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ABSTRACT

A computer program that utilizes the method of integral
relations has been developed at the Naval Ship Research and
Development Center for use in determining the inviscid transonic
flows past lifting airfoils. It allows for a change of entropy
across the shock wave and accounts for the presence of an oblique
or normal shock at the shock foot. Since many iterations of the
trial and error type are required to obtain the converged flow
solution, the program has been adapted for use on the interactive
graphic systems of the CDC 6700 computer. This minimizes the
man-machine interaction time involved with such iterations. It
has been applied to several airfoil cases with supercritical flow
on the upper surface and subcritical flow on the lower surface and
takes about 5 to 10 min of computer time per case. The theoretical
basis for this program has previously been reported. This report
documents the computer program which is written in the language of

'FORTRAN Extended Version 3.0.

ADMINISTRATIVE INFORMATION

This work was sponsored by the Naval Air Systems Command (NAVAIR-320)
and funded under NAVAIR Task R230.201, Work Unit 1-1670-277.

INTRODUCTION

Application of the method of integral relations to solve transonic
flow problems has already been developed and the method used in several

flow solutions.l’2 The present report documents the subroutines used in

1. Tai, T. C., "Application of the Method of Integral Relations to
Transonic Airfoil Problems: Part I — Inviscid Supercritical Flow over
Symmetrical Airfoil at Zero Angle of Attack,'" NSRDC Report 3424 (Sep 1970);
also presented as Paper 71-98, AIAA 9th Aerospace Sciences Meeting,

New York, N.Y. (Jan 1971).

2. Tai, T. C., "Application of the Method of Integral Relations to
Transonic Airfoil Problems: Part II — Inviscid Supercritical Flow About
Lifting Airfoils with Embedded Shock Wave," NSRDC Report 3424 (Jul 1972);
also presented as Paper 73-658, AIAA 6th Fluid and Plasma Dynamics
Conference, Palm Springs, California (Jul 1973).




computing transonic flows and illustrates their use with two examples:
transonic flow past an NACA 0015 airfoil at o = 4.0 deg and transonic

flow past an advanced airfoil at o = 1.5 deg.

The solution procedure consists of ten well-defined steps in accordance
with necessary iteration processes. The completion of each step must
satisfy certain flow conditions before the next step is undertaken.
Actually, there are only three major iteration processes which form the
bulk of the flow integration, and each process can be computed rapidly
and efficiently. The main drawback to this method is that each step
must be computed separately and that the output of one step is needed
before the next step can proceed. This can be a time-consuming process

if done by conventional means.

The use of interactive graphics greatly reduces man-machine interaction
time. The input parameters and program execution can be modified by uéing
a system of light registers and light buttons displayed on the CDC 274
graphics console screen. 1In order to simplify the solution process, only
subcritical flow on the lower surface and supercritical flow on the upper

surface will be allowed.

The primary inputs to the program are the airfoil coordinates (a
maximum of 40 data points) and 32 extraneous and physical flow parameters.
During execution of the interactive graphics program, 18 of these flow
parameters may be changed, but ordinarily only one or two are used to
iterate on a particular flow solution to satisfy a particular flow
condition. The remainder of the flow solution parameters may be properly

determined subject to the necessary constraints.

The importance of a well-defined airfoil shape cannot be stressed
too strongly. This highly sensitive technique requires great accuracy in
first and second derivative information from the airfoil surface. The
spline function is one highly recommended method for representing airfoil
surfaces. It can attain very accurate first and second derivatives from
the airfoil surface if certain constraints are chosen judiciously. The

method is explained in detail in Appendix A.



However, one fact should be borne in mind before attempting to use

this program to solve transonic flows; it is not a '"black box" computer
program which generates output for a given set of input data. It requires
special attention during execution to ensure that certain flow requirements
are met. If the calculated flow is unsatisfactory, one of the input
parameters should be changed to yield a satisfactory result. Luckily, it
can be seen from inspection whether the value of a parameter is too large

or too small, and input changes can be made accordingly.

DESCRIPTION OF COMPUTER PROGRAM

Application of the method of integral relations for transonic flow

problems involves three major flow solutions:

1. Upstream solution
2. Airfoil solution

3. Downstream solution

These solutions must be computed sequentially, that is, the upstream
solution must be computed before proceeding to the airfoil solution, and
the airfoil solution must be computed before proceeding to the downstream
solution. These steps are shown in Figure 1. The order of operations
within the airfoil solution is immaterial; either the upper surface flow

or the lower surface flow can be computed first.

The input to the program is only an approximation to the correct

input which would yield a satisfactory solution. During the course of

the solution, the input is modified to satisfy certain flow conditions.

For instance, in the case of supercritical flow in the airfoil solution,

the initial condition parameter CYD is changed until calculations show

that the velocity gradient is continuous through the sonic point. Other
inputs are modified in reply to the questions shown in Figure 1. When

all the flow conditions are met satisfactorily and the solution is complete,
the calculated pressure distribution is the serendipitous result of the

solution process.



ORDER OF OPERATIONS

The flow chart of Figure 2 gives a more detailed analysis of the

order of operations of the more important subroutines. A list of these

subroutines and their function is given below.

UPSTRM
STAGNA

UPRCRIT

LWRCRIT

UPRINIT

LWRINIT

SUBCRT1

SUBCRT2

SPRCRT1

SPRCRT?2

DWNSTRM
AKUTTA

il

i

performs upstream flow integration

calculates stagnation streamline geometry and cross
velocity gradient for given stagnation point XS
calculates Mach number conditions along initial portion
of upper surface

calculates Mach number conditions along initial portion
of lower surface

calculates initial conditions on upper surface for a
selected initial point and CYD

calculates initial conditions on lower surface for a
given initial point and CYD

performs subcritical flow integration on initial portion
of either upper or lower surface

performs subcritical flow integration on either upper or
lower surface

performs supercritical flow integration on initial portion
of upper surface

performs supercritical flow integration on upper surface
performs downstream flow integration

provides outputs of calculated upper and lower surface

pressure distributions

Subroutines UPSTRM and STAGNA correspond to the upstream solution,

and subroutines DWNSTRM and AKUTTA correspond to the downstream solution

of Figure 1.

The rest of the subroutines correspond to the airfoil

solution. The details of the subroutines are given in Appendix B, and

a flow chart of each subroutine is given in Appendix C.

Eight of the more important decision points are numbered in Figure 2.

The dotted lines indicate the parameter changes needed for satisfactory

results. Each decision point requires some attention, either a



modification of the input parameters or a decision on which course to

follow in the computation.

An overview of the solution process which consists of various steps
is given in Figure 3. Since the flow solution on the upper surface is
much more interesting than that on the lower surface, only upper surface

flow is discussed here in detail.

The numbered stars around the airfoil correspond to certain subroutines
in Figure 2:

UPSTRM

STAGNA
UPRINIT-SPRCRT1
SPRCRT2
DWNSTRM

AKUTTA

The output for a particular subroutine is on either side of the

[« 3NV, I S RN CLRN R

corresponding number in the figure. The trial solution to the left

could be improved on; the arrow indicating the parameter changes needed
to ihprove the solution, and the corrected or acceptable solution to the
right represents a completed step. Once this is completed, the program

begins executing the next step.

The output from the first step shows a plot of Y versus Mach number.
This velocity profile is taken from the final integration station of
subroutine UPSTRM. The number of strips used to integrate the flow
solution in the trial solution proved inadequate, and more strips were

added to yield the corrected solution.

The second step is concerned with the selection of a stagnation
point. The stagnation point for the trial solution was chosen at the
nose of the airfoil; this yielded unrealistic stagnation streamline
geometry for a lifting airfoil. A more satisfactory location of the
stagnation point is given in the corrected solution. The selection of

the stagnation point is most critical to later calculations.

The first major iteration process is given in the third step. 1In
the trial solution the initial condition parameter CYD, which depends on

assumed velocity profile shape ahead of the airfoil, did not yield velocity




gradients which were continuous through the sonic point. In the case of
CYD = 1.0, the flow accelerated too rapidly before the sonic point, and
in the case of CYD = 1.010, the flow decelerated before the sonic point.
CYD = 1.005 for the corrected solution, and the velocity gradients were
continuous through the sonic point. This step calculates the flow on the
initial portion on the upper surface. The fourth step calculates the

remainder of the flow.

In the fourth step, the only requirement for a satisfactory solution
is the selection of a shock location which allows the flow calculations
to proceed to the trailing edge. The shock location must be chosen so
that the flow behind it remains subcritical throughout to the trailing
edge. The exact shock location is determined by satisfying the downstream
flow condition as outlined in the fifth step. The two initial guesses
in the trial solution show cases of flow which become supercritical again
after the shock wave. The corrected solution indicates where a case flow

remains subcritical behind the shock location.

The third and fourth steps constitute the airfoil solution on the
upper surface. For the lower surface of the airfoil, a solution is
sought which allows flow integration to proceed to the trailing edge.
Once the airfoil solutions for the upper and lower surfaces have been

obtained, the downstream solution may be calculated.

The fifth step is concerned with flow calculations downstream from
the airfoil. 1In the trial solutions the pressures diverged from the
free~-stream pressures quite rapidly. Thus it was necessary to return to
the fourth step and select a new shock location which would yield down-
stream pressures bracketing the free-stream values. It can be seen in the
corrected solution that the final shock location was between 0.50 and 0.51;
the pressure was slightly greater that free-stream pressure for one value

and slightly less for the other.



The final step of the solution process is to check the calculated
pressure distributions on the upper and lower surfaces of the airfoil.
If the pressures at the trailing edge do not match on the upper and lower
surfaces, the Kutta condition is not met, and program control should be
transferred to the second step for the selection of a new stagnation
point. 1If the stagnation point is judiciously chosen, the pressure

distribution in the corrected solution should appear.

ILLUSTRATIVE EXAMPLES

A description of the order of operations of this computer program

is best presented by illustrating its application to a particular airfoil.

NACA 0015 Airfoil

The NACA 0015 airfoil at an angle of attack of 4 deg and a free-stream
Mach number of 0.729 are used here for purposes of illustration.
Experimental results have shown that at these flow conditions, the flow
is supercritical on the upper surface and subcritical on the lower

surface.

The five input flow parameters of greatest importance to the solution

process are:

DVOOI (dVo/ds)o, the estimated cross velocity gradient at
the stagnation point,

XS, the X-coordinate of the stagnation point,

CYDL, the initial condition parameter for the lower surface
flow,

CYDU, the initial condition parameter for the upper surface
flow, and

SL, the location of the shock foot for the upper surface flow.

Decision point 1 comes after subroutine STAGNA, the calculation of
stagnation streamline geometry and the cross velocity gradient at the

selected stagnation point. It is important to select a stagnation point

3. Graham, D. J. et al., "A Systematic Investigation of Pressure
Distribution at High Speeds over Five Representative NACA Low-Drag and
Conventional Airfoil Sections,'" NACA Report 832- (1945).




for which the streamline geometry appears most reasonable because this
solution is most critical to later calculations., The middle streamline
shown in Figure 4 was chosen, and the calculated cross velocity gradient
for this stagnation point was 4.343. Since this agreed well with the
estimated cross velocity gradient of 4.252, this is considered a valid
or permissible solution for the upstream flow. 1If this cross velocity
gradient were not correct, another iteration would be needed for the

upstream solution with a new estimate of the cross velocity gradient.

The cross velocity gradient DVOOI determines the perturbation of the
stagnation streamline due to the presence of the airfoil. A greater

perturbation is realized with increasing values of DVOOI.

After decision point 1, there are two possible paths for further
flow calculations. The path to the left corresponds to flow integration
on the lower surface. For this path, J=2tand subroutine LWRCRIT is computed.
The path to the right corresponds to flow on the upper surface. For this
path, J=1 and subroutine UPRCRIT is calculated. Decision points 2 and 3
determine whether subcritical or supercritical flow options are to be
taken on the upper or lower surface. A simple test was made for selecting
. the supercritical or subcritical options. This information is stored
in ICRIT(J). Thus ICRIT(1l) = 1 for supercritical flow on the upper surface
and ICRIT(2) = 2 for subcritical flow on the lower surface. Once a
decision on flow criticality has been made, flow integration may proceed

to the flow solutions on either the upper or lower surface.

From decision point 2, the next step in flow calculation is
subroutine LWRINIT, the initial solution on the lower surface. Depending
on decision point 1, there are two possible paths for further flow
integration., The path for ICRIT(2) = 1 is invalid since in its present
form, the program is not prepared to handle supercritical flow on the
lower surface. For ICRIT(2) = 2, flow integration is further computed
by subroutines SUBCRTl and SUBCRT2 which calculate subcritical flow.

The output of these three subroutines is shown in Figure 5. For a
permissible solution, the calculated Mach number along the airfoil surface
should return to a value fairly close to the free-stream Mach number of

0.729. Decision point 4 consists of determining an appropriate value for
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CYD. Inspection of Figure 5 shows that the value of CYD = 0.8194 is
appropriate. Here the Mach number increased to a maximum at midchord

and decreased to a value of 0.71 at the trailing edge.

An appreciation of the physical significance of the parémeter CYD
requires knowledge of the stagnation streamline geometry given in Figufe
6. The control volume is the one outlined by points b, d, and f. Points
f and d represent values which were computed in the upstream integration.
The mass flow into the control volume is normal to the line d-f. Since
there is no mass flow through the stagnation streamline or normal to the
airfoil, the mass flow out of the control volume is normal to line b-d.
Hence the mass flow out of the control volume is fixed and is equal to
the area under the curve in Figure 7. The ordinate pV is the mass flux
across the line b-d, and the abscissa n is along the line b-d normal to
the airfoil. Depending on the value of CYD, the product prb can take
on several values. Hence the velocity at the initial point on the airfoil

V., can be varied according to CYD. The initial velocity decreases as CYD

b
increases.

Once an appropriate solution has been found for the lower surface,
IG0(J) is set equal to 1 and control is transferred to decision point 5.
Both IGO(1l) and IGO(2) must equal 1 in order to proceed to DWNSTRM;
otherwise control is transferred to decision point 1 and the other path

is chosen for flow integration.

In the case discussed so far, the lower surface has already been
computed and the upper surface flow remains to be computed. Upper surface
flow has been assumed to be supercritical and control can be transferred
to subroutine UPRINIT. After initial conditions in subroutine UPRINIT
have been calculated, one of two paths can be chosen for upper svrface
flow integration, depending on the value of ICRIT(J). If ICRIT(l) = 2,
the flow is assumed to be subcritical and further flow integration proceeds
in the same manner as discussed previously. If ICRIT(l) = 1, the flow is
assumed to be supercritical and control is transferred to SPRCRTIL.
Subroutines UPRINIT and SPRCRT1 compute the initial flow solution on the
upper surface., The varying parameter for flow integration is CYDU.

Decision point 6 is concerned with determining a value for CYDU so that




the velocity gradients are continuous through the sonic point. The
graphed output of this iteration is shown in Figure 8. A value of
CYDU = 1.074974 determines continuity of the velocity gradient through

the sonic point and is a satisfactory solution for decision point 6.

Once the initial solution has been completed, calculation of the
flow integration is undertaken for the upper surface including the effects
of the shock foot. The appropriate value of CYDU has already been
determined in subroutine UPRINIT and the flow should return to near
free-stream values if the stagnation point and the shock location have

been chosen judiciously.

In some cases it may be desirable to modify the flow solution during
some intermediate step. The velocity distribution along y which is output
from one step may not be appropriate, and some adjustment of the y-
component velocity calculated near the airfoil surface may be made by

using a Lagrangian or a parabolic curve fit along the y coordinates,

Once again, decision point 5 is encountered and since both upper
and lower surfaces have been computed, control can be transferred to
subroutine DWNSTRM. Subroutine DWNSTRM is concerned with the calculation
of downstream flow conditions. If the value of SL (the shock location on
the upper surface of the airfoil) is correct, flow will return to near
free stream values. If this value is incorrect, subroutines SPRCRT2 and
DWNSTRM must be reiterated with varying values of SL. The results of
such an iteration process are shown in Figure 9. The downstream flows
based on two shock locations should bracket the free-stream value ten
chord lengths downstream from the body (P/Pm = 1 at x/c = 10). As shown

in Figure 9, the exact shock location lies between x/c = 0.57 and 0.58.

When the downstream flow conditions most nearly approximate free-
stream values for the upper surface, parameter CYDL can be varied for the
lower surface to find the value which most nearly approximates free-stream
flow conditions downstream of the airfoil. 1In this case, subroutines .

LWRINIT, SUBCRT1, SUBCRT2, and DWNSTRM are iterated to find a value for

10



CYDL which most nearly approximates free-stream conditions downstream

of the airfoil. The results of this iteration process are shown in

Figure 10. The downstream flow conditions most nearly approximate free-
stream values at CYDL = 0.8131, and this value of CYDL is chosen to compute

the lower surface flow conditions.

There is one remaining step in the solution process, namely, to
check the calculated pressure distributions and determine whether the
Kutta condition is met at the trailing edge. The upper and lower surface
pressure distributions are shown in Figure 11. Since the pressures
calculated at the trailing edge for upper and lower surfaces have less
than 3-percent error, the assumed stagnation point is correct. If thesé
pressures had not matched at decision point 9, a change would have been
required for the stagnation point and the solution process would proceed

again from decision point 2.

The upper surface pressure distribution depends greatly on the value
of B, the oblique shock angle of the shock foot. The shock location moves
forward with decreasing values for B. 1In this particular example, a change
of entropy was allowed through the shock wave and the angle of B was assumed

to be 70 deg.

Other Airfoils

The procedure for calculating the transonic flows over other airfoils
is basically the same as above except that a change has to be made in
subroutine ARFL. An analytic function does not exist for airfoils other
than NACA 4-digit series, and some method of airfoil representation must
be used. The method used for this program is the spline fit (see
Appendix A). The method requires a given set of data points and the first
derivatives at the beginning and end points of that set. The coordinates
of the airfoil should be very accurate for a smooth curve fit. It is
possible to find an airfoil shape with a smooth second derivative fit by

varying the beginning and end slopes of the airfoil.
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Figure 12 shows the fitted curve for a particular airfoil, and a
plot of the second derivatives for this curve. The smooth fit for the
second derivatives ensures that the airfoil curvature is pretty well

represented.

APPLICATION OF INTERACTIVE GRAPHICS

The subroutines previously described have been incorporated into
an interactive graphics program so that program execution can be
accomplished most efficiently. The interactive graphics program has
been written with the help of Graphic Pac, an NSRDC-developed software
package for use with graphics facilities.* The Graphic Pac features
include virtual memory data management for both graphic and nongraphic
data and a comprehensive collection of interactive facilities; program
control is modified during execution by the use of subroutine WAITE.
When a call is made to this subroutine, execution stops and the program
awaits input from an attention source. Attention sources are the light
buttons and text entities which appear on the screen, and these may be

signalled by the light pen.

When Graphic Pac is used, all subroutines have to be compiled into
a relocatable binary format by PRELOAD, an NSRDC-developed utility.**
Once the graphics program and the subroutines have been compiled by PRELOAD,
they are loaded into a new task format by TSKLOAD, another NSRDC-developed
utility program. It is the TSKLOAD format which is executed. When this
program is loaded by using IGSGO, it makes nominal demands on the CDC 6700
computer. The control cards needed to create the taskload file are shown

in Figure 13, and those required to make a graphics run are shown in

Figure 14.

*Reported informally in NSRDC Technical Note CMD 42-28 (Graphic Pac — A
Subroutine Package for Interactive Graphic Application Programming),

August 1973,

**peported informally in NSRDC Technical Note CMD 51-72 (PRELOAD — A
Binary Deck Library Loader for the CDC 6700 Computer), October 1972.
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The CDC 6700 central processor should be specified to compile and
load the program most efficiently. During loading, the program uses
approximately 400 CPU sec, has a field length of 110000 Octals, and
resides in central memory for about 1 hr. During execution, the program

has a field length of 20000 Octals.

The structure of an interactive graphics program is somewhat different
from a program used in batch processing. 1In order to have maximum control
over the program and to allow input changes when necessary, there are
many points in the program where program execution paﬁses and waits for
a signal from one of the attention sources. An attention source can be
a light register used to type in new input information or an asterisk
used to signal execution of a new batch of coding. The flow chart in
Figure 15 indicates the possible paths for program execution. The nodes

indicate possible input changes.

Each of the tasks in the program perform a well-defined function.
Half of them display information calculated by a MIR subroutine and the
other half maintain the screen displays. A brief description of each
task is given in Appendix D. The subroutines used by these tasks and

their functions are given in Appendix B.

According to Figure 15, there are many possible paths for the program
to follow. However, it is not necessary to use all these paths in the
solution process. 1In some cases, a decision box could have been used
instead of a node. In order to avoid a complex logic diagram, however,
the format of Figure 15 was chosen. This figure at least gives an
indication of the versatility of the interactive graphics program which
allows many possible paths instead of two or three from a particular

program control point.

BASIC FORMAT

Figure 16 gives the basic format for the graphic output of a step.
Most of the screen display is given to the plot of currently computed
output. Sometimes two plots may appear in this area of the screen.

If for any reason at all, it is impossible to perform the integration

13



at this step, a large X will cover the graph display; if only a partial
integration is possible, the message INTEGRATION INCOMPLETE will flash on
the screen. There are two columns of light registers in the lower right-
hand corner of the screen; the first gives information on flow conditions
at the currently computed step and the second contains the input variables.
The variables are light pen detectable, and the values in them can be
changed. A current value can be erased and replaced with a blank by
touching a light register with a light pen and depressing the handle of
the pen. A new value can then be inserted by typing it in on the key-
board and pressing the keyboard release button. When the COMPUTE button
at the bottom of the column is touched, the program will attempt to
execute the step with the current input. The asterisks surrounding the
airfoil in the lower left-hand corner signify the steps of the flow
solution; they are coded in Figure 16. The currently computed step is
identified by a flashing asterisk. The asterisks will appear only when
the program is ready to execute the program step which they represent.
Program control can be transferred to any other step by signalling the
appropriate asterisk with the light pen. The program can be terminated
at any time by using the light pen to signal the STOP button in the far

left-hand corner.

The input to the graphics program consists of 32 flow solution
parameters and a maximum of 40 airfoil data points and the first
derivatives at these data points. These airfoil data points and their
first derivatives have been chosen to ensure a smooth second derivative
curve fit in accordance with Appendix A, A description of the input
data is given in Appendix E. Many of the flow solution parameters assume

the values suggested in the appendix.

ILLUSTRATIVE EXAMPLE

Just as an illustrative example of flow past an NACA 0015 airfoil
was used to describe the MIR program subroutines, an illustrative example
of flow past an advanced transonic airfoil will describe the use of IGS.

The first display to appear on the screen is that shown in Figure 17.

14



The four light registers contain the free-stream flow conditions and

certain initial conditions:

ALPHA = Angle of attack

MACH NO. = Mach number

YI(UPR) = Location of outermost strip in upper surface
(given in chord length)

YI(LWR) = Location of outermost strip in lower surface

(given in chord length)

If these flow conditions are satisfactory, control may be transferred
to the first step in the flow solution by signalling the light button
PROCEED.

The first step in the solution is the calculation of the upstream
flow conditions. The necessary parameters for the upstream solution are
the number of strips used in integration and X00, the distance from
free-stream flow conditions to the stagnation point on the airfoil.

The parameter NN indicates the number of strips used for the bulk of
integration, and NA indicates the number of additional strips used in
the vicinity of the airfoil. For greater accuracy, it is recommended
that eight strips be used in the vicinity of the airfoil. Figure 18

indicates the screen display corresponding to this solution.

The flashing light ahead of the airfoil in the lower left-hand
corner of the screen display indicates that the upstream solution is
ready for execution. When the COMPUTE light button at the bottom of
the second column of light registers is signalled, this step will be
executed by using the input values currently in the light registers.

The computed values of YSO and DE will be displayed in the first column.
These values should be less than 0.1. The graphic output shows Y versus
M, the velocity profile at the final station of upstream integration,
and Mb versus X, the variation of Mach number along the stagnation
streamline. These two graphs are characteristic of an appropriate

solution.

If the computation of the upstream solution is complete, the program

may proceed to the stagnation solution. The necessary parameters used to
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iterate on this stagnation solution are XS, the X-coordinate of the
stagnation point, Y¥SO, the distance that the stagnation streamline is
perturbed by the airfoil, and DVOO(I), the cross velocity gradient used

in the upstream solution. The screen display is shown in Figure 19.

If DVOO(F), the cross velocity gradient calculated at the particular
stagnation point, does not agree with DVOO(I), then DVOO(I) must be
changed to the newly calculated value, and the upstream solution must
be recalculated. By signalling the light far to the left of the airfoil,
control is transferred back to the upstream solution which is computed by
using the new DVOO(I). When the streamline geometry seems reasonable and
the cross velocity gradients agree at the stagnation point, the program
may proceed to the step which determines flow criticality on either the
upper or lower surface. For example, consider the flow on the upper
surface. Control is transferred to this step by signalling the light

just above the leading edge of the airfoil.

The screen display shown in Figure 20 determines the type of flow
present on the upper surface. 1In this case the Mach number reaches a
value of 0.96 in a relatively short distance, and so it is safe to assume
that supercritical flow is present on the upper surface. By signalling
the SUPERSONIC light button, program control is transferred to the next

step which computes the initial conditions on the upper surface.

The screen display of Figure 20 also indicates the light button
LAGRANGIAN. When it is signalled, the normal velocity component at the
innermost strip at the initial step will be corrected using a Lagrangian
curve fit. The light button LAGRANGIAN will disappear and the light button
PARABOLIC will appear in the same area on the screen. Similarly, when the
latter is signalled, the normal velocity component at the innermost strip
at the initial step will be corrected using a parabolic curve fit. If
neither light button is signalled, the normal velocity component at the

innermost strip will not be modified during the flow integration.

The necessary parameters for calculation of the initial solution
are XA, the initial point of flow integration, and CYD, which determines

the initial velocity profile shape. The screen display of Figure 21
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illustrates the iterative process used to satisfy the flow conditions
in this step. After an initial point has been chosen, the parameter
CYDU is varied until the velocity gradient DUDX is continuous through

the sonic point.

The following additional information is included to help proceed to
a converged solution. The value of RBUB (prb in Figure 7) should be
less than 1.1 and CYDU should be increased until this requirement is met.
If CYDU is too large, the velocity gradients will become negative and the
flow will become subsonic, prohibiting further integration. 1If the
solution still does not converge, the number of strips NN should be
decreased by one. When an appropriate CYD value is chosen and integfation
is completed, a light above the airfoil will signal that the upper surface -
airfoil solution is now ready to be computed. Further refinements to the
initial solution can now be made or control can be transferred to the next

step by signalling the light above the airfoil,

The screen display of Figure 22 indicates the airfoil solution on the
upper surface. The location of the shock foot should be chosen so that
flow integration may proceed from the initial solution to the trailing edge
of the airfoil. If the shock location is chosen too close to the nose of
the airfoil, the flow will accelerate to supersonic again after the shock
wave, prohibiting further integration; if the shock location is chosen too
close to the trailing edge of the airfoil, the flow becomes over expanded
before the shock foot, prohibiting further integration. A careful choice
of shock foot will allow integration to proceed to the trailing edge.

If the solution on the upper surface is completed, control may be
transferred to the step which determines flow criticality on the lower
surface by signalling the light under the leading edge of the airfoil.
The screen display for this step is shown in Figure 23. Since the local
Mach number is below 0.6 for at least 5 percent of the airfoil surface,
it is safe to assume that subcritical flow exists on the lower surface
of the airfoil. The program now proceeds to the step which computes the

airfoil solution on the lower surface.
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The screen display of Figure 23 also shows the light button LAGRANGIAN.
Correction to the innermost strip y-component velocity can be made by

signalling this light button in the same manner as indicated for Figure 20.

The screen display for the airfoil solution is shown in Figure 24.
The parameters for this solution are the same as for the initial solution
on the upper surface. If the chosen value of CYDL is too small, the
message FLOWS NOT MATCHED will appear where UB = 0.699485 now appears
on the screen. When the value of CYDL is increased, the value of RBUB
will decrease and flow integration may proceed. A particular choice for
CYDL will allow integration to proceed to the trailing edge. Further
improvements can be made to the airfoil solution or control may be
transferred to the downstream solution. The upper surface and lower
surface can be computed in any order, but the downstream solution cannot

be computed until both upper and lower surfaces are computed.

The screen display of Figure 25 will appear when the light to the
right of the airfoil is signalled. A satisfactory solution for this
step would be one in which the graph of PO versus X has values fairly
close to one, meaning that the computed pressures are fairly close to
free-stream pressures downstream. Since control was transferred to this
step'from the lower surface, the downstream solution considers the flow
regime from the slip streamline to the outermost strip on the lower
surface. In order to find a solution which will yield free-stream flow
conditions in this regime, an iteration must be made on the lower surface
airfoil solution and the downstream solution by varying the value of CYDL.
Once a satisfactory solution has been found, control may be transferred
to the airfoil solution on the upper surface by signalling the light just
above the airfoil.

The screen display for the airfoil solution on the upper surface
is the same as previously shown in Figure 22. Since both upper and lower
surfaces have beeﬁ computed, control may be transferred to the downstream

solution by signalling the light to the right of the airfoil.

Since control was transferred to this step from the upper surface,

the downstream solution considers the flow regime from the slip streamline
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to the outermost strip on the upper surface. 1In order to find a solution
which yields free-stream flow conditions downstream, an iteration must

be made on the upper surface airfoil solution and the downstream solution
by varying the value of SL. When an appropriate solution has been found,
control may be transferred to the final program by signalling the light
which appears on the airfoil.

Figure 26 illustrates the screen display of the final program step.
The validity of the solution can be checked by inspecting the pressure
distributions computed in the airfoil solution for both upper and lower
surfaces. (Pressures on the upper and lower surfaces should match at
the trailing edge in order to satisfy the Kutta condition.) 1Inspection
of Figure 26 shows that this condition has not been met (there is a 10-
percent discrepancy between trailing edge pressures) and that further
action should be taken to correct this situation. Program control can
be transferred to the stagnation solution for the selection of a new
stagnation point. Then the whole solution procedures described above

should be repeated.

Solutions exist for each of the four major iteration processes which
have been presented. Failure to find a bracketed solution for a particular
iteration process indicates the need for further refinement in the strip
arrangement of the flow field. Computational experience further indicates
that special attention should be given to spline fitting the leading
edge of the airfoil to ensure that the curvature of the airfoil is
smoothly continuous in the region of the sonic point to avoid difficulties

in attaining converged solution.

CONCLUDING REMARKS

The use of interactive graphics enables a practical application of
the method of integral relations to solve transonic flow problems past
lifting airfoils. For instance, 5 to 10 min of actual computer time and
about 1 hr of interactive graphics time are required to determine the
converged solution, i.e., pressure distribution about the given airfoil
for a given flow condition. With experience, these times could be reduced

still more.
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Experience at NSRDC during the development of the application
indicates that care must be exercised in the strip arrangement of the
flow field and in the spline fitting of the airfoil coordinates,
particularly near the leading edge or sonic point area in order to

ensure numerical stability and accuracy.

The use of interactive graphics for this program is minimal.
Further refinements might include hard copies of the output from the
Cal Comp plotter. The only output now saved is that on the line printer.
Use of light registers might also make it possible to keep track of

previous guesses on a particular iteration.
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Figure 12 - Second Derivative Spline Fit for an Advanced Airfoil
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6/7/8/9

GRAPHICS PROGRAM

7/8/9

MIR SUBROUTINES

7/8/9
EDIT(0,A,CXXX,0000000000,2,INPUT,GPACP,PPACP,IPPDUMP,OUTBIN)
ATTACH(IPPDUMP,CARSIPPDUMP)

ATTACH(PPACP,CAMMPPACP)

ATTACH(GPACP,CARSGPACLIB)

ATTACH(EDIT,CAMVEDIT)

PRELOAD(OUTBIN, INBIN)

FTN, B = INBIN.

CHARGE,CXXX,0000000000

CXXX,CPB,CM110000,P2

Figure 13 - Deck Setup for Creation of TASKLOAD File
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6/7/8/9

DATA CARDS

7/8/9

IGSGO(ATSK,1)

ATTACH(IGSGO,CAMVIGSGO)

ATTACH(ATSK,CXXXATSK)

CHARGE,CXXX,0000000000

CXXX,CM20000,P4,G.

Figure 14 ~ Deck Setup for Graphics Run
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3

* 4, VAR4=1.0  VAR1=1.0

1, 2, C*B> 7 VAR5=0.0  VAR2=0.0

VAR6=0.0  VAR3=1.0

stop O 6, COMPUTE
1. UPSTREAM SOLUTION 5. LOWER SURFACE INITIAL SOLUTION
2. STAGNATION SOLUTION 6. LOWER SURFACE AIRFOIL SOLUTION

3. UPPER SURFACE INITIAL SOLUTION 7. DOWNSTREAM SOLUTION

4. UPPER SURFACE AIRFOIL SOLUTION 8. KUTTA CONDITION CHECK

Figure 16 - Basic Format for Screen Displays
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STOP

PROCEED

Figure 17 - First Screen Display

MACH NO.=0.7
ALPHA=15
Y1(UPR)=7.0
YH{LWR)=7.0
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COMPUTE

Figure 18 - Screen Display for Upstream Solution
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* YS=0.015826 XS=0.004
YS0=0.012598

“r C> DVOO(F)=6.018846
g - DVO0O(1)=6.0

COMPUTE

Figure 19 - Screen Display for Stagnation Solution
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XB SUBSONIC
* * C> SUPERSONIC
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STOP

Figure 20 - Screen Display for Flow Criticality on Upper Surface
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DUDX
Sk * X
[ RBUB=0.984972 XA=0.0125
* C> UB=0.971597 CYD=1.5664133
NN=6
STOP COMPUTE

Figure 21 - Screen Display for Initial Solution — Upper Surface
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Figure 22 - Screen Display for Airfoil Solution — Upper Surface
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Figure 23 - Séreen Display for Flow Criticality on Lower Surface
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= UB=0.699485 CYD=0.69458
STOP N| P0=0.9890 COMPUTE

Figure 24 - Screen Display for Airfoil Solution — Lower Surface
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Figure 25 - Screen Display for Downstream Solution

45




Figure 26 - Screen Display for Kutta Condition Check
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APPENDIX A
ATRFOIL REPRESENTATION BY SPLINES

In the analysis of arbitrary airfoil shapes, very accurate first
and second derivative information of the airfoil surface is needed to
complete flow analysis. The use of a nonperiodic cubic spline in airfoil
representations provides a function which has linear changes in the
second derivative between points on the airfoil. 1In order to fit a cubic
spline to the points on an airfoil, very accurate data input is necessary.
Also necessary to generating an accurate cubic spline function are the

initial and final slopes of the airfoil.

The determination of the coefficients my for a cubic spline function

is given by the system of equations:4

2 M o ...0

0 ‘o i o |
A12 By « « « 0 0 0 §1n& 1 }
02,2 .. .0 0 !3m2 .
| Ce e
N i
0 Ce a2 e, 0 ’imN_z Cy-2.
'0 R R S L Cx-1
00 0...0 Az |m 1oy

where C. are the y-coordinates of the airfoil data points and mj are
the first derivatives at these data points. The coefficients

kj = hl/(hj+h1) and pj =1 - xj. The variable hj indicates the mesh
spacing; here hj = xj—xj_1 and xj are the x-coordinates of the airfoil -
data points. The first derivatives at the beginning and end points

(mo and mN) and the airfoil data points are assumed to be known.

Once the values of mj have been determined, the cubic spline

function can be expressed on (xj_l,xj) as
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(x-3)° (-, ;) Geox, )% e

S = -
69 = myoy h.2 " h,2
i 3
-x)2 -
N (xj x)“[2(x xj-l) + hj]
yj-]_
h.3
J
- 2 -
‘y, (x *j-l) [Z(EJAX) + hj]

3
By

The first derivative can be expressed as

S,(x) - (Xj-x)(ZXj_1+ xj-3X) . (X‘Xj_l)(ij+ xj-l- 3x%)
1 .
? h, 2 J h 2
] ]
Vi~ Y.
] j-1
+ = 6(x,- X)(x- X,
h3 ( j )(X XJ‘].)
J

The second derivative can be expressed as

2x .+ x. .- 3x 2x. .+ x.- 3x
s” (x) = -2m, d il - 2m, -1 ]
j-1 h 2 ] h.2
] ]
Yi~ Ya_
+ 6 S Y (x.+ x, .- 2%)
h,3
]

The above represents a revised version of spline program as

. . 2
discussed by Tai.  More information on spline functions can be found

in Ahlberg et al.4

4. Ahlberg, J. H. et al., "The Theory of Splines and Their
Applications,' Academic Press, New York (1967).
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SUBROUTINE SPLNFT(N, SLOPEI,SLOPEF,J)
COMMON/PTARFL/ZXX(40,2) ,¥Y(40,2) ,AM{40,2) ,CA
DIMENSION TRID(4,30)

IFC(NNEL2) GO TO 20

AM(1,0) =(YY(2,00 =YY (L, d)) 7 EXXC2,d) =XX(1,d) )
AMC2,0) = AM(1,J)

RETURN

A = XX(2,J)=XX(1,J)

Bz XX(3,J)=XX(2,J)

C = YY(2,1=YY(1,J)

D= YV(3,4)=YY(2,J)

TRID(1,1) = 0.0

TRID(2,1) =1.0
TRICt3,1) = 0.0
TRIDC4,y1) = SLOPEI
TRID(L,N) = 0.0
TRID(2,N) =1.0
TRIDC34N) = 0.0
TRID(4yN} = SLOPEF
IFIN = N-1

DO 40 I=2,IFIN

TRIDC(1,I)=A

TRID(2, 1) 2.0 *{A+3)

TRID(3, 1) 3

TRID(4yI)= 3.0*(A®D/B+B*C/7A)
IF(I-IFIN)35,50,35

A=8

B=XX(I+2,JI=XX(I¢1,0)

C=0

D=YY(I¢2,N)-YY(I+1,J)

DO 55 I=1,IFIN

TRIDCL,I) = TRID(1,I)/TRID(2Z,I)
TRID(4yI) = TRID(4,I)/TRID(2,1)

nwn

TRID(2,I#1) = TRID(2,I41) ~TRIO(3,I¢1)*TII(1,I)

TRID(4,I¢13=TRID(4,I¢1)-TRID(4,I)*TRIN(3,1¢1)
TRID(4yNY = TRID(4,N)/TRID(2,N)

AM{IFINyJ) = TRIDC4yN=-10=-TRID(1,4N-1)*TRID(4,N)
DO €0 I=2,IFIN

NN = N-I

AM(NN,J)}= TRIO(4,NN} = TRIO(1,NN)®AM{NN#+1,J)
AM(N,J) = TRID(4,N)

REVURN

END
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APPENDIX B
DESCRIPTION OF SUBROUTINES

VARIABLES IN ACOM

The following variables refer to the dividing streamline, that is,
the strip which proceeds from the upstream solution to the stagnation point
and follows the upper and lower airfoil surfaces to the trailing edge of
the body and from the trailing edge of the body to nine chord lengths

downstream from the airfoil.

YO = y-coordinate normalized with respect to chord length
PO = pressure ratio P/P_

RO = density ratio p/p_

U0 = velocity component in x, u/u_

VO = velocity component in y, v/vOD

RMO = Mach number

DUO = velocity gradient (du/dx)0

The following variables refer to the intermediate NN strips in flow
integration;
Y(2,10) = y-coordinate normalized with respect to chord length

P(2,10) = pressure ratio P/P_
R(2,10) = density ratio p/poo

U(2,10) = velocity component in x, u/u_
v(2,10) = velocity component in y, v/v°°
RM(2,10) = Mach number

DU(2,10) = velocity gradient (du/dx)o

The first subscript references either upper or lower surface and the
second subscript references a particular strip. For instance, Y(1,1)
references the outermost strip on the upper surface and Y(2,1) references
the outermost strip on the lower surface. 1If five strips are being used
to perform the flow integration, Y(l,5) would reference the innermost strip
on the upper surface. Suppose we chose in free-stream condition an outer-
most strip seven chord lengths away from the body; then Y(1,1) = 7.0.
Intermediate strips are spaced half as far away from the dividing streamline

as the previous strip. Hence,
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Y(1,2) = 3.5
Y(1,3) = 1.75
Y(1,4) = 0.875
Y(1,5) = 0.4375

All of the flow variables are normalized by free-stream values.

VN = velocity component at airfoil surface normal to airfoil

VS = velocity component at airfoil surface, tangential to airfoil
X = X-coordinate

XA = distance along airfoil chord

XB = distance along airfoil parallel to X axis

H = integration step size

YB

—y XB

VARIABLES IN COMMON/AINPUT/

AIN(L) DVOOIL = estimated cross velocity gradient at stagnation point
AIN(2) XS = stagnation point on airfoil
AIN(3) XAO = initial point upper surface

AIN(4) CYDU = parameter indicating shape of final velocity profile
: of final upstream integration station for upper
surface

AIN(5) XAI = initial point lower surface

AIN(6) CYDL = parameter indicating shape of final velocity profile
of final upstream integration station for lower
surface

AIN(7) SL = shock location
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AIN(8)
AIN(9)
AIN(10)

AIN(11)
AIN(12)
AIN(13)

AIN(14)

AIN(15)
AIN(16)
AIN(17)
AIN(18)
AIN(19)
AIN(2)

AIN(21)

AIN(22)
AIN(23)
AIN(24)
NNI(1)

NNI(2)

NNI (3)
NNI (4)
NNI (5)
NNI(6)
NNI(7)
H(1)
H(2)
H(3)
H(4)
H(5)
H(6)

X00 =~ 4.0
RMT ~ 7.0
CDY ~ 0.1

YU ~ 0.7
YL ~ 7.0
CX ~ 0.5

RMC ~ 0.92

BETAD
DELS

CDDQ ~ 11.0
RKI ~ 5.0
XASPR

DE

YSO

YS
CSI
CZ1

parameter used in calculating DVOO for UPSTRM
Mach number used in UPSTRM

upper limit for slope of stagnation streamline
in UPSTRM

location of outermost strip on upper surface
location of outermost strip on lower surface

X-coordinate for last integration step in
SUBCRT1

upper limit for Mach number on innermost
strip in SPRCRT1

shock wave angle

entropy change through shock foot in SPRCRT2
upper limit for dzq/dx2 in SPRCRT2

value of RK for DWNSTRM

X-coordinate for initial point in SPRCRT2

distance from final station of upstream
integration to airfoil surface

distance which stagnation streamline is
perturbed by the airfoil

y-coordinate of stagnation point
value of CS in DWNSTRM
value of CZ in DWNSTRM

number of strips used for the bulk of flow
integration in UPSTRM

number of additional strips used near
stagnation point in UPSTRM

number of strips used in UPRINIT
number of strips used in LWRINIT
number of strips used in SPRCRT2
number of strips used in DWNSTRM
dummy variable used in IOUPRIN and IOLWRIN
step size in UPSTRM

step size in SPRCRT1

step size in SUBCRT1

step size in SUBCRT2

step size in SPRCRT2

step size in DWNSTRM
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VARIABLES IN COMMON/YUVSAV/

These variables contain the flow conditions output from one step
and input to another. The flow conditions are y, the distance from
the airfoil surface to this particular strip, u, the horizontal velocity

component, and v, the vertical velocity component.

For subroutine UPSTRM, the output variables are stored in arrays
YI, UI, and VI, and the number of strips is stored in NNI. These
variables are input to subroutines UPRCRIT, UPRINIT, LWRCRIT, and
LWRINIT.

For subroutine SPRCRT1, the output variables are stored in arréys
YSPR, USPR, and VSPR, and the number of strips is stored in NNSPR.

These variables are input to subroutine SPRCRT2.

For subroutine SPRCRT2 or SUBCRT2, the output variables are stored
in arrays YU, UU, VU, and YL, UL, and VL, and the number of strips is
stored in NNDWN. The flow conditions for the dividing streamline are
stored in arrays YO, U0, and VO. These variables are input to subroutine

DWNSTRM.

VARIABLES IN BLANK COMMON

C=1+ S/M2

CK = 5/7M2

RS = (1/7CK + 1)%*°
FM = M = Mach number

ALPHA = o = angle of attack
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OUTPUT SUBROUTINES

)

No references are made to read and write units in the subroutines
which actually perform the flow integration processes. The output
variables are stored in arrays and are output on the line printer in
subroutines beginning with the letters I0. The output subroutines

and the corresponding flow integration subroutine are:

IOUPSTM UPSTRM
TOSTGNA STAGNA

IOUPRCT UPRCRIT

IOUPRIN UPRINIT,SPRCRT1

I0SPCT2 SPRCRT2

TOLWRCT LWRCRIT

TOLWRIN LWRINIT,SUBCRT1, SUBCRT2
TODNSTM DWNSTRM

FLOW INTEGRATION SUBROUTINES

Subroutine UPSTRM

This subroutine performs the upstream integration from free-stream
conditions to the stagnation point on the airfoil. The primary outputs

of the subroutine are given in COMMON/OUTCOM.

AXA = x stations along stagnation streamline
ARMO = Mach number along stagnation streamline
AY = y stations at final integration station
ARM = Mach numbers at final integration station

Other important variables are

CSO = Mach number
CS1 = Mach number at which more strips are added to the flow solution
DYO = local slope of the stagnation streamline

Integration proceeds from the free-stream conditions to a point
where the Mach number on the stagnation streamline is considerably

lessened. This part of the integration uses subroutine DIST which
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includes the effects of the cross velocity gradient DVOOI. When the
Mach number RMO reaches a particular value of RMT, the flow integration
uses subroutines STMR and LUMR depending on the slope of the stagnation
streamline, DYO. The value of RMD should decrease until it reaches a
value of CSO; at this point, flow values are stored for future use.

If this is the first time that flow variables are stored, more strips
are added to the flow integration. The flow integration now includes

a total of NN + NA strips and the stagnation streamline. The parameter
CSO is decreased by a value of 0.05, and flow integration continues to
the point where RMO reaches this value. The flow values are stored at
this point, and the process is repeated until flow values are'stored at
four points. By using a Lagrangian, values of RMD are extrapolated to
the point where RMO = 0, the point where the stagnation streamline meets
the airfoil. The value of DE, the distance from the last computed station
of upstream integration to the stagnation point on the airfoil, can now

be computed. Upstream integration is now complete.

The final section of this subroutine computes airfoil coordinates
and 11 points along the stagnation streamline. This information is

input to subroutine STAGNA to calculate the stagnation streamline geometry.

Subroutine STAGNA

This subroutine computes the cross velocity gradient at the point
XS and the stagnation streamline geometry corresponding to this
stagnation point. The primary outputs of this subroutine are given

in COMMON/ECOM/ as:

XOU = x-coordinates of airfoil nose
YOU = y-coordinates of airfoil nose
XAF = x-coordinates of stagnation sfreamline
YAF = y-coordinates of stagnation streamline
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Other important variables in this subroutine are:

DE = distance from final station of upstream integration to
airfoil surface

YSO = distance which stagnation streamline is perturbed by the
airfoil

YS = y-coordinate of stagnation point

DE

YSO

For a given stagnation point XS, the radius of curvature RA at this
point on the airfoil is calculated. The cross velocity gradient DVOOF
can then be calculated. The airfoil coordinates and stagnation streamline

are then converted to one Cartesian frame of reference.

Subroutine UPRCRIT

This subroutine determines flow criticality on the upper surface
by computing the Mach number at various points along the surface. The

primary outputs of this subroutine are given in COMMON/OUTCOM/ as:

x station on airfoil surface

AXB

ARMB Mach number calculated at airfoil surface

For a given initial point XA, a perpendicular is drawn to the
airfoil surface which intersects the final station of upstream integration.
Depending on whefe the perpendicular intersects this station, the mass
flow into the control volume is calculated. By using the Newton-Raphson
method, the flow out of the control volume is calculated which matches

the input flow, and the Mach number at this point is calculated.
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The sketch illustrates the control volume and the corresponding

geometry,

MASS FLOW OUT

MASS FLOW
W

DE

YS

YSO

Subroutine UPRINIT(ICRIT)

This subroutine determine the initial flow conditions on the upper
surface for a particular initial point. The solution method is the same
as UPRCRIT, but the solution is performed for one point instead of a
series of points. Important output variables are given in COMMON/RBUBCM/

as:
mass flux at initial point

RBUB

UBINIT = velocity at initial point

The calculation of RBUB, the mass flux at the surface of the airfoil,
includes the term CYD. Increasing the value of CYD decreases the value
of RBUB. 1In some cases the value of UBINIT cannot be calculated because
the value of RBUB is too large or too small, but there is a wide range

of values of CYD for which a solution exists.
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Subroutine SPRCRT1(J)

This subroutine performs the initial integration of flow conditions
for supercritical flow. The parameter J indicates airfoil surface.
(J = 1 for upper surface, J = 2 for lower surface.) Important output

variables are given in COMMON/OUTCOM/ as:

XBO = x stations at airfoil surface
RMBO = Mach number along stagnation streamline
DUBO = velocity gradients along stagnation streamline

The subroutine consists of three main steps:

1. 1Integration in subsonic region and storage of data during
integration to extrapolate through the sonic point.

2. Extrapolation through the sonic point.

3. Integration in supersonic region and extrapolation of data

to final station.

Flow integration in this subroutine as well as SUBCRT1 utilizes
subroutine INBO to calculate the flow properties at the surface of the
airfoil. All other subroutines calculate flow properties along the

airfoil surface in subroutine INAS.
A typical flow integration step in subroutine SPRCRT1 has the form
CALL OUNS(1,J)
NN1 = NN-1
DO 10 N = 1, NN1
10 CALL INAS(1,J,N,1)
CALL INBO(NN,J)

During integration in the subsonic region, checks are made at each

integration step on the surface velocity gradient DUB and Mach number RMB.

If DUB is less than 5.0 or RMB suddenly becomes greater than 1.0, the
trial is aborted. For purposes of extrapolating data through the sonic

point, data are saved at points where RMB = 0.9, 0.92, 0.94 and 0.96.

Once data at those four points have been saved, an attempt is made
to extrapolate through the sonic point by using a Lagrangian function.

The value of XA is incremented until a value for RMB greater than 1.03
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is produced. Once this is done, the flow properties at this station

are calculated, and integration proceeds to the supersonic region.

During integration in the supersonic region, checks are made at each
integration step on the values of DUB and RMB. If DUB is greater than
60.0 or RMB is less than 1.0, the trial is aborted. 1I1f the value of the
velocity gradient and Mach number at the innermost strip, DU(J,NN) and
RM(J,NN), respectively, are greater than specified values, the number of
integration strips is reduced by one. Because of different coordinate
systems used, a8 very small gap in the flow field exists between the output
station of SPRCRT1(J) and the input station of SPRCRT2(J). Flow properties

are extrapolated in this gap by using a Lagrangian function.

Subroutine SPRCRT2(J)

This subroutine performs integration for supercritical flow for
the bulk of the airfoil surface. The output variables located in

COMMON/OUTCOM/ are:

AXA = integration station XA
ADU = velocity gradient (du/dx) at innermost strip NN
DDQO = d/dx(dq/dx) spatial rate of-change of dynamic pressure at

innermost strip NN
A typical flow integration step in subroutine SPRCRT2 has the form

CALL OUNS(1,J)
DO 10 N = 1, NN
10 CALL INAS(1,J,N,NN)

Flow integration in the upper surface is accomplished in three steps:
subcritical, supercritical, and subcritical flow integrations. Subcritical
flow is calculated from the leading edge to the sonic 1ine;.supercritical
from sonic line to shock location SL and finally subcritical from SL to the

trailing edge.

During flow integration in the superéonic region, checks are made
on the values of DUO and RMO. 1If DUO is greater than 100 or RMD is less
than 1.0, the trial is aborted. 1If the value of DDQ is greater than the
input value of CDDQ, the number of flow integration strips is decreased
by one.
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Flow integration proceeds to the point where X is greater than SL,
and the Rankine-Hugoniot relations are applied there across the designated
shock location. If the value of DELS is greater than 0.0, allowances

are made for an entropy change through the shock location.

New flow variables are computed at the shock location SL, and flow
integration proceeds to the trailing edge. Checks are made on DUO and

RMO to ensure that the flow remains subcritical throughout the integration.

Subroutine LWRCRIT

This subroutine determines flow criticality on the lower surface
by computing Mach number at various points along the surface. Important

output variables given in COMMON/OUTCOM are:

AXB X stations for Mach number calculations

ARMB

Mach number calculated at airfoil surface

For a given initial point XA, a perpendicular is drawn to the airfoil
surface which intersects the final station of upstream integration.
Depending on where the perpendicular intersects this station, the mass
flow into the control volume is calculated. By using the Newton-Raphson
method, the mass flow out of the control volume is calculated which

matches the input flow, and the Mach number is calculated.

An illustration of the control volume and the corresponding geometry

is shown below; the perpendicular intersects the final station between

Y(2,6) and Y(2,7).
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Subroutine LWRINIT(ICRIT)

This subroutine determines the initial flow conditions on the lower
surface for a particular initial point. The solution method is the same

as LWRCRIT, but the solution is performed for one point instead of a

series of points. Important output variables given in COMMON/RBUBCM/

are:

]

RBUB at initial point

UBINIT

PV
velocity at given initial point

The initial flow conditions for lower surface flow are computed
in the same manner as subroutine LWRCRIT, and computation proceeds

according to the value of ICRIT.
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Subroutine SUBCRT1(J)
This subroutine performs the initial integration of flow conditions

for subcritical flow. 1Important output variables are given in COMMON/
ouUTCOM/ as:
XBO = integration station

RMBO
DUBO

Mach number along stagnation streamline

velocity gradient along stagnation streamline

1}

A typical flow integration step in subroutine SUBCRT1 has the form

CALL OUNS(1,J)

NNl = NN-1

DO 10 N = 1, NNl
10 CALL INAS(1,J,N,1)

CALL INBO(NN,J)

where NN is the number of strips available for integration.

During flow integration, checks are made on the values of RMO and
DUB. If RMO is greater than 1.0, the assumption of subcritical flow is
invalid and the trial is aborted. The trial is also aborted if the
velocity gradient DUB becomes negative near the leading edge of the
airfoil.

Data are saved at four statiorns for use in extrapolation to
the output flow conditions at station XB which is fairly close to CXI.
The extrapolation is needed to proceed with the integration in subroutine

SUBCRTZ.

Subroutine SUBCRT2(J)

This subroutine performs integration for subcritical flow for the

bulk of the airfoil surface. The output variables located in COMMON/

OUTCOM/ are:

[}

AXA integration station

ARMO = Mach number at surface

]

ADU velocity gradient (du/dx) at innermost strip NN
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A typical flow integration step in subroutine SUBCRT2 has the form
CALL OUNS(1,J)
DO 10 N = 1, NN

10 CALL INAS(1,J,N,NN)

During flow integration checks are made on the values of RMO and
ADU, If RMO does not lie between 0.4 and 1.0, the trial is aborted and
if the absolute value of the velocity gradient (du/dx)NN becomes greater
than 2.0, the innermost strip is dropped. At a value of X = ¢x = 0.5,
another strip is added between the innermost strip and the airfoil surface,
and flow integration continues to the trailing edge of the airfoil,’
X =CX =1.0.

Subroutine DWNSTRM

This subroutine performs flow integration downstream in the airfoil.

The output variables located in COMMON/OUTCOM/ are:

AX = integration station
APO = pressure ratios along dividing streamline
APl = pressure ratios on NN strip

A typical flow integration step in subroutine DWNSTRM has the form
CALL OUNS(1,1)
CALL INAS(1,1,NN,NN)

where NN is the number of the strip used to integrate the intermediate

il

strip.

Subroutine INVELOC(L,J)

This subroutine calculates the velocity component V(J,NN) of the
innermost strip. If L = 2, this velocity component is computed according
to a Lagrangian function; if L = 3, this velocity component is computed

according to a parabolic function.
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Subroutine ARFL(XA,XB,YB,DYB,DDYB,J)

This subroutine determines the y-coordinate and its first and second

derivatives at a point on the airfoil. The arguments of this subroutine
are:
XA = airfoil x-coordinate

The following values are calculated at the given angle of attack:

XB = x~-eoordinate

YB = y-coordinate

DYB = first derivative
DDYB = second derivative

J = 1 for upper surface and 2 for lower surface.

These values are determined according to the equations in Appendix A.

Subroutine DIST(M,I,N,DYL,DVS,DV1)

This subroutine performs a flow integration step on the divising

streamline in the upstream solution. The arguments of this subroutine

are:
M = * 1, indicating direction of integration
= 1 for upper surface and 2 for lower surface
N = number of innermost strip

DYl = slope of dividing streamline
DVS = increment in velocity of dividing streamline

increment in velocity of vertical component of dividing
streamline

DVl

This subroutine includes the effect of the cross velocity gradient
DVOO in determining the flow conditions far upstream from the airfoil.
As the flow integration approaches the airfoil, the Mach number becomes

too small; the flow integration must be completed by subroutines STMR

and LUMR.
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Subroutine STMR(N,T,DY,DVS)

This subroutine performs a flow integration step on the dividing
streamline in the upstream solution. The arguments of this subroutine

are:

number of innermost strip

T = angle of dividing streamline with respect to the horizontal;
T = SIN ! DY/ T ¥ DY

DY = slope of dividing streamline

DVS = increment in velocity of dividing streamline

This subroutine neglects the effects of changes in the vertical
component of the dividing streamline in computing the flow integration.

This is wvalid if DY > 0.1.

Subroutine LUMR(M,I,N,DY1,DVS,DV1)

This subroutine performs a flow integration step on the dividing
streamline in the upstream solution. The arguments of this subroutine

are:

M
I

N = number of innermost strip

£ 1, indicating direction of integration

1 for upper surface and 2 for lower surface

DYl = slope of dividing streamline

DVS = increment in velocity of dividing streamline

DVl = increment in velocity of vertical component of dividing
streamline

This subroutine computes the flow variables in the vicinity of the

airfoil when the value of DYl is less than O0.1.

Subroutine OUNS(M,I)

This subroutine performs a flow integration step on the next to

the outermost streamline. The arguments of the subroutine are:

i

M
I

£ 1, indicating direction of integration

1 for upper surface and 2 for lower surface
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The flow on the outermost strip is assumed to be undisturbed and
this intecgration is performed on the next strip. The remaining strips

in the flow field are computed in subroutine INAS.

The gradients calculated in this subroutine arec:

DU(I,2) = du/dx, velocity in x-direction
DV1 = dv/dx, velocity in y-direction
DYl = dy/dx, slope of streamline

as output of the Runge-Kutta integration process. Gradients calculated

as input to the next inner strip are:

DRHU(I) = d/dx(pu)
DPRU(T) = d/dx(KP + pu’)
DRUV(I) = d/dx(puv)

Subroutine INAS(M,I,N,1J)

This subroutine performs a flow integration step on the Nth strip.

The arguments of this subroutine are:

M = 1, indicating direction of integration
I = 1 for upper surface and 2 for lower surface
N = strip number

IJ = NN for subroutines SUBCRT2, SPRCRTZ2, and DWNSTRM

1 for all other subroutines

1J
This subroutine performs the bulk of flow integration from the third
to the NNth strip. For subroutines SUBCRT2, SPRCRT2, and DWNSTRM, it
also performs integration on the dividing streamline. This is accomplished
by the use of the parameter ISKIP, which indicates for which subroutine

the solution is being computed.

ISKIP SUBROUTINE
1 SUBCRTZ2
2 SPRCRT2
3 DWNSTRM
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The value of VO, the vertical component of the stagnation streamline,

is computed differently in these three subroutines.

vo = uo * dy/dx for SUBCRT2

vo = vo + h (dvo/dx) for SPRCRT2 where dvo/dx is computed according
to MIR

vo = exp[(1-x)RK] for DWNSTRM

Vor.E.

The gradients calculated in this subroutine are the same as those

for subroutine QUNS.

Subroutine INBO(N,I)

This subroutine performs a flow integration along the dividing
streamlines for subroutines SUBCRT1 and SPRCRT1l. The arguments of this

subroutine are:

N
I

number of innermost strip

1 for upper surface and 2 for lower surface

The calculation of a strip between the innermost strip and the airfoil
surface is also accomplished here. The parameters YO, UO, VQ, RO, and PO
refer to this strip and the parameter YB, UB, RB, and PB refer to the

values at the airfoil surface along the dividing streamline.
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APPENDIX C
SUBROUTINE FLOW CHARTS
UPSTRM

INITIALIZATION
CS0 = 0.65
CSs1 0.45

I1=0

INPUT RMT & H

PERFORM FLOW
INTEGRATION STEP
USING DIST

IS
'-'—_'<§§:) RMO < RM{/;:>
~2 -
:

c

| —

PERFORM FLOW PERFORM FLOW

INTEGRATION STEP INTEGRATION STEP ;

USING STMR USING LUMR ;
T J

ADD NA STRIPS
TO FLOW
INTEGRATION

L

7Np )

SAVE FLOW I=I+1
PROPERTIES BYO(I)=YO
AT THIS BMO (I)=RMO
STATION

1S L~
( ‘ Ve a)
@ I ?< 4 YES C-"

68

[csd;cso-o.osl




X = X + 0.0005]

COMPUTE RMO
FOR NEW X
USING LGRNGN

[DE = X - X0

i

SAVE FLOW PARAMETERS
AS INPUTS TO OTHER
SUBROUTINES

RETURN

STAGNA
|

COMPUTE DVOOF FOR
SELECTED STAGNATION
POINT

ADJUST COORDINATES
FOR AIRFOIL NOSE
AND STAGNATION
STREAMLINE TO ONE
CARTESIAN FRAME

RETURN
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UPRCRIT

INITIALIZE INPUT
DX = 0.003

XA = 0.0

I=I+1
XA = XA + DX
DETERMINE RBUB
FOR THIS XA

IS

RBUB < 0
?

RBUBP = (C-1)RBUB

UB = 0.1
USING NEWTON-RAPHSON
{DX = 0.0005} METHOD ITERATE ON UB
UNTIL RBUBP = RUP
@ = CkUB**0.,4-UB**2,4

DOES
RUP = RBUBP
?
@ CALCULATE RMB

FOR THIS UB

oo
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UPRINIT

|

INITIALIZE INPUT
DCSO = 0.02
DCS1 = 0.03

[ CALCULATE RBUB]

C-1)RBUB
0.1

o~

y

USING NEWTON-RAPHSON
METHOD ITERATE ON UB
UNTIL RBUBP = RUP =
CHUB#* 4 -UBR*2, 4

((RETURN }  {CALCULATE RMB FOR UB |

(SPRCRTD)
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£S0=CS0+DCS0

SPRCRT1
INITIALIZE INPUT
cso = 0,9
DCSO = 0,02
pCcsl = 0.03
I=20
~le
1

PERFORM INTEGRATION
STEP IN SUBSONIC
REGION

X+H

SAVE FLOW PROPERTIES
AT THIS STATION

|

X

XA = XA+HX
CALCULATE RMB FOR NEW
XA USING LGRNGN

18

‘ @ RMB> 1.03
?

(59

COMPUTE FLOW PROPERTIES
AT XA USING LGRNGN

©




O

I=
1 =

0
Cs RMB

+

PERFORM INTEGRATION STEP
IN SUPERSONIC REGION

. 1S
CS1=CS1+DCS1| RMB > CS1
?

@3

I=1I+1
SAVE FLOW PROPERTIES
AT THIS STATION

®©

@)

CALCULATE FLOW PROPERTIES
AT X FOR INPUT TO THE

NEXT SUBROUTINE
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SPRCRT?2

ki
|INITIALIZE INPUT
|
x|
PERFORM FLOW INTEGRATION
STEP IN SUPERSONIC REGION

IS

DDO > CDDQ
?

IS
DUO > 100 OR
RMO < 0.17

YE

APPLY RANKINE=-HUGONIOT RELATIONS THROUGH SHOCK WAVE |
1 !
PERFORM FLOW INTEGRATION
STEP IN SUBSONIC REGION

-
..

DUO > 50 OR ;>(::>.__“~“.n_wm"
TSRMO >17 ( RETURN )

=X+H!
X=X+H SAVE FLOW PARAMETERS

.

i (::> | CALCULATED AT FINAL

LKoo STATION AS INPUT TO
' NEXT SUBROUTINE

74




LWRCRIT

INITIALIZE INPUT
DX = 0.003

ol
1

1=0
XA=0.
J=NNO-3
Y1-AY(J-1) -AY(NNO)
Y2=AY(J-2) -AY (NNO)

CALCULATE CLA & CLB

A

DETERMINE RBUB
FOR THIS XA

RBUBP=(C-1)*RBUB
UB=0.1
1

‘XA=XA+DX

USING NEWTON-RAPHSON METHOD
ITERATE ON UB UNTIL RBUBP=

<§§? RUP=CXUB¥*¥0 . 4-UB¥*2 .4
/

DOES
RUP=RBUBP

CALCULATE RMB
FOR THIS UB
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LWRINIT

|
[ INITIALIZE INPUT |

CALCULATE YD
M = NNO

Y1 = AY(M-1)-AY(NNO)
Y2 = AY(M-2)-AY(NNO)

— @)

]

<]
]
=
1
—

| DETERMINE RBUB |

1s
RBUB <0

USING NEWTON- RAPHSON
METHOD ITERATE ON UB
UNTIL RBUBP = RUP =
CXUB**0.,4-UB**2 .4

DOES

RUP = RBUBP
?

CALCULATE RMB
FOR THIS UB

( SUBCRTI1 )
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SUBCRT1

l
INITIALIZE INPUT
DCX=0.004
CX=CXI-3.*DCX
I=0

) o
| =

PERFORM FLOW
INTEGRATION STEP

| cx=Cx+DCX]

I=1+1
SAVE FLOW PROPERTIES
AT THIS STATION I

NO

&)

CALCULATE FLOW
PROPERTIES AT XB
AS INPUT TO THE
NEXT SUBROUTINE
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SUBCRT2

INITIALIZE INPUT
CX = 0.5

PERFORM FLOW
INTEGRATION STEP

ADD ANOTHER
STRIP TO THE
INTEGRATION

X = 1.0
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DWNSTRM
l

INITIALIZE INPUT
X=1

{

DETERMINE
T & VOO

=

"
=

PERFORM FLOW
INTEGRATION
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APPENDIX D
DESCRIPTION OF INTERACTIVE GRAPHICS PROGRAM

A description of the interactive graphics program requires knowledge
of the Graphic Pac subroutines.* Such software is invaluable to the
applications programmer because it permits him to use the interactive

graphics facility with relative ease and simplicity.

Graphic Pac allows the applications programmer to create light
buttons, light registers, and text entities which appear on the console
screen. The working area of the console screen is a square inscribed
within the circular screen area. The lower left-hand corner of the
working area has the coordinates (-57, -57) and the upper right-hand
corner has the coordinates (57, 57). The light buttons, light registers,
and text entities can appear at any of about 13,000 addressable points
on the screen. The light buttons and some of the text entities are light
pen detectable (i.e., when the area of the screen where they appear is
touched with the light pen, the graphics program executes the task overlay

which is associated with them).

An inspection of the interactive graphics program listing could serve
as an introduction to the workings of the program. The comment cards give

a pretty good indication of the items currently being displayed.

Items are displayed by the statement

CALL GENDF(ID,0)
where ID is a six-integer array identifying a text or polyline entity.
These polyline entities are created in previous statements. Three
statements commonly used in conjunction are

CALL ENSHFT(12HY= ...,2,Y,7H(F10.6))

CALL MODFY(ID,1,2,12HY= )

CALL GENDF (ID,0) )
These statements take the value Y in format F10.6 and place it after the
equals sign of Y= . The text entity ID is then modified to reflect this

new information and then this text entity is displayed.

*See NSRDC Technical Note CMD 42-28, August 1973.
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BLOCK DATA CGRAF

The block data program assigns six integer valueé to the arrays to
identify each text or polyline entity. It also stores information used
in some of the text entities and light registers to display currently
computed values. Some of the identifying values in BLOCK DATA CGRAF may

be changed during program execution, but most of the values are preserved.

SﬁBROUTINE PLOTT (X1MIN, X1MAX, YIMIN, YIMAX)

This subroutine creates two polyline entities which graphically
display the data stored in arrays X1 and YlI. Two polyline entities are
created to display these data because of the way in which they were
obtained. For example, PROGRAM AFU2 calls this subroutine to display
velocity gradients computed in the initial flow integration on the upper
surface. Since velocity gradients cannot be computed at the sonic point,
calculations are made to a point just before and a point just after the
sonic point. The point at which one set of values ends and the other
set begins is stored in the word NNI(7). Using this information, the

two polyline entities are created and displayed in this subroutine.

The arguments of this subroutine are:

XIMIN = least upper bound for x scaling
XIMAX = greatest lower bound for x scaling
YIMIN = least upper bound for y scaling
YIMAX = greatest lower bound for y scaling

If only one value is stored in Y1, a large X covers the graphical

display.

SUBROUTINE PLOTT1(X1MIN,X1MAX,YIMIN, Y1MAX)

This subroutine creates one polyline entity which graphically displays

the data stored in arrays X1 and Y1.

The arguments of this subroutine are:

XIMIN = least upper bound for x scaling
X1MAX = greatest lower bound for x scaling
YIMIN = least upper bound for y scaling
YIMAX = greatest lower bound for y scaling
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I1f only one value is stored in Yl, a large X covers the graphical

display.

SUBROUTINE PLOTTZ2 (XI1MIN,X1MAX,YIMIN,YIMAX, Y2MIN,Y2MAX,J)

This subroutine creates two polyline entities which graphically

display the data stored in X1 and Y1 and X1 and Y2.

The arguments of this subroutine are:

X1IMIN = least upper bound for X1 scaling
X1MAX = greatest lower bound for X1 scaling
YIMIN = least upper bound for Yl scaling
YIMAX = greatest lower bound for Yl 5caling
Y2MIN = least upper bound for Y2 scaling
Y2MAX = greatest lower bound for Y2 scaling

J = an indication of whether or not Y2 values shall be displayed

If only one value is stored in array Y1, a large X covers the graphical

display.

«

SUBROUTINE AMXMNI(Y1MAX,YIMIN)
This subroutine determines the largest and smallest values stored
in array Yl.

The arguments of this subroutine are:
YIMAX = largest value stored in Yl

YIMIN = smallest value stored in Y1

SUBROUTINE AMXMN2(Y2MAX,Y2MIN)

This subroutine determines the largest and smallest values stored
in array Y2.

The arguments of this subroutine are:

Y2MAX
Y2MIN

largest value storad in Y2

smallest value stored in Y2
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SUBROUTINE AREA1 (XMIN,XMAX, YMIN, YMAX)

This subroutine defines a subscreen area which covers the area
defined by the screen coordinates (-40, -40) and (57, 57) and creates

a grid display for this subscreen area.

The arguments of this subroutine are:

XMIN = smallest x value

XMAX = largest x value
YMIN = smallest y value
YMAX = largest x value

SUBROUTINE AREA2 (XMIN,XMAX,YMIN,YMAX,1D)

This subroutine defines a subscreen area and creates a grid display

for this subscreen area.

The arguments of this subroutine are:

XMIN = smallest x value
XMAX = largest x value
YMIN = smallest y value
YMAX = largest y value
ID = subscreen area

One of two subscreen areas can be defined according to the values
of ID. 1If ID = 1, the defined subscreen area is covered by screen
coordinates (-40, -40) and (57, 10). 1If ID = 2, the defined subscreen

area is covered by screen coordinates (-40, 17) and (57, 57).

PROGRAM LIEN(INPUT,OUTPUT,TAPES5=INPUT, TAPE6=OUTPUT)

This program comprises the (0, 0) overlay and initiates execution of

the graphic display files.
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PROGRAM NPUT

This task reads input from punched cards and writes out some of
the input on a line printer. The program writes out the label card which
identifies the run and the data points and first derivatives at these data
points which determine the airfoil shape being analyzed. Control is then

automatically transferred to PROGRAM STUP.

PROGRAM STUP

This task creates the text entities and the light registers and

light buttons used throughout the interactive graphics program.

The 59 data points required for the creation of the polyline entity
NAIRFL are stored in X and Y arrays. When this entity is displayed, the

airfoil shape is shown in the lower left-hand corner of the screen.

The text entities stored in COMMON blocks INPUT and NOUT are displayed
in the lower right-hand corner of the screen. The 18 light registers

corresponding to these text entities are displayed by using the same screen:

coordinates.

The text entities stored in COMMON blocks NPRCD are displayed in the
lower left-hand corner of the screen. These entities display an asterisk
which is either blinking or nonblinking. The nonblinking asterisks are
light pen detectable and are capable of transferring program control to
a particular task. The text entities stored in COMMON block NAXES are

displayed in conjunction with the displays of the graphed output of a

particular task.

PROGRAM STRT

This task displays the flow conditions in the lower right-hand corner
of the screen. The flow conditions are displayed in the four text entities
and are light pen detectable. The four text entities contain information
in the free-stream Mach number, the angle of attack, and location of the
outermost strip on the upper and lower surfaces. Two light buttons are
also enabled, one of which allows program control to transfer to PROGRAM

PRP1l. The program is terminated by a call to subroutine WAITE and awaits

an attention interrupt from an enabled attention source.
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PROGRAM AFUl

This task erases all previous displays and displays information from
subroutine IOUPRCT. The displayed text entities allow program control to
be transferred to PROGRAM PRP3 or PRP4, or to PROGRAM STRT or PRP2. The
program terminates and awaits an attention interrupt from an enabled

attention source.

PROGRAM PRP3

This task retrievés the integer array of the text entity from which
program control was transferred. If ID(3) = 1, LRSUPR was the attention
source and if ID(3) = 2, LRSUB was the attention source. If ID(3) = 2,
the program awaits an attention interrupt. If ID(3) = 1, the program
erases all previous displays and displays the text entities and light
buttons associated with PROGRAM AFU2. The prJgram terminates and awaits

an attention interrupt from an enabled attention source.

PROGRAM AFU2

This task displays information from subroutine IQUPRIN corresponding
to initial flow integration on the upper surface. The two text entities
display values of RBUB and UB, and the polyline entity graphically displays
DUDX versus x. If the flow integration is complete, NN2 = 1, and the text
entity which allows program control to be transferred to task PRP5 is
displayed. The other two displayed text entities allow program control
to be transferred to task STRT or PRP2. Two light buttons are also 2znabled,
one of which allows program control to be transferred to task AFU2. The
program terminates and awaits an attention interrupt from an enabled

attention source.

PROGRAM AFL1

This task erases all previous displays and displays information from
subroutine IOLWRCT. The displayed text entities allow program control to
be transferred to task PRP3 or PRP4, or to task STRT or PRP2. The
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program terminates and awaits an attention interrupt from an enabled

attention source.

PROGRAM YRP4

This task retrieves the integer array of the text entity from which
program control was transferred. 1If ID(3) = 1, LRSUPR was the attention
source, and if ID(3) = 2, LRSUB was the attention source. If ID(3) =1,
the program awaits an attention interrupt. The task erases all previous
displays and displays the text entities and light buttons associated with
task AFL2. The program terminates and awaits an attention interrupt from

an enabled attention source.

PROGRAM AFL2

This task displays information from subroutine IOLWRIN corresponding
to flow integration on the lower surface. The three text entities display
values of RBUB and UB and PO at the trailing edge, and the polyline entity
- graphically displays M,o versus x. If the flow integration is complete,
NN2 = 1, and the text entity which allows program control to be transferred
to task AFUl is displayed. 1If NN2 = 1, the word IGO(J) = 1, and if
IG0(J) = 1 for both upper and lower surfaces, the text entity which allows
program control to be transferred to task PRP6 is displayed. The other
two displayed text entities allow program control to be transferred to
task STRT or PRP2. Two light buttons are also enabled, one of which
allows program control to be transferred to task AFL2. The program

terminates and awaits an attention interrupt from an enabled attention

source.

PROGRAM PRP5

This task erases all previous displays and displays the text entities
and light buttons associated with task AFU3. The program terminates and

awaits an attention interrupt from an enabled attention source.
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PROGRAM AFU3

This task displays information from subroutine IOSPCT2 corresponding
to flow integration on the upper surface. The text entity displays the
value of PQ at the trailing edge and the polyline entities graphically
display MO versus X. If the flow integration is complete, NN2 = 1,
and the text entity which allows program control to be transferred to
task AFL1 is displayed. If NN2 = 1, the word IGO(J) = 1, and if IGO(J) = 1
for both upper and lower surface, the text entity which allows program
control to be transferred to task PRP6 is displayed. The three other text
entities allow program control to be transferred to tasks PRP2, AFLl; AFUl,
or PRP3. The program terminates and awaits an attention interrupt from an

enabled attention source,

PROGRAM PRP6

This task erases all previous displays and displays the text entities
and light buttons associated with task DWNl. The program terminates and

awaits an attention interrupt from an enabled attention source.

PROGRAM DWN1

This task displays information from subroutine IODNSTM corresponding
to downstream flow integration. The polyline entities display PO and Pl
versus X. If flow integration is complete NN2 = 1, and the text entity
which allows program control to be transferred to task DWN2 is displayed.
The other four displayed text entities allow program control to be
transferred to task PRP2, AFLl, or PRP5. Two light buttons are also
enabled which allow program control to be transferred to task DWNI.

The program terminates and awaits an attention interrupt from an enabled

attention source.

PROGRAM DWN2

This task erases all previous displays and displays information from
subroutine AKUTTA which contains the pressure distributions on the upper

and lower surfaces. Three text entities are displayed which allow program
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control to be transferred to tasks PRP2, AFLl, and AFUl. The program

terminates and awaits an attention interrupt from an enabled attention

source.

PROGRAM CVLI

This task retrieves the integer array of the text entity from which
program control was transferred. The text entity is erased and replaced
by a light register which has the same code number as the first integer
of the text entity. The task then awaits keyboard information to be
typed in. When a new value is typed in and the keyboard release button
is activated, the light register will be replaced with a text entity with
the typed-in value. The task terminates and awaits an attention interrupt

from an enabled attention source.

PROGRAM CVLR

This task is structured identically to task CVLI. The keyboard

information is typed in under a different format, however.

PROGRAM STOP

This task erases the screen display and releases the console from

the computer.

PROGRAM CHGV

This task computes a new value for the normal velocity component of
the innermost strip according to LL(J). If J = 2, the Lagrangian function

is used, and if J = 3, the parabolic function is used.
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APPENDIX E
INPUT DESCRIPTION FOR INTERACTIVE GRAPHICS

CARD 1 FORMAT(12,8X,7A10)

Columns Description
1-2 Console number
11-80 Title for the run

CARD 2  FORMAT(2I2)

Columns Description
1-2 NP(1) number of data points on upper surface
of airfoil
3-4 NP(2) number of data points on lower surface
of airfoil
CARDS SET 1 FORMAT (3F20.15)
Columns Description
1-20 XX(1,1) =x-coordinate
21-40 YY(1l,1) y-coordinate
41-60 AM(1,1) first derivative at this'point
CARDS SET 2
Columns Description
1-20 XX(1,2) x-coordinate on lower surface
21-40 YY(1,2) y-coordinate on lower surface
41-60 AM(1,2) first derivative at this point

Format is repeated for remainder of airfoil data points

CARD SET 3
CARD 1
-Columns Description
1-10 blank
11-20 DVOOl1 initial cross velocity gradient
21-30 XS stagnation point
31-40 XAO initial point upper surface
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CARD SET 3 - CARD 1 (cont.)

CARD 2

CARD 3

Columns Description
41-50 CYDU flow parameter upper surface
51-60 XAT initial point lower surface
61-70 CYDL flow parameter lower surface
71-80 SL shock location
Columns Description
1-10 X00 distance from first station of upstream
integration to airfoil surface
11-20 RMT Mach number used in upstream flow
integration, a 0.95 Mco
21-30 CDY ~ 0.1
31-40 YU location of outermost strip on upper
surface
41-50 YL location of outermost strip on lower
surface
51-60 CS a point in subcritical flow calculations
where a new integration scheme is adopted
61-70 RMC &~ 0.92 Mach number upper limit for subroutine
SPRCRT1
71-80 BETAD angle of shock foot for subroutine SPRCRT2

FORMAT(8F10.6)
Columns Description

1-10 DELS 0 for isentropic flow and 1 for
nonisentropic flow through shock foot
in subroutine SPRCRT2

11-20 CDDQ = 11.0 upper 1imit for DDQ in subroutine
SPRCRT?2
21-30 RKI ~ 5.0 exponent for normal velocity

component in downstream integration
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CARD &4 FORMAT(611,4X,7F10.6)

Columns Description
1 NN1 number of strips used in upstream
integration
2 NA2 number of additional strips used near

final station of upstream integration

3 NN3 number of strips used in initfal solution
of upper surface flow integration

4 NN& number of strips used in initial solution
of lower surface flow integration

5 NN5 number of strips used in flow solution
along the upper surface

6 NN6 intermediate strip used in calculating
downstream flow conditions

EXAMPLE INPUT/OUTPUT

This example corresponds to the output which was given for the
demonstration of the interactive graphics program for an advanced airfoil.
In a real situation, however, there would be a greater amount of output
corresponding to the trial solutions for the various solution processes.
The input and output for this example represent only the solutions which

are known to be correct.

The following represents a deck for a graphics run:

CXXxX,CM20000,P4,G.

CHARGE , CXXX, 000000000.

ATTACH (1GSGO,CAMVIGSGO)

ATTACH(ATSK,CXXXATSK)

IGSGO(ATSK,1)

7/8/9

01 TRANSONIC FLOW PAST AN ADVANCED AIRFOIL

0.7 1.5

' 6.0 .004 .0125 1.564133 .018 .6946 .485
2.5 .68 .1 7.0 7.0 .045 .92 90.0
0.0 11.0 5.0

.536653 0.02 .0002 .002 .005 .02

2222

0.0 0.0 ' 5.40000000000000

.0125 .0304 .879686323493225
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.05 .0519 .370509412053975

.1 .06529 .194774312423792
.1499999999999999 .07893 .098052334572903
.249999999999999 .0832 .073397323457582
.299999999999999 .0863 .050558371596735
.349999999999998 .08826 .0279691901555
.399999999999999 .08912 .006764867781260
.449999999999998 .08912 .006764867781280
.449999999999998 .08896 .013028661280615
.499999999999998 .08782 .032650222658823
.549999999999997 .08568 .053170448084134
.599999999999998 .08247 .075067985004662
.649999999999996 .0723 .132701567406445
.749999999999996 .06476 .169436118476982
.799999999999997 .05533 .207753958685581
.849999999999998 .04899 .245748046780653
.899999999999995 .08078 .282253854191833
.949999999999996 .0159 .310636536452030
.999999999999996 0.0 .321999999999999
0.0 0.0 5.050000000000011
.0125 .03 .992163451845627
.050 .05333 .379092385234589
.1 .06639 .180750933111021
.149999999999999 .07356 .111703882321330
.199999999999999 .07802 .069633537603695
.249999999999999 .0807 .038161967263869
.299999999999999 .08193 .012318593340822
.349999999999998 .08199 .009436340627176
.399999999999999 .08096 .032773230832096
.449999999999998 .07865 .060470736044399
.499999999999998 .0748 .094943824990326
.549999999999997 . 069 .13875396399439
.599999999999998 .0607 .196040319032322
.649999999999995 .0495 .247084759876374
.699999999999996 - .0366 .261620641462178
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.749999999999996 .024 .236432674274866

.799999999999997 .0134 .184648661438304
.849999999999998 .00581 .1163726799718
.899999999999995 .002 .033860618674168
.949999999999996 .0026 .059215154668539
.999999999999996 .00805 .16
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X {UPPER)
0.000000000000
042500000000
«050000000000
»100000000000
+150000000000
200000000000
«250000000000
«300000000000
«350000000000
«4 00000000000
«450000000000
«500000000000
550000300000
.600000000000
650030000700
»700000000000
«750000000000
.800000000000
-850000000000
-900000000000
+950030000000
1.000000000000

MACH NO.=

TRANSONIC FLOW PAST AN ADVANCED AIRCFOIL

Y (UPPER)
J.000000000000
«C30400000000
051900000000
«065290000000
«073250000000
.0768930000000
.083200000000
.086300000000
.088260000000
.089120000000
+088960000000
. 087820000000
.085680000000
.082480000000
-078110000000
072300000000
064760000000
»055330000000
»043330000000
«030780000000
«015300000000
J.000000000000

«700000

ALPHA=

DY/DX (UPPER)
5.400000000000
+879686323493
«370509412054
«19L7T4312424
«131393338251
«098052334573
«073397323458
.050558371597
+027963190156
«006764867781
-.013028661281
-«032650222659
~e053170448084
~«075067385005
~«100757611897
-«132701567406
~e169436118477
-«207753958686
~e245748046781

~e282253854192

-«310636536452
-+322000000000

1.500000

D

i~

X (LOMER)
0.000000000000
«012500000000
050000000000
«10000008060000
150000000000
-200000000000
+250000000000
»300000000000
«350000000000
-400000000000
«450000000000
«500000000000
.55000000¢0000
+600000000000
.650000000000
«700000000000
«750000000000
+800000000000
850000000000
+900000000000
«950000000000
1.000060000000

Y (LOMER)
0.000000000000
-030000000000
053330000000
»066400000000
«073560000000
.078020000000
+080700000000
-081930000000
~082000000000
-080960000000
.078650000000
«074800000000
-069000000000
«060700000000
-049500000000
.036600000000
«024000000000
013400000000
.00561000000¢0
-002000000000
.0026000000080
.008050000000

(AR AR A R Il R A Y R R R Y RS R PR R Y Y Y Y Ry R RN Y Y P R TR PRy Ry Y YRy Yy Yy Yy Y Y P Y Yy Y Y I Y Y VYT

DY/DX (LOMER)
S.050000000000
«992163451846
+ 379092385235
«180750933111
«111703882321
+069633537604
«038161367264
«0123185933461
-.0093436340627
~.032773230832
~.060470736044
-« 094943824990
~13875393639%4
~+196040319032
~e2u708L759876
~e261620641462
~e23643267L275
~e1846L8661438
~«116372679972
~.033860618674
2053215154669
«160000000000



SNSRI NSNS IOITINSNIISITNROSRTRIISSNNIIISINE UPSTREAN. SOLUTION PP 23055800 sussissrisssssssssssinessossessssssssssses

NN = 5S¢ NA = 3

ovoo(I) = 640000, X00 = 2.5000, RMT = «6800, coy = «1000, H = 0200

YINF(UPPER) = 7.0000, YINFILOWER) = 7.0000
X MO X MO
0.000000 «700000 1.580000 «664379
«060000 «700000 1.640000 «662260
120000 +699999 1.700000 +660010
+180000 «6599991 1.760000 «657632
«260000 «699963 1.820000 655128
«300000 «699888 1.880000 «652501
«360000 «633720 1.940000 «649753
«#20000 »639396 1.955000 «647770
480000 «698823 1.970000 «6L4476
540000 «697881 1.985000 +639939
«600000 «696420 2.000000 «634252
«660000 «694254 20015000 «627485
720000 «691164 2.030000 «619631
«780000 «686901 2+045000 «610563
«840000 «681189 2.060000 +599998
+860000 «678913 2.075000 «587490
«920000 «678489 2.090000 572452
«980000 «677921 2.105000 554204
1.040000 «677209 20120000 «532026
1.100000 «676353 24135000 505221
1.160000 «675353 2.150000 « 473153
1.220000 «674210 2.160000 « 448560
1.280000 672923 24175000 «406621
1.340000 «671493 2.180000 «390875
1.400000 «669923 2.195000 « 339260
1.460000 «668212 2.201000 +316505
1.520000 +666363 2.207000 292347
Y M A M
7.000000 «700000 « 234647 «730981
3.502907 « 701421 +128829 «733025
1.754687 +700521 «076939 «727602
«883280 «704802 «001139 «292347

«451885 « 714635

DE = «056000 YS0 = «012598

INITIAL VELOCITY PROFILE

UPPER SURFACE LOMER SURFACE
Y v v Y ] v
7.000000 1.000000 0.000000 7.000000 1.000000 0.000000
3.502907 1.001827  .006582 3.502907 1.001580 .006585
1.754687 1.000620 010738 1.754687 1.000252 010738
.883280 1.00607% 018385 .883282 1.005286 013396
451885 1,018548  .029913 S451889 1.017053  .029932
.234647 1.037219  .076927 +234635 1.034252 077056
«128829 1.031526 152198 «128809 1.027078  .152380
«076939 1.010017 229310 2076917 1.004665  .22929%
£001139  .432725 . 032349 -.001139  .432725 -.032349
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SUGIRIP VSIS ISISNPLTIBIILSLIIIIISEINIINRNISIIERIRIRISTAGNATION SOLUTION S #3335 3 3338 553 00ssssisvivsssssvssssassssssssnsssss

Xs = «004000
FROM THE UPSTREAM SOLUTION, DE = +056000, YS0 = «012598

AIRFOIL COORDINATES

X Y{UPPER) Y(LOWER) X Y (UPPER) Y {LOWER)
0000000 0‘000000 0.000300 «015000 .032128 -.032781%
«000600 «<003099 -«002934 «015600 032605 -.033348
«001290 « 005957 -«005655 «016200 033073 ~.033907
«001800 .008587 -.008172 «016800 033535 = 034457
«202400 «010999 -.010496 «017400 «033989 -.034998
«003000 013205 ~.012637 «018000 «034437 -.035530
«003600 «015218 -+014605 « 018600 2034877 ~+036054
«004290 « 017049 ~.016411 «019200 «035311 =-+036570
«004800 «018710 ~«018065 «0139800 «035737 -«037077
«003400 020212 -.019577 020400 «036457 -.037577
«J06000 «021568 -.023958 021000 « 036570 ~.038068
0066179 «022788 -.022217 «021600 « 036377 -+038552
«007200 023885 -.023366 «022200 -037378 -« 039027
«007800 « 024871 -«024415 «022800 037772 ~2039495
008400 «025756 -.025373 023400 «038159 -+039956
«009900 «026554 -«026251 «024000 «038541 -«040409
«009600 «027275 ~.027059 « 026600 «038917 ~.040855
«010230 «027932 -.027809 « 025200 «033287 ~«041293
010800 + 028536 -.028509 «025800 «039650 -« 041725
«01140)0 » 029099 -e0293171 « 026400 «06400073 -.04215¢0
«012030 +029632 ~.029824 +027000 040361 -+ 042567
«012690 «030148 -.030419 «027600 «3640708 -« 042979
0132190 « 030654 -+031023 028200 «041049 -.043383
«+313800 «031153 -.031618 +028800 « 041385 -.043781
« 014400 « 031645 -+032204 « 023400 «041716 ~el44173

STAGNATION STREAMLINE

X Y X Y
-+ 052000 -.027285 -.018400 -.022703
-+ 046400 -.026875 -+012800 -.021328
~.040800 ~a026346 -.007200 -.019735
~«035200 ~«025681 -+001600 -.017905
~.029600 -.024863 004000 ~«015826
~.024000 -.023876
Ys = 015826 OVOO(F) = 6.018845
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PSS IUIUNIII NI ININRISISIUPIIIIFIISSBIBSINSILISSNIS TEST OF CRITICALITYSSSS305000srssrrossrssssssressssstsssnssssssssssnsss
’ UPPER SURFACE

FROM THE UPSTREAM SOLUTION, NN = 9, DE = «056000
FROM THE STAGNATION SOLUTION, ¥s = «015826, YS0 = « 012598

X8 1] X8 "8
«0006 «3663 +0033 <6187
<0014 «4120 »0039 «684k
«0017 4592 «00kb 7661
0022 «5086 «0050 9021
0028 «5612

‘.....‘.'...I...'....‘...'....‘...l.l..‘.l.....‘..l INITIAL SOLUTION BESUEISLSIPINISNTLSLINNISSSITNISIITIIISRIBIIIIEINGS
UPPER SURFACE

NN = 6, XAQ = «0125004 CYD = 1.56413300s RMC = «920000, HS = 000200
RBUB = « 984972 ve = 971579

X8 L] PB DUDX X8 M8 PB ouDnx
20138 «6857 1.0127 16.2850 #0305 <9487 7772 15.8738
0162 6932 1.0061 16032641 0308 9528 « 7736 15.8377
o 0147 7007 « 9994 1643604 «0311 «9569 «7700 15.8082
«0152 73083 « 9926 16.3938 0313 9609 » 7665 15.7613
«0157 «7159 <9858 16.42463 SENENNSN SIS LIS NTIISLIRERNIIIIHININEISNS
«0162 #7235 <9789 16.4518 0362 1.0323 «7049 15.017¢0
«0166 7312 9720 16,4763 «0367 1.0409 +6982 14,9235
«0171 «7389 #9651 1644977 <0373 1.0489 6315 14,8216
«0178 «T67 9581 16.5159 #0378 1.0569 +6849 14,7189
#0181 «7544 9511 16.5310 0382 1.0622 +6805 14.6504
- 0186 7622 ALY 16.5429 <0388 1.0701 «6740 14,5681
+0191 #7701 «9370 16.5516 «0393 1.0780 «6675 14,4477
«0196 7779 9299 16.5570 «0399 1.0859 «6510 14,3513
<0201 «7858 « 9228 16,5594 «0403 1.0912 <6568 14.2907
0206 7937 9156 1645578 0608 1.0991 « 6504 14,2089
«0211 <8017 9084 16.5532 0412 1.1043 6462 14.1639
«0216 «8097 «9012 16.5452 «0k18 1.1020 <6480 ~3.9720
+0221 «8176 « 8940 16.5337 0423 1.1000 « 6496 ~3.3607
«0226 «8257 + 8268 16.5187 <0429 1.098%4 6509 ~2.7361
0231 «8337 «8796 16.5001 o 0434 1.0974 «6520 ~2.105%
0236 «8417 <8723 16.4780 « 0440 1. 0962 «6527 =1.4765
0241 8498 « 8651 16.4522 «04ub 1.0956 «6532 -+ 8575
0247 +8579 + 8578 16,4227 0451 1.0953 «653% ~e 2568
0252 «8660 + 8505 16.3894 o0uS7 1.093% a653% «3178
» 0257 «8701 « 8433 1643521 «0463 1.0958 «6531 «8593
+ 0262 «8822 « 8360 163106 o 0068 1.0965 «h525 1.3616
«0267 +8903 «8288 16.26493 o 0474 1. 0974 «6518 1.8201
.0273 « 89384 - 8215 1602144 « 0480 1.0985 +6508 2.2314
«0274 «9011 «8191 161965 0485 1.0999 « 6497 2.5934
.0277 <9052 « 8155 1641347 « 0491 1.1015 6485 2.9053
<0280 «9093 «8119 16.1691 « 0497 1.1032 «647T1 3.1678
0282 «91 30 - 8083 1641427 0503 1.1050 + 6456 3.3795
<0285 «9176 « 8047 1641153 #0508 1.1070 «Bhll 35442
0287 <9202 8023 1640965 «0514 1.1090 «bis24 3.6628
.0289 +9242 <7987 16.0676 20520 1.1111 6408 3.7624
«0292 +9283 «7951 16,0378 «0526 1.1132 «6391 3. 8555
<0295 9324 «7915 16.0070 «0531 1.1154 6373 3.9400
«0297 «9365 7873 15.9752 «0537 1.1176 «6355 400163
«0300 «3L06 27843 15.9425 <0543 1.1199 »6337 be DBK7
+0303 9446 7807 15.9087 <0545 1.1207 #6331 4.1058
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LR A AL It Rl R AT A AR L AL I A RS N R 2 R R I XS R Y ST YRS TR Y AIRFOIL SOLUTION ® VIS TP avsssssssusssusssssbsvsipssssssrevssstvansod

UPPER SURFACE

NG = S

SHOCK LOC. = «485000, BETA = 90.000000, DELS = 0.000000, C0DQ = 11.000000, HO = «003000

FROM INIYIAL CONDITVIONS, NN = 6, X(INIT) = «053t100

SOCINTERMEDIATE VELOCITY DISTRIBUTION USING LAGRANGIAH FUNCTIQN®S®®

A u v Y u v

6.971576 1.000000 0.000000 -856865 1.026044 2017403

3.475218 1.006400 +006529 +426659 1.083837 «183356

1.727478 1.0073842 «010959 «051615 1.426226 463849

X NO PO DuDX obQ X M0 PO puox ooQ

+0621 1.1373 6200 1.1337 ~3.7580 o103 1.3150 <4305 -« 0842 -.3130
«0711 1.1585 6035 1.1038 ~3.1607 «4253 1.3022 <4991 -+0895 -+3103
0800 1.1817 «5858 1.0809 ~2e3741 4403 1.28990 «5031 <+ 0946 -=3077
«0890 1.2057 5678 1.0647 ~1.456% <4553 1.2756 «5175 -.0997 -+3051
-0989) 1.2298 «5501 1.0570 ~e 1S4 «4706 1.2617 «5272 ~e1048 -.3058
«1108 1.2634 «5260 1.0611 «S477 <4856 1.2475 5373 -+1097 ~e3073
«1258 1.3004 «5003 1.0742 1.3344 5156 «8136 - 8977 -« 0439 0.0000
<1408 1.3353 4770 1.0996 2.2770 «5456 <8112 .8998 -.0527 0.0000
«1558 1.3677 <4561 11405 3.4859 5756 +-8069 <9037 -.0617 0.0000
«1706 1.3972 <4376 1.2001 4.8571 «6056 . 8008 « 9093 -.0706 g.0000
1856 1.4237 <4215 1.2865 7.0045 «6361 «7927 <9165 -.0802 0.0000
«2006 1.4470 4078 1.4200 10.9717 «6661 «7827 « 9256 -.0905 0.0000
2156 1.4670 = 3963 1.6563 20.0125 «6961 -7708 « 9363 -+1016 0.0000
«2306 1.4558 «4027 =+ 0144 -+3461 «7261 «7570 <9488 -+1133 0.0000
« 2456 Lokihb «4092 -+0206 -«3391 «7566 o Thlle «9629 ~e1247 0.0000
«2606 16334 «4158 =+ 0266 -+3333 «7866 o 7244 « 9782 -«1355 0.0000
«2756 1.4220 - 4225 -+0326 -+ 3346 «8166 «7062 « 9345 ~s1448 0.0000
«2906 1.4106 <4294 -+ 0385 -«3358 8471 -6871 1.0115 -« 1525 0.0000
«3056 1.3991 « 4364 =o Q4bS -+3369 <8771 «6674 1.0290 -+1585 0.0000
«3203 1.3875 «4436 -+0503 -.3269 +9071 «64714 1.0468 ~e1622 0.0000
«3353 1.3758 <4509 ~e0562 -.3342 «9376 «6266 1.0646 -«1632 0.0000
+3503 1.3640 4584 -«0620 -.3325 «93676 «6060 1.0823 ~+1603 0.0000
+«3653 1.3520 «4661 - 0677 -+ 3289 9981 «5857 1.0996 -«1535 0.0000
«3803 1.3399 YLY] -.0733 -.3237 1.0106 5790 1.1052 ~+1505 0.0000
«3953 1.3276 <4821 -«0788 -.3182



SPPSPUBIPINGIN SRS ISUBE LSS AERIRITISSIPIS SRR IBSRISSNORNSTREANM SOLU"ION.‘.‘l.‘....ll...“.".Il..‘.'......".."..‘...‘...

NN = 3, H = «023000, RK = 54309000
FROM UPPER SURFACE INTEGRATION, SHOCK LOC. = « 4850, BETA = 90,0000, €5 = 1.,0000, CZ = 11.2043
X MO 0 P X NO PO Pi
1.0800 3775 1.1065 «9936 5.6400 «3328 1.2847 <8840
1.1600 «5759 1.1078 «9932 5.7200 « 3275 1.2878 «8790
1.2400 5742 1.1093 <3927 5.8000 . 3224 1.2907 8739
1.3200 «5724 1.1108 «99322 5.8800 #3175 1.2935 «86088
1.4000 «5700 1.1125 «9918 5.9600 «3127 142962 8636
1.4800 «5683 111642 «9913 6.,0400 « 3080 1.2988 «8584
1.5600 «5662 1.1169 «9308 6.1200 +3036 1.3012 «8532
1.6400 «5639 1.1179 «9902 6.2000 +2993 1.3035 <8481
1.7200 «5615 1.1198 « 9897 6.2800 «2953 1.3056 «8430
1.8000 5591 1.1219 «9892 643600 «2915 1.3077 «8381
1.8800 «5565 1.1240 <9886 6.4600 2879 1.3095 - .8336
1.9600 5538 1.1262 «9880 6.5200 « 2845 1.3113 - 8249
240400 «5510 1.1285 « 9874 6.6000 «2814 1.3129 8247
2.1200 5481 1.1308 9868 6.6800 «2785 103143 «8208
2.2000 «5452 1.1333 «9862 6.7600 2759 1.3157 - 8172
242800 5421 1.1358 +3855 648400 2735 1.3169 «81h1
243600 «5389 1.1384 9848 6.9200 «2713 1.3179 «811b
244400 «5356 1.1411 09841 7.0000 «2694 1.3189 «8092
205200 5322 1.1438 «9833 7.0800 «2676 1.3197 <8074
2.6000 «5287 1.1466 +9826 7.1600 «26614 1.320% «8062
2.6800 «5251 1.1495 «9817 7.2400 «2648 1.3211 «8053
2.7600 5214 $1.1525 «9808 7.3200 «2636 1.3217 8049
2.8400 «5176 11555 «9799 T.4000 #2626 103222 « 8067
249200 +5136 1.1586 «9790 74800 «2618 1.3226 <8049
3.0000 «5096 1.1618 9779 7.5600 #2611 1.3229 = 8052
3.0800 #5055 1416514 9768 7.6400 «2604 1.3232 «8056
3.1600 5012 1.1684 «9757 T.7200 «2599 103234 +8061
3.2400 «4968 1.1718 « 9745 7.8000 #2595 1.3237 «8065
3.3200 4924 1.1753 29732 7.8800 «2591 1.3238 «8069
3.4000 4878 1.1788 9718 7.9600 «2588 13240 8071
3.4800 4831 1.1824 «3703 8,0400 «2585 143241 8072
3.5600 4783 1.1861 9688 8.1200 2582 143242 <8071
346400 4733 1.1898 «9671 8.2000 «2580 Le3244 «8069
3.7200 4683 1.1936 +3654 8.2800 «2578 143244 «806%
3.8000 4632 1.1974 +9635 8.3600 «2577 13245 « 8057
3.8800 4580 1.2013 «9616 B8.4400 #2575 1.3246 « 8049
3.9600 4527 1.2052 «3595 8.5200 2575 143246 «8038
4. 0400 kb3 1.2091 «9573 8.6000 «2575 1.324%6 « 8027
4.1200 k18 1.2134 «9550 8.6800 « 2575 13246 « 8015
4.2000 «4363 1.2174 «9525 8.7600 2577 1.3245 «8003
4.2800 <4307 1.2211 9500 8.8400 «2579 103244 «799%
443600 « 4250 1.225¢ «9472 8.9200 «2583 1.3242 o 7981
be 4400 4192 1.2294 «9hhl 9.0000 #2508 L3240 «7973
4.5200 4135 1.,2331 «9L1h 9.0800 2594 1.3237 7969
4.6000 076 1.237¢ «9382 9.1600 «2602 1.3233 «7969
4.6800 4018 1.2414 «9349 9.2400 «2613 1.3228 o774
447600 <3959 1.26451 «9315 9.3200 «2625 = 1.3222 « 7984
40800 +3900 142490 «9279 9.4000 «2640 1.3215 «8000
4.9200 «3861 1.2529 3241 9.4800 «2656 1.3207 «8022
5.0000 «3782 1.2567 09202 9.5600 «2676 1.3198 +8050
5.0800 3723 1.2605 «9162 9.6400 «2h97 - 1.3187 «3083
541600 «3665 1.2642 #9120 9.7200 «2721 1.3175 #8129
5.2400 «3607 1.2679 «9076 9.8000 02748 1.3162 «3162
5.320) «3549 12714 «9032 9.8800 «2777 1.3148 « 8206
Se4000 3493 1.27493 «8386 9.9600 .2808 143132 «8254
S5.4800 « 3437 1.2783 +5938 10.9200 «2841 1.3115 «8303
5.5603 «3382 1.2815 8890
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VORI ERINS S ISUAN LY PRI IISIUIIS TSNS NSIIISNOSIVII SIS TEST OF CRITICALITY S U SEI BB OsIs sSSP IIITISBUTIITIBIOINSIRIINLIOIISIUSN
LOWER SURFACE

FROM THE UPSTREAM SOLUTION, NN = 3, DE = +056000

FROM THF STAGNATION SOLUTION, YS = «015826, Y¥S0 = «012598
X8 MB XB MB
« 0055 «1882 «0171 <6167
0083 «3657 «0200 6923
«0112 4681 8230 «7805
«0101 <5434 +0259 9450

SURIFPRAUIBAUBR IS PI SIS UTIINIIINIIN S22 0033 0053888 % ATRFOIL SOLUTICON PSS S0 0ssssisssssssnsssisssssssssssssusvsssssarssss

LOWER SURFACE

NB = 6
XA = «0180, CYD = «6945, Cx = +0450, HSO = 0020, HO = «0050
RBUB = 790322 us = «699485
X8 M8 P8 ouoXx Xa HB P8 DuoXx
0185 4892 1.1777 T.3648 <0328 «5799 1.1045 5.6320
0200 «5005 1.1690 7.8586 0345 5875 1.0981 5.1569
0215 +5116 1.1602 7.7195 «0362 5344 1.0923 4.6380
0234 «5225 1.1516 7.5449 <0380 «6004 1.0871 4.0781
« 0246 +5331 11430 7.3325 0397 <6056 1.0827 3.4817
0262 «5434 1.1347 7.0738 «0415 +6099 1.0791 28547
«0278 5533 1.1266 6.7849 0433 «65131 1.0762 2.2047
0294 +5628 1.1188 6. 4460 « 0451 «6154 1.0743 1.5407
«0311 5717 1.1114 6.0618 « 0451 +6154 1.0743 15407
¥ESINTERMEDIATE VELOCITY DISTRIBUTION®®®
Y v v Y u v

7.028424 1.000000 0.000000 +913593 1.025205 013297

3.532026 1.006643 « 006752 +483282 1.072600 «229165

1.784255 1.0079893 «011303 +139683 «Bl44TY «354617
xB N8B P13 ouDX xB MB P8 51031 ¢
«0617 6247 1.0662 «4506 «5472 9010 «8192 ~e3811
«0770 «6364 1.0561 « 3804 «5622 «8301 + 8289 ~+ 4529
20920 <6495 1.0447 «3211 «5772 28748 « 8426 -«530%
1070 «6635 1.0324 «2812 «5920 + 8556 +8598 -«6105
«1220 «6772 1.0203 «2502 «6070 <8332 «8800 <26934
«1372 #6903 1.0087 «2202 «6220 .8082 9026 -e7619
«1522 «7029 9974 «1931 +6367 «7820 «9263 -.808%
«1672 «7151 «3865 +1682 «6517 « 7556 «9501 -« 8341
.1822 « 7268 9760 ollls3 «6667 « 7294 «9737 -« 84145
«1972 « 7381 +9659 +1218 6815 7039 « 9965 ~.8291
«2125 e 7491 « 9560 <1005 «6965 «6796 1.0182 -.8006
.227% « 7597 BTN +0795 «7112 6567 1.0384 -.75990
22425 «7700 29371 .0586 7262 <6356 1.0568 -.70933
«2575 7799 9281 0378 «Th12 «6163 1.0735 -a 6524
-2725 «7895 «919¢4 «0177 #7560 «5991 1.0883 ~«590¢0
2875 «7989 «9110 -<0014 «7710 «5840 1.4012 - 5264
«302% «80231 .9027 -.0194 «7860 «5710 1.1119 ~a 4622
«3175 «8372 «89un ~+0365 «8007 «5602 1.1210 -»3979
«3325 «8262 +8863 ~e 0534 «8157 «5514 1.1282 ~e3304
«3475 <8352 .8782 -.0701 8307 <5447 1.1336 -.2697
+3625 o Blb2 .8701 -.0864 « 8457 +5403 1.1372 -a2043
3775 «8531 8621 ~.102% « 8607 «5383 1.1389 -«1377
<3825 «8619 8542 -.1196 -8757 «5389 1.138%4 -+0696
<4075 «AT04 « 8L6H -+1363 »8905 5423 1.1356 -« 0002
<4229 -8786 » 8393 -«1533 +9055 «5489 1.1302 «0738
<4375 .8861 8325 -.1703 9205 +5592 1.1218 «1522
« 4525 «8929 + 8265 -.1875 «9355 «5738 1.1096 «2365
« 4575 « 8984 » 8215 -«2050 +9507 «5937 1.0928 « 3304
4825 +9023 «8181 -.2229 «9657 «6204 1.0700 4363
. « 4375 «9061 «81A5 2412 -3807 « 6560 1.0390 « 5534
«5022 «9041 <8165 - 2474 «9957 « 7051 +9955 « 6926
#5172 «9079 8131 ~e2515 1.0020 7123 +9890 « 7440

«5322 <9071 +8133 -+3137



UPPER SURFACE

NC =8
SHOCK LOC. = 485000, BETA = 90.000000, DELS = 0.000000, CoDQ = 11.000000, HO = «003000
FROM INITIAL CONDITIONS, NN = &, XUINIT) = + 083100

GOGSIIIINIININIOIININISSISISIIBIIISIIBINUINININLNES ATRFOLIL SOLUTION SCO3S000000350000000500s000ssssiusstrissesssssssnse
SSSINTERMEOIATE VELOCITY DISTRIBUTION USING LAGRANGIAN FUNCTION®®s
|
|

v v v Y v v

$.97457¢ 1.000000 0.000000 L656865 1.02606k 017403

3.475218 1.006400 «006529 826659 1.083837 «183356

1.727678 1.007842  .010959 +051615 1.426226 463849
| X "o o puDX oo x o PO ouox ooa
| L0821 1.1373 .6200 1.1337  -3.7580 4103 1.3150 <4305 -.0842  =.3130
| WOT11  1.1505 .6035  1.1038  -3.1607 L4283 1.3022 4991 -.0895  -,3103
L0800  1.1817 L5858 1.0809  -2.3741 .6403  1.2890 L5081  -.0086  -.3077
-0880  1.2057 V678 1.0607  -1.4564 4553 1.2756 J5176  -.0997  ~-.3051
| .8980  1.2298 S5501  1.0570  =.e454 WAT06 1.2617 5272 -.1048  ~.3058
21108 1.2634 .5260 1.0611 5677 .4856  1.2475 .5373 -.1097  ~.3073
<1258 1.3004 L5003 1.0782  1.3346 <5156 8136 L8377 -.0439  0.0000
«1408 1.3353 H770 1.0996 2.2770 «5456 8112 «8998 -+ 0527 0.0000
«1558 1.3677 4561 1.1405 3.4859 «5756 «80h9 «9037 - 0617 0.0000
+1706 1.3972 «4376 1.2001 4e8571 «5056 «8008 «9093 @736 0.0000
<1886 1.4237 W4215  1.2865  7.0045 <6361 L7927 <9165  =.0802  0.0000
22006 1.4470 L0078 1.4200  10.9717 6661 7827 .9256  =.0905  0.0000
2186 1. 4670 «3963 1.6563 20.0125 « 6961 7708 «9363 ~+1016 0.0000
22306 14558 W27 o 01ite “a3461 27261 « 7570 « 9488 -e1133 0.0000
2456 Lahbiab «h092 -+0206 -e3391 «7566 o Thil 9629 —-o 1267 0.0000
«2606 1446334 o158 -+ 0266 “-e3333 « 7866 o724 «9782 -e1355 0.0009
L2756 1.4220 L4225 -.0326  -.3346 8168 .7062 79945  -.1448  0.0000
<2906  1.5106 4296 -.0385  -.3358 o871 .6871  1.0115  ~.1525  0.0000
23056 1.3991 J8366  -.06k5  -.3369 8771 46676  1.0290 - =.1585  0.0000
L3203 1.3875 L4436 -.0503  -.3269 <9071 L6671 1.0468  =.1622  0.0000
«3353 1.3758 «8509 e 0562 -e3342 «9376 +6266 1.0646 -s1632 0.0000
«3503 ° 1.3640 Y11 ~o 0620 ~-.3325 «9676 «6060 1.0823 -s16423 0.0000
23653 1.3520 W4661  =.0677  -.3289 9981 .5857  1.0996  -.1535  0.0000
.3803 1.3399 NTHD =,0733 -.3237 1.0106 L5790 1.1052  ~=.1505  0.0000

«3983 1.3276 246821 -.0788 -.3182




SR NN RN RN N AN N RN RN IR IR SNN SN RANS NSRS R ARENOUNSTREANM SOLUTION S S0 0sassssanrsssssssssssssssssesstssssssnsssssnses

NN = 3, H = +020000, RK = 5,000000
FROM UPPER SURFACE INTEGRATION, SYOCK LOC. = « 4850, BETA = 90.0000, CS = 1.0000, CZ = 11.2061

X MO PO P1 X MO PO Pl
1.0800 5775 1.1065 «9336 5.6400 » 3328 1.2047 « 08840
1.1600 «5759 1.1078 «9332 5.7200 « 3275 1.2678 8730
1.2409 «5742 1.i093 «9927 5.8000 . 3224 1.2907 «8739
1.3209 3724 1.1108 «9322 5.8800 «3175 1.2935 «8688
1.4600 «5704 1.1125 «9918 5.9600 3127 1.2962 8636
1.4800 5683 1.1142 29913 640400 » 3080 1.2988 « 8584
1.5600 «5662 1.1160 «3908 641200 «3036 1.3012 8532
1.6400 «5639 1.1179 3902 6.2000 2993 1.3135 « 8481
1.7220 5615 1.1198 9897 62800 22953 1.3056 « 8430
1.8009 «5591 1.1219 «9892 63600 2915 1.3077 8351
1.8800 «5565 141240 «9886 6ol 00 «2879 1.3095 «8334
1.9600 #5538 1.1262 «3880 65200 2845 1.3113 « 8289
2,0400 «5510 1.1285 «9874 6.6000 2814 1.3129 « 8247
241200 «5481 1.1308 » 3868 6.6300 2785 1.3143 «83208
2.2000 5452 1.1333 <3862 6.7600 «2759 1.3157 <8172
2.2803 5421 1.1358 «9855 68400 2735 1.3169 «81h1
2.3600 «5389 1.1384 «9848 6.9200 2713 1.3179 « 311k
2. 4000 «5356 1.1411 «9841 7.0000 22694 1.3189 «8092
2.5200 5322 1.1438 «9833 7.0800 2676 1.3197 <8074
2.6000 «5287 11466 3826 7.1600 <2661 143205 - 8052
2.6800 5251 1.1435 9817 72400 2648 1.3211 ‘8053
2.7600 5214 1.1525 9808 7.3200 2536 1.3217 «8049
2.8409 5176 1.1555 «9799 744000 22626 1.3222 <8047
2.9200 «5136 1.1586 «9790 7.4800 .2618 1.3226 «8049
3.0000 «5096 1.1618 «3779 7.5600 «2611 1.3229 «8052
3.0800 +5055 1.1651 <9768 7.6400 «2604 1.3232 «8056
3.1600 5012 1.1684 «8757 7.7200 «2599 1.3234 8051
3.2600 «4968 1.1718 29745 7.8000 «2596 1.3237 «80a5
3.3200 4924 1.1753 .9732 7.8800 2591 1.3238 «8069
3.4000 4878 1.1738 9718 7.9600 »2588 1.3240 8071
3.4800 24831 1.1824 «3703 8.0400 2585 1.3241 «8072
3.5600 k783 1.1861 +3688 8.1200 «2582 143242 «8Q71
3.6400 4733 1.1898 9671 8.2000 «2580 1.3244 «8069
3.7200 +4583 1.1935 «9R54 8.2800 «2578 1.3244 + 8064
3.8000 <4632 1.1974% «93635 8.3600 22577 1.3245 «8057-
3.8800 «4580 1.2013 «9616 B.4400 2575 1.3246 8049
3.9600 4527 1.2062 +9595 8.5200 «2575 1.3246 .8038
4o 0400 4473 1.2091 «9573 8.6000 #2575 13246 8027
4.1200 LTSN 1.2131 «9559 8.6800 2575 1.3246 8015
4.2000 <4363 1.2171 .9525 8.7600 2577 1.3245 +8003
4.2800 w4307 1.2211 «9500 8.8400 «2579 1.3244 «7994
4.3600 «4250 1.2251 «9472 8.9200 2583 1.3242 - 7381
Golbb00 4192 1.229 « b bt 9.0000 «2588 1.3240 «7973
4,520 <4135 1.2334 « 341y 3.0860 <2594 1.3237 «7969
4.6000 <4076 1.2374 «9382 9.1600 «2602 1.3233 7969
4.6800 <4018 1.26411 «9349 9.2400 +2613 1.3228 «7974%
4.7600 + 3959 1.2451 <9315 9.3200 «2625 1.3222 « 7384
448400 +3900 1.2490 9279 9.4000 2643 1.3215 8000
4.9200 = 3841 1.2529 « 9241 9.4800 «2656 1.3237 8022
5.0000 .3782 1.2567 «9202 945600 «2676 1.3198 «8050
5.0800 «3723 1.2605 «9162 9.6400 2697 1.3187 .8083
5.1600 +3665 1.2642 «9120 9.7200 °2721 1.3175 «8129
5.2400 23607 1.2679 «9076 9.8000 «2748 1.3162 -8162
5.3200 «3549 1.271% 9032 9.8800 2777 1.3148 - 8206
5.4000 3493 1.2749 « 8385 9.9600 «2808 1.3132 «8254
5.4800 3437 1.2783 8938 10.0200 « 2841 1.3116 »8313
5.5600 «3382 1.2815 «889¢0
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PEBSISNINIINIISINLISINIINIINISAICIINEEINS PARTIAL PRESSURE DISTRIBUTION SUS05053530355050500055350500000000050030008

X
« 063470
« 072470
081470
« 090470
099470
« 112470
«127470
« 142470
«157470
«172470
«187470
« 202470

«217870

2232670
2267470
«262670
277470
«292470
«307470
+322470
«337470
«352470
«367670
«382470
«397470

UPPER SURFACE

PO
619965
+603469
«585753
«567763
«550092
«525961
«500320
« 476999
456071
«437612
«421536
«h07762
«396282
+h02678
« 409169
2415782
+ 422528
«629611
436435
«443606
«450938
« 458437
« 466118
74002
«82115

X
«612470
wh274T0
Shh2470
457470
oh720670
«hB87470
+517470
«ShPhT70
« 577070
+ 807670
« 637470
«867470
«897470
«T27670
«TST6T0
«T8TATO
o 817670
«B4THT0
« 877470
« 907470
«937470
« 967470
« 997470

1.007470

(4]
«h904687
o 839148
«508124
«517454
« 527174
«537318
«897671
« 8998114
«903693
«909277
« 916546
0925562
«936362
«940833
962851
«978176
« 994468

1.011465
1.028967
1.046753
1.064631
1.082333
1.099616
1.105244
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X
«018529
« 020009
«021547
«023051
«024612
«026199
«027812
« 029849
031109
«032792
«034435
«036219
« 037962
«0397214
e 061437
« 063287
« 065090
«045090
+060090
« 075090
«090090
+105090
«120090
«135090
«150090
«165090
«180090
+195030
+210090
225090
«260090
«255090
+270090
«285090
«300090
«315090
+»330090
«345090
«360090
«375090
«390090
«405090

LONER SURFACE

PO
1.177701
1.168959
1.160234
1,151577
10143063
14134692
1.126590
1.118805
10111406
1104466
1. 098058
1.09225¢0
1.087110
1.082697
1.079062
1.076245
1. 074271
1. 074271
1. 066244
1.056097
1.048712
1.032385
1.020274%
1.008660

«997403
« 986527
976032
+965859
«955970
« 946373
«937082
«928106
919621
«910968
«902668
« 89449
« 886292
«878183
«870108
«862097
«854221
« 845568

X
«420090
«435090
«450090
-465090
«480090
«49509¢8
+500099
+515090
.530090
+545090
560090
+575090
4590090
+605090
+620090
635090
+650090
+665090
+680090
695090
710090
.725090
+740090
755090
.770090
-785090
.800090
815090
830090
«845090
-860090
«875090
+890090
«905090
+920090
«935090
«950090
<965090
+980090
+995090

1.000098

()
«839283
832091
+ 826408
«821548
«818078
«01652¢
«816803
013084
.8138089
.819212
« 020932
< 02604
.859821
«879968
«902584
«926278
«950098
«973877
«996528

1.018198
1.030388
1.056828
1.973507
1.088273
1.101075
1.111949
1.120986
1.128210
1.133649
1.137233
1.138068
1.138398
1.135687
1.130228
1.128767
1.109628
1.092028
1.070024
1.038988
+995480
+989026



10

15

20

25

30

35

0

45

50

55

60

QOO0

T
0

10

15
13

30

291

250
300
20

330
380
403
410

APPENDIX F
MIR SUBROUTINES LISTING

SURROUTINE IOUPSTW

HIS SUAROUTINE PRINTS THE INPUT PARAMFTERS AND THE CALCULATED
UTPUT FOR SURROUTINE UPSTRM

COMMON/YUVSAV/ NNINIT ,NNSPR,NNIHN

1 s YIC(10,2Y,UT€10,2),VI(10,2),YUY(96)

COMMONZAINPUT/ ATNC2L) ,NN(7)  LH(6)

COMMON/ZOUTCOMN/
1 AX€169) HARMDU(160),AY(10) yARM(10) ,DUMT140) LII,I12
DIMENSION ISTAR(S),ITITLE(2)

DATA (ISTAR(I),I=1,5)/5% QHes esesnse

DATA (IVITLE(IY,I1=1,2)710H UPSTREAM ,1QHSNOLUTION *7
WRITF(6,200) CISTAR(IVI, I=1,5),C(ITITLE(T),I=1,2),(ISTARCI), I=1,5)
1 sNNCLY (NNE2) JATN(1) 4 CAINCI) 122,10 ,H(1) ,AINT11) ,AINCL2)
IF(HC1) «GY.0.008)G0 7O 5

WRITELE6,340D)

REYURN

CALL UPSTRM

IFUITLEQ. D) RETURN

IMALF = 1172

J = MOO(II,?)

THALFL = THALF

IFCJ.E2.1) THALFL = IWALF#1

WRITE(G,430)

IF(IT.EQ.1) GO Y0 15

DO 10 I=1,IHALF

WRITE(H,300) AX(I),ARMO(I),AX(T+IHALF1) ,ARMO(TI+TIHALFL)
IF(J.NEL1) GO TN 1A

WRITZ(6,300) AX(IHALF1) ,4RMO{TIHALFL)

IF(IT2.EC.00 WRITE(5,760)

IHALF = TTI2/2

J = MODCTI2,2} ) )
IHALF1 = THALF

IF(J.EN. 1Y THALFI=THALF+1 Wi
WRITE(6,410) .
IF(IT2.€EQ0.1) GO TO 25

00 20 I=1,IHALF

WRITE(6,320) AY(I),ARM(I) ,AY(T+IHALF1),ARM(TI+TIHALFY)
IFCJ.NE.1) GO TO 28

WRITE(H,300) AY(THALF1) ,ARM(IHALF 1Y

WRITE(E,X20) AINI2D),AIN(2Y)

D0 30 I=1,NNINIT

WRITEC(H,330) YICI,1),UT(T,1),VICI,1),¥ItI,2),UI(I,2),VI(I,2)
RETURN

FOPMAT(1H1,4(/)7X,12A10,

1 F7/20% 44NN =,T12,5H, NA =,12//209X,3HOVOO(I) =,
2 FI0.4yQH,  X00 = FA,u, 9H,  RMT = FB,u4,
3 QH, CDY = FAR.4,7H, H = FB. L//20X,134YINFLUPPFR) =FR, 4,

“ 174, YINF(LOWERY =FB,4)
FORMAT (/20X,3QH*esvsssxs s TNTTGRATION WAS NOT COMPLETED )
FORMAT(30X,2(10X,2F1046))

ENRMAT(/ /U7Xy &HDE =,F1045,10Xy5HYSO =,F10.6///52X,254 INITIAL VELO
1CITY PROFILE/Z29X, 13HUPPIR SURFACZ,27¥, 13HLOWER SURFACE//17X,

272 019X, 1HY , 9%,y 1HU, X, 1HV))

FORMAT(20X,2(10%,3F10.6))
FORMAT(//20X,204** #8828 ¥38%STC0 ST75 TNO SMALL)
CORMATL/ /27Xy (18X 4 1HX,y OX 4 2HMNY Y
COPMATL// 26X, 2¢19Xy1HY, OX,1HM)}

END
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037

SUBROUTINE UPSTRM

THIS SUBROUTINE CALCULATES THE UPSTRE

COMMON c s CX »RS
COMMON/Z ACOMZ X s XA s VN

1 »¥0 PO RO 2U0

2 "(2.10)'.(2,10”R(2’10‘pU(ZgiU)
COMMON/BCOM/ X0 »OVON

COMMON/ECOMZUOSAY  ,ROSAV 4 XSAV
1 2DUME22) , XAF (50 ,YAF(50,2)

AM FLOW CONDITIONS

sFM yALPHA
sVS L Y,D‘
VO s RMO » DUO

’V(?yiu’1R"(2710),DU(2,10D
L
SNVOOF  4yXSTGI11),¥STS(11)

COMMONZ ATNPUT/ OVOOI  ,DDUM{5) ,X00 JRMT ,CDY

1 ,YU yYL JENUM(T) ,NE »¥S0 ,y¥S JFOUM(2)

2 4NNI SN JNDUMES) gHOWN  yHDUMES)

COMMON/OQUTCON/

1 AXE160) ,ARMDC160) ,AYL10)  ,ARMC1D) ,COUMU140} ,IT,NNO

COMMON/YUVSAY/Z NNINIT yNNSP,NNDWN

b3 ,71(10'2),U1(10.2)’VI(lﬂ.Z),VUV(QG)

DIMENSION BX(B),RYO{6),3M0(6),Y1(2)
1 A2YC2)

INTTIALIZE INPUT

2 Y2021 ,A1UL2) ,A2U€2) ,A1VL2),

G(AQ, AL, A2, Z} = B0 ¢ a1%7 ¢+ A2%7%7

- NYERM = 3
€SO = FM-,08
cSt = CsS0-0,2
NN = NNI
pvoc = OVO0OI
H = HDWN
¥(1,1y = YU
¥ (2,10 = YL
II =
NNO = 0
RS = (1./74T.%CK) & 1.,)%%2,5
L =&
X0 = X00
X = 0.0

INITIALIZE FLOW TO FREESTREAM CONDITIONS

DO 10 J=1,2
N0 S5 N = 2, NN

YUJyNY = YUJyN-1)%0,5

PLJyN) = 1.

Q(J,N’ = 1.

UtJyN) = 1.

VIJyN) = 0.

PMLJyN) = FM

5 NUEJ,N) = C.0

RM{Jy1) = FM

UtJ,1y = 1,0
10 vlJy1) = 1,0

Yo = .

RO = 1.

PO = 1.

un = 1.

ve = 1,

vo = 0,

RMO = FM

IT = 11+

AX(II) = X

ARMC(II) = RMT
VA = 0.0

N0 26 X=1,4100

DN 24 KK=1,NTFRM

PERFORM A FLOW INTFGRATTON STEP USING
IS6GN = 1
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85

90

95

100

105

1190

11%

125

130

135

O O o o

ao0

00 22 ¥=1,2

CALL OUNSLISGN, )

00 21 N = 3, NN
21 CALL INASCISGN,JyN,1)
22 ISGN = -1

IFEK.LE.3) GO YO 23

CALL DIST(-1,1,NN,DYA,DUA,DVA)
23 CALL DISY(4,2,NN,DY0,DVS,0VD)

X = X ¢ H

VS = ¥S & H®DVS

VO = ¥0 4+ H®(DOVO - NvVA)
IFC(V¥S.LT,. VO)RETURN

Uo = SQRT(YS®**2 - VvO0**2)

YO = YO & H*0OYO

RO = ((C - ¥S**2 Y7(C - 1.))%%2,.5
PO = RO®® 1,4

RMO = ¥S®SORT(RO/(1,6*CK*PC))

IF (RMOL.LE .RMT) GO YO 25
24 CONTINUE
CALCULATE CERVAIN FACYORS USED IN DETERMINING RBUB
25 I1 = I1e1

AXCII) = X

ARMO(II) = RM™O

IF (RMO ,LE. RMT) GO TO 27

26 CONYINUE

27 1L =0

28 M = ABS((5,0-X)/H)

DEPENDING ON OYO (THE SLOPE OF THF STAGNATION STREAMLINE) PERFORM
A FLOW INTEGRATION STEZ® USING SUQROUTINT STMR OR LUMR

IF (DY0 .GE. CDY LOR. OY ,5E, CDYY GN YO 35

DO ¥4 K = 1, M

D0 31 KK=1,NTERM™

PERFORM A FLOW INTFGRATION STEP USING LUMR
ISGN = 1
00 0 J=1,2
CALL OUNS(ISGN,J)
DO 29 N = ¥, NN
29 CALL INAS(ISGN,J,N,1)
30 ISGN = -1
CALL LUMRI{-1,1,NN,0YA,0UA,NVA)
CALL LUMRIT1,2,NN,DY0,DVS,0V0)

X = X ¢ H

¥S = VS & H®JVS

VO = VO + H*{(DVO - DVA)

U0 = SQRT(VS*®P2 - ynNe*2)

Y0 = YO & H®DYO

R0 = 1(C -~ ysS**2 Y/Z(T - 1.))%% 2,5
PO = RO%® 1.4

RMO = VS®*SORT(RN/(1.4°CK*PO})
IF (RMO L,LE, CS0O) GO Tn &2
IF(OYO.GE.COY) 50 YO 32

31 CONTINUE

32 11 = I1e1d

AXC(IIY = X
ARMO(II) = ]MN
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140

188

159

185

160

165

170

175

180

185

19%

200

205

0

o000

a0

OO0

IF (OY0 .GE. CCYY GO TO 35
36 CONTINUE

35 T = AVAN(VOrUO)
DO 40 K = 1, ™
DO 28 KK=1,NTER™

PERFORM A FLOW INTEGRATION STE® USING STMR
ISGN = 1
DO 27 J=1,2
CALL OUNS(ISGN,J
N0 26 N = 3, NN
36 CALL INAS(ISGN,JyN,1}
37 ISGN = -1
CALL STMRINN,T,DY,0VS)

IF QMO (MACH NUMPER AT THE STAGNATION STREAMLINS) IS CONSIDERABLY
LESSENED, SAVE FLOW PARAMETERS AT THIS STEP
IF(RMO.LEL.CST) GO T2 &2

34 CONTINUE
IT = IIet
AX(II) = X
ARMCUII) = RMO

TF(XeGEe7eeOReXelT4040404DVSsGEe0e0) RETURN
&0 COMTINUE
RETURN

42 IT = 11+
AX(II) = X
APMO(IT) = R™O

IFLCS1.LT.CSO) GO TN 43

SAVE FLOW PROPERTIES AT THIS STFo
I =14+
BX¢I) = X
3Y0(I) = YC
AMOtI) = RM™O .
IF (I «EQ. 3) K = 0,002 :
CSC = S0 - 0.05
IF(I-4) 23,60,60

CS1 IS LESS THAN CSO FNRP THT FIOST PASS THROUGH THF LOOP, SO
STATEMENT &3 IS FXECUTEN ONLY ONTF
L3 DO & J=1,2
Y10J) = Y{J,NN)-YC
Y2(J) = YUJyNN-1)=-YO
CALL ALSURIYLI(U),Y2(J),UD,UCJyNNY,U(JyNN=-1),81UCJ))
CALL A2SUB(Y1{J),Y2(J),UD,U(J,NN) ,1JCI,NN=-1),22UJ))
CALL A1SU3LIYL(J) 4 Y20) s VO, VI, NNY ,VIUyNN-1) , A1V IU))
CALL A2SUBMYLLJY 4 ¥2(J) s VO, VIJyNNI ,VIJyNN=-1),A2VI))
vO = =¥0
b4 YO = -Y0

ADD NA STRIPS TO THF FLOW INTEGRPATINON PROCESS AT THIS POINT
N1 = NN ¢ 1
NN = NN ¢ N&
00 47 J=1,2
N0 &6 N = Ni, NN

CYUJYNY = (Y(JI4N=11-Y0)/2,4Y0
UGJyNY = GLUO A1UCIY 4 A2U( ) 4 Y (JyN) YD)
VEJUINY = 5EV0, AIVIEJ) 4 A2VIEU) 4 Y {4 N)=YO)
VEG = UCIINIBUCIGNY eV I yN) *V LU, N)
R{JyN) = ((C-VSVI/(C=-1.))%%2,5
PUJsNY = RMI,NY**1 .4
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[Ny}

ao0n

46 RMGJ,N) = SQQT(VSQ‘R(J,~)I(1.&‘CK'P(J,N)))
Y0 = -¥0
&7 YO = ~Y0

H = HIS,

IF (H LY. 0,005 H = 0.005
€SO0 = CS1

GO Y028

SAVE THE Y STATIONS AND THE MACH NUMRERS AT THF FINAL INVEGRATION
STEP
60 DO €1 J=1,4NN
AY () = Y(1,0)
61 ARMCJ) = M(1,U)
NNO = NNet
AYANNO) = YO
ARMINNO) = RMO
X0 = X .

EXTRAPOLATE RMO TO A YALUE OF ZFRO USING THE OUTPUY OF THE FOUR
PREYIOUSLY COMPUTED STEPS
DO 63 K = 1, 200
X = X ¢ 0.00065
CALL LGRNGN(BMO(1),8M0(2) ,RM0(3),3M0(4),
T 18X (1)49X(2),8X(3) 4BX(L) ,X,RMD}Y
IF(RMO.LE.0.0) GO YO 64
63 CONYINUE

DE IS THE CALCULATED VALUE FROM THE LAST INTEGRATYION STEP TO THE
STAGNAYION POINT
66k DE = X - X0

EXTRAPOLATE ¥YSO FROM THE QUTPUT OF FOUR PREVIOUSLY COMPUTED STEPS
AND THF CALCULATED VALUE OF X
CALL LGRNGN(BYO(11,8Y0(2),8Y0(3),3YNn(L),
1AX(1),8%X(2),8X(3),8X(4),X,YSO)

UOSAV = U0
ROSAY = RO
XSAV = X0
XSTG(1) = -DE
XSTAG = XO

YSTG(1) = YO
OXSYAG = NE/Z10.

CALCULATE TEN COORDINATES ALONG THT STAGNATION STREAMLINE
DO 70 I=2,11
XSTAG = XSTAG#DXSTAG
CALL LGRNGN(3YO(1),8Y0C2)4,BYO(?),3Y0(4),BX(1),3X(2),B8X(3),BX(4),
1XSTAG,¥YSTG(I))
70 XSTG(I) = XSTG(I-1) ¢DXSTAG

CALCULATE FIFTY POINTS ALONG THF FIRST 2 PER CENT OF THE AIRFOIL
NOSE
D0 76 J=1,2
XAF(1) = 0.
YAF(1,3) = 0.
D0 75 122,50
XAF(I) = XAF(I-1) +,0006
TALL ARFL(XAFCI),ADUM,YAF(L,J),30UM,COUM, J}
TFUJ.ED.2) YAFU(I,2) = ~YAF(I,?)
75 CONTINUE
76 CONTINUE

SAVE CUTPUT FLOW PARAMETERS DF THIS SURROUTINE
DO 80 J=1,7
DO 78 I=1.NN

YIC(I,JI = Y€, 1)
UTIT,J) = Uy, D)
79 VI(ILJ) = VUJ,I1)

NNINIT = NNO
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30

YIINNO, S}
UTI (NNO, J?
¥I(NNO, J}

Yo
vo

-Y0
-v0

RETURN

END

Y0

Yo
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SUBROUT

INE JOSTGNA

THIS SUBROUTINE PAINTS THE INPUT PARAMETERS AN) THE CALCJLATED
OUTPUT FCR SU3ROUTINE STAGNA

COMMONZECOM/DUM{26) y XSTAG(11) 4y YSTAGCL1) 4XARFL(50),YARFL(50,42)
AINPUT/ ATNC2U) g NMLT)
DIMENSION ISTAR(S),ITITLE(?)
CATA (ISTAR(I),I=1,5)/5%10Heessersns/
DATA C(ITIVLE(I), I=142) /7 0HSTAGNATION, 10K SOLUTION®/

COMMON/

WRITE(6,290)

NRITE(H,210) AIN(2)
WRITE(6,220) AINC20),AIN(21)

CALL ST
WRITE(E
00 10 I

AGNA
y10)
21425

TS

CISTAR(INyI=143), LITITLECI)I1=21,52),(ISTAR(I) 41=21,5)

10 WRITE(6,400) XARFL(I) YYARFLAII 1)y YARFL(L,2) 4 XARFLA(I#+25),

21

1

YERFL(I#25,1),YARF _{I425,72)

HRITE(6,430)

N0 ¢0 1
HRITE(o
HRITC (A

RETURN

=1,5

y420) XSTAGUI) s YSTAS(L)yXSTAG(I*6) ,YSTAL([¢6)
yu20) XSTAG(S) yYSTALLS)
WRITEZL(H6,370) AIN(22) ,DUM(u)

200 FORMAT(1H1,4(/)7X%,12410)
210 FORMAT(//20Xy4HXS =,F10,5)

220 FORMAT(/21¥,3uHFROM ThE

370 FORMAT(/ 4EX,uHYS

1

aH,

YS2 = ,Fi0.8)

40J) FORMAT(13X,2(10%X,2F12.6))

LSNY]

4239
430

1

FORMAT(

7/7757X,13HATIRFOIL COORCINATES/Z/Z13X,2 (18X, 1HX 37Xy BA4Y(UPPR),

LXy8H4Y (LCWIR)))

FORMATHL

FORMATU// /755K, CLHSTAGNATICN STREAMUINE//721X,2 21X 1HX311X,1HY))

IND

25X, 2(10%,2F12.45))

UPSTRIAM

110
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SUBROUTINE STAGNA

THIS SUBROUTINE CALCULAYES THE STAGNATION STREAMLINE GEOMETRY AND

CERTAIN AIRFOIL COORDINATES

CONKON c s CK sRS oF M sALPHA
COMMON/BCOM/ X0 »0VOO 'L

COMMONZECOM/UD sRO X sOVOOF o XINC11),YINCL1)
1 »XOUC11) yYOULL1) ,XAF(50),YAF(50,2)

COMMON/AINPUT/ OvV00I ,XS »yOUM(1L7) ,DE s¥SO

1 s ¥S » ODUM(2) yNDUML7) ,HOUM(B)

COMPUTE DVOOF FOR SELECTED STAGNATION POINT
CALL ARFL(XS »ADUM,YS5,0YS,20YS, 2}
RA =1./7 A3S(ODYS/(1.4DYS®®2)%ey 5)
DYOCF = (2./DE#2.7(DE#RAY -1,/RA)I®YO/
1 (RSZRO#(X/(XCDEII**LE(1,.+IE/RA)Y

ADJUST COORDINATES FOR AIRFCOIL NOSE AND STAGNATION STREAMLINE
GEOMETRY TO ONE CARTESIAN FRAMEZ
DO 20 I=1,11
XO0ULI) = XIN(I)eXS
20 YOULI) = YINC(I)-YS-YSO
RETURN
END
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SUBRNUTINE IOLWRCY

THIS SUIROUTINE PRINTS THE INPUT PAQAMETERS AND THT CALCULATED
OUTPUT FOR SURROUTINE LWRCRIT

COMMON/AINPUT/ AINC24) yNNL(T) HLHT(E)
COMMON/YUVSAV/Z NNy NN NNT, YUVT165)
COMMON/QUTLCOM/
1 AX3U1560) o, ARMAC160) ,NUML1A0) ,T1 s 112
DIMENSTON ISTAR(S),ITITLI (W)
DATE (ISTARCI) 4I=1,5)/5%10nesnrvrnssn/
DAYA (ITITLE(I) s1=1,4) F30HTEST OF ", 1QMITICALITY®,10H LOWER S,
1 1 DHURF ACE ’
WRITE(H, 2000 (ISTAQ(Ii,I=1,S),(IYIYLF(I),I=1,?),(IFTAR(I),I=1,5),
1 CITITLEC(I),I=3,4)
WOTITE(6,2200 NNDZAINCZC)
WRITE(H,2300 AIN(22),8INL21)
CALL LWRFRITY
IF(ITLED. Q) RCTUYPN
IHALF = TI172
J = MOD(II2)
IHALF1 = THALF
IF(J.5N.1) IHALFL = THALF+1
WRITE(H,400?
IFCIT.£0.1) GO TO &5
DO 40 I=1,IHALF
40 WRIYE(6,300) AX%(I),AQNE(I).ﬂXR(I*IHALFi),AK”H(I*IHALfi)
IF(JLNEL 1) GO 7O uA
45 WRITS(6,300) AXIC(IHALF1),APM3(THALF 1D
48 RETURN
200 FOPMAT(1H1,4(7) 7X,12810/57%,2810/)
220 FORMBT(/20X,34HFRON THT UPSTREAM SCLUTION, NN =,12,8H, % =,
1 F10.5)
230 FORWAT(/20X,3AHFROM THE STASNATINN SOLUTION, YS 2451045,
1 9H,  YSO =,F10.6)
300 FORMAT(I0X,2(10%,2F19,43)
470 FOPMAT(//29X%,7 (18X,2HXB,3X,2H40)})
IND
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SUBROUTINE LWRCRIY

THIS SUBROUTINE CALCULAYFS WACH NUMBER FOR A SELECTED NUMBER OF
POINTS ON THE LOWER SURFACE

COMMON c X R F M yALPHA
COMMONZACOM/ X s XA s VN '¥S oM y OY

1 » Y0 y?0 s RO U0 ' VO s RMO s BUD

2 "(2010’,P(2,10),Q(2,10),U(Z,iﬂ)1V(2,10),RH(Z,iU).DU(Z,iU’
COMMONZ ATNPUTY/ ovooI s XAS yDUMCLT7) 4 D5 sYSO

1 s Y5 ,DDUH(Z),NNi(?)"HI(G)

COMMON/YUVSAY/ NNO, NNSPR 4 NNDWN

1 971(10;?),UI(10.2),VI(10,’),YUV(96)
COMMONZ OUTCOM/
1 AXBU150) ,ARMBC160),ADUMI160),11 9112

0CAO, A1, A2, 2V = AOQ ¢ A1%7 ¢ A2e2*2

INITIALIZE INPUT
CYD = DUM (W)
00 10 N=2,4NNO

YE2,N) = YIUNy2V4YSOeYS
UL2,N) = UTIN, 2)
VE2,N) = VI(N, 2)
10 R(2,N) = ((C‘U(Z,N)'U(Z,N)-V(?,N"V(Z,Nl)/(C-i.))"Z.S

CALCULATE FACTORS USED 1IN NETERMINING #RUB
Y1 = Y(2,NNO=1)=YS=YSO-YI{NNO,2)
Y2 = ¥(2,NNO-2)-YS-YS0-YI (NNO,2)
CALL AiSUQ(Yi,VZ,U(Z,NNO),U(Z,NNO‘i),U(Z,NNO-Z),AIU)
CALL AZSUS(YI,VZ,U(?,NNO),U(Z,NNO~1),UK2,NNO-2),AZUi
CALL AiSUB(Vl,YZ,V(?,NNO),V(Z'NNO~1),V(2,NNO-2),AIV)
CALL lZSUB(Yl,YZ,V(ZqNNO),V(?,NNO-i),V(Z,NNO-Z),AZV)

BO = U(2,NNO)®*R(2,NND)
A1 = UL2,NNO-1)®R(2,NNO-1)
82 = U(2,NNO-2)*R(2,NNO-2)

CALL A1SUS(Y1,Y2,R0,91,B2,A1%)

CALL A2SUS(Y1,Y2,80,81,82,A42C)

GCALL ARFL (XAS, XB8S, YS, DYAS, 90Y8S, 2)

D8S = (DE & XBS)®SQRT (1. + nyases 2y /DYBS
YOS = (DS ¢ X2S9/DY3S - ¥SO =~ YI(NNOD, 2) .
U0 = 0(U(2,NNO) ,A1U,A2U,YDS)

VO = DI(V(2,NNOY,A1V,82V,YDS)

¥SQ = UDO*UD #VO*VO

TF((C-¥SQ) . LELOY RETUPN

RO = ((C-V¥SQ)7(C-1.))%%2.5

¥S = (U0 #VO®DYBS)I/SORT(4. ¢DYRSeE)

clLA= DBS *RO®VS/2.

CLR = BO®YDS ¢ ALC*YDS*®2/2, + A2C*YDS**3/3.

DY = .003
40 XA = 0.
1T =20

no 80 1 = 1,20

DETSRMINT RBUB FOR THIS XA
XA = XAeDX
CALL ARFL (X&, x3, Y3, DYB, D3Y"R, 2)
Yo = (DE & X33 /0Y8 & VYA
¥0 = YO-YSO-¥S-YI(NNO,2)

Y2 = Y{2,NNO-&)
N

A\l

J= '

Y1 = Y(24NNO=J)~YS=YSO-YI(NNO,2)

Y2 = YU2,NNO=J-1)-YS=YSO-YI(NNO,2)

CALL AlSU!(Yl,YZ,U(Z,NNO),U(Z,NNO-J),U(?,NNO-J‘i)vﬁiU)
caLL AZSUS(YlyYZ,U(Z,NNO),U(Z,NNO-J),U(Z,NNO-J-i),AZU)
[of: 3R 8 AiSUﬂ(Yi,YZyV(Z,NNO),V(Z,NNO-J),V(Z,NNO-J-i),AIV)
caLt AZSU%(Yl,Y?,V(Z,NNO),V(2,NNO-J’,V(2,NNO'J-1),AZV)
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70 81 = UL2,NNO=-JY*R(2Z)NNO-I)
B2 = UL2,NND-J~1) *R{2,NNO=~J-1)
CALL A1SUDEY1,Y2,80,81,82,A1C)
CALL A25UB(Y1,Y2,80,81,82,A420)

Sh UO = DCLUC2,NNOY,ALU,A2U,YD)

(4] VO = DIY(2,NNOY,A1V,A2V,YD)

RO = ((C-UO’UO-VO'VO‘I(C-l.)l"Z.S
CY = 1./7SNRT(1. ¢ DYB*®2)
St = DYAeCYy
gh = (DE ¢ XBy/SY
80 ¥S = UD®CT e Y¥O°SY
CL = B0O%YD & A1C*YD®®2/2, + apceyneey/3, » CLA - CLB
RAUB = 6,°CL/DB-VSPAN-4 ,$VPINTCYD
c
TF(RAUB.LY.0.0) GO TO 80
85 c
uBsS = 0.1
RBUAP = RAUB®* 0. 4*(C-1.)
c.
c USING NEWTON RAPHSONG METHNO ITERQAYE ON UB UNTIL RUP = RHUBP
99 ua=0.1

DO €0 K=1,50
RUP = C*U3%®Q,L-UB**2,L
1F (ABS(RUP~RBUBP) ,LT,.000001) GO TO 70
DRUPDU = 0.4*C/UR®®0.6-2,4%UR%" 1.4
95 U8 = US+(RWVURP-RUP)Y /ORUPIU
IFUB.LT.0,) UBS=UBS+.05
IF(UR.LT,. 0.0 UB=UBS
IF(UAS.GT.1.) GO TO 30
60 CONTINUE

100 ¢
TF(I.6T.4.0R.OX,LT.040004) GO TO 90
DX = ,00073
GO YO 40
c
105 70 RB = ((C ~ UB**2y7(C - 1.))%*2.5
Pg = RA®%1.4
c

c CALCULATE RMB FOR THIS U8B
RMA = US/SQRT(1,&¥CK®PR/PB)

110 c
IT = II¢t
ARME(II) = RMS3
AXB(II) = XB
c
115 80 CONTINUE
c
30 RFTURN
END
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SUBROUTINE IOLNRINCICRIT,L)

THIS SUBROUTINE PRINTS THE INPUT PARAMETERS AND THE CALCULATED
OUTPUT FROM SUBROUTINE LWRINIT

COMMON/ZAINPUTZ AINC26) 4NN1L(T) ,HILE)
COMMON/ZYUVSAY/ NNINIT,NNSPR,NNOWN,YUV(156}
COMMONZOUTCOM/

1 AXA(160Q0) ,ARMO(160),A0U(160) ,II sy 112
COMMON/COMPRS/Z XX(160,2) 3PP (160,23 yNP(2)
COMMON/RBUBCM/RBUB sUBINIT »yIRBUB
DIMENSION ISTAR(5),ITITLE(W)

DATA (ISTARCI),I=1,5)75%10Hesvsesssvey
DATA (ITITLE(I),I=1,4)710H" AIRFOIL ,10HSOLUTION *,10H LOMER S,

1 10HURFACE ! .
J=2
WRITE(6,200) (ISTARCII I=1,5)y(ITITLE(I),I=1,2),CISTAR(I) I=1,5),

1 CITIVLEC(D) ,I=3,8)

WRITE(B,210) NN1CL),AIN(S) ,AIN(6Y JAIN(13),HI(3) ,HI(Y)
M= (1,0=-AINCLI3))/HICLI S+ (AINCLZ) -AIN(SII/HICI)
NN1L?) = O
IF(MLT 470, 0RICRIT.EQ.2,0R.NNINIT.GEJNN1(4)) GO TO &
IFC(ICRIT.NE.2) WRITE(6,360)
IF(M.GT.470) WRITE(H,370)
IF(NNINIT.LVT.NN1C&4)) WRITE(S,380)
RETURN
o CALL LWRINIT(ICRIT)
IF(IRBUBLEQ.0Y WRITE(6,330) RBUB,UBINIT
IF({IRBUB,EQ.1) WRITE(H,350) RBUB
IF(IRBUB.EQ.2) HWRITE(H,340) WUSB
IF({II.EQ., 0 REVURN
IHALF = II/2
K = MOO(II,2) : ©
IMALFL = IHALF
IF(KsEQel) IHALF1 = IHALFel
HRIYE(O, 4000 '
IF(II.EG.1) GO TO 15
00 10 I=1,IHALF
19 WRITE(6,300)0 AXA(I),ARMO(I),PP(I,J) ,ADUCI),AXACI+IHALFY),

1 ARMO(I+THALF1) yPPCI+IHALFL1,J) ,ADUCI+IAALFY)

IF(K.NE.1) GO YO 18
15 WRITE(6,300)0 AXA(IHALF1),ARMOCIHALF1) yPPC(IHALF1,J),ADULIHALF)
18 IF(NN1(7) .EQ.B) GO TO 28 ’

CALL INVZLOC(L,J)

CALL 3SUBCRT2CY)

NN17P1 = NN1(T7)+1

II3 = II-NNLLT)

IF(II3.LEL0) GO TO 28

IHALF = II13r2

IMIDL = IHALF&NN1(7)

K = MOD(II3,2?

IHALF1 = IMALF

IF(KEQ 1) THALF1 = IHALF4+1

WRITE(EH,4(0)

IF(II3.EQ.1) GO TO 25

DO 20 I=NN17P1,IMIOL
20 WRITE(6,300) AXACI),ARMO(I),PP(I,J),A0U(I),AXACI+IHALF1),

1 ARMO(CI#IHALF1) ,PP(I*IHALF1,J),ADULTI+INHALFY)

IFtK«NE«1) GO TO 28
25 WRITE(H6,300) AXALIMIOL#1),ARMO(IMIDL+1),PPCIMIDL*L,J) yADULIMIDL*1)
28 IFCII3.EQ.1) WRITE(6,260)

RETURN
200 FORMAY(L(/),7X,12R10/57X,241)
210 FORMAT( //720X34HNB =,T12//720Xy4HXA =,F8.4,3H, cyD =

1 FB.4y B8H, CX =F8.4, 9H, HSO =,F8.,4, 8H, HO =F8.4)
260 FORMAT(/20X,33Heesweneess INTEGRATION WAS NOT COMPLETED )
300 FORMAT(10X,2(10X,4F10.4))

310 FOPMAT(20Xy+A10,10Xy4F10,4)
320 FORMAT(20X,4F10.4,10X,4A10)
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70

15

330 FORMAT(/ 47X,6HRBUB =yF10.6,10X,eHUB zyF10.0)
3640 FORNAT(/ 39X,6HR8UB =,F10.6,604**** 8L ON JONDITIONS CANNOT BE MAT

1CHED )
350 FORMAT(//759X,6HRBUB =,F10.6)
360 FORMAT(/720X,62H%o®ee 38888 SUPERCRITICAL FLOW IS NOT PERMITTED ON L

1OWER SURFACE )
370 FORMAT(/720X,29H*sosssesnegicp SIZE T00 SMALL )
380 FORMAT(//20X,49H%®®ssnsess INSUFFICIENT NJUMBER OF 3STRIPS AVAILABLE)
«00 FORMAT (/710X 2 (17X, 2HXB 98Xy 2HMB, BXy 2HPB 7 Xy 4HOU0X))

END
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c
[ THIS SUBROUTINE CALCULATES THE INITIAL CONDITIONS USED IN THE
c LOWER SURFACE :
c
COMMON c yCK sRS gFM sALPHA
COMMON/ ACONM/X s XA sVN VS oM s OY
i s YO » PO s RO »U0 VO yRMO y DUO
2 ,'(2)10’.’(2,10),‘(2910,,U(Z,iu',V(Z,iﬂ),RH(Z,lD),DU(Z,iU)
CONMONZCC OM/ X8 i sOYB ,00YB s OUS » 8
1 U8 9 RMB .DB oMS sCRA
COMMON/DCON/CS s CZ IV s01 ,001
1 s ¥00 s ISKIP
COMMONZ AINPUT/ pvoolI ,XA&S s BDUM( 2) 4 XAT 4sCYD
1 sCOUMLE) ,CXI 2 DOUML6),DE s ¥S0O s ¥S »EDUM(2)
2 oNN1C3) ,NNLWR ,NNZ2(3) ,H1(2) sHSO yH2(3)
COMMON/YUVSAY/ NNO, NNSPR, NNDWN
1 sYI(10,2V,UT(40,2),VI(10,2),YUV(SE)
COMMON/ZCOMNN/ZNN
COMMON/RBUBCHM/RBUB sUBINTT y IRBUR
COMMON/OUTCOM/ ADUM4BD0DY, 11 9112
D(A0, Aly A2, Z) = AQ ¢ A1%*7 ¢ A2%7%2
c
c INITIALIZE INPUT
DCX = 004
I12=0
11 =0
NN14(?7) = 0
IFC((XAI-CXT & 3,%DCX).GT.0,0) RETURN
NN = NNLWR
XA = XAI
X = =DE
HS = HSO
DO 45 N = 1, NNO
Y(2,N) = YI(N,2)+YSO4+YS
Ut2,Ny = UI(N,2)
VI2,N) = VIIN,?2)
VSG = UC24N) “U(2,N) #V(2,N}*VI2,N)
R{2,N) = {(C-¥SQ)/7(C-1.))**2,5
PL2,N) = RE2,NI*"1 .4
45 RM(2,N) = SORVT(VSO®(2,NI/7(1,L*CK*P(2,N)))
c
c CALCULATE FACTORS USED IN DETEIMINING RBUB
Y1 = Y(24,NNO=-1)-YS~-YSO=-YI{(NNO,?2)
Y2 = Y{24NNO=2)=YS=YSO=-YI(NND,2)
CALL AiSUq(Yi,Vg,U(Z,NNO)pU(?,NNO‘l),U(Z’NNO'Z),AiU)
CALL A2SUB{Y1,Y2,U(2,NNO) 4U(2,NNO~1),UT2,NNO=2),82V)
CALL A1SURKLY1,Y2,V(2,NNDY,VI2,NNO=-1) ,VI2,NNO=-2), AL V)
CALL A2SU3CLY1,Y2,VI2,NNOY ,V(2,NNO=11,V (25NNO-2) ,A2VY
BO = U({2,NNO)*R(2,NND)
81 = UL2,NNO-1)*R(2,NND-1)
82 = UL2,NNO-2)¥R{2,NNO-2)
CALL A1SU3(Y1,Y2,R°0,81,82,A10)
CALL A2SU3(Y1,Y2,B0,81,92,A2C)
CALL ARFL (xAsS, XBS, YS, Dyas, DNYBS,?2)
DBS = (DE ¢ X2SI*SORT(1, ¢+ DYBS*®23y/,/0YBS
YOS = (DE+XARS)/DYAS-YSO=YI(NNO,2)
U0 = D(UL2,NNOY,21U,A2U,YDS)
VO = DIV(2,NNO),A1V,A2V,YDS)
RO = ((C - UO*®*2 - VO¥*2)7(" ~ 1.,))1%%¥2,5
VS = (UD ¢VO*DYBS)/SIART(1, +NYBS**3)
CLA= DABS ¥RO®*VS/2.
. CLRBR = B0%YDS & ALT®YIS¥*272, 4 A2T®YNS*¥e3/3,
CALL ARFL (xA&, X8, Y3, DYR, DNYR,”
YO = (DE % X3)/0YR + Y8
¥D = YO~YSO-¥S-YI{(NND,2)
c
c FIND A VALUT FOR Y2 SUCH THAT YN IS LTSS THAN Y2

J=0
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L4 ] 88 J = Jeg
Y1 = YU2,NNO=-J) =¥YS-YSO-YI(NNO,2}
Y2 x Y{2,)NNO-J~10-YS=-YSO-YI(NNO,2}
IFLYD-Y2) 52,48,48
c
c CALCULATE RBUB
52 IF(J.EQ.10 GO YO S&
CALL A1SUBLY1,Y2,Ul2,NNO) ,UU(2)NNO=J) UL 2,NND=-J=-11,A1U)
CALL A2SUB(Y1,¥2,U(24NNOY yU(2,NNO=J) yUL2,NNO~J=11,A2U)
' CALL ALSUBIVL,Y2,VI2,NNO) s VI2,NNO-J) 4V (2,NNO~J=-1) ,A1V)
890 CALL A2SUBILYL,Y2,V{2,NNO) ,VI2,NNO~J),VI2,NNO-J-1) ,A2V)
B1 = U(2,NNO=J)Y*RE2,NNO~J)
82 = UL2,NNO=J=1)*R(2,NND~-J=-1)
CALL A1SUB(YL,Y2,R0,81,82,A1C)
CALL A2SUB(Y1,Y2,B80,B81,82,A20)

14/

85

c
C CALCULATE RBUB
S& YO = D(UL2,NNOY,AL1U,A2U,YD)
V0 = DUV(2,NNOY, A1V, A2V,¥YN)
RO = ((C = UO®*2 - V0**2)7(C - 1.))%%2,5
90 CT = 1./SQRT(3. + 0YR**2)
‘ ST = pyBeCY

RAB = ARS(1,/(CY*®3eNNYR))

De (DE + XBY /ST

¥s UO¥CT & vO®*<T
95 VN =-UO*ST & vO®*CY

CALL ARFL {XA®#HS®*CT,X3T, YBT, DY3T, DNYBT,2)

ORT = 0B & (1, ¢ DB/(RAB+DB))*YN/VS*HS

H = XBT - DRT®*DYRT/SQRY(1. ¢ D0YBT®®2) - X

CL = 30%YND & AL1C*YD**2/2, ¢ A2C*YD*®3/3, + CLA - CLE
100 . RAUE = 6,%CL/DB - VS®*RO = 4,*VYST*RNO*CYN

[}

IRBUB=1
IF (RBUBY 55,55,58
55 IR8BUB = 1
105 RETURN
58 UBS = 0.1
RAUBP = R3UB®®(0.4%*{C-1.)

c USING NEWYON RAPHSONG METHOD ITERATE ON UAR UNTIL RUP = RBUSP
110 UB = D.1
00 60 K=1,50
RUP = CrUR**Q,L-UR**2 4
IF(ABS(RUP-RBUBP),.LT,.000001) GO YO 70
DRUFDU = 0.4*C/UB*®*D,.6~2.4%U3*" 1,4
115 UB = UB ¢ (RBUBP-RUP) /DRUPDU
IF(UB.LY,.0) UBS = UBS+,05
IF(UB.LT.0.) UB = UBS
IF(UBS.GT.1.,) RETURN
60 CONTINUE
120 c
IRRYUR = 2
65 RETURN

70 RB = ((C-UB*US)/(C~1.)1%%2,5
125 UBINIT = yA
o8 = RI**L,4

c
€ CALCULATE RMR FOR THIS UB
RMS = UB/SQRT(1,4*CK*D8/RB)
130 IF (YO/Y(2,NNY.GE.0.3) NN = NN = 1
PO = RO*®1.4

c
RMO = SORTC(UD®®2 + VN**2)/(1.4¥CK*PO/RO))
c
135 CALL SUBCRTi(?2)
RETURN
END
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SUBROUTINE SUBCRYTL LS

THIS SUSROUTINE CALCULATES SUSBCRITICAL FLOW FOR THE INITIAL PORTION

OF THE AIRFOIL SURFACE

COMMON c sCX RS oF M sALPHA
COMMONZACOM/ZX o XA s VN sVS 'L s 0Y
i s YO »®0 9RO »U0 sVO » MO s DUO
2 9¥€2,100,P(2,10),R(2510),U(2,10),yV(2,20) RM(2,10),0U82,10)

COMMON/CCOM/ XS Y8 »0Y8 »00YB s0UB y P8
b yuUB sRNB s NB s HS syCRA

COMMONZDCOM/CS s C2Z »DV1 »Q1 »0Q1 s RK
1 s¥00 s ISKIP

COMMON/AINPUTY NDUM(12),CXI yRUNMTLL) JNNL(T) LH1(E)
COMMONZOUTCON/

1 XB0(160) ,RMBO(160),DUBO(160),I1 9112
COMMON/COMNNZNN

COMMON/COMPRSZXX (160, 2) ,PP(160,2) 4NP(?)
DIMENSION BX(4),8U(k,10),BVI4,10),3Y(4,10)

INITIALIZE INPUT

DCX = 0.0064

CX = CXI -3,*nCX
CRA = 1.0

112=0

I=0

N1 = NN = 1

100 BO 106 K=4,38

PERFORM FLOW INVTEGRATION STVEP
CALL OUNS(1,J)
00 10« N = 3, Ni
106 CALL INAS(1,J,yN,1)
CALL INBO(NN,J)

I1 = IIe1
XBOtII) = XB
RMBO(II) = RMS8
XXCIT,JY = X3
PP(II,J} = P8
DUROLIIY = DUB

IF (RMO .GE. 140 «OR.s NUB «LZs D40) RETURN

IF (XB +GE. CX ) GO TO 120

196 CONTINUE

PETURN
SAVE FLOW PROPERTIES AT THIS STATION

120 I=Tedt

3X¢I) = X

DO 12& N = 2, NN

BUCILN) = UI, N

BVIILN) = via, N}
124 BYU(ILN) = YWI,N)

IF (I - &) 126, 200, 200
126 CX = CX & DCX
GO YO 100

CALCULATE FLOW PROPERTIES AY X3 AS INPUT TQ NEXT STEP

200 UD = UA/SQRT(1.+DYR*NYR)
: VO = Ud*NnY8

VsSQ = us*us
RO = ((C=VSQIZ7{C-1.,))%**2,5
PR = RO*%1.4

RMQ = SORT(VSN*RO/{1.L*CK*PO))
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7%

80

NY

00 228 N = 29 NN

CALL LGRNGN(BY (1,N)4BY{2,N},3Y(3,N),BY (4N,

1BX 1) ,8X2),8XC3),8X(4) yXB,Y{IyN)?

CALL LGRNGN(BU(1,N) ,BU(2,N),8U(3,N),BUL&,N),

1BX (1) ,BX12),BX(3),AX (&) 4XB,U(JyN))

220 CALL LGRNGNIBV(1,N),BVI2,N) ,3V(3,N) 4RV (UL,N),

18X (1) ,8XE2),8X(3),BX(L4),XB,V(JyN))

IT = Ileg
XXCII,Jd) = X8
PP(II,Jy = PH
XBOL(II) = XB
RMRBROCII) = R%3
DUROIII) = DUB
NN1CT)} = II
RETURN

END
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c

3 X3

c

SUBROUTINE SUBCRY2(Y

THIS SUBROUTINE CALCULATES SUBCRITICAL FLOW FOR THE ARULK OF THE
INTEGRATION PROCESS

COMMON c sCX sRS oF M sALPHA

COMMONZ ACOM/ X s XA sUN sVS oH s OY

1 » Y0 yPO RO »Uo ' VO s RMO s OUO

2 s ¥(2,10),P(2,10),R(2,10),Ut2,10),¥(2,100 ,RM(2,10),0U(2,10)
COMMON/ DC OM/CS »C2 sDVY s 01 »00Q1 s RK

1 »¥00 sy ISKIP

COMMONZAINPUT/ DUM (263 ,NNIL7) LHIC(D) o HO yH2(2)
COMMONZOUTCON/

1 AXAC(160) ,ARMO(160) ,A0Ut160) ,II s 112

COMMON/COMPRS/XX(160,2)4yPP(160,2) 4yNP(2)
COMMON/ YUVSAV/ NNINIY, NNSPR,NNOWN

1 P YUV 90 ,YUC10) ,UU(10),VUC10),YLC(10),ULC(10),VLC10)
2 sYOU,YOL ,UOU,UOL,¥YOU,VOL
COMMON/COMNN/NN

DCAO, ALy A2y 2) = AD & A1%Z + A2%72%7

INITIALIZE INPUT
NTERM = 3
CX = 0.5
ISKI® = 2
CS = 1,0
€z =¢C
H = HO
CALL ARFL (XA, X, YO, DY,D0Y,2)
N=NN
VSO = ULJsNNIRUCJUZNNY V(S ,NN) *YV(JI4NN)
RCEJyNNY = ((C-VSQ)/7(T-1,))%%2,5
PUJUYNN} = ROJI,NNY®®q 4
RMUJyNNY = SQRTIVSQ®*R(JyNN) 7 (1. 4*CK*P LU ,NN) )

250 M = ABS((1.=X) /H)
DO 268 K = 1, M
00 266 KK=1,NTEQM

PERFORM FLOW INTEGRATION STEP
CALL OUNS(1,5
X = X&H
D0 265 N=T3yNN
265 CALL INAS(1,J,N,NN)Y

IF(XeGEsCXsORXeLT ,0s0.0RRMOLECOs1.0RRMO.GE.1,0.0R,
1 ABS(ADUCIT)IL.GT.2.0) GO TO 267

266 CONTINUE

267 I1 = 11+t
AXACII) = XA
ARMOLII) = RMO
ADUCIIY = DUCJIZNNY
X

XXCII,Jy =
PPLII,J) = PO
IF (X +GE. CX ) GO TO 270 -

IF (X oLV, O¢ «0Re RMN JLE, 04%cOR.RMO.GEL140) RETURN

" IFCAASULADUCIT) ) oGT42.0) NN = NN-1
258 CONTINUE
270 CONTINUE
IF(CX.GT7.92.93939) GO TO 380

ADD ANOTHER STRIP TO THE INTEGRATION
Y1 = YUJyNN=1Y =Y (J,NN)
= YUJyNN=2Y =Y (J,NN)

Y2
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c

GO Y0 250
SAYE FINAL FLOW PROPERTIES OF THIS SUBROUTINE A4S INPUT TO NEXT STEP
380 I12=1
NPC)) = II
IF(J.EQ.2) GO TO 410
DO 400 N=1,NN
YUIN) = Y (J,N)
UUCN) = UTJ,N)
400 VUIN) = VIJ,ND
YOU = YO
Uou = Uo
VOU = ¥0
RETURN
410 DO 420 N=1,NN
YLENY = Y(J,N)
T ULENY = UJS,NY
420 VLIN) = V(J,N)

CALL ALSUBIYL,Y2,UtJyNN) yUCJyNN=1Y,UTJIyNN=2),21U)
CALL A2SUBLYL,Y2,UCIyNNY,U(J,NN-1),UCJ,NN=2),A2U)
CALL ALSUSIYL1, Y2, VIIyNN) , VI, NN=1Y,V(JI,NN-2),A1V)
CALL A2SUBCYL,Y2,Y(J)NNI,V(JyNN=1), V(JyNN=2),22Y)
NN = NNe1i

Y(JyNN) = Y(J,NN~1)72,

UCIyNNY = DIUCJ,NN-1) ,A1U, A2U,YCJ,NN) ~Y (J,NN=-1))
VOJINNY = DEVUIINN=1) 4RIV, A2V, Y(J,NN) ~Y (JyNN=-1))
VSO = UCIyNNYRULI,NNY #V LI NN) BV J,NN)

RUJ4NN) = ({C-VSQ)2(C=-1.,))*"*2.5

PUJyNN} = RUJyNNI®®q 0

RM(JIyNNY = SQRTIVSQ*R(JIH,NNI/Z (1, LOCKEP(J,NN)))

CX = 1.0

YOL = YO
uoL = U0
VoL = VO
RE TURN
END
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SUBROUTIMNE IOUPRCY |

THIS SUBROUTINE PRINTS THE. INSUT P‘RANETERS AND THE CALCULATED
OUPUT FOR SUBROUTINE UPRCRIT

COMMONZAINPUT? AIN(2&) JNNLIC(T) ,HI(6E)
COMMONZYUYSAY/ NNINIT ,NNSPR,NNIWN,YUV(156)
COMMON/ZOUTCON/

1 AXB(160) ,ARMB(160) ,0UM(160) ,II 2112

DINENSION ISTAR(5),ITITLE (&)
DATA (ISTAR(I),Iz1,5) /5¢10Hssssssosnr, |
DATA (ITITLEC(I),I=1,8)/710HTEST OF CR, 10HITICALITY®,10H UPPER S,
1 10HURFACE ’
WRITE(6,2000 C(ISTARCIN,I=1,5),CITITLECI),I=1,2},(ISTARCI) 41=1,5),
1 CITITLECD),Iz3,8)
WRIVEC6,220) NNINIT,AINC20)
WRITE(6,230) AINC22),AIN(21)
CALL UPRCRIT
IFCIT.EQ. 0) RETURN
IHALF = 1172
J = MODCII,2)
IHALFL = IHALF
IFCJ.EQe1) THALF1=IHALF+1
WRITE(E,400)
IF(I1.EQ.1) GO %0 25
DO 28 I=1,IHALF
20 WRIYE(6,3000 AXB(I),ARMBCI) JAXB(T+IHALF1) ,ARMBCI+IHALF1)
IF(J.NE.1) GO TO 28
25 WRITE(6,300) AXB(IHALF1),ARM3CIHALF1)
28 RETURN

200 FORMAT(1H1,40/),7X,12A810/57X,2R810/)
220 FORMAT{/20X,34HFROM THE UPSTREAM SOLUTION, NN =,12,8H, 0E =,

-1 F10.69

230 FORMAT(/20X,36HFROM THE STAGNAYION SOLUTION,- ¥YS =,F10.6,

1 9H, ¥YS0 = 4,F10.6)

300 FORMAT(30X,2(10%X,2F10.4))
30 FORMAT(//29X,2(18X,2HXB,8X,2HMA))

END
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SUBROUTINE UPRCRIY

THIS SUBROUTINE CALCULATES MACH NUMABER OR A SELECTED NUMBER OF
POINTS ON THE INIYTIAL PORTION JF THE UP®ER SURFACE

COMMON c s CXK sRS sFM yALPHA
COMMON/ ACOMZ X 9 XA s VN s VS o H s DY
1 » Y0 2 PO 1RO » U0 »VO s RMO y DUO

2 2V(2,100,P(2,10),R(2,10),U(2,10),V¥(2,10),RM(2,10Y,0U(2,10)
COMMONZYUVSAY/ NNO, NNSPR, NNOWN

1 s YIC10,29,UI(1N0,2),VI(10,2),YUV(96)
COMMON/ZATINPUT/ZOUMC 19} ,DE yY<O »YS »DDUMC2) ,NOUM(T)
1 sHOUM( 6)
COMMON/ZOUTCONYZ
1 AXBC(160) ,ARMB(150),ANUM(16M),11 y 112

0CAQ, A1, A2, 7Y = RO & A1%7 & A2*7%7

INITIALIZE INPUT
ND = NNO - 2
D0 50 N = NN, NNO
Y(L,N) =YI(N,1)-YS0-¥YS

UCL,N) = UTIN, 1)
YO1,N) = VII(N, 1)
50 ROE1,N) = ((C-UUL1,NIPUCL,N)-V(1,NI®V(1,N)I/(C-1,))%"2,5

Y1 = Y(1,NNO-1) ¢YS+YSO~YT(NNO,1)
¥2 = YU1,NNO-2)#YSeYSO~YT (NNO,1)

CALL A1SUS(Y1,Y2,UC1,NNOY 4U(1,NNO=13,UC1,NNG=2) ,A1U)
CALL A2SUSCY1,Y2,U(1yNNO)Y 4UT1,NNO=1),U(1,NNO=2) ,A2U)
CALL A1SUS(YL1,Y2,VE14NNO) y¥T{14NNO=1),V(1,NNO=2) ,A1V)
CALL A2SUBCY1,Y2,V{1,NNOY ,V{1,NNO=1),V(1,NNO=2) ,082V)

. 80 = U(1,NNOY*R{1,NNO)
Bl = U(1,NNO-1)®RC1,NNO-1)
82 = UC1,NNO~2)*R(1,NNO~2)

CALL A1SU3(YL,Y2,80,81,R2,44C)
CALL A2SU3(Y1,Y2,R0,91,82,A2C)

0X = ,003
56 XA = 0,
IT =0

D0 100 I=1,20
XA = XAeDX

DETERMINE RAUB FOR THIS XA
CALL AaRFL (xa, x8, vy3, DY8, ONYR,1)

YO = (DF * XBy/0YR & Y3
YO = YO#YSO#YS-YI(NNO,1)
Uo = DIUC1,NNOY,A1U,A2U,YD)
VO = DUVE1,NNO) ,ALlV,82V,T")

vSQ = U0*UO*VO*VO
IF((C-¥S0).GV.0.) GO TO 57
IF(TGT43.0R.NX.LTL0,0006) REYURN

OX = ,0005
6N Y0 356
57 RO = ((C-VSQ)/(C-1.,1)%%2,5
CT = 1.,/SQRT(1. ¢ NY3®*2)
ST = DYBe1Y
0® = (NF + X3) /ST
VS = UO®CYT & VO*<T
CL = BO®YN & A31Ce*YO®*2/2, + A2C*YD**R/3,

RBUB = 2.*CL/DP-VYS*RO

IREUS = 0

IF(RAUA,LT.0,Y GO TO 100
59 UB< = 0,1

pAayPp = RBYBFLQ, L*(C-1.)
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USING NEWTON-RAPHSONG METHOD, ITERATE ON US UNTIL RBUBP = RUP

UB=0.1

00 €0 K=x1,50

RUP = CHUNSE], 4-UB®*2,4

IF (ABS(RUP-RBUB®) ,LT..000001) 60 TO 70
ORUPOU = 0.,4®C/7UB*®0,6-2.4%U3%"1.4

Us = UBe (RBUBP=-RUPY/DRUPDU
IFEUB.LT.0.) UBS=UBS+.05

IF(UB.LY. 0.} UB=URS

IFCUBS,.GT.1.) GO YO 100

60 CONTINUE

IFCI.GT.3,0R,OX.LT.0.0006) RETURN
ox = 0005
G0 YO 56

70 RB = ((C-UB®**2)/(C~-1.,))%"2,5

P8 = RI*TL,. 4

CALCULATE RMB FOR THIS UB
MB = UB/SQRY(1.4*CK*PB/RB)

IT = Ilet
ARMB(II) = RMA
AXB(II) = X3

100 CONTINUE

RETURN
END
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SUBROUTINE IOUPRIN(ICRIT)

THIS SUBROUTINE PRINTS THE INPUT PARAMETERS AND THE CALCULATED
OUTPUY FOR SUBROUTINE UPRINIT

COMMONZAINPUT/ AIN(26) yNN1(7) ,HI(6)
COMMON/ZYUVSAY/ NNINIT,NNSPR,NNOWN,YUVI(155)
COMMONZQUTCON/
1 X80(160) ,RMBO(160),0UB0(160),I1 yI112
COMMON/COMPRS/XX(160,2) ,PP(160,2) 4NP(2)
COMMON/RBUBCN/RBUB »yUBINIT yIRBUB
DIMENSION ISTAR(5),IVITLE (u4)
DATA (ISTAR(I),I=1,5)/5%10H sevresssna,
DAYA (IVIVLECI),I=1,u4)/710H* INITIAL ,10HSOLUTION *,10H UPPER S,
1 10HURFACE (4
J=1
WRITE(H,200) C(ISTAR(I)I=145)y(ITITLEC(I),I=1,2),(ISTAR(I),I=1,5),
1 UITIVLE(D), 1=3,4)
WRIVE(6,210) NN1(3),AINC3) ,AINCG) ,AINCLIL) yHI(2)
NN1t7) = 0
IF(HIC(2) 4GV.0.0001.0R.NNINITLGELNNL1(3)) GO TO &
IFC(HI(2) 4LY.0.0001% WRITE(6,360)
IFANNINIT.LTNNL(3)) WRITE(6,370)
RETURN
& CALL UPRINIT(ICRIT)
IF (IRBUB.EQ.0) WRITE(6,330) RBUB,USINIT
IF(IRBUB.EQ.1) WRITZ(6,350) RBUB
IFC(IRBUB.EG.2) WRIFZ(6,340) RBUS
IFCII.EQ. 0) RETVURN
IFC1I2.EQ.0) NN1(7) = II+1%
IF(II2.€Q.0) II=II+1
IICX = NN1(7)
IHALF = I1Ir2
K = MOD(II,2)
IHALFL1 = THALF .
IF(K.EQs1) IHALF1 = IHALF+1
WRITE(6,400)
IF(II.€Q.1) GO YO 15
DO 10 I=1,IHALF
IF(I.NEJIICX.AND.(I¢IHALF1) NELIICX) GO TO 5
IF(IEQ.TICX) WRIVE(6,310) (ISTARILY,L=1,4),XBOC(I+IHALFL),
1RMBOC(I+IHALFL) ,PP(I+IHALF1,J) ,0URBO(I¢IRALF1)
IFC(I+THALF1) L EQ.TICX) WRRAITE(E,320) X304I),RMBD(I),PP(I,J4),0U30(I)
1 H(ISTAR(L)yL=1,4)
GO T0 10
5 WRITE(6,300) XBO(I),RM30(I) PP(I,J),0UBOCI) X30(I¢IHALF1),
1 RMBOC(I+IHALF1),PP(I+IHALF1,JY,0UBD(I+IHALFL)
10 CONTINUE
IF(K«NE.1) GO TO 18 :
IFCIICX.EQ.IHALF1) WRITE(E,310% (ISTAR(L)y.=1,44)
IF(IICX.EQ.IHALF1) GO TO 18
15 WRITE(6,300% XBOCIHALF1) ,RM30(IHALF1) ,PP(IHALF1,J),0UBOCIHALF])
13 IF(II2.LE.O) WRITE(6,260)
RETURN
200 FORMAT(uw(/), 7X312810/57X,2410)
210 FORMAT( /720X, 4HNN =I2,9H, XAO =3F10.6,3H, CYD =F12.8,
1 9H, RMC =,F10.648H, HS =,F10.6)
250 FORMAT(/20X,39H*ovresvsee INTZGRATION WAS NOT COMPLETED )
300 FORMAT(10X,2(10Xy4%104.4))
310 FORMAT(20X,4A10,10X,4F10,4)
320 FORMAT(20X,4F10.4y10X,4A10)
330 FORMAT( /u47X,6MRPUB =,F10.6,10X,4HUB =,F10,5)
340 FORMAT(/ 39X,6HRBUR =,F10.6,40H******¢F L Od CONDITIONS CANNOT BE MAT
1CHED )
350 FORMAY(/ 59X,6HRRUB =,F10.6)
360 FORMAT(//720X,29H*e*ererexss5T7:D STZE TOO SMALLY
370 FORMAYT(//20X,uQH*exrvsevs®aINQUFFICIENT NUMBER OF STRIPS AVAILABLE)
403 FORMAT(//10X,2(17Xy2HX3,3Xy2HM3,8Xy2HPB,7X, kHDJUDX))
END

126



1¢

15

20

25

30

35

L1}

&5

50

55

60

65

s Xy X1 X2]

[+
c

C

c

SUBROUTINE UPRINIT(ICRIT)

THIS SUBROUTINE CALCULATES THS INITIAL CONDITIONS>ON THE UPPER
SURF ACE

COMMON c »CK RS sFM sALPHA

COMMON/ ACONZX » XA »VN ' ¥S s H s OY

1 s Y0 sPO sRO s U0 VO s RMO s OUO
2 9¥(2,100,P(2,10),R(2,10),U02,10),¥(2,10) ,RM(2,10),0U(2,10)
COMMON/CCOM/ XA » Y8 »0YB »00YB s0U3 s PB

1 VB yRMB »08 s HS sCRA

COMMON/AINPUT/ - ADUNC2) 4XA0 sCYD syDUM(15) ,0F

1 2 YSO s ¥S s DOUM(2) 4 NDUM(2) NNUPR  4MDUM(&) 4yH1

2 s HST yH2(h)
COMMON/YUVSAV/ NNO, NNSPR , NNOWN

b sVI€10,2Y,UI010,2),VIC10,2),YUV(96)
COMMON/ZCOMNN/ZNN

COMMON/OUTCOM/ZEDUMCLRD) ,TI 112
COMMON/RBUBCN/RBUB sUBINIT yIRRUS

DCAC, A1, A2, ZV = AO + A1%7 4+ A2%7%2

INITIALIZE INPUT

I12=0
Ir=10

HS = HSI
NN = RNUPR
X = «DE

XA = XAO

D0 52 N =1, NNO

YU1,N) YI(Ny1) =-¥S0-YS
Ulti,N) UIN, 1)
VUL,N) VIIN, 1)

R(1,4N) ((C-¥S7/(C=-1,))%%2,5

VSO = UG yNIRUCL, NI +VIL,N)®VI1,N)
PUL1yN) = REL,NI®®1,4

52 RME1,N) = SART(YSQ*R1,N) 7 (1., L*CK*P(1,N)))

CALCULATE RByS

Y1 = Y(1,NNO-1)¢YS+YSO-YI(NND,1}

Y2 = Y(1,NNO=204YS+YSO=YT (NNO, 1}

CALL A1SUB(Y1,Y2,U{1,NNO) ,Ul1,NNO=1) 4UC1,NNO~2) 4A1U)

CALL A2SU3(Y1,Y2,UCL,NNOY yU(1,NNO=1) 4U(1,NNO~2) 4A2U)

CALL A1SU3CY1,Y2,V(1,NNO) 4V {1,NNO=13,V(1,NNO=-2), A1V}

CALL A2SUSEY1,Y2,V(1,NNO) yV{1,NND=1),V(1,NNO~2),A2V)
= UC1,NNOY®R(1,NNO}

81 = UC1,NNO-1}%R(1,NNO-1)

82 = U(1,NNO-2)1®R(1,NNO-2}

CALL A1SUB(Y1,Y2,80,81,B2,A1%)

CALL A25UB(Y1,Y2,80,81,B82,42C)

CALL ARFL (XA, XB, Y3, DY®, DOY8,1)

Yo (DE + X3y/0Y3 + v8
Yo YO+YSO#YS~YI(NNO,1)
uo ODCU(1,NNOY,A1U,82U,YD)

((C - UD**2 - VYO**2)/7(C -~ 1.,)h%*2,5
RO**1{.4
RMO = SQRT{IUO®*2 + YO®*2)/(1.4*CK*PO/RD))
= 1./SGRT(1. + DYB**2)
SY = DYBeCY
RAR = ABS(1,/7(CT**3%D0YB)}
DB = (DE ¢ XxB)Y/ST
= UO*CT & VO*SY
YN =-UD®*ST & VO=CY
CL = BO®YN 4 AICRYN¥®2/2, + A2C*YNY*3/13,
RBUE = 6,*CL/DR - VS*RO - u4,*VS*RNO*CYD

VO = D(VU1,NNOY,ALV,A2V¥,YN)

IT =9
T28UB=0
IF(R3UBY 55,55,58
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55 IRBUA = 1
RETURN

58 URS = 0.1
75 RAUBP = ROUB*#Q,.&*(C-1.)

c USING NEWTON-RAPHSONG METHOD, ITERATE ON UR UNTIL RBUBP = RUP
ug = 0.1
00 €0 K=1,50
80 RUP = C*UB*®Q,4-UB%®2,. L
1F (ABS (RUP-RBUBP) ,LT,.000001) GO TO 70
ORUPDU = 0.4*C/UA®®0,6-2,48%UB%%1,5
us = UB ¢ (RAUBP-RUPY/DRUPDU
IF(UB.LT.0,) UBS = UBS+.05
85 IFQUR.LT,.0.) UB = UBS
IF(UAS.GT1e) RETURN
60 CONTINUE

C.
IRBUAR = 2
90 65 RETURN
c
70 IF(C-UR*UAY 65,65,71
71 R® = ((C-UB*UBIZ(C-1,)1%%2.5
UBINIT = UR
95 PR = RA*® 1.k
c

v ClLCUtATE RMB FOR THIS US
RMB = UB/SQRT(1.4*CK*PB/RB)

100 CALL ARFL (XA®HS®CT, XBT, YAaT, nyart, 00YaT,1)
© DBEY = DB ¢+ (1. ¢ DB/Z.(RARENT)) YN/ VSH*HS
H = XAr - DBT®DYAT/SQRV(1, 4 NYBT**2} - X

IFCICRIT.FQ.1) CALL SPRCRATL(L)
105 IFC(ICRIV.EQ.2) CALL SU3MRT1IILY

RETURN
END
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SUBROUTINE SPRCRT1C(Y

THIS SUBROUTINE CALCULATES THE INIVIAL FLOW CONDIYIONS ON THE UPPER
SURFACE

COMMON c »CK WRS oF M SALPHA
COMMON/ ACOM/ X ) s VN sVS oM , Y

1 Y0 s PO »RO »U0 »V0 sRMO + DUO

2 yY12,100,P02,10),R12,100,U(2,10) ,V (2,100 yRM(2,10),DU(2,10)
COMMON/CCOM/XB »Y8 +0Y8 »00Y8  ,0U8 , P8

1 ,uB JRMB ,08 yHS +CRA
COMMON/DC OM/CS ,C2, ANOUM(5) ,ISKIP

COMMONZATNPUTY DUM(13) ,amC sBOUMIL) yXASPR  ,COUMLS)

1 sNN1(7) ,H1(6)
COMMON/YUVSAY/ NNINIT  NNSPR,NNOWN

1 sYUVL(60) ,¥YSPR(10) ,USPRI10) ,VSPR(10) ,YUV2(66)
COMMON/ZOUTCOM?

1 X80(160) ,RMBO(160),0UBO0(160),I11 y 112
COMMON/COMPRS/ZXX(167,2) ,PPL160,2),NP(2)
COMMON/COMNN/ZNN

DIMENSION BVS(6),BVYN(A),3DR(6)
DIMENSION BX(4) yBXA(®),BUB(L) y8MB L), BU(L,10),3V(4,10),BY(4,10)

INITIALIZE INPUY

I12 =0
CRA = 0,
€SO0 = 0.9
DCSO = 02
DCS1 = .03
NYEFRM = 3
I =0

N1 = NN = 1

100 90 110 K = 1, 100

D0 108 KK=1,NTEQM

PERFORM FLOW INTEGRATION STEP IN THE SUSSONIZ REGION
CALL OUNS{1,3)
00 104 N = 3, N1

104 CALL INAS(1,J,N,1)

CALL INBO(NN,J}

IF(RMB,G5.CS0,0R.DUB.LELS5.0) GO TO 100

138 CONTINUE

109 II = ITe1

X80(II) = X8

RMRO(II) = RvA
guUROLIIY = DUB
XXC(II,3) = X3
PO (II,J) = P2

IF(PMB,GF . 1..0R.DUB.LE.5.) RITUPN
IF (RMB.GZ.CS0) GO T2 120

119 CONTINUE
RETURN

IF THIS IS THE FIRST TIME THROUGH DECREASE THE STE® SIZE BY F
120 IFLI.GT.0) GO TO 122 =7 SIZE EY HAL

HS = HSr2,
“H = HI2.
SAVE FLOW P2CPERTIES AT THIS STATION FOR FUTURE USE
122 I=1#1
3X{(I) = X
AXALI) = XA
BUR(I) = uB
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RMN8
18
VS
VN

70 BMB (1)
BOR(I)

BYS(D

BVN(T)

00 128 N = 2, NN

75 BUCI,N) = ULJ,N)
BVII,N) = VII,N)

126 BYUI,N) = Y(J4ND

ZuWwuwow u

IF (I - &y 126, 150, 1S5S0
80 126 CSO = CSO ¢ 0OCSO
GO YO 100

8s HS/ZSNRT(1, ¢ DY3¥*+2)
FIND THE X STATION FOR WHICH RMA2 IS GREATER THAN 1,03 USING A
LAGRANGIAN FUNCYION

D0 160 N = 1, 100
90 : XA = XA & HX

CALL LGRNGN(BMB(1) ,8M8(2) 48M3(3),8M3t4),
1BXAC1) ,BXA(2),RXAL3) ,B8XA(4) ,X0,0M)
IF (RM8 ,GE, 1,03) GO Y0 201
160 CONTINUE

95 RETURN

CALCULATE FLOW PROPERYIFS AT THIS X STATION
200 II12 = -1
IT = II#14
100 NN1(7) = II
.. CALL LGRNGN(3D811),3Nn8(2),803(3),808304),
18XAT11),RxA(2) ,BXA(3)yBXALL),XA,DT)
CALL LGRNGNEBVS(1),3VS(2),8VS(X),3VS(uL),
19XA(1),8XA(2),BXAL(3),BXA(W) 4X8,VS)
195 CALL CGRNGN(BYNC(1) ,3VNT2) ,3VN(3),BVNCL),
1RXAC1) ,BXAL2) 3 PXA(3) , AXA (LD, XA, VN
CALL ARFL (XA, XR, Y3, DYZ2, DOYP,1}
CT = 1./SART(1, & NYN®*2)
ST = CT*DYR
110 YO = Y3 & D8*(CY
X = XB - NB*STY

a0

a0

UD = VS®CT - VNeST

YO = ¥YS®ST & VN*CY

RO = ((C - UO®UD - VOSVO/(C - 1.))%%2.,5
115 P0 = RO®*®1.4

RMO = SART((UO*UD + VN*VO)*RO/(1.4*CK*PO))
CALL LGRNGN(BUB(1),BUS(2),BU3(3),8UB(L),
18X AC1) yRXAC2) yBXAL3) yBXATL) 4 XA, US)
RA = ((C - U3*UAI/(T - 1,))%*2,5
120 P = RATEq 4
RMB = UB/SART(1,4*CK*P3/R7)
DO 220 N = 2, NN
CALL LGRNGN(BU(1,N),3U(2yN) ,AUTT,N),BU(L,N),
1BX (1) ,8X(2),3X (), AXIL) 4 X, UlJyN) )
125 CALL LGRNSNIBY (14N) ,8VI2,N) 43V IT,N) ,3VI4,N),
1 OX(11,AX(2),8%X13),0%(4) Xy VIJ,NI}
CALL LGRNGNEBY (1,N),8Y(2,N) y3YI3,N) 4 2Y (LyN)
1 BXC1Y 4 BX(2),3XCT) ,BX(4) 3 X, Y (JyNI D
VSC = UGJyNIRULI, NI ¢V EJ4N) *V (I, N)
130 REJyNY = ((C-VSD/LR-1,))%%2,5
PLJNY = P(JNI*"1,4 .
279 RMEJyNY = SQRY(VSQA*RIJIZNY /7 (1, L*TKEP(J,N)))

c
CS1 = RmMRm
135 I1=0
c
250 20 290 x = 1, 50
70 280 KK=1,NTERM
C
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180 c PERFORM FLOW INTEGRATION STEP IN SUPERSONIC REGION
CALL OUNS (1,4}
N1 = NN - 1
00 275 N = 3, Ni
275 CALL INASt1,d,Ny1)

1465 CALL INBO(NN,J)
c
IF(RMB.GECS1.OR.RMB,LT.1.0.0R.RM(J,NN) GE.RMC) GO TO 285
c
280 CONTINUE
150 c
285 11 = IIey
XBOCII) = X8
RMBOCII) = RMB3
OUBO(II) = DUA
155 XX(II, 9% = X8
PP(II, N = P8
c
. IF(RMB, LY ,.1.0,0R.RMB.GY,2.0) RETURN
c
160 IF (RMB ,GE. CS1) GO TO 320
c
IF (RM (D) NNY .GE ,RMC) NN=NN-1
290 CONYINUE
c
165 c SAVE FLOW PROPERTIFS AT THIS STATION
3201 = Iet
BX{I) = X
DO 324 N = 2, NN
BULIHN) = UGI,N)
170 BY(I4N) = VI, N)
32% BY(I,N) = Y(J,N)
c
IF (I - %) 326, 350, 350
¢ .
175 326 CS1 = CS1 & DCSH
GO YO 2590
v

c CALCULATE FLOW PROPERTIES AT XB FOR INPUT TO NEXT STEP

350 YSPR(1) = Y(J,1)
180 USPRI1) = U(J, 1)
VSPR(1) = V(J,1)

N0 360 N = 2, NN
CALL LGRNGN(BY (153N} 4BY(2,N),3YI3,N) yBY(ULyN),
1 BXU1) 4BX(2) 4BX{3),8X(4),X3,YSPRINY)
185 CALL LGRNGNI{BUC1,N) ,8UL2,N) ,3ULI,N) ,BULL,NY,
1 BX(1),8%X(2),B8X(3),3X(4),%XB,USPR(NY)
360 CALL LGRNGN(BV{1,N),BVI2,N),BVI3,N) ,BVIu,yN),
1 8X(1) 4BXL2) 4 BX(3),3X(4) ,X3,VSPRIN))
NN = NN#i ’
190 YSPP INN)
USPRINN)
YSPRINN)
NNSPR = NN
XASPR = XA
195 I112=1

Y8
UB/SQRT(1.,+0Y3*0Y8)
USPRINN) #DYR

wan

RETURN
END
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SUBROUTINE IOSPCT2¢4,L)

THIS SUBROUTINE PRINTS THE INPUT PARAMETERS AND THE CALCULATED
OUTPUT FOR SUBROUTINE SPRCRT2

COMMON/AINPUT/ AIN(24&) yNNL(T) HHI(E)
COMMON/YUVSAY/ NNINIT,NNSPR,NNOWN,YUY (156}
COMMON/OUTCON/

1 AXA(160) ,ADU(160) ,00Q0(160),11 s 112

COMMON/COMSPR/Z ARMO(160)
COMMON/COMPRS/XX(160,2),PP(160,2) yNP(2}
DIMENSION ISTAR(S) ,,ITITLE (&)
DATA (ISTAR(IN,I=1,5)/5%1Q0Heeesevcassy
DAVA (ITITLEC(I) I=1,4)/10H® AIRFOIL ,10HSOLUTION *,10H UPPER S,
1 10HURFACE /
WRITE(6,200) (ISTAR(I),I=1,5),(ITITLE(I),I=1,2),(ISTAR(IY,I=1,5),
1 (ITIVLE(I),I=3,4) :
HRITE(69210) NN1(5),AIN(7),(AIN(I),I=15,17),HI(5)
IF C(NNSPR.EQ.0) «ORc(NNSPR.GT.9)) 50 TO 20
WRIVE(6,220) NNSPR,AIN(19)
M= (1.0-AINCZ?)) /0,014 CAINCT)=041)70.,005¢€0.1-AIN(3))/HI(5)
IF(M.LT. 470, 0R«NNSPR.GE.NN1(5)) GO T3 &
IF (NNSPR.LVT.NN1(5)) WRIVE(6,330)
TF(M 6T 470) WRITE(S,320)
IFINN1(5) LT NNSPR) WRITE(6,330)
RETURN
D0 5 I=1,160
00QO(I) = 0.
CALL INVELOC(L,W)
CALL SPRCRT2(J,L)
IFCITI.EQ.0) RETURN
IHALF = I1Irs2
K = MOD(II,2)
IHALF1L = IHALF
IF(K.EQe1) IHALF1 = THALF+1
WRITECE,400) ’
IF(II.EQ.1) GO TO 15
B0 10 I=1,IHALF
10 WRITE(H,3100AXACIY ARMOC(I) yPP(I,4J),ADU(I), 00Q0(I),AXACTI¢IHALF1),
1 ARMO(I¢IHALF1),PP{I+IHALF1,J),A0UCI+IHALF1),00Q0(I¢IHALF1)
IF(K.NE.1) GO TO 18 '
15 WRITE(6,310) AXA(IHALF1),ARMO(IHALF1),PPIIHALF1,J)ADUCIHALF1)},
1 ODQO(IHALF1)
18 IFC(II2.EQ.0) WRITE(5,260)

v &

RETURN
20 WRITE(E,2500
© RETURN
200 FORMAY(4(/),7X,12A10/57%,24A10)
210 FORMAY( /720X, 4HNC =,12/720X, 12HSHOCK LOC. =F10.6,

1 10H, BETA = 4F10.6410H, DELS =,F1045,10H, CO0Q =yF10.6y
2 8Hy  HO =,F10.6)
220 FORMAT(/20Xy,31HFROM INITIAL CUNDITIONS, NN =,12,13H, XCINIT) =
1 4F10.6)
250 FORMAT(/20X,45H** v es¥ss0spReyIQyS STEP HAS NOT BEEN COMPUTED)
260 FORMAT(/20X,39Hesseexssee INTEGRATION WAS NOT COMPLETED )
310 FORMAT(2(13X,5F1C. %))
320 FORMAT(//20X,29H*®®**¥s¥¥®ST:p SIZF TOO SMALL)
330 FORMAY(//20X,49H*o e rsese s INSUFFICIENT NUMBER OF STRIPS AVAILAILE)
400 FORMAT(//2(17X,1HX 13X, 2HMO,8X,2HPO, 7X y4HIUIX, 6Xy 3HDOA,1X) )
END :
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SUBROUTINE SPRCRT2¢J,L)

THIS SUBROUTIME PERFORMS FLOW INTEGRATION FOR THE BULK OF THE
AIRFOIL SURFACE

COMMON c » CK »RS 2FM sALPHA
COMMONZACOMZX s XA »VN ’¥S o H s DY

1 3 4Y s PO s RO »U0 ' YO s RMO »y OUO

2 s¥82510),P(2,10),R(2,20),UC2,10),¥(2,10),M(2,10),0U(2,10)
COMMON/DCON/CS »C2 yOVL »Q1 »031 s RK

1 » ¥00 s ISKIP

CORMON/ZAINPUT/ ADUM(6) ,SL sBDUMIT) ,BETAU LDELS

b »CDDQ » RKI s XASPR  ,CDUM(3),CSI »CZI sNN1 (W)

2 oNNSPR  4yNN2(2) ,H1i(&) ,MO yHOWN

COMMONZYUVSAYV/ NNINIYV,NNO,NNOHWN

1 s YUV (60, YSPR(103) ,USPR(10),¥SPR{10),YUC10),UUL10),VUI10)
2 sYLC10),ULC10) ,VL(10),¥YOU,YOL,UOU,UOL,¥OU,VOL
COMMONZOUTCOM/

1 AXAC(160G) ,ADU(1608) ,00Q0(160),1I s 112

COMMON/COMPRS/Z XX (160, 2) yPP(160,2) 4NP(2)
COMMON/COMSPR/ZARMO(160)
DCAD, AL, A2, Z) = AOQ ¢ AL®Z + A2°%Z%7

INITIALIZE INPUT

NN = NNSPR
IT =0

I12=0

NTERM = 3
ISKIP = 3

PS = RS®*®1i.s
€S = 1.0

€z = ¢C

H = MO

XA = XASPR

CALL ARFL(XA,X,Y0,0Y,0UM,J)
BETA = BETAD/57.2957795

Y0 = YSPR(NNO}

UO = USPR(NNO)

VO = VSPRI(NNO)

Q0 = SQRT(UO®UCeVO®VO)

RO = ((C - QO**2)/7(C -~ 1.))%*2.5
PO = RO®"1.4

RMO = QO/SQRY(1.4%*CK*PO/RO)
DO 102 N = 1, NN

YCJyN) = YSPRIN)
ULJ,N) = USPRCN)

VOJ,N) = VSPRIN}

VSQ = UGJyNI®ULJINI VLN EVII,N)

RUJyN) = ((C=-VSQ)7(C=-1.))%*2,5 A
PLJyN) = RWUyNI**1,4

102 RM{JyN) = SQRVIVSGPRIJ,N) /(1. 4%CK*P(JyN))?

M = ABS((.99-X)}/H)
DQ1 = 0.0

DO 295 K=14yM

DO 280 KK=1yNTERM
0Q0 = D01

PERFORM FLOW INTEGRATION STEP IN SUPEZRSONIC REGION
CALL OUNS(1,0}
X = Xe&H
. 00 270 N = 3, NN
270 CALL INAS(1,J,N,NN) -
IF (ASS(OUO) eGE«100¢0.0RXeLTol0s0s0ReXeGEsSLOORRMOLT14)GOTO 285

IF (X «6Gcs 041) H = 0.005
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e 280 CONTINUE

285 0DQ = (DQL - DQOI/ZM
II = Ilet
. AXACII) = XA

14 ADUCII) = DUCJ,NMY
ARMO(II) = RMO
pDQOII) = DOQ
XXCII, 0 = X
PP(II,d) = PO

(1]
IFC(DDQ.GE.CODQ) NN = NN-%

IFCABStDUO) 4 GE.100+.0R.XsLT.0.0) RETURN
35 IF (RMO .LV. 1.0) RETURN
IF (X «GE. 0.1) H = 0.005

IF(X.GE.SLY GO TO 300 ,
90 c
295 CONTINUE
RETURN

C  APPLY RANKINE HUGONIOT RELATIONS THROUGM SH0CK WAVE

35 300 Q0 = SQRT(UCPUOD + YO*VO)

UO1 = QO®SIN(BETA)

V01 = QO*COS(BETA)

RMO = RMO®SIN(BETA)

R2R1 = 2. 4®RMO®®27(0.L*RMO**2 + 2.)
100 P2P1 = 1. + 7./6.%(RM0**2 - 1.)

Uo2 = UO1/R2R1Y

Vo2 = Vo1 _

Q0 = SQRT(UD2**2 + VD2**2)

UO = QO/SART(1. + DY*DY)
105 VO = UD®DY

RO = RO®R2R1

PO = PO®P2P1

IF ¢(DELS «LE. 0.0) GO TO 306
110 PS2 = PS*(2.4*RMO**2/ (0. L*RMO"*2 ¢ 2,))%*3,5/P2P1%%2,5
RS2 = RO®A(PS2/P0)**(1.71.4)
CZ = (C = 1.,)®*PS2/RS2
CS = PO/RO**1.4

115 306 H = 0.01
RMO = SQRTI(JO®UD + VO*VO)/(1.4*CK*PO/RO))
IFCL.EQ.2) CALL LGRNGNCVOVCJ,NN-1) yVIJyNN-2) yVLJyNN=-3),0.0,
1 YCJyNN=1) =Y O, Y (JyNN=2) =YO, Y(JyNN=3) -YO,Y CS4NN)=Y0, V(J,NN))

120 M =2 (1.0-X)7H
30 320 K = 1, M
DO 308 KK=1,NTERM

(2N e)

PERFORM FLOW INTEGRATION STEP IN SUBSONIC REGION
125 CALL OUNS (1,J)

X = XeH

DO 307 N = 3, NN
307 CALL INAS(1,4yNyNN)

(2]

130 IFARMO.GT+1.0,0R:Xe5%4140+0R.A3S(DUD) +GES040,0RXebTL0,)G0 TO 310
303 CONTINUE

310 II ='1Te1
AXACIIY = xA
135 ADUCII) = DJUCJ,NNY
ARMO(ID) RMO
XXCIT, ) X
PP(11,J)

n oy on

©
(@]
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1. IF (ABS(OUO ) +GEsS50e0 ORe X oLT. 0.0.0RRMO.GTo1,0) RETURN

IF(X.GE.1.00 GO VO 360

320 CONTINUE
145 .
SAVE FLOW PROPERTIES CALCULATED AT FINAL STATION AS INPUT TO NEXT
STE®
360 Il2=1
NP(J) = I1
150 NNOWN = NN
DO 400 N=1,NN
YUCN) = Y (JyN)
UUIN) = U(I4N)
400 YUIN) = V(JyN}
155 You Yo
uou vo
you Vo
CsI Cs
€z1 = C2Z
160 . RETURN
END

r
¢
¢
c
c
c

"woH N
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SUBROUTINE IODNSTM(Y)

THIS SUBROUTINE PRINTS THE INPUT PARAMETERS AND THE CALCULATED
OUTPUT FOR SUBROUTINE DWNSTR™

COMMON/ ATNPUT/ AINC26) yNN1LT) L,HT(6)
COMMONZOUTCOMY
1 AXC160) ,APOC160) ,AP1(160) ,I1 yI111
COMMON/ COMOWNZ ARMO (16 0)
COMMONZ/YUYSAYZNNINIT  ,NNSPR S NNNHK » YUV (156)
DIMENSION ISTAR(S) ,ITITLE(2)
DATA (ISTAR(I) 4I=1,5) /5% {0H*seessnnss,
DATA CITITLE(I),1=1,2)/10H0DONNSTREAM, 10H SOLUTION®/
WRIVE(6,200) (ISTAR(I),I=1,50,{ITITLF(I),I=1,2),(ISTAR(I),I=1,5)
WRITE(6,210) NN1(6),HI(E) ,AIN(18)
WRIVEC6,220) AINCT?) ,AINC15) ,AIN(23) ,AINI24)
M = 9,0/HICE)
IFEM.LT . 470, 0R.NNDHN,GELNNL(6)) GO TO &
IF(M.GT.470) WRITE(S,310)
IF INNDHN. LT NN1(6)) HRITE (6,320}
RE TURN
& CALL DWNSTRM(J)
IF(ITI.EQ.0) RETURN
IHALF = 1172
K = MODCII,2)
IHALF1 = IKALF
IF(K.EQ.1) THALF1 = IHALFe1
WRITE(E,&00)
IFCII.EQ.1) GO YO 15
DO 10 I=1,IHALF
WRITE(6,300) AX(I) ,ARMO(I) ,APOCI) 4AP1{I),AX(I+IHALF1) ,ARMOC I IHALF
.1 1) ,APOCI+THALF1) ,AP1(T+IHALF1)
10 CONTINUE
IF(K.,NE.1) GO TO 18
15 WRITE(64300) AX(IHALF1) ,ARMOCIHALF1),APOCIHALF1) ,APLCIHALF1)
18 CONTINUE
IFCIT1.EQ.0) WRITE(R,250)
RETURN
200 FORMAT(1M1,4(/),7X,12A10)
210 FORMAY( F720X,4HNN =,T12,7H, H =4F10.6,8H, RK =F10.6)
220 FORMAT(/20X,s5HFROM UPPER SURIFACE INTEGRATION,  SHOCK LOC. =
1 FB.& ,10H, BETA = FB8,4 ,3H, CS = FB,4 48H, CZ = FB.k )
250 FORMAT(/20X,30H®v*¥sevnvs INTCGRATION WAS NOT COMPLETED )
300 FORMAT(10X,2(10X,4F10,4))
310 FORPAT(//20X,29H***e¥aveseSTEP SI7F TOO SMALL)
320 FORMAT(//20X,40H*eossssses INSUFFICIENT NUMBER OF STRIPS AVAILASLE)
400 FORMAT(//78X,2(19X,1HX,3X, 2HH0,8X,2HB0O, 8%, 2HP1) }
END
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SUBROUTINE DWNSTRM ()

CONMON c »CK sRS oFN sALPHA
COMMONZACOM/X s XA s VN s ¥S ' H s OV

1 »Y0 »PO sRO U0 s VO sRMO s 0UO

2 .Y(Z,iﬂ)pP(Zyil),R(Z,iﬂ),U(Zgiﬂ)9'(2,10’,RH(Z;iO),DU(Z,lU)
COMMON/DCON/CS yC2 sV »Q1 »0Q1 s RK

1 s ¥00 » ISKIP

COMMONZAINPUT/ AINC17) ,RKI »yDOURCL) ,CST »C21

1 sNN1¢(5) ,NN oNN2 yHT(5) ,HI

COMNMON/YUVSAY/ NNINIY ,NNSPR,NNOWN

1 s YUV (60) ,YSPR(10), USPR(10) ,VSPRC10), YUC10) ,UUC10),YUC10)
2 »¥L (102 ,ULC10},VL(10),Y0U,YOL,U0U,U0L,VY0U,VOL
COMMON/OUTCON/

1 AX(160) ,APD(160) ,AP1(160) ,IT yII1

COMMON/COMODWNZ ARMO (160)

INITIALIZE INPUT
NTERN = &
CS = €SI
Cz = €21
H = HI
RK = RKI
II =18
I11=0
ISKIP = 1
IF(J.EQ.1) GO YO &
DO ¥ N=1,NN
YUN) = YULIN)
VU N) UL (N)
3 VUIN) = VLN
4 D0 5 N=1,NN

o)

YC1,NY = YUIN)
UC1,N) = UUIN)

S VU1,N) = VUIN)
X = 1.

DO 14 N = 1, NN

¥SQ = UUIN)Y®UUIN) «VUIN) *VU(N)

R{14NY = ((C-¥SQI7(C-1,))%*2,5

PU1,NY = RE1,N)*%1,.4

RMI1,N) = SQRT(YSQ/(1.4*CK*P(1,N)/R(1,N)1)
1% DUS1,N) = 0.

VSO = UOU*UDU+VOU*YOU

IF(J.EQ.2) ¥SQ = UOL*UOL#VOL*VOL

RO = ((CZ - VSQIZ(CS®*(C-1.))1%*2,5

PO = RO **1,4%*CS

RMO =SQRT(VSQ/{1.4¥CK¥POsRO))

DUO = 0.

Y0 = (YOU-YOLYZ2,

QOU = SQARTCYSQ)

TU = ATANCYOUZUOUY

DETEFRMINE T AND VOO~ INIYTAL VALUES
TL =-ATANCYOL/UOLY
T = (Tu &+ TL¥72,
Ug = QOU®*COS(T)
vo QOU*SIN(T)
voo vo
M = ABS(10./H/NTERMY
DO 40 K = 1, M
D0 35 KK=1,NTERM

PERFORM FLOW INTEGRATION STEP
CALL OUNS(1,1)
CALL INAST1,1,NN,NN)

IF(RM{1,NN).GT.0.95) GO YO 36
IF (X «GE+10440Re X LT ,0.0 +OR. RMO GE. 0.97) GO YO 36

X = X & H
35 CONTINUE
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36 11 = TIetg
AXCIT) = X
ARMOCII) = RMO
APOCID = PO
APL(II) = P({1,NN)
IF(X.GEs10.) GO YO 50
IF(RMCIyNN) oGTa0.,95.0ReXoLT.0,0,0R.RMO.GE.0.,97) RETURN
&3 CONTINUE
50 II1=1
RETURN
END
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SUBROUTINE AKUTTA

THIS SUBROUTINE PRINTS THE CALCULATED PRESSURE OISTRIBUTION ON THE
UPPER AND LOWER SURFACES

COMMON/COMPRS/ XX(160,2) yPPL160,2) yNN1 #NN2

DIMENSION ISTARCGI,ITITLE W)

DATA (ISTAR(I) I=1,4)/4%10H 002000000/

DATA C(ITITLECI) I=1,6)710H""*® PARTI,10HAL PRESSUR,10HEZ DISTRIBU,
110HTION »eevéy

WRITE(6,200) C(ISTARIIVN,I=1,4),(ITITLECI) I=1,4) JC(ISTARCI) 121,4)
IF(NN1.EQ.O0.OR.NN2.EQ.0) RETURN

WRITECE, 4000
N1 = NN1
N2 = NN2

N1HALF = Nir2
N2HALF = N2/2
J1 = MOD(Ni,2)
J2 = MOD(N2,2)
IHALF = N1iHALF

IFENL1.GT.N2) IHALF = N2HALF
IF(J1.£Q.1) N1HALF = NiHALF+1
IFCJ2.2Q41) NZHALF = N2HALF+1

DO 10 I=1,IHALF
10 WRITE(6,300) XX(I,1),PP(I,1),XX(I+NIHALF,1) ,PP(IeNIHALF,1),
1 XXCI32) 4PPCI42) ;XX(I+NZHALF,2) yPPCI+N2HALF,2)
IFINL1.GT.N2) GO TO 30
IF(J1.NZ. 1) GO TO 18
HRITE(S,310) XX(NI4ALF 1) 4PP(NIHALF 1) JXXINLHALF,2),PP(NLIHALF,2),
1 XX(NIHALF¢NZHALF ,2) ,PP (N14ALF¢N2HALF ,2)
18 N2STOP = N2HALF
IF (J2.,EQ.1) N2STOP = NZHALF-1
NSTART = NiHALFe1
DO 19 I=NSTART,N2STOP
19 WRITE(6,3200 XX(I,2),PPCI,2) yXX(I+N2HALF,2) ,PPUI+N2HALF ,2)
IF(J2.NE.1) GO TO 50
WRITE(6,3200 XX(N2HALF,2) ,PP(N2HALF,2)
G0 70 50
30 WRITE(H,340) XXINZHALF,1) yPPINZHALF 413 , XXAN1HALF4N2HALF,1),
1 PPINIHALF#N2HALF 1) o XXENZHALF 421 ,PP (N2HALF,2)
38 N1STOP = N1HALF .
IF(J1.EQ. 1) N1STOP = N1iHALF-1
NSTART = NZHALF+1
DO 39 I=NSTART,N1STOP
39 WRITE(6,340) XX{I,1),PP(I,1),XX(I¢N1HALF,1) PPILeNIHALF,1)
IF(J1.NEL 1) GO TO 50
WRITE(H,340) XX(NIHALF,1) ,@P(N1HALF,1)
50 CONTINUE
RETURN
200 FORMAT(1H1,4(/)7X,12A10)
300 FORMAT(12X,2(10X,4F10,6))
310 FORMAT(22X,2F10.6,30X,4F10,6)
320 FORMAT(72X,4F10,6)
340 FORMAT(22X,4F1046,10X,2F10.6)
400 FORMAT(/35X,13HUPPER SURFACE,37Xs13HLONER SURFACE/Z/10X,
1 210X, 208X, 1HX,9X, 2HPI) })
END
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SUBROUTINE INVELOC(L,J}

COMMONZCOMNNZNN

COMMON/ ACOMZ X,y XA ,¥N,V¥S,H,0Y,Y0,P0,R0,U0,V0,RMO0,DUOD,
1 Y42,100,P(2,10) ,R(2,100,U(2,40),¥(2,100,RM(2,10),0UC2,10)
COMMONZ YUVSAY/ NNINIT,NNO,NNOWN
i sYUVL (609, YSPR(10),USPRIL0),V¥SPRI10),YUV2(E6)
DCAD AL ,A2,2) = AQ4AL1%ZeA2%747

IFCJ.EQ.2) GO YO 2

NN = NNO-1

00 1 K=1,NN

¥(J,K) YSPRK)

UtJ,K) USPREK)

VJ,X) VSPRUK)

YO = YSPR(NNO)

UD = USPRINNO)

VO = ¥SPRINNO)

IFCL.EQ.1) GO TO &

IFCL.GE.3) GO YO 3

WRITE(6,310)

CALL LGRNGNEVO,¥(J,NN=1) ,V(J,NN=2) ,V(J,NN-3),0,0,Y¢J,NN-1)~Y0,
1 YUIGNN=-2V=YO,YCIyNN=3) =YO,Y(JyNN) =YO,VIJ,NN))

GO Y0 5

WRITE(6,320)

Y1 = YUJSyNN=2) =Y {J,yNN=-1)

¥2 = YUIYNN=-3) ~T (U yNN-1)

CALL A1SUS(Y1,Y2,VEJyNN=1),VIJyNN=2),V(JyNN-3),A1V)
CALL A2SUBLYL,Y2,VI{JyNN=-1) ,VUEJ,NN=2) 4 VLJ,NN-3),A2V)
VOJyNN) = DUVIIZNN=-1) yA1V,, A2V, Y(IyNNY ~Y(JyNN=-1)})

GO Y0 5

WRITE(G6,3000

WRITE(G,4Nn0)

NNP1 = NNei

THALF = NNP172

K = MOD(NNPi1,2)

IKALF1 = THALF :

IF(K,EQe 1) THALFi=IHALF+1

DO 10 I=1,IHALF

IFC(I+IHALF1) .EQ.NNP1) GO TO 7

WRITE(6,410) YU4,1),Ut),I),V(J,T),Y(J, IeIHALF1) ,U(J,T¢INHALF1),

" nw

1 V(J,Ie¢THALF 1Y .

GO Yo 10

HRITE(H,410) Y(J,1),UCJ,I),V(J,I),YO,U0,VO0

CONTINUE

IF(K.EQ.0) GO 7O 12

WRITE(B,410) Y(TIHALFL,J),ULTHALF1,J), VIINALF1,J)

IFCJ.EQe1) VSPRINN) = V(J,NN)

RETURN

FORMAT(/ /47X 4 OH*®*INTERMENTATE VELOCITY DISTRIBUTION®®®)
FORMAT(// 34X,6E6H®®*INTERMEDIATE VELOCITY DISTRIBUTION USING LAGRAN
1GIAN FUNCTION*®*)

FORMAY (/7 34X ,65H**#INTERMEDTATE VESLOCITY OISTRIBUTION USING PARABO
1LIC FUNCTION®**%)

FORMAT(/17X,2(19%,1HY 39X, 1HU,9X, 1HV))

FORMAY(20X,2(10%X,3F10.6}))

END
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THIS SUBROUTINE DETERMINES THE Y COORDINATE AND ITS FIRST AND

SUBROUTINE ARFL(XA,X8,YB,0Y8,00Y8,J)

SECOND DERIVATIVES AT A POINT ON THE AIRFOIL

10

20

30

“0

50

60

COMMON/PTARFL/XXC4%04y2) ,YY(40,2) ,AM(80,2) ,CA
IF(XA.GE+1.0) GO YO 60

00 10 I=1,60

IFEXA-XXUTI,J)320,20,10

CONTINUE

XA = 10000.

RETURN

IF{I.GT«1) GO ¥O 30

XA = 0,001

va=0.001

OYA = AM(1,J)

DOYA = (=4 SAM(L1,J)=2.%AM(2,J)¢6.%(¥Y(2,J)=-YY(1,0))/
1 (XXC290)=XXC19J)N)7UXXC24J)=XX1yJ))

GO TO &0

H = XX{IyJ)=XX{I=~1,J)

X2AXA = XXEIyJY=XA

XAMX1 = XA<XX(I=1,J)

YA = AM(I-1,J) ®X2MXA®S28XAMX]/H*S2

YA = YA-AM(I,J)®XAMX1®%28X2MXA/H"®2

YA = YASYY(I=1,J)%X2MXA®S2% (2,2 XAMX1+4H) /H**3
YA = YACYY(I,J)®XAMXL1282% (2,3 X2MXA+H) /He®3
DYA AMCTI-1,J) *X2MXA® (X2MXA=2,*XAMX1) /H®*2

DYA = DYA-AM(I,J) *XAMX1®(2.*X2MXA-XAMX1)/H*®*2

DYA = DYA®B.®tYVL(I ) -YY(I-1,J))*X2MXA®XAMX1/H*®]
DOYA = =2.®AM(I=-1,J)*(2.,®X2NXA~XAMX1) FH®®?2

DOYA = DDYA®2.*AMUIZJ)* (2, ®XAMX1-X2MXA) /H?® 2

DDYA = DDYAS#6. %YYL, ) -YY(I=-1,J))® (X2MXA-XAMX1) /H**3
IF(J.EQ.2) GO YO S0

XB = XA®CAsYA®SA

Y8 = YA*CA-XA®SA :

DYB = (OYA®CA-~-SA)7(CA+DYA®*SA)

DOYB = DDYA®(CA-DYB*SA)*#3

RETURN
X3 = XA®CA-YA®SA
¥B = YA*CAeXA®SA

DYB = (DOYA®CA+SA)/Z(CA-DYA®SA)
DOYB = DOYAZ(CA-SA®DYA)®*#3

RETURN

XB = 1.0
¥Y8 = SA/CA
oYg = ¥B
DDYR = 0.
RETURN

END
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SUBROUTINE LGRNGNiAi,AZ,AS,Ah,Xi,XZ,KS,X“,X,ANS)

Fi1 = X=-X1

F2 = X=-X2

F3 = X=-X3

Fi = XoXb

F12 = X1=-X2

F13 = X1-X3

Flu = X1-X4

F21 = X2-X1

F23 = X2-X3

F24 = X2=-X4

F31 = x3-x1

F32 = x3-%2

F34 = X3-X4

Ful = Xu=-X1

Fu2 = Xu=-X2

Fu3 = X4~=-X3

D1 = F12*F413%F 14
D2 = F21®F23°*F24
03 = F3L1*F32°F34
D4 = FU1®FL2¥F 43
UL = F2®*F3%Fu4

U2 = F1*F3%F4

U3 = FL1®*F2%F4

Ub = FL®*F2°%F3
ANSY = AL®UL1/D1+A2%U2/D2
ANS2 = A3*US/D3+AL*UL/DY
ANS = ANS1¢ANS?2
RETURN

END

SUBKROUTINZ AL1SUB(Y1,Y2,U0,U1,U2,ANS)

Fi = y2ey2vrul

F2 = Yi®Y1%y2

F3 = Y2%Y2-Y1%Y}
Fb = ¥2-Y1

FS = v1®Y2

ANS1 = F1=-F2-F3*U0
ANS2 = F4*F5
ANS = ANS1/ANS2

SURROUTINE AZ2SU3(Y1,Y2,U0,U1,U2,ANS)
F1 = =Y2%Uy

F2 = Yi*U2
F3 = v2-v1
Fu = v1eY?2

ANS1 = F1+F2+F3*U0
ANS2 = F3*F4

ANS = ANS1/ANS2

R TURN

END
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SUBROUTINE DIST(MyIyN,0Y¥1,0VS,0V1)

THIS SUBROUTIN: ’'ERFORMS A FLOW INTEGRATION STEP ON THZ STAGNATION

STREAMLINE IN Tr UPSTREAM SOLUTION

THIS SUBROUTINE INCLUDES THE EFFECTS OF THE SROSS VELOCITY GRADIENT
»OV00, IN DETERMINING THE FLOW CONDITIONS FAR UPSTREAM FROM THE AIRFOIL

COMMON c »CK sRS sFN sALPHA
COMMONZACOM/X 2 XA s VN VS oH 2 OY

1 » YO s PO sRO »Uo VO s RMO s DUO
2 sYU(25100yPL2540)4R(2,10)4U(2,10),VI2,10),RM(2,10),0U(2,10)
COMMON/BCOM/ X0 »OVOO oL

COMMON/OCOM/ DRHU(2) 4DPRU(2) ,ORUV(2)

DIMENSION ZVS(5),2V1(5),2Y1(5)
DATA 2V1,2VS,2Y1/ 15%0.0 /
J=2

IF(1.£Q42) J=1

D0 700 K=2,5

RN = (K=1)/2

RNH = RN/2.%M
AY1 = VO®MZYL(K=1)®RNH
AVS = VS+#ZVS(K=1)®RNH
AV1 = vO®M
IF (AVS - AV1) 200, 100, 100
100 IF (C - AVS*®2) 200, 300, 300
200 X = =1,
RETURN
300 AR1 = ((C = AVS*e2 Y/(C =~ 1.))%%2.5
AP1 = AR1%*%1.4
AU1 = SART(AVS**2 - AVi®*2)

AX = X ¢ RNH

= AYL14Y(I,N)
Y20 = YUJyNI+Y(I4N)
Y21 = Y(JyNI =AY

¥10SQ = Y10*Y10
Y20SQ = Y20*Y20
¥Y40GU = Y10SQ* Y10SQ
Y200U = Y20SQ*Y20SQ

DY = «VIIyNIZULI,N)
DY1 = AV1/AUL

DY2 = VIJyNIV/7ULJHN)
D = vi0®v20%Y21

D0 = ~Y21%(Y20+4Y10)*0Y ¢+ Y20*(Y21-Y10)*0V1 +V10®% (¥ 214Y2))00Y2

EY2 = Y20SQ-v10sQ

ALOC = R{I,NI*U(IHN}

ALOY = «ALOC®V (I4N)

AL1C = AR1*AUL1 - ALOC

AL1Y = AR1®AU1%AV1 - ALOY

ALZC = RUJyNI*ULJyN) =ALDC

AL2Y = ROEJyNI*ULIY NI *VIU,N) =ALDY

A1C = (AL1C®*Y20SQ-AL2C*Y10SQ)/D

ALY = (AL1Y®*Y20SQ-AL2Y*Y105Q)/0

A2C = (AL2C*YL10 - AL1IC*Y20)/D

A2Y = (AL2Y*Y10 - AL1Y®*Y20)/0

Fi = Y10%(D-EY2%Y10/2.,4Y10SQ%*Y21/3.)
F2 = Y10SQ®*Y20%*(Y20/2.-Y10/3,)

FC1 = AL1C+2.%AL2C

FC2 = Y20 -v10/3.

FC3 = AL1Ye2.%AL2Y

FC4 = Y10/2.-Y20/3,

FCS5 = AL1C-AL2C

FC6 = ¥Y10-Y2'/3,

FC7 = A1C/2.+Y20%A2C/ 3.

FC8 = AL1Y=-AL2Y

FC9 = A1Y/2,¢Y20%A2Y/3,

F3C = =Y10QU®ORHULJ) /6. .
F3C = F3C #(-AL1C*D+Y10S2*(V10*FC1/3.,~-Y20%AL1C})) *DY
F3C = F3C =2.%AL2C*Y1050%Y10/3.*0Y1

F3C = F3C ¢AL1C®*Y10SQ*FC2*0Y2

F3C = F3C -Y10SQ*(A1C/2.+4Y10%A2C/3.)*00D
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95

700

F3C
F3y
F3Y
F3Y
F3Y
F3v
F3Y
Fl

F5

F6C
F6C
F6C
FoC
F6Y
FoY
FoY
FoY

F3C ¢(ARLI®AVIER(IZN)I®*V(I,N))®D

-Y10QUTORUV I 76,

F3Y ¢(-AL1Y®*D +Y10SQ*(Y10®FC3/3,.-Y20*AL1V))*DY

F3Y «2,®AL2Y®Y10SQ®*Y10/3.°0Y1

F3Y eALLY®YL0SQ®FC2*0Y2

F3Y -Y10SQ®U(ALY/2,4Y10%A2Y/3.)°00

F3Y #(CK*APL1#ARLI®AVI*AVI-CKO*PII,ZNI=RII,N)I*V(I,N)®*V(I,N))*D
Y20® (D + Y20% (-EV¥2/2. ¢ Y20°Y21/3.))

Y20QU/6.

-Y13)*Y20SQ*FCL*ORHY (J)

F6C ¢(-AL2C*D+Y20S2® (AL2C*Y10-AL 1C*Y0¢Y20"FC5/34+))*DY
F6C =Y20SQ®(AL2C FC6®NY1~2.%Y20%ALIC/3.%0Y2+FC7*0D)

FEC +(ACJIyNI *V(J,N) ¢RII,NI*VII,N))*D
=Y10%Y20SU*FCL*DRUV (U}

FOEY #+(=-AL2Y®D +Y20Su® (AL2Y®Y10-AL1Y®Y20+Y20*FC8/3.))°%0Y
FBY =Y20SQ*(AL2Y*FCE®0YL ~2.%*Y20%AL1Y/3.%0Y2¢+FC9%00)
FEY ¢(CK*(PLJyNI-P(IyNI) #R(JHyNICVIJyNI®VIJ,N) =R(I,4NI®
VIIyNY*V(I,N))*N

DEL = F1*F5 - F2°%Fu

£2 = F4®F3C - F1*F6C

E6 = Fu®F3Y - F1*FbY

ZVSEK) = DVOO®(AX/XO)®*L/ (AVS*®*2¥ARL/ (1. 4*CK®*APL) =1.)
IVL(K) = (E6 -AVI®E2)/(AR1*AUL*DEL)

I¥Y1(x) = DYi

ovs = (ZVS(2) ¢ 2.%(ZVSL3) ¢ ZNS(4)) ¢ ZVS(5))/6.
ov1 = (ZVL(2) & 2.%(ZV1(3) + ZVit4)) ¢ ZVL(5))/6.
13 B = (ZY1(2) ¢ 2.%(ZY1(3) ¢ ZY1(4)) + ZY1(5))/6.
RETURN

END
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SUBROUTINE STMR(N,T,0Y,0VS)

THIS SUBROUTINE PERFORMS AFLOW INTEGRATION STEP ON THE STAGNATION
STREAMLINE IN THE UPSTREAM SOLUTION
THIS SUBROUTINE NEGLECTS THt EFFECTS OF CHANGES IN THE VERTICAL
COMPONENT OF THE STAGNATION STREAMLINE IN THE FLOW INTEGRATION
COMMON c yCK sRS oFM »ALPHA
COMMONZACOM/X s XA s VN sVS oH 2 0V1
i s YO s PO sRO U0 VO » RMO s DUO
2. 9¥(2410),P(2,10))R(2410),UC2,10),¥(2,10),RM(2,10),0U(2,10)
CONMONZOCON/ DRHU(2) , DPRUL2) yORUV(2)
DIMENSION Z¥(5),2¥S(5),2T(5)
DATA ZY,ZVS,2Y/15%0.07
DO 700 K=2,5
RN = (K=1)72
RNH = RNZ2.*H
AVS = ¥S+ZYS(K=-1)®RNH
AY = YO#2Y(K=-1)*RNH
AT = T +2V(K-1)*RNH
IF (C - AVS**2y 100, 300, 300
100 X = -1,
~ RETURN
300 AR = ((C - AVS**? I7(C - 1.))%%2,5
AP = AR *e1,4
Y10 = AY&Y(2,N)
Y20 = Y(1,N) ¢Y(2,N)
ST = SIN(AT)
CT = COS(AT)
DY = ST/CT
YNO = =U(2,N)*ST -V(2,N)*CT
VN2 = =UC1yNI*ST *V(1,N)*CT *
VSO = UL2,NY®*5ST -V (2,N)*ST
VS2 = UGL1,N)*CT +V(1,N)®ST
CALL A1SUB(Y10,Y20, R(2,N)*VSO®YND,0.0,R(1,N) *VS2*VN2,A1RULV)
CALL A2SUB(Y10,Y20, Y(2,N)*VYSO®VND, 0.0,R(LyN)*VS2®YN2,A2RUV)
DVDY =(A1UV & 2.%A2UV*Y10) / (AR ®*AVS) :
CALL A1SU3ICYL10,Y20,P(2,N) yAP,P{1,N) ,A1P)
CALL A2SU3L(Y10,Y20,P(2,N} ,AP,P(1,N),A2P)
DPDY = A1P ¢ 2,%A2P*Y10
ZVSIK) = JVOY/ (AVS®*AVS®AR/(1.4L*CK*APY=-1,)
ZT(K) = CK/CAR®AVS*#2)®(DY* (-AR®AVS/CKI®ZVSIK) -(1,¢DY**2)*DPDY)
700 2Y(K) = DJY .
Vs = (ZVSC2) 4 2.%(ZVS(3) + Z¥S(4)) ¢ ZVS(S5))/6,
oY = {ZY (2) & 2.%€ZY (3) + IY (b)) ¢ 2Y (5)) /6,
ot = (ZV (2) + 2.%(27 (3) + ZT (W)) + 2T (5))/6,
X = X ¢ H
v S ¢ WTOVYS

S =V
YO = YOe¢H*DY
T =T & H®OT

Uo = VS®COSIT)

VO = VS®*SIN(T)

RO = ((C-VS**2)7(C-1.))*%*2.5
PO = RO®*®1i.4

RMO= V¥S/SQRT(1.4%*CK*PO/RO)
RETURN

END

145



10

1%

20

25

30

35

&0

45

50

55

60

65

740

OO0

SUBROUTINE LUMR(M,I,N,0Y1,0VS,0V1)

THIS SUBROUTINE PERFORMS A FLOW INTEGRATION STEP ON THE STAGNATION
STREAMLINE IN THE UPSTREAM SOLUTION

100
200

300

1
2

COMMON c »CK »RS sEM JALPHA
COMMON/Z ACOM/ X s XA » VN ’VS oM s DY
»¥0 »PO »RO »UO »VO +RMO s OUO
2¥02410),P(2,10),R(2,10),U(2,10) 4V(2,10) yRM(2,10),0U(2,10)
COMMON/ OCOM/ ORHU(2) yOPRUL2) yORUV(2)

DIMENSION ZVS(S),2ZV1(5),2Y1(5)
DATA 2Y¥1,IVS,2ZV1/15%0.0/

J=2

IFCI.EQ.2) J=1

DO 700 K=2,5

RN = (K-1)/72

RNH = RN/2.*H

AY1l = YO®MeZY1(K-1)*RNH

AVS = ¥S +ZVS(K-1) *RNH

AV1 = VvO*M

IF (AVS - AV1i) 200, 100, 100

IF (C - AvS**2) 200, 300, 300
X = =1,

RETURN

ARL = ((C =~ AvVS®*? )/(C - 1.))1%%2.5
AP = AR1®%1.4

AU1 = SQRT(AVS®®2 - Aviee2)

Y10 = AY1+Y(I,N)

Y20 = YC(JyN)¢Y (I 4N}

Y21 = Y(J,yN)=AY1

¥10SQ = Y10*Y10

Y20SQ = Y20*v20

Y10GU = Y10SQ*Y105Q

Y20QU = Y20SQ*v20SQ

DY = =V(I,N)ZU(I,4N)

oY1 Av1i/AUL

DY2 = VIJ,NIZU(JyN)
CT = 1.,0/5GRT{1. ¢ JY1®*2)

ST = OY1/SURT(1. + JY1%%2)
VNO = =UCI,N)®ST=-V(I,N)*CT
VN2 = =ULJyNI®STeV(J,N)®ST
VSO = UCI,N)®CT-V{I,N)®ST
VS2 = ULJyNI®CTeV(J,NI*ST

CALL A1SU3(Y10,Y20y R(I4NI®VSO®*VNO, 0. 0,RCJyN)®VS2*VYN2,A1RUV)
CALL A25Ud(Y10,Y20, RUI,N)*VSO®VNO,0.0yR{JyN)*VS2®VN2,A2RUV)
DVOY 3(ALRUV ¢ 2,%A2UV*Y10) / (AR1T*AVS)

D = vY10%Y20*Y21

70 = ~Y21%(Y20¢Y10)*NY ¢ Y20¥(Y21-Y10)*0Dv1i +Y10%(Y21+Y¥20)*0Y2
gEyz = v20sSQ-Y103Q

AL oC REIZN)®ULIZN)
ALOY -ALOC®*V(I,4N)
AL 1C AR1®AUL =~ ALOC

AL1Y = AR1®AU1%AV1 - ALOY

AL2C REJyNY*ULJ,N) =-ALOC

AL2Y RUJyNYRULJIyN)*V(JyN) =ALOY

A1C = (AL1C*Y20S3-AL2C*Y10S0) /D

A1Y = (AL1Y®Y20SQ-AL2Y*Y105D/0

A2C = (AL2C®*Y10 ~- ALIC*Y20)/90

A2Y = (ALZ2VY®*Y10 - AL1Y*Y20)/)

F1 = Y10°*(D-€Y2*Y10/2,4Y10S2%Y21/3.)

FZ2 = Y10SQ*Y20*(Y20/2.-Y10/3.)

FC1 = aL1%+2,%AL2C
FC2 = Y20 -Y10/3.

FC3 = AL1Y#2,*AL2Y
FC4 = Y10/2.-Y20/3.

FCS = AL1C-AL2C

FC6 = Y10-Y20/3.

FC7 = A1C/2.4Y20%A2C/ 3,
FC8 = AL1Y=-AL2Y

FCO = A1Y/2.4Y20%A2Y/3,
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100

400

700

F3C
F3C
F3C
F3C
F3C
F3C
F3Y
F3vy
F3Y
F3Y
F3vy
F3Y
Fe

F$

F6C
FeC
F6C
FeC
F6Y
FbY
FoY
FoeY

Y

DEL =
E2 = F
E6 = F
ZVS(K)
ZV1(K)
ZY1(K)
ovs
nvi
ovi
RETURN
END

~Y10QU*DRHU(J) 76, .

£3C +(=AL1C*0+Y10SQ*(Y10%FC1/3.-Y20%ALAC)) *OY
F3C -2.%AL2C*Y10SQ*Y10/3,%0Y8

F3C e¢AL1C®*Y10SQ*FC2%DY2

F3C -Y10SQ®(A1C/2.4Y10%A2C/3,0%00

F3C *(AR1®AVIeRII,N)*V(I,N))®*D
=Y10QUPDRUV (U} 76,

F3Y ¢(~ALLY®D ¢Y10SQ®*(Y10®*FC3/3.~Y20*ALLY})®DY
F3Y =2.%AL2Y*Y10SQ®Y10/3.%0YV1

F3Y eAL1Y®Y10SQ®FC200V2

F3Y =-Y10SQ®(ALY/2,4Y10%A2Y/3,)°0D

F3Y ¢(CX®APLAARLI*AVI*AVI-CKOP (I yN)=RII,NISV(I,NICV(I,N))*D

20% (D ¢ Y20%(-EY2/2, ¢ Y20°Y21/3.))

Y20QU/6,.

=Y10%Y20SQ*FC4* DRHU(J)

FBC ¢(~AL2C*DeY20S2® (AL2C*Y10-AL1C®*Y20¢Y20%FC5/3.))%0Y
F6C =-Y20SQP(AL2C*FC6%UY1-2,*Y20%ALIC/3.%0Y2+FCT7*00)

FEC ¢(RUJyNI®VIJyN) ¢RUTI,N)*V(I,N))*D
=Y10*Y20SQ*FCL*ORUV (J)

F6Y #(=AL2Y®D #Y20SQU*(AL2Y®Y10-AL1Y®Y20+Y20"FC8/3.))"%0Y
FBY -Y20SQ*(AL2Y*FC6®0Y1 ~2.*Y20%AL1V/3,%0V2¢FCO%0D)
FOY #(CK®(P(JyN)=PII,N)) +R(JyNI®V(JIyNICV(JyN) =R(IyN)®
VII,N)®V(I,N))*D

F1®F5 = F2°F4

4®F3C - F1*F6C

4®F3Y - Fi*FoY

DVOY/Z (AVS®®2®ARL/ (1, 4*CK APL) ~14)
(E6=-AVA*E2) 7 (ARL1*AUL®DEL)

ori

(ZVS(2) + 2.,%(ZVSL3) & ZVStu)) ¢ IVS(S5))/6.

(2ZV1(2) ¢ 2.%(ZVA(3) + ZVi(u)) + ZVit5)) /6.

(ZY1(2) «.2,%(2ZY1(3) & ZYi(W)) + ZY1(5))/6.

[T LI D I [
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THIS SUBROUTINE PERFORMS A FLOW INTEGRATION STEP ON THE NeXT TO THE

SUBROUTINE OUNS(M,I)

OUTERMOST STREAMLINE

300

1
2

COMMON c 2 CK RS sFM 'ALPHA
COMMON/ACOM/ X s XA L s¥S sH » OY
s YO s PO s R0 » U0 sVO s RMO » OVO
.V(Zglﬂ).?(?,lﬂ)'R(Zyiﬂ)pU(2,1U),V(2,10l,RH(Z'10)|DU(2'lﬂl
COMMON/OCOM/ DRHU(2) yDPRU(2) 4 JRUVL2)
DIMENSION ZU1(5) ,ZV1(5),2Y1(5), ZRHU (5} ZPRU(5) y ZRUV (5)

DATA ZU1,ZV1,2Y1/ 15°0.0 /
Y20 = Y(I,1) =-YO°M

Y20SQ = Y20*Y20

Y20QU = Y20SQ*Y20SQ

oY = M*VO/UO

ALOC = RO* U0

ALOX = CK® PO + ALOC* UO

ALOY = M®ALOC*VO

AL2C = 1, =~ ALOC

AL2X = CK + 1. - ALOX

AL2Y = ~ ALOY

00 700 K=2,5

RN =(K=1})/2

RNH = RN/2.%*H

AYL = Y(1,2)4ZY1(K~1)*3INH

AUL = U(X,2) ¢ZULIK=1) *RNH

AVE = V(I,2)4#ZV1(K=~1)*RNH

IF (C ~ AU1®AULl ~ AV1®*AVL) 100, 300, 300
X = =1

RETURN

AR1 = ((C =~ AUL®AUL - AV1®*AV1)/(C - 1.))1%%2.5
AP1 = AR1%%{,4

Y10 = AY1l ~YO*M

¥21 = Y(I,1)~AY1

¥10SQ = Y10*Y10

DY1 = AV1/AUL

0 = YL0*Y20%Y21

U0 = =Y21%(Y20¢Y10)*0Y ¢ YZO0¥(Y21-Y10)*0r1
EYZ2 = Y205Q-v10SQ

ALAC = ARi®AUL - ALOC

AL1X = CK®APL + AR1®AU1¢AUL - ALOX

AL1Y AR1®AUL®AV1 - ALOY

A1C = (ALLC®Y20SQ-AL2C®*Y105Q) /D

AL1X = (AL1X®*Y20SG-AL2X*¢Y10SQ)/0

ALY = (ALLY®*Y20SQ-AL2Y®Y10SQ)/0

A2C = (AL2C*Y10 - ALiC*Y20)/0

A2X = (AL2X*Y10 - AL1X*Y20) /0

A2Y = (AL2Y®*Y10 - AL1Y®*Y201/0

F1 = Y10*(D-EY2%Y10/2.¢Y10SQ%Y21/3.)

F2 = Y10Su*Y20%(Y20/2.-Y10/3.)

FC1 = AL1C+2.°%AL2C

FC3 = AL1Y#2,%AL2Y

FCS = AL1C-AL2C

FC6& = Y10-Y20/3,

FC7 = ALC/2.4Y20%A2C/ 3.

FC8 = AL1Y=-AL2Y

FC9 = A1Y/2.+¢Y20%A2Y/3.

FCA = AL1X¢2,%ALZX

FCOU = ALX/2.4Y10%A2X/3,

FCC = AL1X-AL2X

FCD = A1X/2.4Y20%A2x/3,

F3C = (~ALIC®DeY10S2%LY10*FCL/34-Y20%AL12)) *OY
F3C-= F3C -2.,%AL2C*Y10SQ*Y10/3,%0Y1

F3C = F3C -¥10SQ*(A1C/2.+Y10%A2C/3.)1%00

FIC = F3C +(AR1%AV1~R0*VO*M)*D

F3IX = (-AL1X*¥0+Y10SQ* (Y10*FCA/3,-Y20%AL1X)) DY
FIx = F3X -2.,*AL2X*Y103Q%Y10/3.%0Y}

FIX = F3IX -Y10SQ°FC3*DND+AL1Y*D

F3Y = (~AL1Y*U¢Y10S21¥ (Y10%FC3/3,-Y20%AL1Y))*IY
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F3Y = F3V =2,%AL2Y®*Y10SQ®Y10/3.°0V1

F3Y = F3IV -Y40SQ®(A1Y/2,.¢Y10%A2Y/3,)*00

F3vY = F3Y ¢(CK®AP1¢ARL®AVI®AV1-CK*PO~-RO®VO*VD)®*O
Fu = Y20%(D ¢ Y20® (=EY2/72. + Y20%Y21/3.))

F5 = Y20Qu/6.

F6C = (=AL2C*D+Y20SQ® (AL2C*Y10-AL1C®Y204Y20¢FCS5/73,))°0Y
F6C = F6C ~Y20SQ®(AL2C®FCH6°0Y1+FCT7*0D)

F6C = F6C =RO®*VO*M®D

FEX = (=AL2X®D+Y20SQA* (AL2X*Y10~AL1X®Y204Y20%F C/3,))°0Y
F6X = FHEX =Y20SQP(AL2X®FC6%0Y1eFCO®D0) ¢AL2Y®D

FOY = (~AL2Y®DeY20SQ® (AL2Y*Y10-ALAY®Y204Y20%FC8/3.))*0DY
F6Y = FBY -Y20SQ*(AL2Y*FC6°0Y1+4FCI°00)

FBY = F6Y #(CK®(1,-P0O) -R0°V0®V0)*D

DEL = F1®FS = F2®F4

E2 = F4®F3C - F1°F6C

Eb = FU®F3X - F1*Fo6X

E6 = FW®F3Y -~ F1®*FeY

CO1 = DEL®(1,4%CK*APL1/A1 - AUL*AU1)

2UL(K) = ((CK®1.4%AP1/ARL +AU1*AUL) %2 -AUL1®E4) /7 (AR1*CO1)
IVI(K) = (E6 -AV1®E2) /(AR1*AUL®DEL)

ZRHU(K) = E2/0EL

ZPRUIK) = E4/0EL

ZRUVI(K) = E6/DEL

I¥1(KX) = 0Y1

ovi = (ZV1(2) ¢ 2.%(ZVL(3) + ZVitW)) ¢+ ZV1(5))/6.
DYt = (ZYL02) ¢ 2,%02Y1(3) ¢ ZY1(4)) ¢ ZY1(5))/6.

QU(I,2) = (ZULC(2)#2.%(ZU1(3)+ZUL (WD) *ZUL(5)) /6,
DRHUCIN = (ZRHU(2) #2.* (ZRAU(3) ¢ZRHUL L)) +ZRHU(5)) /6.
OPRU(IN= (ZPRU(2)#2.* (ZPRU(3) #ZPRU(4) ) +ZPRU(5)) /6.
DRUVIIN= (ZRUVI(2)¢2.*(ZRJUVI3I)+ZRUV(4) ) +2RUV(5)) /76,

UGI,2) = U(L,2) ¢H*DU(I,2)

V(Iy2) = V(I,2) +H®DV1

Y(Iy2) = Y(I,2) ¢H*OY!

VSQ = ULL,2)%ULI,20¢VII,2)*VI(I,2)
R{I,2) = ((C-VSD/7(C~1.))*%2,5

P(I,2) = R(Iy2)%%1.4

RM{I,2)= SQRT(VSQ¥*R(I,2)7(1.4*CK*P(I,2}))
RETURN

END
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SUBROUTINE INAS(M,IyN,1J)

THIS SUBROUTINE PERFORMS A FLOW INTEGRATION STEP ON THE NTH STRIP
IN SOME CASES THIS SUBROUTINE PERFORMS A FLOW INTEGRATION STEP ON

A\

ME STAGNATION STREAMLINE
COMMON c sCK RS yFM SALPHA

COMMON/ ACOM/X SXA SUN sV oM ) DY

1 4Y0 4y PO $RO ) »VO » RHO » DUO

2 2¥(2,101,PC2,100,R(2,100,U02,10),V(2,10) ,RM(2,10),0U(2,10)
COMMON/DCOM/CS yCZ yOV1 yat ,0a1 » RK

1 ,vo0 yISKIP

CO4MON/OCOM/ DRHUL2) ,0PRUC2) ,ORUV(2)

DIMENSION ZUL(5) ,ZV105) ,ZY1L5), ZRHUCS5) 9 ZPRU(5) ,ZRUV (5)

DIMENSION ZU0(5),ZV0(5)

DATA 2U0,E1,E£3,E578%0.0/
DATA ZU1,2Vi,2Y1/ 15%0.0 /
Y20 = Y(I4yN=-1)-YO"M

Y20SQ = Y20*Y20

Y20GU = YZ20sSQ*Y20sa

D0 700 K=2y5

RN = (K~-1)/2

RNH = RN/2.%H

IFINEQALTY) GO TO 40

AUO = UO
AVO = vO*HM
ARO = RO
APO = PO
GO 10 220

AUQ = JUO+ZUDIK=-1)*RNH
GO TO (50,60,80),ISKIP

AVO = VOO®EXP({(1.~X)*¥RK)

GO 10 90

AVO = AUO®*OY

GO TO 90

CONTINUE

AVO = VO #ZVO(K-1) *QNH

CONTINUE

IF (C-AUO®AUO-AVO®AVO) 100,140,180
X = -1,

RETURN

ARO = ({CZ-AUO®AUD-AVO®AVO)/(CS®*(C-1,)))%%2,5
APO = ARO**1.4°%CS

AY1 = Y(I,N) +ZY1(K-1)*RNH

AUL = UCT,NI+4ZUL(K=1)*¥RNH

AVl = VI, N)¢2ZV1(K~-1)¥RNH

IF (C - AUi®AUL - AVi%AvV1) 100, 300, 300
= ((C - AUL1®AUL - AVI®AVL)/(C - 1.))%%2.5

AP1 = ARL*%1.4
= AY1-YO*M

Y21 = YUI4N-1)-AY1

¥Y10S0 = Y10*Y10

Y10GU = Y105Q*Y10SQ

0Y = AVO0/AUO

0Y1 = AVi/AU1

DY2 = VUI,ZN-1)/7U(I,4N=-1)

D = Y10®Y20*Y21

DD = =-¥Y21%(Y20+Y10)%0Y ¢ Y20 (Y21~-Y1))*0Yr1 +Y10®(Y21¢Y2))%0Y2

EY2 = Y205Q-v10sQ

ALOC =ARQ®AUO

ALOX =CK*APO+ALOC*AUD

ALOY = ALOC®AVO

ALIC = AR1®AUL - ALOC

AL1X = CK®AP1 + AR1®AU1*AUL - ALOX
AL1Y = AR1*AULI*AVI - ALOY

AL2C= RCI4N-1)*UlI,N-1) =-ALOC

AL2X= CK*P(IyN=1) ¢R(I,yN-1)®U(I,N=-1)®U(I,N=-1) -ALOX
AL2Y= R(IyN-1) *UCIyN=1)*V{I,N=-1) =-ALOY
(AL1C*Y20SQ-AL2C*Y10SQ) /0D

(AL 1X®*Y20SQ-AL2X*Y10SQ) /0

>
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ALY = (ALLY®Y20SQ-AL2Y®YL10SQ) /0

A2C = (AL2C®*Y10 ~ AL1C*Y20)/0

A2X = (AL2X*Y10 -~ AL1X*Y20)/0

A2Y = (AL2Y®Y10 - ALL1Y*Y20)/0

F1 = Y10%(D-EY2°*Y10/2,.¢Y10SQ®*Y21/3.)

F2 = Y10SQ®Y20%(Y20/2.-Y10/3,.)

FC1 = AL1Ce¢2.%AL2C

FC2 = Y20 -Y10/3.

FC3 = AL1Y¢2,%AL2Y

FC4 = ¥10/2.-Y20/3.

FCS = AL1C=-AL2C

FC6 = ¥10-Y20/3,

FCT? = A1C/72.4Y20%A2C/3.

FC8 = AL1V=-AL2Y

FC9 = A1Y/2.4Y20°%A2Y/3,

FCA = AL1X#2,%AL2X

FCB = A1X/2.4Y10%A2X/3,

FCC = AL1Xx~AL2X

FCO = A1X/2.4#Y20%A2X/3,

F3C = =Y10QU®ORHU(I) /6.

F3C = F3C #(-AL1C®D#Y10S2*(Y10®FC1/3.-Y20%AL1C)) *DY
F3C = F3C =2,%AL2C®*Y10Su®Y10/3.°0Y1

F3C = F3C ¢AL1IC®Y10S2*FC2*0Y2

F3C = F3C =-Y10SQ*(A1C/72.¢Y10%A2C/3.)%00D

F3C = F3C+(AR1®AV1-AR0®AVO)*D

F3X = =Y10QU®OPRU(IN/6.

FIX = F3IX ¢(-ALL1X*D¢Y10S2I*(Y10%FCA/3.~-Y20%ALL X)) *DY
F3X = F3X =2.,%AL2X*Y10SQ®Y10/3.°0Y1

F3X = F3X ¢ALL1X*Y10SQ*FC2*NY2

F3X = F3X =Y10SO*FTB*00+AL1Y*D

F3Y = -Y10QU®ORUV (I} /6.

F3Y = F3Y #(-AL1Y®*0 +Y105Q%(Y10®FC3/3.~Y20*AL1Y))*DY
F3Y = F3Y =2.,*AL2Y®*Y10SQ*Y10/3.%0Y1

F3Y = F3Y ¢AL1Y*Y10SQ*FC2%0Y2

F3Y = F3Y =Y10SQ*(A1Y/2.,+Y10%A2Y/3.)°D0D

F3Y = FIY+(CK*APL1¢AR1*AV1I*AV1-CK®APO=-ARO*AVU*AVO)®D

Fu4 = Y20*(D ¢ Y20%(-EY2/2., + Y20°Y21/3.))

FS5 = Y20QU/6.

F6C = =Y10*Y20SQ*FCL*DRHU(I)

F6C = F6C #(-AL2C*0+Y20S52* (AL2C®Y10-AL1C®Y20+Y20%FCS5/3.))%0Y
F6C = F6C =-Y20SJ®*(AL2C®*FC6*0V1-2, '120'AL10/3.'0V20FC7'DD)

F6C = FOECH+H(R(IyN=1)®*V(I,N=-1)-ARO®AVO)*D

FeX = ~Y10%Y20SQA*FCu*BPRUI)

FoX = FEX #(=AL2X®O+Y20S4* (AL2X*Y10~AL1X®*Y20+Y20*FCC/3.))*DY
FEX = FEX-Y20SQ* (AL2X*FCH6*DY1~2,*Y20% AL 1X/3.*DY2¢FCD®00) ¢AL2Y*D
F6Y = -Y10*Y20SQ*FCu®DRUV (T}

FoY = FBY +(-AL2Y*D +¢Y20SU® (AL2Y®*Y10-AL1Y*Y20+Y20*FCB8/3.))*DY
F6Y = FBY -Y20SQ*(AL2Y®*FCZ6%0Y1 ~2.%Y20%AL1Y/3.*0Y2¢FCI*0D)

FEY =F6Y+(CK* (P{I,N-1)=AP0) ¢R(I,N=1) 2V (I, N-1) *V(I,N-1)
1=ARC*AVO® AVD) *D

DEL = F1%F5 =~ F2%F4

IFANLT IJO0R TJLESL) GO TO 400

£1 = F2*F5C-F5*F3C
E3 = F29FoX-F5*F 3X
ES = F2*FbY-F53F3Y

ZVO(K) = (E5-AVO®EL)/(ARD*AUQ*DEL)

CDO0 = DEL®(1.,4°CK*APO/ARO-AUO*AUD)

ZUO(K) = ((CK*1.4%AP0/ARI+AUO*AUO)I*EL-AUD®E3) /7 (ARD*CDO)
€2 = F4®F3C - F1*F6C

E4 = FU®F3X = F1*F6X

E6 = Fu4®F3Y - F1*FbY

CO1 = DEL®(1.,4*CK*APL/ARL - AUL®AUYL)

ZRHU(K) = £2/DEL

ZPRU(K) = S470DEL

ZRUV(K) = Z6/DEL

ZULIK) = ((CK®1.,4%AP1/7A31 +AUL*AJ1DI*E2 -AUL%E4L) /7 (ARLI*CO1)
ZV1tK) = (E6=-AV1I*¥E2)/ (AR1*AUL*DEL)

ZY1(xX) = )Y1

ovi = (ZVI(2) & 2,%(2ZV1(3) + ZVi(h)) ¢ ZV1(5)) /6.

oY1 = (2Y1(2) ¢ 2.%(2Y1(3) ¢ ZY1(4)) + ZY1(5)) /6.
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T04

705
710

Tiée

715

716

DU (1,N) 3 (Z2U102)¢2.%(ZUL(3)+2U1 (4))+ZUL(5)) /6,
IF (1J.LEJ1) GO TO 704

IF (ISKIP.EQ.1) GO TO 740

DRHUCII = (ZRHU(2) ¢2,% (ZRAU(3) ¢ZRHU(4) ) 4 ZRHI(5)) /6.
DPRULIN=2 (ZPRU(2)42.%(ZPRUL3) ¢ZPRU(L) ) +ZPRI(5)) 76,
DRUVEID= (ZRUV(2)#2.%(ZRUV(3) ¢ZRUVI4D ) +ZRUV(5)) 2 6.
IF(N.LT.IJ.OR.IJ.LEC1) GO TO 720

DO 705 K=1,25

XA = XA®H®0,05

CALL ARFL{XA,XB,Y0,0Y,0U4,I)

IF(XB.GT.X) GO TO 710

CONT INUE

DUOD = (ZU0(2)+2,%(2U0(3)+ZUOI4}) +2UD(S))I/6,

U0 = UO+H*DUO

60 TO (714,715,716),ISKIP

VO = VOO®EXP((1.-X)*RK)

YO = YO*H®*VO/UD

GO TO 718

VO = uo®oY

GO TO 718

DVO = (ZVO(2)+2.%(2VD(3)+ZVO(L) ) +ZVO(5))/6,

VO = VO+H*DVO

VSQ = UD*UO+VO*VO

UO = SQRT(VSQ/ (1.+¢DY*DY})

VO = yo*oY

VSQ = UD®UO+VO*VO

RO = ((CZ-VSQ)/(CS*(C-1.1))**2,5

PO = CS®RO**1.4

RMO = SQRT(RO®VSI/(1,4%CK*PO))

UCTyN) = ULL,N) #H®OU(I,N)

VOI,N) = VI, N) #H®OVL

YUI,N) = Y(I,N)#H®DYL

VSQ = UCI,N)ISUCI,NY+V(I,NI*V(I,N)

RII4N) = ((C-VSQI/{C-1.))%%2.5

PLI,N) = RUI,NI®*%1,4

RM(I,NI= SQRT(VSI*RII4NI/(1.4*CK*PII,N)})

Q1 = SART (VS

DQ1 = (UCI,NY®DUCT,N)+V(I,N)*NV1) /Q1

RETURN

END

LU
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SUBROUTINE INBO(N,I)

THIS SUBROUTINE PERFORMS A FLOW INTEGRATION STEP ALONG THE
STAGNATION STREAMLINE

300

400

1
2

1

COMMON c s CX s RS oF M s ALPHA
COMMON/ACOM/X s XA s VN VO oH s DY
s YO s PO RO Vo s VO s RMO s DUO
sV(2510),P(2,10),R(2,10),U(2,10),V(2,10) 4M{2,10),0U(2,10)
COMMON/CCON/ XB ’ Y3 »0YR »00YB s0UB s PB-
sUB s RMB 908 g HS sCRA
COMMON/OCOM/ ORHUL2) ,DPRU(2) ,ORUV(2)

DIMENSION ZUL(5), 2V1(S),

CT = 1,/SQRT(1. ¢ DYB®**2)
ST = QYgeCy

RABO= ABS(1./7(CT**3%)0YB))
DO 700 K = 2, 5

RN=1.0

IF (KeEQe2) RN=0.0
IF(K.EQ.5) RN=2,0

RNH = RN/2.%H

AY1 = Y(I,N)#ZY1(K~1)*RNH
AUL = UCI,NI¢ZUL(K~1) *INH
AV1L = V(I,)N)¢ZVL(K~1) *RNH
IF ( C - AUL®AUL ~ AVi®
RMB = 2.0

RE TURN

ARY1 = ((C =~ AU1%AUL - AVi®*
AP1 = AR1%%1.4

AVS = VS #ZVS(K=1) *INH*HS/
AVN = UN #ZVYN(K=1)PIINH®HS/
AUO = AVS®CT - AVN®ST

AVO = AVS®ST ¢ AVNSCT

IF (C - AUOQ®*e2 - AVO®*2)
ARO = ((C - AUO®AUD = AVO®
APO = ARQ*®1.4

AUB = UB +ZUB(K=1)*RNH®*HS/
IF (C - AuUB®**2) 100, S00,
ARB = ((C = auB®AUB

APB = ARB¥®1,.4

B = DB ¢ZB(K-1)*RNH*HS/H
RA® = RABO¢B®CRA

AYO = YB +B%CT

Y10 = AY1 =-AYO

Y20 = Y(IyN~1)-AYO

Y21 = Y(IyN~1)~AY1

oY = AVO/AUO

DY1 = AVi1/AU1

0Y2 = V(IyN=1)/7U(I4N=1)
D = YL0%Y20*Y21

Y10S4y = Y10%*Y10
Y20SQ = Y20*Y20
Y100U = Y10SQ*Y10SQ
Y20GU = Yv20Su*Y20sQ

DD = «Y21%(Y204Y10)*0Y + Y
€Y2 = ¥Y20SQ-Y10SQ

ALOC = AROQO*AUO
ALOX = CK®APO + ALOC*AUO
ALOY = ALOC®AVO
AL1C = AR1%AUL - ALOC
AL1X = CK®AP1 + ARI*AUL1®AUL - ALOX
AL1Y = AR1®AU1*AV1 - ALOY
AE2C = R(IHN-1)*U(I,N-1) =-ALOC
AL2X = CK®*P(IyN=1) +RIIyN=1I*U(I,N=1)*U(I,N=-1)
AL2Y = R{IyN=1)®U(IyN~1)*V(I,N=1) ~ALOY
A1C = (AL 1C*Y20SQ-AL2C*Y10SQ)/D
A1X = (AL1IX®Y20SQ~AL2X*Y10SQ)/0
A1Y = (ALLY*Y20Su-AL2Y*Y10SQ) /0
A2C = (AL2C*Y10 - AL1C*Y20)/D

ZY1(5), ZVS(Y), ZVN(5), 2B (5), LUB(5)
OATA ZUL,2V1,2ZVS,ZVN,ZUByZ0,2Y1/735%0.0/ .

AV1) 10u, 3ud, 300

AV1}/(C - 1.))%%2,5
H

H

00, 400, 400
AVO)/7(C = 1.))%%2,5
H

508
JZ7(C = 1.})%%2.5

20*(Y21-Y10)*0¥1
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A2x = (AL2X*Y10 - AL1X*Y20)/D
A2Y = (AL2Y®Y10 - ALLY®*Y20)/0
F1 = Y10®(D-EY2°Y10/2,.4Y10SQ%Y21/3,)

F2 = Y105Q%Y20%(Y20/2.,~-Y10/3.)

FC1 = AL1Ce2,%AL2C

FC2 = Y20 -Y10/3.

FC3 = AL1Ye2,%AL2Y

FC4L = Y10/2.-Y20/3,

FCS = AL1C=-AL2C

FCe = Y10-Y20/3.

FC? = A1C/2.4Y20%A2C/ 3.

FC8 = AL1Y-AL2Y

FC9 = A1Y/2.,4Y20%A2Y/3.,

FCA = AL1X¢2,%AL2X

FCB = ALX/2.4Y10%A2X/3,

FCC = AL1X=AL2X

FCD = AL1X/2.4Y2D%A2X/ 3.

F3C = -Y10QU®ORHU(I} /6.

F3C = F3C ¢(-AL1C*0D¢Y10S2*(Y10*FC1/3.,-Y20%AL41C))*OY
F3C = F3C -2,%AL2C*Y10SQ*Y10/3.%0Y1

F3C = F3C #AL1C®*Y103Q%FC2*DY2

F3C = F3C -Y10SQ*(A1C/2.+4Y10%A2C/3.)*%0D

F3C = F3C +(AR1®AV1~-ARO*AVO)*D

F3IX = ~-Y10QU*OPRU(I) /6.

F3X = F3IX ¢(-AL1X¥D+Y10SQ®*(YL10®FCA/3,-Y20*%AL1X) ) *0Y
F3X = F3IX «2.,%AL2X*Y10SQ®*Y10/3.*0Y1

F3X = F3X «AL1X®Y10SQ*FC2®DY2

F3IX = F3X «Y10SQ®FCI*DO+ALIY*D

F3Y = -Y10QU®ORUV (I} /6.

F3Y = F3Y +(-ALLiY®D 4Y10SQ*(Y10*FC3/3.-Y20%ALL1Y))*0Y
F3Y = F3Y =2.,%AL2Y®Y10SUu*Y10/3.%DY1

F3Y = F3Y 4AL1Y®*Y10SQ®*FC2*0Y2

F3Y = F3Y -Y10SQ®(A1Y/2.4Y10%A2Y/3.)*D0

F3Y = F3Y +(CK®AP1+4AR1*AV1*AV1-CK*APO-ARDO*AVO®AVO)*D

Fb = Y20%(D ¢ Y20%(-EY2/2, + Y20%Y21/3.))

FS = Y209U/6.
F6C = =Y10*Y20SQ*FC4®CRHI (I)

FBEC = FBC ¢(~AL2C*D+Y20S2% (AL2C*Y10-AL 1C*Y20+Y20%FC5/34)) *DY
F6C = FBC ~Y20SQ* (AL2C*FCH*IY1-2,%Y20%ALIC/3.*DY2+FC7*00)

F6C = FBC +(R(I,N-1)*V(I,N=1) ~ARO*AVO) *D

F6X = ~Y10*Y20SQ*FC4*DPRU (I}

FoX = FEX +(-AL2X®D+Y2054% (AL2X*Y10-AL1X®Y20+Y20*FCC/ 34)) *DY
FoX = FHEX=Y20SQ® (ALZX*FC5%0Y1-2,%Y20%AL1X/3.%DY2+¢FCO*00) ¢AL2Y*)
FOY = =Y10¥Y20SQ*FC4*ORUV (1)

FEY = FOY +(-AL2Y®D +Y205Q*(AL2Y®Y10-AL1¥*Y204Y20%FC8/3.))%DY
FoY = F6Y =Y20SQ* (AL2Y*FCE®DY1 =-2.*Y20%AL1Y/3.*0Y24FC3%00)

FoY = FBY +(CK¥ (P(IyN=1)=APO) +R(I,N=1) $V(I,N=1)*V(I,N-1)

1-ARO*AVO®AVO)*D
DEL = F1*F5 = F2*F4

E1 = F2%F6C - F5%F3C
E2 = FW*F3C - F1*F6C
£3 = F2*Fox - FS*F3X
Ew = F4*F3X - F1*F6X
E5 = F2°FBY - FS*F3Y
E6 = F4®F3Y - FL*F6Y

CU0 = DEL*(1.4*CK®APQ/ARD - AUOQ*AUOD)
CD1 = DEL*(1,4*CK®*APL1/AR]L - AU1%*AU1L)

Z¥1(K) = 0DY1

ZUL(K) = ((CK*1,4%AP1/ARL +AU1*AU1)I®Z2 ~AUL®E4) /7 (ARL®CO1)
IVI(K) = (EB-AVL®*E2)/ (AR1*AUL¥DEL)

RABPH = RABe¢3

Z3(K) = (1.¢3/ RABP3 )*AVN/AVS

buQ = ((CK*1,4%APO/AR) + AUO*AUO)*E1 - AUO®E3) /(ARO*CIO)

DVO = (£S5 = AVO®E1)/(ARO*AUO*DEL)
ZV¥VS(K) = (DUO*CT+0OVO*STI®*CT-AVN/RAB
OMS = {1, = AVS*®2%AR0D/(1.4%CK*APO)

FF = (2./B +1./RAB)*CK®APD

FF = FF ¢ARU%AU3I*AUS/RAB

FF = FF =(2./03 +1.7 8BP3 )*CK*APD
FF = FF ¢ARO®AVS*AVS/ RAARPH
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145

150

155

160

165

170

175

180
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FF = FF «~2.%(1.78¢1./RABPB)*ARO®AVNEAVN
FF = FF/AROZAVS
ZVN(K) = AVNZ B®ZA(K)-OMS®AVN/AVS®ZVS(K) ¢FF

ZVNIK) = 2VNIK}7Z (1,~AVNO®AVS*AROD/(1.4*CK*APO))

ORVS 2 ARO® (OMS®ZVS(K) ~AROCAVS®AVYN/ (1,4 CK*APO) ®ZYN(K) )
2UB(K) = (ARB®*AUB +ARO®AVS)®28(K)/B ¢DRVS

ZUBIK) = ZUBIK)/7(ARA® (AUBTAUH/ (1., 4*CKPAPI/ZARB) ~1.))

CONTINUE

oyi ® (ZY102) ¢ 2.%(2ZY1(3) ¢ ZYite)) ¢ 2Y¥1(5)) /6.
DUCTyNI = (ZULC2)¢2.%(ZULI3)4ZUL(RID#ZVU1L(5)) /6.

Dv1 B (ZVL(2) ¢ 2.°(ZV1(3) + ZVilW)) + ZVi(S)) /6,

ovs = (IVSL2) ¢ 2,%(ZVS(3) ¢ ZVS(W)) ¢ ZVS(5)) /6.
DVN x (ZYNC2) & 2,%(ZVNI(3) ¢ 2ZVN(k)) ¢ ZUN(5))/6.
ous = (ZUBL2) ¢ 2,%(ZUBI(3) & ZUuB(W)) ¢ ZUBIS)I /6.
ooe = (1B 12) & 2.%(28 (3) ¢+ 7B (s)) ¢ 2B (5))/6.
YUIyND = YOI,N) ¢H®DYL

ULIZN) = UCI,NIEH®DU(I,HN)

VII,N} = V(I,N)4H®DVY

vsSQ 2 WIsNIPULI NI eV (IyN)®V(I,N)

RCIyYN) = ({C-VSQ)/(C-1.))**2,5

PLI,N) = RUI,NI®®1,4

RM(I,N) = SQRT(VSQA*RIIZNI/Z(1.4°CK*P(I,N))}
08 = 08 ¢DOB®HS

VS = VS ¢ DVS®*HS

VYN = YN ¢ DVN®HS

ug = ug + DUB*HS

RB = ((C = UB*UB)I/(C « 1,))%%2.5
PB = RB**1,.4

RMB = UB/SQRT{1.4%*CK®PB/3B)

XA = XA ¢ HS*CT

CALL ARFL ( xA,x8, Y3, 0YB, 30YB,I)
CT = 1./SART{1., + 0YB**2)

ST = CY®*DYB

H = XB =Dd®ST-X

X = X ¢ H

YO = VB +0B*CT

U0 = VS®*CT =~ VN*ST

YO = VS®ST ¢ VN®CT

RO = ((C = UO®™ UD = VOD* Vv0)/Z(C = 1.))%%2.5

PO = RO®®1.4
RMO = SQRT((UO®UD + VO®VO)*RO/(1.4*CK* PO)}
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APPENDIX G
IGS PROGRAM LISTING

BLOCK DATA CGRAF .
COMMONZCOMNXY/ZNXY1(6) 4NXY2(8)
COWNMONZ INPUT/

1
2
3
I
5

LRUPS(6) ,LRSTGU(6) ,LRAFU2(6),LRAFL2(6),LRAFUI(E) ,LRX00Q(G)
sARDOIEQLE) s LRASEQUE) yLRXAUP(6) yLRCYOULE) ,LRXALH(6) ,LRCYOL (E)
sLRSLEQLS) yLRMACH(E) yLRALFACSE) JLRYIULE) ,LRYIL(6) ,LRSTRT(6)
sLRNNL1(6) ,LRNA2L6) HLRNN3I(6) ,LRNNLIE) ,LRNNS(H) ,LRNN6(6)
sNLGRNG(6) , NPARAB(S)

COMMON/NOUT/Z NAIRFL(S)

1
F

»LRDEEQ(8) , LRYSOQG(6) LRYSEQ(6) ,LRDOEQ(E) y LRRUEQI(B) ,LRUBEQ(6)
yLRIDL6) HLRPOEQ(E) yLRNOGO(S) ,LRSUBLE) ,LRSUPR(6) ,LRFLONW(E)

COMMON/ZNAXESZ NALL(G)

1 JNMXBCE) ,NUPB(BE) NDUDXB(6) yNAF3IB(EY NOWNB(E) (NKTAB(S)
2 P NX18LE) ,NX2B(6) 4NYB(6) yNMB () yNMO31B8(6) ,NMO2B(6)
3 sNDU1B(6E) ,NOU2B(6) ,NDDQGB(6) ,NPOB(6) LNP1B(6) NPKTAB(6)

COMMON/NCHARS/ZNNEQ yNAEQ yNXOOEQU2) yNOVIEQ(2) ,NXSEQ(Q)
1 oNYSOEQL2) y NXAEQL2) ,NCYDEQ(2) ,NSLEQ(2) (NDEEQ(2) HNYSEQ(2)
2 sy NOVOEQL2) , NRUEQ(2) ,NUBEQ(2) ,NID(2) sNMACHQ(2) yNALPHA(2)
3 sNYIUEQC2) y NYILEQ(2) yNPOEQ(2) ,FMTI yFHTF

COMMON/NPRCD/ NCUPS1(6) 4,NCUPS2(6) 4NCAFU2(6) ,NCAFL2(6) 4NCAFU3(6)

1
2
3

THESE DATA STATEMENTS CONTAIN CHARACTERS USED IN THE

LIGHT
DAT
DAY

1

2

3

"
DAT

1

2
DAT

1

2

3

I
DAT

THIS DATA STATEMENT CONVAINS THE SIX INVEGER ARRAYS IDENTIFYING THE
TEXT ENTITIES DISPLAYING SPECIFIED OUTPUT VALUES IN THE LOWER RIGHT

HAND
DAT

PN YT W

DAT
1
2
3

THIS DAYA STATEMENT CONTAINS THE SIX INTEGER ARRAYS IDENTVTIFYING FTHE
TEXT ENTITIZS OISPLAYING BLINKING ASTERISKS IN THE LOWER LEFT HAND

CORNE
DAT
1
2
3

THIS TAYA STATEMENT CONTAINS THE SIX INTEGER ARRAYS IDENTIFYING THE

TEXT

sNCOWN1L6E) , NCONN2(B) yNPUPS1(6) yNPUPS2(6) ,NPAFUL1(6) 4NPAFL2(6)
sNPAFU3(6), NPAFLL1(E) ,NPAFL2(E) yNPDHNL(E) ,NPOHNZ(6) yNUPS(6)
sNAF1L6) HNAF2(6)

REGISTERS AND MANY TEXT ENTITIES

A NNEQ,NAEQZ 10HNN= » 10HNA=

A NOVIEQ,NXSEQ,NYSOEQ,NXAEQ,NCYDEQ, NSLEQ,NXOOtO/
10HOVOOCI)= ,10H » 10HXS= y10H y
10HYSO= s 1 0H y L10HXA= y 10H ’
10HCYD= s 10H s 10HSHOCK L= ,10H ’
10HX00= 91 0H /

A NMACHG,NALPHA,NYIUEQ,NYILEQ/

10HMACH NO.= ,10d s 10HALPHA= s10H )
10HYI(UPRI= 410H » 10HYIC(LNWR) = ,10H /

A NOEEQ,NYSEQ,NDVOEG,NRUZQ,NU3EQ,NID,NPDEQ/

10HDE= s 10H s 1 0HYS= s 10H s
10HOVOO(F)= ,10H s 10HRBUB= s 10H y
10HUB= s 10H s 10HFLOWS NOT ,10HMATCHED y
10HPO= »10H /

A FMTI,FMYF/ WH(ID) s TH(F10.8) /

CORNER OF THE SCREEN

A LRX00Q ,LROIEQ  oLRXSEQ  ,LRXAUP  ,LRCYDU  ,LRXALW
LRCYOL  4LRSLEQ  ,LRMACH  ,LRALFA  ,LRYIU JLRYIL
LRNN1 JLRNA2 JLRNN3 yLRNNY JLRNNS »LRNNS
LRUPS SLRSTG JLRAFUZ  ,LRAFLZ  ,LRAFU3  ,LRSTRT

191,4%99 ,2,2,4%39 ,3,2,4%99 ,4,3,4%93 ,5,3,4%99 ,6,4,4%99

CREATION OF THE

’
’
’
/

’

7Tykyu®99 ,8,5,4%99 ,11,6,4%99,12,6,4*99,13,6,4*99,14,6,4%93,

2141,4%99,22,1,4%99,23,3,4%99,24,4,4%99,25,5,4%99,26,5%99
0,1,4%0 ,0,2,4%0 40,3,4%0 ,0,4,4%0 ,0,5,4%0 ,0,6,4%0
A LRDEEQ HLRYSOQ s LRYSEQ yLRDOEQ s LRRUEQ sLRUBEQ
LRID » LRPOEQ /
20,5%20 ,20,5%21 ,29,5%22 ,20,5%23 ,20,5%24¢ ,20,5%25
20,5%26 ,20,5%27 /

R OF THE SCREEN
A NCUPS1 ,NCUPS2  ,NCAFU2  ,NCAFLZ  ,NCAFU3  ,NCOWN1
NCOWN2 7/ ‘
30,5%30 ,30,5%31 ,30,5%32 ,30,5%33 ,30,5%*34 ,30,5%35
30,5%36 7/

ENTITIZS DISPLAYING NONBLINKING ASTERISKS IN THE LOWER LEFT

HANO CORNER OF THE SCREEN
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’
4

’

CGRAF
COMNXY
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
NOUT
NOUTY
NOUTY
NAXES
MAXES

NAXES °

NAXES
NCHARS
NCHARS
NCHARS
NCHARS
NPRCD
NPRCO
NPRCD
NPRCOD
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
GCGRAF
CGRAF
CGRAF
CGRAF
CGRAF
GGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
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e e e e
NOVNEWN -G
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O

NN
FUunro

W NN NN
N Ooe NN
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NPV FWUNFF SO NON ST W
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re

4]

85

90

95

100

[ Xz X1]

o000

[z s Ne]

DATA NPUPS1 ,NPUPS2 yNPAFU1L

sNPAFU2
»NUPS

1 oNPAFL 2 s NPOWNL o NPDWN2

2 31,32,37,34,37,31  $31,32,33,37,35,3¢
3 9632 96%33

[ 96%34 9635

5 131,32,4%)

TEXT ENTITIES OISPLAYING CHARACTERS WHICH IDENTIFY THE A3>CISSA AND

90,32,33,3%0

ORDINAYTE AXES OF THE GRAPHICAL QUTPUT

DATA NXx18 s NX28 yNY8 sNMB
1 NOU18B s NOU2B yNDDAQ8 yNPOB
2 80,61, 02, )83,00,65 Lu0,3%47,L4,u45
3 WOyl ,4%u8 s 0ybyl2,3%46
[y W0y2%0bya3,2%06 960,y 3%ub bty kb
5 LB, 8% 48,45 240 ,6%43,45
DATA NMXB s NUPB #NOUODXA yNAF 3B

1 40,0,02,3%0
2 60,3%0y44,0

THIS DATA STATEMENT CONTAINS A SIX INTEGER AJRAYIDENTIFYING A POLY-
LINE ENTITYWMICH DISPLAYS THE AIRFOIL SHAPE IN

CORNER OF THE SCREEN
OATA NAIRFL/6%18 /

seljybi, 60
y0y4%0,45

DATA LRSUPR ,LRSUB s LRFLOW
DATA NLGRNG ,NPARAS /5%39,37

DATA LRNOGC 76®39 /

THIS DATA STATEMENT CONTAINS THE SIX INTEGER ARRAYS IDENTIFYING THE

72%19,4%1
y5*39,38

POLYLINE ENTITIES FOR GRAPHICAL QuUT®PUT

DATA NXY1 s NXY2 76*60
DATA NALLZE*0/
END
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96%61

sNPAFU3
oNAF1

sNPAFL1L
sNAF 2 ’

132932933,34935,33
932,32,33, 34,535,336

»6%36

sNMO18
yNP1B

yblyl,b%7

syl b®49

90y 3%47 4Lky47
29yl 2, 63yly k5

SNORNB

y40,2%0,43,2%0
90l e2,43,44,45

12%19,4%2
/

/

yNMO 28
sNPKTAB

s NKT A3

WE | N v v e

Tdc LOWER LEFT HAND

12%19,4%0 7/

CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF
CGRAF

55
56
14
58
59
60
61
62
63
-1}
65
56
67
68
69
78
71
72
73
Tae
75
Te
rr
78
&)
80
st
a2
83
84
85
86



10

15

20

25

30

35

40

c

OVERLAYIOYFILE, 0,00

PROGRAM LIENCINPUT,0OUTPUT ,TAPES=INPUT,TAPES=0UTPUT)
COMMON/ZISSCAL/ZIDSCAL

COMMON/NCON/  1ICON

COMMONZOUTCOMZ

1 X1€(160) ,HY1(160) 9s¥2(160) ¢NN1 s NN2
COMMON/ZCOMNXY/ZNXY1(6) sNXY2(8)

COMMONZ ICNTRLZ J s ICRIT(2) ,LLt2) »160(2)

COMMONZ INPUTY/

1 LRUPS(6) LLRSTG(6) ,LRAFU2(6),LRAFL2(B),LRAFUI(6),LRX00Q(E)
2 yLROIEQLH) yLRXSEQL6)  LRXAUPIEY yLRCYDULE) ,LRXALHI(G) yLRCYDLS)
3 sLRSLEQ(6) s LRMACH(6) yLRALFALE) ,LRYIUCE) HLRYIL(6E) ,LRSTRT(6)
L] sLRNN1(6) ,LRNAZ2(6) ,LRNN3(6) ,LRNNGIB) 4LINNS(6) ,LRNNG(G)
5 sNLGRNG(6) y NPARABLG)

COMMON/NOUTZ NAIRFL(S)

1
2

sLROEEQ(H) y LRYSOQ(6) yLRYSEQ(E) ,LRDOEG(6) ,LRRUEQ(E) yLRUBEQ(S6)
sLRID(E) HLRPOEQ(E) ,LRNOGO(6) LRSUB(E) HJLRSUPR(E) ,LRFLOWIG)

COMMON/NPRCOZ NCUPS1{6) yNCUPS2(6) ¢yNCAFU2(6) ,NCAFL2(6) ,NCAFUI(6)

i
2
3

sNCOWN1(6) s NCOWN2(6) yNPUPSL1(6) ;NPUPS2(6) yNPAFUL(B) 4NPAFU2LE}
JNPAFUS(E) ,NPAFL1(6) yNPAFL2(6) yNPDHN1(6) yNPORNZ (6) yNUPS(6)
+NAF1(B) ,NAF2(6)

COMMON/NAXESZ NALL(6)

1 JNMXBEB) ,NUPB(B) ,NDUDX3(6),NAF2B(5) ,NOWNB{b)} ,NKTAB(G)
2 JNX1B(B) ,NX2B(B) ,NYB(6) sNMB (6) yNMO1B(6) ,NMO2B(6)
3 4NDU1B(B) ,NDU2B(6) ,NDDQ3(6) ,NPOB(6) ,NP18(6) ,NPKTAB(6)
COMMONZNCHARS/NNEOQ JNAEQ yNXOOEQC2) ,NDVIEQ(2) yNXSEQ(2)
1 ,NYSOEQ(2),NXAEQ(2) ,NCYDEQ(2) ,NSLEQ(2) ,NDEEQL2) ,NYSEQ(2)
2 ,NDVDOEQ(2),NRUEQ(2) ,NUBEQ(2) ,NID(2) SNMACHUI(2) yNALPHA(2)
3 GNYIUEQE2) 4NYILEQ(2) ,NPOEQ{2) oFMTI JFMTF

COMMON C + CK sRS SF M SALPHA

COMMON/BCOM/ XO »DV00 oL

COMMON/ECOMZASTAGT26) , XSTAG(11) ,YSTAGC11) ,XAF(50) ,YAF(50,2)
COMMON/ZAINPUT/ZAINC(24) HNNI(7) YyHI(6)
COMMON/YUVSAV/NNN(D) yYUV(126)

COMMON/PTARFL/ZXX(40y2) 4¥YY(40,2) ,AM(40,2) ,CA »SA
COMMON/COMPRS/ XP(160,2) yPP(16042) yNP(2)

COMMON/RBUBCM/RBUR sUBINIT »I3BUB

INITI

ATE PROGRAM EXECUTION

CALL GPEXE(LLNPUTY

END

158

LIEN
LIEN
ISSCAL
NCON
ouTCcoNM
ourcon
COMNXY
ICNTRL
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
NOUT
NOUT
NOUT
NPRCO
NPRCD
NPRCO
NPRCO
NAXES
NAXES
NAXES
NAXES
NCHARS
NCHARS
NCHARS
NCHARS
COMMON
8COM
ECOM
AINPUT
YUVSAY
PTARFL
COMPRS

. RBUBCM
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CIEN
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OVERLAY(1,0)
PROGRAM NPUT

HIS PROGRAM READS INPUT

COMMON/NCONs ICON

COMMONZAINPUTZAINC24) HZNNI(?) yHI(6)
COMMON/YUVSAY/NNN(3Y yYUV(126)

COMMON/PTARFLZXX(40,2) ,YY(40,2) ,AMC40,2) ,CA ’SA
COMMON C » CK RS oFN yALPHA
DIMENSION LABEL(7),NP(2)

READ THE CONSOLE NUMBER ANO THE LASEL CARD

READ(5,90) ICON,(LAJEL(I),I=1,7)

READ IN FLOW CONOITIONS

READ(S5,100) F“,TC,ALPHA

READ IN FLOW SOLUTION PARAMETESRS

R

20

30

40
50

60
70
80

90
102
110
149
210
150
2439

250
250
270
330
400

READ(S5,210) (AIN(I),I=1,7)
READ(5,1080) (AIN(I),I=8,15)
READ(5,100) (AIN(I),I=16,18)

EAD IN THE NUMBER OF STRIPS AND THE INTEGRATION STEP SIZE
READ(S,110) (NNIC(ID,I=1,6),(HI(T) I=1,6)

WRITE(S,400)

WRITE(6,3300 (LABEL(I),I=1,7)

READ(5,140) NP (1),NP(2)

00 20 J=1,2

NN = NPCJ)

READ(5, 1500 (XXUI,J) ¥V (T 40) AMII,J),I=1yNN)

NN1 = NP(1)

IF(NP(2) JLT.NP(1)) NN1 = NP(2)

WRITE(H,240) :

DO 30 I=1,NN1

HRITZ(652500 XX{I41)sYYCIg1)gAMCI 1) 4XXCIy2) oYY (1,20 yAMII,2)
NN1 = NN1+1

J =1

IF(NP(2) JGT NP (1)) J=2

IF(NP(2) .EQA.NP(1)) GO TO 80

NNZ = NP(J) :

GO TO (40,600 44

D0 50 I=NN1,NN2

WRITE(6,2600 XX(Iy1),¥Y¥(I,10,84(I,1)
GO0 To 80

DO 70 I=NN1,NN2

WRITE(5,2700 XX(I,2),YY(I,2),84(1,2)
£8 = COSCALPHA/S7,2357795)

SA = SINCALPHA/S57,2957795)

CALL ASTSKC(4LSTUP)
FORMAT(I2,8X,7A10)
FORMAT(BF 10, 6)
FORMAT(6I1,4X,7F10.6)
FORMAT(212)

FORMAT(10%,7F10.6)
FORMAT(3F20.15)

FORMAT (17X, BHX (UPPER) 412X, 8HY (UPPER) ,9X,12HDY/DX (UPPER) 411X,
1 BHX(LOWER) y12X,B8HY(LOWZR) 39Xy 12HDY/DOX{LONER) )
FORMAT(7X,6F20.12)

FORMAT(7X,3F20.12)

FORMATI67Xy3F20,12)

FOPPAT(4(/I32X,TAL0,41/))

FORMAT (1HL,4(/)7Xy12(10Hvssss0ssss))

ENC
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NPUT
NPUT
NPUT
NPUT
NPUT
NCON
AINPUT
YUVSAY
PTARFL
COMMON
NPUT
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OVERLAY(2,0)
PROGRAM STUP

THIS PROGRAM SETS UP THE LIGHT REGISTERS,

MANY TEXT ENTITIES
COMMON/NCON/  ICON
COMMON/Z ISSCALZIDSCAL
COMMON/Z INPUTY

LRUPS (6) 4 LRSTG(6)

t

THE LIGHT wUTTONS,AND

sLRAFU2(6) yLRAFL2(6) yLRAFU3(6) y LRXOOQ(6)

1

2 sLRDIEQC(H) s LRXSEQ(6) yLRXAUP(E) ,LRCYDULSH)
3 JLRSLEQUE) , LRMACH(6) yLRALFA(B) ,LRYIU(E)
.
S

sLRNN1 (6) ,LRNA2(®)
yNLGRNG(6) yNPARAB(6)
COMMON/ZNOUY/ NAIRFL(6)

s LRNN3(5)

sLRNN4L ()

sLRXALH(E)
sLRYIL(E)
s LRNNS (6)

1 sLRDEEQL6) y LRYSOQL6E) yLRYSEQ(E) ,LRDOEQ(H) y LRRUEQLE)

2 sLRID(6)

» LRPOEQ(H) yLRNOGO(H) 4 LRSUB(B)

»yLRSUPR(6)

COMMON/NPRCD/Z NCUPS1(6) ,NCUPS2(6) yNCAFU2(6) ,NCAFL2(6)
1 yNCOWN1C6) s NCORNZ2(6) yNPUPS1(B) 4NPUPS2(6) yNPAFUL(H)
2 yNPAFU3(6) , NPAFLL(E) yNPAFL2(6) yNPDHN1(6)

3 sNAF1(6) ,NAF2(6}
COMMON/Z/NAXESZ NALL(E)

s NPDUNZ(6)

syLRCYDL (6D
sLRSTRT (&)
s LRNNG (6)

s LRUBEQUSG)
»LRFLOW(E)
sNCAFU3(6)
yNPAFU2(6)
s NUPS(6)

1 sNMXB(6) ,NUPB(6) ,,NDUDXB(6) yNAF3B(6) ,NOWNB(H) ,NKTAB(6)
2 sNX1B(6) ,NX2B(6) HNYB(6) sNMB(6) yNMO1B(6) ,NMO2BL6)
3 syNDU1B (6) ,NOU2BI(6) ,NDDQA(E) 4NPOB(6) HNPL13(6) HNPKTAB(6)

COMMON/NCHARS/NNEQ yNAEQ yNXOOEQ(2) yNOVIEQ(2) yNXSEQ(2)
1 s NYSOE 2(2) , NXAEQ(2) HNCYDEQ(2) 4NSLEG(2) H,NISEQL2) HNYSEQ(2)
2 yNDVOEQ(2) , NRUEQ(2) H,NUBEQL2) 4NID(2) sNMACHG(2) ,NALPHA(2)
3 sNYIUZQC2) , NYILEQ(2) ,NPOZQ(2) 4FMTI g FMTF

COMMON/ZAINPUTZAINC24) 4NNI(7) yHIC(B)

COMMONZ YUVSAVZNNNI(3) s YUV (126)

COMMON C s CK RS »FM sALPHA

DIMENSION IXLR(2Y L IYLR(4) s XLR(2)
1 YLR(4) s XPRCOCB) ,YPRCO(3) ,XGRID(2) ,YGRIO(4) ,ALIMi(4)
2 USER1(%) ,BASE(L4) ,X(60) 2 Y (60) s NSNCP3(2) yNOGOB(3)
3 IVEL1(2) ,IVEL212)

DATA NSNCPB,NOGOB, ICOMP ,NSTOR,NSUB,NSUPR,LISTAR, IPRCOyIValLl,yIVcL2/

1 10HSONIC POIN,10HT REACHSO ,10HINTSGRATIO,10HN INCOMPLE,
2 ZHTE s THCOMPUT E s 4HSTOP ,BHSU3ISONIC
3 10HSUPERSONIC,1H® s THPROCSED » 1OHLAGRANG IAN,
&  10H FUNCTION ,10HPARAROLIC ,10HFUNCTION /
DATA NXyNYyNMyNMO, NDUDX,NIDQ,NPO 4NP 1 /
1 1HX s LHY 3 1HM, 2HMO, 4kHDUDX , SHODQ , 2HP O, 2HP1 ’
DATA IXLRyIYLR,XLR,YLRyXPRCJ,YPRCO /
1 11 336 =53 4=49 4-45 -1 ,
2 100935¢9=5645-524y=684y-bla,
3 564 p=500y-390y=370 92703209564 9-500y-43, ’
DAYA XGRIDyYGRID,ALIML ,USERL,RASE /
1 “Bhugley=U2ey=16091209360y3%(=574,=570y5744574} /
DATA IXCM,IYCM/35,-56/
INITIALIZE SU3SCREEN AREA IDENTIFIER
INSCAL = 4
CREATE POINTS ON AIRFOIL FOP THE POLYLINE ENTITY NAIRFL

X1
CALL
Y1)

= =12,
ARFL(1.0,A,YY,3,C,2)
= ~50.,-¥Yv%25,

0,95

I=2,29

ARFL (XXyAy¥YY,R,C,y2)
= =37.6XX*25,

= ~50.-YY*25,

-. 05

IF(I.6E.13) IX

~e 01

H B

IF(T.6c.28) OX
S XX = XX#DX

~.005

X{10) = -37,
Y(30) = ~5¢0.
XX = 4,005
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STupP
STUP
stTue
sTup
STUP
NCON
ISSCAL
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
NOuT
NOUT
NOUT
NPRCD
NPRCOD
NPRCO
NPRCD
NAXES
NAXES
NAXES
NAXES
NCHARS
NCHARS
NCHARS
NCHARS
AINPUT
YUVSAY
COMMON
sTup
sTuUP
stup
sTuP
STUP
STuP
STuP
STUP
sTupP
STUP
STUP
STUpP
STUP
stTue
STuUP
STUP
sTue
STUP
STUP
STUP
sSTUP
STUP
sTuP
STUP
sTue
STuP
STUP
stue
STUP
STUP
STUP
STUP
sTup
STuP
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STupP
sTuP
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70

75

85

90

95

105

110

120

125

135

oo (g X3} [ X 4]

OO0

00 6 I=31,58 :
CALL ARFL(XX,A,¥YY,8,C,1)
XC(I) = =37.4XX%25,
Y(I) = =S50.eYYV®25,
0X = .005
IF(I.GE.32) OX
IFCI.GEs& 1) DX

.gl
« 05

"o

6 XX = XXeOX

X{59) = =12,
Y(59) = Y(1)

INITIALIZE GRAPHIC PAC FACILITIES
CALL INTGP(6LDATAFL,3,510,1)

INITIALIZE THE GRAPHICS CONSOLE NUMBER ICON
CALL INCON(ICONY

DEFINE SUBSCREEN AREA 1 TO DEFINE THE ENTIRE SCREEN AREA
CALL SCORS(BASEN
CALL SSCAL(1,ALIM1,USERY)
CALL PLYLNINAIRFLy1,X(1),Y(1),58)
CALL ASCAL(1)
CALL GENDFUINAIRFL,D)

CREATE POINT ENTITIES IN THE LOWER RIGHT HAND CORNER OF THE SCREEIN
CALL POINT(XLR(1),YLR{1),PTLR11)
CALL POINT(XLR(1),YLR(2),PTLRL2)
CALL POINTUXLR(1),YLR(3),PTLR1Y)
CALL POINTUIXLR(1),YLRC4),PTLR1L)
CALL POINTUIXLR(2),YLR(1),PTLR2Y)
CALL POINTU(XLR(2Y,YLR(2),PTLR22)
CALL POINTU(XLR(2),YLR(3),PTLR2Y)
CALL POINTUXLR(2),YLRUW4)4PTLR24)

CREATE POINT ENYITIES IN THE LOWEP LEFT HAND CORNER OF THE SCREEN
CALL POINT(XPRCD(2),YPRCD(2),ISTR22)
CALL POINTIXPRCD(3),YPRCDO(2),ISTR32)
CALL POINT(XPRCO(4),YPRCD(3),ISTRAI)
CALL POINTU(XPRCI(S),YPRCO(3),ISTR53)
CALL POINTUXPRCO(L),YPRCI(1),ISTRGL)
CALL POINT(XPRCI(S),YPRCO(1),ISTR51)
CALL POINT(XPRCD(5),YPRCD(2),ISTRS52)
CALL POINT(XPRCD(6),YPRCD(2),1I5TR62)

CREAYE POINT INTITVIES IN THE UPPER AREA OF THE SCREEN
CALL POINT(XGRID(2),YGRID(1),PGRD21)
CALL POINT(XGRID(1),YGRID(2),PGRD12)
CALL POINT(XGRID(1),YGRID(3),PGRD13)
CALL POINT(XGRID(2),YGRID(3),PGRD23)
CALL POINT(XGRID(1),YGRID(4),PGRD1L)

CREATE LIGHT REGISTERS FOR THE LOWER RIGHT HAND TORNER OF THE SCREEN

WHICH CAN BZ USED TO CHANGES INPUT VARIASLES
CALL LITRG(IXLR{2) ,IYLR(2) ,NNEQ,3,21,FMTI)
CALL LITRGCIXLR(2) yIYLR(2) yNAEQ,3,22,FMTI)
CALL LITRGCIXLR(2) yIYLR(2) yNNEN,3,23,FMTI)
CALL LITRGUIXLR(2) yTYLR(2) 4NNEN,3,24,FMTI)
CALL LITRG(IXLR(2) ,IYLR(2) ,NNEQ,3,25,FMTI}
CALL LITRGIIXLR(2)oIYLR(2) ,NNEQ,3425,FMTI)
CALL LITRGEIXLR(2) yIYLR(4) yNXOOEQ o1, FNTF)
CALL LITROCIXLR(2) ,TYLRA4) yNIVIEQ,B8y2, FMTF)
CALL LITRGCIXLR(2) yIYLR(3) yNXSER,3,3,FMTF)
CALL LITRGCIXLR(2) yIYLRE4) yNXAEQy 39k, FMTF)
CALL LITRG(IXLR(2) ,IYLR(3) ,NCYDED ky5,FMTF}
CALL LITRGEIXLR(2) yIYLR (i) yNXAEN,345,FHTF)
CALL LITRGCIXLRI2) yIYLRI(3) yNCYDED b7 ,FMIF)
CALL LITRGCIXLR(2) ;TYLR(4) yNSLEQ, 8y 8,FMTF)
CALL LITRGCIXLR(2),IYLR(4) yNYACHA,9,11,FMTF)
CALL LITRGCIXLRE2) yIYLR(3) yNALPHA,6,12,FMTF)
CALL LITRGOIXLRIZ) yIYLRU2) yNYIUER 8413, FMTF)
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>TuP
STUP
stup
sTup
stup
STUP
STUp
STup
STup
STuP
STuP
stup
STuP
sTup
STUP
sSTuUP
sTuP
stup
STUP
STup
STupP
STup
STupP
STUP
STup
STuP
STup
STUP
sTup
stTue
STUP
STup
STuP
STUP
STUP
STup
STupP
STUP
stup
S3Tup
stue
STUP
STup
STUP
STUP
sTUP
STUP
sTUP
STup
STUP
sTup
STuP
sTup
STuP
styue
STuP
sTUP
STUP
STUP
sTuP
STup
STUP
sTuP
STup
STuP
STUP
STUP
STUP
STuP
sTup

55
56
57
58°
59
60
61

63
ok
65

67
b8
89
4N
71
72
73
T
75
L)
rr
T8
73
80
81
a2
83
8w

86
a7
83
89
30
31
32
93
I
35
36
E14
38
39
1010
101
102
103
10«
105
106
107
108
109
110
111
112
113
116
115
116
117
118
119
120
121
122
123
124



pLY ]

145

150

155

100

170

17%

180

185

190

1385

200

CALL
CREATE

OoO0O000

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CaLL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CaLL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
. CALL
CALL
CALL
CALL
CALL
CALL
CALL
caLL

CREATE

OO0

CALL
- CALL
CALL
CALL
CALL
CALL
CALL
CALL

CREATE

o000

CALL
CALL
CALL
CALL
caLL
catLL
CALL
CALL
CALL
CALL
CaLt
CaLL

c CREATE

LITRG(IXLR(2) yIYLR(L) ,NYILEQy8,y14,FHTF)
TEXT ENTITIES FOR THE LOWER RIGHT HAND CORNER OF TME SCREEN

WHICH CAN 8E USED IN CONJUNCTION WITH THE LIGHT REGISTERS TO CHANGE
INPUT VARIABLES

ENSHFTINNEG, 3,NNI(1),FNTI)
TEXT(LRNN1,0,PTLR22,NNEQ,4,0,3,4RCVLT)
ENSHFTI(NAEQ,3,NNI(2) ,FNTI)
TEXTC(LRNA2,0,PTLR23,NAEQ,4,0,3,4RCVLT)
ENSHFTUNNEQ, 3yNNIC(3) ,FNTT)

TEXT(LRNN3, 0)PTLR22,NNEQyky0,3,6RCVLT)
ENSHFTUNNEQ, 3,NNI (&)} ,FNTI)
TEXT(LRNNL, 0, PYLR22,NNEQ,4,0,3,4RCVLT)
ENSHFTUINNEQy 3,NNI(5) 4FHTI)

TEXT (LRNNS,0,PTLR22,NNEQ, 4y 0,3,4RCYLI}
ENSHFTUINNEQ,3,NNI(8) 4FNTI)
TEXT(LRNNG,0,PYLR22,NNEQ, &, 0,3,4RCYL]D)
ENSHFTU(NDVIEQ,8,AIN(1) ,FMTF)
TEXT(LROIEQ,0,PTLR24,NOVIEQ,18,0,3,4RCVLRA)
ENSHFTUINXSEQ, 3,AIN(R2) ,FMTF)
TEXT(LRXSEQ,04PTLR23I4NXSEQ,13,0,3,4RCVLR)
ENSHFT(NXOOEQ, by AIN(8) yFMTF)
TEXT(LRXOOQy0,PTLR24 3 NXOOEQ,y14,0,3,4RCVLR)
ENSHFTUNXAEQ, 3,AINC(3) ,FNTF)
TEXT(LRXAUP,04PTLR24,NXAEQ,13,0+3,4RCYLRY
TEXT(LRCYDU,04PTLR23,NCYDEQ)y14y0,3,4RCYLR)
ENSHFTUINXAEQ, 3y AIN(S) ,FMTF)
TEXTCLRXALW,0,PTLR24,NXAEQ,13,0,3,4RCVLR)
ENSHFVINCYDEQ, 4, AINC6) ,FATF)
TEXT(LRCYDL,0,PTLR23I,NCYDEQy1440,43,4RCYLR)
ENSHFTINSLEQ,8,AINC(7) ,FMTF)
TEXT{LRSLEQ,0,PTLR24yNSLEQy18,0,3,4RCVLR)
ENSHFT(NMACHQ,9,FM,FMTF)

TEXT (LRMACH,0,PTLR24 yNMACHO,19,0,3,4RCYLR)
ENSHFT(NALPHA,6,ALPHA,FMTF)
TEXT(LRALFA,0,PTLR23yNALPHA,16,0,3,4RCVLR)
ENSHFTINYIUEQ,8,AIN(11),FMTF?
TEXT(LRYIU,0,PTLR22,NYIUEQ,y 18, 0,3, 4RCVLR)
ENSHFTONYILEQ)8,yAINC12),FMTF)
TEXT(LRYIL,0,PTLR21,NYILEQ,1850,3,4RCVLR)

TEXT ENTITIES FOR THE LOWER RIGHT HAND CORNER OF THc SCREEN

WHICH DISPLAY OUTPUT INFORMATION

TEXT (LRDEEG,1,PTLR14,NDEEQ, 13}
FEXT{LRYSOQy1,PTLR13,NYSOEG,14)
TEXT (LRYSEQy1,PYLR1L,NYSEQ, 13}
TEXT(LRDOEQ,1,PTLR13,NDVOEG,18)
TEXT(LRRUEQ,1,PTLR14,NRUEQ, 16)
TEXT (LRUBEQy1,PTLR13,NUBEQy13)
TEXT(LRIOD ,1,PTLR13,NID,20)
TEXT (LRPOEQy1,PTLR12,NPOEQ,y13)

TEXT ENTITIES IN THI UPPER AREA OF THE SCREENWHICHLABEL THE

GRAPHIC DISPLAY

TEXT(NX1B,1,PGRO21,NX, 1)
TEXT(NX2B,1,PGRD23,NX,1)
TEXY(NYB ,1,PGRD14,NY,1)
TEXT(NMB ,1,PGRD23,NM, 1}
TEXTINMO1B,1,PGRD13,NMO,2)
TEXV (NMO2B,1,PGR012,NMOD, 2}
TEXT(NOU1B,1,PGRO13,NDUOX, 4}
TEXT (NOU2B,1,PGRO12,NDUDX,4)
TEXT(NDDQB,1,PGR0O144NDDQ, 3)
TEXT T NPOB,1,PGRN12,NPO,2)
TEXT (NPKTAB,1,PGRD13,NPO, 2}
TEXT{ NP1B,1,PGRD14,NP1,2)}

TEXT ENTITIES IN THE LOWER LEFT HAND CORNER OF THE SCREEN

C WHICHCISPLAY ASTERISKS INDICATING NEXY PROGRAM STEP
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STus
sTUP
stue
stue
sTLe
sTuUP
stue
STUP
stTup
STUP
StTup
sture

STue

STUP
sTup
sTup
sTup
sTup
STUP
sTuP
sTup
sTUP
stup
STue
stue
stup
STup
sTUP
sTue
stue
stue
sTup
STUP
sTue
sTup
Stue
stup
STuP
sTup
STUP
sTuP
stup
STUP
STUP
sTuP
STUP
STuP
sTuP
sTuP
sTup
STup
sTup
sTuP
STuP
STuP
STup
STUP
STUP
sTuP
STUP
sTup
sTup
STUP
STup
sTup
STuP
STup
sTuP
sTup

125
126
127
128
129
138
131
132
113
134
138
136
137
138
139
148
161
1642
163
0TS
145
146
167
1648
149
151
152
153
154
155
156
157
158
159
160
161
162
163
166
165
166
167
168
169
170
171
172
173
174
175
176
1r?
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194




210

218

22%

230

235

260

245

c

a0

CALL
CALL
CALL
CALL
CALL
CALL
CALL
cAaLL
CALL

CREATE

CALL
CALL
CALL
CALL
CALL
CALL
CaLL
CALL
CALL
CALL
CALL
CALL
CALL
CaLL

CREATE
CALL
CALL
CALL
CALL
CALL
CALL
CALL

ENABLE
CALL
CALL
END

TEXT (NPUPS1,0,ISTR22,LRSTARy 1504 3,4RSTRT)
TEXT INPUPS2,0,ISTR3I2,LRSTAR, 1,0, 3, 4RPRP2}
TEXTINPAFU1,0,ISTR43,LRSTAR, 1,0, 3,4RAFUL)
TEXT(NPAFU2,0,ISTR&43,LRSTARy1,0,3,4RPRP3)
TEXTINPAFU3,8,ISTR53,LRSTAR,1,0,3,4RPRPS)
TEXT(NPAFL1,0,ISTR41,LRSTAR,1,0,3,4RAFL1)
TEXT (NPAFL2,0,ISTR51,LRSTAR, 1,0, 3,4RPRP4)
TEXTU(NPDOWN1,0,ISTR62,LRSTAR,1,0,3,4RPRPS)
TEXT (NPOWN2,0,ISTRS2,)LRSTAR, 1,093, 4R0ONWN2)

TEXT ENTIVIES IN THE LOWER LEFT HAND CORNER OF THE SCREEN
WHICH DISPLAY BLINKING ASTERISKS INDICATING THE CURRENT PROGRAM STEP

TEXT(NGUPS1,1,ISTR22,LRSTAR,1,1,3)

TEXT (NCUPS2,1,ISTR32,LRSTARy 11,3}
TEXT(NCAFU2,1,ISTR#3,LRSTAR,1,1,3)
TEXT(NCAFL2,1,ISTRS1,LRSTAR,1,1,3)
TEXT(NCAFU3,1,ISTR53,LRSTAR,1,1,3)
TEXT(NCOWN1,1,ISTR62,LRSTAR,1,1,3)

TEXT (NSOWN2,1,ISTR52,LRSTAR,1,1,3)
POINT(10. 90.,PTGRF2)
TEXTCLRNOGO,1,PTGRF2 4 NOGOB,22)

TEXT (LRSUB,0,PTLR24,NSU3,8,0,3,4RPRPY)
TEXT (LRSUPR,0,PTLR23,NSUPRy 10,0, 3y 4RPRP3)
TEXT(NLGRNG,0,PTLR22,IVEL1919,0,3,4RCHGV)
TEXT (NPARAB,0,PTLR22,IVEL2, 18,0y 3y 4RCHGV)
LITBNCIXLR(1) 4IYLR(1),IPRCO,7,1,4RPRP1)

LIGHT BUTTONS FOR COMPUTATION OF THE CURRENT PROGRAM STEP

LIVBNCIXCM,IYCM, TCOMP,7,2,4RUPS])
LITBNCIXCM,IYCM,ICOMP,7,3,4RUPS2)
LITBNCIXCM,IYCM,ICOMP,7,4,4RAFU2)
LITBNCIXCMyIYCM,ICOMP,7,5,4RAFL2)
LITBNCIXCM,IYCHM, ICOMP,7,6,4RAFUZ)
LITBNCIXCM,IYCMyICOMP,7,7,4R0OWNL)
LIT8N(-56,-56,NSTOP,k,20,4RSTOP)

ALL TEXT AND POLYLINE ENTVITIES

ENGDS(1,NALL)
ASTSKC(#LSTRT)
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sTuP
sTue
stTue
sTuP
stue
stTuP
sTuP
STUP
sTupP
stTue
stTuP
stTue
sTue
sTuP
STuP
sTue
STUP
sTUP
sTue
stup
sTup
stue
stup
sTup
sTuP
stTuP
STUP
STUP
STUP
sTUP
sTup
sTup
stue
sTuP
sTuP
STUP
STup
STuP
stTue
sTUP

195
196
197
198
199
209
201
202
203
204
205
206
207
208
299
219
211
212
213
216
215
216
217
218
219
228
221
222
223
224
225
226
227
228
229
230
231
232
233
2346



10

15

20

25

30

35

oo0

c

OVERLAY(3,0)
PROGRAM STRT

THIS

PROGRAM DISPLAYS THE FLOW VARIABLES

COMMON/ INPUT/

b
2
3
"
5

LRUPS(6) ,LRSTG(H) ,LRAFUZ(6) L RAFL2(6),LRAFUI(6) ,LRXD0QA(E)
SLROIEQ(6) JLRXSEQ(6) yLRXAUP(B) JLRCYDU(H) ,LRXALW(E) yLRCYDL (6)
JLRSLEQLE) , LRMACH{E) yLRALFALG) ,LRYIU(6) ,LRYIL(E) »LRSTRT (6)
JLRNN1LE) JLRNAZ2(6) ,LRNN3(6) ,LRNN&(6) ,LRNN5(6) ,LRNNG(S)
sNLGRNG(6) s NPARAB(6)

COMMON/NOUTZ NAIRFL(6)

1
2

|LROEEQ(6),LRVSOQ(6),LRYSEO(6),LRDOEQ(G),LRRUEQ(&),LRUBEQ(6)
JLRID(6) LLRPOEQ(6) JLRNOGO(6) JLRSUBIED ,LRSUPR(6) ,LRFLON(E)

COMMON/NPRCD/ NCUPS1(6) ,NCUPS2(6) yNCAFU2(6) 4NCAFL2(6) yNCAFU3(E)

1
2
3

oNCDWN1C6)  NCOWNZ{6) yNPUPS1(6) 4NPUPS2(6) yNPAFUL(6) ,NPAFUZ(6)
SJNPAFU3(6) , NPAFL1(6) yNPAFL2(6) yNPOHN1CE) NPOHN2(E) ,NUPS(6)
sNAFL(6) HNAF2(B)

COMMON/NAXES/ NALL(E)

1

JNHXB(6) ,NUPB(6) ,NDUDXB(6) ,NAF3B(6) ,NDWNB(6) s NKTAB(B)

2 JNX1B(6) ,NX2B(6) 4NYB(E) s NMB (6) sNMO1B(6) ,NM0O2B(6)
3 ,NDU1B(6) ,NDU2B(6) ,NDDQB(6) ,NPOB(E) ,NP1B(6) yNPKTAB(6E)
COMMON C » CK sRS s FM yALPHA

COMMON/ ISSCAL/IDSCAL

DIMENSION L3ID(2)

DAT

A LBID/1,207/

CALL ASCALtD)

CALL ERASEINALLY
CALL ERASG(IDSCAL)Y
CALL ERASGCIDSCAL-1)
CALL GENDF{NAIRFL, D)
CALL ENLB(2,L8I0)
CALL GENDFCLRSTRT, 0}

WAIT FOR AN ATTENTION SOURCE
CALL WAITE{DUM,0,DUM,TJUM

END
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STRT
STRY
STRY
STIRY
STRT
INPUT
InNeUY
INPUT
INPUT
INPUT
INPUT
NOUT
NOUT
NOUT
NPRCO
NPRCD
NPRCD
NPRCO
NAXES
NAXES
NAXES
NAXES
COMMON
ISSCAL
STRY
STRT
STRT
STIRY
STRT
STRT
STRY
STRT
STRT
SIRT
STRT
STRY
STRTY

13

15
16
17
18
19
20
21
22
23
24
25
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18

15

29

25

30

35

c
c
c

OVERLAY (&,0)
PROGRAN PRP1

THIS PROGRAM OISPLAYS ITENMS NEEOED FOR PROGRAM UPS1

i
2
3
"
5

1
2

1
2
3

1
2
3

COMMONZ INPUT/

LRUPS (6) ,LRSTGI(6) ,LRAFU2(6),LRAFL2(E),LRAFU3IL(S),LRX00Q(E)

sLROIEQES) , LRXSEQ(E) yLRXAUP(6) ,LRCYDU(E) ,LRXALW(E) ,LRCYDL(S)
JLRSLEQCE) ) LRMACH(6) ,LRALFA(G) ,LRYIU(S)

sLRNN1 (6) ,LRNA2(6) ,LRNN3(8) ,LRNNu(E)

sNLGRNG(6) , NPARAB(6)
COMMON/ZNOUTZ NAIRFL(6)
sLROEEQL6) y LRYSOQ(6) ,LRYSEQ(6) yLROOEQ(H) 4 LRRUEQ(6) 4 LRUBEQ(6)
JLRID(B) HLRPOEQ(6),LRNOGO(B) ,LRSUBI(6)
COMMON/NPRCOZ NCUPS1(6) yNCUPS2(6) yNCAFU2(6) yNCAFL2(6) yNCAFU3 (6)
sNCOWN1(6) s NCOWN2(6) ,NPUPS1(6) yNPUPS2(6) yNPAFU1(6) yNPAFU2(6)
sNPAFU3(6) ,NPAFL1(6) JNPAFL2(6) ,NPDWNL(6) sNPONN2(6) ,NUPS(6)
sNAF1(6) ,NAF2(8)
COMMON/ZNAXES/ NALL (6)
yNMXB(6) ,NUPB(6) ,NDUOXB(B) ,NAF3B(5)
sNX18(6) ,NX2B(6) ,NYB(B) +NMB(6)
sNOU1B(6) ,NDU2B(6) ,NDDQB(6) ,NPOBI(6)
COMMON C »CK »RS sFHM
COMMONZAINPUT/ZAINC24) ,NNI(7) JHI(6)
COMMON/YUVSAV/NNN(3) SYUV(126)
COMMON/PTARFLZXX(%0,2) ,YY(40,2) ,AM(40,2)
DIMENSION LBID(2)

DATA
CALL
CALL
CALL
CALL
caLL
CALL
CALL

L81IDs2,207/
ASCAL(1)
ENLB(2,LBID)
ERASE(LRSTRT)
GENDF(NCUPS1, 0}
GENDFINPUPS2,0)
GENDF(LRUPS,0) -
GENDF(NUPB, 0}

WRITE(6,100) FM,ALPHA
FORMAT (1H1///20X, 9HMACH NO.=,F 10,6, 16H

CALL
END

WAITEC(DOUM, 0,DUM, DUM)

165

sLRYIL(6) HLRSTRT(6)
yLRNNSIE) JLRNNE(E)

sLRSUPR(6) yLRFLOW(G)

sNOWNB(6) ,NKTAB(6)
sNMO1B(6) ,NMO2B(6)
yNP1B(6) ,NPKTAB(&)
JALPHA

»CA s SA

ALPHA=yF10.6)

PRP1
PRPL
PRPL
PRPL
PRPL
INPUT
INPUT
INPUT
INPUT
INPUT
INPUY
NouTt
NOUT
NOUT
NPRCO
NPRCO
NPRCO
NPRCOD
NAXES
NAXES
NAXES
NAXES
COMMON
AINPUT
YUVSAY
PTARFL
PRPL
PRP1
PRP1
PRP1
PRP1L
PRPL
PRPL
PRP1L
PRPL
PRP1
PRP1
PRP1L
PRP1L
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OVERLAY(5,0)
PROGRAM UPSH

THIS PROGRAM DISPLAYS OUTPUT FROM SUBROUTINE UPSTRM

1
1
2
3
"
5
1
2
1

2
3

COMMONZOUTCOM/
X1€(160) ,Y1(160) ,L,Y2(160) HNN1 »NN2

COMMON/COMNXYZNXY1(6) HNXY2(6)

COMMONZ INPUT/
LRUPS(6) ,LRSTG(6) ,LRAFU2(E),LRAFL2(6) ,LRAFU3(6) ,LRX00Q(6)
sLROIEQ(6) LRXSEQ(H) JLRXAUP(6) ,LRCYDULH) yLRXALK(B) yLRIYOL(S)
sLRSLEQ(6) y LRMACH(6) yLRALFALBE) ,LRYIU(E) ,LRYIL(E) ,LRSTRT{6Y
»yLRNN1(6) ,LRNA2(6) ,LRNN3(6) ,LRNNuL(BE) ,LRNNS(6) ,LRNNG(H)
sNLGRNG(6) y NPARAB(6)

COMMON/ZNOUTZ NAIRFL(6)

s LROEEQL6) , LRYSOQUB) yLRYSEQ(E),LRDOEQL(E) ,LRRUEQCE) y LRUBEQ(6H)
sLRID(G) HLRPOEQ(6) ,LRNOGO(B) 4LRSUB(BE) HLRSUPRI(GE) yLRFLOW(E)
yNXOOEQ(2) yNDVIEQC2) yNXSEQ(2)
sNYSOEQ(2) y NXAEQ(2) ,NCYDEQ(2) ,NSLEQ(2) ,NDESQ(2) ,NYSEQ(2)
sNOVOEQ(2) ,NRUEQ(2) ,NUBEQ(2) ,NID(2) s NMACHQ(2) yNALPHA(2)

COMMON/ZNCHARS/NNEQ yNAEQ

sNYIUEQL2) yNYILEQ(2) yNPOEQ(2) L,FMTI sFMTF
COMMON C y CK sRS sFN sALPHA
COMMON/BCOM/ XO »OVO0O0 sL
COMMON/ECOMZASTAG(26) yXSTAGC(L11) 4 YSTAG(L1) yXAF(50) s YAF (50,2}
COMMONZAINPUTZAINC24)  HNNI(?) yHI(6)
COMMON/YUVSAV/ZNNN(S) »YUV(156)
COMMON/PTARFLZXX(&0,2) ,YY(L0,2) ,AM(40,2) ,CA 1SA
COWMON/ ISSCAL/IDSCAL
DIMENSION X2TEMP(10),Y2VEMP(10),X2(10)
C = 1.¢5,/7FM**2

CK = 1701, LOFM*FM)
CA = COSC{ALPHA/S7,2957795)
SA = SIN(ALPHA/S7.2957795)

CatLL ASCAL(1)

CALL ERASGC(IDSCALY
CALL ERASG(IDSCAL-1)
CALt JOUPSTM

CALL ERASEU(LRDEED
CALL ERASE(LRYSOQ

DISPLAY THE OUTPUT VARIABLZS DE AND Y¥SO

CALL ENSHFT(NDEEQ, 3,AIN(20),FMTF)
CALL MODFY(LRDEEQ,1,2,NDEEQ)

CALL GENDF(LRDEEQ,0)

CALL ENSHFTUINYSOtQ,4,AINC21),FMTF)
CALL MODFY(LRYSOQ,1,24NYSOEQ)

CALL GENDF(LRYSOQG, D)

GRAPHICALLY DISPLAY DATA POINTS IN ARRAY Xi-Y1

CALL PLOYT2(0.,41.0,0.0,0.8,0.0,1.0,1)
IF (NN2.GT41) GO TO 10

GRAPHICALLY DISPLAY DATA POINTS IN ARRAY X2-Y¥2

10

15

NN2 = &
Y2(2) = 1.
Y2(3) = 0.
Y2(4) = 1.
Y2(11) = 2.
Y212y = 1.
Y2013 = 1,
Y2 (143 = Q.

DO 15 I=1,NN2

X2TEMPCI) = Y2(I)
Y2TEMPCI) = ¥2(I+10)
NSWITCH = NN2-3

DO 18 I=1,NN2

X2 (I} = X2TcMP(I+NSWITCH)
Y2(I) = Y2TEMP(I«NSHITCH)

166

UPS3
uPs1
UPS1
UPS1
UPS1
ouTCOM
ouTCoM
COMNXY
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT:
NOUT
NOUT
NOUT
NCHARS
NCHARS
NCHARS
NCHARS
COMMON
BCOM
ECOM
AINPUT
YUVSAY
PTARFL
IsscaL
UPS1
UPS1
uPsS1
UPS1
upsS1
UPS1
UPS1
UPS1
UPs1
UPS1
UPS1
upsi1
uPs1
uPs1
UPS1
UPS1
uPs1
UPS1
UPSy
UPS1
UPS1
uPs1
uPSs1
UPS1
UPS1
UPs1
UPS1
UPS1
UPS1
UPS1
UPS1
UPS1
uPs1
UPS1
uPS1
UPS1
uUPS1
UPsS1
UPS1
UPS1
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14 ]

14

-85

18

22
25

NSWITCH = NSWITCH-2

Y2RAX = Y2(1)

00 25 I=2,NN2

IF(Y241) ~Y2MAX) 25,2522

Y2MAX = Y2(I)

CONTINUE

X2MIN = 0.0

Y2MIN = 0.0

X2MAX = X2(NN2)

CALL AREA2(YZMIN,V2NAXy X2MIN,X2MAX, 2)
NXY2(5) = 0 .
CALL DLETE(INXY2)

NXY2(5) = 61

CALL PLYLN(NXY2,1,Y2(1) 4X2(1) yNN2-1)
CALL GENDF{INXY2,09

WAIT FOR AN ATTENTION SOURCE

CALL WAITE(DUM,0,0UM,0UM)
END
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UPS1
uPs1
uPsi
11431
UPS1
ursi
UPS1
uPsS1
uPsS1
UPSt
uPsi
uPsit
UPS1
uPsS1
UPS1
uPsS1
UPS1
UPS1
uPsS1

60
61
62
63
b4
65
66
o7
(] ]
69
re
71
r2
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76
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rr
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OVERLAY(6,0)
PROGRAMN PRP2

THIS PROGRAM DISPLAYS ITEMS NEEDED FOR PROGRAM UPS?

COMMON/COMNXYZNXY1(6)
COMMON/Z INPUTZ
1 LRUPS(6) 4 LRSTG(E)
2 JLROIEQCE) y LRXSEQLS)
3 sLRSLEQ(S) y LRNACH(B)
L3 yLRNN1(6) ,LRNA2(6)
5 sNLGRNGU6) y NPARAB (6)
COMMON/NOUTZ NAIRFL(6)
1 »LROEEQ(B) 4 LRYSOQ(E)
2  yLRID(6) ,LRPOEQtE)
COMMON/NAXES/Z NALL(6)
1 sy NMXB(E) H,NUPBI(6)
2 s NX1B(6) yNX2B(6)
3 »NDU18(6) ,NDU2B(E)
COMMON/ZNPRCDZ NCUPS1(6)

WNXY2(6)

sLRAFU2(6) ,LRAFL2(6) ,LRAFU3(6) ,LRX00Q(6)
s LRXAUP (6D ,LRCYDULE) yLRXALWHEE) y LRCYDL(6)
sLRALFA(E) yLRYIUCE) ,LRYIL(6) ,LRSTRT(6)
sLRNN3(E) ,LRNN&(6) ,LRNNS(6) ,LRNN6(6)

yLRYSEQ(6) yLRDOEQ(E) ,LRRUEQ(6) ,LRUBEQ(6)
yLRNOGOL6E) , LRSUB(E) ,LRSUPR(6) yLRFLOW(G)

sNOUOXB(6) ,NAF3B(6) ,NDWNB(6) HNKTAB(6)
yNYB(6) sNMB(6) sNMO13(6) ,NMO2B(6)
syNDDQ3(6) ,NPOB(B) ,NP1B(6) ,NPKTAB(G)
sNCUPS21(6) yNCAFU2(6) yNCAFL2(6) yNCAFU3(H)

b sNCOWN1(6) y NCOWNZ2 (63 ,NPUPS1(6) yNPUPS2(6) yNPAFUL1(6) 4NPAFU2(6)

2 s NPAFUS(6) yNPAFL1(E)
3 »NAF1(6) ,NAF2(6)
COMMONZICNTRLZ Y
COMMON/ISSCAL/ZIOSCAL
DIMENSION LBID(2)

DATA LBID/3,20/

I6G0¢1) = 0
I6042) = 0
NXY1(S) = 0
NXY1(6) = 0
CALL DLETEUNXY 1)
NXY1(6) =60

CALL ASCAL(1)

CALL ERASG(IDSCAL)
CALL ERASG(IDSCAL-1)
CALL ERASE(NALL)
CALL ENLB(2,LBID)
CALL GENDFUNAIRFL, Q)
CALL GENDF(NCUPS2,0)
CALL GENDF(NAF2,0)
CALL GENDFCLRSTG,0)

yNPAFL2(6) ,NPOWNNLI(E) yNPDWNZ2(6) yNUPS(6)

sy ICRITI2) ,LL(2) yIS0(2)

CALL WAITS(DUM,0,DUM,DUM)

END
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PRP2
PRP2
PRP2
PRP2
CONNXY
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
NOUT
NOUT
NOUT
NAXES
NAXES
NAXES
NAXES
NPRCO
NPRCD
NPRCOD
NPRCO
ICNTRL
ISSCAL
PRP2
PRP2
PRP2
PRP2
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OO0

OVERLAY(7,0)
PROGRAM UPS2

THIS PROGRAM DISPLAYS OUTPUT FROM SUBROUTINt IOSTGNA
COMMON/ZNOUT/Z NAIRFL(6)

1 sLROEEQ(E) 4, LRYSOQ(6) yLRYSEQI6) ,LRDOEQ(6) ,LRRUEQ(E) yLRUBEQ(6)
2 sLRID(E) HLRPOEQ(6),LRNDOGO(6),LRSUB(E) ,LRSUPR(6) ,LRFLON(®)
COMMON/NCHARS/NNEQ yNAEQ sNXOOEQ(2) yNOVIEQ(2) yNXSEQ(2)
1 yNYSOEQ(2) , NXAEQ(2) 4NCYDEQ(2) 4NSLEQ(2) ,NIOEEQL(2) ,NYSEQ(2)
2 sNDVOEQ(2) yNRUEQL2) ,NUBEQ(2) ,NID(2) sNMACHQ(2) yNALPHA(2)

3 sNYTUEQ(2) yNYILEQ(2) NPOEQL2) ,FMTI sy FMTF

COMMON/NPRCO/ NCUPS1(6) yNCUPS2(6) 4NCAFU2(&) yNCAFL2(6) y,NCAFU3(6)
1 sNCOWN1(6) ; NCOWN2(6) yNPUPS1LE) ,NPURPS2(6) yNPAFUL1(6) ,NPAFU2(6)
2 yNPAFUI(6) yNPAFLL(E) yNPAFL2(6) yNPOWNL1(6) sNPDWN2(E) ¢yNUPS(6)
3 sNAF1(B) HNAF2(6)

COMMON C s CK RS F M sALPHA

COMMON/ZBCOM/ X0 »y0VO0O L
COMMON/ECOM/ASTAG(26) yXSTAG(11) ,YSTAG(11) ,XAF(50),YAF(50,2)
COMMONZAINPUTZAIN(24) HNNI(T) yHI(B)

COMMON/PTARFL/ZXX(&0y2) ,¥YY(40,2) ,AM(40,2) ,CA »SA
DIMENSION XINF(2),YINF(2) ,XSTG(11),YSTG(L11) yXLOWER(SEB) 4 YLOWERL50),
1XUPPER(50) ,YUPPER(50)

DIMENSION NXYUPR(6) yNXYLHR(5) yNXYSTG(H) yNYOINF(5) g NNNALL(E)
DATA NXYUPRyNXYLWRyNXYSTG,NYOINF,NNNALLZ6*50,50,5%52,50,5%53,

1 50,5%54,50,5%0/

CALL TOSTGNA

CaLL ASCAL(1)

CALL ODLETZU(NNNALLY

CALL ERASE(LRDOEQ)

SRASE TEXT ENTITIZS PREVIOUSLY DISPLAYZD BY THIS PROGRAM
CALL ERASS(LRYSEQ)
YSPYSO =-AIN(21)-AINL22)
DE = AINC2D)
YLWR = AMINI(YAF(50,2),YSPYSO)

DETERMINZ THE SCALING FACTORS FOR THE SCREEN DISPLAY
AMULTX = 114./(XAF(50) =-XSTAG(1))
AMULTY = 100.7(=YLW)
AMULT = AMULTX
IFCAMULTX .GTLAMULTY) AMULT = AMULTY
JE = AINC(20)

DETERMINE DATA POINTS FOR THE FIRST '3 PZR CENT OF THE UPPER AND
LOWER SURFACES OF THE AIRFOIL
DO 10 I=1,5)

YUPPER(I) = =40s¢C(YAF({I,1)=-YLHR)®AMULTY

IF(YUPPER (1) «GT457.) GO TO 15

XUPPERCI) = =~57.+(XAF(I) +DE)®AMULT
10 CONTINUE

I=51

15 CALL PLYLNINXYUPR,1,XUPPER,YUPPER,I-2}
no 20 I=1,50
XLOWZR(I) = =57.4(XAF(I) +DE)®AMULT
YLOWER(I) = =40+ C(YAF(I42)-YLHR)*AMULT
23 CONTINUE
CALL PLYLNCNXYLHWR,y 1, XLOWZR,YLOWEZR,49)

DISPLAY THE QUTPUT VARTA3ILZS YS AND DVONF
CALL ZINSHFTUNYSEQ,3,8IN(22),FMTF)
CALL MODFY({LRYSEQ,1,2,NYStd)
CALL GANDF({LRYSEQ, D)
CALL ENSHFT(NDVOZQ,8,8STAG(4) ,FMTF)
. CALL MODFY(_.RICZQy1,2,NOVOEN)
CALL SENDF(LRI0ZA,0)

DITZIRMINT DATA POINTS FOR THE STAGNATION STREAMLING

D0 25 I=1,11
XSTOUI) = =57, 4(XSTAS(I)+DE) *AMULT
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uPs2
uPs2
uPs2
uPs2
NOUT
NOUT
NOUT
NCHARS
NCHARS
NCHARS
NCHARS
NPRCD
NPRCD
NPRCO
NPRCD
COMMON
3com
ECOM
AINPUT
PTARFL
uPs2
uPs2
uPs2
uPs2
uPs2
uPs2
uPs2
uPs2
ues2
uPs2
uPs2
uPs2
uPS2
uPs2
uPs2
uPs2
uPs2
uPs2
UPS2
uPS2
UPS2
uPs2
uPs2
uPs2
uPs2
uPs2
uPs2
UPS2
uPs2
ups2
uPs2
uPs2
uPs2
UPS2
uPs2
uPs2
UFs2
uPs2
uPs2
uPs2
uPs2
uPs2
uPs2
uPs2
uPs2
uPs2
uPS2
uPs2
uPs2
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a0

YSTGUI) = ~40,+(YSTAG(I)-YLWR)®AMULT
25 CONTINUE
CALL PLYLNINXYSTG,1,XSTG,YSTG,108

XINF(1) = =57,

XINF(2) = XSTG(11)

YINF(L) = ~&0,¢(YSPYSO~YLHR)®AMULT
YINF(2) = YINF(1)

CALL PLYLNINYOINF,1,XINF, YINF,1)

DISPLAY AIRFOIL NOSE AND STAGNATION STREAMLINE
CALL GENDFUINNNALL, D)

WAIT FOR AN AYFENTION SOURCE

CALL WAITE(DUM,0,DUM,DUM)
END
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UPS2
urPs2
UPS2
uPs?2
UPS2
uPs?e
UPs?2
uPs2
UFS2
UPSs2
uPs2
UPs2
uPse2
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OVERLAY(10,0)
PROGRAM AFU1

THIS PROGRAM OISPLAYS OUTPUT FROM SUBROUTINE

COMMON/ZICNYRL/YJ sICRIT(

2) HLL(2)

COMMON/COMNXY/NXY1(6) 4NXY2(6)

COMMON/ INPUT/

LRUPS(6) ,LRSTGI6) 4LRAFU2L6) ,LRAFL2(6)
sLROIEQEH) s LRXSEQUS) 4L RXAUP(BI ,LRCYDU(B)

s LRNN1(6) JLRNA2(6) ,LRNN3(6) ,LRNNu4(B)

1
2
3 sLRSLEQ(E) s LRMACHIB) yL RALFALSR) ,LRYIUILS)
4
5

sNLGRNG(6) 4 NPARAB(E)
COMMON/Z/NOUT/ NAIRFL(6)

1 sLRDEEQLSB) yLRYSOQ(6) ,LRYSZQ(6),LRDOEQ(E)

2 yLRID(E) L, LRPOEQ(H) 4 LRNIGO(6H) 4LRSUBI(E)

COMMON/NAXES/Z NALL(6)

1 sNMXB(B) H,NUPBIBE) L,NDUDXBU(E) ,NAF38(6)

2 sNX1B(6) HNX2B(B) yNYB(o)

yNMB(6)

3 syNJU1B(6) ,NDUZB(B) ,NDDQ3(6) H,NPOB(E)

COMMON € s CK sRS
COMMONZAINPUTZAINC24) 4NNIC(T7)

SFM
JHI(8)

COMMONZ YUVSAV/ZNNNL3) sYUVL156)

COMMON/PYARFLZXX(L0,2) ,YY (4D,

2) SAM(40,2)

IQUPRCT

s 160(2)

s LRAFU3(6) ,LRX00Q(E)
sLRXALWI(G) yLRCYDL(S)
sLRYIL(B) HLRSTRT(6)
s LRNN>(6) ,LRNN6(6)

»y LRRUEQ(6) yLRUBEQ(6)
s LRSUPR(6) yLRFLOIW(B)

sNOWNB(B) ,NKTAB(6)
JNMO1B(6) 4NMI2B(6)
sNP18(6) ,NPKTAB(E)
YALPHA

»,CA +SA

COMMON/NPRCD/ NGUPS1(6) 4NCUPS2(6) yNCAFUZ2(6) yNCAFL2(6) yNCAFU3(6)
1 yNCOWN1(H) y NCOWN2(6) ,NPUPS1(6) ,NPUPS2(5) yNPAFUL(6) 4NPAFU2(6)
2 sNPAFU3LE) yNPAFL1(5) 4yNPAFL2(6) yNPIWNL(H) yNPOWN2(B) 4NUPS(0)

3 yNAF1LH) HNAF2(5)
COMMON/ISSCAL/TIDJSCAL
NXY1(5) = ¢
NXY1l6e) = 0
CALL DLETE(NXYD)
NXY1l{e) = &0
CALL ASCAL(1D)

CALL ERASSC(IDSCAL)
CALL ERASG(IDZSCAL-1)
CALL ERASZ(NALL)
CALL cNLB(1,20)

CALL GENDF(NAIRFL,0)
CALL GENDF(NUPS, ()
J=1

LLey = 1

CALL GENDF(NLGRNG, ()
CALL GENDF(LRFLOW,0)
CALL GENDFINMXE, 0}
CALL IOUPRCT

CALL PLOTT1(J.0,0.06,0.0,1.0)

WAIT FOR AN ATTENTION SOURCE
CALL WAITZ(DUN,0,ID,DuUM)
END
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AFUL
AFU1L
AFU1L
AFUL
AfFU1L
ICNTRL
COMNXY
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
NOUuT
NOUT
NOUT
NAXES
NAXES
NAXES
NAXES
COMMON
AINPUT
YUVSAV
PTARFL
NPRCO
NPRCD
NPRCD
NPRCD
ISSCAL
AFUL
AFU1
AFU1
AFU1
AFU1
AFUL
AFU1
AFU1
AFUL
AFUL
AFUL
AFU1
AFU1
AFU1
AFUL
AFU1
AFU1
AFU1L
AFU1
AFU1L
AFU1L
AFU1
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OVERLAY (11,00
PROGRAM PRP3

THIS PROGRAM DISPLAYS ITEMS NEEDED FOR PRUGRAM AFU2

1
2
3
&
5

1
2

1
2
3

1
2
3

COMMON/ZCOMNXYZNXY1 (&)
COMMON/ ICNTRLZ J

COMMON/ INPUT/

JLROTEGEE) , LRXSEQALE)
»LRSLEG(0) , LRMACH(E)

LRUPS(6) ,LRSTGI(B) ,LRAFU2(6),LRAFL2(6)
s LRXAUP(E) yLRCYDULE)
sLRALFA(S) yLRYIU(5)

JNXYZ(6)
s ICRIT(2)

LRNN1(6) ,LRNA2(6) ,LRNN3(B)

NLGRN5(6) , NPARABLE)

COMMON/NOUTZ NAIRFL(6)

yLROEEQJ(E) y LRYSOG(S)

'
COMM
’
’

’
DIME
DIvE
DATA
caLy
J=1

sLLE2)

s LRNN& (b))

JLRYSEGQG(6) ,LRDOEQ(S)

LRID(B) LLRPOEQ(6) 4LRNOIGO(6) ,LRSUR(E)

ON/NAXESZ NALL(6)

NMXB(6) 4NUPB(6) ,NDUOXB{6) ,NAF33(6)

NX1B(6) ,NX2B(B} 4NYBL6)
4NDU18(6) ,NOU2B(6) ,NDDQ3(6)

COMMON/NPRCD/Z NCUPS1(6) 4NCUPS2(6) yNCAFU2(6) yNCAFL2(6) yNCAFU3I (&)
SNCOWN1(6) y NCOWNZ(B) 4NPUPS1(E) yNPUPS2(6) yNPAFUL(E) yNPAFU2(5)
JNPAFU3(6) yNPAFLL(6) yNPAFL2(6) yNPOWNL(0) yNPOWNZ {6) yNUPS(E)

NAF1(O) L, NAF2(6)
NSION ID(6)

NSION LBID(2)
L3Id/74,20/
BONFOCITRN,ID)

ICRIT(J) = IDC3)

sNM3 (6)
yNPO3 (6)

»160(2)

s LRAFU3(6) ,LRX00Q(6)
s LRXALHI(E) ,LRCYOL (B)
sLRYILIE) JLRSTRT(E)
s L RNNS(6) HLRNNG(6)

yLRRUFEQ(6)  LRUREQ(H)
s LRSUPRI(G) yLRFLOW(G)

sNIWNBI(6) yNKTAB(6)
sNMJ18(6) ,NMI23(5)
s NP1 d(b) yNPKTAB(B)

A VALUE OF ICRIV(J)=1 IS ALLOWED FOR THIS VARIA3LEZ, OTHERWISE THZ
PROGRAM AWAITS ANOTHER ATTENTION SOURTE

IF(1
caLt
CALL
caLe
caLL
CALL
CAaLL
caLL
caLtL
CALL
END

CRIT(J)«ZQe2) CALL WATTE(DUM,0,0UM,DUM)

ASCALC1)

ERASEZ(NALL)
ENLB(2,LBID)
GENDFUNAIRFL, 0)
GENDFA(NCAFU2,0)
GENDFINUPS, 0?
GENDF(LRAFU2,0)
GENDF(NIUDX3, 0}
WAITZ(JUM,0,0UM, UM)
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OVERLAY (12,00
PROGRAM AFU2

THIS SUBROUTINE OISPLAYS OUTPUT FROM SUBROUTINE IOUPRIN

COMMON/ZOUTCOM/ R
1 X1€160) ,Yv1(160) ,Y2(160) 4NN1
COMMON/ICNYRLZJ s ICRITC2) ,LL(2)

COMMON/NOUT/Z NAIRFL(6)

s NN2
2 160(2)

1 yLRDEEQ(6), LRYSOQ(H) ,LRYSEQ(6) yLROOEQ(S) ,LRRUEQ(O) y LRUBEQ(E)

2 sLRID(6) HLRPOEQ(6),LRNOS0(E) LRSUBI(6)

COMMON/NCHARS/ZNNEC yNAEQ

3 sNYTUEQC2) 4y NYILEQU2) 4,NPOEQ(2) ,FMTI

s LRSUPR(6)

sNX00EQE2) yNDVIEQ(2)
1 o NYSOEQC(2) , NXAEQ(2) ,NCYDZQUC2) yNSLEQ(2)
2 oNOVOEQUE2) ,NRUEQ(2) ,NU3EQ(2) 4NID(2)

yNDEZ QL)
s NMACHA( 2)
SFMTF

COMMON/NPRCOZ NCUPS1(6) 4,NCUP32(6) ,NCAFU2(6) yNCAFL2(6)
1 sNCOWN1(B) s NCOWN2(6) ,NPUPS1(6) 4NPUPS2(6) yNPAFU1(6)
2 sNPAFU3(6) yNPAFL1(6) JNPAFL2(6) yNPDHN1(H) yNPIWNZ(6)

3 GNAF1(6) ,NAF2(5)
COMMON C »CX S SFM

COMMONZAINPUT/ZAINC(24) HNNI(7) yHILB)

COMMON/YUVSAV/ZNNNCD) s YUV(156)

COMMON/PUARFLZXX(4042) ,YY(40,2) »AM(&0,2)
COMMON/RBUBCM/RBUR yUBINIT y IRBUR

COMMON/ISSCAL/INSCAL
CALL ASCAL(1)

CALL ERASG(IDSCAL)Y
CALL ERASG(IDSCAL-1)

yALOHA

sCA

sLRFLOW(G)
yNXSEQ(2)
yNYSEQ(2)

sNALPHALZ2) -

sNCAFU3(6)
sNPAFU2(6)
yNUPS(6)

»SA

ZRASE TEXT ENTITIES PREVIOUSLY OISPLAYED 8Y THIS 2RUOGRAM

CALL ERASE(LRNOSQ)
CALL ERASE(LRRUZQ)
CALL ERASZ(LRID)
CALL ERASE(LRUBEMN
IICRIT = ICRIV(JN)
CALL IOQUPRIN(IICRIT)

DEPENDINS ON THE VALUE OF NN2, DISPLAY TEXT ENTITIES RELATING THE

STATYUS OF THE INTZGRATION PROCESS
IF(NN2.NZ .1} CALL GENDF(LRNOGO,0)
IF(NN2.EQ.1) CALL GENDF(NPAFU3,0)

DISPLAY THE CUTPUT VALUES OF R3UB AND U3
CALL ENSHFT(NRUZQ,5,RRUB, FMTF)
CALL "ODFY(LRRUEG,1,92,NRUEQ}

CALL GENDF(LRRUZQ,0)
IF(IR3UB.EQ.0) 50 TO &
IF(IR3UB.EQ.2) CALL GENDFA(LRID,0)
GO0 T0 6

4 CALL ENSHFTINUBZQ,3,UBINIT,FMTF)
CALL MOOFY(LRUBEQ,1,2,NU3EQ)

CALL GENDF(LRUBEZQ,0)

6 CONTINUE
00 10 I=1,NN1

19 Y1(I) = Y2(D)

CALL PLOTT(2.,0,40.0492.0,20.0)
AAIT FOR AN ATTENTION SOURCE

CALL WAITZ(DUM,0,0UM,DBUM)
END
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OVERLAY(13,0)

PROGRAM AFL1

COMMON/Z ICNTRLZJ
CONMON/COMNXYZNXY1(6)
COMMON/ INPUT/

LRUPS(6) ,LRSTG(6)

yICRITC2Y HLL(2)}
yNXY 2(6)

yLRAFU2(6) ,LRAFL2(E)

sLROIEQ(6) yLRXSEQ(E)  LRXAUP(6) ,LRCYDULE)

’

yNLGRING(6) y NPARARI(R)

LRNN1(6) ,LRNA2(®)

COMMON/NOUT/Z NAIRFL{6)
1 sy LROZEQEB) y LRYSOQLH) yLRYSEG(H) yLROOEQ(S)
LRIDtBY HLRPOEQ(H) ,LRNOSG0(6),LRSUBI(E)
COMMON/NAXESZ NALL (B)

2 ’

1 y
2 ’
3 »

COMMON/NPRCO/Z NCUPS1(6)
1 ¢sNCOWN1(6) y NCOWNZ( 6}
2 sNPAFU3(H) ,NPAFLL(E)

NMXB(6) ,NUPB(5)
NX18(6) ,NX2B(6)
NDU1B(6) ,NDUZ2B(B)

3 sNAF1(B) ,NAF2(6)
COMMON C s CK
COMMONZAINPUT/AIN(24)
COMMON/YUVSAVZNNNCD)
COMMON/PYARFL/ XX (#0,2)
COMMON/ISSCAL/IDSCAL

NXY1
NXY1
CALL
NXY1
catL
caLt
catt
CaLL
CALL
CALL
cacLt
J=2

(5) =40

) =0
DLETE(NXY 1Y

(6) = 60
ASCALC(Y)
ERASGCIOSCALY
ERASG(IDSCAL-1)
ERASZ(NALLY
ENLB(1,20)
GENDF(NAIRFL, 0}
SINDF(NUPS, 0)

LLeuy = 1

CALL
CALL
CALL
caLt
CALL

SENDF(NLGRNG, 0)
SENDF(LRFLOKW, D)
GENDF (NMXS,0)
IOLWRCT

s LRNN3(6) ,LRNNuU(H}

1
2
3 syLRSLEQ(B) y LRMACH(5) ,LRALFA(E) ,LRYIUI(S)
o
5

JNDUDXB(®) yNAF 3B(5)
JNYB(B)  yNMB(6)
,NODQ3(6) ,NPOB(6)
sNCUPS2(6) ,NCAFU2(6)
JNPUPS1(6) ,NPUPS2(6)
JNPAFL2(6) yNPOHN1(6)

»S sFM
JyNNI(?7) yHICH)
YUV (156)

sYY(40,2) HJAMLLO,2)

PLOTT1(0.040406,0.0,1.00)

WAIT FOR AN ATTENTION SOURCE
CALL WAITZI(DUN,0,1IC,0UM)

END
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»I1G0€2)

JLRAFU3ILE)
SLRXALH(6)
JLRYIL(6)
s LRNN5 (6)

yLRRUEG(S)
yLRSUPR(6)

+NOWNB(6)
sNMO1B(6)
sNP18(5)

JNGAFL2(6)
JNPAFUL(6)
SNPOUN2 (6}

JALPHA

sCA

»LRX00Q(6)
JLRCYOL (6)
JLRSTRT (6)
»LRNNG (6)

s LRUBEQ(6)
sLRFLOW(6)

SNKTAB(6)
sNMO 2B (6)
JNPKTAB(6)
yNCAFU3(6)
JNPAFU2 (6)
»NUPS(6)

ySA

AFL1L
AFL1
ICNTRL
COMNXY
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
NOUT
NOUT
NOUT
NAXES
NAXES
NAXES
NAXES
NPRCO
NPRCD
NPRCD
NPRCO
COMMON
AINPUT
YUVSAY
PTARFL
ISSCAL
AFL1
AFLY
AFL1
AFL1
AFL1
AFL1
AFL1
AFL1
AFLY
AFL1
AFL1
AFL1
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AFLY
AFL1L
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OVERLAY (14,00
PROGRAN PRPY

TMIS PROGRAM DISPLAYS ITEMS NEEDOED FOR PROGRAM AFL2

COMMON/COMNXYZNXY1(B) 4NXY2(6)
COMMON/ ICNYRLZJ s ICRIT(2) ,LL(2) »150(2)
COMMON/ INPUT/

1
2
3
A
5

LRUPS (6) 4 LRSTGE6) ,LRAFU2(6) yLRAFL2(6) yLRAFUI(6) 4LRXO0Q(S)
sLROIEQ(6) y LRXSEQLE) yLRXAUP(R) yLRCYDU(H) yLRXALKEOE) ,LRCYDL(®)
sLRSLEQ(6) yLRMACHIB) ,LRALFA(B) yLRYIU(6) ,LRYIL(6) HLRSTRT(6)
sLRNNL1(6) JLRNAZ2(6) ,LRNN3I(6) ,LRINNU(H) ,LRNNS(E) ,LRNNGE(6)
yNLGRNG(6) y NPARAS(6)

COMMON/NOUTZ NAIRFL(6)

1
2

sLROEEQ(E) yLRYSOQ6) yLRYSEQ(HI yLRDOEG(E) y LRRUEQLH) yLRUBEQ(6)
sLRID(O) HLRPOEQ(6) yLRNOSO(E),LRSUBI(B) HLRSUPRI(D) yLRFLOW(E)

COMMON/NAXESZ NALL(5)

i
2
3

sNMXB(6) HNUPB(6) H,NDUDXB(6),NAF3B(6} ,NONNBIH) ,NKTABI(6)
o NX1B(B) HNX2B(B) (NYB(6) yNMB(6) sNMO18(B6) ,NMO2B(6)
sNOU13 (6} ,NDU2B(6) ,NDDQB(6) ,NPOB(6) ,NP1B(6) ,NPKTAB(6)

COMMON/NPRCD/ NCUPS1(6) 4NCUPS2(6) yNCAFU2(6) ,NCAFL2(6) yNCAFU3(6)

1
2
3

sNCOWN1(5) ,NCOWN2(6) sNPUPS1(6) yNPUPS2(6) yNPAFULLE) \NPAFU2(6)
sNPAFU3(6) yNPAFLL(E) JNPAFL2CE) yNPDWN1(6) ,NPOWN2(b) yNUPS(0b)
sNAF1(6) 4 NAF2(5)

DIMENSION ID(6)
OIMENSION L3IDC(2)
DATA LBID/5,20/
CALL BPNFOCITRN,ID)

J=2
ICR

IT(H = 10(AN

*A VALUE OF ICRIT(J)=2.IS ALLOWED FOR THIS VARIABLE, OTHERWISE THE
PROGRAM AWAITS ANOTHER ATTENTION SOURCE

IF L

ICRIT(J)4EQs1) CALL WAITE(DUM, 0,0UM,DUM)

CALL ASCAL(1)

CALL ERASE(NALLY

CALL ENLB(2,LBIM

CALL GENDF(NAIRFL,0)

CALL GENDF(NCAFL2,0)

CALL GENDFANUPS, 0}

CALL GENDF(LRAFL2,0)

CALL GENDF(NMXE,0)

CALL WAITZ(OUM,0,0UM,0UM)

END
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OVERLAY (15,00
PROGRAM AFL2

THIS FROGRAM DISPLAYS OUTPUT FOM SUBROUTINE IOLWRIN

COMMON/QUTCOM/
1 X10160) ,Y1(160% ,Y2(160) ,NN1 yNN2
COMMONZ ICNTRLZJ s ICRIT(2)Y ,LL(2) 2y IGO(2)

COMMONZNOUTZ NAIRFL(6)

1 SLROEEQUE) ,LRYSOQ(B) ,LRYSEQCE) yLRDOEQLB) ,LRRUEQALE)
2 JLRID(6) ,LRPOEG(E) yLRNO30(E) ,LRSUB(S) ,LKSUPR(E)

COMMONZNPRCD/Z NCUPS1(6) ¢NCUPS2(6) yNCAFU2{6)} yNCAFL2 (b}
1 yNCOWN1(6) ,NCOWNZ(6) yNPUPS1(6) NPUPS2(6) ,NPAFU1L(6)
2 yNPAFU3{6) ,NPAFL1(6) yNPAFL2(E) yNPONNL(6) ,NPIHN2Z(6)
3 JNAF1(B) 4 NAF2(5)

COMMON/NCHARS/NNEQ JNAEQ JNXOOEQL2) yNIVIEA(2)
1 ,NYSOEQ(2) ,NXAEQ(2) ,NCYDEG(2),NSLEQ(2) 4NDZ=Q(2)
2 JNDVOE Q{21 ,NRUEQ(2) 4NUBEQ(2) 4NID(2)  ,NMAGHA(Q)
3 GNYIUEQ(2),NYILEQ(2) JNPDEQ(2) ,FHMTI SFMTF

COMMON C s CK )RS JFM SALPHA

COMMONZAINPUTZAINC(24)  ,NNIC7) JHI(R)

COMMON/YUVSAV/NNN(3) 2 YUV (156)

COMMON/ZPTARFL/ZXX(40,2) o¥YY(40,2) ,AM(40,2) ,CA

COMMON/RBUBCM/RBUB JUBINIT  ,I3U8

COMMON/COMPRS/XP{1610,2) 42P(160,2) yNP(2)

COMMON/ISSCAL/IDSCAL

CALL ASCAL(1)

CALL ERASG(IDSCAL)

CALL ERASS(IDSCAL-1)

CALL ERASE(LRNOGO)

CALL ERASE(LRRUEQ®)

CALL ERASZI(LRID)

CALL ERASZI(LRUBED)

CALL ERASSZ(LRPOED)

TICARIT = ICRIT(J)

L = LLeh)

CALL JOLWRINCIICRIT,L)
IF(NN2.NZ,1) CALL GINJIF(LRNOSGC, 0

DISPLAY ThHZ CUTPUT VALUES OF 3uUB AND UB
CALL ENSHFT(NRUZIQ,5,8UB,FMTF)
CALL MODFYC{LRRUEG, 1,2 4yNRUEND)

CALL GENDF(LRRUZQ, D)
IF(IR3UG.EQ.0) GO TO &
IFCIRBU3.EQe2) CALL GENDF(LRID,0)
GO T0 5

4 SALL INSHFTINUBEQ,3,J3INIT,FMTF)
CALL MODFY(LRUREQ,1,2,NU3EG)

CALL SENDFCLRUBID, D)

5 CONTINUZ
IF(NN2.,EQ.DJ) G0 T0O 3
NN = NP(J)

JEPINGING ON THE VALUT OF NN2, 3ISPLAY THE OJTPUT VALUZ
CALL ENSHFTINPOZIO,3,PPINN,J),FMTF)
TALL MODFY(LRP0S0,1,2,NPIED)
CALL SENDF(LRPOZR,0)

JLRUBEQ(6)
SLRFLOW(6)
sNCAFU3(6)
SNPAFU2(6)
sNUPS(6)

sNXSEQ(2)

sNYSEDQ(2)
»yNALPHA (2)

»SA

_ ERASE TEXT SNTITIES PRIVIOUSLY OISPLAYED BY THIS PROGRAM

OF PO

JZPENSING ON ¥YHE VALUE COF NN? AND IGO(J),y DISPLAY ASTERISKS

INDICATING THE NeXT PROSGRAM STZP
IF(NN2.EQ.1) IGOCU)=1
TFAMNZ.2.1) CALL GENNT(NPAFUL, D)
IFCIGOCL) JEQeL1 ANDLIS012).0.1) CALL GENDFUNPIWNL, Q)
9 CALL ALOTT().0,1.0,0.041.0)

WATIT FOR AN ATTENTION SNURCE

CALL WAIVZI(DUM,3,0UM,NUM)
IND
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OVERLAY(16,0)
PROGRAM PRPS

THIS PROGRAM DISPLAYS ITEMS NEEDED FOR PROGRAM AFU3

1
2
3
4
5
1
2
1
2
3

1
2
3

COMMONZCOMNXYZNXYL1I6) HNXY2(6)

COMMON/ICNTRLZJ
COMMON/ INPUT/

LRUPS (6) ,LRSTG(B) ,LRAFU2(B) ,LRAFL2(6)
yLRDIEQL6) y LRXSEQ(B) JLRXAUP(E) ,LRCYDULG)

s ICRIT(2)

yLLe2)

sLRSLEQLB6)  LRMACHIE) ,LRALFA(6),LRYIVU(6)
s LRNNL1(6) ,LINA2(E) H,LRNN3I(6)

sNLGRNG(6&)  NPARAS(H)
COMMON/NOQUTZ NAIRFL(8)

yLROEEQL(6) , LRYSOQ(E) ,LRYSEQ(R) ,LRDOEQ(E)

s LRNNGL (B)

sLRID(E) ,LRPOEQ(E),LRNOGO(E) ,LRSUS(6)

COMMONZNAXESZ NALL(B)

sNMXB(B) ,NUPB(6) ,NDUDXB(6),NAF3IB(5)
sNX18(6) ,NX2B(B) HNYB(6H)
sNDU13(6) ,NIUZ2B(B) ,NDDQ3(6)
COMMON/NPRCDZ NCUPS1(6),NCUP32(6) 4NCAFU2(6) yNCAFL2(6)
sNCOWN1(6) y NCONN2(B) yNPUPS1(6) ,NPUPS2(6) y NPAFUL(6)
o NPAFUYZLS) yNPAFL1(6) yNPAFL2(6) 4NPOWNL(E) yNPOWNZ(6)

sNAF1(6) ,NAF2(6)
DIMENSION L3ID(2)
DATA L31076,20/
J =1
IGoty) = 2
CALL ASCAL(1)
CALL ERASI(NALL)
CALL ENLB(2,L3ID)
CALL GENDF(NAIRFL,D?
CALL GENDFINCAFU3, 0)
CALL GENOFINPAFUZ, D)
CALL GENDF(NUPS, M)
CALL GENDFILRAFU3,0)
CALL GENDF(NMXB, D)
CALL WAITZ(DUM,0,DUM,DUM)
END
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sNMB(6)
yNPO3(6)

s 160(2)

sLRAFU3(6)
sLRXALW(E)
sLRYIL ()
s LRNNS (6)

yLRRUEQ(6)
sLRSUPR(6)

yNDWNB(6)
yNMO1B(6)
s NP1B(6)

»yLRX00Q(6)
sLRCYDL(6)
yLRSTRY(6E)
s LRNNG6 (6)

yLRUBEQ(E)
syLRFLOW(S)

sNKTAB(6)
»yNMO 2B (6)
sNPKTAB(6)
sNCAFU3(6)
sNPAFU2(6)
yNUPS(6)

PRPS
PRP5
PRPS5
PRPS
PRPS
COMNXY
ICNTRL
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
NOUT
NOUT
NOUT
NAXES
NAXES
NAXES
NAXES
NPRCOD
NPRCD
NPRCD
NPRCO
PRPS
PRPS
PRPS
PRPS
PRPS
PRAS
PRPS
PRPS
PRPS
PRPS
PRPS
PRPS
PRP5
PRPS
PRPS
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OVERLAY(17,0)
PROGRAM A4FU3Z

THIS PROGRAM DISPLAYS OUTPJT FROM SUBROUTINE
COMMON/OQUTCOM/
1 X1(160) ,Y1(16D) »y¥20150) 4NNt
COMMON/ICNYRL/J s ICRIT(2) ,LL(2)

COMMON/NOUT/Z NAIRFL(®)

1 yLROZEQ(O) y LRYSOQ(E) yLRYSEQLH) yLRDOEW(E)

2 yLRID(BE) HLRPOEQLE) ,LRNOGOLS) ,LRSUBI(HY
COMMON/NPRCDZ NGUPS1(6) ,NCUPS2(6}yNCAFU2(6)

i sNCOHNL1(5) y NCOWN2(6) ,NPUPS1(6E) ,NPUPS2(5)

2 sNPAFU3LE) ,NPAFLL(E) yNPAFL2(6) yNPDWN1LLE)

3 sNAF1 (DY HNAF2(6)

COMMON/NCHARS/NNEQ yNAEQ s NXQ0EQL2)
1 yNYSOEQ€2) y NXAEQE2) HNCYDSQU(2),NSLEQ(2)
2 s NOVOE 2(2) , NRUEQLZ2) HNUBEQ(2) 4NIDL(2)

3 yNYIUEQE2) y NYTLEQ(2) NPOEQ(2) HFMTI
COMMON C s CK »2S sFM
COMMON/ZAINPUT/ZAIN(24) yNNI(7) yHI(E)
COMMON/ZYUVSAVZNNN(3) »yYUV(156)
COMMON/PTARFL/XX(40,2) ,YY(40,2) ,AM(40,2)
COMMON/COMPRS/ZXP (160,21 ,PP(160,2) yNP(2)
COMMON/ISSCAL/IDSCAL
COMMON/COMSPR/ARMO(150)

CALL aSCALC(D)

CALL ERASS(IDSCALY

CALL ERASG(IDSCAL-1)

CALL -RASZI{LRNOGO)

CALL ERASI(LRP090)

L = Lt

CALL IOSPCT2CJ,L)

I0SPCT2

s NN2
s 160(2)

yLRRUEQUE L) 4 LRUBEQ(E)
s LRSUPR(6) ,LRFLOW(E)
sNCAFL2(6) yNCAFU3(6)
yNPAFUL(6) yNPAFU2(6)
s NPDWN2 () ,NUPS(6)

JNIVIEQ(2) ,NXSEQ(2)
JNOEEQ(2) ,NYSEI(2)
yNMACHQ(2) yNALPHAL2)
JFMTF
yALPHA

yCA s SA

DEPENDINS ON TH: VALUI OF NN2 AND T1.,0€J), ODISPLAY ASTERISKS

INDICATING THEZ NEXT PROGRAM STZP
IFANN2.NE 1) CALL GINDF(LRNOGN, D)
IFINN2.EQ.1) IGOCJY = 1
IF(NN2.EQ.1) CALL GENDF(NPAFL1,0)

IFCIGOC1) . £Qs1.ANDJIGO(2) «EQ,1) CALL GEINIF(NPDWN1,0)

IF(NN2.tQ.0) 50 7O 3
NN = NP(H
CALL ENSHFTUINPGEQ, 3,PPINN,J),FMTF)
CALL MODFY{(LRPOEG,1,2,NPOEM
CALL GINOF{LRPOZQ, D)
8 70 10 I=1,160
13 ¥Y1(I) = AIMOCI)
Catl PLOTT1(0.041.0,0.0,1.07

HATIT FOP AN ATTINTION SOURSCE

CALL WATITT(DUM,0,0U4,IUM)
END
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AFU3
AFU3
AFU3
LY VK]
AFU3
OUTCONM
outTCoM
ICNTRL
NOUT
NOUT
NOUT
NPRCO
NPRCO
NPRCO
NPRCO
NCHARS
NCHARS
NCHARS
NCHARS
COMMON
AINPUTY
YUVSAY
PTARFL
COMPRS
IsscaL
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AFU3
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OVERLAY (20,00
PROGRAN PRP6

THIS PROGRAM DISPLAYS ITEMS NEEOED FOR PROGRAM DWN1

COMMON/ ICNTRL/ J yICRIT(2) HLL(2) »1500(2)
COMMON/QUTCON/

1 X1(160) ,Y1(160) ,¥2(160) 4NNi s NN2
COMMON/ INPUT/

1 LRUPS(6) ,LRSTG(E) ,LRAFU2(6),LRAFL2(6),LRAFUI(E6) ,LRX00Q(6)
2 sLROIEQCS) y LRXSEQI6) yLRXAUP(6) ,LRCYDU(BE) yLRXALMWIE) yLRCYDL (6)
3 JLRSLEQEH) y LRMACH(6) yLRALFA(E) ,LRYIU(B) H,LRYILI6) L,LRSTRY(&)
L] sLRNNL1L6) HLRNA2(6E) ,LRNN3I(6) ,LRINNG(B) ,LRNNS(6) ,LRNNG(6)
S sNLGRNG(6) 4 NPARAB (6}

COMMON/NOUT/Z NAIRFL{(S)
i sLRDOEEQLH) yLRYS02(6) 4LRYSEQ(6) ,LRDOEQIS) 3 LRRUEQLE) ,LRUBEQLSE)
2 sLRID(H) HLRPOEQ(E) JLRNOGOIED ,LRSUB(E) HLRSUPRUEDI ,LRFLOW(E)
COMMON/NAXES/ NALL(B)

1 sNMXB(6Y HNUPBLB) SNDUNXB(H) 4NAF3IB(E) yNDWNB(6) JNKTAB(6)
2 sNX1B(5) H,NX2B(6) 4NYB(6) sNMB(6) sNMO1B(6) ,NMOZ2B(6)
3 sNDU1B(B) , NDU2B(H) ,NDDQ3(6) ,NPOB(E&) ,L,NP1B(6) ,,NPKTAB(6)
COMMON/NPRCO/Z NCUPS1(6) yNCUPS2(5) 4yNCAFU2(6) yNCAFL2(6) yNCAFU3(E)
1 sNCOWN1(6) yNCOWN2(B) yNPUPS1(6) ,NPUPS2(6) yNPAFUL(6) yNPAFU2(6)
2 yNPAFU3(H) yNOAFLL (o) yNPAFL2(6) yNPDWN1(HE) yNPDWN2(6) yNUPS(6)
3 sNAF1(5) 4 NAF2(6)

DIMENSION LBID(2)

DATA LBID/7,20/

CALL ASCALC(Y)

CALL ERASE(NALLY

CALL =NLB(2,L31ID)

CALL GENDF(NAIRFL,0)

CALL GENDF(NCOWN1,0)

CALL GENDFINPAFU3, 0y

CALL GENDF(NPAFL2,0)

CALL GENDF(LRNNG,0)

CALL GINDSU(NDWN3,0)

CALL WAITEZ(OUM,0,0UM,0UM)

END

179

PRPS
PRPG
PRPS
PRPG
PRP&
ICNTRL
yurTCcOoM
ouTCcoM
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
NOUT
NOUT
NOUT
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NAXES
NAXES
NAXES
NPRCO
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PRPE
PRP6
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OVERLAY (21,0}
PROGRAM DWN1
.
C  THIS PROGRAM DISPLAYS OUTPYT FROM SUSROUTINE IOONSTM
c
CONMON/ ICNTRLYJ JICRIT(2Y ,LLC2) »160(2)
COMMON/ OUTCOM/
1 X1€163)  ,Y1(160) ,Y2(160) ,NN1 oNN2
COMMON/NOUT/ NAIRFLI(6)
1 LLROEEQEE) , LRYSOQC(E) JLRYSEQ(E) ,LRODEQ(E) yLRRUEG(6) ,LRUBEQ(H)
2 JLRID(S) ,LRPOEQ(6)LRNOGOI6E) ,LRSUB(6) 4LRSUPRI6) yLRFLON(B)
COMMON/NPRCD/ NCUPS1(6) yNCUPS2{6) yNCAFU2(6) yNCAFL2(6) yNCAFU3I(6)
1 ,NCOWN1(6) ,NCOWN2(6) sNPUPS1(6) ,NPUPS2(6) 4NPAFUL(6) ,NPAFUZ(6)
2 yNPAFU3I(6) yNPAFL1(6) yNPAFL2(6) yNPONN1(6) yNPOWN2(E) yNUPS(6)
3 GNAF1(B) ,NAF2(6)
COMMON C yCX sRS oF M yALPHA
COMMONZAINPUT/ZAINC2G4)  4NNI(7)  ,HI(6)
COMMONZ YUVSAY/NNN(3) STUVE156)
COMMON/PTARFL/ZXX(40,2) 5¥Y(40,2) 4AM(40,2) ,CA »SA
COMMON/ ISSCALZ IDSCAL
CALL ASCAL(1)
CALL ERASGLIDSCALY
CALL ERASG(IDSCAL-1)
CALL ERASE(LRNOGO)
CALL TOONSTHM(J)
IF(NNZ.NE.1) CALL GENDF(LRNOGO,8)
IFCNN2,EQ.10 CALL GENDF (NPDWN2,0)
CALL PLOTT2€14051040,0e851.0,0,8,1.0,2)
c

c WAIT FOR AN ATTENTION SOURCE
CALL WATITZI(DUM,0,DUM,DUM)
END
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DMNL
DWNY
OWN1
OWN1
ICNTRL
ouTCOM
ouTCOM
NOUT
NOUT
NOUT
NPRCD
NPRCOD
NPRCD
NPRCO
COMMON
AINPUTY
YUVYSAY
PTARFL
ISSCAL
DWNT
OWN1
OWND
OWNL
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DWNL
DWNL
OWNL
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OWNL
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c

OVERLAY (22,00
PROGRAM DWN2

THIS PROGRAM DJISPLAYS OQUTPUT FROM SUBROUTINE AKUTTA

37
36

1
2
3
"
5

1
2

1
2
3

1

2
3

1

COMMON/COMNXYZNXYL1(6) HNXY2(6)
COMMONZ INPUTZ

LRUPS(6) HLRSTG(6) ,LRAFU2(6),LRAFL2(6),LRAFU3(S) ,LRX00G(6)
sLROIEQUE) ) LRXSEQL(6) yLRXAUP(6) yLRCYDULS) yLRXALWIE) yLRCYDL(E)
sLRSLEQCS) y LRMACHI &) JLRALFALE) ,LRYIU(B) HLRYIL(E) JLRSTRT(S)
sLRNN1 (&) ,LRNA2(E) LLRNN3(E) ,LRNN4(6) ,LRANNS(6) ,LRNN6(S)

yNLGRNG(6) , NPARAB(6)
COMMON/NOUT/ NAIRFL(6)

s LRDEEQC®) ,LRYSOQ(6) yLRYSEQ(H) yLROOEQLS) 4 LRRUEILE) y LRUBEQE)
sLRID(E) ,LIPOEQLEI,LRNOGO(S) yLRSUB(BY ,LRSUPR(6) ,LRFLON(G)

COMMON/NAXESZ NALL(®)

sNMXB(6) ,NUPB(6) ,NDUDXB(6) ,NAF3B8(6) ,NOWNB(B) ,NKTAB(6)
sNX1B816) JNXZ2B(6) JNYB(b) sNMB (6) yNMO1B(b) ,NMO2BL6)
yNDU1B1E) ,NDU2B(B) ,NDDQB(E) ,NPOD(6) ,NP1B(6) LNPKTAB(6)

COMMON/NPRCDZ NCUPS1(8) yNCUPS2(6) 4yNCAFU2(6) yNCAFL2(6) yNCAFU3(6)

sNCOWN1(E) y NCOWN2(6) yNPUPS1(6) yNPUPS2(6) yNPAFU1(6) yNPAFU2(6)

yNPAFU3(6) y NPAFLL1(6) ,NPAFL2(E) JNPOWNLLA) yNPDHN2LB) yNUPS(6)
yNAF1(8) ,NAF2(6)

COMMON/COMPRS/ZXP(160,2) 42P(150,2) yNP(2)

COMMON/ISSCAL/IDSCAL

CALL ASCAL(1)

CALL ERASG{IDSCAL)

CALL ERASGLIODSCAL~-1)

CALL ERASI(NALL)

CALL ENLB(1,20)

CALL SENOF(NAIRFL,0)

CALL GENDFINCDWNZ, D)

CALL GENDF(MNAF1,0)

CALL GENDFINKTA3, D)

CAaLL AKUTTA

PMAX = PP (1,1)

PMIN = PP(1,1)

XMAEX = 1.0

XMIN = XP(1,1)

IF(XP(1,2) i TeXMIN) XMIN = XP(1,2)
30 20 J=1,2

NN = NP L(J)

30 10 I=1,NN

IFIPP(I,J) «~PMAX) 6,5,4

PMAX = PP(I,J)

50 TO 10

IF(FP(T,J)=-PMIN)3,10,10

PMIN = PP (I,J)

CONTINUE

CONTINUE

IF(PMIN.GT.0.0) PMIN =0.0

CALL AREAL(XMIN,XMAX,PMIN,PMAX)

NGRAF = 0

NXY1({5) = 0

CALL DLETZIINXY1)

D0 40 J=1,2

NN = NPULJ)

IF(NN,GE«B0) NGRAF=1

IF(NN.GE4120) NGRAF=2

IS (NGRAFLEQ.D) GO TO 36

NXY1(6) = J

30 30 I=1,NGRAF

NXY1(3) = I

CALL PLYLNUNXY1,1,XP(H0*NGRAF=53,J) ,PPL{EU*NGRAF~-53,J) ,6))

NXY1(6) = J

NXY1(5) = €0

CALL PLYLNUINXY1,1,XPL1460%NGRAF,J) PP (1+605NGRAF, ),
NP(J) ~B0¥NGRAF-1)

40 CONTINUE
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INPUT
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T0

75

NXY1(5) e
NXY1(6) e
CALL GENDFUNXY1,0)

WAIT FOR AN ATTENTION SOURCE
CALL WAITE(DUM,0,DUM,DUM)
END

182

DWN2
DWN2
dWN2
DWN2
OWN2Z
DWNZ
DWN2

58

60,
51
62

- 63

ob



10

15

20

25

30

35

0

45

50

55

60

65

o0 [+ XN v]

[N v} OO0 (g X 3]

[ X3}

OO0

OVERLAY(23,0)

PROGRAM CVLI

COMMONZ INPUT/

1 LRUPS (6) ,LRSTG(B) ,LRAFU2(F) LRAFL2(6) ,LRAFU3(6) ,LRXO0Q(H)
2 sLRDOIEQLB) , LRXSEQ(H) yLRXAUP(E) JLRCYDULBE) JLRXALW(H) yLRCYDL (6)
3 sLRSLEQ(E) , LRMACH(K) yLRALFA(6) yLRYIULEY HLRYIL{6) ,LRSTRT (&)
4 sLRNN1(6) ,LRNA2(6) ,LRNN3(6) ,LRNNL(6) ,LRNNS5(6) ,LRNNE(S)
5 s NLGRNG(6) yNPARAZ(6)

COMMON/NCHARS/NNEQ yNAEQ sNXOOEQE2) yNOVIEQ(2) yNXSEQ(2)
1 s NYSOEQ(2) yNXAEQ(2) ,NCYDEQ(2) ,NSLEQ(2) ,NODEEQ(2) ,NYSEQ(2)
2 sNOVOEQ(2) , NRUEQ(2) H,NUBZIL2) LNID(2) s NMACHQU(2) 4yNALPHAL2)
3 sNYIUEQ€2) g NYILEQ(2) yNPOSQ(2) HFMTI yFMTF

COMMON/AINPUTZAINC2%) GNNI(7) yHICH)

DIMENSION DUMtE) ,I0(6)

RETRIEVE ATTENTION INFORMATION FROM THE TEXT ENTITY IN A SIX INTIGER
ARRAY ID
CALL BPNFOCITRN,ID)

ERASE THE TZXT ENTITY
CALL ERASES(ID)

REPLACE THE TEXT ENTITY WITH A CORRESPONDING LIGHT REGISTER
CALL ENLR(1,1D0)

DISPLAY THE NUMBERS B8EZING TYPED INTO THE LIGHAT REGISTER FROM THE
KEYBO0ARD

CALL K3NPT(ID,IVAL)

CALL ASCAL(1)

ERASE THE LIGHT RIGISTER
CALL ENLR(0,ID)
1Dt = ID(1-20

PUT THE NEW VALUE INTO THE CORIESPONDING TEXT ENTITY

GO TO €10,20,30,40,50,60),I21

10 NNI(1) = IVAL
CALL NSHFTINNEQ,3,NNI(1) 4FMTI)
CALL MODFY(ID,1,1,NNEQ)
GO 70 200

20 NNI(2) = IVAL
CALL ENSHFTUNAEQy24NNI(2),FMTI)
CALL MODFY{ID,1,1,NAZQ)
GO T0 200

30 NNI(3) = IVAL
CALL ZNSHFTONNEQ, Z4NNI(3) ,FMTI)
CALL MODFY(IJ,i,1,NNEQ)
GO TO 200

49 NNItu) = IVAL
CALL ENSHFTINNEQ,3yNNI(4) 4FMTT)
CALL MODFY(IJy1y1,NNZQ)
G0 70 200

50 NNI(5) = IVAL
CALL &NSHFTINNEQ)3yNNI(5) 4,F4TI)
CALL ™MODFY(ID,1,1,NNEQ)
GO TO 2079

50 NNI(8) = IVAL
CALL ENSHFTINNEQ,34NNI(6) ,FMTI)
CALL MODFY(ID,1,1,NNEQ)

OISPLAY THIS TIXT ENTITY WHICH HAS 3EEN CHANGED
233 CTALL GINDF(ID,0)

WAIT FOR AN ATTIMTICN SCURCE

CALL WAITZ(3UM,0,0UM,0UM)
END

183

CvLI
CcCvLI
INFUT
INPUT
INPUT
INPUT
INPUT
INPUT
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OVERLAY(24,0)
PROGRAM CVLR
COMMON/ INPUT Y

1 LRUPS(6) ,LRSTG(6) HLRAFUZ2(6) ,LRAFL2(6) yLRAFU3(6) ,LRX00Q(6&)
2 sLROIZ Q6D y LRXSEQ(6) yLRXAUP () JLRCYDU(E) yLRXALWIE) ,LRCYDL(B)
3 sLRSLEQLEY y LRMACHUE) yLRALFA(6) ,LRYIU(S)

4 sLRNN1(6) HJLRNAZ2(B) HLRNN3I(6) ,LRNNG(6)
5

sNLGRNGLE) y NPARAR(G)

COMMON/NCHARS/NNEQ s NAEQ yNXOOEQ(2) ,NOVIEQ(2) yNXSEQ(2)
1 sNYSOEQU2) y NXAEQ(2) 4NCYDZQ(2) ,NSLEQ(2)
2 sNOVOEG(2), NRUEQC2) 4NUBEQ(2) ,NID(2)

3 sNYIUEQE2) ,NYILEQ(2) yNPOEQ(2) ,FMYI

COMMONZAINPUTZAIN(24) H,NNI(7) yHItE)

COMMON C s CK »RS SFM
DIMENSION DUM(E) ,I0(6)

ReTRIEVE ATTENTION INFORMATION FROM THE TEXT ENTITY IN A SIX INTZGER

ARRAY ID
CaLL 8PNFOCITRN,ID)

ERASE THE TEXT ENTITY
CALL ERASZU(ID)

REPLACE THE TEXVT ENTITY WITH & CORRESPONDING LIGHY REGISTER

CALL ENLR(1,IT)

OISPLAY THE NUMBERS BIING TYPZD INTO THE LIGHT REGISTER FROM THE

KEYBOARD
CALL K3NPT(ID,VAL)

ERASE THE LIGHT REGISTER
CALL ENLR(0,ID)
CALL ASCALC(D)
IDL = IDCD)

PUT THE NEW VALUE INTO THE CORRESPONOING

GO YO (10,20,30,40,50,50,70980,90,100,110,1206,130,140),101
10 AIN(8) = vaL

CALL ENSHFT(NXOOtQ,44AIN(8) ,FMTF)
CALL MODFY(ID,1,2,NX00EQ)
GO Y0 200

20 AINC1) = VAL

CALL ENSHFTUNDVIEQ,3,AIN(1) ,FUTF)
CALL MODFY(ID,1,2,NOVIZQ)
GO TO 200

30 AIN(2) = VAL

CALL ENSHFT(NXSEQ,3,AIN(2) ,F4TF)
CALL MODFY{IOy1,2,NXSET}
G0 T0 200

49 AIN(3) = VAL

CALL ENSHETINXAZQ,3,8INC3) ,FMTF)
CALL MODFY(ID,1,2,NXAZQ)
GO 10 200

30 AINC(w) = VAL

CALL INSHFTINCYDEN,4,ATNCY) ,FHTF)
CALL MODFY(IN,1,2,NCYNEQ)
60 10 200

63 AIN(5) = VAL

CALL ENSHFT(NXAEQ,3,0IN(5) ,S4TF)
CALL MODFY(ID,1,2,NXAZQ)
50 TO 200

71 AINC(E) = VAL

CALL ENSHETINCYDEG, 4y AIN(D) ,FMTF)
CALL MIDFY(IDy142,NIYDEQ)
GO TO 200

30 AINC(7) = VAL

CALL SNSHFTUNSLEQ, 10, BINL7) ,FMTF)
CALL MODFY(ID,1,2,NSLEQ)

30 G2 70 203

184

s FMTF

yALPHA

TEXT ENTITY

yLRYIL(E)
s LRNNS (6)

syNDEEQ L)
s NMACHQ(2) ,NALPHAL2)

CVLR 2
CVLR 3
INPUT 2
INPUT 3
INPUT "
INPUT 3
INPUT 6
INPUT 7
NCHARS 2
NCHARS 3
NCHARS “
NCHARS 5
AINPUT 2
COMMON 2
UVLR 8
CVLR 3
CVLR 10
CVYLR &Y
CVLR 12
CVLR 13
CVLR 14
CVLR 15
CVLR 16
CYLR 17
CYLR 18
CVLR 13
CVLR 20
CVLR 21
CVLR 22
CVLR 23
CVLR 24
CVLR 25
CVLR 26
CVLR 27
CVLR 28
CVLR 23
CVLR 30
Cvir 31
CVLR 32
CVLR 33
CVLR 3
cviRr 35
CVLR 36
CVLR 37
CVLR 38
CVLR 33
CVLR «0
CVLR w1l
CVLR “2
CVLR 43
CVLR wh
CVLR “5
CVLR 4b
CVLR Y4
CVLR 8
CVLR 43
SVLR 50
CVvLR 51
CVLR 52
CVLR 53
CVLr Sl
CVLR 55
CVLR 56
CVLR 57
CVLR 58
CVLR 53
CVLR b0
SVLR 61
CVLR 62



rT0

75

85

90

c
c
c
c

100
110

120

1380

160

GO ¥0 200

FM = VAL

CALL ENSHFT(NMACHQ,9,FM,FMTF)

CALL MOOFY(IODy1,2)NMACHQ)

GO TO 200

ALPHA = VAL

CALL ENSHFT(NALPHA,6,ALPHAFMTF)
CALL MODFY(ID,1,2,NALPHA)

GO Y0 200

AINC11) = VAL

CALL ENSHFTINYIUEQ,10,AINC11),FMTF)
CALL MOOFY(IDy1,2,NYIVEQ)

GO TQ 200

AINC12) = VAL

CALL ENSHFYUNYILZQ,10,AIN(12),FHTF)
CALL MODFY(ID,1,2,NYILEQ

DISPLAY THIS TEXT ENTITY WHICH HAS 3ZEN CHANGED

200

CALL GENDF(ID, )

WAIT FOR AN ATTENTICON SOURCE

CALL WAITE(DUM,0,0UM,0UM)
END
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OVERLAY (25,01

PROGRAM CHGV

COMMON/ICNYRL/ U s ICRIT(2) 4LL(2) »yIGO(2)

COMMON/ INPUT/

1 LRUPS(B) HLRSTGIS5) HLRAFU2(6),LRAFL2(O) 4LRAFU3I(E) 4LRXO0Q(6)
2 sLROIZG(B) y LRXSEQ(B) yLRXAUP(6) ,LRCYDU(E) yLRXALWIB) yL RCYDL (6)
3 syLRSLEWE) yLRMACHIH) yLRALFACR) ZLRYTUI(S) HLRYIL(B) HLRSTRY(H)
"
5

(341

sLRNN1{EY HJLRNAZ(5) HJLRNN3IU(E) H,LRNNG(5) HLRNN5(8) HLRNN6(GH)
sNLGRN (o) , NPARAZ(B)
10 LLEJ)Y = LLtGJU) ey
IF(LLGJ) «E£G.2) CALL ZRASIANLORNG, 0
IFLLGJ)EQe3) CALL ZIRASF(NPARAR, D)
IFLLGYY o I0Q.2) CALL GENDFINPARAZ, D)
CALL WATITE(DUM, 0,0UM,NUM)
15 END
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OVERLAY (25,00

PROGRAN STOP

COMMONZNCONZ  ICON

COMMON/ INPUT/

1 LRUPS (6) ,LRSTG(6) ,LRAFU2(B) 4LRAFL2(6),LAFU3LE)
2 sLROIEQLH) s LRXSEQ(H) yL RXAUP(6) yLRCYDULAR) 4 LIXALN(E)
3 JLRSLEQCD) y LRMACH(E) ) LRALFALE) yLRYIU(E) HLRYIL(b)
L4 yLRNN1(6) HJLRINA2(6) HLRNNI(B) ,LINNG(B) HLRNNS(6)
S yNLGRNG(b) y NPARASB(6)

COMMON/NOUT/ NATRFL(6)

1 yLROEE 2€6) 9y LRYSOQ(H) yLRYSZQ(E) ,LRDOEQLH6) y LRRUEQA(B)
2 ZJLRIDIS) L LRPOEQ(E) HLRNOGOLE) yLRSUB(6) ,LRSUPRIG)
COMMON/NPRCD/ NCUPS1(6) yNCUPS2(6) 4yNCAFU2(6) yNLAFL2(6)
b s NCOWN1(6) y NCOWN2 (6) ¢y NPUPS1LB) yNPUPS2(5) yNPAFUL(6)
2 SsNPAFUZ(6) yNPAFL1(B) yNPAFL2(6) yNPDWN1(B) 4NPOWN2(E)
3 sNAF1(6) HNAF2(6)

COMMON/NAXES/ NALL(D)

1 sNMXB(5) HNUPS(E) ZNOUDXB(6) yNAF3IB(6) ,NDWNBI(6)
2 sNX1B(6) HNX2B(6) H4NYB(5) sNME (B) s NMO 13 (6)
3 yNOU1B(E) 4, NDU23(o) ,NDDQ3I(6E) 4NPOB(E) HNP13(6)

ERASE THZ SCREZEN DISPLAYS
CALL ASCAL(1)
CALL ENLB(O,1)
CALL ERASG(1)
CALL ERASG(2)
CALL ERASI(NALL)Y

CLOSE THZ DATA FILE
CALL CLOSF

*RELEASE THe CONSOLZ

CALL RLCONLICIN)
END
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s LRX00Q(6)
sLRCYDL (B}
sLRSTRT (b)
s LRNN6(6)

yLRUBEQL®)
s LRFLOW(G)

sNCAFU3(6) .

yNPAFU2(6)
s NUPS(6)

yNKT AB (6)
s NM028(56)
SNPKTAB(6)

STOP
STOP

NCON

INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
NOUT

NOUT

NOUT

NPRCO
NPRCO
NPRCD
NPRCD
NAXES
NAXES

NAXES®

NAXES
SToP
SToP
sToP
stop
sTopP
STOP
sToP
STOP
stToP
svoe
SToP
sToP
SToP
STOP
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SUBROUTINE PLOTT(XiHIN,XlHAX,ViHIN.YiNAX)

THIS SUBROUTINE DISPLAYS TWO DISJOINTED CURVES COVERING THE
GRAPHICAL DISPLAY AREA

COMMON/ QUTCONZ

1 X10160) V101600 ,Y2(160) ,NN1 yNN2
COMMON/COMNXYZNXY1(6)  HNXY2(6)
COMNONZAINPUTZAIN(24)  HNNILT) sHICE)

IF THERE IS ONLY ONE POINT TO 3E PLOVYTED, FORGET IT AND PLOT FOUR
POINTS ON THE SCREEN YO FORM A LARGE X COVERING THE SCREEN
IF(NN1.GT.1) GO TO 5

NN1 = &

X1(1) = X1IMIN
X1(2) = X1iMAX
X1(3) = XIMIN
X1(4) = X1MAX
Y1(1) = YIMIN
Y1(2) = YiMAX
Y1 (3) = Y1MAX
Y1(4) = VIMIN
XMIN = X1MIN
YHMIN = YiMIN
XMAX = X1MAX
YMAX = V1MAX

NXY1(5) = D

CALL DLETE(NXY1)

NXY1(5) = 60

CALL AREALCXMIN,XMAX,YMIN,YMAX)
CALL PLYLNINXY1,1,X1¢1),Y1C1),3)
CALL GENDF(NXY1,0)

RETURN

FIND THE LARGESY ANC SMALLEST VALUES OF Y1
5 CALL AMXMNLIC(YMAX,YMIN)

NXY1(5) = 0

CALL DLETEINXY1)

XMIN = X1(1)

XMAX = X1(NN1)

IF (XIMINLLT XMIN) XMIN=XIMIN

IF(X1MAX .GT XMAX) XMAX = X1MAX
IF(Y1MIN, LT, YMIN) YMIN = YiMIN
IF(Y1MAX, GTL YMAX) YMAX = Y1MAX

FINO THE NUMBER OF POINYS IN THE FIRST AND SECOND CURVYES
NNN1 = NNI(7)-1
NNN2 = NNL1=-NNI(T7)
IF(NNICT) .EQ.D) NNN1=NN1
IFCNNIC?) EQ.0) NNN2=0

CREATE THE POLYLINE ENTITY FOR THE FIRST CURVE
NGRAFL = 0
IF(NNN1.GT.60) NGRAF1 = 1
TF(NNN1.GT.120) NGRAFL = 2
IF (NGRAF1.,EQ.0) GO TO 30
DO 20 I=1,NGRAF1 .
NXY1(5) = I
20 CaLL PLYLNINXY1,1,X1(60%1-59),Y1(60%1-59),60)
30 IF ((NNN1-H0®NGKAF1-1)LELO0) GC TO &0
NXY1{5) = NGRAF1+1

caLL PL'LN(NXYi,i,Xl(1060'NGQAF1),Y1(1060'NGRAF1),NNNi-ﬁO'NGRAFi-l

1)

CREATE THE POLYLINE ENTITY FOR THE SECONO JURVE
40 NGRAFZ2=0
IF(NNN2,GT.60) NGRAF2 =
IFINNN2.5T.120) NGRAF2
N1 = NGRAF1e?2

1
= 2
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IF(NGRAF2,EQ.0) GO YO 60

N2 = N1#NGRAF2-1

D0 50 I=Ni,N2

NXY1t5) =1

NNNN1i = NNN1460®(I-N1+1)-58

CALL PLYLN(NXVloioXl(NNNNi),Vi(NNNNl).60’

IF CINNN2-60®NGRAF2-1) +LE,0) GO T 70

NXY1¢5) = Ni®NGRAF2

CALL PLYLN(NXVi,1,!1(NNN1060'NGRAF202),'1(NNN1‘60'NG?AF202D,
1 NNN2=-60%"NGRAF2-1)

REATE THE GRID DISPLAY :
CALL AREAL(XMIN,XMAX,YMIN,YHAX)
NXY1¢(5) = 0

ISPLAY THE TWO POLYLINE ENVITIES
CALL GENDF(NXY1,0)

RETURN

END
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SUBROUTINE PLOTUTLC(X1MIN,X1MAX,YLHIN,Y 1AX)

THIS SUBROUTINE DISPLAYS ONE CURVE IN THE GRAPHIC DISPLAY ARLA

COMMON/QUTCON/
i X1(160) L,Y1(16Q) ) Y20160)  4NN1 yNN2
COMMON/ZCOMNXY/ZNXY1(6) (NXY2{6)

IF THERE 1S ONLY ONE POINT YO BE PLOVIED, FORGEY IV AND FLUT FOUR
POINYS ON THE SCREEN YO FORM A LARGE X COVERING THE SCREEN

IF(NN1.3T.1) GO 70 5

NN1=zk4

X1(1) = X1MIN
X1(2) = XiMAX
X1(3) = XiMIN
X1 (&) = XIMAX
Yi(1) = YIMIN
Y1(2) = YiIMAX
Y1(3) = Y1iMAX
Y1i(4) = YIMIN

FIND THE LARGEST AND S™MALLEST VALUZS NF Y1
5 CALL AMXMNLICYMAX,YMIN)

CREATE THE POLYLINE ENTITY FOR NXY1

20
30

NGRAF = 0
NXY1¢5) = 0

CALL OLETCINXY1)
XMIN = X1(1)
XMAX = X1(NN1)

IF(XIMINGLY XMINY XMIN = XIMIN
IF(X1MAX, 5T XMAX) XMAX = X1MAX
IFCYIMINGLELYMIN) YMIN = YIMIN
IF(YIMAX GT,YMAX) YMAX = Y1MAX

IF(NN1.GT.60) NGRAF = 1

IF(NN1.GT,120) NGRAF = 2

IF INGRAFLEG.0) GO YO 30

DO 20 I=1,NGRAF

NXY1(5) = 1

CALL PLYLNINXY1,1,X1(50%1-53),Y1(60%1~-53),60)
CONTINUE

NXY1(5) = €0

IF((NN1-60"NGRAF=-1),LE.0) GO YO 40

CALL PLYUNINXY 1,1, X1{1¢60%NGRAF) ;Y1 (1+B60*NGRAF) yNN1~E0®NGRAF-1)
CALL AREALCXMINyXMAXy) YMIN, YMAX)

NXY1{5) =9

NDISPLAY THE POLYLINc cocNTITY FOR NXY1

CALL GENDFINXY1,0)
RTZTURN
END
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SUBROUTINE PLOVT2C(X1MIN,X1MAX)YIMIN,Y1MAX ,VY2MIN,Y2MAX,J)

THIS SUBROUTINE DISPLAYS TWO CURVES IN THE TWO SUBAREAS Of THE
GRAPHIC DISPLAY AREA

COMMON/OQUTCOM/
1 X1¢160) ,Y1(160) ,Y2(160) ,NN1 y NN2
COMMON/ZCOMNXYZNXYL1(3) HNXY2(6)

IF THERE IS ONLY ONE POINY TO dE PLOTTED, FORGET IT AND PLOT FOUR

POINTS ON THE SCREEN TO FORM A LARGE X COVERING THE SCREEN
IF(NN1.GT.1) GO TO 5

NN1i=&

X1(1) = XIMIN
X1(2) = XiMAX
X143) = XiMIN
X1 {4y = X1MAX
Yi¢1) = YIMIN
Y1(2) = Y1MAX
Y1(3) = Y1iMAX
Yitu) = YIMIN
Y2(1) = Y2MIN
Y2(2) = Y2MAX
Y2(3) = Y2MAX
Y2 (&) = V2MIN

FIND THE LARGEST AND SMALLEST VALUES OF Y1
5 CALL AMXMN1(YMAX,YMIN)

‘CREATE VHE POLYLINE ENTITY FOR NXY1
NGRAF = 0
NXY1¢(5) = 0
CALL DLETZ(NXY1)
XMIN = X1(1)
XMAX = X1 (NN1)

IFCXIMINGLTLXMIN) XMIN = XIMIN
IFCXIMAX . GT . XMAX) XMAX = X1MAX
IF(YIMINGLY.YMIN) YMIN = YIMIN
IF(YIMAX GTLYMAX) YMAX = Y1iMAX

IF(MNN1.GT.63) NGRAF = 1

IFINN1.GT.120) NGRAF = 2

IF(NGRAF.EG.0) GO TO 30

DO 20 I=1,NGRAF

NXY1(5) = 1

CALL PLYLNINXY1,1,X1(60%I~59),Y1(60%1-59),60)
23 CONVINUE
30 NXY1(5) = 60

IF((NN1~60¥NGRAF-1).LE«0) GO TO 32

CALL PLYLNINXY 1,19 X1C1460*NGRAF) y¥1{1¢60*NGRAF) yNN1-60*NGRAF=-1)

32 CALL AREAZ2(XMIN,XMAX,YMIN,YMAX,1}
NXY1(5) = 0

QISPLAY THE POLYLINE ENTITY FOR NXY1
CALL GENDFINXY1,0)
IFCJ.ETL1) RETURN
CALL AMXMNZ2(YMAX,YMIN)
NXY2(5) = 0
CALL OLETZUINXY2)
IF(NNi.LZ.1) GO TO 50 i
IFCYZMINGLTLYMIN) YMIN = YZ2MIN
IF (Y2MAX.GYL.YMAX) YMAX = Y2MAX

CREATE THE POLYLINE ENTITY FOR NXY2
© IF(NGRAF.E0.0) GO 70 50
D0 40 I=1,NGRAF
NXY215) =1
40 CALL PLYLNINXY2,1,X1(60%I1-53),Y2(60%1-59),60)
50 NXY2(5) = €1
IF{(NN1-50"NGRAF-1).LE,0) GO TO 50
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70 CALL PLYLNCNXY2,1,X1(1460%NGRAF) ,Y2(1460%NGRAF) yNN1-60*NGRAF-1)

60 CALL AREAZ(XMIN,XMAX,YMIN,YMAX,?2)
NXY2(5) = 0

c DISPLAY THE POLYLINE ENTITY FOR NXY2
" 75 CALL GENDFENXYZ2,0)

RETURN

END
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SUBROUTINE AREALIXMIN,XMAX,YMIN,YHMAX)

THIS SUBROUTINE DETERMINES YHE GRID DISPLAY FOR A GRAPH COVERING
THE ENTIRE GRAPHIC DISPLAY AREA

COMMON/ISSCAL/IDSCAL
ODIMENSION ALIM{%&),USER(W)
DATA ALIM/~40.4y=00.457.,457.7
OX = XMAX-XMIN

DY = YMAX-YMIN

USER(1) = XMIN

USER(2) = YMIN
USER(3) = XMAX
USER(C4) = YMAX
IDSCAL = 2

CALL SSCALCIDSCAL,ALIM,USER)
CALL ASCAL(IDSCALY

CALL GRONM(IDSCAL)

CALL CGRINIVE2,XMIN,XMAX, YMIN,YMAX,0X,0Y,0,0y151,6, 6)
CALL RTNID(IDA)

RETURN

END
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SUBROUTINE AREAZ(XMIN,XMAX,YMIN,YMAX,ID)

THIS SUBROUTINE CREATES THE GRID DISPLAY FOR A GRAPH COVERING A
SUBAREA OF THE ENTIRE GRAPHIC JISPLAY AREA D PENDINS

COMMON/ISSCALZ IDSCAL

OIMENSION ALTIM(4,2),USER(4,2)

DATA ALIM/=40¢y=40435709100y-40e317445744574/

USER(1,I0) = XMIN
USER(2,ID) = YMIN
USER(3,1ID) = XMAX
USER (4, I0) = YMAX

DX = XMAX-XMIN
DY = YMAX-YVIN
IJSCAL = IDe2

CALL SSCALAIOSCAL,ALIM(1,I0),USER(L,IDI

CALL ASCALCIOSCAL)
CALL GRDNM(IONSCAL)Y

ON ID

CALL COHRIJIVEZ,XMIN, XMAX, YMIN,YMAX, DX yDY,0,0,151,6,6)

CALL RTNIDJ(IDA)
RETURN
£ND
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SUBROUTINE AMXMNIC(Y1IMAX,Y1iMIN)

COMMON/QUTCOM/

X101
YiMAX =
YiRIN =

00 20 I=2,NN1

60)
Yic€1)
Yi(1)

»¥1(160)

s¥2(160)

IFCYICI) =YIMAX) 15,15,12

YiMAX =
GO T0 20

IFCYL1C(I)~-Y1MIN) 18,20,20

YiMIN =
CONTINUE
RETURN
END

Yien

Yi¢(D)
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SUBROUT INE AMXMN2 (Y2MAX,Y2MIN)

COMMON/O

X101
Y2MAX =
Y2MIN =
Do 30 I=
IF(Y2(D)
Y2MAX =
60 Y0 30
IF(Y2(I}
Y2MIN =
CONTINUE
RETURN
END

uTCcoM/

60) ,Y1(160)

ya2e1p

yat1)

2 yNN1
-Y2MAXD
Y2¢(mn

~Y2MIN)
Y2¢(n

254925,22

28,30,30

sy Y2 (160)
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