OUNE TRANSFURMATION TO BE UEF1NED®
WRITE(S+%) "FOR TH1S CUMFUNENT

WRITE(&r k)’ ENTER ¢ FOR YES UR N FUK NU
[FINTERM.EQ.3) WR1TE(OrX) "’ ‘

CALL YESNONY)

IF(NY.EQ.1) THERN

WRITE(&r%) "ENIER 'HE TRANSFURMATION NUMBER FUR WHLIUH THIS®
WRITE(S694%) "VARLABLE AFFLIES » !bEe. 1929394 OR T (MAK. = T)°
IF(NTERM.EQ.3) WRITE(ork) "’ ’

READ(I»%X) L1RANS

END IF :

WRITE(S» %) "ENTER THE COMFUNEMT NUMVER 10 WHICH THL1S
WRITE(or%4) “TRANSFURMATION WILL BE AFFLLIED

WRITE(SrX) " ( ENTER A& INIERGER VALUE )

IF(NTERM.EQ.3) WRITE(S9XK) ’

READ(Sy %) JCUMF

LTR2CITRANS » JCUIMK) =VAL

GO TO 30

VARIABLE TR
ITRANS=1
WRITE(Sv k)’

WRITE(&»%) "IS THERE MURE THAN 1NE TRANSFORMAITON 1) RE UEFIMED®
WRITE(&+%) "FUR 1HLS CUMFUREN!
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ORIGINAL PAGE 19
OF POOR QUALTTY

LoCoo

Cc o (wl i o

oG

WRITE(&ar%k) "’ ENIER 7 FOR YES UK N FOR NO
[F(NTERM.EUQ.3) WRLTEC(&»X) "’ ¢

CALL YESNOCNY)

IF(NY.EQ.1) IT1HEN

WRITE(&v%) "ENTER THE TRANSFUORMATION NUMBER FUR WHLICH I1HL1S'
WRITE(&r&) ‘VARLABLE APPLIES » IE. 1v293¢4 UR & (MAX. = 9)7
IF(NTERM.EW.+3) WRLITE(S9X) "’ ‘

READ(S» %) 1TRANS

END 4F

WRITE(SvX) "ENIER THE CUMFONENT NUMBER TO WHICH [HIS®
L'IITE(S&9%k) ' TRANSFURMATIUN WILL BE APPLLED’

WRITE(&9&)° ENIER AN INTERGER VALUE-

IF(NTERM.EU«3) WRITE(S9 %K)’ g

READ(Sy %) JCOWMF

IF(ICOMP.EQ.1) 1R1CLIRANSy JCUNMPK)=VAL

IFCICOMF.EQ.2) TRZ(ITRANS» JCONMP) =VAL

IFCICOMP.EQ.3) TR3(.TRANS» JCUMF) =VAL

IF(ICOMP.EW.4) TRACITRANS» JCOMP) =VAL

GO Tro 30

ENTER INFUT FILE NANME

00 WRITE(&y%x)* ENTER LNPUI FILE NAME (15 CHARS) '

WRITE(&9%) ° TH1S WILL BE I1HE INPUT FILE 10 T(HE
WRITE(S9 %)’ FANEL GENERAI1UN PRUGRAM’
WRITE(&9X) "L1HFUI FLLE NAME 7

IF(NTERM.EQ.3) WR1IE(&6s%)" °

IF(NTERM.EU.4) WRITE(6»9350)

READ(Sy810) INFILE

WRITE(&X)’ ‘

WKLTE THE INFPU! FI1lLE
UFPEN(UNIT=2yFILE=INFILE»STAIUS="NEW")
WRITE FILE TITLE
WRITE(2,810)T1ILE
WRLITE OFTIONS

__WRITE(2¢811) NSEC»iHF1S»NUP
811 "ORMAT(1X9s1291X91191X911)
20 II=1yNGEC
WRITE(2y812) NBC(LL) yNALGBCLI) v NWCII) v NALGWCLL) o NS(LL)y
1 NALGS(LL)» INTSCLL) o NALG2C(II) o NALG3C(LL1)
2 IAFLAGCLL) » LMUDECLL) v LTRCLID o NSEGCII) oNTITCII)
812 FORMAT(1XsI291 K911 Kr 1291 K9 1191X9I391XKeI191Xel291X>»
1 I1v1Xv1191X911914A91191Xy1191X9y1151X9vA30)
END DO
0 II=1sWNSEC
IF(IMUDECII) .EQ.1) THEN
WRITE(2y813) CUSK(II)»COSY(II)»LUSI(LL)
813 FORMAT(SF10.0)
END IF
IF(NALGB(II) .EQ.9) I1HEN
00 JJ=19NB(II)
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WRITE(2s81i4) SSB(JJsll) ORIGINAL FAGE 1J
B14 FORMAT(F10.9) OF POOR QUALYTY
END DO ’
END IF

81

IFINALGUW(II).EW.U) THEN
DO JJ=1yNWCII)
WRITE(Z2,815) SSW(JJr1l)

S FORMAT(F10.95)

END DO

END IF
IF{NALGS(II).EQ.3) THEN
DO JJ=1yNS(ID)
WRITE(2y816) S88{(JJr1ll)

816 FORMAT(F10.5)

END DO

END IF

IF(NSEG(II).G7.1) THEN
D0 JJ=1»NSEG(II)
WRITE(2,818) LEND(JJ»11)

818 FORMAT(1I4)

8.

END DO

END IF

IFCITRCOIL) «GY1.0) THEN

DO JJ=1»ITR(ID)

WRITE(2y817) ITR2(JJv1L)» IR1C(JJr11)»TR2C(JJr11)y

1 TR3(JJr11) 9 IRKACIIPLIL)
/ FORMAT(XI1,4F10.9)

END DO

END IF

END DO

WRITE NETWORK UATA

DO K=1rNNET
LEND=INET{(3yK)KXLNET(ZyK)
00 J=1yLEND
WRITE{(Z2y760)CUUKUIJ 1 e K)yLUURU(J» 2y Ky LUURUCJIrS9K) »
1 STAT(Jry 1K) sS1AT(Jr2sK)
END DO
eND DO
CLUSEC(UNIT=2)

ENTER OUTPUT FiLE NAMKES

WRITE(Gr X))’
WRITE(S69Xk) " ENIER UUIFUI FILE NAME (13 CHARS) -’

WRITE(69 k)" TH1S WILL BE I1HE UJIFUI FILE
WRITE(ov %)~ FRUM THE FANEL GENEKAI LGN FPRUGRANM’
WRITE(&r k)~ WHICH WILL BE USED FUR FLUITLING
WRITE(or X&) " RESUL1S ANU GENERAILING FANALR®
WRITE(6vX)~ LNFUL T

WRLITEC(S6» %) "UUIFUT FILE WNAME 7

LF(NTERM.EQ.3) WKLIE(S62k) "

IFINTZRMWEQ.4) WKhIITE(er7?30)

READ(S»810) UIF1LEL

WRITE(&s &)’ ’

WKLITE(Gr %) " ENIER HAIUH UUIFUI FILE HAML (13 LHARS) S
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ORi@NAL PALE 10
OF POOk QUALTTY

WRITE(&v%) " IHLS WILL BE IHE QUIFUT *1LL

WRITE(&6¢ %)’ FRUM 1HE FANEL GENERA! IUN PRUGRAN'
WRITE(&9 %)’ WHICH WILL BE FRINIED IF A CUPY UF
WRITE(&v %)’ IHE LNPUT AND RESULIS ARE LESIRELS

WRITE(S6+ %) "UUIPUT FILE NAME © °
LF(NTERM.EQ.3) WKITE(or%k) "
[F(NTERM.EU.4) WRLIE(S9950)
READ(S,810) UIF1LEZ

RUN COMMAND FILE 10 ASSIGN FILES 10 LUH'S

WRITE(OUTFUT»210) LNFILL QIF1LELYUIFILER

FORMAT (*

SUASSGN "rArArIA)

STATUS=L1BSDU_CUMMAND (LUTFUY)

FRUGRAM ABORI

WRITE(OQUTPU1,720) 3
FORMAT ( "S@TKANSF “»11)
STATUS=LIB$DO_CUMMAND (UUITFUT)

END

CCCCCCCCCCCCTCLLLLLLLLLLLLLLLLLLLLLLLLuLLccLceoeeLLLerLeeceeeec
CCCCCTCCCCCCCCLLLLLLLLLLLLLLLL LLLLLLLCcccceoeLLLLLLLLLLLLeeeeL ey

-~

G CGC

ccoccaaca G

)

GG

SUBRUUTINE DECUDE(LAUNSECY LCMADy LCUMF VAL LVAL» LERK» LCUIMFL)

UECUDE LNTERFRELS AN LNFUI SIRKLING FUR

FURCEVEURKE SMHESS

FREUGKRAMMED UN 24 MAKLH 1vYH2 MeLe WLVIE

- LHARACTERXS6 VARNAM(LY) » LAUXLO
DATA VARNAM/ “NSEC 7

S G-

LERKR=0

NUHRJ3=0
NUHK=1
UUWHILE

y “NUFI “9»’NB "y 'NALUE "y ' NW
y "NALGW "¢ 'S "y "NALUS " INIS " NALGLY
r "NALUS “» " LAFLAL » "L1MUUE “» IR Ty TNSEG
y 'COSX  "»'LUSYT "9 LUSL "9 SSB Ty SSW
y SSS » “lEND "y LIRZ “» IR i

F i NUMBER UF UHAKAUIERS LN VAKLIABLE NAKE

(CMDCNUHRINUHE Y R " (7 AND LMD CHUHR IHUHR ) o RE . =7 )

NCHR=NUHK+1

LNVALLD VARLABLE NAMKE
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ORIGINAL PACE IS

LF (NUHR.G1. /) THEN
et OF POOR QUALITY

LLeumk=0
AERR=1
RETURN
ENU LF
ENU DU
NUHR=NUHR-1

INVALLLD VARIBLE NAME

T LR CNCHKLLT.2) YHER

LUMU=0
LCUMF=0
leRR=1
RETURN
ENU LF

UETERMINE SELECIEU VARLBLE NAME

lemb=1
LUWHLLE (CMDC1INUHR) iNEVARNAMCLUMD) (1IRCHK )
lCMD=ICMD+1

VaklAaBLE NAaMkE NUL FOURD

IFCICMD.GT.24) THEN
LeMnb=0
LLUMP=0
leRR=1
RETURN
ENL LK
ENL DO

CHECR FOR COMMANDS WHIUH ARE SHURIENED VERSLIUNS UF A
SIMILARLY LABELEL COMMAND

LFC(CMDCLINCHR) JEW. "NS7 ) LCHMN=/
LFCCMUCLINCHR) JEW. " LIKR") LUMAL=14

UCHEUR FUR WSEC UR NUOFI

LFaluitla Ll e 3) THER
NUHRZ =NUHR

LU 10 3061

ENL LF

UUES VAaRlBLE dNaAale HAVE AR AaRLGUMLN
NUHR=NUHR+1

L CLMUINCHR INUHR) JEQ ) THEN
LCUMF=0
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ORIGINAL PACGE &
LERR=2 OF POOR QUALTTY
RE 1UKN
ENU LF

L e e VARLABLE NAME HAS AN ARLGUMEN

__ NUHK2=NUHR+1
___UUWHLILE {(LUADCHUHRZ i HUHRZ2) oide e ) * o AND « LU CHUHRZ § NUHRZ) JHE . “ 9 7 )
NUHR2=NUHR2+1

L
(™ LNVALLL ARGUMENY SPEULFLCAILUN

LFE{NUHRZ.5T.10) THEN
limu=90
Leunk=0
LERR=2
RETURN
eND LK
ENU UU

LHELUR FUR 00UBLE ARGUMENI

(e M 5

_ LF CLMUINUHR2INUHRY) oEW. "9 ") THEN
NUHR3=NUHR2
UUWHILE (CMO(NUHRAIRUHRS) ks ") ")
NCHR3=NCHK3+1

CHECR FOR INVALLD ARGUKREN] SFECLFLICATLUN

Il = o

LFI{NCHR3.5T.10) THEN
__luinp=90

LlLumMrF=0

LERR=2

RETURN

END LF

ENU DU

ML LF

GET FLRST ARGUMERNT {(LUUBLE ARGUMERN] SFECLFLED)

G

Ll {HCHR3«GT.0) IHERN

NUHRZ=HUHR2+1

NUHRS=NUARS3-1

IF {NCHRS JERQWNUHRY )  THEN
REALCCADI(NCHRZ INUHRZ) »Y00) LLUMEY
ELSE

REAUDICMD(NCHRZ SNUHRS ) v Y11) ILUNMFZ
ENU LF

NUHRZ2=NCHR2-1

EiNp Lk

LiwWal LU ARGUMENT SU'ECLF LCAY LUN

5Pl

C_LFONUHRZ=HCHR W LE .1 THEN
lumu=0
LUUMH=0
lERR =2
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END LK oF POOR

Gl CUAFUREN] NUAERER

NUHRZ=NUHR2-1

NUHR=NUHR+1

IF CGRLHR.EQ«WLHR2) THER
REAU(LMADCNCHR I NUHRK ) » Y00) LLUMF
FURMATC(LL)

ELSE
REAU(CAL(HCHR I NUHRZ) » Y11 LCUNMP
FURMATCLZ)

END IF

IES | FUR FRUFER CUAFUNENT RANGE

IFCLlUMD iNE. 245 TYHERN
LFCLUUMF BT NSELWUR LCUMF L1 .G)  THEN
lunu=0
leunr=9
LERR=3
RE TURN
Al LF
ELSE
LFLCUMP WG o 3,URWLLUAF L1 1) THEN
LLnu=0
1lLUMKF=0 -
LERR=3
HEIURRN
ENU LF
Nl LF

UELULE VAL/LVAL

NUHRZ=NCHRZ2+1
LUUWHILE (UMUC(NUHRZINUHRZ) oilks =" )
NCHRZ2=NCHR2+1
LECHUHRZ GT . 2¢) THEN
Luinu=0
LLunk=0
LERR=4
RETURN
BNl LF
ENl UU
NUHRZ2=NUHRZ+1

LEi REAL VALUE

LECLCMDWEQW23) REAUICUALDIRURRZILO) »Y21) VAL

FURMAT(FY . 0)

LEdlliabGEs1osAD LUAD LE o 21) REAUCUALCHUHRZ I 20 s Y21 VAL
Ukl LNTEGER VALUE

LEO LUl Ll 167 REAUIUAUINUHREIEU) 9 930) LVAL

FURMAL (BiNr L3)
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ORIGNAL PACE 13
OF POOR QUALTTY

LFCICAUGT 210 ANDL LLALLLT «24) READCLAUDINCHRZILZ0) »730) LVAL
RE TURN
EilL

REARKERREREKEERRERRRKR

SUBRUUTLNE 7ESIKU

ARKKKKRKKEKKRERRRRAXK

FRUGRAMMERS M.C. WITIE

TESNU READS THE USERS ANSWER 1U A WUESIIUN (EL!HER ¢ (FUKR 7ES)

» ¥ (FUR WU’ )y UR U (FUR QULT) ARD SENUS A 1 » UsUR -1
{FOR ¢ » ilyUR W BALUKR 10 I1HE CALLING RUUILIRE.

NUMENCLATURES

i = ALFHANUMAERLL WU

N'( = NUMERIC ANSWER(1 UR O)
v = ALFHARUMERLL (ES

N - USER ANSWER 1U WUESTIUN
Q - ALFHANUNMERLU QuIl

COGLLGGHOGGGOE G GGG G

SUBRUUTLINE TESNUINY)
CHARALTERXL Ny Y(ESEKL/ "Y'/ NUKL/ "N/
NT=0

IHE ANSWER TU ITHE WUESTIUN L[S READ

REAUCS»BOU) TN
FURMAI (A)

NT S=T TO O IF ANSWER 1S AU

CCLEKeGCC
g <

IFOTN oEd. NOJ THEN

Wr=0
LU 1U 3990
EiNU L1F
14
i T SET TU 1 LF ANSWER LS YES
5
IFCTN +=5Q. TES) THER
NT=1
LU 11U 350
ENL LF
C
| B N7==1 IF ANSWER 1S wul}
v
IFOTN.EQds Q7 ) THERN
NvT==1
LU 1U 350
END LF
U
B LF 7 sidy UR Q 15 WUT ENIEREDy "N AUSI BE LNFUT ALALIN
C
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ORIGINAL PACGE 'S
OF POOR QUALITY

Call BELLL
WRLITE{ar?00)
Y00 FORMATC L DU NUT UNUDERSTAND Y19/
X" PLEASE ENIER ¢ (FOR (ES)y UR W (FUR NU). " »/)
GO TO 10
330 RETURN
END
L
L

B o o o o o O O o o o o o o 4 O ] O 4 B o o o S B S
CCCCCCCCLLLCLCeLLLtCiececccececcceeoeLLLLLeLeLeLLLLcceceecccecccecceccee
c

C
SUBROUTINE BELLL
LUGICAL#®1 BEL
BREL=7
WRITE(&»100)BEL
100 FORMATC” “»Al)
RETURN
END
CAKKKKKKKKKKKRRKKKRR
C

C SUBROUTINE H4014
c
CRRKRKKKKKKKKKKRRRKKKX

SUBROUTINE HA014 CHANGES THE S1IZE OF THE LEVTERS FRINTED GUI
TO THE TEKTROWICS 4014 TERMINAL.

FROGRAMMERS: R.A. COX

NOMENCLATURE S

D - SMAaLL LETTERS

NM - MED1UM LETTERS

NU - LARGE LETTERS

NUD - CONTRUL 10 DETERMINE WHAT TYFE 1S VUESERVED
0 - SiaALL
1 - MEDLUM
2 - LARGE

o

CCCCCCCCCCCrLLLLLLLLLLLLLccooLLLLLL L LLLLLLLeLeecccccecceccecoeece

oooocooooOoooOo0coOocoGoOnn

SUBROUTINE HAG13(NUI)
DIMENSTON NU2) »NMC2) yNDC2)
LOGICALA1 WUy WM%1ls WNU%1

LARGE ESC»y»?

OoOo

DATA NU/27937/

(]

> SMAaLL ESCy s

oo

OATA ND/27+59/

O

> MEDIUM ESCy3

—
3
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100

DATA NM/27 08/
IF{NUD.EQ.2) THEN
WRITE(S»100) (NU{L)»1=1,2)

FORMAT (1X9,100A1)
END I[F

IF{NUD .EQ. O)THEN
WRITE(Sy100) (NUCL) »I=19Y)
END IF

IF¢NUD +EQ. 1)THERN
WRITE(S69100) (NM(L)»I=192)
END IF

END
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A.2.3 Code For Program MODFY

The following pages contain the code developed for the MOD3D subroutine.
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10

?0
100

O i 16 L

OF POOR QUALTTY

FROUTIHME MODFY ALLOWS THE LSER [0 CHUOSE
A GEOMETKEY MODIFICATIOM ROUTINME

CHARACTERA4 TNFUT

GET TERMIMAL CUDE
STATUS=LIB2GET_FORELGNCLNFJITy s i)
READCINFUT»?00) NTERM
FORMAT(I1)

LIST CHOICES

WRITE(&s%) " ENIER CUOLE FUR RUOUTINE TO BE SELEC1EL-

WRITE{(&r %) * ENTER O TU ABURT’
WRITE(Ss%) "
WRITE(&r%) "’ 1 - POLINY BY POINT MODIFICATIONW®

IF(NTERM.EQ.3) WRLITE(&rk)" °
READ(S+sX¥»yERR=10) 1METH
IF(IMETH.LT.0.0R.IMETH.GT.1) GO TO.10
IMETH=IMETH+1

GO TO (20,20)IMETH
CALL MOD3D(NTERM)

GO TO 100

WRITE(&y %)’ MULF'Y ABURY -

CONTINLE
END
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ORIGINAL PACE 1
SUBROUTINE. MULSDHYERM) . Pooni qUALTTY

LIBRARY SUBR

c

c HOD3ND IS & SUBRUUTTNE 10 MOVLIFY THREE ULIMENS1UHAL
c GEOMETKY FILES UN A FOINT B'Y FUINT HAS1S
c

C FROGRAMME) 3 MARCH 1982 BY M.C. WITTE
c

c FEQUIRED SUBRUUTL1HES

c

c CHHGE

c RECHG

c

c

c

DIMENSINN COORD(Z200Gr39260) vy LNET(3960) » ICHNG (6000935
CHARACTERX13 NAMYNTIT(60)%50» TLTLEXBO
1»POLNTX6y0UTPUI .10
LOGICALKRL EX

800 FORMATC(IL)

c

c GET FILE NAME

c
WRITE{(Ss4%) " ENIER FlLE iNAME 1O BE MUDLIFIED-
[FI{NTERM.EQ.3) WRITE(S¢k)"
READ(Ty " (A) ") NAK

c

C READ IN FILE

c

INQUIRE(F1LE=NAMsEX1ST=EX)
IF{.NOT.EX) THEN
WRITE(&s%)’ FILE ‘sNAM»’ DUES NOT EXIST’
MP=1
GO TO 100
END IF
OFEN(UNIT=1,F1lLE=NAMyS1ATUS="0LD ")
READ(1s965) TITLE
965  FORMAT(A)
D0 K=1550
READ(1y9SSsEND=1S) INET(3sK) » INET (25 K) yNTI (K)
INET (1K) =K
WNET =K
955 FORMAT(2I4,4)
LEND=TINET (ZyK)K1INET (3+K)
DO J=1,LEND
READ(1»9&0)COURD(Jr1+1K) y COURDCJ s 29K) yCOORDC(Jr 39K)

240 FORMAT (SF20.7)
END DO
END DO
135 CLOSE(UNIT=1)
c
c RECORD FOINT CHANGES
C

NCHING=0

NCHNG=NCHHG+1

[FUERMLEW.3)CALL HI013C0)

WRITE(as%) " ENIER FOINT NUMBERS FOR CHAHGES®
WRITE{(&s4%) " ENTER "(1* WHEHW FINISHED®

]
<
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ORIGINAL PAGE 19
OF POOR QUALTTY

ENTER FuINT *A" SFECIFICATION

WRITE(Srvk) " eNTER WUMBER FUR FPULNT A’
IF(NTERM.EQ.4) WRITE(AH»Y50)

FORMATC(/)

IF(NTERM.EQ.3) WRLIE(&»%)"
READ(Sy830)POLNT

FORMAT (A)

IF(POINT(131).NE. Q") THEN

DECODE VARIABLE “"FULNT®

I=1

DOWHILE (POINTC(LII)WNE. =)
I=I+1
IF(I.GT.3) THEN

WRITE(&69%) " INVALLD FULNY SPECIFICATIUNS

GO TO 21
END IF
END DO
II=I-1
III=I+1
READC(FOINT(1311) 9840) ICHNG(NCHKNG» 1)

I=III

DOWHILE (FOINT(1l3l).NE." °)
I=I+1
IF(I.GT.o) THEN

WRITE(ar%) ° INVALLL FUINI SFECLFICATION’

GO 170 21
END IF
EiD DO
IF{I.EQ.III) THEWN
WRITE{ar»&) " INVALLD FUINI SFECIFICAHTIONS
G0 TO 21
END IF
IE-I-1
READ(FOINTC(IIISIE) »840) 1CHHGINCHNGy2)

ENTER FOINT *B® SFECIFICATLION

WRITE(6»4&) " ENTER NUMBER FUR PULHWT B-
IF{NTERM.EU.4) WR1IE(6+Y30)
IF(NTERM.EQ.3) WRLTE(ask)”
READ(S»330)FULN,

DECODE YA~RIABLE *FULM"

I-1

ODOWHILE (FOINTC(LIL) o HE. ="
[=1+1
IF(I.GT.3) THEN

WRITE(Sv& ;" LNVALLU FOINT SFECLFICATION®

GU TO 22
END IF
. END DO
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OF POOR UALFTY

II=I-1
[II-=I+1

READ(FOINT(1511)»8340) ICHHNG(NCHNGY 3)
FORMAT (I9)

I=IIT
DOWHILE (FOLNTC(LII)SNE." )
I=I+1
IF(I.GT.6) THEN
WRITE( (&9 k) *
GO 1O 22
END IF
END DO .
IF(I.EQ.III) THEN
WRITE(&r&) ’
GO TO 22
END IF
IE=I-1
READ(FOINT(IIISIE) »840) ILHNGINCHNGY )

ENTER CHANGE MUDE SFECLF1UCATIUN

WRITE(&v&) ° ENTER UHANGE CUDE -
IF(NTERM.EU.3) WRLIE(&»Y30)
IF(HTERM.EQ.3) WHLTE(SrX)
READ(Sy X)) ICHNG{RCHNG» G)

" e

’

INVALLD FULNT SPECIFICATION®

INVALLID FULNT SFECIFLCATIOR®

IF{ICHNG(NCHNGy3) s HE«1 4 AND 4 LCHNG (HCHNG »G) o NE 2. AND

WRITE (Or &) "

WRITE(or &)

WRITE(os¥) -’ :

WRITE(ar &)’

WRITE(osX) °

GO 1o 23
END IF

-

- MMUVE PULNT B

3 = MUVE FPUINI A
3

ECHO UCHAWGE FUFR CUNF LIKMAT LU

WEITE(as %)
WRITE{(a» %)~
WRITE{ar k)’
WRITE(&ors &)~
WRHITE(a»X) -’ ’

WRITE(S»%) " IS THIS CORKECT"Y"
[F{NTERM.EQ.4) WRLIE{&»9T0)
[F(NTERM.FN.3) WMRINE(S, 35"
CaLL 7"ESNOINT)

IF(NT.EQ.D) LU 10 21

GO 1O 20

iHE FRUFUSED CHANGE IS

FOLNT
LHANGE LCODE =

END IF
NCHNG=NCHNG-1

FERFORI1 CHANGE SEUWUENCE

RECOFD GEOMETEY CH&f.GES

A-55

+« ICHHG (NCHNG»3) s HE W Z o AND « ICHNG{NCHNG » ) « NE + 4) THEN
ALCEF TABLE CHANGE LULES ARE"

10 PUINT A
= MUVE BUTH FULNIS

10 AN AVERAGFE VALUE-

FULNT & = "9 LCHNG{NCHNG» 1) »
B = "y lCHNGWHCHNG»3 ) »

10 FOLINT B°
- SFECL1FY YALUE FOF BUIH FULNIS®

T= p LICHNG CNUHNG Y £
"= 9 LCHNG{NCHNG » 4 )
“» LCHNGINCHNG» O

CALL CHNGECICHNG y NCHHG » NNET »y COOKD » LNET » NTERI » IERF )



UrIGINAL PACE 1]
OF POOR QUALTTY

IF (NCHNG.GT.O) THEN

WRITE{Sy4%) " DO YOU W1SH 10 KECURD GEOMETRY GHANHGE
IF(NTERM.EQ.3) WRLITE(6»730)
IF(NTERHM.EQ.3) WRITE(&r4%) "
CALL YESNOCNY)
IF(NY.EQ.1) THEN
CALL RECHNG(COURU»NNET » INET s NTERM o NAM» I LTLE»NTLT)
END IF
END IF

100 WRITEC(QUTFU1»940) MP
740 FORMAT (" 3R RANSF “»I1)
RETURN
END
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AF PNOR U b

SUBFUUI LHE UHHGEC LUHAG » idCHMHG » e | COURKD e LHE T v il 1 ERiYY LEFF)

15
[+ MUDLEY WUIE UF & GEUUF Uk FOLINZ [N A IHEEE
1 DIMEMS10OHAL MUlEL
L
C FREOGEAMMED <& MARCH» 1982 BY M.U. W1TTE
c
C FUF USE WITH FPRUOGRANM MUDS)
C
DINEHSIOH ICHMG{A000y L) »COORD(20093980) v INET (39600
[ERR=0
b
L LUUF THRULGH WCHHLG CHARNGES
u
_ DU [=1sNCHHG
s
g FLND SFECIFIED NETWUKE FOR PUINI A
b
JAa=1
DUWHILE (ICHHUG(Ly1l) eNELLNETZ19J5: )
JAa=JdAa+l
L
C NETWURK NOT FOUND
B b
- LE{JAWGT.HNEL ) THEM
WRITE{SyX) " POINT CHANGE EERUR UM CHAMGE dU. "l
WRITE(Sv&k) " NETWJEK “»lCHNG(ls1)y " WUI FUUMHD-
WRITE(69vX%) " CHAHGE ABORTED-
[ERF=1
GO0 10 100
EMD [F
ErL 00
C
G FIND FUSITION UF FOLHI A 1M CUURD
L
Sk IFA=0
LENU-=-JA-1
U0 K-=1sLEND
HSE IFA<NSKIFA+LIHE I {2y RIALNEN (3910)
END L0
B
(t- FULHT WUT FOURD
B
LFCLIUHAG UL 2) s S INET (2 JADKLINE T (S JA) ) THEN
WHITE K PULN CHAMLDE erkUul U CHARNGE dU. oyl
WEITE{(arXk,  FUOLHI I[HUEX QU UF BOUMNS®
WHELITE(&a»X) LHAHULE AKURIED
LERF =1
Lty Tu 100
ey L
S LFA=ASKIFA+ LUHHNG Ly 20
3
| U FLiU SFECIFIED NEIWUKKE FUR PQIMI B
i
JE=-1
DUWHILE (ICHHNG (L s S eidb o INET Ly JB) )
JE=JB+1
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ORIGINAL PAGE 1S
OF POOR QUALITY

NETWORK NOT FOUNND

LF{JB.GT.HNET ) ITHEN

WRITE{(&v%) " FULNI UHANGE ERRUF UN CHANGE NO.

el

WRITE(&:4) " NETWUORK "+ lCHNG(Is3)y " WUI FUUND®

WKITE(ar4)  CHANGE ABURITED
[ERR=1
G0 TU 100
END LF
eiND DO

FLND PUSITION UF FOIdT B Iik COORL

NSKIFB=0

LEND=JB-1

DO K=1sLEND
NSKRIPB=NSKRIFB+LINET(LyRIKINET (S0 K)

END DO

FUINT WOT FOUHD

LF CLCHRG(Ly3) JUBTLINET (29 JB)KLINETI (3vJB) ) ITHEN
WRITE(&v%k) " FOINI UHARGE FRREUR UWN CHANGE WNU.
WRITE(S»%) " FULNHT INDEX LUI UF BOUNNDSS
WRITE(&69%) " UHANGE ARUKIED
[ERR=1
L0 TO 100

END IF

NSRIFB=NSKIFB+1CHNG{Ls4)

FERFORM CHANGE ALCURDING 10 CHAR'SE *ULE
SFECIFICATION

GU TO (20930v00r80) » ICHNGCL )

WRITE(Sr%) "NVAL LD UHANGE MUDE SFECLFLCATIONS
WRITE(Srv&) ° CHAKRGE Hil, "l

WRITE(&v4&) " UHANUE ABORTED-

[ERR=1

uu 10 100

MOVE FULNT B 10 FOINT A

00 L=1»3
CUUORD(NSKIFBy Ly JB) =COURD(HSK1IFA:LyJA)

END DO

GU TO 100

MOVE BUTH FOIMIS 10 AN AYVERAGE YaALUE
AAVE = (COORD(NSKIFAY1 v JA) +LUURLINSKIFHRy 1 v JR) ) /2.

TAVE=(LUURD (NSKIFAY?» JA) +LULURD(NSKLIFBy 2y JB) ) /2.
ZAVE=(LOURD(HSKLIFPA»3» JA) +UUURD(NSKIFBy SeJB) ) /2

LUURDUNSKIFAY 1y JA) =XAVE
LUUKD(NSKLIFBYy 15 JB) =AAVE
A-58
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C

C

c

o0

C

C

c

8Q

950

100
END
RET
END

FORTRAN STOP
$

COUADCNSK LFArLy JA) =TAVE
COURD CHSKIPB sy JH) =YAVE - -
CUUEDNSKIPA 3y JA) =ZAVE ggim.m PACE 19
CUURDCHSK LP By 3y JH) =ZAVE POOR QUALITY
GO 10 100

MOVE FOINT A TO PULNT B

DO L=1,3
COORD(NSKIFAsLyJA)=COORD(NSKIFHsL»JR)

END DO :

GO TO 100

SFECIFY VALUE COMMON TO BOUTH FULNIS

WRITE(osXk) "ENIER X»¥+Z VALUE FOR CHANGE NO. “»I
IF(NTERM.EU.4) WRLITE(&+,950)
IF(NTERM.EQ.3) WR1TE(Ss%) " ~
FORMAT (/)

REARD(S»%»ERR=80) XAVE,7AVE»ZAVE
COORD(NSKIFA» 1y JA)=XAVE
COORD(NSKIFBs1:JB)=XAVE
COORD(NSKIFAr»ZyJA)=YAVE
COORD(NSKIFBr2y JB)=YAVE
COORD(NSKIPA-s»JA)=LAVE
COORD(NSKIFBr3»JBJ)=ZAVE
CONTINUE

Lo
URN
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ORIGINAL ¢ 27 15
OF POOR ' 777/

SUBROUTINE RECNG(CUUHU!NN&]vINETrNTERHDINﬁM!1ITLEvN1l1)

c

c RECORD 3-D GEOWMETRY CHANGES IN A FILE

c

c PROGRAMMED 23 MARCH 1982 M.Cs WITTE

c

c FOR USE WITH PRUGRAM MOD3D

C
DIMENSION COORD(200:3+60)INET(3260)
CHARACTERX3 COMs INAMKLI » NWUNAMKLIsNTIT(40)%X460 1DUMX2
1»TITLEX8O

C

WRITE(&yX)’ REPLACE FILE OR CREATE NEW F1LE» (REFsNEW)’
IF(NTERM.EG.4) WRLITE(S6»950)
IF(NTERM.EQ.3) WR1TE(&69X)" ’
930 FORMAT (/)
READ(S»900) COM
200 FORMAT (A)
IF(COM.EQ."NEW ) THEN
WRITE(69%)’ ENTER NEW FILE NAME (13 CHARS WITH EXTENSIOW)
IF(NTERM.EQ:4) WRITE(6»9350)
IF(NTERM.EQ.3) WRITE(&s%k)’
READ(S»?00) NWHAM
END IF

OFEN ORIGINAL FILE

o000

IF(COM.EQ.'REP’) THEN
OPENC(UNIT=1yFILE=1NAMSTATUS="0LL")
END IF

OFEN NEW FILE

0on0on

IF(COM.EQ. "NEW’) THEN

OFENC(UNIT=2,F1lLE=NWNAM»STATUS="NEW")
ELSE >
CPEN(UNIT=2yFILE=INAM»STATUS="NEW")
END IF

WRITE INTO NEW FILE

WRITE FILE TITLE
WRITE(2,900)7V1ITLE

WRITE NETWORK DATA

oo0on QL3I n Q0

DO K=1sNNET
210 FORMAT(I4»14+M)
WRITE(Z2yP10)INET(39K) s INET(2yK) o NTIT(K)
LEND=INET(3 K)XINET{2sK)
DO J=1,LEND
WRITE(2,920)CU0RD(Jy1+K)»COORU(I»29sK) »COURD(Jr» 35K)
720 FORMAT(3F20.5)
END DO
END DO
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ORIGINAL PACE 19
OF POOR QUALITY
100 CLOSE(UNIT=2)
IF(COM.EQ. 'REF’) THEN
CLCSEC(UNIT=1sDISP="DELETE’)
END IF

RETURN
END

FORTRAN STOF
$
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A.2.4 Code For Program CREFIL

The following pages contain the code developed for the program CFIFIL.

A-62



ORIGINAL 1/ -
OF POO?\ '_" "y

c
C CREFIL CREATES A FRELLMIMARY GEUMETRY FILLE
c FOR INFUT TO THE SMITH-HESS GEUMETRY PANELLNG
c FROCELEURE
C
CHARACTER%4 INFUT
(W
C GET NTERi4
c

STATUS=LIBSGET _FURELIGNCINFUT » 9 i)
READ(INFUT»S00) NTERM
200 FORMAT(11)
CALL WRTCON(NTERNM)
END
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ORIGINAL PAGE 1S

OF POOR QUALTTY
SUBROUT LHE WRTCONI(NTERM)

THIS ROUITHE ALLUOWS THE USER 10 SELECT THE METHON
BV WHICH HE WISHES 10 CONSTRUCT A PRELLIMALHARY
GEOMETRY FILE

Hnn.n'nnnr;

v WRITE(&6s%) " ENTER THE CODE CORRESPUNDING TO THE ME(HODL®
WRITE(ar%) " THAT YOU DESIRE-’

WRITE(os%) " ENTER THE NEGATIVE JF THE CUDE 10 CONTLINUE’
WRITE(S9%) ° A FPREVIOUS GEUMETRY DEFIMINIUN’

WRITE(S»%) " 7
WRITE(Ss%)
WRITE (&%)’ = POINT BY PULNT UATA ENTRY
WRITE(Sor &)’ INTERACTIVE CONF1GURATTON °
WRITE(Sr &)’ DEVELOPHEIN *
WRITE(S6s&) "

- ABURI

e O

G READ METHOD CUNE

IF(NTERM.EQ.3) WRITE(Hs&k) "
IF{NTERM.EQ.4) WRITE{(&,950)
950 FORMAY (/)
READ{Sy*+ERR=1() 1C0D
IF{ABS{ICOD) .GT.2) GO TO 10
IF{ICOD.EQ.0) GO TO 100

A
c EXECUTE DESIREL #METHOL
C
30 TO {(40,30)»ABS{1COD)
GO TO 10
B
[ INFUT GEOMETRY FOINT BY FOLNT
I
10 CAalLL PTRYPTI(WNIERMAy ICOD)
RETURN
[
[ TWNTERACTIVELY CONSTRUCYT THE CONFLGURATION
C.
80 CALL INCON(NTERM»ICODD
RETURN
(3
5 ABORT GEOMETRY DNEFTINITION
55
100 RETURN
END
iz
C
o e
CCCCCCCCCCCCCLLrrLLLccCCCCCCCCCCCCLucecrLrLLLcLeCCccLLcCcccectceeer
_CCCCCCCurCLrcLLLLcceccccCccccceLrLLLLuLLLcceeeececececeeececeeceeeene
C .
(i
=
SUBROUTINE FTBYFI(NIERMY ICQODY
c
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ORIGINAL PAGE 13
OF POOR QUALMY

C GENERA'TE CONFIGURAIION GEOMETRY FI1LE BY
C ACCEPTING FOINT BY FOINT INFUT FRUOM USER
Cc
C
CHARACTER413 FFNAME»NETNAM(61) K60y TITLEABO
DIMENSION COORD(40093¢50) s LNET(2980) 9 ISTAT(A00r2y60) yNWAKE (S1)
LOGICALA1 EX
NNET=0
c
c ENTER FRELIMINARY GEUMETRY FILE NAME
C
10 WRITE(&s%)  ENTER FRELLMINARY GEUMETRY FILE WNAME (15 CHARS) -

IF{NTERM.EQ.3) WRITE(H»%)" °
IF(NTERM.EQ.4) WRITE{(69950)
FORMAT (/)

READ(S»96S5,ERK=10) FFNAME

0
a
o

IF ADDING TO AN EXISTING FILE

sNeRy!

IFCICOD.LT.O) THEN
[NQUIRE(FILE=FFNAMEyEXIST=EX)
IF(.NOT.EX) THEN

WRITE(&s%)’ FILE DOES WUV EXIST
GO TO 200
END IF

C READ FROM EXISTING FILE

OFEN(UNIT=1»FlLE=PFNAME»STATUS="0LD ")
READ(1y965) TITLE
265 FORMAT (A)
00 K=1+60
READC(Ly9TTyENU=1U) INET (29 K) » INET(19K) » NETHNANM(K)
NRET=K
955 FORMAT(2I4,4A)
LEND=INET(1yKIXKINET(2yK)
00 J=1yLEND
READ(199260)CUORLCJr1 s K) »COURD(I» 29 K) s COURNIC Iy 39 K) »
2 ISTAT(Jr1sK) v LSTAT(Jr2yK)
960 FORMAT(3F2C.S91X9211)
END DO
END DO
15 CLOSE(UNIT=1yU1SF="1ELETE ")
ELSE

c
c ENTER & FILE TITLE
(>
R

20 WRITE(Sy%k) * ENITER A DESCRIFI11VE FILE T1T7LE (B0 CHARS) '
IF(NTERM.EQ.5) WRLIE(SyX) " 7
[F(NTERM.EQ.4) WRITE(&»?GO)
READ(Sy?255yERR=20) T11LE
END IF

|

WRITE USER INSTRUCI IONS

066

WRITE{(SyXk)’ Redin »nterind network data.’
- WRITE(&yX)” Enter "QUIT® wihen fineshedysor "ARURI"Y Lo

A-65



OcooooocoaGco06CO a0

[P
LS

L0 0
o

Qo
al

P o

ORIGINAL PAGE 19
OF POOR QUALTTY

WRITE(S&e k)’ to terminagte rrocedeure’

WRITE(&eX) ’ ¢

WRITe(sdeX) ’ enter =999.9=999.9»-999. Lu corvrect bhwe 1medisbels”’
WRITE(469X) ’ sreviuos enlrs’

WRITE(&»%)’ DO (OU WISH ADDITIOHAL 1HFORMATION ?°
IF(NTERM.EQ.5) WRITE(&»y%) " 7
IF(NTERM.EQ.3) WRITE(S92Y50)
CALL YESNUNY)
IF(NY.EQ.1) THEN

WRITE(Sr k)

WRITEC(S»K)

WRITE(&vX)

WRITE{(Sr k)

WRITE{&r %)

WRITE Sy ¥k)

WRITE{(&rXk)

WRITE(S+ %)

WRITE(Sr#)

WRITE(arX)
END IF

ENTER HETWORK T1ITLE

WRITE{(Ss%)° ENTER NETWURK TITLE FOR NETWORK NO. °“sHNMHET+1
[F(NTERM.EU.3) WRITE(S2%k) " 7
IF(NTERM.EQ.4) WRITE(&»950?
READ(S»24SyERR=40) NETNAM(NNET+1)
IF(NETHAM(HNET+1)(131) .EU."A’) GO TO 200
IF(NETNAM(NNET+13(151).EQ. Q") GO TO 100
TF(NNET.EQ.50) THEN
WRITE(as %)’ MAXLMUM NETWORK CUOUNT EXCEENED
50 TO 100
EMD IF

EHMTER I[HET

WRITE(S»%) "~ ENTER NUMBER UF FOLHTS FER COLUMH®
WRITE(&s%) FOR NETWORK “sNETNAMIHNHET+1)
IF(NTERM.EQ.3) WRITE(ask) "

[FI(NTERM.EQ.4) WRITE(59950)

READ(Sy XkyERR=50) INET (ZpNNET+1)

WRITE(as%) " ENTER NUMBER UF COLUMNS®

WRITE(&9%k) ° FOR NETWURK “sHETHAMOHNNET+1)
[FINTERM.EQ.3) WRITE(H,&X) " 7

[FINTERM.EQ.4) WRLIE(5+,950)

READ(Sy XyERR=55" 1HET(1sNNET+1)

WRITE(A»%k) * ENTER O LF NETWORK “yNETHNAMCNNET+1 )y’
WRITE(SyX) “ 1S A NONLLFTLING COMPOMENI .’
WRITE(o9X) ‘

WRITE(S9k) © ENTER 1 IF NETWUORK "y NETHAMHHET+1) s ° !
WRITE(S9k) " 1S A LIFTING COMFOMENT.

WRITE(S»%) ° ENIER O ORK 1 ¥

READCS» %) JSTAI

WRITE(SsK) 4

[NETCR=-10.0
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ORIGINAL PALE 19
OF POOR QUALTIY.

[FCJSTAT.EQ.1) THEN

WRITE(S»%) * DO YOU WISH 10 DEFIHE A WAKE
WRITEC(&9X) * FUR (H1S CUMFOMENT 7T ¢
WRITE(&»%) ° ENTER YES OR WO . °
INETCK=-10.0

CALL YESNOCNY)

TF(NY.EQ.1) THEN

WRITE(Sy%) * ENTER THE WUMBER OF WAKE FOIMYS TO BE NEFINENS

WRITE{(&r%k) ‘ FOR EACH COLUMM .
READ(Ss A vERR=58) NWAKE(NNET+1)
TNETCR=TNET(2sNNET+1)
INET(2yNNETH1) =1INEYT (29 NNET+ 1) +NWARKE (NNET +1)
FNT TF

ENDOTF

ENTER X»Y+Z COURUDIHATES

NC=TNET(1yNNET+1)
NP=INET(2yHNET+1)
[F(NCANF.GT.400) [HEN
WRTTE(S»%) ° MAX1INMUM NUMHER NF POINTS 1S 460~
GO TO SO
END IF
i1=1
[=1
UOWHILE (I.LE.RC)
J=1
[STAT(My 29 NNET+1) =JSTA
TFCJERL) ISTAT(MelyNWET+H1) =1
[FIMJEQ«1) LSTAT(Ms1oyNNETH+1)=2

WRITE(S9X)  FUR COLUMN WNO. “sls  »NETWUORK “oNETHNAMINVETH1)

[F{NTERM.EQ.3) WRITE(Ss%k) "~ ’
[FINTERM.EQ+3) WRLTE(SyYL0O)
DOWHTLE (J.LE.NF)
[STAT(Ms29NNET+1)=JSTAT
[FOJ.GTW1) ISTAIT(My1eidNET+1) =0
[FO(J.EULINETCR+1) 1STAT(My1sNNET+1) =4
IF(IT.EQeNCeANl o EQaiNF) 1ST1ATI(Mey 1o NNET+1) =3
WRITE(6y%) " ENTER Xe¥»Z = FPOINY HU. “»J
[F{(NTERM.EQ.3) WR1TE(&sX)"
[F(INTERM.EQ.4) WRITE(5+,950)
REAN(Sy XyERR=A5) (LOORU My Ky WNE" +1) s h=193)

[F(ABSICUOURM MMy Ly WNET+1) 499940 4L T+ 0001) THEN

[F{J.EQ.1) THEN
J=wF
iM1=M-1
[=1-1
130 10 &0

FLSE
J=J-1
iA=M-1
30 TO &5

END TF

=Wl IF
M=M+1
J=J+1

A-67

|t



ORIGINAL PACE &

\Hem b

OF POOR QUALTIY

END )
l=14+1
END 00 '

b WRITE(As&) * 1S THLS LAST WETWORE 1HAL YOI WISH
P WRITE(AvA) * 10 LWPUT % ¢ ENTER YES UR O} ) .
(b CALL YESNOCWN)
C [F(NY.EQ.1) THEN
[ ISTAT(M=1s1oNVETT1) =3
B END [F
_ NNET=NNET+1
. 30 TO 20
G
b WRITE INFO TN FILE

100 OFENC(UNIT=1sF ILE=FPFNAME»STATIS="NEW )
[STAT(M=1s1sNNEY ) =3

e WRTITE FILE TITLE
WRTTE{1+y9465)TITLE

L

C WRTTE WETWORK DATA

C

nn K=1yNNET

WRTITE(1y 900 INET(2sR) » INET(19K) yNETHAM(K)

LEND=TNET(2yK)XINET (19K)

00 J=1yLEND
WRITE{1+250)CUURDLIJy19K) »y"NNRD(J» Ly K) y CUORUCIr 59K) 9 1STAT (I 19Ky
2 ISTAT(Jy2yK)

END DO
END DO
CLOSE(UNIT=1)
G
200 CONTINUE
RETURN
END
C
C
Bl
CCCCCCCCLECCCLLLLLELECLCLCECCCECLLCELLLLLt L CLELLLLCCCCEECCEELEL
CCCCCCCLLCLCLLrLLLcecceeccLeccceececLrLLLLLecececceccecccccccceeeceoLreee
b
C
G
SURBROUTINE TIHCOHCHIERMY ICOLD)
|
B4 GEMEFRATE COMFIGUREANION GEOMETRY FILE RY
C IHTERACTING Wi IH THE USER
e
WRITE(os4) " OFTI0N NOI AVAILABLE A1 THIS T11i¢
RETURN
EiND
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APPENDIX B

USERS' GUIDE TO THE ENGINE SIMULATION MODULE

E.1 Program Instructions

The Engine Simulation Module was developed to provide the user a means by which
to include the aerodynamic/propulsive interactions in a potential flow solution of a STOL
configuration. It accomplishes this by adding networks and boundary conditions to
existing PAN AIR files to obtain plume simulation. Currently, the code is capable of
handling a supersonic exhaust [low that is ejected at angles ranging from 0 deg to
approximately 30 deg to the freestream flow. For convenience, the Engine Simulation
Module is stored in a file named "ADDJET". It is resident on the NASA Ames' VAX
11,780 computer system and requires that an input file and a PAN AIR file be in the same
subdirectory as the executable version of the program. The input file, which must be
prepared by the user, is named 'ADDJET.INP'. Information in this fi'e specifies where the
plume is to be placed on the panelling arrangement and properties of the exhaust flow at
the nozzle exit. The ADDJET.INP file must be prepared according to the following
instructions.

Record 1: TITLE

Up to 50 alphanumeric characters may be used to define a problem title, which will
appear in the output.

Record 2: DUMP INDICATORS

This card should normally be left biank or contain zeros. [t may be used, however,
to obtain a dump of the internal variables from selected subroutines by inserting a
"1" in the appropriate column as indicated below:

Col. Subroutine

1 ADDJET
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READNET
CENTER
CLINE
START
EXTEND
PBASE
WAKE

W N A e LN

The user must refer to the fortran listing for information regarding the definition of the
variables in the subroutine dumps.

Record 3. PLUME LOCATION

The plume-location information is entered in a namelist input format, which allows
variables to be specified with one variable per line or several variables per line. In
either case, the variables must be separated by commas. The following parameters
must be specified in Record 3.

Record 3A $PADATN

This is the name of the upcoming data set and must be input exactly as shown. It is
short for PAN AIR Data Namelist. The "$" character must not be placed in
column 1.

Record 3B  OLDFIL

This is the file name of the original PAN AIR file to which the nlume is to be added.
The file name must be enclosed within single quotes, with no leading or trailing
blanks. Example:

OLDFIL = 'FIGHTER.JOB'

Record 3C 1.EWFIL

The original PAN AIR file (OLDFIL) is not destroyed or altered by the Engine

Siimulation Module. Instead, a completely new file is created which contains the
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basic panelling arrangement with the plume networks added. The user must specify
the name of the new file through this parameter. Example:

NEWFIL = 'FIGHTER.NEW'

Record 3D ENAME

This is the name of the network that forms the nozzle exit in the original PAN AIR
file. It must correspond exactly with the name used in Record N2a of the PAN AIR
input and must be a single network that closely approximates the exit area of the
nozzle. The input data for this network will appear in the modified file but will be
automatically nullified by the ADDJET code, which places a "*/" in columns 1 and 2
of each line of data for that network. Example:

ENAME = 'NOZZLE-EXIT"

Record 3E ABUT ()

These parameters specify the networks in the original PAN AIR file that will abut
with the plume. A maximum of 6 networks may be specified.

ABUT (1) = 'NOZZLE-UPPER'
ABUT (2) = 'NOZZLE-LOWER'
ABUT (3) = 'NOZZLE-SIDE'

Record JF [EDGE(])

These terms specify which edges of the networks in Record 3E form the abutment
with the plume. The values are integer numbers 1, 2, 3 or 4 and correspond to the
PAN AIR nomenclature. Records 3E and 3F must have the same number of input

points. Record 3F must be terminated by including a "$" charrcter after the last
input value. Example:

1IEDGE (1)
IEDGE (2)
IEDGE (3)

" " "
= - N
w
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Record 4. PLUME PROPERTIES

The plume property information is also a namelist input format. It must be started
and termirated wich the "$" character and variables must be separateu by commas.
The following parameters must be specified in Record 4.

Record 4A §RAXINN

This is the name of the upcoming data set and must be input exactly as shown. It is
short for RAXJET Input Namelist. The "$" character must not be placed in
column 1.

Record 4B XNPR

Ratio of jet total pressure to freestream static pressure (nozzle pressure ratio).
Example:

EXPR = 2.5
Record 4C EMJET

Nozzle exit Mach number. The RAXJET code is limited to supersonic jets (EMJET >
1.05). Example:

EMJET = 2.00
Record 4D TTJET
Nozzle exit total temperature i1 degrees Rankin (deg-R). Example-
TTJET = 530.0
Record 4E THLIP

Nozzle exit lip angle in degre<s, (i.e. the initiai arglc between the plume boundary
and ihe freestream direction). Example:
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THLIP = 4.5

Record 4F THETAJ

The injection angle of the exhaust plume relative to the freestream direction.

Example*

THETAJ = 15.0

Record 4G AMINT

Ambient Mach number at infinity. The RAXJET code is restricted to subsonic
externsl flow (.1 AMINF .2) Example:

AMINF = .20

Record 4H JDUM

This term is normally set to zero or it may be omitted from the input stream. If
JDUM =1, the ADDJET program will not call the RAXJFT subroutines to add the
plume, but instead, will add a solid, cylindrical plume. Since the RAXJET code
requires considerable time to execute, this option aliows a run to be made in a few
seconds of CPU time to verify that all input cards are being correctly processed
before executing the full code. Example:

UM =1
Record 41 IPRINT

The output format for the unmodified RAXJET ccde, which is discussed in
Reference 32, is obtainable from the ADDJET ccde along with one additional page
of parameters computed for the inviseid plume. A user should not normally need
this informaticn, but there are several options available for handling this output.

[PRINT = 0 Data not saved
[PRINT = 1 Data saved in file "RAXJET.OQUT"
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[PRINT = 2 Data printed, then file is deleted
[PRINT =3 Data printed and also saved in file "RAXJET.QOUT"

Since this is the last input parameter in Record 4, it must be followed with a "$" to
terminate the RAXINN data set. Example:

IPRINT =1 §

The ADDJET code is easy to run and highly automated; however, there still remains
a few items that the user must be aware of and manually correct if necessary. Several
items to check are outlined below.

o The plume and the plume wake networks generated by the ADDJET code are
panelled irrespective of any networks that may be near or abut with the plume.
Therefore, the user may need to manually define the abutment between the
wing wake, for instance, and the plume and its wake.

o Wake networks that may have been originally included in a panelling
arrangement to form the closure of the nozzle must be manually removed.

o The exit network is removed from the input data stream. Any specified
abutments involving this network should be removed from the abutment.
specifications list.

o Since the exit network is removed, the ordering index is changed for all of the
original PAN AIR networks that follow it. Therefore, the user must review the
abutment specification list and the network-images cards (PAN AIR records
G£2, SF2, and FM8) and make any changes that may be required).

B.2 Sample Problem

The isolated nacelle mode! discussed in Section 5.5 is employed again in this
appendix in a sample problem. Input uata for this model are presented in this section,
followed by a listing of the new PAN AIR file that was created by the program. The input
file is described in the User's Guide to the Engine Simulation Module (Appendix B.1), and
some comments regarding the output file are presented in this section.
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The job control language (JCL) required to submit a PAN AIR file to the CRAY
computer was contained within the same file as the original PAN AIR input. These
control cards are automatically transferred to the output file as shcwn, along with all
comment cards preceeding the first readable card of the original PAN AIR file. A banner
is placed immediately ahead of the "BEGIN GLOBAL DATA" card of the cutput file to
direct attention to the fact that plume networks have been added. Within this banner, the
parameters specified in the input file are printed so the user can identify the source file
of the original PAN AIR data and also the properties of the simulated exhaust plume.
Note the characters "/ADDJET" that are placed to the right-hand side of the banner. This
designation is placed on every line that is entered or modified by the ADDJET code so
that all file alterations can be easily identified.

After the initial banner, the next occurence of a modified card in this sample
problem is at the nozzie exit (NETWORK = EXIT - 4). Although these cards are nullified
by the ADDJET code, they are included in the data stream for documentation. No cards
are ever removed by the ADDJET code.

The plume segments follow the last network in the original PAN AIR file. This input
will consist of typical coordinate data to define the panel corner points and a set of
velocities to represent entraiiment. It is noted that entrainment is indicated by a
negative velocity normal to the panel center points. The last two sets of input cards
generated by the ADDJET code are for the plume base and for the wake that emanates
from the base of the plume. All cards in and below the Geometric Edge Matching section
are copied to the new file without any changes.

B.3 Program Description and Listings

The structure of the Engine Simulation Module, Figure B-1, illustrates the
reiationship between the rarious subroutines in the program. The function of each

subroutine is briefly discussed in the following statements.

ADDJET -

This is the master control for the Engine Simulation b. dule. It reads the data from
the RAXJET.INP file, opens the necessary files for output, and calls the appropriate
subroutines to execute the remainder of the code.
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READNET -

This subroutine starts at the current pecsition of the PAN AIR file and reads records
until all the information for the next network is obtained. The task of this subroutine is
complicated by the fact that PAN AIR input is unformatted and is normally read by a data
management system tnat is not available on the NASA VAX system.

CENTER -

This subroutine is called immediately after the nozzle exit network data are read by
subroutine READNET. It uses these data to compute the geometric center of the plume
at the X-station where it abuts the nozzle exit. It also checks to determine if the piume
network will abut either or both of the planes of symmetry at Y =0and Z = 0.

CLINE -
T" ‘s subroutine computes the coefficients of a second-order equation that defines
the path of the piume centerline. The initial jet injection angle is accounted for.

START -

This subroutine defiries the coordinates for the edge of the plume that abuts the
solid networks. It accompiishes this by determining the coordinates of the solid network
edges that abut the plume (as specified in the input) and defining the plume edge for exact
corner point matching.

RAXSUB
This subroutine allows the ADDJET code to be executed without calling the
RAXJET subroutines. [t returns the characteristies for a solid, 2ylindrical piume and

allows the remainder of the code to run with minimal CPU time.

RAXMAIN -

This subroutine was originaily the controlling subroutine for the unmodified RAXJET
code. It has been modified for use in the ADDJET code by adding (1) common biocks to
transfer variables between the ADDJET code and the RAXJET code, and (2) ~tatements

required to open and c¢lose the various output and scrateh files.

INPT -
This subroutine was also part of the original RAXJET code. It has been modified for

use in this code by changing the source from which it requests the user suoplied input
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variables. Rather than read an input file, it obtains the input values from the file
RAXJET.INP data or from subroutine INPT2.

INPT2 -

This subroutine is called by INPT. It presets many of the parameters that are
normally specified by a user to values that are proper for a low-speed analysis, thus
relieving the user of the chore of making these selections.

PANEL -

Subroutine PANEL was written to convert the RAXJET-computed variables to a
form that could be used in the remaining subroutines of the ADDJET code. The primary
function is the integration of radii of the aquivalent and inviscid plume shapes to obtain
inflow velocities normal to the inviscid plume boundary.

EXTEND -

This subroutine receives the piume coordinates along the abutment with the solid
networks, the plume centerline path, the plume expansion characteristics, and
entrainment factors. From this information, it computes the coordinates of the panel
corner points for a 3-dimensional plume and the inflow velocities at the panel center
points.

CAL,DER -
These subroutines perform a spline curvefit that is used in interpolating between
data points in subroutine EXTEND.

PBASE -
This subroutine computes the data for the plume base.

WAKE -

This subroutine computes the data for the plume wake.

CREATE -
This subroutine controls the creation of the new PAN AIR file. It reads che old file,
determines wnere the new or modified records should be, and calls the appropriate

subroutines to make the actual insertion.
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READTTL -
This subroutine is used by CREATE to determine the title of the upcoming network
in the original PAN AIR file.

BLKEXIT -
Subroutine BLKEXIT is called by CREATE to nullify the cards in the network
defining the original nozzle exit.

ADDPLU -
This subroutine is called by CREATE to add records to the new PAN AIR file for the
plume networks.

ADDPLBA -
This subroutine is called by CREATE to add records to the new PAN AIR file for the
plume base networks.

ADDWAKE -

This subroutine is called by CREATE to add the wakes that emanat: from the plume
base.
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ORIGAL PANT )
OF POOR QUALTI

SAMPLE PROBLEM INPUT

ISOLATED NACELLE FROUBLEM (NFR= 8.47)

1111111111111111
$FADATN
OLDFIL = "NACELLE.JOR’»
NEWFIL = ‘NACELLE.FLU’>s
ENAME = “EXIT-4°,
ABUT(1) = "NOZZLE-3’>s
IEDGE(1)= 2 $
$RAXINN
XNFR = 8.47»
EMJET = 1.31,
TTJET = 560+
THLIP = 2,05,
THETAJ = 0.0
AMINF = 0.6
JDUM = O»
IPRINY = 1 $
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ORIGINAL PAGE '3
OF FOOR QUALITY

PANAIRsHICR.

USER »FAEGDH» YSAW .

JOB s JIN=GENDYNY 1 300 s US=F AEGNH . NA=HOWELL » PANA L K=RUN .
ACCOUNT » AC=G3293F 0.

ACCESS » DN=$FPROC r FUN-REMUT FFy IN=AMESL1H.
REMOTE » F AL GLIH» YSAW» G3293F 09 DN=$0UT » DEFER» 111 = STATCE,
RELEASF » IN=8FRUL .

ACCESS (NN=TEMF s FLIN: FAFROCS » 1D=FPANAIR)
COFPYDC1-=EMF N $FRUC)

RELEASF (NN=TEMF)

REWIND([IN=SFPROL)

FINDPF (A=2SWs L1+ AEGDH» 1iEC 1Ny PPF s TEHF)
REWINDCIN FT110)

DISFOSF (DN=FT10)

AUDTT,

KXEDRXX

X/

X/

x/

x/

X/

X/

x/

x/

%/

X/

%/ DIP INPUT - FILE NACEILE.JOK

X/

:f ISOLATFD NACELLL MOUULEL

x/

X/ .

x/ S ADDITIONAL CU1S HAVE BEEN ADDEL NHeAK THF
x/ KNEE OF THE WOZZLE

x/

x/

%X/

%/ THIS INPUT REPKESEN(S ONLY ONE FOURTH OF TH:
X/ COMPLE IE CUNF1GUKATION.

x/

x/

¥4

:; RASED NN NASA (¥ 1744 :'CONFIGURAIIUN D=1.22-L
x/ S-NETWORKS

X/

x/ 1 FORWARD CONLIC SECILIUN =======- & FANELS
X/ 2)CYLINDKICAL MID=-SELTIUN ==-==- 27 PANELS

X/ I)ROAI 1All ==—mmmemmm e 78 FANELS

X/ 4IPLUMNE —m=mm e e e —————— 126 PANELS

x/ S)PLUME HASE ===—rem——m—mmmmmm e 6 PANELS

X/ A)CYLINDRICAL WAKE ====—=———e——— 6 PANELS

x/ e —————

X/ TOTAL: 249 PANELS

x/

X/

x/
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ORIGINAL PAGE 19
OF POOR QUALMY

/ 000000 0 KKOKOKKOK K OF 202K 8000208008 2 000 60508 0800082000 0 00200000 008008 K KKK KKK KO8 X8 K OR R K 4 X

x/ OKOKOKOKOR K ROKORMOEY 0K KK KK K00K KR KKK O R OR K K0OK O 08 30202 0880 0005 K 080K 0K 80K KKK 7 K08 K K

x/ XXX
x/ XXX THE FLUME SIMULAYION IN THIS PAN ALK
x/ XXX FILE WAS INCURFURATEL WITH THE
x/ KX
x/ KX ADDUJUET CODE
x/ xKX
x/ XXX WRITIEN BY
X/ KK GEORGE A. HOWEL!L AND ISHWAK C. HHATLULEY
7 K GENERAL TYNAMICS CURFORAIIUN
x/ XXX FOUKRT WORTH NIVISION
x/ XXX FUOR1 WUKIHs TEXAS
x/ HOK K FRONE (B817) 763-1161
x/ KX
x/ KX
x/ b2 3 THE 2-D JET CHAKRACIEK1S11CS WERE COMMUIED
x/ XXX W1TH THE KAXJEY PLUME MODELING CULE DEVELOFED
x/ XX BY RICHARDI G. WILMNCTH
X/ XXX NASA/LANGLEY RESEARCH CEMVER
x/ XXX
x/ L 318 ]

x/ XEx ISULATED NALELLE PROBLEM (NPR:= 8.47)
x/ XXX

x/ L e 2 ORIGINAL FILE = NACELLE.JOR
x/ XXX NEW FILE =~ NACELLE.PLU
x/ xEx

x/ XXX NOZZLE PRESSUKE RATIC = B8.470

x/ Onx JET EXIT MACH RUKBER =~ 1.310

x/ XXX JET eXIl 1EMPERA(URE - 5960.0

X/ XK ROZZLE LIP ARGLE s 2409

x/ L2 JE1 VEFLECT1ON ANGLE = 0.00

x/ XK

x/ XXX

X/ XK

XX
XX
e
X
R4X
b2 2
XX
xRxX
Kkx
KX
xer
(e 2
XXX
XX
ek
X
rxx
XXX
XX
XXX
EX
XX
XX
xxx
X
wx
L3 2 4
ES 8 4
AR
XX
rxx
XXX
KKK

x/ KKK K8 KK 808K 28 50 0008 0ROR R R 20006 K 08 K 250008 08 K 087 000 08 00 008080 0K 08 3 38 R 050K 0808 0 K0 0 8 00K0OK XK X
x/ ORI IR 60O0ROR0R0OK K08 0 008 R 0K 0K 50 28 AC 580K K R0 8 008 250 R 08 35 05008 8 0 000080808 KOK0K 0K R 0 5OR 0K K 5OR K 508 X K

x/

BEGIN GLOBAL DAYA

PID = ISOLATED NACELLE

UID = BAATELEY/HOUWELL GENERAL DYNAMILS %17 732 4811
CONFIGURA|LUN = FTIRSTy SECOUNL /1WU FLANFS OF SYMMETKY.
MACH - 0.4600+ CALPHA - 0.0+ CREIA = 0.0/ RECORD GS

ALFHA : 0.0

SID =ZERO-DEGREEL /Gé

TOLERAKCE 0.1 /G7
SURFACF SFLECTION UFFEK /LY
SELECTION OF VELOULLIY LONMPUIATLIUN= BCUNLARY-CONUITIUN /GY
PRESSUKE COUEFFICIEN! RULES:= 1SENIKOFTC»SECONL-URLEK /G112
x/

CHECKOUT = DIFsy1r2y3y DUGrlsdeary /G617

BEGIN NEIWURK DATA
X/ THFSE ARF THE WEIWORKS FOR 1HE 1SOULAIED NACELLE.
NETWORK: RUSE-CONE-1 A K} Nt ')

0.0000 0.0000 0.0000
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/ADDJET
/ADDJE
/ADDJE
/ADDJET
/ADDJE |
/ALDJE |
/ADDJET
/ANDJET
/ADDJET
/ADDJE
/ANLJET
/ADDJET
/ANDJE
s/7ADDJE )
/ADDJE |
/ADDJET
/ADDJET
/ALLJEN
/ADDUET
/ADDJET
/ADDJET
/ADRDJEN
/ADDJE )
/ADDJET
/ADDJET
/ADDJEN
/ADDJE |
/ADDJET
/ARDJET
/ALNJET
/ALDJET
/ANDJEN
/ADDJET
/ADDUET
/ADDJET
/ADDJET
/ADDJET



ORIGINAL PATT 1]
OF POOR QUALMY ,

0.0000 0.0000 0.0000
0.0000 - 0.0000 0.0000
0.0000 0.0000 0.0000
15.2811 0.0000 3.8100
15.2811 1.9050 3.2996
15.2811 3.2996 1.9050
15.2811 $.8100 0.0000
30.5622 0.0000 7.6200
30.%622 3.8100 6.5991
30.5422 4.5991 3.8100
30.5622 7.6200 0.0000
TRIANGIILAR PANEL TOLERARCE = .004
BOUNDARY CUNDITION = 1»UFFEK
NETWORK=NAC-MID-2 A 10 NEW
30.5622 0.0000 7.6200
30.5622 3.8100 6.5991
= 30.5622 6.5991 3.8100
30.5622 7.6200 0.0000
40.0000 0.0000 7.6200
40.0000 3.8100 b6.u991
20,0000 6.5991 3.8100
40,0000 7.6200 0.0000
49,0000 ¢.0000 7-6200
49.0000 3.8100 6.0991
49,0000 6.5991 3.8100
49.0000 7.6200 0.0000
58.0000 0 0000 7.6200
58.0000 3.8100 6.5991
58.0000 b6.09%1 1.8100
58.0000 7.6200 0.0000
67.0000 0.0000 7.6200
67.0000 3.810C 6.35991
67.0000 6.5991 3.8100
67.0000 746200 0.0000
: . 76.0000 0.00CH 746200
; 76.0000 3.8100 b6.U%71
. 76.0000 4£.5991 4.8100
| 76.0000 7.46200 0.0000
| 85.0000 0.0000 /46200
: 85.0000 $.8100 6.0Y%1
> 85.0000 6.3991 3.8100
' 85.0000 7.6200 0.0000
94.0000 0.0000 7.6230
$4.0000 $.8100 6.5991
94.0000 6.59%91 3.8100
94.0000 7.6200 0.0000
103.0000 0.0000 7.6200
103.0000 3.8100 6.3991
103.0000 b.U991 3.8100
103.0000 7.6200 0.0000
112.7760 0.0000 7.6200
112.7760 3.8100 6.5991
112.7760 6.5991 3.8100
112.7760 7.6200 0.0000
TRIANGULAR FANEL TOLERANCE = ,003
ROUMDARY CONDIN 10K 1+ UPFER
NETWORK=NOZZLE-3 7 14 NEW

.

. B-15



R ey T T T Ty

112,7760
112.7740
112.7760
112.7760
112.7760
112.7760
112.7760
120.0000
120.0000
120.0000
120.0000
120,0000
125.0000
120.0000
128.0000
128.0000
128.0000
128.000C
128.0000
128.0000
128.0000
133.0000
133.0000
133.0000
133.0900
133.0000
133.0000
133.0000
1346.0000
136.0000
136.0000
1356.0000
1346.0000
136.0000
136.0000
137.1600
137.1600
137.1600
137.1600
137.1600
137.1600
137.1600
138.3600
1338.3600
138.3400
138.3600
138.3600
138.34600
138.3600
139,4600
139.44600
139.4600
139.4400
139.4600
139.4600
139.4600
140.,5900

0.0000
1.9722
%.8100
$5.3882
6.5991
7 +3604
7.6200
0 0000
1.9722
4.8100
5.3882
b6.09%71
7+3604
7.6200
0.000C
1.97222
3.8100
U.3B8u2
6.5991
/43604
7.6200
0.0000
1.9722
3.8100
L. 382
6.5991
7.3604
7.6200
0.0000
1.9722
3.8100
U.sBBY
6.5991
7.36041
7.6200
0.0000
1.9722
3.8100
$5.3882
6.59v1
7.3604
/e &L
0.000\
1.9U%%
3.78%0
Ve 3UL8B
6.55858
/73121

«%700
0.0000
1.9282
$.7200
5.2679
6.451y
7.1961
S.45%00
0.0000

ORIGINAL PAGT 1%
OF POOR QUALITY

7.6200
/7+8601
6.991
U.aBHY
3.8100
1.9722
0.0000
7.6200
7.3604
6.59%1
5.3882
3.8100
1.9222
0.00060
7.620L
/+3604
6.5991
S.3882
$.8100
1.9722
00,0000
7.6200
73604
b6.5971
$.3882
3.8100
1.9722
0.0000
7.6200
7.3604
6.5991
%.3882
2.8100
1.9722
0.0000
7.6200
7.3604
6.5991
5.3882
3.8100
1.9722
0.0000
7.%700
7.3121
6.55LuY
5.3578
3.7850
1.9094
0.0000
7.4500
7.1961
6.101Y%
edb7Y
3. 7200
1.9282
0.0000

7.2290

B-16
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140.5900
140.5900
140.5900
140.5900
140.5900
140.5900
142,0000
142.0000
142,0000
142.0000
142,0000
142.0000
142.0000
144.0100
144.0109
144.0100
142.0100
144.0100
144,0100
144.0100
147.4400
147.4400
147.4400
147.4400
147.4400
147.4400
147.4400
150.8600
150.8400
150.8600
150.8600
150.8£00
150.8600
150.8600
154.2900
154,2900
154.2900
154. 2900
15,2900
194.2900
154.29u0

ORIGINAL TACT ©
OF POOR QUALTVI

1.8711 b6.98B3CT
3.6147 6.260%
S.1120 91120
6.2609 2.6118
6.9842 1.6711
7.229%5 0.0000
0.0000 6.9200
1.7910 é.68AL
3.4600 S.9929y
4.8932 A4.89382
S5.9929 3.4600
b6.6R42 1.7910
6.9200 0.0000
0.0000 b.4863Y
1.6782 6.2630
3.2419 S5.6152
1.5848 4.0H48B
S5.6152 3.2420
6.2650 1.6742
6.483%9 0.0000
0.0000 S5.7380
1.4844 5.5406
<.8680 4,967y
4.0560 4.0060
A.9675 2.8680
5.540% 1.4844
L.7460 0.0000
0.0000 4.9903
1.2916 4.8203
2.4901 4.3217
3.5287 3.5287
4.3217 2.4952
4.8203 1.2916
4,9%903 0.0v00
0.0000 4,212
1.0980 4.0%/H
2.1212 4.6740
2.9998 LYYV
3.6740 203212
1.0978 1.0980
4.2424 0.0000

TRIANGULAK FANEL T1OLEKARCE = ,003

ROUNDARY CONDITIUN - '» UFPER

X/

x/

x/

x/ EREEXEEXARERKRAR AR MR A KR KRR KA LR A2 AR KA A XXX
x/ (322220203 RRRSRRNIRRRSRRE SRS RRNTRITTTCRSSSRSS 3]
x/ L33 xx
¥/ xx THE FOLLOWING KHeTWOKK HAS BEIN NULLIFIEDN b3
X/ X BY 1HE ADDOJE! COUE X
l ¥ K %
x/ ERLZREEERER R R RN KA MR LA EARRR KA AR ANAR LA IR AR R
%/ LA ST SRR S N N N A P S P PP P PP S P RN T PP PRSPPI S 2
x/

x/

X/ NETWURK E

XIT-4 / < NEW

B-17

/ALDLGJET
/ADDJE
/ADDJE |
/ADDJE [
/ADNJET
/ADDJET
/ALDJET
/ADDJET
/ALDJET
/ADDJET
/ADDJUE |
/ADDJE
/ADDJET



. » - e .
e TN ) ¢

OF POOR QUATT.

x/ 154.2900 0.0000 4.,2424
%/ 154.2900 1.0980 4.0978
x/ 154.2900 251212 3.6740
x/ 154.2%00 2.9994 2.9998
x/ 154.2900 3.6710 2,1212
x/ 154.2900 4.0978 1.0980
x/ 154.2900 2.2424 0.0000
x/ 1%4.2900 0.0000 0.0
x/ 154.2900 0.0000 0.0000
x/ 154.2900 0.0000 0.0000
x/ 1%4,2900 0.0000 0.0000
x/ 154.2900 0.0000 0.0000
X/ 154.2900 0.0000 0.0000
X/ 154.2900 0.0000 0.0900
k/TRIANGULAR PANEL TULERANCE = .003
%/BOUNDAKY “OUND111UN = 1, UPPER
X%/
X/%/
x/
x/
x/ XKL IO KL OO KON 86 K6 KK R XK KKK Xk %A
X/ AXEEEERERLER ALK KA AR AR A AAL AR AR AR AR IR R X
x/ X xx
x/ 2% THE FOLLOWING NE|WOKKS SIMULATE THE EXHAUS) XX
x/ lt PLUME ANU THE OUTFLOW VELOCITIES X
x/ XX X
x/ AXXARRE LKL IRER IO SRR RS KRS K R K S KO KR
x/ RO KX KKK 08 KSR KKK K K 56K 00 8K K XK KK X
x/
x/
NETWORK:: PLUKE -SE G4 N1 -1 7 11
154.290 0.000 A.2A2
154.290 1.098 4.098 .
154,296 2121 2.674
154,290 3.000 54000
154,290 30674 2.121
154,290 A.098 1.09H
154,290 4.242 ©.000
156.399 0.000 5.088
1%6.399 1907 A.915
156.399 2.544 4,406
156.399 %.598 3.598
156,399 A.AG6 2,144
196,399 4.915 1317
156,399 5.083 0.C00
1%8.508 0.000 J.681
158,508 1.470 5.488
158.508 2.84:% 4.920
158.508 4,017 4.017/
158,508 AL y20 2.84:
158.508 . 488 1.°70
158,508 Y. 481 0.000
160.617 0.000 64127
160.617 1.586 U.v1H
160.617 3.06% £.306
160.617 A, 852 A.882
160,617 %.306 3.06%

B~18

/ADDJET
/ADDJET
/ALDJE |
/ADDUET
/ALDDJET
/ADDJET
/ADDJE )
/AGDJET
/ADDJET
/ADDJET
/ADDJEY
/ADDUE |
/ADDJET
/ADDJE |
/ADDJET
ZALD 1k
/ADDJE
/ADDJET
/ADDCE |
/ADDJEN
/ALDJET
/nDDJET
/ANDJET
/ADDJE !
/ADDJET
/ADDJET
/ADDJET
/ALDJE !
/ADDUE
/ADDJET
/ADDJET
/ADDUEN
/ARDJET
/ALDJe
/ADDUET
/ADDJUET
sALLIJE
/ADDJUET
/ALDUET
/ADLJE |
/ADDJUET
/ADDJE |
/ADDJET
/ADDJET
/AGDJET
/ADDIEY
/ADDJEN
/ALDJE
/ADDJET
/ALDJET
/ADDUET
/ADDJET
/ALLJE |
/ADDJEN
/ADDJET
/AL JE |
/ADDJE )

-~



e

e Vi

160,617
160.617
162.726
162.726
162,726
16‘0156
62.726
162.726
162.725
166.944
166.944
166.744
166.944
166.944
166.944
166.944
171.163
171.163
171.163
171,163
171.163
171,163
171.163
179.599
179.599
179.599
179.599
179.59y
179.599
179.599
188.03%
188.035
188.030
188.03%
188.035
188.03%
188.03%
196.472
196.472
196.472
196.472
196.472
196.472
196.472
204,908
204.908
204,908
204.908
204.908
204.908
204,908

v.918
b6.127
0.000
1.667
3.221
A.55S5
u.578
6,222
6.442
0.000
1.731
3,344
4.729
5.791
6,449
6.687
0.000
1.6°4
3.233
4.572
2.600
6.246
b.466
0.00v
1.553
3,000
4.243
$.197
5.796
6.001
0.000
1.503
2.903
4.106
S.029
L. 609
$.807
0.000
1.490
2.879
4.071
4,986
5.561
S.757
0.000
1.480
2.859
A.043
1,95

‘Jo.l&..’

U./18

1.586
0.000
6.442

6.222

50»)/8
4.§bb
3.

1.667
0.000
6.687
6.4L%9
5.791
1.729
3.544
1731
0.000
b.466
b.2486
U.600
4,572
Jcsaé
1.674
0.000
6.001
S5.796
$.197
4,243
3.000
1.553
0.000
$.807
L. 609
S.029
4,106
'6'1903
1.503
¢.000
D707
$5.561
4,986
4.071
2.879
1.4%90
0,000
L.718
Jod-ﬁ

+ 95

4.043
2.859
1.480
0.000

TRIANGULAK FANEL TOLERANCE = .003
BOUNDARY COWD1T10N =

SPECIFIED FLOW

TERM = 1

POINTS = ALL

x/

$

0.0

2yUFFER

B-19
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\A‘

™\

/ADDJET
/ALDJE
/ADDJEN
/ADDJET
/ALDJE
/ADDJET
/AbLDRJE
/ADDJE T
/ADDUET
/ALDJE )
/ADDJET
/ADDJET
/ADDJE |
/ADDJET
/ADDJUET
/ADDJEN
/ADDJET
/ALDLJE"
/ADDJE
/ADDJET
/ALLJE
/ADDJE )
/ADDJET
/ALDJE
/ADDJET
/ADDJUE |
/ADDJE
/ADDJUET
/ADDJET
/ADDJET
/ADDJET
/ADDJET
/ADDJET
/ADDJET
/ADDJET
/ADDJET
/ALDJE
/ADDJED
/ADDJET
/ADDJE |
/ADDUET
/ADDJET
/ADDJET
/ADDJET
/ADDJET
/ADDJET
/ADDJET
/ADDJE
/ADDJET
/ADDJET
/ADDJE
/ADDUET
/ADDJET
/ADDJE
/ADDJET
/ADDJET
/ADDJET



X/
X/ THE FOLLOWING DATA ARE THE OUTHLOW VELOCITIES
x/ THROUGH THE PANELS OF THe PLUKE NEIWORK
POINTS = CENIER
-0.037 -0.0%/ =0.03/ -0.037 -0.037 -0.03/
-0.026 -0.026 -0.026 -0.026 -0.026 -0.026
-0.022 =0.020 -0.022 -0.022 -0.0u2 -0.022
-0.029 -0.029 =-0.02% -0.02¢% -0.02? =0.029
-0.038 -0.038 -0.03e -0.038 -0.038 -0.038
-0.042 =0.042 -0.042 -0.042 -0.042 -0.042
-0.048 -0.048 -0.048 -0.048 -0.014 -0.048
-0.043 -0.043 -0.043 -0.044 -0.043 -0.043
-0.036 =0.036 ~-0.036 -0.036 -0.036 -0.036
-0.032 -0.032 -0.032 -0.032 -0.032 -0.032
X/
X/
x/
x/
x/ JROK KKK K OE R E 80 080K R KOKOROROR RSO0 35 0008008 2500 000000 0 00 20 KOKOE X8 85 K L %X
:5 :ttl!t!tttﬁt!!!t!!tt!ttﬁtttitttttttt!l#ttll!l!ltttlt:
x X
x/ X THe *ULLUWING NE'IWORKS FORM THE BASE b3 1
x/ XX OF THE EXHAUS) PLUNE X
x/ XX XX
x/ K OKOKOK 0K 3OK KK KOKOROKOKOKOR 308 0K 07 508008 0K 2508 08 K08 8 08 08 KKK OKOK KK XOK K R X
x/ HOK KRR ROROF 0R08 0 00 000K 000 0K 00KOR I 0ROKUOR 0 008 3008 K886 104K XOKOK XK K X
x/
x/
NETWORK=PLUKME~BASE-SEG-1 7 2
204,908 0.000 S.718
204.908 1.480 $5.523
204.908 2.8LY% 4,952
204.908 4.043 4.043
204,908 4.9352 2.859
204.908 VeLZS 1.480
204.908 U.718 0,000
204.908 0.000 0.000
204.908 0.000 0.000
204.908 0.000 0.000
204,908 0.000 0.000
204.908 0.000 0.000
204.708 0.000 0.000
204,908 0.000 0.000

TRIANGULAR PANEL TOLEKRAKCE = .003
BOUNDAKY COUNWUL1TION = 4, 8»1 b61r3
SINGULAKLIY 1YFES == SAr» DA

*/
X/
x/
»/
x/
x/
x/
x/
X/
x/
x/

KKK AOR K KOKOK KKK OKOKOE ROK R 808 ROK 8 808 200K 08 308 K 3 080K 0K 30K KK R K KKK KOk
KRR 0RO 055 08380000 308830 30KK K K O0OK KOKOE 0K 8 8 88 % 0 608 38 0K KK KK K K

XX XX
% THE FOLLUWING WEIWORKS FORM THE WAKE L 3
X3 FROM THE EXHAUS| FLUME XX
XX L3

KK KKK 0K KK 352K R RSO OR 0K K08 K 008 8 8 30K 0K 0K 0K XOKOK KO8R $0F 84K 4 8.
KK KK KCHKOKKKOKOK ORI ONOKCKCHOR KRR OIS AOK KK KKK K OK K K X
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/ADDJE |
/ADDJEN
/ADDJET
/ALDJET
/ADDJE
/ADDJET
/ADDJUE T
/ADDUET
/ADDJET
/ADDJET
/ADDJEN
/ADDJET
/ALVDJET
/ALDJET
/ADDUET
/ADDJET
/ADDJET
/ADDJEN
/ADDJET
/ADDJET
/ADDJET
/ADDJE T
/ADDJET
/ADDJET
/ADDJUET
/ADDJEN
/ADDJET
/ADDJET
/ADDJUET
/ADDJET
/ADDJET
/ADDJE 1
/ADDJET
/ADDUET
/ADDJE |
/ADDJET
/ADDJET
/ADDJET
/ADDJET
/ADDJET
/ADDJEN
/ADDJET
/ADDJE |
/ADDJEN
/ADDJET
/ADDJET
/ADDJET
/ADDJET
/ADDJET
/ADDJE
/ADDJET
/ADDJET
/ADDJET
/ADDJET
/ADDJUET
/ALNDJET
/ADDJE (



-

R e o ol

LA s s

FDR ‘

x/

NETWORK=FPLUME-WAKE-SEG-1

204.908
457 .997
204.908
457.997
204.908
457.997
204,908
457 .997
204.908
457 .997
204.908
457.997
204.908
457.997

WAKE FLOW FROPERTIES 1AL

BOUNDAKY CORDILT

0.000
0.000
1.480
1,480
2.859
2.8L¢%
4.043
A4.043%
4,952
1.952
5.592%
5.323
L.718
5.718

ION =

J3.718
S.718
V523
5.523
4,952
2,952
4.043
4.043
2.859
2,859
1.480
1.1480
0.000
0.000

WAKE

BEGIN GEONMEIKIC EUGE MATCHING
ENT1RE ELGE +
ENTIRE EDGE

ABUTMENY - 2,2
= 3.4

x/

x/

x/

BEGIN FLOW FROPERILES LAYA

SURFACE FLOW PROFERI11ES

NETWORK-IMAGES
POINTS = CENIER

PRINTOUT = 1+2+8+14,16

x/
x/
FORCES AND MOME

REFEPENCE PARAMETERS = SK»

CASE~-

202 JIzhss:§

NS

1

1

182.0

AXIS SYSTEM = RCS+0.70.r0.r» WAS,

PRINTOUI

CASE = CASE-1
NETWORK-IMAGES
SURFACE = UFPER

END PROBLEM DEFINIY1ON

XXEORXX
XXKEQF %%

NETWORKy

1 B &5

ORIGEaL ¥PET ¥
OF POLR QUALINY

1.0, CRy 1.0
0.90G490.
CONF 1GURA 10N
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/ADDJET
/ADDJET
/ADDJET
/ADDJET
/ADDJE |
/ADDJET
/ADDJET
/ADDJE !
/ADDJET
/ADDJET
/ADDJET
/ADDJET
/ADDJET
/ADDJET
/ADDJET
/ADDJE )
/ADDJET
/ADDJET



~

FROGRAN ALDJIE) ORIGINAL PAGE (5
OF POOR QUALMTY

FROGRAM ADDJET LEVELOFS THE OUTPUT FROM WILMOTH’S RAXJE1 COLDE
INTO NETWORKS THA1 CAN RE USED BY PANAIR. ADDJEY IS THE MASTER
CONTROL SUBROUTINE FCR THIS FROGRAM.

QAN aO0

COMMON /TITL/ T1VLE

COMMON /DUMF/ I0KE(30)

COMMON /PADAT/  OLDIMILsNEWFIL, ENAMEsABUT(A) s IEDGE(6)
COMMON /RAXIN/ MXNFKRsEMIET»TTJIET s THLIP» THETAJ s JOUMs IFRIN
1 y AMINF

COMMON /HNETWORK/ NETWORKsMeNsX(20520)¢Y(20520)rZ(20520)
1 RC» IFLAG

COMMON /CLINE/ YCsYC:ZCsAsBsCsEAREA,DIA

COMMON /FPLUME/ MP(6) s NP (&) s XF(6r20520)sYP(6:20520) »

1 ZP(69205s20)sVFP(6919519)

COMMON /RAXOUT/ RIFMISsXSTA(3I0) s XRATIO(30) »XUNC30)

COMMON /FBASE/ MPB(S) rNFB(6) s XPRB(6:2052) s YFEB(692092)

1 ZFR(6520+52)

COMMON /CUT/ NCUTsCUT(11)

COMMON /WAKE/ MW(S) s NW(E) s XW(E»2920) s YW(E5s2520) ¢

1 ZW(6¢2:20)

a0

CHARACTER TITLEX8OsULDFILR20sNEWFIL¥20,LINEXB80s ENAMEX20s
! ABUT*20 s NETWORK%20» BCXA

a0

NAMELIST /FADATH/ OLLFILsNEWF1Ls ENAME:ABUT,IEDGE
NAMELIST /RAXINN/ XNFRsEMJET s TTJET» THLIFy THETAJ, JOIUM IFRINT
1 y AMINF

c
c
c

CALL ASSIGN(11,"117")
CRRRKERKKEX  READ INFUT DATA KKK SOEN ORRROCRRNR R A O R R R RN R AR R
c

DFEN(UNIT=3FILE: “ADDJET.INF 5

1 STATUS: "OLD")

READ(3s80,END=120) TITLE
80 FORMAT (1X-ABO0)

READ(3,85) (IDMPC(I)s I= 1,20)
39 FORMAT (2011)

GO TO 140

120 WRITE(11,130)
130 FORMAT(1H1s10X» "EMD OF FILE ENCOUNTERED ON INFUCM FILLE")

140 WRITE(11,90) TITLE
90 FORMAT (10X +AB0)

B-22
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po

hait o oo AR i

READ(3IyFADATN) ‘
READC3 s RAXINNY ORIGINAL PAGE 13

OF POOR QUALMY

0

CLOSE(UNIT=3,DIESFUSE: "KEEF’)

c
OFEN(UNIT=9,FILE:OLDFIL,STATUS-"0LD")
OFENC(UNIT=10sFILE:NEWFILsSTATUS: “‘NEW’ v
i CARRIAGE CONTROL=‘LIST")

c

(W

C

Cxxxkkkxkkkkryx  READ FAN AIR DATA FILE  ORRRRIORKRRRA RO R

IFLAG = O
155 CALL READNET
IF(IFLAG.EQ.2) CO 10 170

c
c
c
CRRKKKKKKAKKE  LEFINE THE FLUNE CENTERLINE  RRRRRRAIKIKEIGHRARRRARRA AL AK
>
C
IF (NETWORK ,EQ.ENAKE) THEN
CALL CENTER
CALL CLINE
END IF
c
c
CRAXKKKXKXX  DETERMINE 1HE COORDINATES FOUR THE UFSTREAN KKK KA AR AR K5
CRXKKR KKK EDGE OF THE PLUMS KKK R KRR A A RA R
c
=
c

D0 NET = 146
TF(NETWORK.EQ.ABUT (NE1)) THEN
CALL START(NET)»
NFLUME = NET
END IF
END DO
IFC(IFLAG.LT.2) GU TO 155
c
170 CONTINUE
WRITE(115710)
710 FORMAT(/»20Xy’ALL DATA HAVE BEEN READ FROM THE FANAIR DECK’://)

»
c
CRRKKRK KKK KKK EXTEND THE FLUME UOWNSTREALNM SOKRE R HOR R ROR AR AR RORKOROAE
C
C CALL THE RAXJET CODE TO OERTAIN TRE JET EXFPANSION RATIO IN
C THE DOWNSTREAM DIRECTION AND THE CORRESFONLING INFLOW VELOCITIES
C VELOCITIES. THE VARTARLES ARE FU1 IN THE COMMON EBLOCK /RAXOUT/.
c
IF(JDUM.EQ.1) CALL RAXSUB
IF(JDUMJEQ.O) CALL RAXMAIN
C
c CALL SUBROUTINE "EXTEND" TO EXTEND THE FLUMES DOWNSTREAM
C FROM THE EXIT FLANE.
c

B-23
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CALL EXTEND -
\ URIGINAL PAlLZ tw

OF POOR QUALMY

O

C
C
c
CRRAROKIKOKAKRKAOCOREAANE LEF INE THE FLUME BASE NETWORKS X¥tryorkkkk
c
CALL PBASE
CALL WAKE
c
c

CRRRICKKKKRKKKKERKKRE CREATE THE NEW FAN AIR FILE OCKRSOORERORDEARE
c

CALL CREATE
c

END

B-24




SUBROUTINL KLADNEN ORIGINAL L/.07 )

C
c OF POOR QUALITY
C SUBROUTINE °*READNLT® READS THE FARAIR FILE TO
c DEFINE THL NEX) NETWORK.
c
c
COMMON /DUMF/ IDKF(30)
COMMON /PADAT/ OLDF1LyNEWFIL»ENAME»ARUI (&) IEDNGE(S?
COMMON /NEITWORK/ NETWORKsMsNyX(20,20)»Y(20,20)»2(20,20)»
1 RC» IFLAC
CHARACTER LINEX80» BCX4, NETWORK%2C» ABUTX20
c

CHHKAKKKKKKK  Fonl WHERE THE NETWORK DATA BEGINS  ORMMENOODEAXKK
c

c

200 READ(9,210) LINE

210 FORMAT(ABO)

c
IFC(LINE(132).EQ.7%/7) GU 10 200
c
IF(IFLAG.EQ.0) 1THEN
po I =1, 20
J=1+73
IFCLITNE(I$J) JEQ."BEGL1Y) GO 10 220
END DO
GO TO 200
END IF
C .
&
IF(IFLAG.EQ.1) THEN
P0OI=1,20
J= I + 3
IFCLINECISJ) JEQ. “BEGI “)1THEN
IFLAG =2
GO TO 390
END IF
END DO
END IF
C
c
c
220 CONTINUE
DO I = 1,30
J=1+3

IF(LINE(I$J) JEQ.'NETW’ AND.IFLAG.EQ.0) GO TO 230
IFC(LINEC(ISY) JEQ.'NETW’ +ANDL.IFLAGL.ER.1) GO TO 235
END DO
GO TO 200
C
C

CRokkdokkkxkkkk  FIND THE NETWORK NAME CARD  ORXORKXRNRIERARF KK
C
230 CONTINUE
READNC(?»210) LINE
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C IGINAL PAGE IS
CONY 1NUE OF POOR QUALITY
IF(LINEC132).EQ.“%/’) GU 10 230
N0 I = 1,30
J=1+3
IFC(LINECISJ) WEQ."NET1W ) 60 TO 236
IF(LINECI$J) LEU."GEJM’) THEN
WRITE(11s%) ‘FOUNL THE NEXT BEGLN CARL’
FLAG = 2.
GO TO 380

END IF
END DO

GO TC 230

KROKKKKKOKKK K READ THE NETWORK DATA  HKAKKOK KK KK K KA KR ORNROR AR K

CONTINUE

NOW FIND THE CHARACTERS “NEITWORK =*
IF(LINECLIS2) .EQ."%/7) GO 10 236
po I = 1,20

IF(LINE(ISI).EQ.’=") GO 10 238
END DO

NOW FIND START OF '1HE NETWORK NAME
Nl =1+ 1
DO J = I+1 » SC
IF(LINECJIY) NEL” 7) GO 10 240
N1 = N1 + 1
END DO

FIND END OF THE WETWORK NAKME
N2 = N1
DO I = Jr 50
IFC(LINE(ISI).EQ.’ ‘) THEN
N2 =T - 1
GO TO 2S¢
END IF
END DO
NETWORK = LINE(N1IN2)
GO TO 260

HOOKRKKKKKKRK  READ THE VALUE OF M KOK R KK OE 8 E 0 OR 1R OF R RO KK K K

M =20
D0 I= N2+1 ,80
IFCLINECISI)WNEL ) THEN
READCLINE(III) s 270 sERR=360) M
FORMAT(I1)
NI =T+ 1
IFCLINE(N3IN3) JNE.’  “) THEN
READCLINECISI+1)s280,ERR:360) M
FORMAT(I2)
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N3 =1 42 ORIGINAL PAGE D
END IF OF POOR QUALITY
END IF ' ¢
IF(M.GT.0) GO 10 285
IF(I.GE.79) GO 1U 200

END DO
C
c
CXRMKAKKAOKKKK KRR R READ VALUE OF N KARKKKKOKROKKOK KR E KRR SRR OO KK
C

285 N = 0
DO I = N3, 80
IF(LINECISI).NE.’ ‘) THEN
READ(LINEC(I$1)»290,RR=360) N
290 FORMAT(I1)
TF(LINECI+1:I+41).NE.” ) THEN
READC(LINECIII+1)r300sERR=3460) N
300 FORMAT(I2)
END IF
END IF
IF(I.GE.79) GO 10 200
IF(N.GT.0) GO TO 310
END DO

KHKKRKKRKKAKRKR  REAL THE X»YyZ COCRUINATES RN ROONRONEOOCKOCOCKE R

€363 0 0365

310 READ(?sX) ((X(IsJ)»Y(IsJd)»2(1lsJd)y I=1sM)y» J=1»N)
c
c
CXXRKOIOKKKKRXKR  HEAD THE BOUNDARY CONDITION  XORRRROROAOCERRRRKIORK KR KK
C \
S00 CONT1NUE
READ(?yS510) LINL
510 FORMAT(ABO0)
C
no I 1,10
J=1I+ 3
IFCLINECIJ) JEQ."HUUN’) GO TO 320
TF(LINEC(T ) JEQ.“NETW”) THEN
WRITE(11,Lb30) NETWORK
530 FORMAT(///940Xy’THE BOUNDARY CONDITION WAS NOT FOUND

1 'FOR NE1WORK‘
2 A2U» /930Xy “"FRUGKAK WILL BE TERMIMATED. )
C
STOF
END IF
END O
GO TO %500
e
¢

320 CONTINUE
Do I = 1+76
J=1+3
IF(LINEC(CI{D) JEQ.’UFPFE’) GU TO 325
IFCLINEC(IS ) JEQ.LOWEY) GO TO 325
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IF(LINECLD) JEQ."AVER") GU 10 329 0 Ve,
IF(LINEC(ItD) JEQ.“WAKE ") GO TO 325 RIGINAL PAGE 3

END DO OF POOR QuALITY
0T = 1+6
TF (NETWORK.EQ.ABUI (1)) WRITE(11,520) N&)WORK
END DO
GO TO 325

FORMAT(//»20)s “THE BUUNLARY CONDITION ON NETWORKS AEBUTTING THE'»/»

20Xy ‘PLLUME MUST BE CLASS 1, SUBCLASS UFFPER OR LOWER’»/»20X,
IF THE SUBCLASS INNEX WAS USED INSTEAD OF THE KEYWORL’s/»20Xy
‘THEN CHANGE 10 THE KEYWORD DESIGNATION. THIS MNUST BE DOCNE
o /920Xy “FOR NETWORK “»AZ0»/»20X, "SINCE IT ARBUTS THE FLUME. »//)
CONT1INUE
BC = LINEC(IIJ)
GO TO 3790
CONTINUE

WRITE(11s362) LINE
FORMAT (20X "END OF CARD REACHELU WHILE ATTEMFTING’»
‘ TC READ THE VALUES OF M AND N ON THE FOLLOWING CARD’y
/yABQC)
STOF

CONTINUE
IFLAG = 1

CONTINUE
IF(IDMF(2).EQ.1) WRITE(11,910) NETWORKsMsNsBC»IFLAG
FORMA1 (/9Xy ‘DUMP FROM SUBROUIINE READNET’»

£ OKOKOKOKOK K K K A KK OKOK KR KKK K R K KO AR KOKKOR KR KR KKK KKK KKK KRR KR RA "9/
10Xy "NETWURK = “vA2Z0:/
10Xy’ M= "914y/
10X “ N = “914y/
10Xy’ BC = ‘yA4,y/
1OX ¢’ IFLAG = “y14)
CON1 1NUE
RETURN
END
B-28
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CxOKKOKOKKX  CHECK SYMMETRY IN Y:=0 PLANE

O000n0

ORIGINAL PAGE 13
OF POOR QUALITY
SUBROUTINE CENTEF

FROGRAM CENTER LOCATES THE GEOMETRIC CENTER OF THE
EXIT NETWORK AND CUMFL/ES THE EXIT AREA

THE OFTIZNS AVAILABLE TL DO THIS ARE:

ICENTR = 1 THE CENIEK OF THE EXIT IS COMFUIel AS THE
AVERAGE UF THE FOUR COKNER FOINIS.

ICENTH = 2 THE CENTER OF THE EXIT WILL BE FROVIDED
BY THE USER.

INFUT COMMON BLOCKS = /NETWORK/ AND /PADAT/
COMMON /DUF/ IDMF(30)

COMMON /FADAT/0OLDFILsNEWFILENAME,»ABUT (&) IEDGE(6)
COMMON /NETWORK/ NETWORKsMsNy»X(20+,20)9Y(20+20)+Z(20+20)
BCy»IFLAG

OUTPUT COMMON BLOCKS = /CLINE/
COMMON /CLINE/ XCsYC+ZCyAyBsCyEAREADIA

CHARACTEFR. NETWORKX20,BCX4,ENAMEX20,0LDFILX20,MEWF I, %20

IF(IDMP(3) .EQ.1) WKRITE(11,70%5)
FORMA1 (//+5Xy ‘DUMF FORI SUBROUTINE CENTER XXXKXXKKKKKXK ' 5
7 ROKOK KR XOK KRR R X OENR DR X KX 7 )

(I.E. IF ALL VALUES OF Y ARE ZERO THEN THAT EDGE
ABUTTS THE FLANE OF SYMMEIRY.)

Yi
Y2
Y3
Y4

0.
0.

wowuou
o

0.

DO I = 1M
Y4 Y& + YC¢I»1)
Y2 Y2 + Y(IWN)
END DO

0o J = 1N
i L Yl Y¢10d)

Y3 Y3 + Y(MeyJ)
END DO

<+

[F(Y1 EQ.0.Q.AND.1DUMF(3).EQ.1) WRITE(11,710)
IF(Y2.,EQ.O.C.AND.1DMF(3) .EQ.1) WRITE(11,720)
IF(YZ.EQ.0.O.AND.IDMF(3) . £Q.1) WKITE(11,730)
IF(YA,EQ.0.0O.ANU.1DMF(3).EQ.1) WRITE(11,740)

IF(Y1.,EQ.0.0) ISYM =
IF(Y2,EQ.0.0) ISYM
IF(Y3.EQR.0.0) ISYHM
IF(Y4.EQ.0.0) ISYM

inn
[P
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ORIGINAL PAGE i
OF POOR QUALITY

710 FORMAT(20X, ‘S1DE 1 UF THE EXIT FLANE ABUTS THE ‘»
1 "PLAME OF SYMMEIRYy Y=07)

720 FORMAY (20X, ‘SIDE 2 OF THE EX1T PLANE ABUTS THE 7»
1 ‘PLANE OF SYMMETRY» Y=0)

730 FORMAY (20X, ‘SIDE 3 OF THE EXIT FLANE ABRUTS THE 7.
1 ‘PLANE UF SYMMETRY» Y-:07)

740 FORMAT (20X, ‘SIDE 4 OF THE EXIT PLANE ABUTS 1HE “»

1 "PLANE OF SYMMETRY» Y=07)
C
C
XC = (X(lv1)4X(Mr1)+X(1sNI+X(HyN)) / 4,0
YC = (Y(1s1)4Y(Ms1)+Y(1-NI+Y(MIN)) / 4.0
ZC = (Z(1»1)42(Me1)+Z(1yNI+Z(MWN)) / 4.0
c
IF(ISYM.EQ.1) YC = 0.0
c

CHIOKOKENRKOKKK XY CHECK SYMMETRY IN Z=0 PLANE  XORXKKOOKKAOKE KO K K AR KKK KKK
c
c (I.E. IF ALL VALUES OF Z ARE ZERO THEN THA1 EDGE
C ABUTTS THE FPLANE OUF SYMMEIRY.)
JSYM = 0
c

Zi = 0.
Z2 = 0,
Z3 = 0.
24 = 0.
DO T = 1,M

Z4 = Z4 + Z(I,1)

Z2 = Z2 + Z(IsN)
END DO

no J = 1yN
Z1 = 71 + Z(1yJd)
Z3 = Z3 + Z(Mr»J)
END DO

IF(Z1.EQ.0.0.AND.IDMF(3) .EQ.1) WRITE(11,810)
IF(Z2.,EQ.0.,0.AND.1DMP(3).EQ.1) WRITE(11,820)
IF(Z3.EQR.0.0.ANL.1DMF(3) .EQ.1) WRITE(11,830)
IF(Z4.EQ.0.0.AND.IDUMF(3).£Q.1) WRITE(11,840)

IF(Z1.EQ.0.0) JSYM =
IF(Z2.EQ.0.0) JSYM
IF(Z3.EQ.0.0) JSYHM

1
1
1
IF(Z4.EQ.0.0) JSYN 1

g %Ss

0

810 FORMAT(20X,» “S1DE 1 OF THE EXIT PLANE ABUIS THE ‘»

1 ‘PLANE OF SYMMETRY, Z=0")

820 FORMAT(20X» “S1UE 2 OF THE EXIT FLANE ABUI1S THE “»
1 ‘PLANE OF SYMMEIRY,» Z=07)

030 FORMAY(20Xy ‘SIDE 3 OF THE EX1T FLANE ABUTS THE ‘.
1 "PLANE OF SYMWMEIRYy» Z=07)

840 FORMAY (Z0Xy» “SIDE 4 OF THE EXIT PLANE ABUIS THE “»
1 ‘PLANE UF SYMMETRYs Z=0")
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IF(JSYM.EW.1) ZC = 0.0, ORIGINAL PAGL i3
OF POOR QUALITY

IF ICENTR = 2 THEN XCL(1)y YCLC(1)» AND ZCL(1)
MUST Be FRUVIDED BY USER-=----- ADD CODE FOF THIS!!

CXx¥xxkkx  COMFUIE THE AREA OF THE NOZZLE EXIT WITH THE OKKKICKIKK KK XOR XK
CXxX¥x¥%  MENSUKATION FORMULA FUR A GENERAL QUADRILATERAL KEXXKKIOKKKKX

c
c
c

c
c

0

ooon

THE AREA OF EACH PANEL WILL BE COMFUTED INDIVIDUALLY AND
SUMMED TO GET THE AREA OF THE EXIY.

110 CONTI1NUL

901

EAREA = 0.0

IF(IDMP(3).EQ.1) WRITE(11,901)
FORMAT(//»20X,

1 ‘T J X(Isdy YCIndd Z(TwJd) ASQ ESQ csa’
-

2 ¢ psa FSK Qsa EAREA’)
DO J = 1y N-1
Do I =1, M-1
I1T = 141
Jd = J+1 :
ASA=(X(IrJI =X(1pJ))XXD +(Y(I»Ji)-Y(Ir»J))%%X2 ¢+
1 (Z(TpJJ)~ZC(Isl))%%2
BSQ=(X(ITI»JI)=X(IrJI))XR24(Y1I»JI)=Y(IyJJ))XX2¢+
i\ (Z(ITvJI)=2(C1vJdJd) ) %%X2
CSA=(X(TITy D) =XC(1LlpJI)IXRXR24+(Y(ITrJ)=Y L 11lrJJ))XX2¢4
1 (ZCIT»JI)=Z{1T9JJ))XX2
DSA=(X(1rJ)-X(ITrJ)2XX24+(Y(I»J)=-Y(II»J))X«2¢
1 (Z(I9J)-ZC(II»Jd)I%RX2
PSA=(X(11ls )=X(1sJD)IXX24(Y (11 D =Y(I»JD)) 222+
1 (ZCIT» ) =Z(X9JJ) ) X%2
QASA=(X{11sJI)=XC1J))XX2+(Y (11 rJI)=Y(TI»J))XX24
1 (Z0TT9Jd)=Z(T9J) ) RN

EAREA= EAREA + 0.20%SQK (4.XFSQXQSA-(BSQ+DSQ-ASQ-CSQ)¥x2)

IFCIDMP(3) .EQ.1) WRITE(11-900) I»JeXC(Llyd)eY(I9sJ)r»Z(IsJ)rASQy

1 BSQyCSQRLSU:PSU,QSAyEAREA
FORMA1 (18X,2I3,10F7.2)

END DO

END DO

IF(IDMP(3),EQ.1) WRITE(11,750) NETWORK
IF(ISYM.EQ.O.AND.JSYM.EQ.O.AND.IDMF(3) .EQ.1) WRITE(11,760) EAREA
IFCISYM.EQ.1.AND.JSYM.EQ.O0) THEN

EAREA = Y. X EAREA
IFCIDMF(3) JEQ.1) WRITE(11,770) EAKREA
END IF

IF(ISYM.EQ.O.ANDL,JSYM.EQ.1) THEN
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EAREA = 2. X EAREA OF POOR QUALITY

IF(IDMF(3).EQ.1) WRITE(11,780) EAREA
END IF
IF(ISYMJ.EQ.1.AND.JSYM.EQ.1) THEN

EAREA = 4. X EAREA

IF(IDMP(3).EQ.1) WRITE(11,790) EAREA
END IF

COMPUTE THE EQUIVALENT NOZZLE EXIT DIAMEIER
LTA = SQART(4., X EAREA /3.14159)

FORMAT(/»20Xy "THE NOZZLE EX17T NETWORK IS ’,A20)
FORMAT (20Xs “THE EXIT AREA IS “»F10.3)

FORMAT (20X “THIS NETWORK ARUTS THE "Y*® FLANE OF SYMMETRY’.,

/220Xy 7 IHE 10TAL EXIT AREA IS “»F10.3)

FORMA1 (20X ” THIS NETWORK ABU1S THE °Z*" FLANL OF SYMMETRY’.,

/220Xy “THE TOTAL EXIT AREA IS ‘»F10.3)
FORMAT (20X, “THIS NETWORK ABUTS THE ®*Y® AND ®"Z" FLANES OF
"SYMMETRY ’»/»20Xs “THE TOTAL EXIT AREA IS ‘»F10.3)

IF(IDMP(3) .EQs1) WRITE(11,710) XCyYL»ZCyEAREASVLA

FORMAT(//»
10Xy’ XC = “3F8.3>
10Xy’ YC = “9F8:3s/>»
10Xy ‘ ZC = “9sFB.4s/»
10Xy’ EAREA = “sF8.3+/»
10Xy * DIA = "3FB.3%)

RETURN

END
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ORIGINAL PAGE (5
SUBROUTINE CLINE OF POOR QUALITY

SUBROUTINE °*CLINE® DEIERMINES THE COEFFICIEN(S FOR AN

EQUATION THA' DESCRIRES THE CENTERLINE FATH UF THE FLUME.
THE IN1T1AL DEFLECTION ANGLE IS ACCCOUNIEL FOR.

THE FOLLOWING ASSUMFTIONS ARE MADE IN DLVELOFING THE
FATH CF THE FLUMe CENTERLINE.

1. THE PLUME STARTS AT THE CENTERLINE OF THE EXIT NETWORK.

2.THE INITIAL oLJFE OF THE PATH IS THE SAME AS THt
JET DEFLECTION ANGLE.

3. THE PLUME EXTENLUS ULOWNSTREAMN FOR A DISTANCE OF 10
NOZZLE EX11 DIAMETERS», AT WHICH POINT THE SLOFE IS ZERO

4, THe Y VALUE OF THF PATH DOES NOT CHANGE.

S. THE EQUATION UF "Ht PrTH TAKES THE FOLLOWING
FORM WHERE Z AND X ARE INCREMENTAL VALUES
RELATIVE 10 THE FLUME CENTERLINE.

Z = AXXX*XZ + BXX + C

COMMON /DUMF/ IDMK(30)

COMMON /RAXIN/ XNFR» EMJET»TTJIE1 » THLIP» THETAJy JOUMs IFRINT
y AMINF

COMMON /CLINE/ XCs»YC»ZCrAsB»CyEAREASDIA

X1 = 10. % DIA

THETA = - THETAJ /5/.2958
A = - TANQYHETA) /(2. X ¥1)
B = TAN(THETA)

C =20.0

IF(IDMP(4).EQ.1) WRITE(11,910) A»R,C
FORMAT (/5Xy “DUMF FROM SUBROUTINE CLINE’»

0 ROROK JOKKOF KR R KK K K KK KK KKK OK KK KOROR KR KRR R KK KKKK 9/ y
10X, "CUEFFLCLIENTS OF THE PLUNE CENITERLINE “»
"EQUATIUN ARES "s/510Xy»’A = "»FRH. 4y /910Xy
‘B = "sFB.4y» /910Xy 'C = “sFB8.4)
RETURN
END
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ORIGINAL PAGE 13

OF POOR QUALTTY
SUBRQU) LNE ST1ART (NE1)

SUBROUTINE START READS NATA FOR THE NETWORKS THAT ABUT THE EXIT
NETWORK. 1THE COORDINATES OF fHE ABUTTING EDGES DEFINE 'HE
INITIAL EDGE FOINTS OF THE FLUME.

THE LEADING EDGE OF THE PLUME WILL ALWAYS BE EDGE 4, ANL
THE BOUNDARY COND1TION WILL ALWAYS BE CLASS 2» UFFLER.

COMMON /DUMF/ IDNMF(30)
COMMON /FADAT/ OLLFILsNEWFIL,ENAME»ARUT (6)IEDGE(6) s IRUG
COMMON/NETWORK/ NETWORKsMsNyX(20520) Y (20920 ,Z(20:20)
1 BRCsIFLAGC
COMMON /CLINE/ XC»YCy2CsAsEByCrEAREA
COMMON /PLUME/ MF(8)»NF &) s XP(6520520) 2 YF(5520520)
1 ZP(6520520) 7 VP (65 20)
CHARACTER NETWORKXZ20yBCX4rOLDFILXZ0sNEWFILX20» ENANEX20sABUTX20

IF(IEDGE(NET) .EQ.1.ANL.BC.EQ. “UFPE’ ) 1HEN
MP(NET) = N
DO J = 1yN

XP(NET»Js1l) = X(1:d)
YP(NETyJs1) = Y(1,t)
ZP(NET»Jr1) = Z(1:sJ)
END DO
END IF

IF(IEDGE(NET? .EQ+1.ANV.BC.EQ. "LOWE ") THEN
MP(NET) = N

DO J = 1sN
K=N-J+1
XP(NET»Js1l) = X(1,K)
YP(NET»Jd»1) = Y(1:K)
ZP(NETyJr1) = Z (1K)

END DO

END IF

IF(IEDGE(NET) .EQ.2.ANU.BC.EQ. "UFFE’) THEN
MP(NET) = M
D0 I = 1+M

XP(NET:I,1) = X(1sN)
YP(NET»Is1) = Y(1sN)
ZP(NET»I»1) = Z(IsN)
END DO

END IF

IF(IEDGE(NET) QR +2.AND.BC.EQ. ‘LOWE ") THEN
MP(NET) = M
no I = 1+M
K=M-1+1
XP(NET»Iy1l) = X(KsN)
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YP(NETr1ls1) = Y(KsN)
ZP(NETsIs1) = Z(KsN) OF POOR QuALITY
END DO
END IF
c
IFC(IEDGE(NET) .EW+3.AND.BC.EQ. "UPFE’) THEN
MP(NET) = N
DO J = 1sN
K=N-=-J+1
XP(NETsJr1) = X(M»K)
YP(NET»Jr1) = Y(H»K)
ZP(NETyJr1) = Z(MsK)
END DO
END IF
C
IF(IEDGE (NET) .EQ.5.ANU.BC.EQ. ‘LOWE’) THEN
MP(NET) = N
DO J = 15N
XP(NETyJdr1) = X(MyJd)
YP(NET»Js1) = Y(MyJ)
ZP(NETrJr1) = 2(MyJ)
END DO
? END IF
C
IF(IEDGE(NET).EQ.4.AND.BLC.EQ, UFFE’) THEN
MP(NET) = M
DO I = 1M
K=M-14%1
XP(NETyIs1) = X(Kys1)
YP(NET»I»1) = Y(Ks1)
ZP(NET»Ts1) = 2(K»1)
END DO
4 END IF
C
IF(IEDGE(NET) .£0.4,AND.BC.EQ. ‘LUWE ‘) THEN
MP(NET) = M
DO I = 1,M
XP(NETsIvi) = X(1s1)
YP(NET»Is1) = Y(I»1)
ZP(NET»I»1) = Z(1y1)
ENC DO
END IF
C
C
C

IF(IDMFP(S)JEQ.1) WR1TE(11,910) NEIWORKsNET» (XPF(NETr19»1)y
1 YP(NET»1s1)s2F(NET»1+1)y 1 = 1,MF(NE1))
910 FORMAT(/SXy 'DUMF FROM SUBRUUTINE STARY
£ AOKKKKOROE LK OR KKK K ROK KK RO R OR R RN KKK KKK KKK KK 5 /
10Xy “THE ELGE OF THE FLUME SEGMENT FOLLOWS THA1 ARUTS TO THE
"NETWORK =’yA20y/+10X, 1T IS FLUME FART NUMKBER “+I2s/
10Xy’ XF TF ZP 9 /9 (10Xy3F8.3))
RETURN
END

(S
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OF POOR QUALTTY
SUBROUT 1KE EXTEND

SUBROUTINE *EXTEND* IS SUFFLIED WITH M COORDINATES ALONG
THE FORWAKRD EUGE OF THE PLUME IN THE VARIABLE XF(NETsI»1) ETC..
sesess WHERE NET INDICAIES THE (NET)TH NETWORK OF THE FLUME. IT
IS ALSO SUFFLIEDL WITH THE COEFFICLENTS OF AN CQUATION

DEFINING THE INCREMENTMAL VARIATION IN FLUME HEIGH DOWNSTREAM
OF THE EXIT (AsB).

THE PLUME WILL Bt FANFLLED SUCH THA1 THE M DIRECTION (EDGE 1)
ABUTTS THE NACELLE ANL THE N DIRECTION IS DOUWNSTREAI. THE
*UPFER®" SURFACE WILL BE EXFOSED TO THE FLOW.

THE PLUME WILL EXTEND LOWNSTREAM A DISTANCE OF 10 EQUIVALENT
NOZZLE EX11 DIAMEIERS (I.E. STA = 10 LIA)y AND WILL CONTAIN
THE CUTS DEFINED IN THe FOLLOWING DATA STATEMENT.

oOoo0oOoo0o0o0o00O0O0ao0Oo00

COMMON /DUMF/ IDMF(30)

COMMON /RAXIN/ XNFRyEMJETy TTJET» THLIFs THETAJy JUUMs IPRINT
i y AMINF

COMMON /PLUME/ MP (&) sNP{E) 9 XF (69205 20) 2y YF(6520920)

1 ZP(6920520)sVF(&919719)

COMMON /CLIME/ XLsYCs2CsAsByCyEAREADIA

COMMON /RAXOUT/ NP1SsXSTAC(S0) s YRATIOD(30) s XUN(29)

COMMON /XCU'T/ NCUTS,CUTC(11)

mn

DIMENSION STA(11),RAT110(11)sUNCI0)»XSTAM(LY)»STAM(10)
DATA CUT / 0409042590.5050.7951.0091.5092.00,5.0054.00+95.00+6.00/
c
WRITEC(11s%) “»NPTS:- “H»NFTS
CRRRKRRRKRXAERRR  CHECK DATA FROM RAXJET  XORNRAERNOKKIORKRKOIOKKKIOKOKX K
IF(IDMP(6) .EQ.1) WRITE(11,904)
904 FORMAT(//»3Xy "DUMF FROM SUBROUTINE EXTEND RARRAKKKKKKCKXKKK
1 KRR AORER KRR R R KKK KKK 5/
2 10Xy "NONDIMENSLUNAL OUTFUT FROM RAXJET FOLLOW’»/»
3 10X, I XSTACL) YRAT10(1) XUNCI) ")
IFCIDMF (&) .£Q.1) THEN
N0 116 I=1sNF1S
WRITE(115906) I»XSTACI)»YRATIOC(L)
?06 FORMAT(I10,2F10.3)
IF(ILLT.NFTS) WRITE(11,908) XUNCI)
208 FORMAT(30Xs+F10.4)
110 CONTINUE
END IF

KKK KKKk KkK  DEFINE THE CORNER FOINIS OF 1HE FANELS  XORXKKKAKAKXKK KK

RATIO AT THE STATIUNS 1DEN(IFIED IN THE XCUT DATA STATEMENT.

o000

NCUTS = 11

0

D0 I = 1sNCUTS
STA(I) = CUT(I) % DIA
END DO
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DO T = 1y NPIS ey
XSTA(I) = XSTA(CI) % L1A oriGiNAL PACE 13

a0

CALL DER(XSTA» YRATLOsNP1S>SMy»SN)
CALL CAL(NPT1S»XSTAyYRATIOsNCUTS»S1AYRATI0YSMySN» ISM)

EXTEND THE INITIAL FOIN(S ON THE FLUMNE DOWNSTREAM.

o000

D0 200 NE1 = 146
IF(MP(NET).EQ.0) GO 10 200

DO 120 T = 15 MP(NET)
Do J = 1,NCUTS
XSLOPE = 1. = (STA(J) / STA(NCUTS))
XP(NET»IsJ) = XC + STA(J) +(XF(NE1s1»1)-XC)XRATIO(J)XXSLOFE
YP(NETs1lyJ) = YC + (YP(NET»I»1)-YC) % RATIO(J)
RZ = A X STA(IIRRZ + B X STA()
ZP(NET»Ir»J) = ZC + DZ +(ZF(NEY»I+1)-ZC) X RATIOC(J)

END DO
NP (NET) = NCUTS
120 CONTINUE

(o
1
B
Cc
CREKKOKKKKKKRXRK  COMFUTE QUTHFLOW VELOCITIES  ORMOKAOKORMOR KKK KOKOKK XOK KKK XK KX X
e
i
£

00 I = 1y NPTS

XSTAM(I) = (XSTA(l) + XS1TA(I+1)) /7 2.0

END DO
E

o I=1-10

STAMCI) = (STA(I) + STA(I+1)) / 2.

END DO
G

N1 = NPTS -1
C

CALL DER(XSTAsXUNsN1,SHMySN)

CALL CAL(N1+XSTAMsXUN»10sSTAM»UNsSMsSNy ISM)
c
c
C FINAL VELOCITIES COMPUTEL AY FANEL CENTERS.NOTE THERE 1S
G NO UN VARIATLIUN 1IN THE M DIRECTION.
(e

DO 1S5S0 T = 1yMF(NE)
o J = 1,10
UP(NETyI»J) = UNCJ)
END DO
150 CONTINUE
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,4..:"‘_,“ =5

o

c
c

IFCIOMP(6) s EQIDWRITEC(LILsQ1O0INET s ( (T o Je XPINET»IvJ) s YP(NETIr»J)y

1 ZP(NET»IsJ)yUP(NETs s Jd) o L=12MF(NET) )y J= 19NF(NET))

910 FORMAT(//»SXs CUURLLINATES FOR PLUME SEGMENT NUMBER “»I2y/»
2 10Xy’ M N X Y ZF UN“y />
3 (10X»21 29 X9 AF10.3))

200 CONY1INUE
RETURN
END

ORIGINAL PACE 1S
OF POOR QUALITY
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ORIGINAL PArc !
OF POOR G..\LIT7
SUBROUY LNE PRASE

SUBROUTINE FBASE GENERATES THE DATA FOR 1THE

BASE UF THE FLUME. ONE FLUME BASE NEVTWORK FOR EACH
PLUME NETWUORK.

o000

COMMON /DUMF/ IDMF(30)

COMMON /PLUME/ MP (&) sNE (&) 9 XF(6920520) v YF(6920520)
1 ZF(6920520)yUP(6920520)

COMMON /CLINE/ XCyYCs»ZCysZsRyCstAREAILLA

COMMON /XCUT/ NCUTsCUT(11)

COMMON /PBASE/ MPB(6) yNFB(6) s XFR(652092) s YPR(6s2092)
1 ZFB(6» 20, 2)

DXRASE
Dz

CUT(NCUT) X DIA
A X XBASEXXZ + B % XBASE

XBASE
YRASE
ZBASE

XC + DXEBASE

ve \
A

ZC + DZ

L T 1|

0

DO I = 156

o000

IF(MFP(I).EQ.0) GO 10 100
MPB(I) = MP(I)
NPB(I) = 2

DO J = 1, MP(I
XPB(IyJrl)
YPB(IyJr1)
ZPB(IyJy1)

XP(1yJsNP(1))
YPCIs»JyNF (L))
ZFP(1sJeNFC(I))

o~

XPB(I»Jr2)
YPB(IyJs2)
ZPB(I»Jy2)
END DO
100 CONTINUE
c
c

XBASE
YBASE
ZBASE

IFCIDMP(7) sEQe1.ANDMH(I)WGT.0) WRITE(119y910)> Iy ((JyKyXFEC(IyJsK)
1. YPRB(Is»JeK) 9y ZFB(Is»JyK)y J=1sMPB(1))y» K=1,NFR(I))
210 FORMAT(//+ySXy 'DUMF FROM SUBRUUTINE FEASE XRXKKKAKKKKKIOKKKKEENL

1 /910X "UATA FOLLUW FOR PLUME BASE SEGMENT NUMBER “+12y/»
2 10Xy M N XHR YFR LFB 7y
3 /3 (10X+214+3F10.3%))
c
c
END [0
c
RETURN
END
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ORIGINAL PACL T

SUBROUT INE WAKE OF POOR QUALMY
c
C SUBROUTINE *WAKE® LETEKMINES THE COORDINAIES FOR WAKE
c NETWORKS THAT EMANATE FROM THE FLUME BASE.
c EDGE 1 1S FORCED 10U ABUI THE PLUME BASE.
C
C
COMMON /DUMP/ IDMP (30)
COMMON /CLINE/ XCsYCrZCrAsBsCrEAREA,LILA
COMMON /FBASE/ MPB(6) sNFE(&) s XFB(692092) s YFR(652052)
1 ZPB(4y2052)
COMMUN /WAKE, MWCE) sNW(E) s XW(6r2920) s YW( 6929200 s
1 ZUW(by2920)
c
c
c
c
C
C
c MATE EDGE 1 OF WAKES TO THE PLUME BASE
DO 100 1 = 1s &
IF(MPB(I).EQ.0) GO 10 100
NWAKE = I
c
DO K = 1sMPB(I
XW(Is1sK) = XPB(lsKs1)
YW(Iv1lsyK) = YPB(IyKyl)
ZU(Is1sK) = ZPE(IsKs1)
c
XW(TIs2sK) = XWCIs1sK) + 30. % DIA
YU(Tr29K) = YW(1y1sK)
ZUCTIs29K) = ZWC1s1sK)
c
MW(T) = 2
NWCI) = MPB(I)
[
END DO
TF(IOMP(8) .EQ.1) WRITE(11s910) 1y ((JrKsXW(lsJsK) s
1 YWCTsdoK) s 2WCTydrK) s d=1 s MW (L)) pK=1sNW(1))

210 FORMAY (/. 95Xy DUMF FROM SUBROUTINE WAKE'»

1
2 13Xy’ THE COOURUINAITES FOLLOW FOR WAKE NUMBER “r1ly
3 /913Xy ‘M N xXuW YW ZW 9/
4 (10X»21494F10.3))

100 CONTINUE
RETURN
END



ORIGINAL PACE 13

OF POOR QUALITY
SUBROUTINE CKREATE

SUBROUTINE CREATE USES THE OLD FANALIR FILE AND THE
COMFUTED LATA TO CREATE A NeEW FANALR FILE WITH THE

FLUME NEIWORKS AND THE ASSOCIATEL OUTHFLOW VELOCITIES.

oOoo0oo0o0

COMMON /T117L/ TITLE

COMMON /DUMF/ ILMF(30)

COMMON /PADAT/ OLLFIL» NEWF1Ls, ENAMEsABU1I (&) IEDGE(6)
COMMON /RAXIN/ XNFRsEMJET» TTJET » THLIF» THETAJy JDUMy IFRINI
1 y AMINF

COMMON /NETWORK/ NETWORKyMsNsX(20920) Y (20920)52(20+20)
1 ) BCy IFLAG

COMMON /PLUNME/ M (&) sNF(8) s XF(6920920) 3 YF(5+20920) »

1 ZP(6+20920)»VP(61919919)

COMMON /PBASE/ MFB(&)yNFB(A) s XFB(6920+2) v YFB(E92092)

1 ZFB(A920¢2)

COMMON /WAKE/ MW(SE) sNW(E) o XW (&9 2920) 9 YW(Er2920)

1 ZW(&692+20)

CHARACTER TITLEX80s OLDFILX20y NEWFILX20s LINRX80,» ENAMEX20,
1 ABUTXZ20» NE'TWORK%X20» BCX4,y CARDXA
C
REWIND 9
c
Ckxxx¥x READ AND WR1ITE UNVTIL THE °*REGIN GLOBAL LAVTA® CARD IS FOUNL XXXX
c
100 CONI1NUE
READ(?y110) LINE
110 FORMAT(AB0)
c
Do I =1, 20
J=1¢+3
IF(LINE(IZJ).EQ."BEGL1") GO TO 150
END DO
WRITE(10,120) LINE
120 FORMAT (ABO)
GO TO 100

150 CONTINUE
Do I =1,y 20
J=1+3
IF(LINE(IZJ) .EQ.'GLOB") THEN
WRITE(10+:169)
WRITE(10y162)
WRITE(10y163)
WRITE(10y164) TITLE(1:50)y OLDF1LyNEWFIL
IF(JDUMJNE.1) WRYTE(105166) XNFPRyEMJET» 1 TJET s THLLIFy THETAJ
IF(JDUMJEQ.1) WRITEC(10,148)
WRITE(10,170)
END IF
END DO
c
160 FORMAT(
1 "%/ K KKK KKK KK AOK K KKK K OK K KK K OK AR OKOKKOK K OK KKK KK IO KKK KKK KK 7

B-41




163

;

164

2
3

4
S %/ L3 3 4
& '’
7 'x/ KKK
8 ‘IR
? "%/ XX
1 ¢

1 "%/ KK
3
3 "X/ XXX
4 '/
S 'x/ KX
&

7 X/ KK
8

FORMAT (

1 "%/ XXX
2 Y

3 "%/ L2 2
4

S "X/ XX
& !

7 'x/ XXX
8

9 ‘x/ L2 2
1 718

1 "%/ L 3.2 4
3 7

RERS V4 KKK
4

FORMAT (

X/ KX
‘TED

“R/ XX
‘LOFED

X/ X
X/ XKk
X/ KX

X/ KX

R+ 0 ODONNOWU DEHNN-
~

FORMAT (

1 "%/ XXX
2 "%/ XXX
3 /

4 "%/ XXX
9

- ¥4 KKK
7

ORIGINAL PASE 13
OF POOR QUALITY
R KKKRKKKRKKKERK 91 74y “ /JADVJIET "9/ )
X/ KKK KKK K KK KKK K KK KK K KR K K 30K K KKK OK OK KKK OKOKOKKOK KOO KKK 7
CMRAKRRREERKKRKKKKKK » T74, " /ALLJIET "9/

XXX 91745 " /ADDJET "9/

v

THE FLUME STMULATION IN 1H1S FPAN A’

XXX 9174y /ADDJE " v/

FILE WAS INCURFURATED WITH THE

KX 9 | 745 " /ADDIEY "9/

XXX’ 3y T74 7 /ADLJIET v/
ADDJET CUDE
XXX’ 9174 /ADDJET "9/

XXX 917497 /ALLIEL "9/
WK1T1EN BY
XXX 2 T74y 7 /ALLJEL )

’

GEORGE A. HOWELL AND ISHWAR C. BHATELE®

XXX 9174y /ADDJET "9/
GENERAL DYNANMICS CURFORATION
XXX o174y " /ADDJE) "¢/
FORT WORTH D1IV1ISIOUN
XXX’ 9174y /ADDJET 9/
FURYT WORTHs TEXAS
XXX 91745 /ALVLJIEY "9/

’

PHONE (817) 732-4811 EX1ENSION 44°

XXX’ V74" /ADLJIEL "9/
XXX 91748y /ADLJET "9/

KXE 9 (7457 /ALDIEL ")

’

THE 2-D Jk' CHARACTERISTICS WERE COMPU’

XXX 21,4y /ADDUIET "5/

WITH THE RAXJE'1T FLUME MOLELING CODE DEVE-

XXX 9 T74,y 7 /ADLJIE) "9 />
BY FI1ICHARL G. WILMOTH
XXX 9174y’ /ADDJET "5/
NASA/LANGLEY RESEARCH CENIER
XXX 9174 /ADDLJET "9 /»
XXXy (745 /ADDJIEY " v />

XXXy T74, /ALLJET )

rAZOY 1709 XXX /ADDJET "»/»

XXX 9174 /JALDIEY "+ />y

ORIGINAL FILE = “yA20y
T70y “%%XX /ADDJET 9/
NEW F1LE - TrAZ0y

T70y “%X%% /ADDJET( ")
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C

o000 0

166 FORMAT(

1468

170

172

Xxxxxx READ AND WRITE NETWORK

200

DUINFH = O0DODNIAOM-

P S B S

HDOUINFOADEHN-

‘x/ KK
X/ KX
‘x/ KX
X/ KX
"X/ X
X/ KK

FORMAT (
‘x/ XXX
X/ KX
X/ kX

FORMAT (
K/ KK
'R/ XK
X/ KX
X/

T70y " XXX
T70 " KXX
T700 XXX
T70 " XXX
T70 " XXX

T70 XXX

T70 " XXX

T70s XXX

T70 " XXX

T70s “ XXX
T709 " XXX

T70y " XXX

ORIGINAL P27 E 1]
OF POOR QUALNY

/JADDJE L "9/

NOZZLE PRESSURE RATIU =k bey
ZADDJETL "9/
JET EXIT MAMCH NUMBER =" yFb.3»
/ADDJET "¢ 7/
JET EXIT TEMFERAIURE =/ yFédely

/ALDJE) "9/
NOZZLE LIF
/ADDJET "9/
Jt'I DEFLECTION ANGLE ="9Fb.2y
/ADDJEY 7))

ANGLE

='yFb.2»

’
’

/ADDJET "¢ />
A SOLID PLUKME WITH NO INFLOW VELOUCIYY »
ZALDJEN v/
IS SUMILAIED
/ADDJET “)

IN TH1S PAN AIR FILE “»

/ADDJET v/
/AVLJEN "9/

/ALDJET "o/

KKK K ROR 220K 0K K KKK KK KKOKOK R OKOK KK OKOK K OKOR R ROE RO RORRORROR KRR KK X 7y

CRRHLRERRKERERKEKRRK »T74,“ /ADDJIEN "¢ /»

"%/

KK OKOK KRR R 0OE E0 XK K K OK KRR HOKOK KK KOKCROKIOE R R KR R RO KK X 7

CRRRROKKRRRKRRKKREEXR " 1 74 /ADDJIET ")

WRITE (10,172)
FORMATC( X/ s /v "X/ ")

CONTINUE
NETWORK -

"X

WRITE(10,120) LIKE

XXXXX”

READ(9y110) LINE

IFC(LINE(1:2).EQ."%/")

DO I = 1,
Jd =

20

I + 3
IFCLINEC(ISY) JEQ/RETW")
IF(NETWORK.EQ.ENAME)

DATA UNTIL EXIT NETWORK 1S5 FOUND XXXk%x

GO 10 210

CALL READTILC(LINEsNETWORK)
THEN

CALL BLKEXIT(L1INE,CAKL)

IF(CARD.EQ. "BEGL ")

WRITE(10,120)
GO 70 230

END TF

GO TO 240
LINE

-s



ey

A

.

END DO ORIGINAL PACE 15
C ALITY
210 CONTINUE OF POOR QU
WRITE(109120) LINE
GO TO 200
c

Caxxxx READ AND WRITE NETWORK DA'A UNTIL NEX1 "BEGIN' CARD IS FOUNL XxX%xxXx
c
230 CONTINUE
READ(9,110) LINE
IF(LINECL1I2).EQ."%X/7) GO 10 235
DO I = 1,2
J=1+3
IFCLINE(I®J) JEQ.“BEGY”) GO 10 240
END DO
235 CONTINUE
WRITE(10r120) LINE
GO TO 230

OOOKXKX INSERT PLUME» PLUME BASEs AND WAKE DATA  KKOOKRRRIOOIOOKIOKKKOKKOK K

OoO0O00o0n

240 CONI1NUE
CALL ADDFPLU
CALL ADDPLBA
CALL ADDWAKE
Cc
CRUXKKRKXKXXKXTRANSFER REMAINDER UF CARDS 10U NEW FILE JORXKKKKOKKKOKCK KRR K
c
WRITE(10,120) LINE
260 CONTINUE
READ(9»110+ERR=280) LINE
WRITE(10,120) LINE
GO TO 260

280 CONTINUE

WRITE(11:2%0)

290 FORMAT(/»30X»” FPROGRAM COMFLETE ")
RETURN
END



=/

o000 on

c

ORIGNAL FPACL '3

DR QUALTTY
SUBROUT1NE KEADTTL (LINE»NE1WUKK) OF FOOR Q
SUBROUTINE *READTIT® READS THi NETWOKK 11TLE CARD TO
DETERMINE THE NETWORK NAME.

CHARACTER LINEXBO» WNEIWIRKX?)

CRoookokxkkk READ THE NETWORK TITLE  0K0K0KRKOKKOKK KK OE KK KKK KKK

000

240

n0 I = 1,20
IFCLINE(ISID).EQ." =) GO 10 238
END DO

NOW FIND START OF THE NETWORK NAME
N1 =1+ 1
DO J = I+1 » SC
IF(LINE(JIJ)W.NE.” ) GO 10 240
N1 = N1 + 1
END DO

FIND END OF THE NEIWORK NAME
N2 = N1
DO I = Jy SO
IFCLINE(III)LEQ.” ) THEN
N2 =1 -1
GO TO 250
END IF
END DO
NETWORK = LINE(N1IN2)

RETURN
END



o000 o0

o]

00

80

160

2?0
100

120

130

ORIGINAL PACE 15

OF POOR QUALITY
SUBROUT1NE BLKEXIT(LINEsCARLD)

SUBROUTINE “BLKEX11" PLACES "%/" 1IN THE FIKST TWO
COLUMNS OF THE EXIT NETWORK CAROS TO NULLILFY
THE INFUT FUR THA1 NEIT1WORK.

COMMON /DUMF/ IDHF(Z0)

CHARACTER LINEX80» CARDX4

WRITE(10580)
FORMATC( X/’ s 174y " /ADDJET "9/ "X/ 91745 /AL JE1 ")

WRITE(10,160)
FORMAT(
1%/7 910X » 7 XORANCHOR KRR OKRKOKIOIOROKOK A KOKOKOKOKOK KKK KKK KR SO0 OEREROR RO RORKOKX “ o

T745/ADDJIET v /2 "R/ "y

TOX p 7 AOKR KK XL KK R 7 K OKR KOK KK KK KK AR RORCKROKOR R ORKORXCOR KRR KKK KX 7y
T74, " /ADDJET "= . "R/ 7

10X s 7 A0ROKRR KKK KR 0K KR TR 50K 0K 0K ROKOKOR K OKOK KKK SOKKOKORRXORR R KKK X 7
T74y’/7ADLJET "}

1 T74, ' /7A0DJET v /s "X/ 7y

2 10Xy 7 BOKOKKOKKOKK KK R K KK KK KK KKK IOKOK KK KKK OKKOKORKOKE ORI RO 7
2 T74y " /7ADDJET "9/ "X/ " »

3 10Xy " %X XXy
R T74y " /ADDJIET "o /» "X/ " s

4 10Xy “ X% THE FOLLOWING NEITWORK HAS BEEN NULLIFIED XAy
S T74, " /ALDJIEN "9 /9 "X/ " »

6 10Xy " %% BY THE ADDJE} CODE XXy
6 T74,’/7A0LNJEN "9/ 9 "X/ " »

&6 10Xy X% XXy
6

7

7

8

8

WR1TE(10,80)

WRITE(19s90) LIKNE

FORMAT (" X/ »A/0» 174y /7ALLJEY *)

CONTINUE

READ(9s110) LINE

FORMAT (A70)

IF(LINE(132).EQ."%/7) GO T0 120

DO I = 1,20
J=1+3
CARD = LINEC(I:D)
IFC(LINE(ISI),EQ."NETW”) GO TO 130
IF(LINE(12J).EQ."BeGI’) GO 10 130

END DO

CONTINUE

WRITE(10590) LINE

GO TO 100

CONTINUE
RETURN
END
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ORIGINAL PARE 13
SUBROU 1NE ALDPLU OF POOR QUALITY

SUBROUTINE "ALDFLU® ADDS THE PLUME NETWORKS 10
THE NEW FAN AlR F1LE.

COMMON /DUMP/ ILMP(30)
COMMON /PLUME/ MF (&) s NP(8) 1 XP(6920+20) s YF(65205,20)»
ZP (69209 20)yVUP(6919919)

DO 400 I = 1+6

M = MP(I)

N = NP(I)

IF(M.EQ.0) GO 10 200

CHXRXKKXR%kXX  ADD A BANNER BEFURE THE PLUME DATA XAKKXKERKOKEX

C

130

(>

c

MODNNDIOTPOODBDDPGG RN

WRITE(10,100)

FORMATC( X/ 774, " /ADDJET "+ /9 "X/ 79174 " /ADDJET ")
IF(I.EQ.1) WRITE(10:130)

FORMA'l (

17%/77 5 10X » 7 RRRAKKKROKOKKOKRIOK A OR KOE KKK KK KR AOKRKKOKKOK KKK ROK RO OK KKK ORKOR XK X

T74y " /ADDJEN " s /e "X/ "y
1O Xy 7 RO F KK 5K K 0K KK K K K R KOK KOKKOK R R E 0 E K K0F K K OR K ORKOKOR OO KKK KNOKCK K KX 7
T74y’ /ADDJET 9/ 'K/ "5
10Xy 7 XX KKy
T74y " /ADLIET /9 "X/ "y
10Xy ‘%% THE FULLOWING NETWORKS SIMULAITE THE EXHAUST XK’y
T74s " /ALLJEN "9/ "X/ »
10X " XX FLUME AND THE OUTFLOW VELOCL1T1ES XX’y
T74y /ADVJIET "9/ 5 "X/ »
10Xy " %% XXy

T74» " /ANNJET "9 /9 "X/ " s

10Xy 7 HORBORE KKK KKK KKK K KKK K IOK K KOK KRR OO KKK K OK KK OB R AR OO KOK 7y
T74, " /ALDJIET "9 /5 "X/ »

10Xy 7 BORA KRR K KKK KKK KK KK OROKRK KR KK KKK KEOKKOK KOKJOKOK K ROKOKIOR AR EER 7
T74,’/ADNDJE 7))

WRITE(10,100)

CRAKKAOKKOKKE WRYITE NETWORK TYITLE AND CORNER FOINT LATA RAKKKKKIOIOKOKK KKK

C

140

a0 na

150

WRITE(10r13U) 1sMsN
FORMAT ( ‘NET1WUORK=FLUME-SEGMENT-"»11,5X» 189 UXsI3»T74, ' /ADDJET ")

00 K = 1sN
no J=1r M
WRITE(10+140) XP(1sJsK)sYF(1yJsK)esZF(IyJyK)
FORMAT(3F10.39T74 “/ALLJET )
END DO
END DO

KKK KK X WR1ITE BOUNDARY COWDIVION DATAy ETC. KKK KAKKIONE RN AR E KK

WRITE(10,150)
FORMAT (“TRIANGULAK FANEL TOLERANCE = ,003»174y /ALDDJET ")
WRITE(105160)
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CRIGHIAL PACE 10
OF POOR QUALTTY

160 FORMA1 (“BOUNUARY CONUITION = 2»UFFER’»T74, /ADDJET ")

WRITE(10,170)
170 FORMAT(’SPECIFIED FLOW’»T74, /ADDJE ")
WRITE(10+180)
180 FORMATC’TERM = 17 »T74,  /7ADDJET ")
WRITE(10,189)
185 FORMAT(’POINIS = ALL % 0.07s174»'/ADDJE1 ")
c
C

CRFOOORRKOKKKR KRR WRITE THE FLUME OUTFLOW VELOCITIES XXKAARKKKKKKKKKKK
c

WRITE(10,100)
WRITE(10+s190)
190 FORMAT(’ %/ THE FOLLOWING DATA ARE THE OQUTHFLOUW VELOCITIES’
1 T74s " /ADDJE (" s/ "X/ THROUGH THE FANELS OF THE 7
2 ‘PLUME WETWORK’»T74y’/ADDJEN ")
WRITE(10,200)
200 FORMATC(’PUINIS = CENTER »174://A0NNJET ")
G
DO K = 1y N-1
M1 =M -1
IF(M1.EQ.1) WKITE(10s1) (VUP(IsJyK) »J = 1s K-1)
IF(M1.,EQ.2) WRITE(1092) (VUP(IyJ'n) »J = 1y M-1)
IF(ML.EQ.3) WRITE(1053) (VP(1yJsK) »J = 1, M-1)
IF(M1.EQ.4) WRITE(10s4) (VUP(IyJyK) »J = 1y M-1)
IF(M1.EQ.Y) WRITE(109S) (VPC(I»JeK) »J = 1y M-1)
IF(M1.EQ.6) WRITE(10s8) (UP(lyJyK) »J = 1y M-1)
IF(M1.GE.7) WRITEC(10+7) (UP(XeJsK) »Jd = 1 M-1)
WRITE(115300) 1sJyKy (UP(IsJyK)eJ= 1sH4-1)
300 FORMAT(SX>3I4,15FH.3%)
END DO
1 FORMAT(1F10.39 1745 /A0LDJEY 7))
2 FORMAT(2F10.3,T74. /' /ADDJET “)
3 FORMAY (3F10.45774,y 7 /ADDJEY ")
4 FORMAT(4F10.4»1 74y " /ALDJIET 7))
=] FORMAT(SF10.3sT74y " /ALLJIET ")
b FORMAT(4F10.3%5T74y ' /ADDJEL ")
7 FORMAT(?F10.49174y " /ADDJET ")
(
WRITE(10,100)
G
C
400 CONTINUE
RETURM
END



ORIGINAL PAGZ IS5
OF POOR QUALITY

SUBROUTINE *ADDFLBA® ADDS THE FLUME BASE NEIWORKS TO
THE NEW FAN AIR FILE.

SUBROUT1NE ALDFLEA

o000

COMMON /DUMF/ TDHMF(50)

COMMON /PBASE/ MFR(&6) yNFB(6) s XPR(E692092) s YFE(6120+2) »
1 ZPR(692092)

0 400 I = 1,6
MPB(I)

NPB(I) ,
IF(M.EQ.0) GO TO 400

D
M
N

Cc
CREXRXAKKKXX  ALD A BANNER BEFOURE THE FLUME BASE DATA XOKXKKKRKKKRXKXK
G

WRITE(10+100) .
100 FORMAT(/ X/ 174" /ALLJETLN "2 /2" X/ s T74y ' /ADDJE ) 7))

TT(ILEG.1) WRITEC10:130)

130 rURMAT(

17K/ 7 w 10Xy 7 30OKKOKOR KK KKK 0K KK KKK ROK K KOKOK KKK OKOKOK KOK K KKK OR R ORKOK KR K XK R KK KK 7
T74y/7A0NNJET "9/ 9 "X/ " »
TOX 9 7 HOKRN R K AR KOR MOK KKK 2K K 3 K 3K 0O K KOKOK K K K K KKK K OKOKOKORKOROIOE RO R R R KX 7
T74y " /ALLJEL " s /2" K/
10X " %X XX’y
T74y “/ALNJEY "9 /9 "X/ "y
10Xy %% THE FOLLOWING NETWORKS FOURM 'THE BASE XK’y
T74 " /7ANLJET "9/ 9 "X/ "y
10Xy “ XX OF THE EXHALUST FLUME XXy
T74, " /ALNJET v /s "X/ "y
10Xy " XX XXy
T74y " /ADDJET v/ "X/ " »
TOX w7 RO K KK KKK K K % 507 357 58 XK KK KK KK OR K K X0OK K KO KK KKK KR KK KRR KKK 7 »
T74y " /ALLJETT "2/ "X/
10X » 7 350K HOK K OK K OKOKOK KKK OKOK R E R KR K0OKOK K K OK R KKK KKK OKKOK KRR K OK KRR KX 7y
T74, ' /7ADDJET 7))

VDD NNITOPOPODBELIGNI -

15
WRITE(10,100)
C
CRXRKOKKKKKKXK WRITE NEITWORK 117TLE AND CORNER POLINT LATA XKXRXCKKRIOKKXK K KX
C
WRITEC(10,13%) 11N
135 FORMAT('NETWORK=FLUME-BASE-SEG="9I1+5X»13+s5X»1%»174,

1 ‘/ANDJET )
€
00 K = 1yN
no J=1, M
WRITEC(10y140) XFPB(I»JsK) o YFRB(L»JeK)Y,2FR(IyJrK)
140 FORMAT (4F10.2+sT74, ' /ALDLJET 7))
END DO
END DO
C
G

CHRIOOKKKKKKKKX WR1ITE ROUNLARY CONDITION DATArs ETC.  RIOKAKKOKIOKIOKREONOOAL K
c
WRITE(10,150)
150 FORMAT(’TRIANGULAR FANEL TOLERANCE = .0037,40X, /ANDJE) ")



-~

160

170
400

WRITE(105160)

FORMAT (“BOUNLARY COUNDYTION = 4y 8yl

WRITE(10»,170)

FORMAT (“S1INGULARITY TYFES =

CON1 1NUE
RET'JRN

END

ORIGHAL FACE 1S
OF POOR QUALTTY

69379174y " /ALDJEL ")

SAy DA’y /74y /ADDJET ")




ORIGINAL PACL o
SUBROUTINE ADDWAKE OF POOR QUALITY

SUBROUTINE "ADDWAKE® ADDS THE PLUNE WAKE NEITWCRKS TO
THE NEW PAN AIR FILE.

o000

COMMON /DUMF/ ILMP(50)
COMMON /WAKE/ MW(&) yNW(E) +XW(S692y20) s YW (69 2y20)»
1 ZW(&6y2,20)

DO 400 I = 1+6
M = MW(I)
N = NW(I)
IF(M.EQ.0) GO TO 400
c
CxxRRRKKKXX  ADD A BANNER BEFORE THE PLUME WAKE DATA XOKKKKXKKKXKX
c
WRITE(10,100)
100 FORMAT(’%X/“»174y"/ADDJE1 "¢/ "%/’ +T74, “/ADDJIE ")
IF(I.EQ.1) WRITE(10,130)
130 FORMAT ¢
L7K/77 510Xy 7 XORAARRROE MR ORI OKK K HOK KKK K KKK RO KKK KO K XORKIORR KKK KX 7 o

T74, " /ADDJET s/ %/ ¢
1OX » 7O KR K0R KKK R KK KKK 0K KK KK K KK R KK K KK KK OKSOIOK ROK KKK KKK KKK 7
T74y " /ADDJET v/ v "X/ "y
10Xy 7 RERNE K KRR KKK K KKK KK KK K K OK KOK KOO KK 8 K08 88 F 0K XOKK KKK KKK 7y

T74, ' /ADDJET 7))

1 T74 " /ADDJE L s /v "X/ " » ;

2 10X » FRRER IR R AR KRR OK KKK OROK K OKOK KKK K K OK K OKOKOR K ORKOKRKOIORR KKK XK “ o
2 T74s " /ADDJET v /9 X/ »

3 10X» XX XK’y
3 T74s " /ADDJET "9 /92 "X/ " »

4 10Xy “%X%X THE FOLLUWING NETWORKS FORM THE WAKE XK’y
4 T74y " /ADLJET "9 /2" X/ " »

& 10Xy " X% FROM THE EXHAUST pPLUME XKy
é T729/ADDJR1 "9/ "X/ »

é 10X X% . Xy
é

7

7

8

8

c
WRITE(10,100)
CRRRKRKKKAXXXX WRITE NETWORK TITLE AND CORNER FOINT DATA XAKKKEFKKRKKKKKXK
C )
WRITE(10,135) IsMeN
135 FORMAT(/NETWORK=FLUME-WAKE-SEG-"»11+5XsI39ySXyI3,T74,

1 */ADDJET )
C
D0 K = 1sN
DO J =1, M
WRITE(10s140) XW(IlsJrK) s YW(I»JrK)eZW(1r»JsrK)
140 FORMA'T (3F10.391774y 7 /ALLJE) )
END DO
END DO
c
C Al

CRAKKKORXK X m &K WRLTE BUUNUARY CONDITION DATAs EI1C.  RROKKIOKICKIOIOIOKKOKKKOKKK K
C

WRITE(10+150)
130 FORMAT(’WAFE FLOW FRUFERTLIES 1AG’»T74y’/ADDJEL ")

WRITE(10+160)

B-51

&




1460
400

FORMAl (“HOUNDARY CONDITION -

CON'I INUE
RETURN
END

L
OF POOR

1y  WAKE 17,774y /ANNJET )

pACS (S
Qu ALITY
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C
c

ROKOK K KK KK K K K K 8 88 15K K K KK 50K 80K K KK KK KK KK KK KOKOE JOKKOE O E KKK OKOKOKOK KK AR KOKOK KK X

c
c

R OK KKK KKK K K KK KKK KKOF 0K K 508 88 10K KOKOK KOK KOK SOKKOKKKOK KKK K CKOKKOIOKOR SRR OK KKK KKK 0Kk

c

0ooo0n

c

>

SUBROUTINE CAL(NsXrVYeNXsXHyYByUMyUNy ISM)
SPLINE FIT N VALUES UF Y AS A FUNCYIION OF X
COMMON /NUMF/ 1LMP(30)

DIMENSION X(1),Y(1)sXB(1)»YRB(1)

DIMENSIUN FF(30)yFPP(30)»FFPF(30)»FIF(100)

DATA PT/.3333333838838333/

IF(IDMF(7).EQ.1) WRITE(11,910) (1yX(1)»Y(1)y I=1sN)

210 FORMAiI(///920Xy ‘THE INFUT DATA Y0 CAL IS’ »/»20Xy

6

10

30

40

1 £ 1 : X Y7 9/9(16X91452F10.4))
CONTINMNUE
ISM=0
KM=1
KN=1
K =1
M=1
I =M
J = MK
DS =X(J)-X(I) - P
i = go ORIGINAL PAC: Ty

IF (DS.EQ.0.) GO TO 150 OF POOR QUALITY
DF = (Y(J)~Y(I))/DS
IF (KM=-2) 1052030
.S
3. (DF-UM) /DS
0 TO S0
0.
UM
0 TO 50
—10
-DSXUM
0 TO S0
J

i

J+K

S = X(J)=-X(I)

F (DXDS.LLE.O.) GO 10 1350
F = (Y(D)=-Y(I))/DS
B = 1./(DS+LS+U)
U=B%xDS

V = BX(46.XDF-V)
FP(I) = U

FFP(I) =V

U = (2.-U)%xDS

V = 6. XDF+DSXxV

IF (JJ.NE.N) GO T0 40
IF(KN=-2) 60+70,80

u
v
G
u
Y
G
U
v
G
I
)
D
I
D



T -«

o000

60

70

80
?0

100

130
140

V = (6.XUN=-V) /U

GO TO %0 ORIGINAL PAGE (5
V = UN OF POOR QUALITY
GO TO 90

VU = (DSXUNHFPP(I)) /(1. 4k (1))

B =V

D = DS

DS = X(J)=-X(I)
U = FPP(I)=FFP(L1IXV
FPPP(I) = (V=U)/LS

FPP(I) = U

FP(I) = (Y(J)=Y(1)) /DS -DSK(V+U+U) /6.
v=u

J =

I = I-K

IF ¢ J.NE.M) GO TO 100

FPPP(N) = FFPFPF(N-1)

FPP(N) = R

FP(N) = DF+DX(FFPF(N=-1)+B+B) /6.
IF(NX.EQ.0) REITURHN

INTERFOLATION FOR NX VALUES OF YB AT XB

J=0

DO 140 1=1ysNX
VAL = 0.

VALP = 0.

S = XB(I)

J = J+1

TT = X(J)=§$

IF(TT) 110,130,120

J = J-1

§S = 8§S8-X(J)

VAL = SSX(FF(J)+.,9%XSSX(FPF(J)+SSKFIXFFPFF(J)))
VALP = SSX(FFF(J)+.SXSSKFFPF(J))

YR(I) =Y(J) + VAL

FIFCI) = FP(J)+VALF

IF(IDMP(7).EQ.1.) WRITE(11,920) (1yXBC(I)»YRB(I)s» I=1,NX)

220 FORMAT(///»20Xy " THE OUTFUT LAITA FROM CAL IS!’,»/20Xy

1

170

A | xe YB 9 /9y (16Xy14»2F10.3))
RETURN
CONTINUE
WRITE(11,1535)
FORMAT(1X» "DATA COULD NOT BE SMOCTHEL )
ISM=1
RETURN
WRITE(11+170)
ISM = 1
FORMAT(/“ SUBROUTINE SKFL1IF = = —~ NX=1’/)
RETURN
END



ORIGINAL PACT 14
OF POOR QUALITY

20 KKOKOK KK X8 KK KKK KOK K KK KR K K E 3 KK E XOF H0OK KKK KK K K0K 0K K KK KK K

c
C

SURROUTINE DER(X»YsNyUM»UN)
COMMON /DUMF/ TIDHMF(30)
DIMENSIUN X(1)sY(1)

c
c

IF(IDMP(7).EQ.1) WK11E(11,100)
100 FORMAT(//»"

1 ’
B

I

INFUT 10 DER XXX‘»
XCI) YCI)4)

TF(IDMP(7) .EQ.1) WRLIEC(11,110) (LoX(I)sY(I)y I=1sN)
110 FORMAT(20X»14,2+8.,3)

DX31 = X(3) - X(1)
DX21 = X(2) - X(1)
DX32 = X(3) - X(2)
DY21 = Y(2) - Y(1)
DY31 = ¥Y(J3) = Y(1)
UM = DX31XDY21/0X21/70X82 - DX21XDYS1/0X31/0X32
DX31 = X(N-2) - X(N)
DX21 = X(N-1) = X{N)
DX32 = X(N-2) - X(N-1)
DY21 = Y(N-1) - Y(N)
DY31 = Y(N=2) = Y(N)
UN = DX31XLY21/DX21/70X32 - DX21%xDYS1/DX31/DX32
RETURN
END
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ORIG.VAL FAGE (9

OF POOR QUALMY
SUBROUTINE RAXSUR
SURROUTINE RAXJET IS A DUMMY SUBRUUILINE THAT RETURNS
A SOLIDs CIRCULAR FLUME TU THE ALLJEY CODE.

THIS ALLOWS YHE ADDJET CODE 10 Bk EXECUTED WITHOUT
RUNNING THE RAXJET CODE.

COMMON /RAXIN/ XNFRyEMJET»TTJETyRJIET » ITHLLIF»y THETAJy JUUMy IPRINT

COMMOi. /RAXOUT/ NPTS»XS1A4(30) 9y XRATIO(30) y XUN(CS0)

NPTS = 11
XSTA(1) = 0.
XSTA(2) = .5
XSTA(3) = 1.
XSTA(4) = 2,
XSTA(S) = 3.
XSTA(S) = 5,
XSTA(7) = 7.
XSTA(B) = 9.
XSTA(?) = 10,

XSTA(10)= 12,
XSTA(11)=14.

XRATIO(11)= 1.0

Do I= 1,NPTS
XRATIO(I) = 1.0
XUN(I) = 0.0

END DO

RETURN
END



v -

ORIGINAL PACT [

OF POOR QUALITY
SURROU I 1NE RAXMAIN

C PROGRAM RAXJET CINPL) »OUIFUT» TAFPEL» TAFE2» 1AFES Yy 1AFE4, TAFES» TAPES=0U
C 1TRPUT» 1AV /y1AFEB)C C b 54 (& £ c C C b C c
C
C RAXJET - MALN COUNIRUL PROGRAM
c
c
C
CHROIOKKOKKOIKKK K COMMON BLOCK INFUT BY G.A. HOWELL KKK KK %K K KK KK KKK K KK % X K
o

COMMON /HUWELL/ KSQGH(30)s READUM» 1GHsREFLZ

COMMON /HOWELL2/ ISEN

COMMON /RAXIN/ XNPRYyEMJIET?»TTIET?y THLIF?» THETAS» JOUM»

1 IPRINT»AMINFQ
C
C
B
C

COMMON /CASE/ TL1TLE(20)

COMMON /CNTRL/ IMAX»JMAXsMIT oNKELINyNKAXy 1TERAYMVIZISEFyIUI»IUONSEF

1+ IWAKE » IDPDX

COMMON /FREE/ GAM»AMINFsPTy TTsREFLyREINF »SREF s F1INF sALPHAE (&) vy XS

COMMON /GEOM/ IXY»1URDER»X0(150),Y0D(150)»DYDXN

COMMON /ROU1/ YB(81)sXB(81):CP(81),FM(81)

COMMON /SULN/ P(B1,42),DP0(81)

COMMON /RLAX/ KF1,QF4sCUOVERGYWByWEBF s X0OB(81),YOH(81)

COMMON /XGRID/ XMyDYX1DXO»UXIDXM»CXMyXBT

COMNMON /YGRID/ DNDYOsALFsCY(B1i)ryAN(41)

COMMON /BGRID/ IX1s1X2yJY1+JY2,I0FLG

COMHMON /BLOUT/ THR(81),DLS1AK(E1)yDEL1(81)sCFA(B1)yHH1(E81)sRE)(81)

1FNN(81) s XSEF»XREsCFO(81)

COMMON /COUT/ IO0FFy1AFT,»IOUT s XSTRTyXENDyKUBy INAF Yy JMAFyALFO

COMMON /DSL/ 1Ss1XsXDS(81)»YNS(B81)yRDS(81)»DELI»RCMINYDELE

COMMON /JEI1CIH/ XNFRYEMUETy TTJET»RJIE » THLLF yNMAXJ s IGAS s ALFHAJ(4) » GA

1MJy IDK

COMMON /FPEX1C/ 1EXToXEXTC(S0) yPEXT(30)y YPLUCIO) »FIN( s XUKIUJET(30)

COMMON /BINFI(1/ 1LULSyMFS1sFDLsFFFyBGG»S1GHAYKIAXIyKIAXE» TCONT » XJENT

1y TKEJy 1KEX ‘

COMMON /BDSTAR/ BUUNK(10)

COMMNN /R10U1/ DELJO»XMAXE
C
c IF MOKE THAN 30 VISCOUS/INVISCID 11EKATL1UNS ARE REQUIRED,
C CHANGE 1HE DIMENSIONS 1N THE FOLLOWING COMMON BLOCK
C AND IN OVERLAY(1,0) AND OVEKLAY(4,0)
C

COMMON /CUKAG/ CLFPAF ((40)yCDFAFT(30) s CUFRUL(30) yCDFEOD(30)

COMMON /1H1S1/ FLAG(30) yKFMAX(30) yRPAVUG(30) » CUVK
B
C
CHRKKKKEKKKKKX 7 OFEN STATEMENTS INSERTEL BY G.A. HOWELL KAOK¥KKOKK KKK KK KX
C

OPENCUNLT=1,FILE="TAFPEL1.DAT " »ST1AITUS="UNKNOWN")
OFPEN(UNIT=2yFILE="TAFE2.DAT »S1ATUS= " UNKNOWN ")
OFPENCUNL1=3yF1LE=TAFEI DAY ySTATUS="UNKNUWN ")
OFPEN(UNIT=4,,FILE="1AFE4.LA) »STATUS="UNKNOWN")
OFENCUNL1=ésF1ILE="RAXJET .QUI7»STATUS="UNKNOWN")
OFENCUNY1(=7yFILE="TAFE7 .DAT s STATUS="UNKNOWN ")

B-57
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ORIGINAL PAGE 12
OF POOR QUALITY

OPEN(UN1T=8yF1LE="TAFES.DA " »STATUS="UNKNOWH")
AMINF = AMINF9
CALL THE INFPUT KOUTINE AND PRINT INIT1AL LATA

REWIND 8

CALL OVERLAY (AL$UBD,Ss0)C C c () C
CALL INF

INITIAL CALL 10 RAXBUD TO SET UP INVISC1D GF1D

ITERA=0
CALL. OVERLAY (4L$0BD»1,0)C cC C c
CALL RAXEROD
DO 20 I=2,1MKAX
IF (XB(I).GT.XB(I-1)) GO T0 20
WRITE (4+270)
STOF
CONTINUE
IF (IOFF.EQ.0) CU 0 60

DEFINE GRID INDICES FOR UrFXBUDY CALCULATION

IX1=1

IX2=1

JY1=UMAX

JY2=2

DU 40 I=2,IMAX

IF (XSTRT.LT.XEB(I)) GU TO 30
IX1=1

IF (XEND.LE.XB(I)) GU 10 %0
IX2=I+1

CONTINUE

CONTINUE

SAVE OFFRODY FARAMEIERS

IX10=IX1
IX20=1IX2
JY10=JY1
JY20=4Y2
XSTRTO=XSTRT
XENDO=XEND
ROBO=ROB
CONTINUE
IOFFO=I10FF
I0FF=1

REDEFINE GRID INDICES FOR EBOA) 1NV1SCID HMar

IX1=NMAX

IX2=IMAX-1

JY1=JMAX
JY2=IMAX-KMAXE+1

IF (JY2.,LE.1) JY2=2



L

o000

OO0

0009

100

110

o000 0
rJ
o

130
140

o000

o000

JXe .
ROB=YE (NAAX) +AN(JY2) ORIGINAL f” mi
XSTRT=XR(NMAX) OF POOR QUALM

XEND=XB(IX2)
DEFINE GRID INUEX A1 S1ART OF AFTERBODLY FUr SEFARATION SEARCH

NMIN=NMAX

D0 70 I=1,NMAX

IF (XBT.LT.XB(I,) GO TO 80
NMIN=1I

CONTINUE

SAVE ORIGINAL BODY GECMEIKY ANL INITIALIZE AERODYNAMILC CUNIUUKS

IXY=IMAX-1

DO 90 I=1,IXY
XOB(I)=XB(1)
YOB(I)=YB(I)
X0(I)=XB(I)
YO(I)=YB(I)
RDS(I)=YB(I)

INITIALIZE INVISC1D Je) FLUKE BOUNDARY

IEXT=IX2-IX1+1

IF (IEXT.LE.30) GO TO 100
WRITE (6,280)

STOP

CONTINUE

DO 110 I=1,IEXT
N=IT+NMAX-1

XEXT(I)=XB(N)
YPLUCI)=RJE"

XSEP=XS
IF {ISEF.NE.2) XSEP:XH

START VISCOUS/INVISCID LCOF
ITERA=ITERA+L
RECOMFUTE BODY SLUFE A1 KNUSE

DX=X0(2)-X0(1)

DY=YO(2)-YD(1)

IF (DX.LE.DYX1.E-05) GO 10 130
DYDXN=DY /DX

GO 70 140

DYDXN=Y99.

CONTINUE

CALCULATE INVISCID EXIHRNAL FLOW

CALL OVERLAY (ALS$OBLy1,0)C C C C C C C C
CALL RAXBOULD

INTERFOLATE A1 NWEW XB™S FOR YO, YOERs AND KLS
B-59
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ORIGINAL PATY U
OF POOR QUALTIY

CALL AINIPL (IXY»XBeX0rYO»1lOURLER)
CALL AINTPL (IXYyXH»X0»RDSyIORDER)
CALL AINIFL (1LXY»XByXORK+YORs» IORDER)

C SET X0 = XBy YO = YBr AND YE = YOR

DO 150 I=1,IXY
XOR(I)=XB(I)
X0(I)=XB(I)
YOC(I)=YR(I)
150 YB(I)=YOR(I)

CALCULATE INVI1SCID JeE' EXHAUST

IF (ITERA.GT.10,AND.XSEP.LT.XM) GO TO 160
CALL OVERLAY (4L$0ORL»250)C c c C C C
CALL SCIFAC.
160 CON11HUE
I1=NMAX+1
DO 170 I=I1,IXY
170 YB(I)=YPLU(1-11+2)

0 (zlig 7]

CALCULATE BOUNLARY LAYER AND DISCRIMINATLING STREAMLINE

IMAX=IMAX-1

CALL OVERLAY (4L$03L»3%,0)C c c C C (P
CALL VISCOUS

IMAX=IMAX+1

) o000

CALCULATE MIXING LAYER AND PLUIME UISPLACEMENT

OO0 0o

CALL OVERLAY (4L$0BD»4,0)C c C c C
CALL BOAIAC

MAKE OFFBRODY CALCULATION ON FINAL 1TERATION

)63 £

IF (IOFFO.ER.0) GO 10U 200
IF (ITERA.LT.MV1) GO 10 200
IX1=IX10

IX2=1X20

JY1=JY10

JY2=JY20

XSTRT=XSTRTO

XEND=XENDO

ROB=ROEO

DO 180 I=1,IXY

180 ROS(I)=YR(I)

c CALL OVERLAY (4L$UBRL»1,0)C c c c (& C
CALL RAXROL
DO 190 I=1,yIXY

190 YB(I)=RDS(I)

200 CONTINUE
IF (XSEF.GE.XM) GO 10 220
NR=IS+IX-2

no 210 I=ISsNR B-§0



o000

ORIGINSL Fen 1]
OF POCR QLAY
IC=I-1S42
YB(I)=YDS(IC)
CONTINUE

IF (IOFFO.EQ.O0.ANLITERAL.EQ.MVI) IOFF=0

OUTPUT RESULTS

CALL OVERLAY (4L$0BL»6,0)C c cC C c C c C
CALL OUTHI

PERFORM UNDERRELAXATION 10 Gk NEW EFFECTIVE RODY

W=WR

IF (WB.EQ.WBF.OR.MVI.LE.1) GO TO 230
W=WR+FLUAT (ITERA-1)/FLOAT (4VI-1) K (WBF-WR)
CONTINUE

DO 240 I=1,IXY

DELM1=YC(I)-RLS(I)
RDS(I)=WXRDS(I)+{(1.-W)XYR(1)
YOC(I)=RDS(1)+WXDELMI+(1.-W)XDSTAR(L)

SMOOTH EFFECTIVE kODY GEUMEIRY FDR SEFARATEL FLOW

IF (XSEP.GE.XM) GO TO 260

NM1=IS-1

IM1=IXY-1

DO 250 N=NM1,IM1

CALL SMOOTH (YD(N) s YO(R=1) s YOC(N+1) s XOCN) s XQ(N=1) s XO(N+1))
CONTINUE

YOCIXY)=YOC(1rl)

CONTINUE

END OF VISCOUS/INVISCID LOOF

IF (ITERA.LT.MVI) GO TO 120

KHOOKRRXOKKKKRXX 2 LINES INFUT BY GeAs HUWELL  XAOKKAOKKOKACKOKKCK K RORK KK K

REFL2 = KREFL

CALL OVERLAY (ALSOBD,»7,0)C C c c c C C C
CALL FANEL

CLOSE(UN1t=1yU1SFOSE="DELETE")
CLOSE(UNIT=2,DISFOSE="DELEIE")
CLOSE(UN1TT=3,U1SHUSE="DELETE")
CLOSE(UN11=4,DISFOSE="DELETE")

IF(IPRINT.EQ.0) CLOSE(UNIT=6yDISFOSE="LELEIE")
IF(IPRINY  EQ+1) CLOSE(UNL1=6yDISFOSE="KEEF")
IF(IFRINT.EQ.2) CLOUSE(UN1T1=6yUISPUSE="FRINT/DNELETLE ")
IF(IFRINT.EQ.+3) CLOSE(UNIT=6sD1SFUSE="FRINT")
CLOSE(UNIT=7,DISFOSE="DELETE ")

CLOSE(UN11=8s DISFOUSE="LELETE")

B~61
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270

280

FORMA

(1H1»Y0OHX%% GRID FPARAMETERS GIVE kAL TRANSFORMATION, TRY D

1ECREASING CXM OR INCREASING UX1ULXHM

FORMAN

110N EXCEEUS MAXIMUM ALLOWEDs TRY LNCREASING CXM xkX)

END

(1H1,101HXX%x NUMBER OF AX1AL

ORIGINAL
OF POOR

- 8w -

xXXX)

GR1D FUIN1S IN JET EXHAUST REG

PAGE 1S

QUALITY
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c

SUBROUTINE LINKFI
ORIGINAL paGE 1q

MAIN INPUT PROGKAK OF POOR QuaLrry

XKOKKKKXK KX THREE COMMON BLOCKS ADLEL KY G.A. HOWELL XAKKKRORKKKKKKXKK

COMMON /HOWELLZ2/ ISEN

COMMON /KAXIN/ XNFRYyEMJETO» TTJET?» THLIF? s THETAP s JLUM»
1 IPRINT »AMINF®

COMMON /RAXOUT/ NFTS»XSTA(30)»XRATIC(3I0)»XUN(30)

COMMON /CASE/ TITLE(S)

COMMON /CN1KL/Z IMAX» JMAXsMIT)NMIN: MAXy LTERAYMV1»1SEP, IUI» IUQ.NSEF
1»IWAKE» YDPDX

COMMON /FREE/ GAMsAMINFsF1sTTYyREFLYREINF»SREF »P1NF yALFPHAE (6) » XSEF
COMMON /GEOM/ 1XYs»lORDEKyXC(159)y . 0C150)»UYDXKN

COMMON /RLAX/ RF1yQF3yCUVERGyWHy WRF

COMMON /XGR1L/ XMyDXIDXOsDXIDXMC <{Me XBT

COMMON /YGR1bL/ LuURDLYU»ALF

COMMON /BGRID/ 1IX1s1IX2,JdY1,.YVZ

COMMON /COUT/ IOFFsIAFT»IOL ¢ XSTRTsXEND»ROB: IMAP» JMAFsALFO

COMMON /JEICM/ XNPRYEMJETy  ET+RJIET» THLIPyNMAXJ» IGAS»ALPHAJ(S) »GA
1MJ» IDK

COMMON /BINF1/ 1V1SsHPS1sFDLsFFF GGG »SIGMA» KKAXJ s KIMAXk » TCON » XJENT
1y TKEJ» TKEX

DIMENSION S(150) - .
1N?§E;§ST /CNTRLKN/ IMAX» JMAXsMITsMUI»ISEP»1UI» 1UDYNSEF» IWAKE » XSEFP

y

NAMELIST /FSC/ GAMyAMINF»PIs1TsREFLySREFyALFHAE

NAMEL IS /GEOUMN/ IXYsIORDERyXUsYOU

NAMELIST /RELAX/ RF1yUF3sCUVERG»WByWBF .

NAMELIST /GRID/ XBE1sXMsDXIDXOsDXIDXMyCXM» DINDYOs»ALF

NAMELISYT /0UTPIC/ IOFF+»IAFTy IOUTXSETR1 s XEND»ROBs IMAF» JMAFPsALFO
NAME'_IS1 /JETLAT/ XNPRIyEMJIET»T1IJET yRJIET » THLIP »NMAXJ» IGAS»ALFHAJ» GA
1MJs IDK» LSEN

NAMELIST /MIXDAY/ IVIS MPS1sFUOLYFFF GGGy SIGMA» KMAXJy KMAXE s 1CONT » XJ
1ENTs TKEJ s TKEX

CHrkkkkk  ONE L1INE INPUT BE G.A. HOWELL  XOOKKIOKKKERKONKOKIOROKOKCK KOO

oOo0n

a

CHARACTER TITLEX10

SET DEFAULT VALUES

WRITE(11+S) XNFRYyEMJIETDy 1 1JETGy THLIFPY» THETA? »AMINFS
FORMAT(//s’ IN SUBRCUILNE 1INF1y COMMON RAXIN = “y46F8.2,/

ISEN = 0
IDPDX=0
ID=81
JD=41
IXYD=140
IS1=0
152=0
IMAX=ID

JMAX=JD
MIT=20 B-63



N‘ MVUI=1

ISEP=0 .
NSEP=1 ORIGINAL PAGE 15
TWAKE=0 5F POOR QUALTTY
XSEP==1,0
IUI=0
1UD=0
GAM=1.4
PT==1.0
TT=-1.0
REFL=-1.0
SREF=0.0
IORDER=1
RF1=1.4
aF3=0.1
COVERG=1.0
WB=0.5
WBF=0.5
CXM=0.75
ALF=1.3
IOFF=0
IAFT=0
= I0UT=0
IMAP=25
JMAP=25
ALFO=1.0
AMINF=0.0
IXY=0
DYDXN=0.0
PI=3.1415926534898
DO 20 I=1+IXYD
X0(I1)==99,
20 YO(I)==99,
XBT=0.0
XM=0.0
DXIDX0=~1,
DXIDXM=~1.
DNDYO=-1,
XSTRT=-1,
XEND=-1.,
ROB=—10
XNFR=0,0 S
EMJET=1.05
TTJET=-1.0
RJET=0.0
THLIP=0.0
NMAXJ=81
IGAS=0
GAMJ=0.0
IDK=0
ALFHAJ(1)=0,79
ALFHAJ(2)=0.21
ALFHAJ(3)=0.0

ALFHAJ(4) =
ALFHAJ(S) =

0.0
)=0.0
ALPHAJ(6)=0.0
TVIS=-2 B-64
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MPSI=31

FDL= 1.0

FFF=0.065

GGG=0.08

TKEJ=1.0 ORIGINAL PAGE i3
TKEX=1.0 OF POO
SIGMA=1.0 R QUALITY
KMAXJ=25

KMAXE=25

TCONT=-99.

XJENT=15,

ALPHAE(1)=0.7%

ALPHAE(2)=0.21

ALPHAE(3)=0.0

ALPHAE(4)=0.0

ALPHAE(S5)=0.0

ALPHAE(4)=0.0

KAOKKKKKKXKTHE FOLLOWING CARDS WERE MODIFIEL OR ADRDED BY G.A. HOWELL XXX
READ CASE 111LE

READ (5,780,END=30) TITLE
GO TO 40
IF (EOF(%)) 30,40
WRITE (6:800)
STOP
CONTINUE

o
o

READ INFUT DATA

READ (SsCNTRLN)
READ (S»FSC)

READ (S»JETDAY)
READ (S»M41XDAT)
READ (YsRELAX)

READ (S5yGRID)
READ (S»OQUTHIC)

READ (S»GEOMN)

o000 000O000O000
F
o

CALL INFT2
WRITE(11+45) XNPRyEMJET»TTIET» THLLF» AKLKF
45  FORMAT(//» ‘ IN SUBKUUIINE INPT AND AF1ER INP1Z, THE VALUES IN‘,

1 * COMMON /RAXIN/ ARE:"»/: ' XNPR ¢ EM4JEY » TTJET, THLIF
2 ! AMINF " » /9 SF9 .20 /)
WRITE(11+46) 1XYs»RJIET »XSTRT»XENDRORBy (19X0CY)»YO(CL)»I = 1,10)
46 FORMAT (/¢ 1XY = “»I8y/»’ RJIET = “5F10.%y» /9’ XSTRT = "»F10.3+v/>»

1 7 XEND = “yF10.39/»" RUB = “9sF10.3¢/»’ I X0(I) YOCL) "/
2 (IS,2FB.2))

C

c .

3908 KK KKK K K KR R 88K KK K08 3K K 0KOK R 0KOKOK KK KK R KK K K R KK K KKK KK HORCHOK OISR HOK KK OKOR RO

c -

C

(
CALL DATE (DAY B-65
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70

80

0

100

OR!GINAL PAGE iS5
CALL CLOCK (TIME) OF POOR QUALITY
INAME=0
INAME=INAME+1
WRITE (4+14%0)
WRITE (651390)
WRITE (651400)
WRITE (6,1410) TITLE
WRITE (6+1420) LAYs'(IME
IF (INAME.EQ.1) GO 10 LO

CONVERT INPUT 10 INTERNAL UNI1TS

IF (IUI.EQ.O0) GO 10 60
REFL=REFL/0.3018
SREF=SREF /0.3048%%2
PT=FPTX2116.

TT=TTx1.8

TTJET=TTJET*1.8

TCONT=TCONTX1.8

IF (REFL.LE.0.0) REFL=1.0

IF (PT.LE.0.0) PFT=2116.

IF (TT.LhoOoO) 1.|=J;500

IF (TTJET.LE.0.0) 1rJET=530.
TTJET = 1TJET/1.8

TCONT=TCONT/1.8

CHECK FOR INVALID 1INFU1

WRITE (4,790)

IF (IOUT.GT.HMVI) IOUT=MVI
IF (SREF.EQ.0.0) SKEF=0.2UXF1IXREFLXX2
JF (REFL.G1.0.0) GO 10 70
WRITE (6,810)

IS1=1

IF (SREF.GT.0.0) GO TO 80
WRITE (6,820)

IS1=1

IF (AMINF.GT.0.0) GO TO %0
WRITE (46»,830)

IS1=1

IF (IXY.GT.3) GU 10 100
WRITE (6,840)

IS1=1

IF (XBT.GT.0.0) GO TO 110
WRITE (69850)

IS1=1

IF (XM.GT.0.0) GO T0 120
WRITE (6+860)

Isi=1 '

IF (XBT.LE.Xl4) GU 10 130
WRITE (6+870)

IS1=1

CONTINUE

IF (IXY.GT.IXYD) GO 10 260
ICX=0

ICY=0 B-66
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DO 140 I:-1,1XYD ORIGINAL PAGE (9

IF (XO0CI).,EQ.-99.) ICX=1CX+1 OF POOR QUALITY
IF (YO(I).kQ.-99.,) ICY=ICY+1
140  CONTINUE
ICX=IXYD-ICX
ICY=IXYD-ICY
IF (ICX.EQ.IXY.AND,ICY.EQ.IXY) GU 10 1%0
IS1=1
IF C(ICX.NE.IXY) WRl1E (6+910)
IF (ICY.NE.IXY) WRITE (46,920)
GO TO 240
150 CONTINUE
DO 1460 I=2Z,1XY
IF (XO(I).GT.X0(1-1)) GO 10 169
WRITE (&4,930) 1sXUCL)
IS1=1
160  CONTINUE
D0 170 I=1,IXY
I1=I
IF (XOCI).LE.XM) GO 10 170
I1=I-1
XM=X0(I1)
WRITE (6,940) I1,XHK
GO TO 180
170  CONTINUE
180  IXY=I1
DO 190 I=2,IXY .
IF (YO(I).G1.YO(1-1)) GO TO 190
I1=I
GO TO 200
190  CONTINUE
200 CONTINUE
YMIN=0.1XYO(I1-1)
DO 220 I=I1,IXY
DY=YO(I)-YO(1-1)
DX=X0(I)-X0(I-1)
IF (DX.G1.0.0) GO TO 210
WRITE (4:960) XU(I)
I1S1=1
GO TO 220
210  DYDX=DY/DX
IF (ABS(DYDX).G1.1.0) WRLITE (6+950) I»XO(1)
IF (YO(T).GE.YMIN) GO TO 220
WRITE (4,970)
IS1=1
220  CONTINUE
IF (IOFF.EQ.0) GO (0 260
IF (IMAP+JNAF.LE.100) GU 10 230
IMAFP=50 N
JMAP=50
WRITE (6+890) ' .
230 IF (ALFD.GT.G.0) GU TO 240 .
WRITE (4,900)
ALFO=1.0
240  CONTINUE
IF (XSTR1.G1.XEND) GO TO 250
IF (XSTRT.GE+Q.Q0.AND . XEND.GT.0,0.ANL. RUE.G1.0.0) GO TO 260

B-67



b=/

ORIGNAL PAZE 13
OF POOR QUALITY

250 WRITE (4+,880)
IOFF=0
26C IF (IMAX.LE.1D.ARD.JEAX.LE.JDDY) GO TO 270
WRITE (4,980) TDyJb
IF (IMAX.G1.1D) 1MAX=ID
IF (UMAX.GT.JD) JHUAX=JU
270 IF (GAM.G1.1.0) GU TO 280
WRITE (6,9290)
I1S1=1
280 IF (GAM.LT.2.0) GO TO 290
WRITE (6»1000) GAM
1s2=1
290 CONTINUE
IF (PT.G1.0.0) GO TO 300
WRITE (46,1010)
IS1=1
300 IF (TT.GT.0.0) GO TO 310
WRITE (6,1020)
IS1=1
310 iF (ISEF.NE.2) GO TO 320
IF (XSEP.Gk.XB1.ANU.XSEP.LE.XM) GO TO 320
WRITE (6+1030)
ISi=1
320 IF (IXY.LE.1IXYD) GO TO 330
WRITE (6,1040)
IS1=1
330 IF (IORDER.Gk.1) GO TO 340
WRITE (6»1050)
IORDER=1
I1s2=1
340 IF (IORDER.LE.Z) GO TO 350
WRITE (6,1060)
IJRDER=2
152=1
350 DY=Y0(2)-'0(1)
DX=X0(2)-X0(1)
IF (DX.GT.0.0.AND.DY.GT.0.0) GO TO 360
WRITE (6,1070)
IS1=1
GO TG 370
360 DYDXN=DY /DX
IF (DYDXN.GE.1,£203) LYUXN=999.
370 IF (RF1.6T7.0.0.AND.KRF1.L1.2,0) GO TO 380
WRITE (6,1080)
IS1=1
380 IF (QF3.GE.0.0) GO TO 390
WRITE (46,10%0)
IS1=1
390 IF (UB0050000¢ANU0uBoLt0100) GD TO 40(/
WRITE (651100)
IS1i=1
400 IF (WBF.GE.O.O.AND.WHF.LE.1.0) GO TO 410
WRITE (6,1110)
IS1=1
410 IF (CXM:.GT.0.0.ANL.CXM.LT.1.0) GO 10 420
WRITE (6+1120)

XM=0.75
s B-68



430

440

450

460

470

480

490

S00

S10

g ORIGINAL PAGE 19
IF (ALF.GT.0.0) GO 10 430 OF POOR QUALITY
WRITE (4:1130)
ALF=1.3
182=1
NMAX=INT (CXMHkFLUAT ( IMAX) ) +1
IF (NMAX.GE.4) GO TO 440
WRITE (6,1140)
IS1=1
IF (DXIDX0.31.0.0) GO TO 450
WRITE (&91150)
DXIDX0=0.0
187=2
IF (DXIDXM.G1.0.0) GO TO 460
WRITE (451160)
DXIDXM=0.0
IF (IS2.LT.2) 152:3%
IF (IS2.EQ.2) I§2:4
IF (DNDYD.G1.0.0) GU 10 470
WRITE (651170)
DNDYO=0.0
IF (IS2.LE.1) IS2:%
IF (IS2.EQ.2) IS2-6
IF (IS2.EQ.3) 1§2:7
IF (IS2.EQ.4) IS2-8
CONTI =
IF (XNFR.GT.0.0) GO TO 480
WRITE (6+1210)
1S1=1
IF (EMJET.GY.1.0) GO TO 490
WRITE (6¢1220)
IS1=1
IF (TTJET.GT.0.0) GO 10 SCO
WRITE (651230)
1S1=1
IF (RJET.GT.0.0) GO TO S10
WRITE (&91240)
1S1=1
50 TO 530
IF (RJET.LE.YOCIXY)) GU TO $20
WRITE (6r1250)
IS1=1
GO TO S30
IF (RJET.EQ.YOCIXY)) GO T0 540
DUM=YD (1XY) -KJE |
WRITE (4y1260) LU
IF (ABS(THLIF).LT.90.) GO 10 S40
WRITE (&51270)
IS1=1
IF (NMAXJ.LE.81) GU'10 S50
NMAXJ=81
WRITE (6s1280) NiHAXJ
IF (IGAS.GE.O.AND.IGAS.LE.3) GU 10 560
WRITE (6s1290)
1S1=1
IF (IGAS.EQ.0) GAMJ=1.4
IF (IGAS.G1.1) GO 10 70
B-69



ORIGINAL PAZE i%
IF (GAMJ.G1.,1.0) GO TO S70 OF POOR QUALﬂY
WRITE (46+1300)
iSi=1
570  SUM=0.0
DO S80 I=1,6

580 SUM=SUM+ALPHAJ(I)
IF (SUM.LE.1.01.AND.SUM.GE.O0.9%) GO TO S90

WRITE (6,1310)

IS1=1
3590 CONTINUE
c
c EXTEND INPUT COURDINATES OVER Jk1 EXHAUS!
c

DO 600 I=1,10
N=IXY+I
XO(N)=X0(IXY)+FLOAT (I)XKJL
600  YO(N)=RJET
IXY=IXY+10
IF (IVIS.EQ.2.0K.IV1S.EQ.0.0R.IVIS.EQ.~2) GU 10 610
WRITE (&6+1320) 1VIS
IVIS=-2
610 IF (MPSI.LE.S0) GO TO 620
WRITE (6+1330) MPSI
MPSI=50
620 IF (FDL.LE.1.0) GO TO 430
WRITE (4,1340) FDL
FDL=1.0
630 IF (KMAXJ.LE.2%) GO TU 640
WRITE (6s1350) KMAXJ
KMAXJ=25
640 IF (KMAXE.LE.2%) GU TO 650
WRITE (651340) KMAXE
KMAXE=25
650 IF (TCONT.LE.O.) TCONT=400./FLUAT(MPSI-1)
IF (XJENT,Gk,2+0.AND.XJENT.LE.30.0) GU 10 640
WRITE (6+1370) XJENT
660  SUM=0.0
DO 670 I=1,6
670  SUM=SUM+ALFHAE ()
IF (SUM.LE.1.01.AND.SUM.GE 0.%Y) GO TO &89
WRITE (6r1380)
1S1=1
680  CONTINUE
IF (IS1.GT.0) GG U 760
IF (IS2.20.0) GU 10 750
IF ‘IS?.EQ.1) GO TO 740

C
c CALCULATE GRID PARAMEIERS 1F NEEDEL
C

S§(1)=0.0

IH=IXY

DO 720 I=2,IXY
DY=YO(I)-YD(I-1)

IF (I.LT.1H) GO TOU 690
ny=0.0

GO TO 700

4690 IF (DYJ.LE.O0,0) 1H~1-1
B-7¢



700

710
720
730
740
750
760
770

780
790

800
810
820
830

840
850

860
870

880
890
?00
?10
920
930

?40

?60
?70
980

990

1000
1010
1020
1030

S(IN=5(1=-1)+SART((XO(1)=XU(1=1))XX24DYX%X2) T —
IF (XO(I).G1.XK1) GO TO 7 e
ol | Rl e OF POOR QUALITY
IF (XO(I).GT.XM) GO TO 730

§2=8(1)

CONTINUE

CALL UPTIM (1S2s11AXyJMAX»S19S2,CXMyUX1UXU»UX1UXM DNDYOsALF)
NMAX=INT (CXMKFLOAT (IMAX=1))+1

G0 TO 770

WRITE .6,1200)
GO TO 770

WRTTE (691190)
GO TO 770
WRITE (6+1180)
sSTOP

CONTINUE

CALL IOUTH)

FORMAT (8A10)

FORMAT (1H1+23H ---WARNIRG HMESSAGES-==»//)

FORMAT (1H1,38H ENU-UF-FILE ENCOUNTERED ON INPUT FILE)

FORMAT (49H /REFERERCE LENGTH ZERO OR NEGATIVE, TRY AGALN/)
FORMAT (47H /REFERENCE AREA ZERO OR NEGA11VEs TRY AGAIN/)

FORMA1 (O7H /FREESTREAM MACH NO. NO' G1VEN OR NEGATIVE, TRY AGAL
IN/)

FORMAT (%0H /NO. OF INFU' CCORDINATES» IXY» E1THER NOT GIVEHN OR
1TOO SMALL (14USYT BE > 3)» TRY AGAIN/)

FORMAT (GUH /STARYT OF BOATTAIL ROT GlVei UR NEGA1IVE, TRY AGATN/
1)

FOPMAT (49H ZEND UF BODY NOUT' GIVEN OR NEGAT1VE,» (RY AGAIN/)
FORMAT (O9H /S1AK1 OF AFTERBODY GREATER THAN. BUDLY LENGTH, TRY AG
1AIN/)

FORMAT (80H OFFBODY COURLINATES NOT GIVEN OR NO1 PROFER, NO OFFE
10DY CALCUJLATLION ANIEMFTED)

FORMAT (86H T0TAL MAPFED POLINTS FOR OFFBODY FLOWF1ELD EXCEEDS 10
10y IMAF»JHAF CHANGEL TO SO0 EACH)

FORMAT (AO0H ALFO MUST BE > 0» ALFO CHANGEL 10 1.0

FORMAT (LOH /NO. OF INPUT x~COORDIMNAYES DOES NOT EQUAL IXY/)
FORMAT (GOH /NO. OF INPUY Y-COOKDL1NATES DOES NOT EQUAL IXY/)
FORMAT (31H /BAD VALUE IN X-ARRAY Al T =»ISs6Hy X = »F12,4,12Hy
1TRY AGAIN/)

FORMAT (LJ4H INFUT COORDINATES GIVEN BEYONLD SFECIFIED XM» OUNLY »1
15,37H VALUES WILL RE USEDL AND XM RESET TO »F12.6)

FORIfAT (34H BODY SLOPE > 4L DEGREES AT I = »ISy»bHr X v »F12.6936
1H» LNRELIABLE RESULYS KAY BE PRODUCED)

FORMAT (33H /BAD VALUE OUF X-COORDINATE AT »F12.6934H GIVES NEGAT
1IVE OR 1INFIWIME SLOKFE/)

FORMAT (L/H /AFTERBODRY CLOSURE » 90 %Z QOF MAX. DIAMEIEKR, (RY AGAI
IN/)

FORMAT (32H GR1D SIZE EXCEEDS MAXINUI4 OF »IS»4H BRY »IS,94H ALLOW
1EDs» IMAX ANL/OR JMAX REDUCEL 10 MAXIMUM VALUE(S))

FORMA1 (A3H /INFUT VALUE OF GAM JLE. 1.0y TRY AGALN/)

FORMAT (46H INFU1 VALUE OF GAM .GE. 2.0y IS THIS RIGHIT™)

FORMAT (40H /INFUT VALUE OF PT .LE. Oy TRY AGAIN/)

FORMAT (40H /Z1IRFUT VALUE OF TT JLE. Oy TRY AGAYN/) .

FORMA1 (60H /XSEF NOT GIVEN OR NOY OKR RBROATTATL. FUR ISEF=2, TRY A

1GAIN/)
B-71



1040
1050
1060
1070
1080

1090
1100

1110

1130
1140

1150

11460

1170

1180

1190
1200
1210
1220
1230
1240
1250
1260

1270
1280

1300
1310

1320

1330

1340

1350

1360

ORIGINAL PACE 18
OF POOR QUALITY

FORMAT (42H /INFUI VALUE OF 1XY EXCEEDS MAXINMUM OF »15»12Hy» TRY
1AGAIN/)

FORMAT (60H INFUT VALUE OF IORDER < 1 NOT ALLOWED» 10RDER = 1 AS
1SUMED)

FORMAT (460H INPUI VALUE OF IORDER > 2 NOV ALLOWED, IORDER = 2 AS
1SUMED)

FORMAT (SUH /IRPUT CUOORDINATES AT NOSE GIVE bBAL VALUE FOR DYDXN/
1)

FORNMAT (SBH /INFUY VALUE OF KF1 NOT IN THE RANGE 0 TO 2» 1RY AGA
1IN/)

FORMAT (43H /INPUT VALUL OF QF3 NEGATIVEs TRY AGAIN/)

FORMAT (S7H /INPUI VALUL OF WB NOT IN THE RANGE O 10 1» TRY AGAI
IN/)

FORMA'T (L8BH /INPUT VALUE OF WBF HWUT IN THE RANGE 0 TO 1» TRY AGA
1IN/)

FORMAT (70H INPUT VALUE OF CXM MNOT IN THE RARGE © 170 1» A VALUE
10F 0.75 AS5SUMEL)

FORMAT (S2H INPUT VALUE OF ALF JLE. U, A VALUE OF 1.3 ASSUMEL)
FORMA1 (77H /INPU1 VALUE OF CXM G1VES < 4 GK1D POINTS ON THE BOD
1Yy TRY 1NCREASING CXM/)

FORKA1 (8B1H INFUT VALUE OF LXIDX0O WO GLVEN OR < Oy WILL TRY TO
1CALCULATE AN OPTIMUM VALUE) .

FORMAI (81H INPUT VALUE OF DXIDXM NROT G1lVEN OR < Oy WILL TRY TO
1CALCULATE AN OPTIMUM VALUER)

FORMAT (81H INPUT VALUE OF DNLYO NOT G1VEN OR < Oy WILL TRY 7D
1CALCULAITE AN OPTIMUM VALUE)

FORKA1 (///+62H --=INPUT ERRORS ENCLUSED BY / / ARE FATA R’ IS
1 ABORTED---)

“ORMAT (12HO --—=NONE=-=-=)

FOFMAT (///+82H ---1IF ANY INPUI PARAKEIERS WERE CHANGED» RUN WILL
1BE ATTEMPTED WITH NEW VALUES---) .

FORMA1 (UYH /NOZZLE PRESSURE RAT110 RO G1VEN OR HEGATIVE, 1KY AG
1AIN/)

FORMAT (4UH /INPUT VALUE OF EMJET .LE. 1.0y (TRY AGAIN/)

FCRMA1 (43h /INPUI VALUE OF TTJET J.LE. O» TRY AGAIN/)

FORMUAT (39H /INPUY VALUE OF RJEIT = Oy TRY AGAIN/)

FORKAT (AUH /INPUT VALUE OF RJE"T > YOC(1XY)» TRY AGAIN/)
FORMKAT (49H NOZZLE GEOMEIRY GIlVEN HAS A BASE THICKNESS OF »+12.6

1+46Hy 100 LARGE A BASE MAY G1VE UNRELIAEBLE RESULYS) .

FORI4A1 (49H /NOZZLE EX11T ANGLE .GE. 90 DEGREES- TRY AGAIN/)
FORMAT (S2H JET GRID SIZE eXCEEDS MAXIMUM ALLOWED, REDUCED TOSIS
1)

FORMKAT (63H /INCORRECT vaALUL FUR IGAS» MUST BE O» 1» 2y OR 3» TR
1Y AGAIN/)

FORMAT (40H /GAKJ RO 1INWNPUI OR .LE. 1» TRY AGALIN/)

FORMAT1 (4LH /SUK UF Jek1 MOLE FRACTIONS NOT WITHIN 1 % OF UNITY,
1TRY AGALN/)

FORMAT (47H IV1S MUST BE -2y 0y OR 2y IVIS CHANGEL FRUM »ISsé6H T

10 -2)
FORFAT (43H MFSI HMUST Bt .LE. GOr MFSI CHANGED FROM »ISyé6H TO SO
1) .

FORMAT (40H FDL MUST BE .LE. 1y FUL CHANGED FROM »F12.6»7H 10 1.
10)

FORMAT (4SH KMAXJ KMUST BE .LE. 29y KMNAXJ CHANGEL FROMN +ISs6H TO
1235)

FORMAT (2SH KMAXE MUST BE .LE. 25+ KMAXE CHANGED FROIM le}éH T0
12%)
* B-12



1370

1380

1390

1400

1410
1420
1430

1

1

1J EEEEEEEEEE

2
3
4

FORMA'T

FORMA(
ITYy
FORMA

XXX
AA
RRR

ORIGINAL PACE 13
OF POOR QUALITY

(3UH MIXING CALCULAYTION EXIENDS OVER »F12.6
« CHECK INPUT VALUE OF XJENT.)
(70H /SUM OF EXTERNAL MOLE FRACTIONS HOT WITHIN 1 % OF UN

RY AGAIN/)
(15 (/) »20X»71HRRRRRER

JJJ EEEEEEEEE
A XXX XXX
AAA AAA XXX X

520X s 57HRRR RRR  AAA A

6
8
l;
2

3
4

S

7

TTT» /20Xy 67HRRRRRRKRRK
ZEEESEERE

FORNMA

JJJ
XXX

AAA

JJJ EEEEEEEE
(20X« 7HRRRRR
TTTs /920Xy 67HR

RR

AAA

APLA

TTTTTTITTTTY »/»20X»71HRRRRRRRRR

XXX

»4CH JE1 RALLL

XXX JJ

AARAAAAA XXX

E YNITTTTTTTY» /920X 6 7HRRR RRR  AAA
JJJ EEE

XX

JJ

in XXXXXX

TTY)
AAA
RKRKRR

AAA

AAAAAAAAAA
Ti1r /220Xy 67HRRRRRRRRR

AAA

i (i &
J EEE
JJ
XXXX
AAAAAAANAA

XXXX
AAA

EEE TTT»/»20X»67HRRR RRR AAA
TTT+/220X267HRRR

TTTs/920%»67HRRR R

JJJ EEE
XXX XXX JJJ JJ

RR AAA AAA XXX XXX
6v67HRRR RRR  AAA AAA

TTTH
FORMA'

(//777»2CXs» 7HCASE. -

J EEE

NNNNNNR

XXX

y8A10)

XXX

EEEEEEEEEE
NNNNNN|

FORMAT (/////+3A4X»6HUVATE -»A10»10X»6H)IME ~-»A10)

FORMAT
END

(1H1®
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GRIGINAL PAGE 19

SUBROUTINE INFT2 OF POOR QUALITY
Cc .
c
(2 THIS SUBROUTINE IS CALLED RY SUBROUTINE INFT IN THE
€ RAXJET CODE., IT’S FURPOSE 1S TO DREFINE DEFAULT VALUES
C OF CERTAIN FARAME(ERS DIFFERENTLY THAN THOSE DEFINED
B BY THE ORGINAL RAXJeY CODE.
Cc
COMMON /RAXIN/ XNFR?PEMJIET?» TTIET?» THLIF? s THETA?» JDUM
1 IPRINT»AMINF®
c
COMMON /RAX0OUT/ HPIS»XSTA(30)»XRATIO(30) » XUN(30)
c
c NAMELIST (FSC)
COMMON /FREE/ GAM»AMINFyPT»TT+REFLyREINFySREFsPINF »ALPHAE(S) » XSEP
C .
C NAMELIST (CNTRLN)
COMMON /CHTRL/ IMAX» JIMAXsMITsNMINsNMAX» ITERAPMVIy
i ISEFPsIUI» IUDSNSEPs IWAKE» IDPDX
c NAMELIST (JETULAY1)
COMMON /JETCM/ XNFRYEMJET» TTUE 2 RIET» THLIPYNMAXJ» IGAS,
1 ALFPHAJ(6) yGAMJy IDK
e NAMELIST (MIXDAT)
COMMON /BINPT/ IVIS'MFPSI»FDLsFFFyGGGsSIGMAYRKMAXJIyKMAXEy ICOR I 5
1 XJENTy TKEJ» TRKEX
c NAMELIST(OQUTPIC)
COMMON /COUT/ IOFF»IAFT»I0UI «XSTRT»XENDsROBr IMAF » JMAFPYALFO
c NAMELIST (GEOMN)
COMMON /GEOM/ IXYsIORDER:XO(1S50)»YD(100)»DYLXN
COMMON /XGRID/ XMyDXIDXOsDXIDXMyCXM» XBT
c .
COMMON /TITL/ TITLE1
COMMON /CASE/ TITLE(S®)
CHARACTER TITLEX10, TITLE1%80
c
DIMENSION XF(8)sYH(8)
DATA XP /0:910.,920.930,7240,750.960.9270./
DﬁTﬂ Yp /00!5.!100!100!10~!100'10¢ 77'2/
Cc
2
B SET THE RAXJET TITLE EQUAL TO THE TITLE READ IN ADDJUET
D6 I =1.8
J=12x 10 - 9
JJ= 1 % 10
TITLE(I) = TITLEL1(J:JD)
END DO
C
XNPR = XNPR9
EMJET = EM.FT?
TTJET = TTJET?
THLIF = THLIFS
THETAJS = THETA9
AMINF = AMINF®
G
&
IMAX = 51
JHAX = 11
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o000

100
c

ORIGINAL PACE i3

MIT = 10 OF POOR QUALITY
IDFDX = 1 .
NMAXJ = 41

IGAS = 2

IDK = 2

XJENT = 10

KMAXE = 2

TKEJ = 10.0

TKEX = 10.0

IOFF = 1

IMAP = 8

JNAP = 5

THE FOLLOWING STATEMENTS DEFINE THE GEOMETRY FOR AN
ASSUMMED BODY SHAFE TO BE USED BRY THE RAXJET COLE.

IXY 8

XBT 460,

XM = 70.

RJET = 7.09

XSTRT = &0.

XEND = 120,

ROB 30.

DO I 1y IXY
X0(I) XP(ID
YO{I? YHCI)

END DO

WRITE(11,100)

FORMAT(” SUBROUI1KRE RAXSUB COMFLETED’)

Cxdopkkkxxk THE FOLLCWING ARE TEMPORARY PARAMETERS TO X&XXXKXKKX
CXAORKKARRRE MINIMIZE PAXJET RUN TIME ERAX KA R A

OO0 o0n

IMAX
JMAX
MIT = 3
NMAXJ =

XJENT = 5
IHAF
JMAP

RETURN
END
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ORIGINAL PAGE 1<

SUBROUTINE FANEL OF POOK QUALTTY
C
c .
c THIS PROGRAM (1) COMPUTES THE CUUKLLNATES OF A NETWORK OF FANEL
¢ TO MODEL :He INVISCID FLUME SHAFE p
C
c {
C
c (2) COMPUTES THE INFLOW VELOCITIES AT EACH PAHEL
e CENTER
c
c
COMMON /HOWELL/ KSU(30)yKSQUUKs IGH s REFL
COMMON /FEXI1C/ TEXTsXEXT(30)sPEX1(30) s YPLUC30) »PINT »XDKsUJET (30)
COMMON /RAXOUT/ HPTS»XSTA(A0) s YRATIO(30) s UN(29)
c
DIMENSION VROU(29)»VUNOU(29) s REFF (30)
C
c XEXT = X-STATIONS FOR YFLUs REFFs» AND RSQ
c YPLU = RADIUS OF INVISCID PLUNE
C RSQ = RADIUS SQUARED FOR EFF. PLUNE (INCLUDES EFFECTS OF BOD
‘ c IGH = NO. OF XEX1» YPLUs REFFs AHD RSQ (IGH(1) CURRESFPONDS A
c
c |
c MODIFY VALUES TO REFLECT INPUT UNITS
c

DO 10 I = 1,IGH
RSQ(I) = RSQ(I) / REFLXX2
10 CONTINUE

aoon

CRRAKKKRKKKKKKRRRKKR CUMFUTE NORMAL VELOCITY XAORRRENROLR OO KKK X
CREEKKRLEREERK KR na AT THVISCID FLUME HUOUNDARY RORKKKKKIOKKKKKKOROK KOO

sl 4. 4

S o

C
c
IGHM1=IGH-1
DO 20 I= 1,IGHMIL
XXX1 = RSQ(I) - YFPLUCI) xx2
XXX2 = RSG(I+1) - YPLUCI+1) %Xx%2
XXX3 = (YFLUCI) 4+ YPLUCI+1))/2
c VROU = RADIAL VELOUCLTY
VROU(I) = (XXX2 =-XXX1)/XXXJ3
VROUCI) = VROUC(L)/ (XEXT(I+1) - XEXT(I))
c
Cc THETA = SLOFE OF FANEL
0oy = YPLUCI+1) - YFLUCI)
DX = XEXT(I+1) - XEX1¢(1)
THETA = ATAN(LY/DX)
C .
C UNOU = VELOCITY WOSMAL Tu FANEL

UNOUC(I) = VUROU(I) % COS(THETA)
20 CONTINUE

- REFF = EFFECTIVE BOLY RALLUS
H Do 25 I1=1,IGK
REFF (I)=SAQRT{(ABS(RS(I)))
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@nAL PACE 15
g?POJ«._‘? QUALIT 1 4

IF(RSQ(1}.L1.0.) REFF(I)=-REFF(I)
235 CONTINUE
c
C
Cxaohxkkxxx INSER1 COMPUTED FARAMETERS INIU COMMON /RAXOUT/ XRXOKKKKKKKKX
c
NPTS = ICH
DO 40 I =1,30
XSTACI) = (XEXT(I)-XEX1(1))/ (2. ¥ YFLUCI))
YRATIOC(I) = YPLUCI) /YPFLUC(1)
IF(I.EQ.NFYS) GO TO 40
UNCI) = UNOUCI)
40 CONTINUE

C

c PRINT RESULTS

c
WRITE(65500)

500 FORMAT(1H1y/»6XyAHGRIDy 66Xy 2HX- 97X s SHRADNIUS»SXy 6HRADIUS » TX»
1 B8HVELOCITY»4X,»8HVELOCITY)
WRITE(6,501)
S01 FORMAT (CX»6HNUMBER» 3X» 7HST1 A1 LORs X s BHINVISCIDy 3X s PHEFF-FLUME »

1 SXySHINFLOUW 6X 9 SHRADIAL /)

C

c

DO 30 I = 1,IGH
WRITE(5y510) IsXEXT(I)»YPLUCI)»REFF(I)
S10 FORMAT(7X»I3»3F11.3)

IF(I.EQ.IGH) GO 10 30
WRITE(6,520) UNOU{I)» VROUCID)
S20 FORMAT(44X»2F11.3)
30 CONTINUE
EMD
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APPENDIX C

USER'S GUIDE TO
VISCOUS SIMULATION MCDULE.

C.1 User Instructions For Interactive Vicsous Simulation Module

The user will be prompted with the following questions when using the vis~ous
module described in Section 6.

(1)

(2)

(3)

(4)

"Do you wish to start a new problem (Enter 1 for yes) and set up a new data
base of (low properties?”

"or"

"No, I do not want to start s new problem (Enter 0 for No); I want to continue
with previous data base." "Enter 0 or 1"

The user is givenr the option to continue with a data base already created from
an PAN AIR problem or start by creating a new base. If "0" is entered control
is shifted to question (4).

"First Delete Previous Data Base Generated By Execution Of This Module.”

The user will first be asked to delete the previous data base (NETWORKS). If
for some reason these are not to be deleted, the user must transfer them or
rename them before entering the viscous module. Therefore, the answer to this
question must be "YES" if the user wants to continue execution of the module.
Actually the user will be asked to delete three files since a RIM data base
consists of three files.

"Enter Name of TAPE 10 [nput File". The user must supply the name of the file
containing ti.e calculated flow properties which was transferred to the VAX
system. This is the plot file that has been generated by PAN AIR.

"Enter the Number of Networks on the Upper Surface That You Want To
Combine For a Viscous Analysis (Enter 1 if the upper surface is composed of

only 1 network)'. The user must enter an integer to specify the number of PAN

C-1




AIR networks that compose the upper surface. An index of the networks and
their ID numbers will be displayed on the terminal to assist the user in
answering this and the following questions. P

(5) "Enter the Number of Networks on the Lower Surface That You Want To
Combine For A Viscous Analysis". The same questicn as (3) must be answered
for the lower surface.

(6) "Enter the Identification Numbers of the Upper Surface Networks". The user
must supply the ID numbers of the upper surface networks. An index of these
ID numbers and network titles will be displayed on the terminal.

(7) "Enter the Identification Numbers of the Lower Surface Networks". The same
question as (5) must be answered for the lower surface.

(8) ™nput the Desired Tolerance Dimension for Determining Station Cuts Along
Surface". As described in Section 8, the panel center control points at any
station on the surface may vary somewhat in the Y coordinate due to the
paneling scheme. This tolerance tells the program what variance will be
allowed in determining chordwise stations on the surface. The dimensions cf

A e g o

the surface and paneling scheme should be considered in setting this tolerance.
Caution: an unreasonably low tolerance will yield questionable results because
the program will try to divide one chordwise station into several. In general,
this tolerance should be at least 5 to 10 percent of the typical panel width.

(9) "Enter Free Stream Vach Number For Boundary Layer £.;:aiysis". User should
input the Mach Number consistent with the PAN AIR problem.

(10) "Enter Unit Reynolds Numbers Per Million". Enter the Reynolds Number per
unit length divided by 106, This Reynolds Number will be used in computation
of the boundery layer characteristics.

(11) "First Delete the Previous Data Base Cenerated:". The user must delete the
data base (ORDER) generated by the previous execution of this module. This
data base is set up to reorder the panel boundary layer properties to be

consistent with the PAN AIR network scheme.
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(12) "Enter the Name of the File Containing the Original PAN AIR Problem Without
Viscous Effects."” Enter the initial PAN AIR problem which produced the
inviscid flow properties for the boundary layer analysis. If more than one
component is being analyzed (only one component can be analyzed each pass
through this module), the new file name generated by the previous pass through
this module should be entered.

(12) "Enter the File Name For the New PAN AIR Problem with Viscous Effects
Simulated to Be Generated by This Program." Enter a file name for the new
PAN AIR problem to be stored. This completed the execution of the Viscous
Simulation Module. The new PAN AIR problem is ready to be run.

(13) "Do You Want To Do a Viscous Analysis For Another Surface?" The user may
choose to analyze another surface in addition to the one just completed. Be
sure to answer (12) with the file name containing the corrections for the
previously analyzed surface.

The programs Eun during execution of the Viscous Simulation Module along with the
files or data bases generated by each are shown in Table C-1.

C.2 VAX - Fortran Codes for YViscous Simulation Module

Enclosed within this section of the Aprendix are copies of the codes of each routine
developed specifically for this module. The program developed at NASA Ames to read the
TAPE 10 output (EDITTEN), the RIM data base management program, and the Whitfield
code were not developed specifically for this module and are not included. The other
prog-ams listed in Table C-1 are included in the following sections.



Table C-1

Program
EDITTEN

RIM

SELECT

RIM

WHITIN

WHITFIELD

WHITOUT

RIM

SORT

RIM

LINK

ORIGINAL PAGE 19
OF POOR QUALITY

PROGRAMS AND FILES GENERATED BY

VISCOUS SIMULATION MODULE

Files Generated

(1) PATEMP.COM
(2) RIMINFO.TMP
(3) INDEX.TMP

(1) NETWKS 1.DAT
(2) NETWKS 2.DAT
(3) NETWKS 3.DAT
(4) LABEL.TMP

(1) RUNRIM.COM
(1) WINGU.DAT
(2) WINGL. DAT
(3) LABEL.TMP
(1) UPPER.DAT
(2) LOWER.DAT
(3) STAG. DAT

(1) UPROUT.DAT
(2) LOWOUT.DAT

(1) REORDER.COM
(1) ORDER 1.DAT
(2) ORDER 2.DAT
(3) ORDER 3.DAT
(4) LABEL.TMP

(1) RIMSORT.COM

(1) LINK.DAT

NEW PAN AIR PROBLEM

Purpose

Command file to load RIM data base
Information from PAN AIR run
Index and ID no. of networks

RIM data base
RIM data base
RIM data base
Comments from RIM execution

Command file to open RIM data
base and select flow properties

Flow properties for upper surface
Flow properties for lower surface
Comments from RIM execution

Whitfield input problem
Whitfield input problem
Stagnation points

Upper surface B.L. predictions
Lower surface B.L. predictions

Command file to load RIM data bas:
RIM data base

RIM data base

RIM data base

RIM information

Command file to open RIM data bas
and reorder parameters

Reorder network parameters



C.2.1 Code Developed For Program Select

The following pages contain the FORTRAN code developed for the program
SELECT.
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-~

R

:

i

OGO

OGO

10

16

13

19

ORIQINAL PARE 1T
OF POOR QUALTIY

FROGRAM SELEC,
THIS FROGRAM ASKE (HE USER 10 [DREMTIFY 1HE URPEE &M LUWER
NETWORKS 1HAT ARKE GOULNG TO BE USEL LW (HE YiSCCUS AMALYSIS.
OFTEN (HE WING IS DIVIDED [MVO SEVERAL HETWORKS THUS [1 IS
NECESSARY 10 COMBIMNE THESE NETWORKS 10 TDENYIFY THE
FAMN ALR FREDICTED FLOW FARKAMETERS FRUM LEADING
TO TRALLLING EDGE FOR THE ENTIRE SFAM UF THE WLNG.
THESE FLOW FARAMETERS HAVE BEEN SIURED LN A RL1M MANAGED
DATA BASE . BY IDENTIFYVING (HE UFFEE AN LUWER
NETWORKS KEQULIRED FOR THE WISCOUS CALCULATLUNS
A COMMAN) FLLE 10 RUN R1M AND SELECT I1HE KFQUIKED
DATA MAY HE WRLIITENR .
THIS FROGRAM WRITES 1HA! FLlLE (RUMKL1M.COM).
DIMENSION HETUCZO0) yNETL(20)
WRITE(o»X) " ENTER THE NUMEER OF NEITWURKS ON THE UFFER”
WRITE(&9X) " SURFACE THAI YOU WANT 10 CUOMRIME FOR A7
WRITE(&sk) " VISCOUS ANALYSIS ( ENTER 1 1F THE UFPFER’
WRITE(&%) " SURFACE IS COMFOSED OF OHILY 1 HNEITWORK)
READ(S»10) NNETU
FORMAT(I2)
WRITE(ask)’ ’
WRITE(S%) " ENIER (HE NUMRER UF HETWORKS ON THE LOWER®
WRITE(&9&) " SURFALE THAT YOU WANT 10 COMBINE FOR A
WRITE(&y X)) VISCOUS ANALYSIS (INVTERGER FORMAT). ENIER 1 IF
WRITE(or4) IHE LUWER SURFACE IS CUMFUSED UF ONLY 1 NETWORI®
READ(S910) NNETL '
DFEN(UNIT=2yFILE="RUNRLIM.COMN  »STATUS="NEW")
WRITE(Z»19)
FORMAT (
27 3RUN CBHATELEY .FANALRIRINZZ/
3’ X(SET SEMI-=HULL) "/
X(SET DOLLAR=NULL) "/
 NUECHO "/
© OFEN NETWKS "/
LINES 2000°/ \
UUTFUT WINGU")

T o

<

WREITE OUT UPFER SURFAUE CUNMMARNNS

WRITE(2s16)

FORMAT (
27 SELECT NsXy (s e MLISENyRNYyUN FRUIM NETWRS +/
3’ SORIEL RY ¥ X + )

WRITE{(avk) ~ NUW ENIER THE L[LUENTIFLCAILON NUMRERS UF THES
WRITE(os&) UFFER SURFACE HETWURKS REQUIRE) FOR THE YJISCONS
WRITE(Hek) " ANALYSLIS. ENIER THEM LN INIERGER FORM « DN DNE LLLNE S
WRITE(&9kK) " SEFERAIED BY LCUMMAS AS LN THE FOLLOWIMNG EXANAFT B
WRITE(&yX) - 1v2v394 EIC. )

READ(Sy1H) (NEILTCL) » L=1yNNEIU)

FubRMAL (2013)

[FNNETUL.EQ.1) THEN

LRITEC(2y19) NETUCL)

FORMAI (

D WHERE Y EQ e Lae + '/
37 AND ( QA (¢ 7

B30 g 27

ENDOTF

U 29 1T=1s (NNETU-1)
(FAoT.6T.10 60 10 21
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b e cabl b dle .

[
r3

G
[}

Vs
&)

LSa

30

43

NUOW WRITE 0OUl

WRITEC(Zy20) NEIUCL)
FURMAT (
2 WHERE AN EQ "v[3y° UR
Guo TO 25

CUNTINUE
WRITE(2,22) NEITUCL)
FORMA L (
27 NN EW
CONTLINUE
WRITE(2y26) NETUCNNETU)
FORMAT (

SO NN EQ I3y + 7/
37 AND ¢ EWA T )
CONTINUE

I3y UR +7)

WRITEC(Zy30)
FORMAT(C

QUIFULT WINGL 7/

ORIGINAL PAGE 13
OF POOR QUALITY

LUWER SURFALETZIIILC

-y
3" SELECT NNsX»fy ZyMLISENsKNsUN FRUM NETWKS
4"

SORIED BY ¢ X=u +7)
WRITE(SyXk)
WRITE(Ss k)’
WHITE(69 %)’
WRITE(S6 %)’
READ(S,» 32)
FORMAT(20I3)
IF(NNETL.EQ.1) 1THEN
WRITE(Zy33) HWEIL(1)
FORMAT(C
27 WHERE NN EQ "»I3»" +
3° AND 7 EQA Y 7/
47 EXIT

GO TO 44

END IF

Uuod 30 J=1,»{WNEIL-1)
[F{J.GT.1> GO 10 »0

WRITE(2y34) HEIL{J)
FORMAI (

2 WHERE W EQ “slor’ OR
G0 TO 30

CONTINUE

WRITE(2y3&) HEILID
FORMAT ¢

225 NN EQ 2137 UR +

CONTI UL
WRITE(2y32)
FORMAT (
2° NN EQ
37 AND ¥
4° EXIT ")
CONT LHUE
STOF

EidD

NETLOCNNE L)

“wl3e + °/

EQR 7 /S

NETWURKS .
ON ONE LINE

IHE FOLLUWLNG

)

+/

ENTER

4

NUW EMIER THE IVDENTIFLICAITON NUMBERS OF°
IHE LUWER SURFACE
LN INTERGER FURM »
BY LOMMAS AS LN
(NETLCI) v L=1sNiNETL)

SEFERAIEN
EXaiFLE



C.2.2 Code Developed For Program WHITIN

The following pages contain the FORTRAN code Geveloped for the program WHITIN.




FROGRAN WHLTT ORIGIN L Pr.-fz.”. w
' OF POOR QUALITY

£ €S0

L.

THIS FROGRAN COMBINE S

c TWO FILES WHILH LON'ATN FANEL COORBINATE NALA

o AND LOCAL MACH NUMKER FOR THE SURFALE TIFFEK

G AND LOWER FANeL:s « ITHESE FILES WEFE GENRERATED

b USTHNG THE R1id UAlA HANALGEMEN L SYSTEM .

C THE STAGHNATTON FOIHT IS LUCATED AND TWO OUTPUT F1LES
C ARE GENERAIED { UFFEE.DAT AMD LOWER.DAT ) +IHE UFFER
(M FILE CUNTALNS THE FOINTS FORWARD OF THE STAG. POINT

C Ol THE LUWER SURFACE AND 'HE UFFER SURFACE FOINTS

c TO THE TRALLLING ENGE o« THE LUWER FILE CUHTAINS THOSE
c POINTS FRUM THE SfAG. FOINT TO THE TRAILLING EDGE .

b THESE FILES AKE id A FORMA1 SUITABLE FOE IHFUT 1HTO

C THE WHLIFIELD BOWIARY LAYER PROGRAM .

c

Cc

[MFLICIT REAL )

ODTHENSLION X(209100) 9 (2Co100) v Z(209100) » JUAX(Z0) » JAAKL (0D
DIMENSICN ML{202700) o INNST (20} 9 NNC209100) » IRNCZ09 1002 »JENCI0»100)
DIMENSIUN SU(20¢300)»SLI205100) v NFISUL20) o NPIL (20 ISTM(ZO)
DIMENSION XXC(200)» 7Y (200)»ZZC200) » wlNC200) » 414l {200) » ITTRN{Z200) »
2 TICNC200)

CHARALITERAB8 FUI20) »FL20)

CHARACTERX13 UFFERsLUWER

CHARACTER FNAMEAR13»L LNEXBO » NUXAL

UATA XeVeleidk / 2000K0.092000%0.092000%0.0»2000%0.0G/

DATA IRNy [ICH /7 2000%X0.092000%0.0/

ODATA AKXy (YeyZZ 7/ 20040.09200%0.09200%0.0 /

DATA MML» LIRNs L1CH /7 200%0.0920C%0.0»200%0.0 /

WRITE(&»%)" INFPUI IHE LDESIKED 10LERANCE DIMENSLION FOR'
WRITE(&9%) " DETERMINING STATION CUTS ALONG SURFACE
WRITE(&9X)’ !

WRITE(Ay k)’ IOLERANCE = 7

READ(S»%) TOL

(& WRITE(S9%)° WHAT 1S I1HE NAME OF THE FILE CONTAINLINGT
c WRITE(&v%)° THE UFFER SURFACE DATA 7?77 7

c READ(Ss11) UFFER

il FORMAT (A13)

c WRITE(ArX)’ WHA1 IS THE NAKME OF (HE FTLE CONTAIMING
C WRITE(&sN)” THE LOWER SURFACE VAIA 7?77

B READ(S»11) LUWER

OFENCUNIT=1yFlLE="WINGU.UVAT "»STATUS-"0LL ")
OPENC(UNIT=2yFILE="WINGIL .J1Al “+»STATUS="ULDL")
C READ THE TITLE CARLS
o 4 K=1,3
HNEnUlly 3L INE
READC2y3)LINE
FORMAT (AS0)
4 CONTINUE
CHECK=0.0
[=1
J=1
Y CONTINUE
REAUC2y1TOsEND=40) HNWNCI o J) v ACT o) o (C(To ) el Chodivifl Clo ) [RNCIv )y
1 LIENCT 9 )

04

C49



10

100

FORMAT(I10y4F10.5,2110)

IF(J.ER.1) GO 10 20

DY=ABS(Y(TvJ)=Y(1rJ=1)) ORIGINAL PACE IS

IF(DY.LE.TOL) THEN OF POOR QUALITY

[F(DY.GT.0.0) CHECK=1.0

[F(XCIvd) eLToX(1vJ=1)) CHECK=1.0

GO TO 20

END IF

JMAXL (1) =J-1

IF (CHECK.EQ.1.0) THEN

CALL CKLOWER(TIyJs JMAXL yNN»X»YsZsi4l.» 1KN» LCN» CHECIK)

CHECK=0.0

END IF

[=1+1

J=1

BACKSPACE 2

GO TO S

CONTINUE

J=J+1

GO TO 3

CONTINUE

JMAXL (1) =J-1

[MAXU=I

IF(CHECK.EQ.1.0) THEN

CALL CKLOWERC(I s Jr JMUAXL yNNs X2 Yoy ZoyMLy IRNy ICNsCHECK)

CHECK=0.0

END IF

I=1

J=JMAXL (1) +1

CONTINUE

READ(1s10sEND=100) NNCIyJ) o XCIod) s Y(Tod)sZCIoJ) oML (Tvd)y
IRNCI» J) e ICN(IvJ)

IF(J.EQ.JMAXL(I)41) GO TO 40

DY=ABS(Y(I»J)=-Y(1sJ=-1))

IF(DY.LE.TOL) 1HEN

[F(DY.GT.0.0) CHECK=1.0

IF(XCIsd) o LToX(1vJ-1)) CHECK=1.0

GO TO &0

END IF

JMAX(I)=J-1

IF (CHECK.EQ.1.0) THEN

CALL CKUPPER(TI »Js JUAXL » JAX s N s X s Y o2 9L v LRNs» ICNyCHECK)

CHECK=0.90

END IF

T=141

BACKSPACE 1

J=JMAXL (T)+1

BuU 10 S0

CONTINUE

J=J+1

GO TO 50

COMT INUE

JMAL(I) =4-1

[F (CHECK.EQ.1.0) THEN

CAl.L CRUPPER(I s Jy JMUAK! » JMAX s iV As (v ZoMLy IRNYy ICH s CHFECK)

CHECK=0.0

END IF



110

130
C

ORIGINAL PAGE (S
IMAX=1 OF POOR QUALITY
IF{IMAXU.EQ.IMAX) GO TO 110
GO TO 130
CONTINUE
WRITE(6y%k)’ PUTENTIAL ERRUR EXISTS IN DATA
WRITE(49X%)* FROM LNFUT FILES —---FLEASE CHEUK FILES °
WRITE(4»s%)* IMAXU=1 » 1E, ONLY 1 WING STATION EXISIS !
WRITE(69X)’ ‘
CONTINJE

L CHECK FOR MACH NO. = 0.0

c

132

134

i

I=1
J=1
O 134 I=1yIMAXU

00 132 J=1yJMAX(]1)

IF(ML(IyJ)+EQ.C.0) THEN

MLCI e D)=(ML(I»J-1)+MLCLyJd+1)) /2,

WRITECSsk) ’ :

WRITE(69k) ° A LOCALL MACH NO. EQUAL TO 0O WAS FOUN).
WRITE(S&+%) * THIS MACH HO. WAS SET = TO 0 BY PAN ALlR WHEW
WRITE(S9%) ° VACUUM FPRESSURE WAS REACHEL .-
WRITE(ark) * AN INTERFOLATED VALUE OF MACH HO. WILL®
WRITE(S6s%) ° BE USEN FOR ROUNDARY LAYER ANALYS1S . °
WRITE(as»X) ’ !

END IF

CONTINUE

CONTINUE

I=1

J=1

00 1S5S0 I=1,IMAXU

JM=JdMAX(I)

KM=JUMAXL(I)

DO 130 J=1,JM

WRITE(39»133) X(Te D)o Y(IoJ)sZ(IoJd) e (1sd)
FORMAT(3F10.49)

CONTINUE

CONTIKRUE

GO TO 800

WRITE(S»X) Y ERRUR EXISTS IN FILE CONTAINING
WRITE(SyX) " DATA FOR LOWER SURFACE

GO TO 8C0

WRITE(S9y%) " ERROR EXISTS IN FILF CONTALNING
WRITE(S»4%)” UAYTA FOUR UPPER SURFACE

CONTINUE

00 162 I=1yIMAXU

ISYM(I)=0

C'ORD=X(Is1)=X(IsJMAXL(I))

CH30=,30XCHORD

INDST(I)=JMAXL(I)

MLMIN=ML(I+KM)

JM=JMAX (1)

DO 160 J=1yJM

IF(J.EQ.1) GO TO 160

IFCUXCT s D) =KCI» JMAXKLCL)) ) GELLCHS0) GU TOD 160
IFMMLCIs ) oGT.MLMINY GU TO 160

MLAIN=ML(IyJ)
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ORIGINAL PAGE 1S

INDST(I)=J OF POOR QUALITY

160  CONTINUE
C
C CHECK FOR SYMETRICAL U1SVRLBUT1UN
c V
TOLER=0.02
CRTOL=ABS (ML ( Ly K1) =ML CLsRi4+1))
CKML=ABS (ML ¢ I »Ki4) =ML LN)
IF(TOLER.GT CKTUL.AND« IULER.GTCRML) 1SYM(1) =1
IF(ISYM{IJ.EW.1) THEN
CINDST(I)=JAUAXL(L)+1
END IF
162  CONTINUE :
OPENCUNIT=7yF1LE="UFFER.DAT s STATUS="NEW )
OPEN(UNLT=8sF1LE="LUWER. VA1 »STATUS="NEW")
WRITE(7,200) 1HAXU
WRITE(8,200) 1MAXU
200 FORMAT(IS)
JJJd=0
00 250 I=1yIMAXU
204  CONTINUE
g
C GENERATE UFFER F1LE
C
IF(I.GT.1) GO TU 201
WRITE(4sX)’ ENTER FREE STREAM MACH NUMBER FUR BUUNLARY '
WRITE(&6s%)’ LAYER ANALYS1S
URITE(&9 %)’ MACH = ?7¢? *
READ (S %) MACH
WRITE(4s k) "ENTER UNLT KEYNOLUS NUMBER PER MILLLOR’
WRITE(&sk) " REN = 77997 (FER 10E&)
READ(S» %) REN
THETA=0.0
SHAFE=0.0
201  CONTINUE
WRITE(7»202) MALCH)KENs THETAsSHAFE
NMRITE(8r292) ME HIRENs IHETAYSHAFE

202 FORMATL4F 103D
WPTSU(IL)=JMALCL) =i NUST (1)
S5=0.,0 ‘
WRITE(7-2063) NFRISUCL)

203 FORMATII3)

M) 21C J=INIST(I) v JHMAKXK(I)
{FCJ.EQ INLST(I)Y GU TU 210
KR=4d-1
S5=S+SART(ACTI v J) =KL s RRIDIARZ+H (T y D)= (Lo KK) ) AR+
1 (ZCIs D)=L CLoRKR))ARS)
RR=1.0
WHEITE(7y2068) SeiML(Lsd) yRRopNNCLy JY 9 XL ) o ( (Lo d) v (Ivdiy
1 IRNC(IsJ2slCHCLyJ)

206 FORMAT(IF10.0» LU»3F10.59215)

210 CONTINUE

C

G GENERATE LOWER FILE

[F{ISYMOY) WEWL.1) THEN
LNDSTCI) =JMAKL (L)
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300

END IF ORIGINAL PAZE 1
NFTL(I)=INDST(1)-1 OF POOR QUALITY
WRITE(8s205) WFTL(1)

5-0.0

DO 220 J=INDST(I)rls-1 ’
IF(J.EQ.INDST(1)) GU 10 220

KK=J+1
S=S+SART((X(Tyd) =K (1 yKK) YKL+ (Y (Lrd)=C (Lo KK) ) KK2+
1 (Z(Isd)=Z(1sKK) ) AX2)

RR=1.0

IF(RR.LE.0.0)1HEN

IF (JJJ.EQ. 1) GO TO 216

WRITE (& K) ’

WRITE(S»%)’ !

WRITE(&s%k) 7 WARNLING ¢ THE WHLI(FIELL BUUNDARY LAYER
WRITE(as%k)’ FRUGKRAM WILL NUT WUORK W1IH
WRITE(&+%) "’ NEGAT1IVE VALUES { OR ZE!NO )
WRITE(Ss%) * OF SURFACE ORULNAIES o~

WRITE(S69%) " YOUR SURFACE CUNTALNS SUCH VALUES THEREFURE
WRITE(&9%)° 1THE SIGNS ARE BELING CHANGEU FUR THE LOWER -
WRITE(os%) " BUUNUARY LAYER ANALYS1S . THERE WILL WU’
WRITE(&¢%) " BE A PROBLEI IF ALL LUWER SURFALCE ORDLIMNATESS
WRITE(&»%)° ARE OF THE SAME S1GH.-

JJdJd=1

CONTINUE

RR==Z(IyJ)

END IF

WRITE(B8s208) SeitL(LrJ) yRRyNN(Ls I}y X(Iod) s V(Lo d)s(lod)y
1 ANCI» ) » ICNC(L» I)

CONTINUE

CONTINUE

CLOSE(UNIT=7)

CLOSE(UNIT=8}

GENERATE A FILE CUNTALNLING SYTAGNATLUR FULHIS

UFEN(UNIT=2yFLlLE="SI1AG.UAI "»S1AIUS="NEW ")

00 300 fI=1yIMAXU
$5=0.0
SLUFE=0.0Q
KRR=0.,0
KR=INUSTI(II)

WRITEC(?5213) SSeitL(LLyRK) o NNCLLyRR) 9 XKCLLyRK)

L TCITPRR) w ZCL1 o RK) p LRNCLLI o RK) » LLHUL TP KK) o SLUFE
FORMAT(2E12.3591593E12.5921591E12.5
IFCISYM(II) JEUL1) THEN
KR=JMAXL(1L1)+1
WRITE(?9¢213) SSeiLTL1LyRKK) sNNCIL1sRKRK)»ACLLoRK) »

2 YCIIyRR)sZC11sKR) vy IRNCLLISKK) y LCHCLLyKR) » SLUFE
END IF
CONTINUE
CLOSE(UNIT=9)

WRITE(&vyXK) ’ THREE FLlLES HAVE NUW HBEEN GERERATEL -

WRITE(asX)” 1 { UFFER.DAT
WRITE(arK) - 2 3 LOWER.HA,
WRITE(os k)’ 3 3 SlAaL.JAl
WRITE(ork) UFFERGIAT AN LOWER AT ARE [N THE FHORMA(
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WRITE{(As%X)’ RKREUWULRED FOR INFUT INTO THE WHLIFLELD
WRITE(&»X) " BOUMNIARY LAaYER PROGRAI 7

WRITE(AsX)’ STAG.UAT LCONTALNS THE PANFL FPOINTS DEFTIMEN
WRITE(S6+%) " AS STAGNATTIUN PUOLINTS 3 THIS FILE WILL RE
WRITE(&sX) " USED LATER TU GENERAITE THE BOUMDARY CORNLTIONS
WRITE(SsX) AFTER THE UTHER (WO FILES HAVF BEEN ANALYZEIN’
WRITE(&sX)’ 1IN THE WHLITFlELL PROGRAM.’

STOP

FiND

SUBROUTTHE CRLOWER (L s JMAKL s NHs KXo (o Zoifl_» LIRNs LUN» CHECK)

ALL DATA SELECTEL FROM R1M UATA BASE WAS SURTED OWN THE BASIS OF EQUA!
VALUES OF ¢ . SUMETIMES A SMAILLL YARLANCE I ¥ WlLL CAUSE THE NRIER TO
ERROR . WHEN THIS COWDITION TS DETECTED THIS SUBROUTIHE IS EXECUTEDL T

GIMEMSION X (20910037 (209100)9Z(209100) 9 JMAKL (20)
UTMENSTON ML(209100) sWNC209100) 9 IRN(209100) 3 1ICNC209100)
DIMENSTION XX(200) oYY (200) 922 (200) y NNNC200) 941 C200) v L1IRNC200)
2 TICNC200)
THIS 15 REORUERLING A LLOWER SURFACE SO THE X VALUES HMUST BE 1N
DESCENDING ORDER .

no 30 RKK=1sJMAXL(1)
[F(KK.GT.1) GU TO 15

FIRST FIND LARGEST YALUE OF X .

JTEST=1
AKTEST=X(TIs1)
0o 10 JJd=1»JMAXL(L)

[F(ACT9Jd) «GT.XTEST) THEN UKIiGiNAL PAGE IS

ATEST=X(I+Jd)
ATE ST 0 OF POOR QUALITY

END TF

CONTTNUE

KAL) =X(I»JTEST)
YOCLY=Y(I»JTEST)
JZE1H)=Z(T» JTES)
NNNCIY=NNCT s JTEST)
MM (1) =MLCT» STEST)
TIRNCL) =1IRN(T s JVEST )
TICNCL)=TCNC(I»JITEST?
GO0 TO 30

CONTINUE

NOW FTND NEXT LARGESY VALUE OF A

JITEST=1

KATEST=X(I+1)

o 20 JJ=1«JMAXLCT1)

TF(XATEST.GE . XA (KK=-1)) THEN

AATEST=X(1y ). 0+1)

JITEST=1J+1

0 TO 20

END TF

TFOXET e Jd ) sl ToXKIRR =15 o AWDZC Ly JJ) o GT W AXTESTY THEN

C-14



& o Ny e Nw B

AR Ry

wu B Rl e

o000

O

—

O

O 5P |

— -

AXTEST=X (1))

JUTEST=UJ

FiuD TF

CORNT THUE

KXRRY =X (T e JJTEST) =

YYCRK) =Y (15 JJTEST) ’
ZZRR)=Z(IyJJTEST)

NN CRR) =NNC(T s JUTEST) ORIGINAL PAGE 'S
ML (KRY =ML Ty JUTEST) OF POOR QUALITY
TIRN(KK)=TRN(Is» JUTEST)

TICN(KK) =1CNCLy JUTEST)

CONTINUE

CORRECT ORDER HAS NOW REEN NETERMLINED SO REUORDER THE VALUES.

WRITE(&v k) T = “yl
00 40 KKK=1»JMaXxl (1)

LTy KKK) =XX (KKK

VETPRKK) =YY (KKK)

2T yRKKK)=ZZ (KKK)

WRITEC(Ssk) " X = “yX(TsRKKK) e’ Y = “oY(J9yKKK)y* C = "9ZC) KKK}
NNCIy KKK ) =N (KKK

ML (I » KKK) =Ml KKK)

[RN(TyRKK)=IIRM(KKK)

TCNCT o RKRK)=ITUN(KKK)

CONTINUE

CHECK=0.0

RETURN

END

SURROUTINE CKUFPFER(LsJs JMAXL s JUAX s 9 X s Vo 2o ML s LRNy LGNy CHECK )

AalLL DATA SELECTED FRUM R1M TATA BASE WAS SURTED ON THE RAS1S OF EQUAL
VALLES OF ¥ . SOMETIMES A SHMALL VARLANCE IN ¥ W1LL CAUSE THE ORDER T0D
ERROR . WHEN THIS COWDITION 1S DETECTED TH1S SURROUTINE IS EXECUTED T

ODTHENSTION X(209100) 2 (2092100) 9 2(205100) » IMAKL (20) » JMAK(20)
DIMENSION ML(Z20»100) yNNC(Z0y100)y IRN(205100)y ICH(Z209100)
ODIMENSION XX(Z200) oYY (200) 9 2ZZ{200) y WNNC200) » MML(200) » ILRNC(200) »
2 TICNC200)
THIS IS REORDERING A UFFER SURFACE SU THE X VALUES MUST RE IH
ASCENDING ORDER .

T1=JMAKL(I)+1

[2=JMAX(T)

WRTITE(SsXK) * I = "«1y° L1 = “9ol1y° Lar = e L3
00 30 KK=11,12

[FIKK.GT.I1) GO 10 135

FIRST FTHD SHMaALLEST YaLUE OF X .

ATEST=11

ATEST=X(T»11)

010 10 JJd=11,12
[F{X(IyJd)oLT.XTEST) THEHN
ATEST=X(I+JJ)

JTEST=.J
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END (F
CONTTHE

KXC(T1)=X(Ts JIEST)

TV CI1) =Y Ty JTEST) UkiGINAL PAGE 1S
ZZ(I1)=£C1y JIEST) OF POOR QUALITY.
NNNCT1)=NNCT s JTEST)

MML CT1) =ML (T» JTEST)

[TRNCI1)=IRNC1sJTEST)

TICNCT1)=ICNCI»JTEST)

G0 TO 30

CONTINUE

NOW FIND HEXT SHMALLEST YALUE OF X

JJTEST=I1

AXTEST=X(I+I1)

ny 20 JJ=I1,I12

[F(AXTEST.LE.XX(KK-1)) ,HEHN

AATEST=X(1yJJ+1)

JJTEST=JJ+1

B30 TN 20

FND IF

TFOX(T»dd) +GTAXC(RR=1) e AND K (19 JJ) oL cXATES1) THEWN

- AXTESI=X(1y»JJ)

JITEST=JJ

ENDIF

CONTINUE
XX(KRK)=X (I JITEST)
YY(KR)=Y(I»JJTEST)
ZZ(KK)=Z(I»JJTEST)
NNN(KK)=HN(1 » JJTEST)
MML (KD =ML (I » JJTEST)
TTRN(RK) =IRN(I s JJTEST)
IICNC(RR)=ICN(1»JJTEST)
CONTINUE

CORRECT ORDER HAS NOW KEEN DETERMINED SO REORUER THE VALUES.

) 30 KRR=T1,I2
FUTsRRR)=XX (KKK )

YOI yRRR) =YY (KKK)
ZCTyRRR)=ZZ (KKK)
WRITE(AyX) * X = “gXCLyRRK)y " ¥ = “«Y(19yRKKR)»” / = 7, 2C19KKK)
NNC(IyRKKK)=NHNN KKK}
MLCLyKRK) =ML (KKK)
[RNCT s KRR)Y=TIRN(KKK)
[CNCToRRR)=TICN(KKK)
CONTTNLIE

CHECK=0.0

RFTIHRN

FNN
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C.2.3. Code Developed For Program WHITOUT

The following pages contain the FORTRAN code developed for the prugram
WHITOUT.
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ORIGINAL PAGE 19
OF POOR QUALITY

o THIS PROGRAM TARES THREE FILLES ¢ UFFEROUT«LODWER. DU eAaMHL
5 STAG.DAT AN LUADS A COMMAND FILLE T GENERAIE A RIM UAIA
- BASE.

!

PROGRAM WHITOWU
LHARAC TERXS URBNANFE
CTHARACTERAX13 FUFFERFLOWER
OTHMENSION S(2000) 2 IELSTAR(2000) s NN(2000) » SLUFE (2000)
2 s AC2000) 27 (2000) 9 2 (2000) s LRNCL000) » LUNCZ2000)
10 FORMAT(A13)
12 FORMAT(2EL12.Se 1Oy 3E12.09 210 1EL12.5)
NEBNANEC(LIS) =" URLER
WRITE(AeX)° ENTER WNAlME OF LFFFER SURFACE UUTFUT FI1LE -
WRITE(osX) " FRUM WHLTFLELDL PROGRAM (13 CHARALIEKRS 4AXK.)
READ(Sy10) FUFFER
WRITE(69y%)* ENTER WNAMF OF LOWER SURFACE OUIPRPUT FILLE
WRITE(&s%X)’ FROM WHITFIELD PROGRAM (13 CHARACLTERS MAX.) ’
READ(S+10) FLOWER
OFENC(UNTT=1»F1LE="STAG. AT " +STATUS="0L11 ")
OPENC(UNLIT=2FLLE="UFROUT .DAT +STAIUS="0LDL ")
OPENC(UNIT=4yFLLE="LOWOUT AT " »STATUS="0ULD ")
J1=Q
KKK=0
_0Q WHILE(RERKK.ZEQ.O)
JJd=JJ+1
FEEADCLy 12y I0STAT=RKKEyENU=8) SCJI) yLELSTARCJII) sy NNCJII) »
3l ACID) o (I 2 2 CID) 2 LRNCLD) o LONCJIY) »SLOFECJ)
END DO
3 KRK=0
JJd=JJ-1
15 DU WHILE(KRR.EQLQ)
Jd=JJ+1
READ(Z2y 12y [USTATN=RKKyEMNI=18) SIUD) s UELSTARCIJ) s HNCI)) »
1 AU o 0 (I v 20T » LRNCID) » ICNCJD) o SLOFE (D)
END D0
18 KRK=0
JJd=JdJ-1
20 00 WHILE(RKK.EMR.O)
Jd=JdJ+1
READC(3»y 12y I0OSTAT=KRKKyEND=28) SCJJ 2 DELSTARCII ) s N0 )
1 X(ID e (ID) 9 LTI 9 IRNCID) 9 LENCI) o SLUFE CJ))
LD DO
28 KRK=0
JJd=dJ-1

036 83

€GO

(&)

g
[ NUOW WRITE COMMAadL FLILE T CREATE KIM UATA HBASE
N OFENCUNIT=4yFTLE="REORUER.LOM " «STATIS="NEW )
T WRITE(4y 30) URNAME
30 FORMAT (
2 % RUN CBHATELEY .FANALR IKLMAYS "/
37 X(SET SEML=NULL) "/
4 ¥(SET DOLLAR=(NULL) "/
U ECHO"/
A7 DNEFINE " sav/
77 DWNER *NDNE® "/



31

Jé
r

i
ol

i
a

36

37

38

39

898

c
891

8 ATTRLEBUIES / ORIGINAL PAGE IS
9 NN TNT ) OF POOR QUALITY
WRITE(de31)

FORMAT ¢

2° RN [Ny s
37 CN [T/
4* 3 REAL "/
57 DELSTAR RkAL '/
6" X REal." 7/
27t Y : REAL " /
8 Z REAL "/
Y’ SLOPE REAL ")
WRITE(4y32) UHNAME
FORMATC( RELAITLUONS "/1X»Ar1Xy " WITH i 7
27 S DELSTAR N X +/
37 Y & RN N SLOPE )

WRITE(4y33)

FORMAT ("~ PASSWORNS /7 ENL’/’ NOCHELK?)
WRITE(4+35) UBNAME

FORMATC(” LUAL ‘vA)

II=0

00 WHILECITI.LT.Jd)

TI=II+1

WRITE(4+37) SC(IL)yLELSTARCLL) sWNCLL )
FORMAT(1Xs2(F15. 091X 9 1993Ke " +7)

WRITE(4+¢38) XC(L1I)sYC(IL)pZ2C11)s IKNCLL)»ICNCLL)
FORMAT(IX s Z(F1S:S91X) s 2CLS91X)y " +7)
WRITE(4+39) SLUFECLL)

FORMAT(1F1S./)

END DO

WRITE(4,898)

FORMAT (" END /7 I[NFIY IHPUT "/ EXLIT )
CLOSE(UN1T=4)

WRITE(&+891)

FORMAT(’ THE FILE REURLER.CUM HAS HEEN WRLITEN, -

2 /' THIS IS A CUMMAND FLILE THAT LCAN HE REST EXECUTED
3 /7 BY USING FORK .°/
4°  JUST DO THE FOLLOWING 3 °/
S 1.TYFE IN FORKSCR: (O WILL GET A "COMMANDSS®
6 PROMPI) "/
7 2.TYPE IN $ WREURLUER-CR:’/
8’ JUST BE SUKE WUI 10 LUG OFF KEFORE FORK TELLS (OU
9 (OUR JUK 1S FLNISHEDL )
STUF
END
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C.2.4 Code Developed For Program SORT

The following pages contain the FORTRAN code developed for the program SORT.
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ORIGINAL PACT 17
OF POOR QUALITY

FRDLGRANM SURI

-

\

THIS FROGRAM WRLIES A COMMAND FILLE ¢ F 4SUKT.COM ) WHLCH DFERS
OPENS THE K1M UATA BASE NAMED DRUER ANL USES RLMA LOMAANDS

TO SELECT AND SORT THE RESULTS FRUM THE WHLTFLELD FROGEANM
TO A FORMAT USEFUL 10 GENERATE A MEW PAN ALR FROBLEM SIMULAYTING
VISCOUS EFFECTYS.

OFENCUNIT=2yF1LE="RK1MSUR) .COM’" »STATUS="NEW")
WRITE(Z,»10)

FORMAT(

* 3RUN CBHATELEY.FANALRIRLM23"/

X(SET SEMiI=NULL) "/

X(SET DOLLAR=NULL) "/

NOECHO °/

OFEN ORDER °7/

LLINES 2000 ‘/

OUTFUT LINK °/

SELECT NNyX9' (v 9y SyNELSTARYRNLCNySLOPE FROM ORUER + )
WRITE(2y13)

FORMAT (

2'SORTED BY NN CN RN 7/

3’ EXIT ")

STOF

END

~

SN

C BN WS

FORTRAN STOP

£
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C.2.5 Code Developed For Program LINK

The following pages contain the code developed for the program LINK. F
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£ ORIGINAL PAGE 19
g OF POOR QUALITY
FRUGKAM | Lk

ITHLIS FRUGFANM KEAUS IHE BL UHARAUIEKLS!ILILS FREULCIED BY THE
WHITFLELD FRUGRAM ARl THE URKLIGLHAL LHVLISCLY FAR ALK FRUBLENM
THEN FRUDUCES A NEW FAH ALR FRUbBLEM4 WHLICH COMIALNS VISCUUS
CORRECT1UNS 1N ITHE +UKM UF BUUNDARY CONULTLIUNS (QUIFLOW
VELOCL1T1ES SFECLFLED Al CUNIROL FUILMHIS)

B

THE BOUNLARY LAYER CHAKALCIERLISTICS ARE ASSUMED 11U BE
STORED IH A FILE WHICH WAS GENERAIED USING R1M4 CUMMAL 2E
ON A RLM bAlA FASE FRUDUCED BY WHLT.CUM F1LE. 1HE
PROPER K11 COMIAAND TO PRODUCE THLS VAlA FILE 1S 3

COoOOCOOCaaC

SELECT NN»X»'(»ZrSryUVELSTARYRNYCNySLUFE FRUIM UBHNAME +
SORTED BY NN UN RN

(ply

WHERE DBNAME LS THE WNAME UF THE RELATLION CUNTALNLING
tHE BL FARAMETERS.
THE FILE MUST CUNTALIN [THE ABUVE SELECTED FARAMETERS AND
—~MUST—BE SURIED AS LNULICAIED.

oo G

CHARACTER LINEXBO,»BLCKA»HAF ILEXR20sRAF ILEX1S5yNEWF ILEXZO
- DIMENE10N NN(S00) »X(S00) » 7 (3500)»£(500) yVELSTAR(S00) s IRN(TO00)
DIMENSIUN L1CN(S00)»S(500)»SLF(L00)
DIMENSIUN XFAC20920)»YPAC20920) 9 LFACL20920)
DIMENSION S1(20)»82(20)»53(20)#54(20)
WRITE(Ss%) " !
WRITE(&9%k) ’

Cc WRITE(&»%) " ENTER THE #HAME UF THE FILE CONIAINLNG (HE'
&5 WRITE(S&9%) " BUUNDARY LAYER CHARACIERISTICS (¢ 1H1S FI1LES
Cc WRITE(&¢%x) " WAS FHUDUCED FRUM A RIM DATA BASE CUNTALNLINGS
c WRITE(&s%) " FRELLICTINNS FRUM THE WH11F1lELD PRUGRANM. ’
C WRITE(4s%k)’ FILE NAME (13 CHARS. MAX.) 777
e READ(S»2) RMFILE
RMFILE(1:8)="LINK.DA)"
2 FORMAY (A13)
WRITE(&9 k) 7 £
WRITE(&y k)’
WRITE(&69X) " ENTER IHE NAME OF THE FILE CUNTALNLING THE®
WRITE(&9X) " URLGLNAL FPAN ALR PRUBLEM W1IHOUT ViSCUUs”’
WRITE(&94) " EFFECIS . °
WRITE(S6vK)’ FILE NAME 7 (20 CHAR MAK. )’
WRITE(&eXK) 7
READ(Sy3) FAFILE
3 FORMAT (A20)
WRITE(Ssk)
WRITE(&+&k) " ENTER IHE FILE NAME FUR ITHE NEW FAN ALK FRUBLEN®
WRITE(S+%)° WLTH VISCUUS EFFECIS SLIMULAIED TO BE GENERATED-
WRITE(&6v&, " BY THIS FPRUGRAM .-’
WRITE(&XK) 7
WRITE(&69X) " ENTER FILE NAME (20 CHARS. MAX.)’

_READ(Sy3) NEWFILE
OFPEN(UNIT=2+FILE="LINK.DAT " »STAIUS="0ULD ")
OFEN(UNLT=3yFILE=FAFILEsS(ATUS="0LL ")
UFEN(UNIT=4yFlLE=NEWFILEySTAIUS="NEW )

NWNCOUN =0
C

C READ 3 TITLE CARULS LIN RIM FILE
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(o]

<

i
T

ocohaAa

cOoo0D 000 ocoo |

o0 00

0

T

OG0

oo

700

32.&,&13; LINE ORIGINAL PAGE 18

FORIMAT (AB0) OF FOOR QUALITY

END DO

CONTINUE
OW READ THE FIRSYT WNEVWURK FOR WHICH WE V1SCUUS CURKECTIUNS A
O MAKE

I0S=¢
CALL READ2(IOS)FPNISyNNeAv (2 Ly DELSTARY IRN» 1CiN» SLF)

NOW CHECK TO SEE IF THIS IS THE LAST NETWURK FOR WHICH
CORRECTIUNS ARE TO BE 1ADE

IF{IOS.NE.Q)THEN
CALL LASTRITE{(LINE’
GO TO 900

END IF

CONTINUE

NOW READ A NETWORK FROM THE ORIGINAL FAN AIR FRUBLEM

CaLL READS(IOS»yMsids NNCUOUNT » AFAY (FA» ZPALIKE)
IF(I0OS.NE.O) S0 TO 900

WOW CHECK TN SEE IF NETWORK W1TH BOUHDARY '_AYER FREDL1CYLOUNS
COINCIDES W1TH NEVTWURK FROM URIGINAL FAN AlR FKUBLEHM.

IFCHNCL) JEQ.NNCOUNT) GO TC 30

THE WETWORKS DO NOT COIMCIDE S0 READ HEXT NETWURK FECH
FAN AIR PRUBLEM.

GO T3 20
CONTINUE

HE HETWORKS COINCIDE SC UW WRITE CUI THE HEW FAN ALK FHOEBLENX
INCLUDING BUUHDARY COHDLIIYNS.

FIRST IDENTIFY THE 1YFE (UFFEF OF LOUWEF)
OF BOUMWDARY CONDITICWN IN THE ORIGINAL FAN AlR FHUBLEM

CaLL IDBC(BC,sLIHE)
NOW WRITE OUT THE MWEW BOUNDARY CUNDITLIONS.
CALL RITEBCI(BC »SLF»ifrirFHIS AFAY (FA»ZFArAr (v L9 519509559 54)
GL TO S
COMTINUE

STOF
EnD

SUBROUTINE READZCLUS»FHISyildiNe Ar(y S UELSTARY LRy LU SLF
SLAEASTUN NS00 ) » ALT00 ) » 1 (LU0« 20000 »S{T00 ) » LELSTARILOU)
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: ORIGINAL PAGE 19
| DIMENSIUN LRN(SG0) » ICHSGU) »SLF(S00) OF POOR QUALITY

[
C THIS SUBROUTINWE REALS A H.TWOFK FROM THE FILE CUHTALHLING THE
C FREDICYED BUUNUARY LAYER CHARACTERISTICS FRUM WHLIFIELL FROGRANM
c
FNTS=0
- =1

READC(25600 I0STAT=INS) NNCL) o XCL) oV {I) e {I)yS{I)yDELSTARIIL
2. IRNCI) » ICH(I}»SLP{I)
aCo FORMAT(199OUF10.592I10+1F10.5)
_IF(10S.NE.O)THER
FNTS=I1-1
RETURN
END IF
I=1I+41
READ(29600 105 . i =10S) NNCI) o ACL) e (1ip (1) sSC{L)»UELSTARII )y
2 ITRNCI »1CHCL)Y »SLPCID)
[F(IOS.NE.O)THEN
FNTS=1
RETURN
END IF
DO WHILEC(RRC(ID) JEQ.NN(I=-17)
I=I+1
read(2y000sENLI=a0L) (L) rc(i)eglil)sa(idysalid)rdelstarii)
2 sIRNCL)»LIUNCL)»SLF(I)
END GC
; 602 CONTINUE
1 "NTS=I-1
; BACKSPACE(UNIT=2)
I08=0
RETURwi
END
SUBROUTINE LASTRITE(LINE)

ALL OF THE NETWORKS FOR Wh1CH A VISCUUS ANALYSIS
WAS MADE HAVE BEEN READ SO NUW WKLTE QUT THE REST OF THE OR1GLINAL FAl

CHARACTER LIMEX8U

I0s=0C

ol4 CONTIRUE
READ(S»0lTGrICSTAI=10S L1INE
10 FORMAT {ABG)

WRITE{4.0615) LWiNE
[F{IOS.NE.3) GU 10 o118

PR AR TR PRI Y e T L e e
(e ¥pligiplicEs

GO TO o14
618 CONTINUE
RETURN
END
(
c
SUBROUTINE REAUSCLUS»iMrNs NNCOUNT s A-Ay (FAs LFAsLLNE )
c
(M
C THIS SUBROUTINE KEADS THE ORIGIWAL FAN AIR FRUBLEI
C { ONE HETWURK Al A TIME 5 AND WRELUIES THE NETWUORK OUI 10 THE
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NEW FAN ALR FRUBLEHX

06 o

CHARACTER LINEX80

ORIGINAL PAGE 13
OF POOR QUALITY

DIMENSION XFACZGr20) » (PACL0,20) v ZPAC20920)

o000

; I105=0
639 CONTIMUE
READ(3+540 IOSTAT
TBATT FORMAT (ABG)
IF{IOS.NE.O) THEN
RETURN
END IF
WRITE(4r041) LINE
041 FORMAT{(AB0)

FIND THE WEXT NETWORK AND WRITE OUT 10 THE HEW FILE ALL
LINES BEFURE THE NETWORK DEFINLIT10N BEGLINS.

TOS) L1INE

FIND THE LINE WITH THE IN111AL CHARAL™FRS *NETWURK®

WE HAVE FOUND THE BEGINNING OF & NETWURK

» GU TO 845

c

c

C
00 I=1,10
J=1+3
IFCLINECISY) JEQ. "NETW ) GO TO 442
END DO

c

C TRY NEXT LINE

c
GO TO 39

c42 CONTINUE

c

(>

C

cC

C ®NOW LOCATE THE *=* SIGN

c
D0 RK=J»350
IFCLINECRIK) EU. T
ERD DO

243 CONTIRUE

c

C NOW FIND THE NETWURK WAk

-
N1=K+1
00 J=n»30
IFCLINECASD) ok
WN1=N1+1
END DO

& Wl o B &7

644 CONTINUE
N2=i1
NG I=N1,U30
IFCLINE(IILD) JEQLT
N2=I-1
G0 TO 545

‘7 GU TO 544

FIND END OF HNETWURE NAME

i HEN
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END IF ORIGINAL PAGE '3

END LO OF POOR QUALMY
645  CONTINUE

NOW FIND THE DIMENSLIOUNS (MAN) UF THE NETWURK

FIRST FIND ™

oo

1=0

[0 I=N2+1,80

IF(LINECISIZoiNES® 7)) THEN

READ(LINECIII) »3409ERR=639) 1
646 FORMAT(11)

N3=I+1

IFCLINECNSING) oNE.© ) THEN

READCLINECISI+1) v04/»ERR=639 )k
647 FORMAT(I2)

N3=I+2

END IF

END IF

IF{4.NE.J)GO 10U o648

END DO
048 CONTINUE

IF{I.EQ.30) GU 10 0639

NOW FIND N

(ol o o

N=0
DO I=N3,80
IFCLINECSISL) WiHE. © ") THEN
READCLINE(ISI) yoUUrERR=657) N
o350 FORMAT(11)
IFCLINECIHFLIII+1) oiNEC T 7 ) THERN
READ(LINE(III+1)»0UlvERR=639) N
o351 FORMAT(I)
END IF
END IF
_IFCNLHNELY) GO 10 oL
END DO
232 CONTINUE
IF{I.EQ.30) GU TU &37%

L NOW READ AND WRLTE (HE COORDINATES OF 1HE NETWURK

_ NWHCOUNT=NNCOUNT+1

787 FORMAT(IKs ‘'M= "9Ll3910Ks"N= "9s13}

DO Ju=1,id

DO KK=1+»i4

READ{Sy®) APACII s K) » (FPACJIIRK) v ZPACII P KK
WRITE(3» /50) AFACIIRK) v (FACIIrKR) s ZFACII KK )
FORMA)I (3F20.3)

END DO

END DO

I105=0

RETURN

ERD

N
~3
<
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S NIT

13

JRUENAL PAGE
.; POOR QUALITY

0

SUBROUTINE BUINTERFI(SLFrids Ny AFAr» (FAasiFAsAr» (oSl 58953954)

THIS SUEBROUTINE LNIERFULAIES THE VELUCLILIES FUK 1HE CENIER LUNIRUL
FOINIS 10 GET THE VELUCLI1ES FUR I1HE EUGE CURIRUL FULHIS

GGG 6

DIMENSION S1{20)»5¥(20) 953205 9534CL0) v A(TOUI» (TGO »2(0LO0)
DIMENSIUN SLF(S00: s XFACZ0»20) » YFACZ0»20) yZFAC20520)
Cv
C FIRST EDGE
C
L1-(iM-1)&K(N-1)
L2=i4-1
L3=N-1
0o L=1,L3

INTERFOLATE FUR URDLINAITES UF EDGE 1 COMIRUL FOLNTS

c0Oo

ACF=(AFA(Ly 1 +AFA(L+191)) /2.0
(CF=(YPA(L LI+ YFACLEL1»1)) /2.0
ZCFP=(ZEn(Ls 13 4+2PALEL1)) /2.0
KRR=2+(L-1"%(11-1)

DELS=S! "{Ki i) =SLF(KKK-1)

DELA=X(RRK)Y =X (KKK-1)

VALUE=SLF (KKR-1)+((DELS/DELX) K (ACF-X(KKR-=1)))
S1(L)=VALUE

IF{(VALUE.LT.0.0) S1<(L)=0.0

END DO

- C SECOND EDGE

- DO L=1,L2
ACF=(XPACNyLI+AFA(NIL+1) ) /2.0
YCP=(YPA(NL)+YFA(NIL+1))/ 2.0
ZCFP=(ZFA(N L) +ZFA(NL+1) ) /2.0
RRK=(M=-1)R(N-1)-(M-1)+L
JII=(M-1)K(N-1)-2%K(M-1) +L
DELS=SLF(JJJ)-SLF (KKK)
DELY=Y{(JJJ) =7 (KKK)

VALUE=SLF (KKK} +((UELS/DELY )R C(YCP - (KKK)))
S2(L)=VALUE

IF{VALUE.LT.0.0) S2(L)=0.0

END DO

EDGE S

cOoo0

DO L=15L3

La=N+1-L
ACF=(APA(LI» M) +XFALI-19i1)) /240
(CP=CYFA(L4yM) +7PACLI~1,14)) /L.
ZCF=(ZFACLAYMI+ZFA(LA-15i1) )/ 2.0
FRR=(M-1) K (N-1)-CL-1)%(1-1)
DELS-SLF(KKK-1)-SLF (KKK}

DELA=Y (KKKR-1)-X (KKK )

VALUE=SLF (KKK) 4+ { (MELS/DELX) ACKCF =X (KKK)))
33{L)=VnaALUE

[F{VALUE.LT.0.0) S&E(L)I=0.0
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END DO

ORIGINAL PAGE 3
EDGE 4 OF POOR QUALITY

0o L-1sL2

LO=iM+1~-L
ACF=(XFA(1yLS)+AFA(L1LS-1))/2.0
TCP=C(FACL LI+ FACLLU-1)) /2.0
ZCP=(ZPA(1 LU T LFPACL,LLU-1))/2,0
KRR=M-L

JJJ=2%K(M-1)+1-L
LELS=SLF{(JJJ)-SLF (KRK)
DELT=7(JJI)=(TKKK)

VALUE=SLF (KKRK)+C(UELS/DELY ) A CICF=7 (KKK} ))
S4(L=VaLUE

END DO

RETURN

EnNG

coGc

SHRROUTLINE [UBUIBUYLLINE)

G

& THLIY SUBRUOUILNE FLINDS THE URLGINAL BUUNZARY CURNLILTIUN ANU UVEVTERMINES
L WHETHER LT WAS A UFPER UR LUWER SLUBLLASY
c .

CHARACTER LINE&80sBLCXk4

6?9 CONTINUE
READ(3» 700y IUSTAT=10S) L1INE
IF{IOS.HE.D) RETURN

700 FORMAT (ABO)

c

C CHECK FOR *"BOUN®" LlLENIFIER

o

0ng I=1-10

J=I+3

“IFCLINECIVI) JEQ. "BUUNT) LU TO 705
END [0

THIS LINE DOES WUV SFECIFY (HE BUUNUARY CUNUITION SU
WRITE 1H1S LINE TO THE NEW FLILE AND GU TU WEXT LIKNE

DG e

WRITE(4,700) LIRNE
GO TC o579
CONTINHUE

(&

O

THIS LINE CONIALNS THE BU SO SORT OUT THE REST
OF THE LLlHE

FIND THE *=* SIGHN

06 0 30 €™

o0 K=Jy350
[F{LINECKSK) Q. =73 GO 10 710
END [U

10 CONTINUE

oo
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C NOW LCUK FOR *UPFER®" DR "LUWER® URIGINAL PAGE 1S

no TK=Ky7é OF POOR QUALITY
[J=IK+3

[FCLINECIRSIL) JEW. "UFFE ) GO TO 725
TFC(LINECIKSIJ) WEW “LUWE *) LU 10 725

END DO

WRITE(&9720)

720 FORMAT(//»20X»* THE RUOUNIARY CONDYITIUON MUST BE CLASYS 15 "9/
2 20Xy ’SSUBCLASS UFFER UR LUWER FRLOR 10 1HE VISCOUS ANALTSLS
3 /20Xy’ 1F [THE SUBCLASS LNUEX WAS USED LNSTEAD OF THE KEYWURD ' »
4 /920Xy “THEN CHAKNGE 100 THE KEYWURD LESLIGNAILOH, )

29 T READC(LINECLKSL1J) v /28) BC

7246 FORMAT (Ad)

1~

c
C THE BOUNDARY CUNLLI1O0ON SUBCLASS HAS NUW BEEN LUERIL1FLED.
¢ NOW WRLIE OUY ANY ADDLTIORAL LLINES WHIUH EXLISIED LW IHE
L UORIGINAL PAN ALR FRUBLEM HETWEEN 1HE BC ARD THE HEX)] NE1TWURK
C
727 CONT1NUE
FEADC3» 700yERD=/340) LILIRE
C
C NOW CHECK FOF HETWUOREKR LESLIGHATILOM
c
00 [I=1,20
JJ=II+3
IFCLINECIINIY) JEQ. "RETW ) THEN
BACKSPACE (UNIT=3)
GO TG 740
END IF
END DO
t
C  THIS LIKE IS HUl 4 HEW HETWURK SU WELIE LT OUT 10 THE HEW FAll ALR FFRU
£

WRITE(3,.,90) LIMNE
GU 1O F27
R 1Y) CONTIHUE

FETURN
kD
B
SUBFRUOUTLHE RLIEBUCBCYySLEyitsilsFHISy AFAry (FAs cFAs Ky T L5l v 82955954
B4
&
G THIS SUBFOUTIHE WELIES OUT 1THE #HEW BOUMUART COHLLILUMS FUR THE Y1SCOU
C
o CHARALIER HLKS
ULHEMSIOM XFPAC20220) » TFACZO» L0 s LFAC202 200 o XCU00) o 7 CL0O0) s £(TCG)
2 SLP(300)
DIMENSIOMN S1(20)82(20)983(20)9S4C20)
WRITE(4,755) BU
799 FORMAT (" BOURUARY CUONDILTION = 2y "9Ad)

WRITE {4y /U6
796 FORMAT( "SFECLFE LED FLOW 5/ "TEEM = 1)
WRITE{3y /57)
797 FORMAT('PUOLNTIS = VENTER -
WRITE(4, /UB)
738 FORMATC( X/ OUIFLUW YELUCLIIES FOF FAWEL CEMIER FOLMHIE )
[LIM=(M-1) K (N-1)
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ORIGINAL PAGE I3

LECPNISoNE L LLLMD)  THEN
WHLTE Sy &)’ OF POOR QUALMY

WRLITE(ar&®) " LAUTLIUN ¢ 1THE WUMBER UF BUUNUARTY LCUNULILUNS FRUDULCED
WRITE(arXk) " FRUM IHE WHITFIELD FROGRAM LUES WUT MAITCH THE WUABERS
WRITE(ar%) " UF FANELY READ FRUM ITHE URLGLNAL FAN AlK FRURBLE®“.

WRITEC(&e#%) " CHECKR HNEW FRUBLEM BEFURE EXECUTL1NG.
WRITE(&rXk) ’ £

WRITE(&69/75Y) MeNeFNIS

FORMAT(aXry "M== "9 L9 9Xs'N= "9 139SXKy "FNTS- “913)
END IF

IF(BC(1:4).EQs LUWE ) I1HERN

U0 L=1sFNTS

SLP(I)=-35LFC(1)

END DO

LD [F

WRITE(Ay /60) (SLF(L)y L=1yFNIS)
FURMAT(6(F10.s092X))

WRITE(3y7.1)

FORMAT(3C "X/ ¢/ )y "FULHIS = EUGE ")

WRITE(Ay /062)

FORMAT( ¥/ BEGIN VELUULTLES FUF EDUE 1)

HUOW LHTERFOLATE YELUULTLIES FUR LCEMITEE CUMTRUL FUlils
FOR EDGE COHIROL FOIMIS

10 GET YELUUILNIE

Akl BCIMTERFP(SLF vty ils AFA» (FAYLFAY AXr (9295195953954

WRITE OUT EDGE VELUCITIES AMD CALCULATE AYG. VELULITIES FUR Aallli1ud

Al=0.0

al=0.0

090 [=1sit-1
Aal=Aal+l.o
WhITE(dy703) 311
Al=Al+81(1)
FORMAT(2AsF12.0)
enll U0

rl=nl/nAl
WhLIlIE( 3y /03)
FORMATC K/ w7y K/ )
WHITE(dy /007

FUORMAAT C K/ BEGLIN EUGE VELUULTLES FUR BlUE &)
AS=0.0

Al=0.,0

Uy L=1vi1-1
nl=Al+l.0
WhllbE(dy/03) SL(Ll)
AZ=AES30L)

Nl Do

Ad=nd/ Al

Wh1IlE(3dy 703
WhllEi(dy 707

FURAAT O XK/ BEGLN EUGE VELUL TLiES FUR SIVE 57)
AS=0.0

Al=0.0

U 1=1yiN=-1
Aal=Alt+l.o
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WRLTE(4r /63) S3(1) ORIGWIAL PACE 13
A3=A3+S3(L ) OF POOR QUALTTY
ENU DU
A3=A3/Al
WRITE(dy 705
WRITE(4y /68)
/68 FORMAT( X/ BEGLN EDGE VELUCLTLES FUR SlueE 3°)
ﬁ4=000
AI=0.0
ug L=1yM-1
ALl=ALl+1.0
WRITE(4y 763) S4(1l)
A4=A4+S4( )

END DO

A4=A4/Al
L
L NUW WRLVE ADULTIUNAL CUNIRUL FULNTS
C

WRLITE(Qy 765)
WRLTE 4y 70Y)
E-%4 FORMATC FULNT
WRITE(4y/70)
/70 FURMAT(ZXy " (
WRITE(45771)

S = AUULTIUNAL )
A
1
A
i FORMAT(2Xy " C 2 )
A
3
A

~
I

‘yF1l.0)

“eF12.56)

WRITE(4y,//2)
772 FORMAT(ZXKy " (

WRITE(4y /73)
773 FORMAT (2K " (

WRITE(4y 7 6%)

RETURN

END ~

~
I

’ IFI.:.O)

»
I

faF12.06)
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C.3 Sample Run of Viscous Simulation Module

The simplified wing-body problem shown in Figure C-1 was analyzed to demonstrate
the Viscous Simulation Module. The inviscid flow field properties for this configuration
were first determined using PAN AIR. The PAN AIR problem for this configuration is
presented in Section C.3.2. The inviscid flow properties were then used to calculate the
boundary layer on the wing upper and lower surfaces. A new PAN AIR problem with the
wing boundary layer simulated is presented in Section C.3.3. This process was
accomplished completely within the Viscous Simulation Module with the inputs and
execution shown in Section C.3.1.
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C.3.1 Sample Execution of Viscous Simulation Module

The execution of the Viscous Simulation Module which converted the PAN AiR
problem presented in Section C.3.2 to the new PAN AIR problem presented in
Section C.3.3 containing specified boundary conditions is illustrated in the following
pages.
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C.5.2 Original PAN AIR Problem

The input problem for the criginal inviseid PAN AIR run is presented in the
following pages.
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ORIGHVAL 1'ACE 13

e

OF POCR QUALITY
AARHHW s FEy 11100y CA1UR000y TULy TLU YRS
ALLUURT (I HASBE Yy TUL20 )
UISFUSEyUUITFUTyS 1 =ARS1AUs AFR .
LUMAHT . RUM THE FRUDUUT LOH YERSLIUM UF FAalolhk
UO““E“I . 3IUHEU ns L1211JF\'UNFF-NP|1h.JLL Uil Ul'-‘l""l:IlHo L I I I I S N N A )
LUMMENT «
CUFSFOIAFUTsUUTFUT)
FEWIHDCLNFUT
sk ITNARE(FHASBLL)
AOUNT(VSH=001110)
REQUEST » IAFE? y SN=FHASBLU s AFF
KREQUEST» TAFELO» SN=FHASBLU » KFF .
REQUEST s TAFEL11ly SH=FHASBGU » XFF ,
AUOL T CID=FHALLByAL=F)
CUMMENT . FUEGE ANY UL LAlASETS THAT MLIUHT BE THEFE
EXIT»U.
CUMNENT. ATTACH aAaflb EXECUINE THE MEC MUDLULE
ATTACH(MECy LD <FAALER)
NEC,
sUnnaky .
RETURHCAEC )
CUMMEMT. ATTACH AL EXECUIE THE ULF MUUULE
AlTACHC(DLIFy LD =FAMALE)
DLIFCIHFUT s FL=100000)
sUAnAkT .
RETURHNCDIF)
CUMNENT . ATTACH AU EXECUTE THE DUG MUDULE
AlTACH(DUGy LD =FAMALE)
UULI{FL=100000)
2UMMART .«
EETUREHCUUG )
cunncill s AlTACH arl EXECUTE THE AU MUUDULE
AalTalhinaGs LU=Faklalk)
NIRICHS
sUniak .
FETURly 1AL .
cdnntdl, alTAlH Aadd EXECUITE THE Kt MULULE
ATTACHIENSy LD =FAMALE)
FAS .
SUNMAaRY .
FETUEMR{RMS)
COMMENT, ATTACH abll) EXECUIE THE EHE MUDULE
ATTACH(EHS y LU =FAKALE)
FHS .
SUMMART .,
FETUEM(REHS )
COMMEMT . ATTACH At EXECUTE THE MAnG MolndLE
ATTACH MGy 1L =FARALED)
06 .
SUMNART .
FETURMNCAMm:)
COMMENT ., ATTACH ANl EXECUTE THE FNIIF nUlULE
ATTACHFNFy LL=FANATR)
FOF(FL=40000)
SUMNMAFY .
FETURNCFTF )
LOMMENT . AalTTACH atn EXECUITE THE CUF AULULE
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ORIGIN?: -

7

OF PO« 0Oy " :
ATTACH(LCLUF y LLUFy LU =HANALR) OOR UALTTY
COF.
SU“MﬂHYo
RETURMCCDF)

COMMENT. ATTACH AMU EXECUIE THE FFF MODULE
ATTACH(FEFy 10=FAHALR)

FRF.

SUMMAFRY .

RETUFM(PFF)

SUMMARY .

EXITsU.

HEWIND (TAPE®» IAFEL0s 1AFELL)

COFYSBF (TAFE? »UUTFUT)

COPYSBF (1AFEL0UUTFUT)
COFYSBF ( TAFEL1,0UTFUT)

EXITsU.

FEWIND(INFUT)

CATALOG» TAFE® » FFFYF » SN=FHASEGY » L=FHA I CR.,
CATALOG» TAFELGFFF10F » SH=FHASBGU» LU=FHALCE.,
CATALUG» TAFELLsFFF11F » SN=FHASBGF » ID=FHALCE .
AUDIT (ID=FHAICE,AL=<F)

%%EOR

FAN ALR / THIS IS IHE FIRS! CAKN UF MEC LWFUI FOR CDU
SYSTEM FANALK FHASBSU AMES

RID =CHECKOUT OF PANALR METHUU FUR VUSTUL ANALYS1S
DATA BASE DIKECTIVE BLUCK

AFPEND DAR TO ALL

ULD = FHAICB FUR ALL

SET = FHASHEGD FUR ALL

AUID= FANAIR FOR ALL

ASET= FHASHGI FUR ALL

EMD DATA BASE DIKECTIVE BLULK

CHECK Uala RUN

LXECUTION DIRECTIYE HBLULK

FIND FUTENTTAL FLOW

LI EXECUTION DIREC)L1YE HLUCK

Ei'd FAM ALK DIRECTIVES

%“%EOQOR
X/
X/
X/
X/ UIF [HFLT - FILE FRIF3.J0UB
K/ WING-BUNYC FRUBLENM FOF CHECKUUT GF Y15C0US EFFECYS
x/
X/
X/
b 9
BEGIil GLOEAL DAalaA
FID=MMODEL TO CHECK uUuUl JISCOUS EFFECTS MUlULE
UID = BHAIELEY. HUWELL GEHERAL DYHANMLILS g1, /32 4811
COMFIGUFRATLION = FIESI JUNE FLANES UF SYYMUETEY .
MACH = 0.0600y LALFHA = 3.0y CBEYA = G.0, RECO. Gy
AlFHA = 4.0
3ID =ZERO-DEGFREE R T
TOLERAMLE = G.1 L
SURFACE SELECTLON = lFFER Je

SELECTIUOM OF YELOUCLTY COMFUIATILOMN= BUUNLART=LUMRINLT LOM
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FRESSURE COEFFICLENI
®/

CHECROUT FRINTS = NlFv1vlv sy

BEGIN NETWORK Naia

ORIGINAL PACE 7
OF FOOR QUALMY

RULES=L1SENIRUF1Cy SECONU-URMER /61T

HUGry19adsry

¥/  THESE ARE THE HETWORKS FOR W1HG-BODY MUlIEL

*/

NETWORK=NOSE-1 15
0.00000
2.00000
0.00000
0.00000
0.00000
0.00000
0.,0000C
0.00000
0.00000
0.00000
0.000Cv
0.00000
0.000C00
0,00000
0.00000

33.33334
33433334
33433334
33433334
33.33334
33.33334
33433334
33.33334
33.33334
33.33334
3333334
33433334
33.33334
33.33334
33433334
Qa+0000/
56+00067
004+0000/
60 .000067
00 +0000/
66.86667
Y-FX-7-1-7-93
Y- R¥-T-1-Y-W4
004,006067
b0 +0006/
06.006007
bb.0600/
©64+00067
00+006667
100.00000
100.000600
100.000090
100.006000
100.00000

3

0.,00000 0.0G000
0.00000 0.00000
0.00000 0.00000
0.,00000 0.00000
0.00000 0.00000
0.00000 0.00000
0.,00000 0.00000
0,00000 0.00000
0.00000 0.00000
0.,00000 0.00000
0.,00000 0.006G00
0.00000 0.00000
0.00000 0.00000
0.0000G0 U.06000
0.00000 0.000006
0.00000 -10.000GCC
3.45879 -9.3/681
3344356 -8.01//9%
a.001564 =/ e0ud7 43
7.6881% -0.94813
8.83037 -4.,4250Y
P.6/200 -Je 17988
10.006GG0 U.0000T
9.867203 L.1/7988
3.3304/ 3F.3.050¢
/08818 9.54613
6.30164 7 e0VETD
U4 544350 B.0l177Y
9+408906 Yews0dl
U.00000 10.00000
G.00000 -20. 000600
6.717%/ -18.70362
10.68Y12 =17 .,23038
135.06034% -1U.30048Y
137637 -12.670d0
17.600/74 -8.04/109
17.54411 -3.,353976
2000000 (VRN VIVIVINL )
1/.660/9 8.84/10
15.3764/ 12.0%0</
14.00328 10.50047
10.068%910 1/443008
6Y17935 18.7353362
0.00000 “0.U0000
000000 ~50.00000
]00;‘;/.0'7.0 '~‘Oolu°4~
1o.0300/ ~ £ ¢ QA DGO
17.30470 — L TUBLS
234064900 =1%.044.%
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ORIGINAL PACET T
OF POOR QUALITY

C—7

100.,00000 Lo.47111 =13.4/0//
100.06000 27.01610 —0.08%04
100.,00000 30.00000 0.00000
100.00000 29.01010 0+03764
100.00000 L26.47111 15.2/70/7/
100.00000 234004900 17.04330
100.00000 17.50492 22.9308235
100.006G00 16.03560 29.8038487
100.00000 10.37a%4 28415045
100.00000 0.00000 30.,00000

TRIANGULAR FANEL TOLERANCE = .003

BOUNDARC CONDLT10N = 1sLUMWER

X/

X/

NETWORK=FWD-BUD( -2 135 3
100.00000 0.,00000 =-30.00000
100.,00000 10.376%¢6 -<8.15042
100,00000 16.0336/ ~£3+895336
100.00000 17.30490 ~dLTHLS
100.00000 £3.06450 =19.04459
100.00000 26.49111 =10.270/7
100.,00000 29.010106 —6.udY04
100.00000 20.00000 0.00000
100.00000 29.010610 Ge03Y04
100.00000 L26.49111 15.4/0/7/
100.00000 23.06400 19.04440
100.00000 19.30492 L2,935823
100.00000 16.03360 LU.8USSY
100.00000 10.37693 L8.13040
100.00000 0.00000 20.00000
120.00000 0.00000 -30.06G00C0
120.00000 10.5748%6 -<8.15042
120.00000 lo.03567 -£5.85336
120.00000 19.00495 ~22.95823
120.00000 23.06450 =17.04459
120.,000600 L9.C1aol0 —0.03%04
120400000 50.00000 0.00000
120.000200 29.010610 Seudyo4
120.00000 Jo.4Y111 15870/ /
120.,00000 23406450 19.04430
120.00000 19,5049 22.93823
120.00000 lo.05560 LU.8UsS S
120.00000 10.37079 2H.15045
120,00000 C.00000 50.00000
140.,00000 0.00000 =-30.,00000
140.00000 10.5/06%6 -28.15042
140.00000 16.033506/ =20 BU336
140.00009 19.50493 -dLdYUBLS
140.00000 26.4Y111 ~13Ld707/
140.,00000 29.010610 —0sudY04%
140.00000 30400000 0.00000
140.00000 279.0146106 6.93Y864
140.00000 26.4Y111 1527077
140,00000 23.08400 17.04440
140.,00000 1Y.004%Y ZJYOBLS
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ORIGINAL PARE 1]
OF POOR QUALTTY

140.,00000 lo.03360
140.00000 10.48/6%43
140.00000 0.00000

TRIANGULAR FANEL TOLERANCE = 004
BOUNDARY UCONDLITIUN = 1sLUWER

150.157a8
150.137638

X/

X/

NETWORK=LWR=-BOY -3 8 7
140.00000 0.00060
140.00000 10.376Y¢
140.Q0000 16,0336/
140.00060 19.50493
140.06060 23.06456
140+ 006000 26.49111
140+ 0G0U00 2Y.01ale
140.,000¢0 30, 00000
150.13768 000000

Yed30/0
19.6/012

150.13768 18.05044
15C.13768 21.47990
100.137638 29.04500
150.137648 27,0000
150.15768 29.34403
180.837449 G.GOG0OU
180.83748 g.0d01y
180.383%706 13,5987
1530.83703 lo.81413
130.83558 20,1676
130.837a8 234 7L46G7
180.83%04 L26.007L0

180.38374&3
223.97174
L23.771/4
«d3.77174
223.77174
223497174
2230?71/4
2230?71/4
223.57174

28.06</8
[V RRVIVIVIVIY)
c+07491
13.34501
10.83040
2012030
L3/ 3UoY
20.070330Y
<8.376a830

267 .2050635 G.0GGO0
267.20565 7.5035106
267420565 14.830035

S ke | R e
207420003
% i e
207 +20503
e R I
O/ e VJOO
o R
207 e 2VTGH
SR e e ol
w0/ e aVuoo
253.00643
278.0500645
2Y8.050043
278.05%043
Had e

<78.V0045
278.050043
278.00043
278.05a0405

R RVERVIVIVIVIV]

1842490
214008700
20.23660
28402673
294235008
G.0U0UG
10.£16005
1091293
19,2621/
Ld.01201
O+ L0030
-3.030710
L9.889L7
VRRVIVIVIoIV)

C«s

FATRS - MR
284135043
30.00000

=-30.00000
-d8.1504Y
-:b.Bbd3d
=L2.,95823
=1Y.0345Y
=13:27G7/
—60b5964

U 0GLGO
=30.00000
-£SO4025:
~20 e/ 3LY
~29¢ 32030
=20 700/7
-10.094706

=d.500UL1

=30.006GG600

2B 6OLLT
‘2/00041:
~2%5« 32667
~ddded/ 00/

30151/6
12+91330
=/« /72830
=30 0GGO0
-28.37676
=47 JOLEL
=28 e8106Y
~—wdeauBr1l
-18.10040
~12.8/822
=/ e /U074
-30+ 606G
’ZStSTOO:
~LD+A9Y054
“<A.10/60
=207 1791
=10.867050
-9 ¢ FOTLS
-3.01617
—30000000
-<8.1/600b
'db.?Ud/a
23188
=19 +s37 9%
=13.07941 L0
'/01b4/0
L R RC T |

—20.00LOUG



310.00000
310400000
310.00000
310.0066G00
310.00000
310.00000
310.00000

ORIGINAL PACE 1S
OF POC QUALITY

10.5/a70
losUada s
19.504Y5
23.0643506
26.497111
29.01610
30.,00000

IRIANGULAR FANEL VTOLERANCE = 003
BOUNDARY CONDULIIUN = 1»_UWER

13C. 13760
1530.13760
15C.13760
130.839461
130.33701
180.83%01
160.83741
180.837461
18G.383761
180.83961
180.83961
Sevs?rlz3
Q23 P e1 T3
22397173
22397173
22097373
yoyw g3mq v
223697173
223.97173
2237272173
inp— e g
Qv '.'OJC-J
~e= M.
Y- WAL 0267 - T
L I Y
eO/ e dI0S
207420065
207420063
R T L o
PR - WAl V3T S
<87 + 20563
Py e T sy
<07 +20365
MO A A
258.00040
:980\}504\!
—=78.uT0640
298.0U640
298.03640

K/

93

NETWORK=UFR=-BULI'(=-4 B 7
140.00000 30.00500
140.00000 L7.01010
140.00000 26.4Y111
1340.00000 2306400
140.0G0000 17.30492
140.00000 16.03360
140.0000G0 10..76Y3
14C6.00000 000000
150.13760 LY +954405
1530.13760 27 .8562Y
15C.13760 SU.04501
13G.13760 21447990
1538413760 18.05845

14.067511
?.435/72
0.00000

28.504/1

20+00Y20

23472007

2010723

16.8141L

15.529835
8.68012
G.00000

28.37864

Loe0/00Y

23./38068

20148040

1l6.84044

153.04499
de.o748Y
0+ UGHOG

<7 .4.008

2Ud56060

21468799

1822364

14.85600%
745550/
0.00000

27.889%/

Ls8.80%16

SO 2040L

22481800

17.26410

C+49

~L8415042
=20.80330
-22.935823
=19.044359
=13.2/0//
- X 55904
0.00000C

0. 0GOLU
o«udV69
15.2/0//
17.094440
2LeF0BLS
29+ 8HI3Y
28415040
30.00000
450040
10.14801
lo.03458
<0930/,
LA 0LLE0
dOeG 7/ 3EY
L8 R0HLO
30.00000
7 . /'454\}
12.91500
18.151/9
Lded/ 000
£0.348a0%
706912
L8.00120
3000000
/e /0074
12.87825
18.10U4¢6
dd e U7 L
LUesslo0u
27.00814
0. 00000
Je8181%7
T4 /00LA
1b.076d1
E0¢/71798
<4.10/64
L0470 0u
2B.37004
30 .00000
Ue /30601
/el 1
lo¢/4126
1Y¢6/5/0
2. 1l8BUEUS



298.00640
L298.0064¢C
298.005640
310.00000
310.00000
31¢.00000
310.,00000
310.00000
310.00000
310.00000
310.00000

TRIANGULAR FANEL 10ULERANLE

BOUNDARY CONDIT1ION =
X/
X/

NETWORK=LWR=Ar T-RONT=5

310.00000
310.00000
31C¢.00000
310.00000
310.4060G0
310.00000
310.00000
310.00000
320400069
320.00006Y
326.606669
320.6666Y
226466669
32d.00606Y
3L26+0600067
326.6666Y
343.335354
343.33334
3433335354
343433334
343.33334
343.33334
3453.33334
343.33334
360.00000
360.,00000
360.00000
360.00000
360.00000
360.00000
360.00000
360.00000

TRIANGULAR FANEL 1TULERANCE

BOUNUARY CONDIYION =
K/
A/

NETWIRK=UFR-AakF -BUL -0

31U.00000
S10.00GG0
31v.00000
S10.00000

ORIGINAL PAGE i
OF POOR QUALITY

15.d1291 2U.P85/0
1C.21850 28417809
V. 00000 30.06G6G0O0
30.00000 0.00000
<9.010610 6.35764
20.49111 13.48/6,/
23406450 19.04440
19.30492 22.90825
1o0.03866 L0.8055/
10.37673 J8.15048
0.000060 30.00000G
«00o
3
0000000 -30.00000
10-37a6%06 =28.15040
1600&66; —thﬂbido
17.350395 =22.9%823
23.06406 =1Y.044.59
20.49111 -135.2/06//
29.01a610 —0+03%04
30.60000 0.00006G0
0.00000 =3G.00000
10.576%6 =<d8.1504L
16.0336/ ~20.8U350
19030493 —BQ.VSBQJ
23.064506 =1Y.0445Y
26.4Y111 -13.27077/
29001616 ‘andybq
30.00000 0.00000
10.3/0%a -<8.150498
le.0s30/ ~<Ue8BUBGO
17.50493 =24 .998d3
234064900 =1Y.04459
20.4Y111 =13.27G7//
29.01lo0l0o -b.03%04
30.00000 V.00000
0.00000 -30.00000
10.48/6%a =2B.15042
16.0556/ =~ A BUsId
17.50493 N ] .
2340868400 =1Y.0445%
:004.:"111 ’1..:‘0:4.0/./.
29.01610 —0.0a%04
30.00000 0.00000
005
3
RIVINVIVIVIVIV] VRRVIIVIOIY)
“Ye.vlolo Seun709
“0.94711° 15../0/7
L3.00400 17.04340
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ORIGINAL FAGE 5
OF POOR QUALITY

310.00000 1700472
310.00000 lo.05d60
310.00000 10.4970%3
310.00000 0.00000
326.066066% 30.00000
J2£.606606% 29.010610
320+.06b66Y 26449111
326.06068Y 23006400
326.006009 19,5042
326.0606060Y lo.03360
3260606067 10.376Y3

26.060606Y 0.00000
343.33334 29.01a106
34333334 2o.47111
343.33234 23.06400
343.33334 17.50492
J33.33334 1o 03366
343.33334 10.076935
343.33334 0.00000
360.00000 30.006G00
360.00000 29.0101l0
360.00000 26.49111
360.00000 23406400
360.00000 19.350492
360.00600 16.033006
360.00000 10.576Y3
340.00000 0.00000

TRIANGULAR FAHEL TOLERANWLE = .003%
BOUNDARY COWDL1T10ON = 1,LOWER

A/

v T

NETWORK=UFR-W1NG-7 15 /
260.00000 150.00000
260.852504 150.00000
263.35025 150.06G000
26732361 150.00000
272.47731 150.0006G0G0
2784+93229 150.0000G0
235.006000 150.00000
29750237 155.00000
302. /026y 1050.00000
3056.30/70 150.00000
308.7923¢ 150.0000C
310.00000 150.06000
240.00000 130.5C000
241.1089Y2 1.0.00000
244.384046 130.000900
250.1361¢ 120.0000C0
297 40132 120.00000
260.837134 120.00000
274.92476Y 150.006G00
-34.0131¢ 150.00000
7247713 120.00G0G0
2P7.7654, 120.00000
305.10068 130.00000

C-s1

LeeTuBLS
L9.89337
L8.150490
50.,00000
U.00000
Geuivod
1327077
1Y.04430
22.959823
RIVES - KXW
JHG15040
Sv 00900
0.00000
Seuu?64
13.270//
17.0443430
L2.79823
QU337
<8.15040
30.00090
Q0.0000Q0
Oeus764
1l3.270//
19.04340
£2.55823
2U.8BLSS/
284135083
7490000

0.00000
0.4.5.299
U.8U0UTUS
1.157%6
1.28/704
1.4705437
1.08,050
1.0857%
Ves0a//
Vesul786
Vel128713
0.03450
0.00000
0.0G00C0O
0.724%3
1.374457
1.792457
-ed54/1
JURY- Yor-® It )
e ¥2BED
1.87134
1ol
V.50487

Veouwtua



308.30539
310,00000
220,00002
221.36531
225.81787
232.96872
242.30637
253.21042
264.89557
276.56866
287.45172
296.82813
303.69333
307.81859
310.00000
200.00000
201.62166
207.05168
215.79126
227.21088
240.54937
254.84306
269.11914
282.42630
293.896/%
302.28604
307.33142
310.00000
180.00002
181.87805
138.28549
198.61383
212.11530
227.88853
233.79076
20l.006%a:
277« 20085
290.95337
300.8/878
306.84445
310060000
160.00002
162413443
169.51930
181.43639
197.01996
215,227 62
23473846
253.22009
272.37543
288.01602
299. 7150
30635735
310.000060
140. 00000
132.06560
150413760

ORIGINAL PAGE IS
OF POOR QUALITY

150.00000
130.00000
110.00002
110.,00002
110.00001
110.00001
110.00001
110.00001
110.00001
110.00001
110.00001
110.06001
110.00660%
110.00001
110.00001

70.00000

70.00000

?0.00001

70.00000

20.00000

70.00000

?0.00000
?0.00000

?0.00000
70.00000
70.00000
20.00001
70.00000
70.0000%
70.00001
70.00001
70.09002
70.00001
70.00001
70.,00001
/0.00002
70.00001
70.00001
7U.00001
70.0G001
70.00001
S0.0000L
30.00001
uG.00062
w0.00002
30.00002
50.00002
30.00002
30.00001
S0.00006L
30.0000%
U0.00001
30.00001
G30. 006001
30.00000
29,0708/
27 .34400
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0.0/6<1
0.00000
0.00000
1.01a%935
1.78367
2.8401a
Se48L5Y
3,/9640
J+3089Y
Ze3%0670
1.73764
V.ou8u1
Ved3770
0.10/95
0.00000
0.0006G0
1.308%
2697297
389770
3.0300/
3.8800u
3.50%/4
3030245
20804903
1.1127/3
0.43537£0
0.13964
0.00000
0.00000
1.00071
Selals
F.00054
:‘ . :Jl '/' l'd
3.01670
G.05043
3. 50 /‘94
Se/7 /099
l.36004
Vevdood
Vel 150
0.00000
0. 00000
1.392906
S./010/
J.40895
6.02045
7 ¢134710
6.0Y125
J.113544
348693
1.620006
V030604
V203507
0000600
0.00000
241891
1.056000

IR

N
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163.443543 29.052848
1850.83%61 28.00271
201.50874 28.32885
223.97173 28.07864
246 :434689 29.10410
267 .20563 29.42558
285.03714 29.71745
298.05640 29.88927
310.00000 30.00000

TRIANGULAR FANEL TULERANCE = .003
BOUNDARY CUNDLIT1UW = 1,UFFER

X/
X/

NETWORK=LWR-WING-8 15 7
310.00000 150.00000
304.79236 150.00000
306.350790 150.0¢ 000
302.70288 156.G00G0O
297 .902359 150.6G0000
291.46768 1356.0G000G0
285.000G0 156.00000
278.393229 156.30000
272487731 150.00000
267 .32361 150.00000
263.33028 150.000006
260,.85251 130.00000
260.G0000 150.00000
310.00000 130.00000
308.30539 130.00000
J03.10062 130.00000
299.763G0 130.00000
292.47715 130.00000
234.,0181o 130.00000
279.747a67 136.00000
283.87137 150.00G000
257.401346 130.00000
230.13610 130.00000
244.338409 150.00000
241.10889 130.006000
240,00000 130.G0000
310.00000 110.00001
307.81842 110.00001
303.869336 110.,00002
296.82813 110.00001
287.435172 110.00001
276.06866 110.00001
264.89593% 110,00001
293.21040 110.0G0001
242.30638 110.06001
232.96873 110.00001
225.81/92 110.00001
221.36328 110.00001
220.00002 110.0000¢
310.00000 70.00000
307.33145 70.00001
3J02.28807 70.00000
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ORIGINAL PAGE 3
OF POOR QUALITY

G+ 29589
/e 73830
d.37180
/e 70594
J.70002
3.8181%
1.87806
G.730601
0.25484
G.00000

0.00000
=0.044%0
-0.138942
=0.300%8
=0./04//
=1.084%0
=1.38740
-1.49u8Y
-1.38703
-1.135998
-0.80L08
=0.33£94

0.00000

0.00000
-0.075621
-0.d3830
-0.5030%
=1.221280
-1 87130
~d.02014%
~2+3354/1
=1.79257
-1.394358

V.00000

0.00000
-0.10/93
-0.35//8
-0.38U861
-1./3763
~L. 898670
-3+46899
=3+ 79040
-3.482359
~<£.84516
-1.7835086
‘1 . \)109:

VU.00000
0413764
~0.345720
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293.89075
282.92630
267.11714
294.84306
2940,54951
227.21071
215.79129
207.08173
201.62164
200.00000
310.00000
3046.84445
300.87878
290.93337
277 .40083
2381.006%62
244,.79076
227.88861
212.1135345
178.61386
138.28353054
181.87304
130.00060%
310.000G0
306.33748
299.47150
288.015%99
272.37343
294,22009
234.7384¢6
2135.22766
197.01997
181.43642
167.351938
162.13441
16G.06002
31G.00000
305.86%606
298.05643
285.03711
267420563
246.434689
223.97173
201.3530883
180.839468
163.44548
150.13768
142.08560
135.0006G0
TRIANGULAR PANEL TOLERANCE =
BOUNDARY COWDITION = 1,UFPER
7/
¥
_X/
R/
_ NETWORK=WING-CLOS-% 13
260.0006G0

003

OF POOR QUALITY.
?0.00000 =2.20900
70.00000 =3.00245
70.00000 =3.3509/4
90000000 =-3.886069
20.00000 =-4,5300/
20.00000 -3.09775
70.00000 =-2.57298
20.00600G0 -1.308y2
70.000600 0.00000
70.,00001 0.00000
70.00001 =-0.1/7130
70.00001 =0 e0300¢
70.,00001 -1.30664
70.06001 =2.77049
/70,0000 -3.,30790
70.00001 =Je0u0438
70,0060601 -8.010670
70.006001 =069/ 77Y
70.00001 =-3.50054
70.00001 =3+104E8
70.,00606061 -1.060071
70.00002 G.06G00G0O
36.00001 0.06000
90.00001 -0.£0307
$0.006001 -0.03604
S0.00002 -1.62056
350.,00002 =3.48652
50.00001 ~0.113544
S50.00002 —0.99155
30.00001 =7+14716
S9G.00001 ~0.02043
90.00062 -3.751358
3G. 00001 -1.89290
36.06002 V00000
30.00600G V00000
29.506467 =0+.23484
29 .88927 =U+73601
29471735 -1.8780o
£29.42008 -3.8181%
29.10410 -5 PG00%
28.07860 =7 +70094
28.34884 -8.37180
28.06272 =7 73840
29005:83 -0.¢290590
29.34405 =3.36021
29.67008 -2.18970
30.6G0G000 0.0006G0

150.066G000 V006000
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TRIANGULAR PANEL TOLERANCE =

260.85254
263435025
267.32361
272.49731
278.53229
285.000060
291.46768
297.50259
302.70285
306.50790
308.79236
310.00000
260006000
260.85251
263.35028
267432361
272.49731
278.53229
285.00000
291.36768
297.50259
302.70288
306450790
308.79236
310.00000

BUOUNDARY CONDITION =

> ¥4
X/

T NETWORK=EXIT-10

360.00000
360.00000
360.00000
360.00000
360.00000
360.00G00
360.00000
360.00000
360.00000
360.00000
360.00000
360.00000
360.00000
3460.00000
360.00000
3860.0
360.0
360.0
360.0
360.,0
36040
360.0
36040
3460.0
360.0
360.0

360.0

ORIGINAL PACE IS
OF POOR QUALITY

150, 00000
150.00060
13006660
1506.00G00
15060060
150.00000
150.006600
15000000
150.00000
150.00000
150.00000
150.006006
150.00000
150406060
150. 60006
150.00000
150 . 00000
1%50.00000
150.00000
150 . 00000
150, 060000
150.00000
150.00000
150.00000
1150, 00000

+ 003

>

0.00000
10.37a%0
16,0336/
17.30473
23.06400
26.49111
29.014810
30.00000
29.014810
26.49111
23.06435
17.30492
16.03366
10.57693

0.00000

L3

SCocgcecocooccecocCc
LA I
cCcocceceoccoceccocececcce
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0.43294%
0.d0508
1.13998
1.38703
1.49089
1.38750
1.08L95
0.7047/7
0.305098
0.158%4
.0.04450
G.06G0G0
0.000060
=0.43454
-0.80308
‘1 o 13?98
=-1.38703
-1.4708Y
-1.38750
=0.70477
-0.35098
-0.138%4
=0.04450
0.00000

30.00000
28.13042
29.85330
L22.968ES
17.04459
13,2707/
9.u3704
0.00000
~0+33764
=13.270/7
-19.044430
=L2.508L3
=&9.8U337
-28.15045
=-30.00000
0.0

.

Ccoccocecoceccece
® & 4 4 & s e+ e e+
ccoccoceccececece
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TRIANGULAR PANEL

360.0

360.0
360.0

BOUNDARY CONDITION =
SINGULARLTY TYPES = SAs UA

X/
X/

NETWORK=WING-WAKE-11

310.00000
326.66669
343.33334
360.00000
6000

310.00000
326466667
343.33334
340.00000
400.0

310.00000
326.6666%
343.33334
360.00000
500.0

310.00000
326446667
343.33334
350.00000
$00.0

310.00000
324466667
343.33334
360.00000
500.0

310.00000
325.56667
343.33334
360.00000
$00.0

310.00000
326466667
343.33334
360.00000
500.0

WARE FLOW FROFERTI1ES
BOUNDARY CUNVDITION=1,WAKE 1

K/
X/

- NETWORK=EXIT-UFR-WAKE-1Y

P s ————— g ———

360.00GG0
500.00000
360.00000
600.00000
360.00000
600.00000
360.000060
600.,000G0

AL

Hr1

0.0

0.0
0.0

TOLERARCE = .003
4y

&3

-

7
150.00000
150.00000
150.00000
150.00000
150.0
130.00000
130.00000
130.00000
130.00000
130.0
110.00001
110.00001
110.00001
110.00001
110.00001
?0.00000
70.00000
70.00000
70.00000

70.00
70.00001

70.00001
70.00001
70.00001
70.00001
30.000061
30.00001
30.00001
30.006G01
$0.00001
30.900000
30.00000
30.00000
30.00000
30.0

2 8
0. 00000
0.00000

10.37693
10.37693
16405366
16.03386
19.50492

19.50492.
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0.00000
0.00000
0.000660
0.00000
0.0

0.00000
0.00000
0.00000
0.00000
0.0

0.000G0
G« 00060
0. 00006
0.00000
0.0

G.06GG0O0
G.00000
0.0000¢
0.00060
0.0

0.00000
0.00000
0.066000
0.60000
0.0

0.00000
0.00000
0.00000
V. 00000
0.0

0.000600
0.,000060
0.000600
0.00000
0.0

30.0600006
30.00000
284150495
28.150435
25.89337
25.80337
S2.908L3
22.93823
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ORIGINAL PAGE 13 :

OF POOR QUALITY

3
360.00000 234064350 19.04440
600.00000 23406405 17.044490
360.00000 26.479111 135.27077

600.00000 26.49111 13.27077 3

360.00000 29.016106 6433764 :
«00.00000 29.01816 6.93%64
360.00000 30.00000 0.00000
600.00000 30.00000 0.000060

TRIANGULAR FANEL TOLERAWCE = .003
BOUNDARY CONDITION = 1» WAKE 1

HETWORK=EXIT-LWR-WAKE-13 2 8
360.0C 006 30.000006 0.006000
600.00000 - 30.00000 0.06600
340.00000 29.014816 -6.33764
600.00000 29.01416 —6.33764
360.00000 26.49111 =13.270/7
600.00000 26.49111 =13.27077
360.00000 23.06406 =19.04437
400.00000 23.06456 =19.04459
360.00000 19.50493 =22.95823
600.00000 19.350493 - 22.908235
360.00000 16.05367 =20.83336
600.00000 16.03367 =-25.83336
360.00000 10.376%6 -28.13042
600.00000 10.376%96 =28.135042
360.00000 0.00000 =30.00000
400.00000 0.00000 =30.00000

TRIANGULAR PANEL TOLERANCE = .003 s
BOUNDARY CONDITIOW = 1» WAKE 1
&/

x/

x/

x/

X/

BEGIN GEOMETRIC EDGE HMATCHING

ABUTMENT UFR=WING=7» 2 ENTIRE-EDLGE 2 2
UFR-BODY -3, 1 ENTIRE-EDGE ¢
LWR-WING-8» 2 ENTIRE-ENGE +
LWR-BODY(=3» 3 ENTIRE-EDGE s

TN

ABUTMENT

x/

X/

BEGIN FLOW PROPERT1ES UATA

SURFACE FLOW FROPERV1IES = CASE-1 /SF1

NETWORK-IMAGES=1»REVERSE=2yREVERSE=3yREVERSE=4yREVERSE=5»REVERSE +
=6yREVERSE=7/=8=9yREVERSE

POINTS = CENTER /SF4

PRINTOUT = 1298913916 /SF10A

DATA BASE = ALL /SF11A

X/

x/

FORCES AND MOMENTS /FM1

REFERENCE FPARAMETERS = SRy 37500.0s BRy 150.0» CRy» 140.0 Pl ol P4

AXIS SYSTEM = RLS9049204904r WASy 0490.10, - JFNM3

PRINQUY = NETWORKs CONFIGURATION /Fido

DATA = NETWURK» CONFIGURATION

CASE = CASE-1 /FM7

NETWRK-IMAGES =1»REVERSE=2yREVERSE=3yREVERSE=4»REVERSE=SyREVERSE =4y REVE
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SURFACE = UFPER FFM12 ORIGINAL PAGE 15
oy OF POOR QUALITY
BEGIN PRINT PLO1 VATA /PP1

GEOMETRY LATA /PP2A

NETWORR = 192939295969/ 98 /PP2B
_POINT DATA /7PF3A

AaRRAY = COLUMNS» CONTRUL-FULH1S /PFP3E

. CONFIGURATIUN UATA /PPAA

_END PROBLEM VEF1N1TION
%ZEOR
*AEOF

-



C.3.3 New PAN AIR Problem

The new PAN AIR proviem created by the Viscous Simulation Module is presented in
the following pages. This probien: contains the boundary conditions specified to simulate

ol o
o

e i R

I
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ORIGINAL PACE 15
’ OF POOR QUALITY

————

TY RIFAS.THP
ANNHW: "N, T1200,CM154000,YD2y YL2» R3S,
CCOUMT (FHAZE, TSS20)
ISFOSEsQUTPUT »ST ARSIXD»*FR.
OMMENT. RUN THE FRODUCTION VERSION OF PANAIR
OMMENT. STORED AS C12+1]RUNPANAIR.JCL UN CAPAIR.vecesvcssssvsovnvesvnns
OMHENT .
OPYSP (INFPUT, QUTPUT)
EWINDCINPUT)
ETNAME (FHASBGD)
OUNT(VSN=D0111D)
EQUEST» TAPE? » SN=FHASBGD » XPF «
EQUEST»TAFE10» SN=FHASBGD» %FF .
EQUEST»TAPE11,5SN: FHASBGD » XFF .
UDIT(ID=FHAICB+AI:P)
OMMENT. PURGE ANY ULD VUATASETS THAT MIGHKT BE THERE
XKIT»U.
OMMENT. ATTACH AND EXECUTE THE MEC MODULE
TTACHI{MEC» ID=PANAIR)
EC.
UMMARY .
ETUREN(MEC)
OMMENT. ATTACH AND EXECUTE THE DIP MODULE
TTACH{DIP» ID=FANAIR)
IPCINPUT»PL=100000)
UMMARY .
ETURN(DIP)
OMMENT. ATTACH AND EXECUTE THE DQG MODULE
TTACH(DQG» ID=FANAIR)
QG(PL=100000)
UMMARY .
ETURN(DQG)
OMMENT. ATTACH AND EXECUTE THE MAG MODULE
TTACH(MAG, ID=PANAIR)
AG.
UMMARY .
ETURNyMAG.
OMMENT. ATTACH AND EXECUTE THE RMS MODULE
TTACH(RMS» ID=FANAIR)
MS.
UMMARY .
ETURN(RMS)
OMMENT. ATTACH AND EXECUTE THE RHS MODULE
TTACH(RHS, ID=FANAIR)
HS.
UMMARY .
ETURN(RHS)
OMMENT. ATTACH AND EXECUTE THE MDG MODULE
TTACH(MDG» ID=PANAIR)
DG.
UMMARY .
ETURN(MDG)
OMMENT. ATTACH AND EXECUTE THE FDP MODULE
TTACH(PDPy ID=FPANAIR)
DP(FL=40000)
UMMARY .
ETURNC(FDP)
OMMENT. ATTACH AND EXECUTE THE CDP MODULE
TTACH(CDPyCDF» 1U=FPANAIR)
DP.
UMNARY .
ETURN(CDP?
OMMENT. ATTACH AND EXECUTE THE FFP MOUDULE
TTACH(PPP» ID=FANAIR)
oo




ORIGINAL PAGE 1S
OF POOR QUALITY

UMNMARY .

ETURNCPPP)

UMMARY

X!T'u.

EWIND(TAFE?» TAFE10»TAPEL11)

NPYSBF (TAPE?»OUTPUT)

OPYSBF (TAPE10»OUTFPUT)

OPYSBF (TAPE11,»0UTPUT)

XIT'U'

EWINDCINPUT)

ATALOG» TAPEY »PPP9G» SN=FHASBGD» 1U=FHAICE.
ATALOG»TAPE10+FFP10Gr SN=FHASBGL» ID=FHAICB.
ATALCG»TAPEL11+-PPP11G»SN=FHASBGG» ID=FHAICB.
UDITC(ID=FHAICE,AI:P)

XEOR

FAN AIR / THIS IS THE FIRST CARD OF MEC INFUT FOR CDC 7400/SCOFE

YSTEM PANAIR FHASBGD AMES

ID =CHECKOUT OF FANAIR METHOD FOR VSTOL ANALYSIS
ATA BASE DIRECTIVE BLOCK
APPEND DAR TO ALL

UID = FHAICB FOR ALL

SET = FHASBGD FOR ALL

MUID= PANAIR FOR ALL

MSET= FHASBGD FOR ALL

END DATA BASE DIRECTIVE BLOCK
HECK DATA RUN

XECUTION DIRECTIVE BLOCK

FIND POTENTIAL FLOW

END EXECUTION DIRECTIVE BLOCK
ND PAN AIR DIRECTIVES

ZEOR

/

/

/

/ DIP INPUT - FILE RIP4.JOB

/  WING-BODY PROBLEM FOR CHECKOUT OF VISCOUS EFFECTS MODULE
/

/

/

/

EGIN GLOBAL DATA

PID=MODEL TO CHECK UUT VISCOUS EFFECTS MODULE

ID = BHATELEY/HOWELL GENERAL UYNAMICS 817 732 4811
ONFIGURATIOM = FIRST /UNE PLANES OF SYMMETRY.
ACH = 0,600y CALPHA = 4,0y LBETA = 0.0/ RECORD GS
LPHA = 4.0

ID =FOUR-DEGREE /Gé

OLERANCE = 0.1 /G7
URFACE SELECTION = UPPER /68
ELECTION OF VELOCITY COMPUTATION= BOUNDARY-CONDITION /G9
RESSURE COEFFICIENT RULES=ISENTROFIC,»SECOND-ORDER /612
/

HECKOUT PRINTS = DIP»1+2,3 DAGr1v4»S
EGIN NETWORK DATA
/ THESE ARE THE NETWORKS FOR WING-BUDY MODEL

/
NETWORK=NOSE~1 15 4

0.00000 0.00000 0.00000
0.00000 0.00000 0.00000
0.00000 0.00000 0.00000
0.00000 0.00000 0.00000
0.00000 0.00000 0.00000
0.000v0 0.00000 0.00000
0.00000 0.00000 0.00000
0.00000 0.00000 0.00000
A AAAAN A AAAAN A ANAAAN
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Vivwuuwy
0.,00000
0.00000
0.00000
0.00000
0.00000
0.00000

33.33334
33.33334
33.33334
33.33334
33.33334
33.33334
33.33334
33.33334
33.33334
33.33334
33.33334
33.33334
33.33334
33.33334
33.33334
66.66667
646.664667
66.66667
66.66667
66.66667
66.66667
66.66667
66.66667
66.666447
66.66667
66.66667
66.66667
66.66667
66.66667
66.66667
100.00000
100.00000
100.00000
100.00000
100.00000
100.00000
100.00000
- 100.00000
100.00000
100.00000
100.00000
100.00000
100.00000
100.00000
100.00000

ORIGINAL PACE. 1S
OF POOR QUALITY

VERVIVIVIVES
0.00000
0.00000
0.,00000
0,00000
0.00000
0.00000
0.00000
3.45899
5.34456
6.50164
7.68819
8.83037
9.672035

10.00000
9.67205
8.83037
7.468818
6.50161
9434455
3.45898
0.00000
0.00000
6.91797

10.68912

12.00329

15.37637

17.66074

19.34411

20.00000

19.34411

17.66074

15.37637

13.00328

10.68910
6.9179%
0.00000
0.00000

10.3746%96

16.035367

19.50493

23.06456

26.49111

29.01616

30.00000

29.01614

26.49111

23.06455

19.50492

16.03366

10,37693
0.00000

RIANGULAR PANEL TOLERANCE = .003
OUNLARY CONDITION = 1.LOWER
/

/

NETWORK=FWD-BODY-2 135 3
100.00000 0.00000
100.00000 10.37696
100.00000 16.03367
100.00000 19.50493
100.00000 23.064546
100.00000 26.49111
100.00000 29.01616
100.00000 30.00000
100.00000 29.01614

CAAR OOAAA . e e ..t ABR e
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0.00000
0.00000
0.000CC
0.00000
0.00000
0.0002%0
=10.00000
-9037681
-B.6177%
=7.65274
'603‘313
~4,42559
-2.17988
0.00000
2.17988
14,4233%
6.34813
7.6527S
8461779
?.37é81
10.00000
=-20.00C0C
-18.735362
-17.23558
-15.30549
=12.69628
-8.84718
"035976
0.00000
4.,33976
8.84718
12.469627
15.30549
17.243558
18.75362
20.00000
=-30.00000
-28.13042
-25.85336
-22.95823
-19.04439
=-13.27077
-6.53964
0.00000
6.53764
13.27077
19.04440
22.99823
25.85337
28.13042
30.00000

=-30.00000
~24.13042
-259.85336
-22.95823
-19.0443%
-13.27077
-6.53964
0.00000
6.53764

PomTiAN
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100.000C0
100.00000
100.00000
100,00000
100.00000
120.00000
12000000
120.00000
120.00000
120.00000
120.00000
120.00000
120.00000
120.00000
120.00000
120.00000
120.00000
120,00000
12000000
120.00000
140.00000
140.00000
140.00000
140.00000
140.00000
140.00000
140.,00000
140.00000
140.00000
140.00000
140.00000
140.00000
140.00000
140.00000
140.00000

ORIGINAL PAGE 13
OF POOR QUA

- ML
23,0643
19.350497%
16.03366
10.37693
0.00000
0.00000
10.376%6
16.,05367
19.50493
23.06456
26.49111
49.01616
30.000C0
29.01616
26.49111
23.06453
19.5049<
16.03366
10.37693
0.00000
0.00000
10.37696
16.03367
19.50493
23.06456
26.49111
49.01616
40.00000
29.01616
26.49111
23.06455
19.50492
16.03366
10.37693
0.00000

RIANGULAR PANEL TOLERANCE = .003

OUNDARY CONDITION =
/
/
NETWORK=LWR-BODY~-3
140.00000
140.00000
140.00000
» 140.00000
140.00000
140.00000
140.00000
140.00000
150.13768
150.13768
150.13768
150.13768
150.13768
150.13768
150.13768
150.13748
180.83%48
180.83968
180.83948
180.83968
180.839468
180.83968
180.83948
180.83968

223.97174
. D7T.971.7%,.

1+LOWER

0.00000
10.37696
16.03367
19.50493
23.06456
26.49111
29.0161%
30.00000

0.00000

9.43575
14.67512
18.03844
21.47990
25.04300
27.85628
29.34402

0.00000

8.68315
13.52987
16.81413
20.10723
23.72057
26.65920
28.56272

0.00000

A 4nae

-t

19.04440
«2.95823
25.85337
28,13043
$0.000C0
-20.00000
~28.13042
-29.85336
-22.95823
-19.04437
=13.27077
-6.53964
0.00000
83964
13.,27077
19 004“. "0
22.935823
29.85337
28.135043
30.00000
-30.00000
-28.13042
-25.85336
-22.95823
-19.04439
=13.27077
~6.353964
0.00000
6.53%64
13.27077
17.04420
22.95823
25.85337
28.13043
30.00000

=30.00000
-28.13042
-25.85336
-22.93823
~19.04439
-13.27C77
-6.53964
0.00000
-30.00000
-28.40252
~26.57329
~24,32530
-20.95077
-16.03498
=10.14802
-4,36021
-30.00000
-28.60129
=27.06412
-25.32869
-22.37667
-18.13178
-12.9133%
-7.74840

-30.00000
-0, %0a74



ORIGINAL PAGE IS
OF POOR QUALITY

223.97174 13.%4501 -27.05814
223.97174 16.8304% -25,31665
3 223,97174 20.12%54% -22.3%871
i 223,97174 23.73869 -18,10%4%
! 223.97174 26.67%559 -12.87822
223.97174 28.37865 -7.705%4
267.20563 0.00000 -30.00000
) 267.20563 9.55310 -28.37002
267.20563 14.8500% -26.,4Y034
267.20563 18.22490 -24.15783
2467.20%63 21.68755 -20.71991
247.20563 2%5.23666 -1%.69620
267.205463 28.02673 -6,70%23
; 267.20563 29.42558 -3.8181°9
298.0%5643 0.00000 -30.00000
298.05643 10.2:893 -28.17808
298.05643 15.81293 -2%.98376
298.05643 19.26217 -23.188%2
298.0%5643 22.81251 -19.37369
298.05643 26.26452 -13,7412%
298.0%5643 28.85916 -7.1%170
{ 298.0%5643 29.88927 -0.73601
' 310.00000 0.00000 -30.00000
! 310.00000 10.37696 -28.13042
310.00000 16.03367 -2%.85336
310.00000 19.50493 -22.9%823
310.00000 23.064%6 -19.04439
310.00000 26.49111 213.27077
310.00000 29.01616 -6.53964
310.00000 30.00000 0.00000

RIANGULAR PANEL TOLERANCE = ,003
OUNDARY CONDITION = 1,LOUWER

/ )

/

NETWORK=UPR-BODY~-4 8 7
140.00000 30.00000 0.00000
140.00000 29.01616 6.53%64
140.00000 26.49111 15.27077
140.00000 23.06455 19.04440
140.00000 19.50492 22.95823
140.00000 16.03366 =95.89337

. 140.00000 10.37693 28.13043
140.00000 0.00000 30.,0000C
150.13760 29.34405 4.36020
150.13760 27.8%52% 10.14801
150.13760 25.04301 16.03498
150.13760 21.47990 20.9%077
150.13760 18.03843 24,32530
130.13760 14.679511 26.97329
150.13760 9.43572 20.40253
150.13760 0.00000 30.00000
180.83961 28.56271 7.74840
180.83961 26.465920 12.91336
180.83761 23.72057 18.13179
180.83961 20.10723 22.37668
180.83961 16.81412 25.32869
180.83%61 13.52988 27.06412
180.83961 8.68512 28.6012%
180.83%961 0.00000 30.00000
223.97173 28.57864 7.70594
223.97173 26.467%59 12.87823
223.97173 23.73868 16.10544
223.97173 20.1254% 22.39872
223.97173 16.83044 29.3164%
223.97173 13.54499 27.0%814
C-64
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ORIGINAL PACE 13
OF POOR QUALITY
LaweY/A/8 HebY4UY wdeDTR//
223.97173 0.00000 30.00000
267.20543 29.42558 3.8181%
267.20563 28.02672 9.70524
267.20543 25.23666 15.4Y621
267.20543 21.6R754 20.719792
267.20%43 18.22488 24,1578
247.20563 14,85002 26.4903%
, 267.20563 9.55307 28.37003
267.20563 0.00000 30.00000
298.05640 29.88927 ¢+73601
298.05640 28.85916 7415171
, 298.05640 26.264%2 13.74126
: 298.056<0 22.812%0 19.37370
298.0%5610 19.26215 23.18833
: 298.05640 15.81291 25.98376
! 298.03640 10.21850 28.17809
298.05640 0.00000 30.00000
' 310.00000 30.00000 0.00000
{ 310.09000 29.01616 6.53944
¢ 310.00000 26.49111 13.27077
310.00000 23.064%S 19.01440
310.00000 19.50492 22.99823
- 310.00000 16.03366 25.83337
310.00000 10.37693 28.13013
310.00000 0.00000 30.00000
' RIANGULAR PANEL TOLERANCE = .003
i OUNDARY CONDITION = 1,LOWER
/
f /
] NETWORK=LWR~-AFT-BODY-S 8 4
i 310.00000 0.00000 -30.00000
! 310.00000 10.3769¢ -28.13042
310.00000 16,0334/ -25.85336
' 310.00000 19.50493 -22.9%823
4 310.00000 22.06456 -19.04439
) 210.00000 26.49111 -13.27077
v 310.00000 29.01616 -6.53v64
! 310.00000 30.00000 0.00000
326.66669 0.00000 -30.00000
326.66669 10.376%6 -26.13042
326.66669 16.03367 -25.89336
326.66669 19.50493 -22.95823
g 326,66669 23.064%56 -19.04439
' 5 326.66669 26.49111 -14.27077
326.66669 29.01616 -6.53964
! 326.66669 30.00000 0.00000
343.33334 0.00000 -30.00000
343.33334 10-376" -28. 13042
¢ 343.33334 16.03367 -25.85336
: 343.33334 19.50493 -22.95823
343.33334 23.04456 -19.04439
343.33334 26.49111 ~13.27077
§ 343.33334 29.01616 -6.53964
. 343.33334 30.00000 0.00000
: 360.00000 0.00000 ~30.00000
360.00000 10.37696 ~28.13042
; 3460.00000 16.03367 -25.85334
360.00000 19.50493 -22.9%823
' 360.00600 23.06456 ~19.04439
' f 360.00000 26.49111 -13.27077
360.00000 29.01616 -6.53964
. ’ 360.00000 - 30.00000 0.00000
| RIANGULAR PANEL TOLERANCE = ,003
| OUNTARY CONDITION = 1,LOMER
. /
-p € Ly 44 s dsmemsaieeee -




ORIGINAL PAGE IS
OF POOR QUALITY

NETWORK=UFR-AFT-BODY~-& 8 4

310.00000 30.00000 0.00000
310.00000 29.01616 6.535754
310.00000 26.49111 13.27077
310.00000 23.0645% 19.01140
310.00000 19.50452 22.95823
310.00000 16.03366 25.85337
310.00000 10.37693 28.13043
310.00000 0.00000 30.0000C
326.6664% 30.00000 0.00000
326.6666% 29.01614 6.53%64
326.66669 26.49111 13.27077
326.66649 23.06455 19.04440
326.66669 19.50492 22.95823
326.66669 16.03366 25.85337
326.66669 10.37693 28.13043
326.66669 0.00000 30.00000
343.33334 30.00000 0.00060
343.33334 29.01616 6.53764
343.33334 26.49111 13.27077
343.33334 23.06455 19.04440
343,.33334 19.50492 22.95823
. 343.33334 16.03366 25.85337
343.33334 10.37693 28.13043
343,33334 0.00000 30.00000
360.00000 30.00000 0.00003
340.00000 29.01616 6.53964
360.00000 26.49111 13.27077
360.00000 23.06455 19.04140
360.00000 19.50492 22,95823
340.00000 16.03366 25.85337
360.00000 10.37693 28.13043
360.00000 0.00000 30.00000

RTANGULAR PANEL TOLERANCE = .003
OUNDARY CONDITION = , ¢/ .UWER
/

/
NETWORK=UPR-WING-7 13 7

260.00000 150.00000 0.00000

260.852%4 150.00000 0.43294

263.35025 150.00000 0.80508

267.32361 150.00000 1.13998

272.49731 150.00000 1.38703

- 278.53229 150.00000 1.49589

285.00000 150.00000 1.38750

291.446748 150.00000 1.08595

297.50259 150.00000 0.70177

302.70285 150.00000 0.35098

» 306.50790 150.00000 0.13894
| 308.79234 150.00000 0.04450
310,00000 150.00000 0.00000

| 240.00000 136.90000 0.00000
| 241.10892 130.00000 0.72493
{ 244.58406 130.00000 1.39437
' 250.14616 130.00000 1.99257
257.40182 130.00000 2.43471

‘ 265.87134 130.00000 2.62614
| 274.94749 130.00000 2,4282%
284.01816 130.00000 1.89145

| 292.47714 130.00000 1.22120
299.746547 130.00000 0.60489

| 305.10062 130.00000 0.23834
308.30539 130.00000 0.07621

310.00000 130.00000 0.00000

220.00002 110.00002 0.00000

- EEE s LN 2t L NSEp——————— I W Y Y V) . Lol I o bl
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ORIGINAL PAGE
OF POOR QUALITY |

?; —-——dled0UO AdVeVIIV L AsVLOTO
225.81787 110.00001 1.98287

3 232.96872 110.00001 2.8451¢
: 242.30637 110.0C001 3.46239
’ 253.21042 110.00001 3.75640
! 264.89539 110.00001 3.45879
X 276.55866 110.00001 2.47695
287.45172 110.00001 1.73763

296.82813 110.00001 0.85881

303.469333 110.00002 0.33778

307.81839 110.00001 0.16793

310.00000 110.00001 0.00000

200.00000 ¥0.00000 0.00000

201.62166 ¥0.,00000 1.30692

207.05168 $0.00001 2.57297

215.7912¢ 90.00000 3.69775

227.21088 90.00000 £.53007

240.54947 90.00000 4,884

254.84306 90.00000 4,50574

269.11911 90.00000 3.50245

282.42630 90.00000 2.25106

293.89075 90.00000 1.11273

302.28604 $0.00000 0.43720

: 307.33142 90.00001 0.13961

g 310.00000 $0.00000 0.0000¢

- | 180.00002 70.00002 0.00000
: 181.87805 70.00001 1.60091

! 188.28%49 70.00001 3.16227
198.61383 70.00002 2,55034

: 212.11540 70.00001 5.57775

i 227.88853 70.00001 * 6.014650

i 244.79076 70.00001 $.55043
261.66962 70.00002 4.30794

277.40085 70.00001 2.77049

290.95337 70.00001 1.36664

{ 300.87878 70.00001 0.53662

; 306.84445 70.00001 0,17135

: 310.00000 70.00001 0.00000

= | 160.00002 $0.00002 0.00000
i © 162.13443 $0.00001 1.89290
169.51930 50.00002 3,75157

18i.434639 50.00002 $.40293

197.01996 50.00002 6.62543

215.22762 50.00002 7.1471%

. 234.73846 50.00002 6.59123

2%4.22009 50.00001 5.11344

272.37543 $0.00002 3,28693

285.01602 50.00002 1.62056

g 299.471%0 $0.00001 0.63601
306.35745 £0.00001 0.20307

310.00000 50.00001 0.00000

140.00000 30.00000 0.00000

142.06560 29.67057 2.18971

150.13760 29.34405 4.36020

: 163,34543 29.035283 6.29589

£ 180.83961 28.%56271 7+74840

; 201.50874 28.32885 8.37185

| : 223.97173 28.57864 7.70594
. 246.43689 29.10410 5.95502
‘ 267.20563 29,42558 3.8181%
28%.03714 29.7174% 1.87806

298.05440 29.88927 0.73601

305.86763 29.96467 0.23484

310.00000 30.00000 0.00000
RIANGULAR FPANEL TOLERANCE = ,003 .
/

’
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OUNDARY CONDITION

P
E

ECIFIEDN FLOW
RV = 1

OINTS = CENTER
OUTFLOW VELOCITIES FOR PANEL CENTCR FOINTS

/

NN

0

0.00854640
0.001730
0.203700
0.00179%
0.002754
0.001704
0.002209
0.001606
0.001857
0.001502
0.001418
0.001334

INTS = EDGE

0.002210
0.002063
0.001813
( 002244
0.001596
0.002181
0.001155
0.002094
0.001352
0.001966
0.0C1291
0.001879

2»UFPE

0.002249
€.002493
0.001%80
0.002847
0.001811
0.002851
0.001687
0.0027%0
0.001598
0.002597
0.001531
0.002473

/ BEGIN VELOCITIES FOR EDGE 1

/
/
/

NN\

NN N

0.006597
0.00418%
0.003042
0.002391
0.001977
0.001692

BEGIN EDGE VELOCITIES FOR SIDE 2

0.001497
0.001259
0.001497
0.001191
0.000950
0.000904
0.001247
0.001835
0.002410
0.002585
0.002763
0.005055

BEGIN EDGE VELOCITIES FOR SIDE 3

0.005011
0.00335S
0.006656
0.007007
0.004176
0.010704

BEGIN EDGE VELOCITIES FOR SIDE 4

0.011102
0.002831
0.002583
0.002317
0.001972
0.001697
0.001481
0.00i519
0.001772
0.002383

A AAmann

0.001687
0.002812
0.0013515
0.003271
0.001409
0.003406
0.001329
0.003172
0.001265
0.002988
0.001216
0.002720

ORIQINAL PAGE 18
OF POOR QUALITY

0.001463
0.002833
0.0013357
0.002843
0.001260
0.003157
0.001187
0.0029946
0.001118
0.002574
¢.001008
0.002700

0.001487
0.00cé88
0.0014445
0.003834
0.00134¢
0.006016
0.001255
0.00L717
0.001186
0.0C31SS
0.001001
0.00341%
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ORIGINAL PAGE [

OF POOR QUALITY

0.006636

/

/

CINIS = ADDITIONAL

(1) = 0.003314
(2) = 0.001932
(3) = 0.006152

/( 4 ) = 0.00322S

/

NETWORK=LWR-WING-8 13 7
310.00000 150.00000
308.79236 150.00000
306.50790 150.00000
302.70288 150.00000
297.50259 150.00000
291.46768 150.00000
285.00000 150.00000
278.53229 150.00000
272.49731 150.00000
267.32361 150.00000
263.35028 150.00000
260.85251 150.00000
260.00000 150.00000
310.00000 130.00000
308.30539 130.00000
305.10062 130.00000
299.76550 130.00000
292.47714 130.00000
284.,01816 130.00000
274.94769 150.00000
265.87137 130.00000
257.40186 130.€0000
250.14616 136.00000
244,38409 130.00000
241,10889 130.00000
240,00000 120.00000
310.,00000 110.00001
307.81842 110.00001
303.69336 110.00002
296.82813 110.00001
287.45172 110.00001
276.56866 110.00001

- 264.89539 110.00001
253.2104S 110.00001
242,30638 110.00001
232.96873 110.00001
225.81792 110.00001
221.36528 110.00001
220.00002 110.00002
310.00000 90.00000
307.33145 90.00001
302.28607 90.00000
293.8907S 90.00000
282.42630 90.00000
269.11914 90.00000
254.84306 90.00000
240.54951 90.00000
227.21091 90.00000
215.79129 90.00000
207.05173 90.00000
201.62164 %0.00000
200.00000 90.00000
310.00000 70.00001
306.8444% 70.00001

LGN L T TR T Y. V.U T
C-69

0.00000
-0.01450
-0.138%4
-0.35098
=0.70477
-1.0839S
-1.3875¢
~1.4958%
-1.38703
-1.13998
-0.80508
-0. ‘3:94

0.00000

0.00000
-0.07621
-0.2383¢é

-0.6048%-

-1,22120
-1.89145
-2.42829
-2.62614
-2.,43171
-1.99257
-1.39438
-0.72492

0.00000

0.00000
-0.10793
-0.33778
-0.85881
=1.73763
~2.6969S
-3.46899
-3.735640
-3.43823%
'aoB‘Sl&
-1.98368
-1.016%92

0.00000

0.00000
-0.,13964
-0.43720
-1.11273
-2 25‘06
-3.90245
~-4.50974
-4, 88665
-4,353007
~3.69775
-2.57298
-1.30892

0.00000

0.00000
=0.17135
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wVVsQ/wre
290.95337
277.40083
261.66%62
244,79076
227.88861
212.11543
198.461386
188,28354
181.87804
180.00002
310.00000
306.35748
299.47150
288.01599
272.37543
254.22009
234.73844
215.22766
197.01997
181.43442
169.51938
162.13441
160.00002
310.00000
305.846964
298.05443
285.03711
267.20563
246.43689
223.97174
201.50883
180.83948
163.44548
150.137468
142.063560
140.00000
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R
70.00001
70.00001
70.00002
70.00001
70.,00001
70.00001
70.00001
70.00001
70.00001
70.00002
50.00001
$0,00001
50.00001
.50.00002
S$0.00002
50.00001
S50.00002
$0.00001
<0.00001
50.00001
S50.00002
S$50.00001
50.00002
30.00000
29.96447
29.88927
29.7174S
29.42558
29.10410
28.57865
28.32884
28.56272
29.05283
29.34405
29.4670358
30.00000
RIANGULAR FANEL 1OLERANCE = .003
/

OUNDARY CONDITION = 2,UFFE
PECIFIED FLOW

ERM.= 1

OINTS = CENTER
/ OUTFLOW VELOCITIES FOR PANEL CENTER FOINTS

0.001891
0.001114
0.002299
0.001053
0.002357
0.001045
0.002283
0.001035
0.002248
0.001032
0.002176
0.001007

0.000077 0.001429
0.001163 0.001108
0.002341 0.002049
0.001051 0.00099%
0.002164 0.001961
0.001023 0.000978
0.002722 0.002011
0.001002 0.000963
0.004242 0.002297
0.000983 0.000954
0.002936 0.002140
0.,001037 0.000831
/
/
/
OINTS = EDGE
/ BEGIN VELOCITIES FOR EDGE 1
0.000000
0.002442

@ A AADATE

i ——— - — "

0.001732
0.001043
0.001957
0.001085
0.001987
0.001127
¢.001976
0.001155
0.0017906
0.001173
0.001721
0.001149

-1.36661
=2.77049
=4,307%3
-5.55C48
-6.01650
=5.57775
-4055034
-3.16228
-1.600%1
0.00000
0.00000
-0.20307
-0.63604
-1.62056
-3.28592
'3011344
-6.59123
=7.14716
-6, 2543
'5040293
-3.751358
-1.892%0
0.00000
0.00000
-0.23484
-0.73601
-1.87806
-3.81819
-5.95502
-7.70594
-8.37183
-7.74840
-6.29590
-4,36021
-2.18970
0.00000

0.001504
0.001785
0.001570
0.001366
0.001561
0.001084
0.001548
€.000897
0.001492
0.000764
0.001291
0.000691

0.001318
0.0002000
0.C01273
0.900000
0.001246
0.,000000
0.00121%
0.000000
0.001175
0.000000
0.001429
0.000000

A TN SRR SR
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0.002%948
0.004%18
0.003211

’

/

/ BEGIN EDGE VELOCITIES FOR SIDE 2
0.002279
0.002060
0.002139
0.001627
0.001188
0.001560
0.001065
0.000766
0.000993
0.001137
0.0004654
0.000000

/

/ .

/ BEGIN EDGE VELOCITIES FOR SIDE 3
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

NN

/ BEGIN EDGE VELOCITIES FOR SIDE 4
0.000000
0.001993
0.001022
0.001144
0.001144
0.001219
0.001341
0.001471
0.001620
0.0016€7
0.001120
0.000000

, e
/

OINTS = ADDITIONAL
0.002629
0.001289
0.000000

I
(
(
(
( 0.001149

T
1
2
3
4

)
)
)
/

7

NETWORK=WING-CLOS-9 13 2
260.00000 150.00000 0.00000
260.852%54 150.00000 0.43294
263.35025 150.00000 0.80%08
267.32361 150.00000 1.13998
272.49731 150,00000 1.38703
278,53229 150.00000 1.49589
285.00000 150.00000 1.38750
291.46768 150.00000 1.08%95
297.50259 150,00000 0.70477
302.70285 150.00000 0.35098
306.50790 150.00000 0.13894
308.79236 150.00000 0.04450
310,00000 150.00000 0.00000

NLA ARANA L L. L e cee.s1BA AAAAAN A AAAAN
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240.,852501
263.35028
267.32301
272.49731
278.53229
285.00000
291.46768
297.50259
302.70288
306.50790
308.79236
310.00000

ORIGINAL PAGE IS
OF POOR QUALITY

150.00000
150.00000
150.00000
150.00000
150.00000
150.00000
150.00C00
150.00000
150.0000¢C
150.00000
150.00000
150.00000

RIANGULAR PANEL TOLERANCE = .003

OUNDARY CONDITION -
/

/

NETWORK=EXIT-10
360.00000
360.00000
360.00000
360.00000
360.00000
360.00000
360.00000
360.00000

360.00GC0.

3460.00000
360.00000
360.00000
360.00000
360.00G00
360.00000
360.0
360.0
360.0
360.0
360.0
360.0
360.0
360.0
360.0
360.0
360.0
360.0

- 360.0
360.0
360.0

RIANGULAR PANEL TOLERANCE = .003
OUNDARY CONDITION = 4,

INGULARITY TYPES =
iz

/

ETWORK=WING-WAKE-11
310.00000
326.66659
343.33334
360.00000
600.0
310.00000
326.66669
343.33334
360.00000
600.0
310.00000
326466669

TAT TITYA .

81

0.00000
10.37696
16.03347
19.50493
23.06456
26.49111
29.01616
30.00000
29.01616
26.49111
23.06455
19.50492
16.03366
10.37693

0.00000

0.0

°0°

0.0

0.0

0.0

0 OO0OO0OOCO0OOOOCO
e * o o e o o e o
N O0O0OO0OCOO0OO0COCO

7
150.00000
150.00000
150.,00000
150.00000
150.0
130,20000
130.00000
130.00000
130.00000
130.0
110.,00001
110.00001

14”7 AAANAY

Mt Nev e

-0.43294
-0.80%02
-1.1399¢€
-1.38702
-1.47389
-1.38750
-1.08593
-0. 70477
-0.350%8
-0.13894
-0.04450

0.00000

30.00000
28.13042
25.8533¢
22,935823
19.04439
13.27077
&£.53964
0.00000
-6.53964
=13.27077
-19.04440
-22.95823
-25.85337
-28.13043
-30.00000
0.0
0.0

COO0O0O0OO0O0OO0OCCOOCO
COO0OO0OO0OO0OCO0OO0OO0OCO00O

MR EEEEREEEEE

0.00000
0.00000
0.00000
0.00000
0.0

0.00000
0.00000
0.00000
0.00000
0.0

0.00000
0.00000
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360.,00000 110.00001
600.0 110.00001
310.00000 90.00000¢
326.66669 90.00000
343,33334 90.00000
360.00000 90.00000
600.0 90.00
310.00000 70.00001
326.66669 70.00001
343.33334 70.00001
360.00000 70.00001
. 600.0 70.00001

310.00000 50.00001
326.66649 50.00001
343,33334 50.00001
360.00000 50.00001
600.0 50.00001
310.00000 30.00000
326.66669 30.00000
343.33334 30.00000
3460.00000 30.00000
600.0 30.0

AKE FLOW PROPERTIES TAG

OUNDARY CONDITION=1,WAKE ?

/

/

NETWORK=EXIT-UPR-WAKE-12 2 )
340.00000 0.00000
600.00000 0.00000
360.00000 10.37693
600.00000 10.37693
340.00000 16.03364
600.00000 16.03366
360.0C000 19.50492
600.00000 19.50492
360.00000 23.046455
600.00000 23.06455
360.00000 26.49111
600.00000 26.49111
340.00000 29.01616
600.00000 29.014616
360.00000 30.00000
60000000 30.00000

RIANGULAR PANEL TOLERANCE = ,003
OUNDARY CONDITION = 1» WAKE 1

NETWORK=EXIT-LWR-WAKE-13 2 ]
360.00000 30.00000
600.00000 30.00000
360.,00000 29.01616
600.00000 29.01616
360.00000 26.49111
600.00000 26.49111
360.00000 23.06456
600.00000 23.,06456
360.00000 19.50493
400.00000 19.50493
360.00000 16.03367
600.00000 16.03367
340.00000 10.376%6
600.00000 10.376%6
360,00000 0.00000
4600.00000 0.00000

RIANGULAR PANEL TOLERANCE = ,003
OUNDARY CONDITION = 1s WAKE 1
/

’

Weitvwwvw

0.00000
0.0

0.00000
0.0000¢C
0.0C000
0.000C0
0.0

0.00000
0.00000
0.00000
0.00000
0.0

0.00000
0.00000
0.00000
0.00000
0.0

0.00000
0.00000
0.00000
0.00000
0.0

30.00000
30.00000
28.13043
28.13043
25.83337
25.85337
22.95823
22.95823
19.04440
19.04440
13.27077
13.27077

6.53964

6.353764

0.00000

0.00000

0.00000
0.00000
-6.53964
-6.53964
-13.27077
-13.27077
=19.04439
=19.04439
-22.95823
-22.95823
-25.85336
-25.85336
-28.13042
-28.13042
-30.00000
=30.00000
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EGIN GEOMETRIC EDGE MATCHING
BUTMENT = UPR-WING-7» 2 ENTIRE-EDGE +
= UPR-BODY-4, 1 ENTIRE-EDGE
BUTMENT = LWR-WING-8» 2 ENTIRE-EDGE +
= | WR-BODY-3» 3 ENTIRE-EDGE
/
/
EGIN FLOW PROPERTIES DATA
URFACE FLOW PROPERTIES = CASE-1 /SF1
ETWORK~-IMAGES=1+REVERSE=2yREVERSE=3»REVERSE: 4 /REVERSE=5»REVERSE +
=6yREVERSE=7=8=9REVEBSE

OINTS = CENTER /SF4

RINTOUT = 1+2+8013916 /SF10A £l | ] 2
/

? 4

ORCES AND MOMENTS /FM1

EFERENCE PARAMETERS = SRy 37500.0+ BRy» 150.0» CR» 140.0 /FM2
X18 SYSTEM = RCS»0.90490.» WASy 0.,90,90. /FM3

RINTOUT = NETWORK» CONFIGURATION /FMS

ATA = NETWORK»CONFIGURATION

ASE = CASE-1 /FM?7

ETWORK-IMAGES =1,REVERSE=2,REVERSE=3y»REVERSE-4/)REVERSE=S»REVERSE=4»REVERSE =753
URFACE = UPPER /FM12

/

/

EGIN PRINT PLOT DATA /PP1

EOMETRY DATA /PP2A

ETWORK = 15213941506+ 7+8 /PP2B

OINT DATA //PP3A

RRAY = COLUMNS»CONTROL-POINTS /PP3E

ONFIGURATION DATA /PPAA

ND PROBLEM DEFINITION
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