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ABSTRACT

o

This document describes a computer program known as
POTGEM which has been developed as an independent segment of
the NASA Ames Three-Dimensional Linearized, Potential Flow
Analysis System (POTFAN) and which is used to generate a
panel point description of arbitrary, three-dimensional
bodies from convenient engineering descriptions consisting
of equations and/or tables. Due to the independent, modular
nature of the program, it may be used to generate corner
points for other computer programs.



1 INTRODUCTION

This document describes Version 1 of a geometry
generating code (POTGEM) which computes panel corner points
and other geometrical data necessary to run the remaining
segnents of POTFAN, which is a fprogram system for analyzing
three-dimensional, subcritical potential flows about
arbitrary configurations. An overview of the POTFAN systenm
is given by Medan (1976). In addition to being the tirst
segment of POTFAN, POTGEM can be used to generate
geometrical corner point data for other computer programs.

Some of the important characteristics of the POTGEM
program are the following:

1. Complicated compoments can be handled with a mininum of
input. Components that can be handled .«nclude
complicated  aircraft fuselages; thick wings with
variable section, twist, and dihedral; wings with
control surfaces; wind tunnels; and fan wakes. One or
more components considered together constitute a
configuration.

2. ' In addition to computing panel corner points, the
program computes position vectors to control points,
vortex force sensing locations, and other useful data.

3. Simple panel distributions are easily handled, yet the
program does allow complex and non-unitform panel and
control point distributions.

4. The program allows components to be decomposed into
seghents. The geometrical description of the component
and the independent variables may be different in each
segment. .

5. The program has a general rotate, shift, and scale
capability.

6. The program runs under a command format which makes the
program flexible, easy to use, and easy to modity even
though the program is quite complex and versatile.

7.  Variable dimensioning is used so that oddly-sized
problems can be handled without redimensioaning.



8e Machine dependent language teatures have been yenerally
avoided to make conversions to other computers
relatively easy.

9. The program has been liberally documented internally
with comment cards to make it easy to modify.

10. The program checks for user input errors in many
places. This makes it somewbat difficult to improperly
run the progranm.

11. The program is coded in FORTRAN IV.

12. To date the program has been run on a UNIVAC 1108
computer with 65k words of memory.

13. The program can be executed in either batch or
conversational modes.

14. The program is based on a generalized cocrdinate systen
that reduces to Cartesian, polar, or spherical 1in
special cases, yet is more flexible than any of these.

One major feature lacking in the prcgram is that
because each component of a coafiguration is considered
independently, the program cannct automatically put panel
edges along lines of intersection with other components. It
is necessary for the user to supply these intersection lines
in the form of the VL(S), VU{S), SL(V), or SU (V) curves that
are defined in Section 3.2.1. 1t should be noted, however,
that the program produces output (S and V at corner and
boundary condition points as described in Section 6.1) that
would allow another program to be developed which could
automatically calculate the intersection lines. This would
allow POTGEM to then be rerun with the correct intersection
lines. Therefore, part of the intersection problem has
already been solved in POTGEM. It is expected that such a
program will be developed in the future.

Another disadvantage of POTGEM is that it cannot
automatically distribute panels in relationship to surface
curvature (e.d., dense panelling in regions of high
curvature). Furthermore, POTGEM cannot be easily modified
to do this automatically. However, the output from POTGEM
(see Chapter 6) is suitable for driving another progranm
wvhich could redistribute panels based on surface curvature.

Finally, the cross sectional data (Section 3.1.1) that
is input to POTGEM is not in parametric form. If the
program had initially been designed this way, it would have
Leen somewhat easier to use and, in some cases, multiple
segments (Section 3.1.7) would not have been required. This
deficiency is expected to be corrected in version 2 of
FOTGEM.



2 PROBLEM _TASK_DESCRIPTION

This section describes the basic specifications that
guided the development of this program and the basic
mathematical problems confronting the authors at the
beginning of the task.

The task that the program was required to perform is to
produce a file called the geometry file and containing the
data described in Section 6. It was required that this file
be created from a convenient engineering description of as
general a component as possible. Furthermore, it was
required that the program be flexible, easy to use, easy to
modify, well documented, and easy to convert to other
computers.

There are basically two mathematical problenms
associated with determining a panel corner point description
of a component from an engineering description. The first
is to devise a method which will give the position vector of
any point on the surface given the two independent panelling
variables, which are called S and V. The second problem is
to divide an appropriate region of the S-V plane into
quadrilaterals with the corner points of the quadrilaterals
corresponding either to corner points of the panels or to
control points of the panels. It is important to realize
that these two probleass are conpletely independent.
Therefore, the computer program handles these phases
separately and the method of solution of either of the
problems is independent of the other.



3 METHOD_OF_SOLUTION

This section describes the solutions of the two
mathematical problems posed in the previous section.

3.1 SURFACE REPRESENTATION

As shown in Figure 3.1-1, the surface is described in
part by a set of cross sections, an arbitrarily curved axis
(which is not necessarily perpendicular to the cross
sections), and the anqular orientation of the cross

sections. This data together with a method for
interpolating between cross sections conmpletely defines the
surface, Each of these subjects is discussed in detail

below. Following this there are explanaticns of how the
pieces are fit together to make a working algorithm and of
the multiple segment capability.

3.1.1 Cross Sections

The set of cross sections defining the component
consists of one or more members., Each member of the set may
consist of an open or closed curve, but the curves are
restricted to lie in a plane.

The independent variable in the cross section is V and
the dependent variable is V2. V may be either y', z', or
and V2 way be either z', y' or R, respectively, where R
SQRT (y'**2 + z'*%2), © = ATAN(z'/y'), and where Yy°
Y'/YPSCAL(S) and 2z' = Z'/ZPSCAL(S). Here Y' and Z' are
defined by Figure 3.1-1 and YPSCAL and ZPSCAL are arbitrary
scaling factors. These scaling factors are functions of the
cther independent variable, S.

N

The choice of which pair of cross section variables
that may be used is restricted only by the requirement that
V2(V) be a single valued curve. If none of the three
choices yields a convenient, single valued curve, then the
component must be broken into two or more segments such that
for each segment V2(V) is single valued. 'The multiple
- segment capability will be discussed further 1in Section
3.1.7. The choice of V and V2 cannot vary from cross
section to cross section within the same segment, but may
vary from segment to segment.



once an appropriate set of cross section variables has
been chosen, it 1is necessary to consider how the cross
sections <can be mathematically described. Each cross
section may be described either by the coefficients of a
series expansion (e-g., VZ(V)=R (8)=A0%C0OSs (8) +
A1%C0O5 (B) +B1*SIN(8)+...) or by a set of data points together
with a specification of an interpolation method. In the
latter case, the data points need not be (V,V2) pairs, but
can be (y',z"), (z',y'), or (®,R) pairs since the program
cau internally convert whatever is given to it into (V,V2)
pairs. The method used to describe any cross section is
independent of the methods used to describe other cross
sections (i.e., a table may be used for one cross section
and a series expansion for another). More details on the
wathematical description of these curves are given in
Section 3.1.4.

The maximum number of cross sections allowed is
governed by th variable MXD05 as explained in subroutine
GEOM. . :

3.1.2 Arbitrary Axis

The axis equation has been chosen to be the following
parametric form:

XAXIS = XAXIS(S)
YAXIS = YAXIS(S)
ZAXIS = ZAXIS (S)

The functions XAXIS(S), YAXIS(S), and - Z2AXIS(S) can bhe
described using the same methcds used for the cross
sections. These methods are described in Section 3. 1.4.
Each of the three functions can be defined independently.

In view of the general form of the axis equation, the
independent variable S can be identified with several
physical quantities. If, for example, XAXIS(S) = S5, then S
is the value of X along the axis. S could also be Y or % or
the arc length. Furthermore, if XAXIS = YAXIS = ZAXIS = 0,
S may even be an angle (see Section 7.5 for an example).
Usually, hovwever, S is the value of X along the axis. ‘

3.1.3 Orientation of Cross Sections

It is well known (Euler's rigid body theorem) that the
rotation of any rigid bedy can be effected by a single
rotation about some axis. 1In the present case, the body is
to be identified with the cross section and the rotation
refers to the angle through which the Y, Z plane must be
rotated to make it -parallel to the Y, 2' plane.

If the amount of rotation is denoted by PHI, and the
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axis of rotation has the components EX, EY, and EZ, then the
rotation can be defined by a 3-by-3 matrix, T, whose
eguation is the following:

. -
1 0 0

T (PHI) = COS (PHI)| 0 1 0 +
0 0 1 (3.1.3-1)

SIN(PHT){ EZ* O -EX?* +

-EY' EX? 0

b o

EX'

(1-COS (PHI) )X EY! LEX' By?* EZij

EZ'
where
EX' = EX/SQRT (EX*%2 + EY*%2 + EZ%x*)) (3.1.3-2a)
EY' = EY/SQRT (EX*#%2 + EY**2 + EZ%%2) (3. 1. 3-2b)
EZ' = EZ/SQRT (EX*%2 + EY*%*2 ¢+ EZ¥%2) (3. 1. 3-2c)

Each of the quantities PHI, EX, EY,and EZ is considered
to bhe a function of S and can be described using the methods
discussed in Section 3.1.4.

If the matrix T is known, but PHI, EX, EY, and EZ2 are
not known, then PHI, EX, EY, and EZ must Lbe calculated since
the program works only with PHI, EX, EY, and EZ and not with
the individual couponents of T. To calculate these
quantities in the general case, one must first determine the
eigenvalues and eigenvectors of T. One of these eigenvalues
must equal one. The componrents of the eigenvector
corresponding to the unit eigenvalue can be defined to be
EX, EY, and EZ. PHI can then be (etermined by working
tackwards through equations 3.1.3-2 and 3.1.3-1,

This cross section rotation is wusually nonzero only in
three types of problems. The first consists of a wing with
a twist distribution; the second consists of a highly
cambered fuselage whose cross sections perpendicular to the
axis are much easier to obtain than those parallel to the
Y-2 plane; and the third consists of an axisymmetric, but
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otherwise arbitrary, body. In the first case the axis of
rotation is the spanvise axis and PHI is the twist angle.
In the second case the axis of rctation is perpendicular to
the plane in thich the cambered body axis lies and PHI is
the arctangent of the derivative of the caasber. In the
third case the axis degenerates to a point and PiI beconmes a
spherical polar angle (see Section 7.5 for an exanple).

3.1.4 Representation of Functions

In the previous three sectiouns a number of functions
Wwere introduced, but no mention was made of how these
various functions can be described to the computer prograh.
This will now be explained.

To begin with, @11 of the various tunctions will be
treated in the same way ~2a0d will be referenced with the same
variable names. Therefore ¢ach of the functions requires an
index to uniquely identify it. This index 1is the integer
variable IC. Table 3.1.4-1 lists the correspondence between
IC and the various functions defining the surface. This
table also shows in parenthesis the defaults of the various
curves.,

As just mentioned, all of the functions described in
the previous three sections will be referenced by the sane
names., In particular, VAR1 will stand for S or V (depending
on the value of IC), and VARZ2 will stand for XAXIS, YAXIS,
ZAXIS, PHI, EX, EY, EZ, YPSCAL, 2PSCAL, or V2 at any input
cross section (depending on the value of IC).

In addition to the index, there is an integer function
option, COPT, which identifies the basic type of description
to be used. For example, COPT=1 implies that the function
will be determined by 1linear interpolation from an input
table and COPT= ~2 inmplies that the fubnction will be
determined by a power series expansion from an input set of
coefficients. The above types of function definitions as
well as others are implemented in subroutine INTRP3 and
associated subroutines. Table 3.1.4-2 lists the
- correspondence between the function option number and the
types of functions available in INTEP3. Note the following
correspondence between INTRP3 variables and the variables
associated with the functions introduced in the previous
three sections:

IOPT = COPT(IC)
XIN (%) =  VAR1(*,IC)
YIN (%) = VAR2(*,IC)

. PARAM(*) = PARAM (*,IC)
NIN =

NTAB (IC)



Therefore, in order to describe to the computer what
any of the functions in the previous sections is, basically
wvhat one needs to do 1is to input the value of IC and the
variables COPT(IC) and NTAB(IC) and the arrays (VAR1(*,IC)),
(VAR2 (*,IC)), and (PARAM(*,IC)). Then the program will
determine the function, when required, wusing subroutine
INTRP3.

The above variables are frequently all that one needs
to consider when inputting any of the curves discussed in
the previous section. However, in certain applications
involving tables, some additional data manipulation
capability is useful or required. This capability consists
of three transformations that may be performed on the arrays
(VAR1) and/or (VAR2). The first transformation consists of
the following general affine transformation:

VART? AFTRAN (1) *VAR1 + AFTRAN(3) #*VAR2 + AFTRAN(5)

VARZ! AFTRAN(2) *VAR1 + AFTKAN(4) *VAR2 + AFTRAN (5)

This has obvious usefulness for scaling and shifting tables.

The second transformation is a more general
transformation of the arrays (VAR1) and (VAR2) and includes
an affine transformation as a general case. However, the
most typical use of this second transformation is when the
curve is a cross section curve (i.e. IC 211) and (VAR1) and
(VAR2) constitute a table. In this case the second
transformation is used to transfcrm (VAR?1) and (VAR2) so
that (VAR1) will be an array of V values and (VAR2) will be
an array ot V2 values. This second transformatioan would
thus be very useful if, fcr example, it were necessary to
use polar coordinates for V and V2 and the availaple data
were in Cartesian coordinates. Bceth the first and second
transformations are effected by subroutine TRAN2 as called
by subroutines SRFIN1 and/or SRFINZ.

The third, and final transformation 1is somewhat
different than the first ¢two. 1In the first place it only
affects the array (VAR1). In the second place it has no
effect on the meaning of the variables V and V2. That is
(VAR1) does not become an array cf V values until after the
first two transtormations while the third tramsformation,
although changing (VAR1), does not have an effect on the
significance of V. Another way of stating this is if a
certain set of program input data that did not specify the
third transformation were used to describe a component, then
the same input data only with the third transformation
invoked would describe the same component. Thus the use of
the third transformation does not require changes in the
remaining input data. Also the third transformation will
not affect the S and V values at corner points or boundary
condition points. The only affect that the third



transformation has is on the quality of intergolated values.
To clarify how this is possible, consider a two-dimensional
blunt airfoil in the Y'-Z' plane with the nose at the
origin. The upper surface of this component can be
described as

2V (YY) = A®YI%%_.5 4 BRY! + CeY'%%1.5 + ..,

Cbviously an interpolation using polynominal spline fits
would require many points near the nose to be accurate. Now
let ¥Y" = SQRT(Y'). Then

ZV(YY") = A + BRYM + CY"#%2 + ..,

This curve does not require a large number of points tc
result in an accurate interpolation. This is the function
of the third transformation, nanely to effect a
jre-interpolation transformation of the independent variable
to result in a much more accurate curve fit.

The main situation in which this transformation would
ke used is on cross sections (i.e. V2(V) curves) when such
cross sections are blunt nosed -airfoils. See Section 7.6
for an example, This transformation is effected by
subroutine TRAN1. ‘

In summary, each of the curves required to define the
surface can be input either as tables or coefficients and
there are transformations available to manipulate tables and
improve the accuracy of table interpolations. The input of
these curves is accomplished with the SRI1 and SRI2 commands
discussed in Section 5.2. It should be noted that each of
the curves may be input in a completely independent manner
{€e.g«, PHI(S) may be described by a power series, YPSCAL by
linear interpolation from a table containing five data
pairs, V2(V) at S5CS(1) by CODIM interpolation from a table
containing ten data pairs, V2(V) - at SCS(2) by a Fourier
series, etc.). :

3.1.5 Interpolation Between Cross Sections

A typical set of cross sections at which data is given
is shown in Figure 3.1.5-1. Each of the vertical lines in
the S-V plane 1is a cross section and, therefore, by using
the methods indicated in the previous section, each is a
line upon which the dependent  variable, V2, <can be
determined. Now the methcds used to determine V2(S5,V) in
the remainder of the S~V plane will be described.

Consider an arbitrary point, P, in the S-V plane and a
horizontal line dravwn through this point. The horizontal
line intersects the given cross sections and at each
intersection the value of V2 can be calculated. These V2



values together with the corresponding ‘values of S
constitute a table. Interpolaticn from this table is used
to determine the value of V2 at the point P.

This interpolation in the S-wise direction 1is done
using subroutine INTRP3 and, therefore, all of the methods
available in INTRP3 are available for this interpolation.
The method actually used is governed by the variable IOPTS
and the array (PARAMS) that are entered with the PANL
command (see Section 5.2). These variables are the same as
IOPT and (PARAM) in subroutine INTRP3, respectively.

As is the case for the various functions described 1in
Sections 3.1.1' - 3.1.3, there 1is a pre-interpolation
transformation that «can be invoked to increase the quality
of the interpolation. As mentioned in the previous section,
this transformation can be used with no other changes
required to the input. This transformation is governed by
STOPT and (PARST) that are entered  with the PANL command.
These variables correspond to IOPT and (PARAM) in subroutine
TRAN1, which performs the transformation. The most typical
use of this transformation in this instance would be for a
fuselage with both ends blunt and located at S1 and S2. For
this case, STOPT should be 4 and PARST(3) = (S1 + S52)/2 and
EABST (4) = (52 - S1)/2.

1t should be noted that the interpclation between cross
sections is done prior to rotating the cross sections, prior
to putting the cross sections on the arbitrary axis, and
prior to scaling the cross sections. This is consistent
with the way in which aeronautical structures are generally
defined and, therefore, this results 1in an easy to use
method.

3.1.6 Summary of Geometry Algorithm

In the previous sections various aspects of the method
vere explained. This section explains how these picces are
combined to make a working algorithm.

There are two major phases. The first is the geometry
input phase and the second is the actual calculation phase.

In the geometry input phase the functions XAXIS(S),
YAXIS (S), ZAXIS(S), PHI(S), EX(S), EY(S), EZ(S), YPSCAL(S),
ZPSCAL(S), and a set of cross section curves, V2(V), are
defined according to the method described in Section 3.1.4
and using the SRI1 and SRI2 commands. (Commands are
described in Section 5.) Also the definiticns of V and V2
are established by one of the commands POLR, CARY, or CARZ.

Next comes the calculation phase in which values of X,



Y, and Z on the body surface are determined for given values
cf S and V. This phase is performed mainly in subroutine
SURFAS. The determination of the actual values of S and Vv
tor which calculations will be @pade is independent of the
geometry definition method and is discussed in Section 3.2.

Let (S,V) denote one of the given values of S and V.
Then the first step is the «calculation of the S-wise
interpolation table (Section 3.1.5) for the given value of
V. Next, the given S and values of S in the table are
transformed according to the value of STOPT (Section 3.1.5)
to make the 1interpolation mcre accurate, Then the
interpolation is perforned. As a result V2(S,V) is
determined. Then y' and 2z' are calculated from V and V2
according to the definition of V and V2 (Section 3.1.1).
This definition 1is stored in the variable VTYPE, which is
established by the POLR, CARY, or CARZ command. Then the
values of XAXIS(S), YAXIS(S), 2AXIS(S), PHI(S), EX(S),
EY(S), EZ(S), YPSCAL(S), and ZPSCAL(S)
are calculated. The variables y! and z' are multiplied by
YPSCAL (S) and ZPSCAL(S), respectively, to yield Y' AND Z°'.
The cross section rotaticn matrix, T, is calculated fron
equations 3.1.3-1 and 3.1.3-2 and, finally, X, Y, and Z are
calculated from

X(S,V) = XAXIS(S) + T(1,2;S)*Y' (S,V) + T(1,3;5)*2'(5,V)
Y(S,V) = YAXIS(S) + T(2,2;S)*Y* (S,V) + T(2,3;S)*z'(s,V)
Z(S,V) = ZAXIS(S) + T(3,2;S)*Y"' (S,V) + T(3,3;S)*z'(s,V)

The last two terms in the above eguations represent the
rotation of the cross section to its final orientation.

In addition to being used tc find X, Y, and Z values of
ccrner points, the above method is used to determine the X,
Y, and 2 values of boundary condition points and also to
calculate the unit normals. This is in contrast to many
existing programs, which determine boundary condition points
and unit normals from the corner points. The latter method
1s generally not as accurate.

" The calculation of the wunit normals will now be
discussed. Consider a point P in the S,V plane. Let the
points A, B, C, and D be arranged around P in the manner
shown in Figure 3.1.6-1. The program calculates the
position vectors (RA, RB, RC, and RD) to each of these
-points, calculates the cross prcduct of RC-BA with RD-RB,
normalizes the result, and calls it the unit normal. 1If
UNEPSS and UNEPSV are small enough (but not tco small), this
method is generally more accurate than using the panel
corner points. It should be noted that a ccoensistent sign
convention has been applied so that the unit normal will lie
on the same side, of the surface as a vector in the
N1-cross-N2 direction. If s and V are either both
increasing or both decreasing functions of the N1 and N2



indices, then the unit normals will be in the S$-cross-V
direction.

3.1.7 sSurface Ségmentation

A component may be divided into a number of segments.
There are several reasons why this is done.

In the first place the geometry may be naturally
segmented. For exarple the NASA Anes 12.2p-by-24.4m
(40*x80*) wind tunnel has a cross section in the shape of a
square with semi-circles on each side. (Figure 7.3-1 shows
one side of this configuration.) The top and bottonm
surfaces can be easily and exactly described in a Cartesian
coordinate system and one side can be easily and exactly
described in a polar coordinate system with origin
coinciding with the center of the corresponding semi-circle.,
(See Section 7.3 for an example.)

A second reason for segmerntation rests in the fact that
the cross section curves, V2(V), must be single-valued. An
example of where this requirement necessitates segmentation
is a thick wing section. In this case two segments are
required. One 1is the upper surface and the other 1is the
lover.

A third reason 1is that the component may be too
complicated to handle as a single segment. That is, there
may be too many cross sections and/or table entries to fit
in the program at once.

A final reason is that there may be certain lines on
the component along which panel edges must be constrained to
lie. An example of this is a wing planform with a crank.
In modelling such wings it is best to have fpanel edges at
the spanwise location of the crank.

In addition to the above examples, some components may
have to be segmented for more than one reason. A thin wing
with a deflected control surface, for example, may be easier
to describe in segmented form and also panel edges should be
made to lie along the hinge line.

Despite the differing reasons for segmentation, the
program handles all cases of segmentation in the same
panner. Different aspects of this: treatment are discussed
in the following paragraphs. :

The total number of sSegments and the number of pamnels
in each segment must be established once for each component
before any panelling is done. This is accomplished by a
DSEGMENTS command (Section 5.2). Note that this command is



somevhat different from the. geometry definition conmmands,
the SEGMENT command, and the PANL command because it refers
to the entire component, whereas the others refer to a
segment (except the geometry definition commands need not be
repeated if the geometry description remains the sane).

Prior to panelling each segment, the segment pmust be
identified (see the SEGMENT command, Section 5.2), the
boundaries of the segment in the S,V plane must be defined
(see the SL, SU, VL, and VU coanmands, Sections 3.2 and 5.2),
and the distribution of ccrner points and boundary condition
points along the boundaries (see the SLBC, SUBC, VLBC, and
VUBC commands, Section 5.2) pnust be established. Also,
prior to panelling each segment, those aspects of the
geometry that are different from those of the previous
segment must be redefined.

Because of the fact that boundaries between segments
may represent situations where the actual geometry is
discontinuous (e.g., between a wing and the side edge of a
control surface) the program inserts a pseudo row of panels
in between each segment. In many cases it 1is desirable to
eliminate these rows. This is accomplished by the NRI1 and
NRIZ2 commands (Section 5.2).

3.2 PANELLING

In the previous section, a method was described for
determining the position vector to the surface given the two
independent panelling variables, S and V. This section will
now describe how the values of S and V are determined. For
each segment (Section 3.1.7), the locations of corner points
are determined from the boundaries of the segment, the
intensections of the corner and boundary condition grid
lines with the boundaries of the segment, and a method for
constructing grid lines from the boundaries and intersection
points. Each of these topics is discussed in detail in the
following sections. :

3.2.1  .Segment Boundaries

All segment boundaries in the S-V plane are in the form
cf four arbitrary functioms SL(V), SU(V), VL(S), and VU (S)
as shown in Figure 3.2.1-1. Although in most applications
the four curves are straight 1lines, there are situations
vhere more g¢eneral curves are desirable or essential (e.g.
on a fuselage where a wing intersects).

Each of these four functions can be described to the
frogram in basically the same manner that the functions
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describing the geometry canm (Section 3.1.4). That 1is,
subroutine INTRP3, with all of its varicus options, is used.
These functions are input using the commands SL, 5U, VL and
VU (Section 5.2).

As will be seen later, one of the necessary steps in
determining S and V values in the interior of the segment is
the calculation of the intersections of the VL and VU curves
with the SL and SU curves. The method that the program uses
for this calculation is an iterative one that cannot be
guaranteed to converge for all cases. This iterative amethod
is described in subroutine GRID. A sufficient condition for
convergence at the intersection of the VIL(S) and SL(V)
curves is that

ABS (d (VL) /dS) *ABS (4 (SL) saV) <1

Similar conditions hold for the other three intersections.
In the extreme cases for which the above conditions do not
hold, the intersections must be determined a priori and
input to the program with a PANL command.

The notation for these intersections is defined in
Figure 3.2.3-1 (e.g., (SSUVL, VsSUVL) is (5,V) at the
intersection of SU (V) with VL(S)).

3.2.2 Grid Line Intersections with Boundaries

Grid 1lines are 1lines in the S-V plane along which
corner points or boundary condition points can be located.
More specifically, corner points and boundary condition
points are 1located at the intersections of grid 1lines
extending nominally in the S direction with those extending
nominally in the V direction. These grid lines are defined,
in part, by their interesections with the boundaries of the
segment. This section explains terminology related to these
intersections and how the intersections are input.

A nondimensional system is used to describe the grid
line and boundary intersections. This system is illustrated
in Figure 3.2.2-1 for the VL(S) curve. The intersection of
VL(S) with SL(V) 1is, by definition, at XGP=-1 and the
intersection of VL(S) with S5U(V) is at XGP=+1. Furthermore,
iGP, by definition, varies linearly with S. In the program
the intersections of the V-wise: corner point grid lines with
the VL(S) <curve are contained in the array (XGPVLC) and the
intersections of the V-wise boundary condition point grid
lines with the VL (S) <curve are contained in the array
(XGPVLB) . Similar notation applies to the other grid line
boundary intersections {€ege, (XGPSUB) contains the
intersections of the SU(V) curve with the S-wise boundary
condition point grid lines). : :
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The program does not assume that any of the elements of
the XGP arrays are equal to -1 or +1 (i.e., corner points
need not lie on the segment boundaries). Also the program
allows, for example, XGPSLC(I) tc be unegqual to XGPSUC(I),
although the program will assume that XGPSUC (I) is equal to
XGPSLC (I) unless instructed otherwise.

The intersection point arrays (i.e., (XGPSLC). etc.)
are defined for the program using the SLBC, SUBC, VLBC, and
VUBC coamands. Although the arrays may be input explicitly
with these commands, the usual procedure is tc select one of
a set of predefined rules and have the program calculate the
values. These details are governed by the variable IOPT
that is input with the SLBC, SUBC, VLBC, and VUBC coamands.
If IOPT 1is zero, then the intersections are expected as
input. Othervise, the progranm will calculate the
intersections. The correspondence between some valid IOPT
values and the intersections calculated is shown in Figure
3.2.2-2 for the case of four panels and IOPT greater than
zero. The spacings for IOPT less than zero are reversed
from those of positive IOPT. For example, IOPT=-4 gives
finer spacing near XGP=+1, For any ncnzero IOPT the XGP
arrays will always be in ascending order. The computation
of corner point and boundary condition control point
spacings is done in subroutine XPANCP.

As will be seen in the next section it will be
necessary to calculate the S and V values at the
intersections of the grid lines with the boundaries. The
notation for these intersections is shown in Figure 3.2.3-1.
The «characters C and B standing for corner points and
ktoundary condition points, respectively, have been dropped
because the procedure is identical for both. The
intersections of the S-wise grid 1lines with the SL (V)
boundary curve are given by the following eguations:

VGPSL (K2) = (1-XGPSL (K2) ) *VSLVL/2 +

(3.2- 2'1)
(1+#XGPSL{K2)) ®*VSLVU/2 '

SGPSL (K2) = SL (VGPSL (K2)) (3.2.2-2)

In the above eguation SL(VGPSL (K2)) is calculated using

subroutine INTRP3 and the data entered with the SL command.

Similar equations are used for the other three grid line and
boundary intersections.

- 3.2.3  Intersections of S-Wise and V-Wise Grid Lines

As mentioned in the previous section the nondimensional



description of the intersections cortained in the arrays
(XGPSLC), (XGPSLB), etc., only defines the grid 1lines in
part. Namely, these arrays define the grid line
intersections with the boundaries of the segment and they do
so nondimensionally. This section completes the definition
by explaining how grid lines are extended to the interiox of
the segment and how their intersections with other grid
lines are calculated.

The method used is identical for corner point grid
lines and boundary condition peint grid 1lines, and
therefore, the characters C and B in the arrays describing
the intersections will be dropped for the remainder of this
section. The particular value of (S,V) to be determined is
denoted by (S (K1,K2),V(K1,K2)) where K1 is an index that
varies in the S direction and K2 is an index that varies in
the Vv direction. All of the various symbols introduced to
this point are shown in Fiqure 3.2.3-1.

A simple, yet effective way to determine 5(K1,K2) would
be to consider it a weighted average of the S values at the
intersections of the S-wise grid line with the SL (V) and
SU (V) curves. Mathematically this can be stated as

S (K1,K2)=(1-FS (K1,K2) ) *SGPSL (K2) /2 +
(3.2.3-1)
(14FS (K1,K2) ) *SGBSU (K2) /2.

FS(K1,K2) is a nondimensional number that is equal to -1
when the V-wise grid line coincides with SL(V) and is equal
to +1 when the V-wise grid line coincides with the 5U(V)
curve. A similar expression is used for V(K1,K2):

V(K1,K2)=(1-FV (K1,K2) )*VGPVL (K1) /2 +
(3.2. 3-2)
(1+FV (K1,K2) ) *VGPVU (K1) /2.

This raises the question of how to determine FS (K1,K2)
and FV (K1,K2). The ansvwer is shown in Figure 3.2.3-2. This
tigure shows that FS(K1,K2) and FV(K1,K2) are at the
intersection of tvwo straight lines drawn from (XGPVL(K1),-1)
to (XGPVU(K1),+1) and from (-1,XGPSL(K2)) to (+1,XGPSU(K2)).
In other words PS(K1,K2) and FV(KV,K2) are the simultaneous
solution to

FS(FV(K1,K2)) = FV (FS(K1,K2)).

More explicitl% FS(K1,K2) and FV(K1,K2) are the simultaneous
solution of

FV(K1,K2) = (1-FS(K1,K2))*XGPSL (K2) /2 +
s (3.2'3"3)
(14FS (K1, K2)) *XGP SU (K2) /2

»
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and

FS(K1,K2) = (1-FV(K1,K2))*XGPVL (K1) /2 ¢+
(3.2.3-“)
(1+FV (K1,K2)) #XGPVU (K1) /2

Due to their linearity, the above equations are easily
solved analytically. Subroutine GRID contains the actual
equations. This completes the description c¢f how S and V
values are determined.

In summary, the VL(S), VO(S), SL(V), and SU(V) segment
boundary curves are defined by the VL, VU, SL, and SU
copmands, respectively. The grid line intersections with
the boundary curves are defined by the VLBC, VUBC, SLBC, and
SUBC commands. Then, when a PANL compand is given, the
program executes the following: (1) It calculates the
boundary curve intersections ((SSLVL,VSLVL), etc.); {2)
Using equations 3.2.2-1 and 3.2.2-2 and similar equations,
it calculates § and V values on the boundaries; (3) It
solves 3.2.3-3 and 3.2.3-4 simultaneously; (4) Finally it
calculates S and V from equations 3.2.3-1 and 3.2.3-2. The
program executes the preceding (as regquired, i.e., redundant
calculations are avoided) for all of the «corner points and
all of the boundary conditions points and, also under the
FANL command, determines the position vectors to the corner
points and boundary condition points and the unit normals at
the boundary condition points using the methods described in
Section 3.1.

An example of an actual network cf grid lines generated
by the above method is shown in Figure 3.2.3-3.



4 PROGRAM DESCRIPTION

To a great extent the description of the inner workings
cf the program has been relegated to comment cards in the
FORTRAN source decks. This includes descriptions of the
functions of the subroutines and their input and output.
The remainder of the secticn presents relevant descriptive
data which could not effectively be placed on comment cards.

4.1 CALLING STRUCTURE

Figure U4.1-1 shows the subroutine calling structure.
Table 4.1-1 shows the <calling structure in a different
format.

4,2 COMMON BLOCKS

Table 4.2-1 shows the coammcn blocks. These comrmon
tlocks are the same length in every program in which they
appear.

4.3 LOGICAL UNITS

Table 4.3-1 summarizes the logical units (tape, disks,
cr drums) which the program uses.

4.4 MEMCRY REQUIREMENTS

Without the 25 arrays dimensioned in the main program
and without using overlays, the POTGEM program regyuires
approximately 45,000 decimal words of core storage. This
requirement includes all system subroutines and internal
symbol dictionaries and was detergined on the INFONET Univac
1108 operating systenm. ‘The size of +the 25 arrays must be
added to this number to determine the total amount of
storage required by the program. An overlay structure and
compilation without internal syabol dlctlonarles can be used
to decrease the storage required.



4.5 SYSTEM DEPENDENT SUBROUTINES

Subroutines FILEND, OPENW, and TIMEST all call system
dependent subroutines. Therefore, they all generally amust
ke modified when the program is used on a nev computer
systen. E

4.6 RESTRICTIONS AND LIMITATIONS

The most impcortant restriction regarding the POTGEM
program is the limitation on the total number of corner
points. This is limited by the dimensions of the 25 arrays
in the main program. If these dimensions are not
sufficient, then they must be increased, the main program
sust be recompiled, and the program must be relinked.

There are also limitations c¢n the maximum number of
corner points in the N1 or S direction and in the N2 or V
direction, the maximum number of cross sections, the maximum
nugber of table entries, etc. These lipitations ara2
discussed in more detail in subroutine GEOM, instructions
for charnging the maximum limits are also given in GEOM.

The program itself checks for violations of the above
restrictions, so there 1is no a priori need for the user to
worry about them.



S QPERAZ1NG_INSTRUCTIONS

The purpose of this section is to provide the user with
information necessary to execute the program. Instructioans
for modifying the program are also given.

5.1 GENERAL DATA INPUT CONSIDERATIONS

The program is designed to use commands as the basic
form of input to control the program flow. These commands
consist of four letters placed in the first four columns and
are recognized as Kkeys that cause the program to perform
particular operations. These operations consist of reading
input, writing output, or calculations, cr a combination of
all three. After the operations are performed, the progranm
flow raturns .to the beginning of the program and reads the
next command. This continues until a STOP command 1is
encountered, whereby the prcgram terminates. Any command
input record vwhose first four columns are 1left blank is
considered a "comment" ccmmand. In the ccnversational mode,
any coamand that is not recoygnized by the program is pranted
and program flow is returned to the next comwand without any
cperations being per formed. In the batch  mode an
unrecognizable command causes program termination uunless the
variable CONTIN has been made .TRUE. by a preceding DATA
compmand. Following each command some data must usually be
entered. This data is prescribed in either NAMELIST or
regular formats.

In the batch mode each command line that is read in is
printed out before any action is taken on it. The entire 80
columns are printed even though cnly the first four columns
comprise the command. This allows the output to be
documented with "comment"® commands and helps to pinpoint
sources of errors.

Aside from commands, most of the input data 1s in
NAMELIST format. The program has been coded to take maximum
advantage of the way in which NAMELIST Works. In
particular, only the specific data that is actually required
needs  to be input, the data elements can be in any order,
and /(except where noted otherwise) data that is entered with
one command need not be reentered with succeeding commands
unless it 1is to be changed. To e€ffect this last advantage,
intermediate arrays are used for some commands (SRI1, VLBC,
VUBC, SLBC, SUBC, VL, VU, SL, and SU). These intermediate
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arrays allow similar curves stored in diiferent core
locations to be input with a minimum of data.

Other input data is in regular format form. Integers
are always input under a 16I5 format and floating point
numbers under an 8F10.0 format.

5.2 INPUT DESCRIPTION

Detailed descriptions of the various available commands
are given in the 1listing of subroutine GEOM. This
subroutine is arranged in a number of sections. The first
section consists of general commentary and a summary of the
available commands. The next section is the specification
section (sets data types, dimensions, common blocks, etc.).
The next section sets the initial default values for those
variables having default values. The next section is the
command read and branch section. By examining this section,
cne can determine to which point control is transferred for
specific commands. Each of the following sections <contains
detailed commentary and code necessary toc effect each
command. Thus by determining the coammand transfer point
from the command read and branch section, one is led to the
place in the listing that contains the detailed description
of the command and further input required for the command.
Since the listing contains the detailed command and input
descriptions, they will not be repeated here.

Instead, the most typical ordering of commands and sonme
general comments will be given:

1. TITLE
2 DSEGMENTS

3. Geometry definitiom -- - SRI1, SRIZ2, POLR, CARY, and
CARZ. ' :

4. SEGMENT. Not required if NSEGS=NSEGV=1 for the . first
segment to be panelled.

Se Segment boundary definition -- SL, SU, Vi, and VU. All
four commands are frequently not required for the
second and subsequent segments.

6. Corner and control point distribution definition --
SLBC and VLBC commands. Use Pigure 3.2.2-2 as a guide
to available distributions. SUBC and VUBC are not
usually required.

7. GRID. Prints distributions determined in stzp 6.

8a PANL.



9. Repeat 3 through 8 as required for the remaining
segysents. The seqgments may be considered in any order.
However, for each specific case, there is generally an
optimal order that will minimize the amount of data
required. Unless = indicated - in the detailed
instructions, it is not necessary to repeat data that
does not change. If all of the data input with any
SR11, SRI12, SL, SU, VL, or VU command rewains
unchanged, the command may be left out.

10 NRI1 commands if there are mnmultiple segments in
V-direction and component is continuous.

11. NRI2 commands if there are anultiple segments in
S-direction and compcnent is continuous.

12. Singularity Definition -- BCFLAG, DSFLAG, and UVW.
13. ROSS. May be given nmore than once.

14. PINISH. Enter variables in Section 6.1 that are marked
with an asterisk (*).

15. STORE
16. PRINT

17. STOP or compute a new geometry beginning with
INITIALIZE followed by steps 1 through 16 or compute a
modified geometry starting with an XINIT comnmand

- followed by a subset of steps 1 through 16.

It needs to be stressed that the above outline is not
to be considered a rigid one. The commands, except where
noted, may be given in a different order. ‘Also not all of
the commands need to be given in all applications.

Also it should be noted that segments do not need to be
panelled in any spe01fxc order.
5.3 SYSTEM COMTROL CARDS

This section describes the control cards that are
necessary to run POTGEM on the various computer systems that
have or are being used to run it.
5:3.1 INFONET Univac 1108 Systen

Since this system allows automatic file definition

conmands determined from the file identification number
(Apppendix A) entered after the STOBRE command, the only



control card required is the name of the main program which
is POTGEM/POTF. All geometry files created by the STORE
command will show up in the user's LIB#$ library with names
identical to the file identification number and a version
identifier of GM. Thus, for example, inputting ID=1023
after the STORE command will <create a file named
1023.6M/LIB$. The content of these files is described 1in
Section 6.

In addition to POTGEM/POTF, the user may also want to
switch IN$ and OUTS.

5.4 PROGRAM MODIFICATIONS

There are a few modifications that receivers of this
program might typically want to change. These are described
in the following sections.

5.4.1 Additional Curve Fitting Capability

If the curve fit routines provided are nct adeguate, it
is a simple matter to add new ones. All that is required is
that the input can be made compatible with the input to
subroutine INTRP3. If it can, then a new option can be
inserted into INTRP3. An examination of the INTRP3 listing
will make it obvious hovw this can be easily done. The only
changes required to POTGEM are some simple additions of
cards in INTRP3. -

5.4.2 Additional Types of Panel Distributions

New panel and control point distributions can be easily
added by simple modifications to subroutine XPANCP. This
subroutine calculates the distributions demanded with any
SLBC, VLBC, SUBC, or VUBC <command. An exarination of the
listing of XPANCP will make it obvious hov the modifications
can be easily done. The only changes required are some
simple additions of cards in XPANCP.

5.4.3 Increasing Array Dimensions
See Section hL.6.
S.4.4 Use of POTGEM not in Conjunction with Other POTFAN
Modules S
Persons wanting'to use POTGEM to gemerate corner point

descriptions of geometries for use by their own programs can
do so without modifying POTGEM. However, by eliminating



unneeded arrays and the code that computes them, savings in
CPU time and core memory can be realized. This section will
e€xplain how to =2liminate the following arrays:

(UVWX), (UVNY), (UVWZ), (BCFLAG) , (DSFLAG), (SSFLAG),
(UNX) , (UNY) , (UNZ), (DB), (XS1), (¥YST), (Z251),
(Xs2) , (YS2), and (252).

First of all these arrays should be eliminated in the
gain prograa. In the CALL GEOM statement replace each of
the array names with XCP(N) where N is an integer 1larger
than the core memory. The purpose of this is to ensure that
a fatal execution error occurs 1in case the program should
happen to try to compute one of these arrays. It is not
necessary to remove the DIMENSIONS for these arrays in
subroutine GEOM. :

The next step is to remove the code that calculates
these arrays. An examination of a compiler cross reference
map of subroutine GEOM will indicate which coie <can be
removed. In particular note that the second CALL PANL2
after a PANL command can ke removed and so can the calls to
FSENS1 and FSENS2. Furthermore, note that some .entire
subroutines called by POTGEM can be removed. Also .make
appropriate modifications to (LOG) (see Section 6.2).

The final step is to remove the code that writes out
these arrays. These are written out in subroutine STORGHM
and PRNTGM. An examination of compiler <cross reference
listings of these subroutines will indicate clearly vwhat tc
remove. Note that it is not necessary to eliminate the
arrays from the argument lists.

If these changes are made, then 1like changes nmust be
made in the auxiliary subroutines READGM and RDGMA and in
the EDITGHM and PLOTGM programs. (see Section 8).



6 PROGRAM_QUTRUT

Output from POTGEM consists of line printer output and
geometry files. The line printer output is meant to be self
explanatory and will not be discussed further.

 The geometry files are created acccrding to the
procedure in Appendix A and conform to the for it in
Appendix B. Control cards for @managing the geometr, files
are given in Section 5.3. Each geometry file consists of 8
to 18 binary records (i.e., each is created by 8 to 18 write
statements of the form WRITE (NIG) ...data...). The data
contained on the geometry file is explained in detail in
Section 6.1 and is summarized in Section 6.2.

6.1 Detailed Description of Geometry File

All of the geometry file data on the most general
. POTFAN geometry file is described in this section. The#
current POTGEM version cannot determine all of this data
because there has not yet ©been an actual need for it. It
should be stressed, however, that other POIFAN programs
assume that ygyeometry files they read in may contain any of
the data described herein even though POTGEM can not yet put
it there.

Data denoted as being default data is only used if not
changed by other POTFAN programs. The array notation used
is explained in Appendlx C. Variables in the first record
marked with an asterisk must be entered with a FINISH
command. = All other variables are determined automatically
or as the result of other commands. Variables or records
marked with a ¢ are ones that would probably not be of
interest unless POTGEM 4is used with other PBOTFAN modules
(i.e., persons using POTGEM to cbtain corner points for
their own programs may ignore variables and records marked
with a +). : :

In addition to defining the standard geometry file
format, explanations of how some of the data is determined
by POTGEM are included.



First Record
(Note--At this point the reader should be familiar with
Appendices B and C.)

NCTIME--number of words in (CTIME). 1<NCTIMELS.

(CTIME (NCTIME))--Time stamp to identify the approximate
tiwe of creation of the file. This should be
printed out in an A4 format vhenever the file is
read in by a subsequent program.

NTITL--Number of words in (TITLE). 1<NTITLL20.

(TITLE(NTITL))--Alphanumeric titling 4information input
with the TITLE command. #hen required, this
information is to be written out under a format
such as (1X,20A4).

NRECS--Number of records on the file includinyg the
first. 1<NRECS<20.

(IFORM (NRECS) )--An integer describing the format of
each record. See Appendix B. NRECS and (1FORM)
are on all POTFAN files so that the EDITPF program
can be used to list them. 1In POTGEM the array
(IFORM) is computed with a FINISH coumand. ‘

NID--Number of file identification numbers. 1<NIDK10.

(ID(NID))--Identification number array. In POTGEM
NID=1 and ID(1) is the same as ID entered with the
STORE command. Note, however, that if the EDITPF
or EDITGM program (Section 8.3) is used:to modify
a geometry file created by POTGEM, then NID on the
modified file will ke greater than 1.

NLOG--Number of words in (LOG). 1<NLOGKS0.

LOG (1) =BCFLG--This logical variable 1is .TRUE. 1iff.
there are boundary condition flags stored on a
subsequent record of the file. For geometry files
created by POTGEM, BCFLAG will be .TRUE, if a
BCFLAG command was given or if the null rows of
panels between geometrical segments have not been
eliminated by NRI1 and/or NRI2 commands.

+L0G (2) -——-Not used any more.

LOG (3)=UVW--This variable is .TRUE. iff. there are unit
wake vectors in the direction of shed wake lines
stored on a subsequent record of the file. For
geometry files created by POTGEM, UVW will be
«TRUE., if a UVW command was given.



+*LOG (4) =DANDS--This is .TRUE. iff. both doublet and
source singularities are to be placed on the body.

LOG (5)=DSF--This is .TRUE. iff. there are doublet
singularity flags on a subsequent record. For
geometry files created by POTGEM, DSF will be
«.TRUE. if a DSFLAG command was given or 1if the
null rows of panels between geometrical segmeats
have not been eliminated by NRIV1 and/or NRI2
commands.

LOG (6) =SSF~-This is .TRUE. iff. there are source
singularity flags on a subsequent record.
Currently POTGEM cannot determine these flags, so
SSF is alvays .FALSE. on files created by POTGEM.

LOG (7) =NTOP--This is .TRUE. iff. there are top surtace
boundary condition vectors stored cn a subsequent
record. If NTOP is .FALSE., then PCITFAN programs
use the unit normals instead. Currently POTGEM
cannot determine these vectors, so NTOP is always
«FALSE. on geometry files created by POTGEHN.

LOG (8) =NBOT—--This is .TRUE. iff. there are bhottonm
surface boundary condition vectors stored on a
subsequent record. If NBOT is .FALSE., then
POTFAN programs use the negatives of the unit
normals instead. Currently BOTGEM cannot
determine these vectors, so NBOT is always .FALSE.
on files created by POTGEM.

LOG (9)=0TOPL-~-This is .TRUE. iff. the top surface
outflow along the top surface boundary condition
vectors at the control points is stored on a
subsequent record. If OTOPL is .FALSE., then
POTFAN programs assume zero .outflow. Currently
POTGEM cannot determine the top surface outflow,
so OTOPL is always .FALSE. on geoumetry files
created by POTGEM. :

LOG (10)=0BOTL--This is .TRUE. iff. the bottom surtace
outflow  along the bottom surface boundary
condition  vectors at the control points is stored
on a subsequent record. If OBOTL is .FALSE., then
POTFAN programs assume Zero outflcw. Currently
POTGEM cannot determine the bottom surface
outflow, so OBGTL 1is always .FALSE. on geometry
files created by POTGEHM. ; .

+%L0G(11)~-Default value for the variable NOS1 in the
VVIM (vortex velocity influence matrix calculator)
program. Making the variable .TRUE. if there are
no bound vortex legs in the N1 direction (e.g.,



axisymmetric bedy in axisymmetric flow) will save
significantly on CPU time in VVIH.

+*L0G (12)--Default value for the variable NOS2 in VVIHN.
Making this variable .TRUE. if there are no bound
vortex 1legs in the N2 direction (e.g., planar
vings modelled by horseshoe vortices) will save
significantly on CPU time in VVIM.

+*L0G (13)~-~-Default value for the variable SLINE1 in
VVIM. If each of the N2 rows of N1 direction
vortex legs (i.e., each group of contiguous N1
direction panel edges) contains legs that are of
the same 1length and parallel tc theose in its gwn
row, then SLINE1 may be set to .TRUE. to save sone
CPU time in  VVIM. This situation usually exists
only for certain, simple, planar components.

+#LOG (T4)~-Default value for the variable SLINEZ in
VVIN. This 1is the same as SLINE1 except it
applies in the N2 direction.

+*L0OG (19) --Default for the variable SUM1 in VVIM. This
should be .TRUE. if the influence of singularities
should be summed in the N1 direction (e.g., it the
component 1is a shed wake with N1 being the
streamwise direction).

+*¥L0G (16)—--Default for the variable SUM2 in VVIM. This
is the same as SUM1 except it applies in the N2
direction.

+*L0G (17)=DBLT--This should ke .TRUE. if doublet type
signularities will be placed on the component.

+*%L0G (18) =SOURCE--This should be .TRUE. if source type
singularities will be placed on the component.
Note--LOG (4)=LOG(17) .AND.LOG (18).

+L0G (19) =RS1--This is .TRUE. iff. the force sensing :
locations of the N1 direction vortex segments
(panel edges of constant doublet singularities)
are on a subsequent record of the file. If these
are not on the file, then other POTFAN programs
use the nidpoints determined by averaging cormer
points. These force sensing locations are only
used if vortices wpmodel:  the compcnent and the
Kutta-Joukowskii method is used to calculate
forces. 1In POTGEM, RS1 is established by the PANL
command.

+L0G (20) =RS2--This is the same as RS1 except it applies
to the N2 direction.



NINT--Number of words imn (INT). 1<NINTLS50.

GINT(1)=NN$C—-Number of null boundary condition flags
(i.e., number of words in (BCFLAG) that are equal
to 1).

INT (2)=N1--Total number of corner points in the N1
direction,

INT(3)=N2--Total number of corner points in the N2
direction.

INT (4)=N1BC=N1-1--Number of boundary condition points
in the N1 direction. This 1is also the number of
paneils in the N1 direction.

b o
INT (5)=N2BC=N2-1--Number of boundary condition points
or panels in the N2 direction. N1BC*N1BC is thus
the total number of panels. o

+INT (6)=NNDS--Number of null doublet singularity flags
(i.e., number of words in (DSFLAG) that are equal
to 1).

¢INT (7)=NNSS--Number of null source singularity flags.
Currently POTGEM cannct compute these flags, so
NNSS5 is always O on geometry files created by
POTGENM..

INT (8)--Not used.
INT (9)—-—-Not used.

+*INT (10)=FFISL--This is the defaunlt flow field
indicator for the I1=1 edge of the component as is
reguired when vortices model the component. In
the case of a single segment this is the SL edge.
A value of 1 is reguired when there will be a
symmetric image of the component attached at its
I1=1 edge. A symmetric image is one which
together with the component creates a symmetrical
flow field about the plane situated symmetrically
between then. A value of 2 is wused for an
antisymmetrical image. A value of 3 is used when
the I1=1 edge is physically coincident with the
I1=N1 edge. Any other value indicates no special
edge condition.

+*INT (11) =FFISU--This is the same as FFISL except that
it applies to the I1=N1 edge.

+*INT (12)=FFIVL--This is the same as FFISL except it
applies at the 1I2=1 edge.



+*INT (13)=FFIVU--This is the same as FFISL except it
applies at the I2=N2 edge.

NFLT--Number of words in (FLT). 1<NFLTLS50.

+*FLT (1) =AREF--Conponent reference area for normalizing
forces and moments. In POTGEM this 1is couputed
with a FINISH ccmmand if it is not input. See the
GEOM listing for details.

+*FLT (2) =XLEN1--Reference length for normalizing
momemts about the X axis. In POTGEM this is
computed with a FINISH command if it is not input.
See the GEOM listing for details.

+*FLT(3)=XLEN2--Reference length for normalizing

moments about the Y axis. In POT3EM, this is

- computed with a FINISH command if it is not input.
See the GEOM listing for details,

+*FLT (4)=XLEN¥ 3--Reference length for normaiizing
mnoments about the 2 axis. In PCTGEM, this is
computed with a FINISH command if it is not input.
See the GEOM listing for details.

+*FLT(5)=DUVWdX--Default for the X component of the unit
wake vectors. This is used if the wake vectors
are required and LOG(3) =UVW=, FALSE.

+*FLT(6) =DUVWY--Same as DUVWX except that it applies in
the Y dlrectxon.

+*FLT(7)=DUVWNZ~--Same as DUVHX except that it applies in
the Z direction.

+*FLT(8) -~Default value for the variable RDVORT used in
VVINM. This 1is the distance beycnd which the
divortlet approximation for a  vortex segment's
~influence will be used. In POTGEM this is
~computed if it is not input. See the GEOM listing

for details. -

+*¥FLT (9) --Default value for the variable HCUT used in
Yyvin. This is the perpendicular distance within
‘which the influence of semiinfinite wake lines 1is
set to zero. In POTGEM this is computed if it is
not input. See the GEOM listing for details.

+*#FLT (10)--X component of the position about which
- moments should be computed.

+¥PLT(11)--Y .component of the position about which
moments should be computed. : ~ '



+*FLT (12)--Z component of the position about which
moments should be computed.

Second Record
(Note--Appendix B defines Jt1, J2, J3, and N¥.)
J1=N1--Number of corner points in the N1 direction.
J2=N2--Number of corner points in the N2 direction.
J3=5
NW=N1%N2%5

(XCP(N1,N2))~-X components of position vectors to
corner points.

(YCP(N1,N2))--X components of position vectors to
corner points.,

(Z2CP(N1,N2))=--2Z components of position vectors to
corner points.

+ (SCP(N1,N2)) --Values of S at corner points.

+ (VCP{(N1,N2))--Values of V at corner points.

+Next Record (if LOG(3)=.TRUE.)

(Note--This record is not present unless
LOG (3) =« TRUE..)

J1=N1

J2=N2

J3=3

NW=N1%N2#3

(UVEX(N1,N2))--X components cf unit wake vectbrs along
wake elements originating from each corner point.

(UVWY (N1,N2)) ——Y componentsk of unit wake vectors along
‘wake elements originating from each corner point.

(UVNWZ (N1,N2))--2 components cof unit wake vectors along
wake elements originating fros each corner point.

In POTGEM (UVWX),  (UVHY), and (UVWZ) are
established by the UVW command.



If this record is not fresent, then other POTFAN
programs assumethe following:

?LT(S)

UVNX (£1,I2) =
UVWY (I1,I2) = FLT (6)
UVNZ(I1,I2) = FLT (7).

+Next Record (if LCG(1)=.TRUE.)
J1=N1BC--Number of panels in the N1 direction.
J2=N2BC-~-Number of fpanels in the N2 direction.
J3=1
NW=N1BC*N2BC

(BCFLAG (N1BC, N2BC) ) --integer boundary condition flag
denoting the type of boundary 'condition point.
Values of 0 indicate a regular boundary condition
point. Values  of 1 indicate a ccmpletely null
boundary condition point. For closed surfaces to
be modelled by doublet panels at least one panel
must have a null boundary condition flag. Any
other value indicates that the boundary condation
influence of the panel is to be icnored, but the
velocity on the panel is to be computed. The
latter would be the case if constraint functions
with deleted boundary conditions were to be used.
If this record is not present, then other POTFAN
programs assume BCFLAG (I1,12)=0. IN POTGEM this
array is determined  mainly as 'the result of a
BCFLAG command. I1f, however, the null rows of
panels between geometrical segments are left in by
not using the NRI1 and/or NR12 commands, then the
elements of (BCFLAG) corresponding to these panels
are set to 1. The latter is accomplished with a
FINISH command and by 1looking for elements in
(XBP) (X coordinates of boundary condition control
points) that are less than or eqgual to -1.E30.

J2=N2BC
J3=1

NW=N1BC*N2BC



(DSFLAG (N1BC,N2BC) ) --Integer doublet singularity flags.
These are used by the VVIM program to indicate
what type of vortex distribution each panel has.
These flags could also be used by a wmodule that
replaces VVIM. In VVIM a value of 1 implies no
singularity; a value of 2 implies a closed
quadrilateral vortex; and a value of 30 implies a
horseshoe vortex of type 2 (i.e., a type used for
wings with 1I2=1 being the 1leading edge). There
are a large number of cther types available. The
various types are shown in Figure 6.1-1. Toygether
they allow bhodies to be modelled with practically
any combination of vortex segments on panel edges
in the N1 direction, vortex segmcnts 1in the N2
direction, and semi-infinite vortices shed from
any corner points. If this array is not present,
VVIM assumes DSFLAG(I1,I2)=30. In POTGEM these
flags are determined in the same xays that
(BCFLAG) is determined, except that the DSFLAG
compand is used instead of the BCFLAG command.

*Next Record (If LOG(6)=.TRUE.)

NW=N1BC*N2BC

. (SSFLAG(N1BC,N2BC) ) --Integer source singularity flags.
Currently POTGEM cannot determine these flags.

NW=NTBC*N2BC*5

(XBC (N1BC,N2BC) )--X components of position vectors to
control points.

(YBC(N1BC,NZBC))-4Y components of position vectors to
control points.

(ZBC(N1BC N2BC) )--Z components of pOSlthn vectors to
control points.



(SBC{N1BC,N2BC) )--Values of S at control points.

(VBC(N1BC,N2BC))--Values of V at control points.

NW=N1BC*N2BC*4

(UNX (N1BC,N2BC) )-~X components of Woutward"
normals at contrcl points.

(UNY(N1BC,N2BC))--Y components of  “outward®
normals at contrcl points.

(UNZ (N1BC,N2BC))--2 components of "outward"
normals at contrcl points.

unit

unit

unit

The “outward" direction is defined as being on
that side of the surface on which a vector in the

N1-cross-N2 direction lies. This may give
vectors that actually point inwvard. If

boun lary cordition is one of zero 1inflow

unit
the
or

outflow, the direction of the wunit normals makes
no difference. For POTGEM generated geometry
files, the direction may be reversed by switching

the SL and SU curves or the VL and VU curves.

(DA(N1BC,N2BC))=--Areas of the individual panels.
POTGEM determines these areas with a FINISH

command, which in turn calls subroutine AREAS.

+Next Record (If LCG (7)=.TRUE.)

NW=N1BC*N2BC*3

(NTOPX (N1BC,N2BC))~-~X components of top surtace

boundary condition vectors.

(NTOPY (N1BC,N2BC) ) ~-~-Y compcnents’ of top surface

boundary conditicn vectcrs.
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(NTOPZ (N1BC,N2BC)~--Z components of top surface boundary
condition vectors.

The NTOP vectors are not necessarily perpendicular
to the surface. If ¢this record is absent,
subsequent POTFAN programs use the unit normals as
the top surface boundary condition vectors.

This record 1is not fcund on POIGEM generated
geometry files.

+Next Record (if LCG (8)=.TRUE.)

J2=N2BC
J3=3
NW=N1BC*¥N2BC*3

(NBOTX (N1BC,N2BC))-—-X components of bottom surface
boundary conditicn vectcrs.

(NBOTY (N1BC,N2BC))-~-Y components of bottom surface
boundary conditicn vectcrs.

(MBOTZ (N1BC,N2BC))-~2 conmnponents of bottom suiface
boundary conditicn vectors.

If this record is absent, subsequent POTFAN
programs use the negatives of the unit normals as
the bottom surtface boundary conditicn vectors.

This rTecord is not found onrn PCTGEM generated
geometry files.

Next Record (if LOG(9)=.TIRUE.)

NR=N1BC*N2BC

(OTCP {N1BC,N2BC) )--Desired values of net velocity along
the top . surface boundary condition vectors. If
this record is not present, then subsegquent PUTFAN
programs assume zero net velocity. This record is
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not found on geometry files created by POTGEH.

+Next Record (if LOG{10)=.1RUE.)

—————— ——— — ——— —— -

J1=N1BC
J2=N2BC

J3=1
NW=N1BC*N2BC

(OBOT (N1BC*N2BC) )--Desired values of net velocity along
the bottom surface boundary conditicn vectors. If
this record is not present, then subsequent POTFAN
programs assume zeroc net velocity. This record is
not found on geometry files created by POTGEHN.

iNext Record
This record and the following three records define the
outside boundaries c¢f the component. This definition
is necessary because panels need not extend up to the
boundaries.

J1=N1
J2=10

- J3=1
NW=N1#%#10

(XVLC(N1)--X values at the intersection of the I1=1
boundary (VL (S) curve in POTGEM) with the corner
point grid lines extending nominally in the V or
N2 direction. If the ©panels extend to the
boundaries of the component, - then
AVLC(I2)=XCP(1,I2), but panels need not extend to
the component boundaries (e.g., the panels at
leading edges - c¢f thin wings to be modelled with
vortices are set back from the edge). :

The significance of most of the arrays on this and
the next three records should be clear from the
explanation of (XViC), therefore, they will not be
defined. :

(XVUC(N1))
(YVLC (N1))
(YVUC(NT))
(ZVLC(N1))
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(ZVUC (N1))
(SVLC(N1))
(SVUC(N1))
(VVLC (N1))
(VVUC (N1))

J3=1
NW=N1BC*12

(XVLB(N1BC))~-Same as (XVLC) except that boundary
condition point grid lines are involved.

(XVUB (N1BC))
(YVLB(N1BC))
(YVUB(N1BC))
(ZVLB(N1BC))
(ZVUB (N1BC))
(SYLB(N1BC))
(SVUB(N1BC))
{(VVLB(N1BC))
(VVUB(N1BC))

(CORD1(N1BC) ) --Reference <chord lengths in the N2
direction. These atre used in PCTFOR, which is the
program that computes span loads. In POTGEM this
array is computed after a FINISH command.

{SPAN1(N1BC)) -~-Reference widths of Lovws of
' singularities extending in the N2 direction.
These widths are some measure of lengths in the N1
direction and are used in determining sectional
aerodynamic properties such as section . lift
coefficient. In POTGEM this array is computed
~after a FINISH ccmmand.
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(XSLC (N2))
(XSUC(N2))
(YSLC (N2))
(YSUC (N2) )
(ZSLC(N2))
(ZSUC (N2))
(SSLC(N2))
(SSUC (N2))
“(VSLC(N2))
(VSUC (N2))

NW=N2BC*12

(XSLB(N2BC))
(XSUB(N2BC))
(YSLB(N2BC))
(YSUB(N2BC))
(ZSLB(N2BC))
(ZSUB(N2BC))
(SSLB(N2BC))
{SSUB(N2BC))
(VSLC(N2BC})
(VSUB(N2EC))
(CORD1 (K2BC))
(SPAN2 {N2BC) )

#Next Record (if LOG(19)=.TRUE.)
J1=ﬁ1BC_
J2=N2
J3=3
NW=N1BC*N2*3

(X51(N1BC,N2) ) --X components of
on the N1 direction vortex

(YST1(NIBC,N2) )--Y components of
on the N1 direction vortex

(ZS1(N1BC,N2) )--2Z components of
on the N1 direction vortex
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These arrays are used only if vortices are used to
model the component and then only if the Kutta
Joukowskii theorem is used to determine the forces. If
this record is absent, subsequent POTFAN programs
requiring the N1 force sensing lccations assume the
midpoints of the N1 segments. In POTGEM these arrays
are computed if the variable RS1 is entered as .TRUE.
on a PANL command.

J3=3
NW=N1*N2BC*3

(XS2(N1,N2BC))—--X components of force sensing
locations on the N2 direction vertex segments.

(YS2(N1,N2BC))~--Y components of force sensing locations
on the N2 direction vortex segments.

(2S2(N1,N2BC) )--2 components of force semsing locations
on the N2 direction vortex segments.

These arrays serve the same function for the N2 vortex
segments that (Xs1), (¥st), and (2S1) do for the N1
vortex segments. In POTGEM these arrays are calculated
if the variable RS2 is entered as .TRUE. on a
PANL=COMMAND

6.2 SUMMARY OF GEOMETRY FILE DATA

This section summarizes the geometry data by presenting
in pseudo-FORTRAN form the statements that could be used to
create a geometry file. They are as follows:

CALL OPENW (NTG,?,ID(NED),1)

WRITE (NTG) NCTIME, {(CTIME) ,NTITL, (TITL),
#NRECS, (LFORN) ,NID, (ID),
#NLOG, (LOG) ,NINT, (INT) ,NFLT, (FLT)

N1=INT (2)

N2=INT (3)

N 1BC=INT (4)

N2BC=INT (5)

WRITE (NTG) N1,N2,5,N1%N2%5, (XCP), (YCP) , (ZCP), (SCP) , (VCP)
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IF (LOG(3)) WRITE (NTG)N1,N3,2,N1%N2%3, (OVWX), (UVKY), (UVWZ)
IF {LOG (1)) WRITE (NTG)N1BC,N2BC,1,N1BC*N2BC, (BCFLAG)
IF (LOG(5)) WRITE (NTG)N1BC,N2BC,1,N1BC*N2BC, (DSFLAG)
IF (LOG(6)) WRITE (NTG)N1BC,N2BC,1,N1BC*N2BC, (SSFLAG)

WRITE (NTG)N1BC,N2BC,S5,N1BC*N1BC*5,
# (XBC) , (YBC), (ZBC), (SBC), (VBC)

WRITE (NTG)N1BC,N2BC,4,N1BC*N2BC*4
# (UNX), (UNY), (UNZ), (DR)

IF (LOG(7)) WRITE(NTG)N1BC,N2BC, 3, N1BC*N2BC*3,
# (NTOPX) , (NTOPY), (NTOPZ)

IF(LOG(8)) WRITE(NTG)N1BC,NZ2BC,3,N1BCxN2BC*3,
# (NBOTX), (NBOTY) , (NBOTZ)

IF (LOG(9)) WRLTE (NTG)N1BC,N2BC,1, N1IBC*N2BC, (OTOP)
IF (LOG(10)) WKITE (NTG) N1BC,N2BC,1,N1BC*N2BC, (OBOT)

WRITE (NTG) N1,10,1,N1%10, (XVLC), (XVUC), (YVLC), (YVUC),
# (ZVLC) , (Z2VUC) , (SVLC), (SVUC), (VVLC) , (VVUC)

WRITE (NTG) N1BC, 12, 1,N1BC*12, (XVLB) , (XVUB), (YVLB) , (YVUB),
¥ (ZVLB) , (ZVUB) , (SVLB), (SVUB) , (VVLB) , (VVUB), (CORD2), (5PAN1)

. WRITE (NTG) N2,10,1,N2%10, (XSLC), (XSUC), (YSLC), (YSUC),
# (Z5LC) , (Z5UC), (SSLC), (SSUC), (VSLC) , (VSUC)

WRITE (NTG) K2BC, 12, 1,N2BC*12, (XSLB) , (XSUB), (¥SLB) , (¥SUB),
# (ZSLB) , (25UB), (SSLB), (SSUB), (VSLB), (VSUB), (COKD1), (SPAN2)

IF (LOG(19)) WRITE (NTG)N1BC,N2,3,N1BC*N2#3,
#(XS51),(¥Y51),(257)

IF (LOG(20)) WRITE (NTG)N1,N2BC,3,N1%#N2BC*3,
# (XS2), (YS2), (252)

In POTGEM the geometry file is vwritten by subroutine
STORGM.



7 SAMPLE_CASES

This section presents a number of sample cases. These
cases were not only devised to test the program, but to
serve as the basis of a tutorial guide for assisting users
in learning how to use the program. This tutorial proceeds
from simple cases to more complex ones with each new facet
of the program being explained the first time it is
introduced. Potential users are therefore advised to study
every sample case.

7.1 TEST_CASE_NO. 1 - THIN, SYMMETRICAL, SWEPT, FLAT WING

The so-called Warren 12 planform shown in Figure 7.1-1
has been chosen as the first test case. Nocte the SL(V),
su(v), VL(S), and VU(S) curves. This wing consists of a
single segment, which is ‘the right hand half of the wing,
and only half the wing needs to be considered due to the
symmetry. The spanwise direction has been chosen as the S
or N1 direction and the chordwise direction as the V or N2
direction. These could have been reversed, but for more
complicated wings this 1is generally the best way to choose
the directions. This wing can ke handled most simply by
using the WING command or else by inputting the SL, sSu, VL,
and VU curves explicitly. The former method is the subject
of this section, while the latter is discussed in Section
7.2.

The input deck illustrating the use of the WING command
is shown in Figure 7.1-2. Comments concerning some cards
are given below:

Card_7--This card specifies that there should be 10 panels
in the S direction (spanwise in this case) and 4 1in the V
direction (chordwise). _

Card 9--Uniform spacing of the vortices in the S direction
is requested.

Card _11--IOPT=2 specifies the typical (1,4 and 3/4) spacing
of vortices and control fpoints in the V direction.

Card 13--BS1 1is .TRUE. because it is intended that loads
should be determined wusing the Kutta-Joukowskii law. There
will be no 1load-carrying vortex segments in the - N2

direction.



doublet singularity on them. This type of singularity is a
horseshoe vortex with bound portion in the N1 direction.
The -1 values on cards 15 and 16 signal the program to use
the number of panels in the N1 amd N2 directions,
respectively, as the upper linmits.

Card 19--L0G (12) is .TRUE. because there are no bound vortex
legs in the N2 direction.

LOG(13)'is «.TRUE. because the vcrtex legs along each panel
line in the N1 direction are all parallel and of the same
length.

INT(10) 1is 1 because the SL edge (i.e., the centerline) is
in a symmetry plane.

FLT (5), ELT (6), and FLT(7) are the components of the  unit
wvake vectors. In this case the wake vectors are all
identical (if the angles vary from corner point to corner
point the UVW command should be used) and parallel to the X
AXIS.

The printed output for this case is shown in Figure
7.1-3. Figure 7.1-4 shows 'the arrangement of panels, wing
ocutline (dashed), and wake vectors. This figure was
generated using the PLOTGM program (Section 8.4). The input
to PLOTGM is shown in Figure 7. 1-5.

7.2 - IEST _CASE NO._2

The results from this test case are identical to case
noc. 1. The only difference is that this case was run using
a different input method. With this method, which is more
complicated, but more gemneral, it is necessary to explicitly
consider the component axis, the cross sectional planes, and
the VL, VU, SL, and SU curves. The compcnent’'s axis is
taken to be the Y axis. The ¥Y' axis is the X axis and the
Z* axis is the Z axis. Thus the Y-Z plane must be rotated
Ly =90 degrees about the Z axis in order to become parailel
to the Y'-2' plane. The SL, SU, VL, and VU curves are shown
in ~Figure 7.1%1-1. The input is shown in Figure 7.2-1.
Specific comments on the input deck follow:

card_6--COPT=0 causes the corresponding function to be zero.
Thus XAXIS (S)=0. , .

card_8--COPT=2 implies YAXIS (S)=S.



Card__14--Causes EY(S) to equal 1. Note that NTAB =1 does
not have to be entered because it was given on Card 10.

card_16--This is the only cross section. Since there is
only one cross section, SCS does not have to be entered.
COPT=0 then implies that V2(S,V)=0 or 2 (Y,X)=0.

Ccards 23-30--These define the SL, sSU, VL, and VU curves
shown in Figure 7.1-1. :

The output from this case is shown in Figure 7.2-2.

This same wing could have been done by a somewhat
different procedure. Namely the default axis and cross
sections could have been used initially and, after
panelling, the entire component could have been rotated by
90 degrees and about the Z axis. If this were to be done,
cards 5 through 14 would be deleted and a ROSS command and
appropriate data would be inserted after card 32 or 37.

7.3 TESI_CASE NO. 3 - NASA_AMES 12.192- by-24.384 H_T R_WIND
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A cross section view of the right half of the
12.192-by-24.384 (40*x80') test section 1is shown in Figure
7.3-1. It can be described analytically as followus:

Sectioa A-B: 2Z' (YY)
Section B-C: T (6)
Section C-D: 2°'(y*)

-6.096 for -6.096<Y'<0
6.096 for -90 degrees £ 8 <90 degrees
6.096 for 0 2Y' > 06.096.

Hoaun

The most accurate method of describing this geometry to
the program 1s to take advantage of the multiple segment
capability with the segments being the sections A-B, B-C,
and C-D. The V variable is y' in sections A-B and C-D and
is @ in section B~C. The S variable is chosen to be X. The
equations for the axis are the following:

XAXIS(S) = S
YAXIS (S) = 6.096
ZAXIS (S) = 0.

In the first segment (A-B) the equations for V2, VL(S), and
YU (S) are:. '

V2 = "6.096 .
V1 = -6.096 ‘.
vo = 0

In the second segnent (B-C) the eguations:for V2, VL(S), and
VU(S) are:



V2 = 6.096
VL = -9¢C
vo = 90

In the third segment (C-D) the equations for V2, VL(S), and
VU (S) are:

V2 = 6.096
VL = 0
VU = -6.096

Note that VU (S) may be less than VL(S).

If the longitudinal extent of the portion of the tunnel
to be modelled is from X = -10 to X = ¢20, then SL (V) and
SU(V) are:

-10
20

SL
SU

The input which implements the description just given
is shown in Figure 7.3-2. Copments on certain of the input
cards are given bhelow:

p——p A

card_6--Defines V2 as y'.

€ard_10--NSEGVT is the total number of segments in the V
direction. NBPV = 3,10,3 causes 3 panels in the first
segment (A-B), 10 panels in the second segment (B-C), and 3

panels in the third segment (C-D).

Card_25--Defines V2 as 6.
cards_28-29--Name the mnext segment to be panelled.

_36-37-~panel the second segment._ Note that the VLBC
nd was not regulred tor this segment.

Qgggg_gl;ﬂg-—Panel the thlrd seqgment. Note that the VLBC
compand: was not required for this segment and also it was
not necessary to give an SRI1 command for IC=11 because V2
is numerically the same as in = the previous segment (even
though its basic definition has been changed by the CARY
command on card 38). ' :

catds 53-56--Set all doublet 51ngular1ty flags to type Z.

Cards _571-59--Set the doublet sinqularity flags along the
trailing edge to type 4. See Figure 6.1-1.




The output from the program is shown ian Figure 7.3-3.
Figure 7.3-4 shows various views of the resultant panel
distributions, control points and shed wakes. Figure 7.3-5
shows the PLOTGM input that generated Figure 7.3-4.

7.4 TEST_CASE_NO. 4 - THIN, SWEPT, UNCAMBERED, UNTWISTED
WING WITH_DIHEDRAL

Top and rear vievs of the subject wing are shown in
Figure 7.4-1.

The first step in treating this wing is to rotate it by
90 degrees around the 2 axis. The resultant plan view is
shovwn in Figure 7.4-2. Note the SL, SU, VL and VU curves
and that s = ~-X and Vv = y!' = Y, Also V2 = 2z2' = 4. Two
cross sections which are sufficient to complete the geometry
description are:
0 at s

v2 =z 0

t
I

and

V2 = 2zt .5 at § = 2

After the wing is input to the program via the above
description, it is rotated by 90 degrees about the -Z axis
so that it conforms to Figure 7.4-1 and them it is rotated
by 45 degrees about the Y axis to put it at 45 degrees angle
of attack. This final rotation is not necessary to obtain a
solution for the wing at 45 degrees angle of attack, but has
teen done for testing purposes. :

A schematic of the vortex singularity model used for
this wing together with the doublet singularity flags is
shown in Figure 7.4-3.

The input deck for this case is shown in Figure 7.U~4.
Conments on some cards are given below:

B

Cards 28-29--These cards rotate the wing so that the YAXIS
is the spanvise direction.

Cards_32-42--These cards define the doublet singularities

shown in Pigure 7.4-3.

Ccard_H44~--LOG(13) is .TRUE._beéause the N1 vortex Segments

for any given value of N2 are all of the same length and
parallel.

The output from the prograe is shown in Figure 7.4-5.
Figure 7.4-6 shows top and side views of the wing outline
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(dashed), panels, and shed vakes.

7.5 CASE_NO. 5 - SPHERE_WITH S THE CIRCUMFERENTIAL

- o - - P

Figure 7.5-1 shows the choice of the S and V variables
and the y'-z* plane, vwhich varies with S. Note that as S
varies, the origin of the y*'-z' plane remains fixed.
Therefore, it is necessary that

XAXIS(S) = YAXIS(S) = ZAXIS (S) 0.

The variable PHI in this case is identical to S and the
-Y axlis is the rotation axis @f the cross section. Hence,

PHI(S) = S
EX(S) = 0
EY(S) = -1
EZ(S) = 0.

Also the variable V2 in this <case is just the radius of the
sphere and is taken equal to 1.

Figure 7.5-2 shows the input deck for this case. A
total of 5 panels are laid out in the S direction with S
varying from 1 to 90 degrees (i.e., only 1/4 of the sphere
is panelled). The panel corners occur at equal increments
in S. In the V direction 10 panels are 1laid out at egual
increments with the first corner points being moved back
from the nose (V = 0), which is necessary for the sphere to
be modelled with doublet singularities. Type 19 and type 27
doublet singularities are selected due to the axisymmetry
(see Figure 6.171-1). Finally the component is rotated so
that the nose is on the negative X axis.

Figure 7.5-3 shows the output from POTGEM for this
case. )

o > o S it i . S S PP

The purpose of this test case is to show how cross
sections of typical thick wings can be handled. The cross
section is decomposed into two segments. The first segment
is the 1lower surface starting at the trailing edge and
ending at the nose. The second segment is the upper surface
beginning at the nose and ending at the trailing edge. For
toth cases the vV-variable is X.

In both the first and second segments the input data is
proportional to SQRT(V) near V = (. The interpolation
routines provided in the program are not able to fit curves
to such data accurately. To overcome this difficulty one of



the transformation capabilities of the progranm is invoked so
that the independent variable for interpolaticn is SQRT (V).
In terms of this variable the input data is novw linear near
V = 0, and, therefore, interpolation is much more accurate.
See Section 3.1.4 for more details.

The program deals with three-dimensional bodies,
therefore the airfoil section is considered to be of unit
thickness and centered at the origin. Thus the S variable
is Y and SL(V) = =-.5 and SU(V) = .5. Also there is one
panel in the S direction.

The section is input as if it vere parallel to the Y-2
Flane and after the section is panelled, it 1s rotated so
that it is parallel to the X-Z [flane. This is the typical
rrocedure that is followed for all wings when the usual
aerodynamicist's coordinate systes is used.

The input deck for this case is shown in Figure 7.6-1
and the program output is shown in Figure 7.6-2. Specific
comments on the input deck are given below:

Card 6--COPT=6 specifies that the «controlled deviation
interpolation method be used for interpolation within the
cross section. IOPT1=1 specifies that the independent
variable for this interpolation will be SQRT(V) instead of

V.
Card_29--I0PT=6 gives dense panels near the nose.

Cards_73-80--Wwhen modelling closed bodies with doublet
panels, a hole must be left somewhere in the body. These
cards make the first panel null and thus the hole will be at
the trailing edge on the bottom surface. These cards also

define the remaining panels as type 32 (see Fig. 6.1-1).

Cards_81-88--These cards create a null boundary condition

point at the null panel so that the resulting influence
matrices will be square.

Cards_89-95~--In order to make the flew field two
dimensional, the wake vectors on the I1 = 1 edge must be
directed in the +Y direction while the vectors on the I1 = 2
edge must be directed in the -Y direction.

Figure 7.6-3 shows the resulting corner point model of
- this airfoil.

The purpose of this test case is to show how
complicated, thin wings can be handled.
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The planform of the subject wing prior to the addition
cf the twist is shown in Figure 7.7-1. At Y = 0.0 the mean
camber line is Z/c = 0.0 where c is the wing chord. At Y =
15.479 the camber line is the ‘parabolic arc given by

Z/¢c = x(1-Xx)

where x is the 1linear function of X that is equal to 0.0 at
the leading edge and 1.0 at the trailing edge. At Y = 25.0
the camber line is derived from Table 7.7-1 by mnultiplying
the 2Z/c values by a factor of 12.0. Note that the table
entries extend beyond the leading edge. This 1is done in
crder to control the interpolation near the leading edyge.
Also it should be noted that between X = .2025 and X = 1.0
the camber 1line is exactly straight. At Y = 35.107 the
camber line is also derived from Table 7.7-1, only the
factor to be applied is 15.0. Between the given stations
the nmean camber surface varies linearly with Y alony the
lines x = constant.

The twist in degrees is equal to =~.0097363*%Y**2, The
twist center is the trailing edge of the wing and the twist
axis 1is everywhere parallel to the Y axis. The vertical
displacement of the trailing edge of the wiang 1is given by
Z = .25Y.

If the cross sections are dinitally chosen to be
parallel to the Y-Z plane, the above description of the
geometry can be accomodated by the following:

S = X
YAXIS(S) = —-Xte(Y) (Fig. 7.7-1)
ZAXIS(S) = .25%S
PHI(S) = =-.0097636%S%%2
EX(S) = 1
EY(S) = 0
YPSCAL(S) = c(Y¥)
V=1-x= (Xte - X)/c(Y)
VL(S) = 1
VU(S) = 0

In addition V2 will be the value of Z on the surface prior
to adding in the twist or dihedral. B

The wing is modelled with gquadrilateral vortices.
These are placed in the typical manner chordwise and in both
the root segment and tip segment they are evenly spaced
spanwise. A wake is shed from the trailing edge and the
rearvard half of the tip edge and trails back at an angle of
10 degrees.

This wing is treated in a manner similar to test case
no. 4. The primary differences are the addition of camber



and tvist, the dihedral is handled somewhat differently, and
the presence of the break in the trailing edge creates the
need to assure that panel edges occur alsoc at the break.

The input deck for this case is shown in Figure 7.7-2.
Specific comments con some of the cards are given below:

Card_35--COPT=6 and PARAM (1)=0 cause the controlled
deviation interpolation method with linear interpolatiom in
the end intervals to be used for this cross section. Linear
interpolation in the last interval is ideal because the rear
portion of the camber line 1is exactly straight. Linear
interpolation near the leading edge would not be very good,
however, so the table has been extended beyond the leading

edge.

Card_42--The table (Cards 36-39) does not have to be entered
again even though it wvwas transformed by the previous
command. This 1is because the transformations are not done

cn the intermediate arrays (see subroutine SRFIN1).

Card 68--Note that the SL(V) <curve does not have to be

entered for the second segment. This is because it is
identical to the SU(V) curve from the previous segment.

Cards_81, 84, 87, and 90--See Figure 6.6~1 for a schematic
of these vortex models.

The output from this case is shown in Figure 7.7-3.
Various views of the panels, boundary condition points, and
shed wakes are shown in Figure 7.7-4.



6 HELATED PROGRANS

This chapter describes programs and subrcutines related
to POTGEM and which are also available.

8.1 SUBROUTINE READGM

This subroutine reads a geometry file in a
straightforward manner. The principal drawbacks are that
all of the data on the file is read in whether necessary or
not and the program does not supply the data defaults
discussed in Section 6.1.

8.2 SUBROUTINE_RDGMA

This subroutine also reads 1in a geometry file. It
differs from READGM on three counts. First cf all, it does
not read in any data that 1is not required. Secondly, 1if

some data is mnot available on the file, but is requested,
RDGMA will compute it according to established conventions
(see Section 6.1). Finally RDGMA packs all of the requested
data solidly into a single array and computes the addresses
of the individual arrays. Thus RDGMA is compatible with
calling programs using dynamic memory allocation.

8.3 EDIIGH

EDITGM is a separate program that can be used to
manipulate POTFAN geometry files in various ways. It
operates in the same way that all POTFAN programs do.. That
is, it operates using commands as the basic  form of logic
control. The commands in EDITGM allow geometry files to be
read in, printed out, edited, compared with other geometry
tiles, and, after editing, to be stored. Also, EDITGM can
te used to rotate, shift, and scale the component.

The EDIT command has been found to be very useful for
changing flags ((BCFLAG) and ({DSFLAG)) and parts of the
introductory record that should have been entered with a
FINISH command but were not.

The PRINT command is another useful command. It is
frequently wused to print out geometry file data that, for
vhatever reason, was not printed cut when POTGEM was run.



The ROSS command can be used to rotate, shift, and
scale the component. This ccmmand works in the identical
way that ROSS works in POTGEHN.

The listing of EDITGM contains all of the necessary
instructions to run the program.

8.4 PLOTGM

PLOTGM is an independent and separate prcgram that can
ke used to graphically display a component described by any
FOTFAN geometry file. This display consists mainly of the
corner points connected by straight 1line segments in either
cr both directions. Optionally the boundary condition
foints, unit normals, unit wake vectors, and component
outline can be displayed. The display can be from any
viewing angle and to any desired scale.

PLOTGM is currently set up to run a Zeta plotter, but
can be easily converted to use a Calcomp plotter.

PLOTGM works on a ccmmand basis in the same way that
all other POTFAN programs do. These commands and all
necessary user instructions are contained in the PLOTGM
listing. PLOTGM was used to prepare figures for this
report. In some cases the input decks have been shown to
serve as examples since no separate documentation will be
available for this program (see Chapter 7).
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APPENDIX A

Standardized FORTRAN procedures and subroutines tfor
opening and closing files have been developed to facilitate
using and coding POTFAN programs and the conversion of these
codes to different computer systess.

A.1 FILE CREATION

This section describes acticns  taken before and after
any POTFAN program attempts to write a POTFAN file.

Prior to writing any permanent file onto a unit, all
POTFAN programs call a system dependent subroutine as
follows:

CALL OPENW (NT,IFIYP,ID,IR)

1f IR 1is not zero, then NT and ID are considered subroutine
inputs. NT is the logical wunit number on which the file
will be written and 1ID is the file <creation identifier,
which should also be the primary file identification number.
If IR is zero, then ID is nct considered a subroutine input
and NT is only the default unit number. In this case the
program reads in ID and NT from a card via 2I5 format. If
the value of NT on the card is zero, the subrcutine replaces
NT with the default value.

If the value of ID determined in either case is then
still zero and 1if it is possible on the computer system
being used, the program will replace ID with the current
number on the identification number file and also update the
identification anumber file.

In addition to NT, 1D, énd IR, IFTYP is also input to
the program. IFTYP defines the type of file beiny created
according to the following table:



IFTYP TYPE_QF FILE
1 Geometry
2 Boundary condition
3 Influence matrix
4 Velocity matrix
5 Solutions
6 Velocity at force sensing location of N1 segments
7 Velocity at force sensing location of N2 segments
8 Constraint function transformation matrix
9 Zeta plot file '
10 Constrained influence matrix
12 Preset solution
15 Inverse or decomposition of influence matrix
16 External velocity
17 surface fpressures
18 surface velocity

Once ID and NT have been determined, the program opens
(if possible on the system being used) the file for writing
using a ftile name <determined from ID and IFTYP. On IBM
systems, opening a file consists of issuing a DDEF to the
cperating system. On the INFONET UNIVAC 1108 system, an
EQUATE command 1is involved. This feature eliminates the
need for job control cards to handle files on those systems
for which FORTRAN programs can open files.

- The program then rewinds the file and vwrites a message
indicating which unit has been <c¢pened and the value of ID
and IFTYP.

After the file has been opened and written upon, it is
released by calling another system dependent subroutine as
follows: ’

CALL ENDFIL (NT)

~ This subroutine writes an end-of-file mark on the unit
and (if required by the system being used), releases the
unit. The subroutine also vwrites a message indicating that
unit NT has been closed. S



A.2 FILE ACCESSING

This secticn describes actions taken before and after
any POTFAN program attempts to read any POTFAN file.

Prior to reading any permanent file frcm a unit all
FOTFAN programs call a system dependent subroutine as
follows:

CALL OPENR(NT,IFIYP,ID,IR)

If IR is not zero, then NT and ID are considered
subroutine inputs. NT is the logical unit number from which
the file is read and ID is the file access identifier, which
should also be the primary file identification number. If
IR is zero, then ID is not considered a subroutine input and
NT is only the default unit number. In this case, the
Frogram reads in ID and NT from a card via 2I5 format. If
the value of NT on the card is zero, the subroutine replaces
NT with the default value.

In addition to NT, ID, and IR, IFTYP is also input to
the progran. IFTYP defines the +type of file being read
according to the table in the previcus section.

.0Once ID and NT have been determined, the progran
attempts to open the file using a file name determined from
ID and IFTYP. The capability to open a file from a FURTRAN
program depends on the system being used. As explained in
the previous section, this may involve a DDEF or EQUATE
command and can eliminate the need for job centroi cards to
handle files.

The program rewinds the file and writes a message
indicating which unit has been opened and the value of ID
and IFTYP.

After control is returned to the calling program and
the first record of ¢the file has been read, all POTFAN
programs check to see if the access identifier is eqgual to
the actual primary file identification number existing on
the first record. If not equal, the program writes an
informational diagnostic message and proceeds. This feature
is meant to be a helpful filekeeping technique for those
systems that do not permit automated file ccentrol.

After the file has been read and there is no further
use for it, it is released by calling another systen



dependent subroutine as follows:
CALL FILEND (NT)

This subroutine rewinds unit NT and (if required by the
system being used) releases the unit.
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APPENDIX B

A standard format has been developed for POTFAN files.
This format is applicable to all files except scratch files
and plot files. This standard has been developed for the
following reasons:

1« to minimize the effects of changes in one POTFAN
segment on other POTFAN segments;

2. to allow a program to be developed (EDITPF) which
can list and/or edit the contents of any POTFAN file;
and

3. to promote consistency among POTFAN frogranms.

Briefly, the standardized POTFAN file consist of one or
pore records. The first record is called the introductory
record and contains miscellaneous data including the primary
identification number, a title, and real, integer, and
logical parameters reflecting how the data on the remaining
records was calculated and/or how it is to be used. The
second and subsequent records generally contain the bulk of
the data and are called data records. The latter records
contain one or more arrays which are always either integer
cr floating point numbers (i.e. integer and floating point
nupbers are not mixed on a single record). A detailed
description is given belcovw. ‘

First Record (Introductory Record)

This record is created by an.  unformatted Write
statement such as the following:

WRITE(NT) NCTIME, (CTIME(N),N=1,NCTIME), NTITL,
# (TITL (N) ,N=1,NTITL) ,NRECS, (IFORM(N),N=1,NRECS),
#NID, (ID(N),N=1,NID), NLOG, (LOG (N),N=1,HLOG),

#NINT, (LNT(N),N=1,NINT), NFLT, (FLT(N),N=1,NFLT)



The values of NCTIME, NRECS, NID, NLOG, NINT, and NFLT
are all at least one and can vary from file tc file even for
files of the same type (e.g. NINT may be different on two
differeut geometry files). An explanation of these
variables is given below:

NCTIME Number of words in (CTIMNE)

(CTIME) Creation time in A4 alphanumeric format. Whether
or not this array can be filled out depends on the
availability of a systenm dependent subroutimne to
compute it. This array is wused only as a
filekeeping aid. It is printed cut whenever a
file is created or read.

NTITL The number of words in (TITL). Generally NTITL is
a multiple of 20.

(TITL) Alphanumeric titling information (e.g. "Delta wing
with flaps"). This array is to .be written under a
format such as (1x,20A4)).

NRECS The number of records (iacluding the first)
comprising the file. NRECS is also the number of
words in (IFORHM).

(IFORM) An integer array indicating the kind of numbers on
each record. A value of zero implies an integer
and a value of one implies a floating point
number. IFORM(1) has no significance.

NID The number of words in (ID)

{ID) Identification number array. IC(NID) 1is the
primary file identification number. In order to
keep track of files ID (NID) should be unique for
each file. This number is printed out whenever
the file is created or read. .

NLOG The number of words in (LOG)
~ (LOG) An array of logical parameters

NINT  Number of words in (INT)

(INT) An array of integergparameters;

NFLT Number of wprds‘inr(FDT)

(FLT) An ariay  of floating point parameters. If the

remaining data on the file is dependent on Mach
number, then FLT(1) is the Mach nunber.



Second_and_Subsequent Records (Data Records)
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The remaining records of POTFAN files contain one or
sore arrays. If the data record contains more than one
array, then all arrays on the record must be of the same
type (i.e. either integers or real numbers, but not both)
and all arrays must have the same number of wvords. The
records also contain array dimensions (J1, J2, and J3) and
the total number of words in all arrays on the record (NW).
Following are some examples of code used tc create data
records:

NW = J1%J2%J3
NRITE (NT) J1,J2,d3,8%, (((A(I,d,K),I=1,31),3=1,d2) ,Kk=1,43)

J3 = 2

NU = J1%J2%J3

WRITE (NT) J1,J2,33,NW, ((A(I,d),I=1,d1),J=1,32),
#((B(1,3),I=1,d1),3=1,32)

Jz = 1
J3 = 1
NW = J1

WRITE(NT) J1,32,d3,NW, (A(I),I=1,NW)

J2

J3 =1
NN = 3%J1

WRITE (NT) J1,J2,J3,84, (A(X),I=1,01), (B(I),I=1,J1),
$(C(I),I=1,31)

Note that in the above examples all dimensions with
sultiple arrays were written with the leftmost indices
varying most rapidly. This practice 1s alvays followed
unless it is strictly necessary tc do otherwise.

No matter how a data reccrd was created, it can be read
in by either of the followvwings :

READ (NT) J1,32,33,N¥W, ({((A{X,d,K) ,X=%,01) ,0=1,32) ,K=1,33)

In the former case} the data is packed solidly into core.
In the latter case, some a priori knowledge of J1, J2, and



J3 or their maximum allowable values mnust have been

available in order to properly dimension (A). Such a priori
knowledge is generally contained as elements of (INT).

Different data records may contain data of different
types and may have differing values of J1, 32, J3, and NW,



APPENDIX C

C_ARRAY_NOTATION
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A  shorthand notation fcr referring tc arrays in the
internal and external documentaticn of POTFAN programs has
Leen developed. This notation is illustrated by the
following examples:

(A) This implies that A is an array.

(A (N)) This refers to all the words in (A) from 1
through N.

A(N) This refers only tc the Nth word of (A).

(A(I,d)) This refers to all the words in the doubly

dimensioned array A for which the first index
varies from 1 to I and the second from 1 to
Je

A(I,Jd) This refers to the element in (A) for which
the first index is I and the second is J.

(A(L,Jd),J=3,K) This refers to the words of (A) for which the
first index is I and the second index varies
from 3 to K.

(A(L,*)) This refers to those elements of (A) for
which the first index varies from 1 to I and
the second index varies from 1 to some value
which for some reason cannot be defined.



TABLE 3.1.4-1--The correspondence between IC and various
functions defining the surface
and default values of the functions.

- G D — D WD VD W - S D A S R G - D — - i - - — -

IC FUNCTION

1 XAXIS (S)
(XAXIS (S)=S)*

2 YAXIS (S)
(YAXIS=0) *

3 ZAXIS (S)
(ZAXI5=0) *

4 PHI (S)
(PHI=0) *

5 EX (S)
(EX=1)*

6 EY (S)
(EY=0) *

9 EZ (S)
(E2=0) *

8 YPSCAL (S)
(YPSCAL=1) *

9 ZPSCAL{S)
(ZPSCAL=1) *

10 Not used

11 | V2(V) at S = SCS(1)
(V2=1)*

12 V2(V) at S = SCS5(2)
(V2=1) *

- . ——— - D > S, it W W - o - - - > Y - = ——

* denotes that this is the default function

Tables-1



TABLE 3.1.4-2--Current Valid Values of IOPT and the
Corresponding Types of Function

D - . —— - - AP D W T D - Na D = > - A D - - - - . > D - - - - A S - ——

I0PT Definition of Function Y (X)
0 y(x) = 0
1 Linear interpolaticn from the table

(XIN(NIN)), (YIN(NIN))

2 y(x)=x

3 Yy (x)=-x

4 y=YIN (1) =constant

6 Yy (x) determined by controlled

deviation interpolation method
in subroutine CODIM.

7 y (x) determined by modified cubic
spline fit in subroutine CRVFT2

-1 y(x) = Fourier series = YIN(1) +
YIN (2)*%C0OS(x) + YIN(3)*COS (2%X) +ee.t
XIN (2) *SIN(x) + XIN(3)*SIN(2%x) + ...

-2 y(x) = power series in z=x-PARAM (2)
XIN (1) ¢XIN{2) *2+XIN(3) *z2*%*2 + ...

- — W — - — > — . - ———— - ———— - . - -~ -——_— -
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TABLE 4.1-1. Subprograns Call Structure

- ———— D - - > TP T > D D D . W A T A S S0 VP WP T S D din R YIS D D - S - — - - e

FROGRAM CALLED BY CALLS

apJust  cEow  Nome
AREAS GEOM None

CFLAG STORGH | None

CHORD1 GEOM None

CHORD2 GEON None

CODIM INTRP3 None

CRVFT2 INTRP3 None

FILEND STORGHM None

FREAD3 GEOM None

FROT GEON ‘ TRANS

FSENS1 GEOM None

FSENSZ GEOM : None

GEOM POT GEM AREAS, CHORD1, CHORDZ

FREAD3, FSENS1, FSENS2,
¥RI1, NRIZ2, NULLP, OBEY,
PANL2, PRNTGHM, RDFLGS,
RTSHFT, SETINRC, SPN1,
SPN2, SRFIN1, SRFINZ2,
SRFSET, STORGM, TRAN1,
ADJUST, FRGT,

TRAN2, XPANCP

GRID PANL2 INTRP3

INTRE3 GRID, SURFAS CODIM, CRVET2, STRAT2
NRI1 GEON None

NRI2 GEOM None

NULLP GEOM None

Tables-3



CPENW STORGHM None

FANL?2 GEON GRID, SURFAS

FPOTGEM 4 None‘ GEOM, TIMEST

ERNTGH GEOM None

RDFLGS GEOM None

RTSHFT GEOM TRANS

SETNN : STORGHM None

SETNRC GEOM None

SPN1 GEOM None

SPN2 GEOH None

SRFIN1 GEOM TRAN1, TRAN2

SRFINZ2 GEOHN TRAN1, TRAN2

SRFSET GEOHM None

STORGH GEOM CFLAG, FILEND, OPENW,
SETNN, TIMEST,

STRAT?Z2 INTRP3 None

SURPAS PANL2 INTRP3, TRAN1, TRANZ,
TRANS

TIMEST STORGM, PCTGEHM None

TRANS RTSHFT,FROT,SURFAS None

TRAN1 GEOM, SRFIN1, ' done

SRFINZ2, SURFAS

TRAN2 GEOM, SRFINI, Noae
SRFTN2, SURFAS

XPANCP GEOM None

D A . - ) > - S T - — T — — O G - . — - -~ - —— G S D . —— - W —. -
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TABLE 4.2-1 Common Block Usage

- —— - D W O > D - - YD —— - — — - ———— . ———_—— - w—

COMMON

BLOCK USING SUBPROGRAMS

NAME

cont GEOM, GRID, PANL2

COM2 GEOM, PANL2

COM3 GEOM, PRNTGM, STORGM

coMi GEOM, RTSHFT

CONST POTGEM, GEOM, CFLAG, CHORD1, CHORD2, CRVFT2,
'FILEND, FREAD3, GRID, INTRP3, CPENW, PRNTGH,
RDFLGS, SPN1, SPN2, SRFIN1, SRFLN2, STORGH,
SURFAS, TRAN1, TRAN2, XPANCP, ADJUST, FROT

SREDAT GEOM, SRFIN1, SRFIN2, SRFSET, SURFAS

- - - - — o - A ane " — ——— o — T ——— ] v - —— " - — — - —— - ————— -
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TABLE 4.3-1 Logical Units Used by POIGEM

FORTRAN DEFAULT
VARIABLE LOGICAL UNIT DESCRIPTION VALUE
NTCP Output device for e o

conversational prompts
and error messages

NTP Output device for 6
normal printout

NTR Card input device 5

NTS Device for storing geometry 1
file

. . T, 0 TP D A " N S —_— — ——— - —— . o A W T — " —_vhy o> o

Tables~6



TABLE 7.7-1 Values of the Mean Camber Line
of the NACA 5-Digit 230 Airfoil

X i/c
-.0200 -.0067692
0.0000 0.0000000

.0200 . 0054767
0400 .0097886
0600 .0130632
.0800 .0154283
. 1000 .0170115
- 1200 - 0179405
- 1400 .0183864
- 1500 .0183864
.1500 .0183463
. 1800 .0189785
2000 .0176670
2025 .0176119
1.0000 0.0000000

- - Y i VS e GNP P W D W W M A WA S . D S M T W A W ARG S S S - -

Tables=-7



ARBITRARY, PLANAR CROSS SECTION
WITH ARIBTRARY ORIENTATION

ARBITRARY AXIS

FIGURE 3.1-1. Data Needed to Define an Arbitrary Surface.
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S
FIGURE 3.1.5-1, 1Illustration of Interpo’ation Between Cross Sections.
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D
V+UNEPSV L4
P
V-UNEPSV |- °
B
1L | | S
S-UNEPSS S S+UNEPSS

FIGURE 3.1.6-1. Method of Calculating Unit Normals.
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FIGURE 3.2.1-1. Segment Boundaries.
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SL(v) Su(v)
VL(S)
| 1 1
-1 -5 0 +.5 +1
XGP
S

FIGURE 3.2.2-1. Nondimensional Scale for Grid Line Intersections With VL(S)
Boundary Curve.
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QO = CORNER POINT
X =CONTROL POINT

-1 -5 0 .5 1.0
XGP

IOPT =1

IOPT =2

10PT =3

-
-]
S—H—D—— = B %k

FIGURE 3.2.2-2.  Some Panel Spacing Options Available with the SLBC, SUBC,
VLBC, and VUBC Commands.

¢
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=4

10PT

Continued.

FIGURE 3.2.2-2.
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IOPT=5

-2. Continued.

FIGURE 3.2.2
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1OPT=8

754

I0PT=9

FIGURE 3.2.2-2. Concluded.
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SL(V) SuU(V)

(SGPVU(K1), VGPVU(KT1))

VU(S)

(SSUVU,
VSUVU)

(sSLVuU,
VSLVU)

S-WISE
GRID LINE

(S(K1,K2), VIK1,K2;) | (SGPSU(K2),

ssg:ssh(ll((;))), DI \apsuik2))

V-WISE GRID LINE
VL(s)

{SSUVL, VSUVL)
{SSLVL, VSLVL) (SGPVL(K1), VGPVLI{K1})

S, K1

FICURE 3.2.3-1. Definition of Various Quantities Required in the Calculation
of (5,V) Values in the Interior of a Segment.
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XGPS XGPVU(K1)
+1

FS (XGPS)

XGPSU(K2)

0 ™ EV(XGPV]

XGPSLIK 1) =" (FS(K1, K2), FV(K1, K2})

-5 t=
| |
-1 XGPVL(K1) 0 +5 +1
XGPV

FIGURE 3.2.3-2, Determination of FS(K1,K2) and FV(K1,K2) from the Non-
dimensional Description of the CGrid l.ine and Segment Boundary
Intersections.
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FIGURE 3.2.3-3. Example of Nonuniform Network of Corner Point
(Connected by Line Segments) and Boundary
Condition Point (shown as dots) Grid Lines.
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FIGURE 4.1-1.

Ui oY

OF PUOR Lo, .

——l SETNRC |

_'l ADJUST I

—-—{ CFLAG |
_l

TIMEST ]

STORGM

FILEND

PRNTGM

' |

il

FROT I'———— TRANS

Figures-13

SRESET
— TrRAN1
SRFIN1
TRAN2
TRAN1
SRFIN2
TRAN2
XPANCP
STRAT2
TRAN2
TRAN1 -
GRID INTRP3 CRVFT2
PANL2
SURFAS {NTRP3 STRAT2
- TRAN1j coDIM ]
N —L —
A | Fsens2
i
N — tranz | L caverz |
P _—-{ NRM I
R T
o TIMEST RANS
:
]
A
M GEOM RTSHFT TRANS
P
0
T
z RDFLGS
E
™M
FREAD3
SPN1
—-{ AREAS OPENW
NULLP SETNN

POTGEM Program Subroutine Structure.



DSFLAG VORTEX MODEL DSFLAG VORTEX MODEL
» N2 » N2
NULL —
1 2 Y {k
Y Y -
N1 N1
—- N2 — N2
BOUND
VORTEX
3 4
Y W SEMI-INFINITE
N1 N1 SHED WAKES
—3 N2 —» N2
r——o
\
5 ’ 6
L — > o 4
N1 N1

FIGURE 6.1-1. Vortex Models Available in VVIM
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DSFLAG VORTEX MODEL DSFLAG VORTEX MODEL
» N2 - N2
7 8
\ Y
N1 N1
—» N2 — N2
—a—"p ,
A A
9 10
\ *—p—-=e y )
N1 N1
> N2 > N2
11 12
Y
N1

Y f \
N1

FIGURE 6.1-1. Vortex Models Available in VVIM (Cont'd).
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DSFLAG VORTEX MODEL DSFLAG VORTEX MODEL
- N2 -» N2
13 14
4 Y
N1 N1
> N2- —p» N2
15 ‘} 16 “‘&\.
N1 N1
» N2 » N2
17 18 } !
Y \
N1 N1

FIGURE 6.1-1. Vortex Models Available in VVIM (Cont'd).
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DSFLAG VORTEX MODEL DSFLAG VORTEX MODEL
- N2 — N2
19 20
{y Y
N1 N1
-» N2 —» N2
Ot '—‘_\\
21 22
Y —p——e y
N1 N1 ‘——‘_‘\\/
- N2 > N2
r—a—9
23 24
4 'Y ] ° .
N1 N1
FIGURE 6.1-1. Vortex Models Available in VVIM (Cont'd).

Figures-17




DSFLAG VORTEX MODEL DSFLAG VORTEX MODEL
» N2 » N2
SAME AS DSFLAG =23
25
Y 26 ' o .
N1 N1
» N2 —» N2
° °
27
Y ° 28 Y .
N1 N1
> N2 - N2
°
SAME AS DSFLAG = 27
2 | | o || .
N1 N1

FIGURE 6.1-1.
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Vortex Models Available in VVIM (Cont'd).




DSFLAG VORTEX MODEL DSFLAG VORTEX MODEL
> N2 > N2
31 SAME AS DSFLAG = 19 32
Y Y
N1 N1
> N2 » N2
W——-‘————.\/\M
33 J, SAME AS DSFLAG = 21 34 ! :
N1 N1
- N2 >
N2
[ ] ®
35 | ° 36 A Py
N1 N1

FIGURE 6.1~1.

Figures—19

Vortex Models Available in VVIM (Concluded).




Y, S, N1

VL(S)

(1.06G7, 0.)

{(1.3536, 1.)

SW{V)

X, V, N2 {1.7071, 1.}

ASPECT RATIO = 2,/2
TAPER RATIO = 1/3

FIGURE 7.1-1. Thin, Symmetrical, Swept, Flat Wing (Warren 12 Planform).
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4
TITLE
TEST CASE | o WARREN 12 WING
WINg
3DATA CROOYR],0607,CTyP3, 3536, AMLEESS 543,R2e1,0 SEND
NYEGMENTS
1DATA NBPSE{g,NBPVE4 SEND
VLAC
+DaTa SEND
SLAC
<DATA 10PTE> «END
PAN|
tOATA RS1=T SEND
DSFL
t -l
1 -l
L]
0
FINISH _
+DATA LOG(12)aT, T, INT 10)24,F| T(5)51,0,0,9,0,0 SEND
STORE
«DATA ID=t SEND
PRINT
2DATA PRINT=IR®T sEnD
STnp

FIGURE 7.1-2. Input for POTGEM Test Case 1.
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POTFAN GEUMETRY PROGRAM, VERSTON 1.3
SS¥ZEETEEENeEEESEVENSSNSREIREENENEEES
TIME » 08,09/76  0212335A
ENTER BATCH

+TITLF

TEST CASE 1 « WARREN {2 WING

+RING

+DSEGMENTY

+VLBC

+5L8BC

+PANL

+DSFL

+FINISH

+8TORE

Fillg 1.GMaPNC/LIBS HaAS BEEN OPgNgn FOR WRITING ON UNIT
CREATION TIKE = 08,09,76 02124105

CREATION UF GEOMETRY FILF

TITLE s TE=T CASE | e« waARREN 12 wING

(LOGY ¢ FEFF YTFFFFFFITFFFTFTF

(INTY = @ 11 5 to 4 0 0 0 o 1 0

tFLTY = 70715000 1,0000000 T70715000 170000000
L1329 14bE02 0, 0", 0,

+PRINT

PRINTOUY UF GgOMETRY FILE DATa
EY LT Y Y Y peew PP Y YL DY DL Y LT

TITLF = TekgY CASE 1 « WARREN 12 WINg

CREATION 1IME = 08,09,76 02824305
(IFORM) = t1o11381t!

FIGURE 7.1-3. Output for POTGEM Test Case 1.
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1,0000000

13,296148



(1D)
(LOG)
CINT)
(FLT)

iSV&’PﬂiﬁﬂﬂO

2
L

XIrTVad 8004 HO

1

1
1

N
1
1
2
3
a4
5
6
7
8
9
0
1
1
2
3
4
S
[}
7
8
9
16
11
1
2
3
4
5
b
7
8
Q
0

H

ot Gd Ld b el (st W Wl 1 At T TV Y T T N 1O I IO TU TN s 0 e 9ot o8 pe b e et e e O,

0 14

7071300
132961460

~PANE{ CURngR POINTS

Xr? J)
oeeaqsr
1972289

;3282541
14590993
5900145
’72096#7
85|ooa9
qeaau01

l 1137753

Ta4u7104
1_375&&57
;3314688

4447264
"s479a4}
Ter12418
" 71844995
’g91751a
170310149
i 1202726
112375303
173507880
{7 4elu0us7?
"5966u37
" 6922239
71878041
‘88213843
79789445
' 07450847
1’ 1701249
17 2657051
173612853
17 4568054

FIGURE 7.1-3.

1
FPFFFTFFFFFFTITEFFTFITF

4

1,0000000
001329

V;‘IJJ)
-20000000
1000000
72000000
, 3000000
aoooooo
5000000
6000000
1oooooo
Boooooo
9000000
170000000
..ooooooo
»1000000
zoooooo
soooooo
uooonoe
"5000000
6000000
;Ioooooo
,B000000
"9000000
170000000
-,0000000
’ioooooo
, 2000000
soooooa
" 4000000
'Soooooo
" 5000000
7oouooo
aoooooo
"9000000

Figures-23

vy N ey

b T B T TR TR T T B 2

A T TR

°OOOOOOOOOOOOOOOOOOOOOOOOOOQOOOO'\l
IR RN

T

L0 0
1,0000000

0

S!}cJ’

0,
21000000
" 2000000
, 3000000
74000000
75000000
,6000000
"7000000
8000000
" 9000000
170000000
ol
,1000000
12000000
,3000000
74000000
soooooo
"6000000
" 7600000
18000000
.8000000
1,0000000
o

s s ‘m

“1006000
#2000000
" 1000000
4000000
2000000
76000000
77000000
8006000

L9000000

o]
10000000
0

Vet,d)

L 0662938
.1972289
3281641
L 4590993
,5900345%
1209697
L BS1S049
,9828401
1,1137753
1,2a47105
1, 3156457
L3314k88
Lusat2ed
.5579841
,6712418
L 71844995
L8977572
1,0410149
1,1242726
1,2375303
1.3507880
1, 4640457
.5966438
.6922239
.7878041
. BB338U3
,9789645
1,0745447
11701249
1,2657051
1.,3612853
1,0568655

Output for POTGEM Test Case 1 (Cont'd).



P,

175524457
’8618!87

;9397210
t 0176201
1¥0955268
171734295
172513322
193292349
17 uo7ss7e
174850403
175629430
1'eaoaasv
1,oeo7ooo
i 1253005
17 1899891
1 2506337
1/ 13192783
173839224
1’ 0085670
1 5;32:20
175778585
176425011
177071657

-

O DX NTUAN LS RU e O OV PU L e
VWA N AN IR AND EE LSS EE BB

b

170000000 e, 1,0000000
«,0009000 0 o,

" 1000000 0’ " 1000000
72000000 e 2000000
;3000000 0, 3000000
"4000000 0, 4000000
;5000000 o) ,5000000
"©000000 0. . 6000000

77000000 0, ;7000000
8000000 0, 8000000

,9£00000 0 9000000

1.,0000000 0, 1,0000000

-, 0000000 0, i

* 1000000 0, .1000000
2000000 o; .2000000
rao00000  of rasso0se
75000000 of "5000000

,0000000 0 ;boooooo

£ 7000000 0 7000000
‘Choonns o osins

17000000 0. 1, 70000000

UNIT VELCTORE ALONG WAKE ELENENTS

) SR DYWX¢T,J)

UNAVATLABLE

E _ BOUNDARY CONDITION FLAGS

1 J BCFLAGII. )

UNAVATILABLE

DOURLET SINGULARITY FLAG

1 J DSFLAG(I,J)
1 1 3o
2 3n

UviYer,J) UVHZ (1,0

1,5524457
8618188
L, 9397214

1,017624%

1,095526R

1,1734798

1,2513%822

1,3292349

1,4071376

1, 4850403

1,5629430

1,6408457

1,0607000

1,1253446

1,1899891

1,2546337

1,3192783%

1,3839224

1, 4uBS6T4

1,5132120

1,5778565

1, 64025011

1,7078457

FIGURE 7.1-3. Output for POTGEM Test Case 1 (Cont'd).
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0% 003 By
o TYNIDTaG

XITTVOD
oy,

T
"3

FIGURE 7.1-3.

[

Lt L od
O I IXINCUIEWNN =D 0@ LTNE N - D OX~NC AT W~ D OD NP o
EEEREESEEECL£ W0l W W AU N U N N NN s se st s d et s on
o
>

—

SOURCE SINGULARITY FLAGS
Output for POTGEM Test Case 1 (Cont'd).
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I J SSFLAGcI,J)
UNAVAILABLE

BOUNDARY CONDITION POINTS

FIGURE 7.1-3.

Output for POTGEM Test Case 1 (Cont'd).

Figures—26

1t J RCT1d) YRC(1,J4) nc SuCel,J) VRCr1,J)

1 12599295 , 0500000 0, 0500000 2599295
2 1820259 1500000 of 71500000 13820259
3 "s0u1223 ‘2500000 of £2%09000 Ls041224
4 76262188 73500000 o £3500000 ‘e262188
5 77483452 :asooooo '™ " 4500000 C74B3152
6 TBr04117 $500000 0, 15500000 JBr04117
7 1 "9925081 6500000 ol ' 6500000 "9925081
A 171146045 1500000 o’ "1s00000 1.1146046
9 1 172367010 ‘8500000 0 T 8500000 1,2367010
0 1 173587974 59500000 0, 79500000 1.3587974
) 75162697 70500000 ol 70500000 I5162657
2 2 " 6206846 , 1500000 0, ,1500000 6206847
302 7251036 72500000 0 ,2500000 .7251036
4 2 7 8295225 "3500000 of "3500000 f8295225
S 2 79339415 4500000 o) 4500000 .9339415
6 2 170383604 £5500000 of "5500000 1.0383604
7 2 171427794 $6500000 M 6500000 1,1421794
B 2 172471983 7500000 0, L 7500000 12471983
9 2 173516172 78500000 o 8500000 1,3516172
0 2 174560362 *9500000 0 £95%00000 1,U560362
13 ‘1726020 " 0500000 o 10500000 “71726020
2 3 "8c93u34 1500000 o) 1500000 8593434
3 03 79460848 52500000 0. 12500000 "9460848
4 3 170328263 73500000 o 73500000 1 0328263
5.3 171195677 , 4500000 0 ,4500000 1,1195677
6 3 172063092 £5500000 ol 5500000 1.2063092
7 3 17 2930506 ' 6500000 0, L 6500000 1,2930506
8 3 173797920 7500000 o, , 7500000 1,3797920
9 3 174665335 8500000 ol 18500000 1. 4665335
o 3 175532749 , 9500000 0 T 9500000 1,5532749
1 4 170289382 10500000 o 70500000 1.0289182
2 4 170980021 , 1500000 0, ,1500000 1.0980022
3 4 171670661 72500000 0, 2500000 1,1670661
4 ¢ 1° 2361300 "3500000 (3 .3500000 1,2361300
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NORM»| S AND AREAS

1’ 3051940
173742579
174433218
175123858
175814497
176505137
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FIGURE 7.1-3.

14500000
5500000
’6500000
7500000
’8500000
79500000

UNY (1 d)

s M e 9 e B

DOO0O0CODOOCOLCCOVOODOCOOLCODLLDODOOTDTODODDODO0OO

D T T T SR T T T T TR N T B T A N B RN ]

QOO OLO
(e T T B B M

UNZ(T,J)

«!1,0000000
«1,0000000
«!1,0000000
wl 0000000
vl 0000000
«i,0000000
«1,00006000
«1,0000000
«1,0000000
«1,0000000
«1,0000000
vi,0000000
«14,0000000
wl,0000000
«1,0000000
vi,0000000
el ,0000000
vi,0000000
«l 40000000
«l,0000000
10000000
«1,0000000
«1,0000000
«!1,0000000
«1,0000000
*1,0000000
140000000
«1,0000000
«l1,0000000
«1,0000000
wl,0000000

4500000

;ssooooo
* 6500000
;7500000
" 8500000

79500000

Dactl,d)
T0256336
‘0238659
,0220981
, 0203304
,0185626
L0167949
0150274
10132598
L0114916
. 0097239
;0256336
10238659
T 0220981
,0203304
,018%626
T0167949
Lo150271
0132594
0114916
T 0097239
,0256336
L0238659
L 0220981
;ozossou

,0185626

10167949

,0150271

,0132594

;0110916

0097239

0192252

Output for POTGEM Test Case 1 (Cont'd).
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1,%051940
1.3742579
1,4433219
1.5123858
1.5814497
1,6505137



, .
i o o’
4 4 o’ o’
S 0’ o
6 ‘P /
7 2 g' gf
8 4 0: o,
9 4 ] o
to 4 o’ of
NTOP VETTaRS i
t 4 NTOPX ¢1,Jd) NTOPY;,J)

UNAVAILARLE

NROT VFCTORS

I J NeOTX(T,Jd) NROTY(¢1,J)

UNAVAILABLE

VELOCITY ,LONG NTOP VECTORS
I HT0Pr1.J)

UINAVATLABLE

VELOCITY ,LUNG NROT VECTORS
I J BROT (1)

UNAVATILABLE

CORNER POINTS aLONG VL AND VU EDGES

FIGURE 7.1-3.

1 Avleel) - YVLECD) IVietl)
1 of 0, 0,
2 "13535 .10000 G,
3 r271071 20000 0,
4 Tupeps .30000 0.

«1,0000000
w1,0000000
«1,0000000
vl1,0000000
«1,0000000
«1,0000000
«1,0000000
«1,6000000
.1,0000000

NTOPZ(1,d)

NROTZ2(14J)

SvieeD)
0

“10000
~20000
130000

;0!76990
*0165716
fo152478
0139220
, 0125962
0112703
10099445
‘0086187
"0072929

yvleeld
0,
‘13538

;27071
T4oe06

Figures-28

Xvicet)
1706070
1,12534
1,18999
17254063

Yvue 1)
«, 00000
.10000
220000
230000

Output for POTGEM Test Case 1 (Cont'd).

vuceD

OO0

SVUe eI
0

110000
120000
©30000

Vvireel)
1,00070
1,12534
1,18999
1,25%463



5 *Suyu2 . 40000 0, , 40000 54142 1,31928 , 40000 0, L, 40000 1,31928
6 67677 50000 0 .50000 61677 l 38392 50000 0, 50000 1, 3539?
7 781243 ,60000 ol 260000 "81213 17 a4857 160000 0. t60000 1.44857
8 194748 " 70000 o 170000 To4748 1751324 "70000 0, 70000 1,5132:
9 1706284 80000 o ©80000 1708280 1757786 ,80000 0, »80000 1.57786
10 1721849 £90000 ol 99000 1121819 1764250 "90000 0. 90000 1.64250
11 17 3535% 1;00000 o’ 1 00000 t 35355 1’ 70715 1;00000 0, 1 00000 1,.70715

BOUNDARY POINTS ALONG Vi AND YU EDGES

T XVLaer)  YVigeI)  Zulpel)  SvipeDd  vvig(I)  xVUg(l)  Yvyg(l)  ZVUB(I)  SVUB(1)  VWUptl) CORD2rI)  SPaNi(1)
1 068 ,050 0, 1050 L 068 1,093 5050 0, 050 1,093 1,025 .100
2 7203 _150 0, 1so ,aos 10158 *150 0, .150 1 158 ,95% ,100
3 338 T250 0. 7250 f3138 10222 faso 0, 250 17222 .88y L100
4 ‘a4r4 350 o, 350 474 1 267 "350 0, .350 1_287 .B13 ,100
5 7609 aSo 0, Tus0 1609 1,352 5450 0. S450 1.352 L3 ,100
6 "4y "s50 o, 550 LT4d 1,416 "s50 0, .550 1,416 672 .100
7 *860 ‘6850 0, "s50 5880 1748y r650 0. Las0 1,481 601 .100
8 17015 .150 0, 150 17015 17546 150 o, 1750 i34 ,530 1100
9 19161 .850 0, '850 1151 12610 "850 0, .850 1’610 L, 460 ,100
10 17286 . 950 0, T950 1 286 1,675 ;950 o, .950 1,675 , 389 .100
CORNER POINTS A|ONG S_ AND SU EDGES )
1 X5Le 1) YSLcel) 2steel) ssLeel)d vsteel) XSUE (1) ysueel) 78U 1) sSuc ¢ 1) vsuc (1)
1 " 06629 =200000 0. 0, 106629 1737565 1,00000 0. 1,00000 1,37565
? 33147 -y 00000 of ' 33147 1746405 1200000 0. 1,00000 1.4640%
3 "Sabeu - 00000 0, 0, 99660 1 ssaas 1,00000 0. 1,00000 155245
4 "8n182 -, 00000 ol 0, P86182 1764085 1.00000 0. 1,00000 1.64085
s 17 0n070 «s 00000 0. 0. 1704070 1770715 1200000 0, 1,00000 JT071S

BOUNDARY FOINTS ALONG S| AND SU EDGES
1 xbLu(l) YSLB(I) 8Ltpe ) SSLg(I) Veig(l) xSUg¢ I} YSug¢ 1) 18URc¢l) sSUg¢el) VsUgel) CORDIel) SPaN2¢l)

1 199 ., 000 0, 199 1 420 1,000 0, 1,000 1,420 1,000 ,265
2 Ty «, 000 0, o’ "aeu 17508 15000 0. 1000 1.508 1,000 . 265
3 f729 000 9, o’ L7129 1,597 17000 o, 1,000 15597 1,000 .265
4 994 «e000 0, ol 994 17685 1,000 0 1,000 1,685 1,000 ,199

FORCE SENST, G LoCATIONS IN N1«DIRECTION

FIGURE 7.1-3. Output for POTGEM Test Case 1 (Cont'd).
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FIGURE 7.1-3.

xS1¢7,Jd)
1317613
12626965
;3939317
5245669
T 6555021
77864173
"9y73725
170483077
171792428
173101780
71880976
'5013553
f6106130
"r278707
fBuy1284
' 9543860
1 0676437
171809014
1720941591
174074168
" 6u44338
"1400140
" 83155942
9311744
170267546
171223348
172179150
173334952
1780990753
17 5006555
“9007701
79786728
17 0565754
171304781
172123808
17 2902835
173681862
174460889
175239916
176018943

¥S1¢y,Jd)
;osooooo
"1500000
;2500000
3500000
4500000

, 5500000
6500000
7500000
,8500000
.9500000
;osooooo

, 1500000
2500000
31500000

, 4500000
5§500000
6500000
, 1500000
8500000
;qsooooo
,0500000
1500000
,2500000
, 3500000
, 4500000
18500000
"6500000
" 7500000
. 8500000
L 9500000
L 0500000
71500000
;esooooo
, 3500000
4500000
,5500000
L 6500000
. 1500000
18500000
© 9500000

P

Figures—-30

251¢1,3)

T e a ‘e Ta

DO ODOOODOODIDDODOO2OOOD
R T T N T DR BER T T I

45 ‘B R e A B W M 8 % = &

OO0 O0 D000 DODOODODODLDLDDOLO

LI S R T I I 3

Output for POTGEM Test Case 1 (Cont'd).



1’ 0930223 ' 0500000

t s " , 0,
2 S 1/ 1576668 51500000 0,
3 5 172223114 12500000 0.
4 5 172869560 *3500000 0,
5 s 173516005 450000¢ 0,
6 % 14162451 ’5500000 ol
1 % 17 4808897 76500000 o’
8 s 15455342 1500000 o)
b 9 5 1;6101766 "8500000 o)
Eé' ; 10 % 176708234 ‘9500000 0,
FORCE SENSING | OCATIONS IN N2eDIREeTION
1 J xS2¢1,J) YS2¢1ed) 2S2¢1,d)
UNAVAILABLE
+SToP
SToP 7177

FIGURE 7.1-3. Output for POTGEM Test Case 1 (Concluded) .
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T RUE
THIS 1S THE PLOTGM RUN TO PLOT THE PLANFORM VIEW OF
GEOMETRY TEST CASE 1 (WAPREN 12 WING).
THIS VIEW INCLUDES THE PANELS, OUTLINE, AND
UNIT WAKE VECTORS.
THE SCALE 1S SET TO PLOT THE SEMISPAN (1.0 UMITS)
IN A DISTANCE OF 20.0 CM.
READ
1
IPLOT
0 0 0
PLOT
$DATA YOFF=2, XSCALE=.05, YSCALE=.N5 $END
OUTL INE
$DATA IPEN=L, L $END
WAKES
$DATA WAKECM=7,ARRWCM=0.7 $END
STOP

FIGURE 7.1-5. PLOTGM Input That Generated Figure 7.1-4.
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e QRN DL RN -
Cv & » @ @8 5 ®w »

T
TIT) ¢

TEST CASE 2 o WARREN {2 WING

CRY
SkTy

+1,CRVY IC=1,COPT=0 $END

S Iy

sINCRVE 1C22,00PT=2 SEND

S¥ 1y

1TNCRVY 1€34,COPT=zi, NTABs|,VARSs%H, $END

Sk1y

¢ INCRVY 1€=5,C0PT=0 $ENMD

SkTy

tINCRVY 1€=7,C0PT=1,VAR22t, $FEND

SRTY

t7,,CRVY 1C211,CopTe0 sEyn

NLEGMENTS

-DATA NBPSELqg,NHBPVEL SEND

ViiIe
«DATA $FND
sL8C

SL

+DATA 10PTE> sEND

~-DATA 1nPTSVEn sEND

V8

tDATA JOPTSVEy ,NTABSV=),VAR2SVRY 0 END

v

“DATA NTABSVE2,VAp1SvV20,,1,,VAR25VE0,,]1,3535457 $ENN

VUL

1DATA VARPSYE1,0607,1,.7n71457 sEND

P AN

.DATA RStw? zEND

niFL
1 -‘
30

FIGURE 7.2-1.

Input for POTGEM Test Case 2.
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3 B0

rxvg&»?KX)

.Jéizﬂﬂﬁﬁfﬁﬁﬁj

sy T8

iy

P 37, 0
= R 38, FINISH | '
v O 39, tDATA LOG(12)=T,T,INT 1)1, INT(10)8),FLY (1)=,70715,FLT(S5)=1,,0,,0, $END
uo, SToRE
41, +DATA IDE> $END
a2, PRINT
uu, stop

FIGURE 7.2-1. 1Input for POTGEM Test Case 2 (Concluded).
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POTFAN GEUMFTRY PROGRAM, VERSTON {73
SENESSEREEs NS ER RN RRRUSSERESRARREXT

TIME z 0B,09/76 02824123

ENTER BATCH
+TITLE

TESYT CASE 2 = WARREN {2 WING

+CARY

+SRI1

+SR11

+SR1

+SR11

+SRTY

+SRIY

+DSEGMENT:

+VILRC

+SLRC

+Sl.

+8U

+VL

4V

+PAN;

+DSFL

+FINISH

+STORE

Filg 2,6MePNC/LIRS HaS BEEN OPENE;y FOR WRITING ON UNIT
CREATION TTHE = 0B,09,76 022281134

CREATION OF GEOMETRY F1lg

LT LT T L g e T T T T ™
TITLE = TEST CASE 2 = wARREN 12 WING

L0G) = FFFF T FFFFFEFITFFFTFTEF
CINT) = o 11 S 1o 4 o 0 0 0 1 0

FIGURE 7.2-2. Output for POTGEM Test Case 2
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(FLy) =
+PRINT

,70715000
13296146E402

1,0000000

0

PRINTOUT (OF GEOMETRY FILE DaTa
PLTITITIY T e vy P T PY T T 2 LY Y LYY )

TITLE = TesT CASp 2 = WARREN 12 WINgG

CREATION TTME = 08,09/76

(IFORM) = ftO1881111Y

(10) =
(LOG)
CINT)
(FLY)

FFFFIFFFFFFTTFFFTIFTEF
io

)
a 1 5
.7071500

13, " 2961460

PANEL CURNEW POINTS

-
PO O X DU E VTN RO D DN O UT B T e

NN NN NN N AR = om s e e sn e e e e e Gy

-

X({.J)

50862937
1972299
3281601
4590993
'SQOO!GS
7209697
‘8519049
'qazau01
1 1137753
1 aaartou
i 73756457
f331u688
’aaa?eeu
5579801
:6712418
7804995

'3977572

M ‘0110149

1 1242726

1 2375303

1 3501880

1! 4640457

02124t34

4 0 0 0
1;0000000 . .10
. 001329 0’

Yel,d) ted)
-:0000000
1000000
ZOOOOQO
3000000
0000000
’5000000
6000000
7000000
8000000
9000000
1’ .0000000
.’0000000
1000000
;2000000
5000000
0000000
5000000
6000000
7000000
8000000
,9000000
1.0000000

o

‘n % s NS VB "B e e ‘e

ODOOODAOO0OVDOOODODOOOODOODOON

R T T T T e s T

FIGURE 7.2-2

" 70714998 120000000
ov

0 t 0 0
71500 170000000

S{1d)

0,
:3000000
’2000000
.3000000

5000000

36000000
. 1000000
;8000000
.9000000

1;0000000

0,
71000000
2000000
73000000
* 4000000

5000000

6000000

7000000

8000000

9000000

1,0000000

> "¢ ‘e e % e

1,0000000

1;0000000

Vietr,d)
. 0662938
1972289
J3281641
L4590993
.5900345
7209897
L 8519049
9828401
1,1137753
1,244710%
1,3756487
V3314688
J4uar2e4
5579841
Lo712418
L 7844995
8977572
i 0110109
1 1202726
1, S2375303
1_3501680
1,4640487

0%

Output for POTGEM Test Case 2 (Cont'd).
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V&N

-

e pun
CURVMAUI VRO NRNE DS LS EED DR D W e bt ol el

O BXRLCAS WO OPHTVE WO 8O

-

"5966437
? 922239
*7878041
‘ga33843
'9789645
1’ 0745447
! T1r01249
172657051
173612853
174568654
175524457
;as:a:ar

397214
170176241
17 0955268
1'113u995
1 zsqssza
1 3293;49
1 0071375
t 4850403
1 5629430
1 oaoaasv
154 ;0607000
1] £ 1253445
1 1899891
1 2sa6337
| 3192153
1 3339223
17 4gB8S6T4
1'5132120
M "5778565
1 5a?so1a
177071457

-,0000000
71000000
72000000

73000000
“000000
'5000000
6000000
7000000
’8000000
79000000
120000000
«; 0000000
;1000000
#2000000
73000000
74000000
’5000000
’6000000
1000000
58000000
79000000
170000000
«,0000000
1000000
32000000
3000000
'4000000
75000000
6000000

* 7000000
8000000
79000000
170000000

UNIT VECTORS ALONG WAKE ELEMENTS

1 J

UNAVAILABLE

HYWX T ed)

FIGURE 7.2-2.

VYWY (1,d)

-
A R T B i B S

b R T W )

- N-N-R-N-N-E-N-N- -1
R

=R X - - X-E-F- NN - - A
BT S B TE W ‘s s R W Ve T s Ve M W Yy e

.

UVRZ (1, )

Figures—-38

£

71000000
.2000000
23000000
0000000
’5000000
6000000
’1oooooo
8000000
T 9000000
1,06000000
0
1000000
2000000
© 3000000
4000000
5000000
6000000
7000000
18000000
©9000000

1,0600000

O
S W "B ‘s e R e w w ‘a v s %

1000000
12000000
73000000
74000000
15000000
16000000
’7000000
78000000
79000000
170000000

Output for POTGEM Test Case 2 {Cont'd).

15966438
,6922239
L7878B04Y
,8833843
L9TRI64S
1,0745447
1, 1701249
12657051
1,.3612853
1,0568655
1,5524457
"Bp18188
L9397214
1,0170244
1,0955268
1,173429%
1,2%13322
1, 3202309
1 ao7!37e
1 uaﬁoaas
1'9629030
1,6408457
1 oeo?ooo
1.1253446
i;lBQOqu
1,2546337
1, 3192763
1, 3&39223
1. aa85674
1;5132120
1,5778565
1,6425011
1,7071487



KIrTvad ¥00d {0
SI @Hvd TVNIDIJO

BOUNDARY (OMDITION FLAGS
1 J BCFLAGIL.J)

UNAVATILABLE

DOURLET SINGULARITY FLaGS
DSFLAGLI,J)

- (>

-
W= J ODINTNEWIN-D OB~NTIAEEN D ODNTNE W —

w
=

FIGURE 7.2-2. Output for POTGEM Test Case 2 (Cont'd).
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DO NCTNE
f -3 ¥ N -
w
b 3

SOURCE SINgULARITY FrLagpS
1 J SSpiageld)

UNAVALILABLE

BOUNDARY CONDITION POINTS

1 J «RC(1,J) YRC(I,J) 28Ce14J) Sel¢led) VRC(1.4)
11 ’ ;2599295 ;oqooooo 0 0500000 L 259929%
2 1 13820259 ;1500000 0, ;1500000 , 3820259
3y "50u1223 72500000 0 2500000 5041224
¢ ’ , 6262188 ’ 3500000 0 3500000 ,6262188
5 1 ! 7483152 14500000 of $4500000 " 7483152
6 1 "8704117 15500000 0 75500000 "aroanry
7 79925081 76500000 of £6500000 ‘9925081
B 1 171146045 "7500000 of 77500000 1,1106046
9 172367010 78500000 ol "8500000 1.2367010
104 173587974 79500000 o "9500000 1,3587974
1 2 T5162657 70500000 o’ 0500000 "5162657
2 2 76206846 ,1500000 0, , 1500000 L6206847
32 "71251036 72500000 0ol "2500000 17251036
4 2 ' 8295225 73500000 0, .3500000 .B29%22s
5 2 79339415 14500000 0. 74500000 ‘9339415
6 2 17 0383604 75500000 o’ 5500000 1 0383604
12 11427794 76500000 o " 6500000 1,1427794
A2 172471983 ! 7500000 0o’ +7500000 172471983
9 2 173516172 78500000 of " 8500000 1,3516172
1o 2 174560362 f 9500000 of £9500000 1.4560362
13 r7726020 70500000 0. 0500000 "17268020
2 3 "a593434 71500000 0. 1500000 .8593434
33 'Oaboaaa * 2500000 0’ * 2500000 Lou60848
4 3 170328263 73500000 0. 3900000 1,0328263

FIGURE 7.2-2. Output for POTGEM Test Case 2 (Cont'd).
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5 3 1 1495677 'asooooo 0 L 4500000 1,119%677
6 3 112063092 25500000 0’ 5500000 12003092
1 3 172930506 6500000 0. 6500000 1.2930506
8 3 173797920 17500000 o’ 1500000 1.3797920
9 3 17 4665335 78500000 o’ "8500000 1,4665335
10 3 175532749 9500000 0. 9500000 175532749
14 170289382 '0500000 o’ ©0%00000 1,0289382
2 4 17 0980021 ’1500000 o’ "1500000 1.0980022
3 4 171670661 zsooooo of "2500000 1.1670661
4 4 172361300 3sooooo 0, ©3500000 1,2361300
5 4 173051940 4500000 0. 14500000 1,3051940
6 4 173742579 75500000 0 ,5500000 1,3742579
7o 174433218 7£500000 of 16500000 1.4433219
8 4 15123858 717500000 of "1500000 “ei23088
9 4 175814497 "8500000 o "8500000 1.5814497
10 4 17 6505137 "as00000 o’ "9500000 1.6505137
UNIT NOKMe| B AND AREAS _
1 J VNX(19d) UNY(14d) UNZ¢10d) Dagled)
o1 o' o; «1,0000000 ,0256336
2 1 o’ 0, «1,0000000 > 0238659
3y of 0, «1,0000000 ,ozaoqal
4y of 0, «1,0000000 ‘0203304
5 1 o 0 «1,0000000 T 0185628
6 1 o 0, «1,0000000 20167949
71 0’ 0, «1,0000000 L0150271
B 1 0’ o; «1,0000000 , 0132594
9 1 0’ 0, =1,0000000 J0114916
10 1 o’ 0, «1,0000000 10097239
12 o 0 «1,0000000 0256336
2 2 o’ o’ =1,0000000 "0238659
32 o’ o, «1,0000000 oaaovat
4 2 0’ 0, «1,0000000 "0203304
5 2 o’ 0, «1,0000000 10185626
6 2 of o) «1,0000000 0167949
7 2 o 0, =1,0000000 0150271
B 2 of o, -1,0000000 ,o:sasqa
9 2 o’ 0, «1,0000000 ,0114916
10 2 o' 0, wl,0000000 ,0097239
1 3 o’ 0. «1,0000000 0256336

FIGURE 7.2~2. Output for POTGEM Test Case 2 (Cont'd).
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2 3 0’
3.3 o’
4 3 0!
5 3 o’
6 3 of
73 of
8 3 o’
9 3 o’
10 3 o’
1 4 o’
2 4 o
3 4 0’
4 4 o’
5 4 o’
6 4 o
7T 4 of
B .4 M
9 o’
fo 4« o’

NTOP VFCTARS
r ' J NTOPX¢1,J)

UNAVATLARLE
NBOT VECTORS
Ty N-O1X(T,J)

UNAVATLABLE

«1,0000000 L 0258659

o
o, «1,0000000 70220981
0, «1,0000000 10203304
0, *1,0000000 0185826
0, «1,0000000 ,0167949
0, «1,0000000 L0150271
ol *1,0000000 "0132594
0 «l,0000000 L0t1u91e
0, «1,0000000 T0097239
0. «1,0000000 T0192252
0, «1,0000000 T0178994
0, «1,0000000 S01657%6
ol »1,0090000 "o0152478
0, «1,0000000 0139220
ol «1,0000000 0125962
0, »1,0000000 S0112703
0, «1,0000000 0099445
0, «1,0000000 70086187
o «1,0000000 10072929

NTOPYry,d) NTOPZ v, )

NpOTYel,J) NapOTZ¢1,Jd)

VELUCITY ,LUNG NTOP VEg TORS

T J nToePeT,Jd)
UNAVATLABLE

VELOCITY ALOUNG NROT VECTORS

S S BROT(1,J)

FIGURE 7.2-2.

Qutput for POTGEM Test Case 2 (Cont'd).
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rTyAd W00d J0

t}-
H
Y,

&1 FOVd UVNIDIE0

UNAVATLAB E

CORNER POINTS ALONG VL AND VU EDGES

XisLe(l)
o 14 .
713835
r2ro71
"ugb06
r54142
‘676717
81213
'94748
1’ on28d
1’21819
1734365

O OXT NG DT e

e

BOUNDARY ‘POINTS 1L ONG V| AND VU EDGES

XVLla(1)
"0n8
r203
f338
"470
"6409
! 744
"8no

17015
17451
17276

(-3 B R Y I R VRS

-

X5Lp11)
'06629
;33107

53664

Tan1a2

1706070

[V Y A VR ]

CCRNER POINTS ALONG SL aAnD SU EOGES

FIGURE 7.2-2.

Yvtcel) Ivicel) svicrl)d vvleeDd
0, o, 0, .
,10000 0. . 10000 113535
,20000 0 .20000 L2701
.30000 0, .30000 L40606
L40000 0’ L40000 "Sqt42
.50000 0, .50000 Le7677
,60000 0 ,60000 L81213
.70000 0, .T0000 “94748
.A0000 0, L80000 1708284
.90000 0. 90000 1,21819
1,00000 0 1,00000 17353585
YVLRCIY  ZVLR(1)  SVLR(I)  VVLR(I)  XVUg(I)
,050 0. 1050 ‘068 1,093
,150 0, L150 203 1,158
,250 0, 250 .338 1,222
350 0, 350 uTd 1,287
.450 0, ;050 L6009 1,352
.550 0, ,559 RLL 1,416
L650 0, L 650 ~880 1,481
.750 0, L1750 17,015 1,546
.B850 o, .850 1,151 1,610
.950 0, 1950 1 286 1,675
YsSLC't1) ISLerey) 8Skery) vstec1)
*s00000 o, 0, 106629
«s 00000 0, 0, “33147
-4 00000 0, 0, 59664
«3 00000 0, 0, "86182
«000000 0, 0, 1 06070

Figures—43

xvyce1)
1.06070
1. 12534
1718999
1725463
1731928
1738392
1" 44857
1751321
1757786
1764250
1770715

YVigely

1050
“150

~NOoOUtE N
L IRV IRV ARV Y V)
DODOOD

@®
(V43
(-]

950

xsuc 1)
137565
1746405
1,55245
1764085
1770715

ANILYES)

[~ =)

DOO0OODODODOOD

Yvuceld vueeld SViucel)
«,00000 0, 0,

110000 0, ©10000
120000 0, ,20000
L30000 0, ,30000
40000 0, L40000
050000 0, ,50000
,60000 0, ,60000
,70000 0, .70000
.80000 o, .80000
,90000 o, ,90000
1,60000 0, 1,00000

svupgel) VvUge1) CORD2r1)

.050 1,093 1,025

L, 150 1,158 955

.250 1,222 , 684

L350 1,287 L8113

L4s0 1352 L743

.550 1,416 672

L, 650 1, 481 601

. 7150 1,546 ,530

.850 1,610 L460

L.950 1,675 . 389
YsUeel) Zouerl) ssterl)
1,00000 0, 1,00000
1,00000 0, 1,00000
1,00000 0, 1,00000
1,00000 0, 1,00000
1,00000 0, 1,00000

Output for POTGEM Test Case 2 (Cont'd).

vviec (1)
1706070
1,12534
1,18999
1, 25663
1.,31928
1 38392
1 4u8s7
1,.9132¢
1 87786
1,64250
1.7075%

SPANL (1)

100
100
100
100
100
1o0
100
100
100
100

Vslir (1)
1,37565
1,46405
1,55245
1,64085
1,.7071%



BOUNDARY POINTS ALONG SL AND SU EDGES

1 XSLoe1) YsSeLuel) sLatl) sSstacl) vsta(l) xsua (1) YSugtl) 25u8t1) ssus(l) vVSUgel) CORDlc¢f) SPaNa(1l}
1 L199 w000 e, 0’ 199 1,420 1,000 0, 1,000 1,420 1,000 265
2 land -y 000 0, of "ueu 1,508 1,000 0, 1,000 1,508 1,000 .265
3 "129 .y 000 0, of “129 1,597 15000 0, 1,000 1,597 1,000 S265
4 "9y ., 000 0, ol "99u4 1,685 15000 0, 1,000 1,685 1,000 1199

FORCE SENSING | OCATIONS IN NieDIRECTION

1 J xS1e1sd) Y81 (redy 281¢1,d)
11 1317613 »0500000 0,
2 1 7 2626965 1sooooo 0,
304 ’3930311 ,asooooo 0.
4 saasaew 03500000 0,
5 4 ‘6555021 asooooo 0,
6 '7560373 ssooooo 0,
7 4 9113725 osooooo 0,
B 1/ ‘0483077 7sooooo 0,
9 1 1 1792428 ssooooo 0,
10 1 1 3101780 ,osooooo 0,
1 2 ? 3880976 ,0500000 0,
2 2 ’5013553 ,xsooooo (M
32 o;aeaso , 2500000 0,
a2 712718707 73500000 o
5 2 aalxaea usooooo 0,
6 2 9sasaeo ,ssooooo o’
72 170676037 16500000 0,
B 2 1,1809014 1500000 0.
9 2 17 2941591 "8500000 0,
102 174074168 'qsooooo 0,
13 ‘ouuuy3a 70500000 ol
2.3 ? 1400140 ,:sooooo o,
33 78355042 ,2500000 0,
4 3 '031176u "3500000 ol
5 3 170267546 54500000 0,
6 3 171223308 "s500000 o’
7.3 172179150 16500000 0,
8 3 1t slsuqsa 71500000 0,
3 3 1 uo¢o1ss 'esooooo o,
16 3 1 soaosss ,esooooo 0,
14 9007701 £0500000 o,

FIGURE 7.2-2. Output for POTGEM Test Case 2 (Cont'd).
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2 4 "97B6728 51500000 0.
1 4 17 0565754 2500000 0.
4 4 171344781 :ssooooo 0.
5 4 172123808 14500000 0,
6 4 17 2902835 £5500000 0,
7 4 173681862 ' 6500000 0,
8 4 17 4460889 , 1500000 0,
9 4 175239916 , 8500000 0
10, 4 116018943 , 9500000 0
1 5 170930223 50500000 0.
2 s 171576668 51500000 0.
15 172223114 £2500000 0"
4 s 1 2869560 13500000 0,
5 5 1’ 3516005 4500000 0,
6 5 17 4162451 "s500000 o’
7 5 174808897 76500000 0,
8 g 175455342 "1500000 o
9 5 176101788 78500000 o
to 5 176748234 79500000 o’

FORCE SENSING | 0CATIONS IN N2eDIRECTION _
1 J £$2¢1,J) Y52(1,d) 752¢1.d)

UNAVAILARLE

+STOP

sToP 777

FIGURE 7.2-2. Output for POTGEM Test Case 2 (Concluded).
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y.Y

A B

FIGURE 7.3-1, Cross Section of the NASA Ames 12,192 by 24.384 Meter
Wind Tunmel Test Section.
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1, T

2. TITLF

3, TFSY CASE 3 _ 40 X B0 WIND TUNNEL
4, Skry

S, s INCRV] C®2,VAR226,096 $END
6, CrRY

7. Sk1y

8, +INCRVI 1C511,VAR23ep,094 SEND
9, PSEGMENTS

10, «DATA NBPS=3,NSEGVTz3 NBPVe3, 10,3 sEND
11, VLRC

12, sDATA BEND

13, SLRC

14, +DATA SEND

15, SL

16, +DATA VARZSvEe10, SEnD

17. sy

18, iDATA VAR2SVE2Q7 sEND

19, v

20, sDATA VAR2SVEeb,096 SEND

21, Vub

22, 1DATA YAR2Sv=0, sEND

23, PNy

24, tDATA $FND

25, POy R

26, S 11

27, + INCRVYE [Ca11,VAR2®6,096 <END
28, S GMENT

29, 1hATA NSEGV=2 $ENn

30, S1LAL

31, 1DATA SEND

32, vy

13, tDATA VAR2SVEZ=90, SEnD

34, Vit

35, sDATA VAR2SVE9,, sEND

36, P aN{

FIGURE 7.3-2. Input for POTGEM Test Case 3.
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37, +DATA SFND

38, CaARY

39, a5 GMFNT

490, +DATA NSEGVs3 $END
a1, St AC

az, sDaTA SEND

43, /R

a4, sDATA VAR2SVED, SEND
4s, AJTe

46, +DATA VAR2SVZeb6,096 SEND
47, P ANy

i‘iao "»‘D‘TA SEND

49, Nk Ty

50, sDATA 12215 SEND

51, NKkTY

52, +DATA 10m4 sbpD

53, nafy

LT 1t

SS, 1 el

56, 2

57, L

58, 1 -l

59, 4

60, 0

61, FINISH

62, tDATA SEND

63, STORF

64, DATA ID=Y gEND

65, PRINT

66, 1DATA PRINTeyBaT SEND
67. stop

FIGURE 7.3-2. Input for POTGEM Test Case 3 (Concluded).
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POTFaAN

GEOMETRY PROGRAM, VERSTON (.3

TIME =

08,0977 02124588

ENTER BATCH

+TITLE

TEST CASE 3 e 40 X B0 WIND TUNNEL

$SRYY
+CARY
+8R11

¢+DSEGMENTY

+VLBe
+5L6C
+SL
+sU
+Vi,
*VU
+PANY.
+POLR
+SRIY

+SEGMENT

+SLAC
+VL
+V1)
+PANL
+CARY

+SEGMENT

LEIR1Y
+VL

+Vu

+PANL
#+NRT11
+NRIt
+DSFL

+FINISH

FIGURE 7.3-3.

Output for POTGEM Test Case 3.
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+STORE

FILe 3,GMePNp/LIRS
CREATION TIME & 08,09/76 02125819
CREATION Uf GEOMETRY Flle

TITLE- ¢ TEST CaSE 3 « 40 X A0 WINpD TUNNE

(LOG)Y = Fr r FFTFFFFFFFFFFF

(INT) = o 4 17 3 16 o

(FLTY = 937,93457 o,
LHUPOUUISFWOL : 0,

+PRINY :

PRINTOUT OF GEOMETRY FILF DATa
LA A 2 DA g L T L1 L L A L2 L L 222 1)

TITLE = TEST CASE 3 « 40 X 80 WIND TUNNEL

CREATION TIHE = 08,09/76
(IFORMY = 110111111

02125819

(I1p),. = 3

(L0GY = F r FF YFFFFFFFFEFFF

tINT) s 0 ] 17 3 16 0

(FLT) = 937.,9345700 0,
ua?;oaaxeso _oauaoua

PANEL CORNEP POINTS

r.Jd X(1,9) y(1ed)
11 «1070000000 0,

2 1 »,0000001 0]

3 1 ..10°0000000 o,

4 1 2070000000 0,

1 2  410,0000000 210320000
2 2 =,0000001 270320000
3 2 1670000000 2,0320000
4 2 2970000000 2,0320000
1 3 410,0000000 4, 0640000
2 3 =, 0000001 4, 0640000
303 1070000000 20640000

FIGURE 7.3-3.

HAS BEEN OPgNgn FOR WRITING ON

L

TFFF

.0

-2
[ T

TFF F
0
0,

0

2¢1:d)
06:0960000
vb,0960000
«6,0960000
«6,0960000
b8,0960000
b,0960000
«b,0960000
«6,0960000
vb,0960000
«6,0960000
«6,0960000

UNIT 4

D00

St1ed)
«10.,0000000
s 0000001
10,0000000
20.,0000000
«10,0000000
«s0000001
10,0000000
20,0000000
=10,0000000
-.000000!
10,0000000

Figures-50

]
1,0000000

f

1.0000000

0

V(T;J)
wb 0960000
«b 0960000
w6 0960000
b 0960000
el 0640000
-4 0640000
wl 0640000
=4 0640000
«2,0320000
»2,0320000
*2,0320000

Output for POTGEM Test Case 3 (Cont'd).

o,

442’ 04416



EVWN=2BE W™ W NS wWwNee D WNee SN £ N SNV Sy

- s
DOV L O VIOTFETIARANNNNEIPTTOTENNNNEDELE W

-
-

. . s (S i o -
[C RV R TR R TR R

t3
13

2070000000
«10,0000000
«,0000001
10 0000000
200000000
«10,0000000
-, 0000001
1070000000
2070000000
-10,0000000
" +,0000001
1070006000
#279000000
«10,0000000
-,0000001
1070000000
00000000
«10,0000000
.,ooooooa
100000000
2070000000
»10,0000000
=,0000001
1070000000
20’ 0000000
«10,0000000
~,0000001
10,0000000
2070000000
«10,0000000
.’0000001
100000000
200000000
«10,0000000
=,0000001
1070000000
2070000000
«10,0000000
«,0000001

. IO 0000000

2070000000

FIGURE 7.3-3.

4 06“0000
o'ooeoooo
6,0960000
6,0960000
6’0960000
7 9797674
7 9797674
179797674
7°9797674
976791399
9,6791399
9 6791390
9’ 6791390
1170277670
1tr0277e7o
1170277670
11;0277610
11,8936400
11,8936400
11.8936400
tt;sqsaaoo
12’1920000
!Z 1920000
12’1920000
121920000
1178936410
11’ 89360!0
llr8936010
11 8036410
11 0277680
lt 02778689
11’0?77680
1170277684
976791390
9’6791390
9,6791390
9’ 67@1300
7 9797679
1’ _ 9797679
7 9797679
709797679

Output for POTGEM Test Case 3 (Cont'd).

«6,0960000
«6,0960000
«6,0960000
«6,0960000
«6,0960000
05, 7976404
<5, 71976404
-5.797@000
«5,7976404
«4,9317675
«4,9317675
w8, 9317675
ol , 9317675
«3,5831389
~»3.5831389
w3,5831389
«3,5831389
«1,8837677
ol,8837677
i 8837677
o1,8837677

0000002
«,0000002

-,000000°2
-,0000002

1,8837673

| 6837673

1 8837673

i 8837613

3. .5831386
3;5831386

3 5831386

3.5831386
4,9317671
4,93!7673
{vs:vov;
5.71976403
ST 7976403
5. 7976403
5, 7976403

Figures-51

20,0000000
«10,0000000
*+0000001
10,0000000
20,0000000
«10,0000000
«20000001
10,0000000
20,0000000
=10,00000060
=e0000001
10,0000000
20,0000000
»10,00000600
v 0000001
10,0000000
20,0000000
«10,0000000
«c0000001
10,0000000
20,0000000
«10,0000000
. 0000001
10,0000000
20,0000000
«10,0000000
»e0000001
10,0000000
20,0000000
«10,0000000
»s 0000001
10,0000000
2070000000
«10,0000000
s 0000001
10,0000000
20,0000000
«10,0000000
«¢0000001
10,0000000
20,0000000

«2,0320000
«90,0000000
«90,0000000
«90,0000000
«90,0000000
«72.0000010
«12.0000010
«12,0000010
~72,0000010
«54,0000010
«54,0000010
-54_0000010
«564_0000010
«36.0000010
«36,0000010
«36,0000010
~36,0000010
«18,0000010
«18,0000010
-18,0000010
«18.0000010
;0000014
« 0000014
~,0000014
=,0000014
17,9999980
17.9999980
17,9999980
17,9999980
35.9999980
35,9999980
35.9999980
35.9999950
53.9999970
$3%.9999970
53,9999970
53.9999970
71.9999970
71.9999970
71,9999970
71,9999970



1 14 «10,0600000 6 0960000 6,0960000 «l10,0000000 o,

2 14 #,0000001 670960000 6.0960000 «, 0000001 0.
3 14 1070000000 b 0960000 b 0960000 10,0000000 0,
4 14 2070000000 o 0960000 670960000 200000000 0,
115 «10.0000000 4’ o6u0000 670960000 «10,0000000 «2,0319999
2 15 «,0000001 470640000 670960000 © 0000001 «2,0319999
3 1% 1070000000 47 0640000 6'0960000 10,0000000 -?,0319999
415 2070000000 47 0640000 670960000 2070000000 <27 0319999
1 16 «10,0000000 270320001 60960000 «10,0000000 -i,0639999
2 16 -,0000001 270320001 60960000 «s 0000001 o4, 0639999
3 16 1070000000 270320001 6’ 0960000 10,0000000 «4,0639999
4 16 2070000000 2'0120001 67 0960060 20,0000000 «ld, (0639999
1 .17 «10,0000000 o/ 6;0960000 «10,0000000 vt 0960000
2 17 -’0600001 0: 6,0960000 -y 0000001 eh,096000¢
347 107 0000000 0 e 0960000 10,0000000 a6.0960000
4 17 2070000000 o’ 670960000 20,0000000 «t,0960000

UNIT VECTORS ) GNG WAKE E(EMENTS
1 VWX (T d) UVHY (1, J) UVHZ (1,J)

UNAVAILABLE

BOUNDARY (OMDITION FLAGS
1 J BCFLAG(T, )

tNAVATL ABLE

DOURLET SINGULARITY FLAGS
DRELAGCY, )

ot T oo i (W e b I\ e g
WA N NN s s O,
BENVvENYNY SN

FIGURE 7.3-3. Output for POTGEM Test Case 3 (Cont'd).
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ARIAAITINAANTIANUNIAAITIAAINNIANNTIANI AAINNT ANT &S

FIININDOOIOIPAP AN DCDOT OO CCO e NN AW

et . W e P e W W -

£
Lyl

118

wn
0N

3145

1 16

L
n

3 16

Output for POTGEM Test Case 3 (Cont'd).

FIGURE 7.3-3.
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SOURCE SI~NGULARITY FLAGS

I J SSFLaGel,Jd)

UNAVATLABLE

BOUNDARY CONDITION POINTS
+RCL19d)

1

[N R PR R R U R P VRV I N Y e L TR R P VIR P R P IV B VIR R VU VI
bt 2 OO JLOJWPETNNNDPE WU I 2 LW TUTU N e e s O

A it R W e

.5,0000000
570000000
1590000000

5,0000000

570000600
1570000000
+5,0000000

570000000
1570000000

S,oooooon

570000600
1570000000
.5,0000000

50000000
1570060000
.5,0000000

570000000
1570000000

.5.0000000

50000000
1570000000

.5,00000060

570000000
1570000000

~5,0000000

5° 0000000
1570000000
»5,0000000
5,0000000
1570000000
s’ooooooo
5,0000000
1570000000

FIGURE 7.3-3.

yaCrlyd)
170160000
1. 0160000
1,0160000
3,0480000
3 0480000
3 04800600
5,0799999
S 0799999
5;0799999
70496244
7.0u96244
1 0496244
B 8635260
8 8635260
8 8633260
10,4065230
104065230
10,4065230
11 5275760
11° ,5275760
11’5275760
1271169480
13 1169489
12,1159ano
12, {11694R0
12 1169480
12,1169u80
11.5275760
11’5275760
11.5275760
10, 4065230
10 406523¢
10" 4065230

Output for POTGEM Test Case 3 (Cont'd).

RCI, )
.6,0960000
«6,0960000
«b,0960000
6,0960000
~8,0960000
«6,0960000
wb,0960000
«5,0960000
b,0960000
vb,0209481
<b,0209481
~6,0209481
w5,4315757
54315757
5, 4318757
-8,3105229
wd,3105229
wi,5105229
«2,7675262
«2.,7675262
22,7675262
- 9536245
-y IGFE245
-, 9536245
.9536241
L9536241
_9536241
2, 1675257
2.7015257
2.76752517
4, 3105226
4,3105226
473105226

Figures-54

Satcl, )
«5,0000000
5,0000000
15,0000000
«5,0000000
5,0000000
1570000000
=5,00060000
5,0000000
15,0000000
«5,0000000
5,0000000
15,0000000
«5,0000000
5,0000000
15,0000000
~25,0000000
5,0000000
15,0000000
-5,0000000
5,0000000
1%,0000000
«5,0000000
5,0000000
15,0000050
«5,0000000
5,0000000
15,0000000
*5,0000000
5,0000000
15,0000000
«5,0000000
5,0000000
15,0000000

VRC(1,J)
«5,0799999
«5,0799999
«5,0799999
«3_ 0480000
=~3,04B0000
=5, 0480000
«1,0160001
«l,01600014
«1,0160001
-81.0000010
<81 0000010
~581,0000010
6% 0000010
-63 0000010
=53.0000010
-45,0000010
«45, 0000010
«45 0000010
«27,0000010
-27,0000010
~27,0000010
.0'0000000
0000000
0000000
9999970
,999997¢0
B 9989970
26.9999970
26,9999970
26,9999970
44,9999970
44_,9999970
44,9999970



Wi e T i TN e il N i e

UNIT NOKMAL S AND AREAS

o i N el NS e TN s RN 2 g DO > g T G TN e ot

DA N~NFFE ANV EC S NN e

.5,0000000
5° 0000000
1570000000
.5,0000000
5'ooooooo
1570000000
.5. 0000000
5’ooooooo
157 0000000
S,ooooooo
570000000
1570000000
s,ooooooo
5,0000000
157 0000000

UNXeTsd)

ST B B A B

e " N

DOODDOIIIOOODI OO

*» N

FIGURE 7.3-3.

88635260
878635260
878635260
7 0496248
750496248
770496248
570800000
570800000
570800000
370480000
3/0480000
370480000
10160001
170160001
170160001

UNY(¢1,J)

OOOOOOOOGZ
LR TR TR T TR T TR A 4

-,l963943
-,1563943
e 1563943
e,4539258
 .,4539258
vy 4539258
v, 7071068
«e 71071068
w,7071068
0.891068“
- 8910684
»,8910684
v, 9877067

5 4315755
s 4315755
54315755
] 0209050
600209480
6" 0209480
6.0960000
670960000
670960000
550960000
6 0960000

670960000
6.0960000
670960000
b 0960000

UNZ 1)
1,0000000
1,0000000
17,0000000
1,0000000
1;0000000
l’0000000
1 0000000
1 0000000
1 0000000

“9876947

9876947

“ 9876947

LB910395

8910!95

89!0395

7071068

’7071068
7011068
0538601
0538691
4538691
11563186

Figures-55

«5,0000000
5,0000000
15,0000000
«5,0000000
$,0000000
150000000
«5,0000000
570000000
15,0000000
+5,0000000
5,0000000
15,0000000
«5,0000000
5,0000000
15,0000000

Da(l )

20, 3200000
20,3200000
20;3200000
20,3199990
20,3199990
20;5200000
20, 3200000
20 3200000
20 3200010
19 0724880
19,072488¢0
19,07248890
19 0724900
19 0720900
19 0724900
19 0724880
19;0124660
19,0720890
19,0724890
19 Q724890
19 0724900
19, 0724890

Output for POTGEM Test Case 3 (Cont'd).

62,9999970
62.9999970
62.9999970
80.9999970
809999970
80,9999970
«1,0160000
«1,0160000
«1,0160000
«3.0480000
«3,0480000
«3,0480000
«5,0799999
«5,0799999
«5,0799999



i

s0o0m®

I s i T o o O N = L O = e 1 e Ul ) e T

10
19
10
13}
11
11
12
12
re
13
13
13
14
14
14
15
18
15
16
16
16

DODO0OODOODODIIODA0O
LIRS NE 2L R T T B T

~w

DOOODIDIOODDIDDOO
R EEEREEEE YN

U NTOP VECTARS

1

J

NTOPX(1,d)

UNAVATLABLE

NgOy VECTORS

1

J

N-OTXel,0)

UNAVATLABLE

-, 9877067
e, 9877067
9877078
« 9877075
-, 9877076
8910684
-, 8910684
- 8910684
1073870
e, 7073870
-, J0T3870
-, 4539216
we 4539216
= 4539216
., 15639473
0.15639“3
-,1563903

A T . B B ]

DODOOOOOCO

[ Y

NTOPY(1,d)

NaOTY¢l,Jd)

VELOCITY ,LONG NTOP VEETORS

FIGURE 7.3-3.
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L 1563186
"1563186
201563132
- 1563132
ee1563132
-, 4538691
. 4538691
., 4538691
-, 1068265
., 7068265
-y 7068265
-.8910416
- 8910416
- 8910416
., 9876947
« 9874947
-, 9876947
«1,0000000
«1,0000000
-1,0000000
«1,0000000
«1,0000000
«1,0009000
«1,0000000
«1,0000000
«1,0000000

NTOPZ¢1,J)

NQOTZ(1,d)

1970724890
19,0724900
19*0720880
19 0724889
190724880
19;0724690
19,0724890
19;0720900
190724880
19;072u880
190724890
190724890
19,0720890
190724900
19;0720900
|9r0724900
190724940
20" 3199990
20, 3199990
20,3200000
20;3199990
203199990
20.3200000
203200000
20,3200000
20,3200010

Output for POTGEM Test Case 3 (Cont'd).



v1gﬁﬂ
S 0TOP¢1,J) %%
v

1-J
UNAVAILABLE R
S
%;,G7
VELOCTITY ALONG NROT VECTORS caﬁa
S AROT¢T,J) Eﬁgﬁ
UNAVATLABLE
CORNER POINTS ALONG VL AND VU EDGES
I Xvire1) YviceD) Zviec1)  SvVie(D)
1 =10,00000 0, «b,09600 -19.00000
2 ©, 00000 0, -6,09600 300000
3 10700000 0, «6,09600 10,00000
4 20" 00000 o, b ,09600 20,00000
BOUNDARY POINTS ALNNG VL aAND VU EDGES
1 XVLa(1) Yviacl) ZviLacld SVLALL) vvLa(l)
1 .5. 000 o. -6'096 .5,000 -6.096
2 570060 0. «b,096 5,000 6,098
3 154000 0, «6,096 15,000 -b,096
FORNER POINTS ALONG SL anyD sU EDGES , o
x XSLe 1) YSLeeDd Zsteely  SSLeel)
1 «10,00000 0. «6,09600 «10,00000
2 «10,00000 2,03200 =6,09600 «10,00000
3 «10,00000 4,06400 wb,09600 «10,00000
4 «10,00000 6,09600 wb,09600 «10,00000
S «10,00000 7,97977 «5,79764  .10,00000
() «10,00000 0.97914 el g93177 «10,00000
7 «10,00000 11,02777 vw3,583¢14 «10,00000
8  «10,00000 11,89364 ~1,88377  210,00000
Q «10,00000 12,l9200 -, 00000 «10,00000
10 «10,00000 11'8936” 1,88377 «10,00000
1t «10,00000 11, 02777 3,58314  «10,00000
12 «10,00000 9,_67914 4,93177 .10,00000
i3 «10,00000 7.971977 S,79764  «10,00000

FIGURE 7.3-3.

wvLe (1)
«6,09600
«6,09600
b,09600
«6,09600

XVUs (1)
«5,000
5,000
15,000

veLeel)
«6,09600
-4 06400
-2.03200
«90,00000
=72,00000
=54,00000
«36,00000
-18,00000
e,00000
18700000
36700000
54°00000
72700000

Figures-57

Xvuce1)
«10,00000
-, 00000
10700000

20700000

VVHprl)
3
o

Xsuce1)
20700000
20100000
20700000
20700000
207 00000
ao;ooooo
20700000
20700000
20700000
20700000
2000000
20700000

20700000

vyuctl)

.
v

0000

Zvug () s

6,096
6,096
6,096

YSugel)
0,
2,03200
4,06400
6,09600
71,9797
9,67914
11,02777
11,89364
12,19200
1189364
11,02777
9. 67914
7,97977

ANAE® svVue s 1)
6,09600 «10,50000
6,09600 «y00000
6,09600 10,00000
6,09600 20,00000
vugcId VVUpel) CORNDZ2(1)Y
9,000 6,096 0,
5,000 6,096 0,
15,000 «b,096 0,
Zsucel) 8Sue ¢
b,09600 20,00000
eb,09600 20,00000
6,09600 20,00000
vb,09600 20,00000
«5,79764 20,00000
-l (93177 20,00000
«3,58314 20,00000
-1,88377 20,00000
-y 00000 20,00000
1,88377 20,00000
3,58314 20,00000
4,93177 20,00000
5,719764 20,00000

Output for POTGEM Test Case 3 (Cont'd).

vvuce1)
«6,09600
.6 ,09600
«,09600
«b,09600

SPAN;(I)

vsue (1)
»6,09600
«l,06400
«2,03200

«90,00000

«72,00000

«54,00000

«56,00000

«18,00000

«,00000
1800000
3600000
54700000
72.00000



14  «10,00000 6,09600 6,09600 <10,00000
1S «10,00000 4’ 06400 6_,09600 «10,00000
16  «10,00000 2,03200 6,09600  .10,00000
17 «10,00000 [ 6,00600 <10,00000
BOUNDARY HOINTS ALONG SL anD SU EDGES
I ¥SLng1)  YSLBe¢l)  ZSLB¢l)  8sLpyl)  vsLgel)
1 «10,000 1,016 6,096 «10,000 «5,080
2 10,000 3,048 6,096 10,000 3,048
3 10,000 5,080 =b,096 -10,000 1,016
4 - <to'o00¢ 7.0%0 «6,021 2100000 «B1,000
5 «10,000 A, 860 @5, 432 o10,000 63,000
6 «10,000 10,407 ali, 311 «10,000 45,000
7 . «10,000 11,528 «2,768 ° &10,000 27,000
8. «10,000 12,117 «s954 10,000 9,000
9  «10,000 12,117 .,954  .10,000 9,000
10 - «10,000 11,524 2,768 410,000 27,000
11 «10,000 10,407 4,341 «10,000 4S 000
12 10,000 8 864 5,432 410,000 63000
13 10,000 7,050 6,021 »10,000 81,000
14 . 10,000 5,080 6,096 210,000 =1,016
15 10,000 3,048 5,096  .10,000 «3,048
16  «10,000 1,086 6,096  «10,000 5,080
FORCF SENSING | 0CATIONS IN N1eDIRECTIQN
T J ¥Siered) YSic¢red) 251¢1.d)
UNAVATLAGLE
FORCE SENSING LOCATIONS IN N2«DIRECTION
1 J 8201+ J) YS2(14J) s2¢1,3)
UNAVATLABLE
+STOP

STgP 777

FIGURE 7.3-3.

o,
«2.03200
-l,06400
«b,09600

XsUg (1)
20,000
20.000
20,000
207000
207000
207000
20,000
207000
20.000
207000
20,000
207000
20000
20000
20000
20,000

20' 00000
20.00000
20.00000
20700000

YSUgpel)
1;016
3’ 04R
5;080
7’050
8 864

10,407
11;528
12 117
t2;117
11,528
10,407
a;aba
7,050
5.080
3,048
1,016

Figures-58

6,09600 6,09600

4,06400 6,09600

2,03200 6,09600

0, 6,09600
78UR¢1) SSUg(1) vsSUp 1)
wb,096 20,000 «5,080
«b,096 20,000 »3,048
vb,096 20,000 a1,016
-h.OEi E0.000 -81,000
5,432 20,000 63,000
e, 311 20,000 «4%,000
w2, 768 20,000 27,000
-e954 20,000 «9,000
.954 20_000 9,000
2,768 20,000 27,000
4,311 20,000 45_000
5,432 20,000 63,000
6,021 20,000 81,000
6,096 20,000 1,016
6,096 20,000 «3, 088
6,096 20,000 «5,080

Output for POTEGM Test Case 3 (Concluded).

20,00000
20,00000
20,00000
20,00000

CORDLI)
0,
0,
0,

DAOOO
* & & o

OO DOODOD

o.
«2,03200
«4,06400
«6,09600

sPaN2( 1)

0000 DODOIDIOAOOCOIO



v vV VvV v v v

NASA AMES 4+0X&a0 TUNNEL

"FIGURE 7.3-4(a). Top View of POTGEM Test Case 3. -
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FIGURE -7.3-4(b) «+Front View-of -ROTGEM Test Case 3.
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Oblique

FIGURE 7.3-4(c).



TRUE
THIS IS A PLOTGM RUN TO PLOT AN X-Y VIEW, Y-Z VIEW, AND
OBLIQUE VIEW OF A SAMPLE PANELLING APRANGEMENT ON THE
NASA AMES 12.2 M, BY 24,2 M, (40X380) WIND TUNNEL.
THE PANEL ARRANGEMENT TO BE PLOTTED IS THAT PPODUCED RY
POTGEM TEST CASE 3 AS DESCRIBED IN NASA TM-X 73,127,

"NASA AMES POTENTIAL FLOW ANALYSIS (POTGEM) GEOMETPRY
PROGRAM (POTGEM). VERSION 1."

READ IN THE GEOMETRY FILE
READ

3

INITIALIZE THE PLOTTER FOR AN OFFLINE PLOT AT 15

CHARACTERS PER SECOND.

THE PLOTTER DIRECTIVES WILL BE STORED ON FILE 3.PT FOP LATER

PLOTTING. THE FILE WILL BE CREATED RY WRITES TO UNIT 8.
IPLCT

15 3 8
PLOT THE PLAN VIEW (X-Y VIEW) 10 CM, TO THE

RIGHT AND 10 CM. ABOVE THE CURRENT PEN LOQCATION.
PLOT

$DATA YOFF=10,XOFF=10,XSCALE=1.0,YSCALE=1.0 $END.
NOW PLOT THE CONTROL POINTS. THESE WILL
SHOW UP AS DOTS.

PBCP

FIGURE 7.3-5. PLOIGM Input That Generated Figure 7.3-4.
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WAKES
$DATA WAKECM=5,0 ,ARRWCM=,75 $END
ENTCR TITLE AND PLOT IT.
RTITLE
NASA AMES 40X80 TUNNEL
PTITLE
$DATA XTITLE=10,YTITLE=5,HEIGHT=.762 4END
NOW PLOT THE FRONT VIEW (Y-7Z VIEW),
PAGE :
YZVIEW
PLOT
$DATA $END
PBCP
FINALLY, PLOT AN ORLIOQUE VIEW OF THE TUNNEL.
PAGE
OBV IEW
PLOT
$DATA $END
PBCP
WAKES
$DATA $END
STOP

FIGURE 7.3-5. PLOTGM Input That Generated Figure 7.3-4 (Concluded).
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z
/ (2.05)
: Y

(.5, 2)

(1.5, 2)

(2,0)
X

FIGURE 7.4-1. The Thin, Swept, Uncambered, Untwisted Wing with Dihedral
Used for Test Case 4.
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==
Sulv)
VL(S} VU(S)
//SLHH
] A AUAY)
2
X

FIGURE 7.4-2. Rotation and Selection of S and V for Test Case No. 4.
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] N1
2 2
SEMINIFINITE
WAKE
2
4 12
3
L e BOUND VORTEX
N2

FIGURE 7.4-3., Vortex Singularity Model and Doublet Singularity Flags for
Test Case 4.
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[
- s 'n

LI

e h A
Nt EwWN

i
YYTLF 3
TEST CASE 4 aw THIN, SWEPT, UNCAMBERED, UNTWISTYED WING WITH nIHEORAL
CsRY
SHTY
+INCRVY 1C»!,CO0PTe3 SEND
S T4
+INCRVL 1C®11,0L0PT=0,5CS20, ¢END
Sk1y
TINCRVY JCS12,NTABE{ . VAR2(1)80,5,C0PTe},SCS82 sEND
NSEGMENTS
<DaTA NRPS(¢)B2,NBPV(()x2 SEND
Vi RC
sDATA SEND
SLRC -
<DATA 10PTS2 END
S
*DATA 10PTSVen SEND
sW
<DATA 10PTSVRLI ,NTABSV2l,VAR2SV(1)s2 SEND
Vi
tDATA NTARSVE2,VARISV())Eq,2,VAR2SV(1)E0,0,5 SEND
Vir
sDATA VAR2SV(1)%2,1,% sEnn
GKIp
P s My
JDATA RSieT , RS2sT sENp
R~SS§
$DATA EAXTS(1)%0,0,-1,PHIZ90 SEND
RnSS
vDATA EAX(S(!)EO,‘;O,PHIIUS sEud
naFL
2

— N - -

FIGURE 7.4-4. Input for POTGEM Test Case 4.
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37, 2

18, "

319, 2

a0, 2

41, 12

42, 0

43, FINISH

44, +DATA LOGCIS)ET, INT(10)21,FLY(S5)®1,0,0,FLT(1)s3 gEND
us, STORF

46, +DATA 1Dmg sEND

arv, PRINT

48, 1DATA PRINT(1)318#+T SEND
a9, sTap

FIGURE 7.4~4. TInput for POTGEM Test Case 4 (Concluded).
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S% © 400y 4
DNt

POTFAN LEUMETRY PRQOGRAM, VERSTON 1'_3
PR URNY S-SR IICETSRITRSERTECEEITT 2T

TIBE = 08,0%/76 pr7ryds2d

ENTER BATI N
IARREN

TEST (AsF 4 we THIN, sWEPT, UNCAMBERFO, UNTWISTED WEiNG Wwith DIHEDRaL

vCARY
¢SSRt
+5RT1
‘SR
$NSELMENT.
sV R
+SLHe
+SL .
484

+ VI
+Vi
sGR I

NSEGS =« NSERV = NBPS(NSEGSYy = 2 MHPVINSEGVY = 2

XGPYL( & '
«1,0000 O, 170000

XGPVL &
=le0000 =, 1.0000

X6Pyi B =
«,5000 ,-000

XGPVUR 5
5000 MY E]

FIGURE 7.4-5. Output for POTGEM Test Case 4.
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X6PSi € = .
-.7500  .-500 120000

XGPSHL =
=, 7500 7500 1. 00uo

XGPSt #. =
2800 1500

XGPSt =

-.2500 . 7500

P AN

s R{1SS

$ROSS

+DSEYL

+FINISH

+S Tk

FILE 4,6MaP>0 /L TRY HAS BEEN OPENENn FUR WRITING ON UNIT
Chbattoh 11-E = 0B 09,70 n7sdaz2sy
UNLET ¢ BepF TLED AND KELEASED

CREATION BF GEOMETwY BTLH

LA AL L L2 LAY FY My D L 2 XY X
TITLE = VE~T CASE ¢ we THIN, SWEPT, UNCAMAHERED, UNTWISTED WINg WITH RIMEORAL

(L06) K F FFITFFFEFFFFIFFFTFTT

(INY) = n LR 3 2 2 0 0 0 n 1 0 6 n

(Fy 1y = 31,0000000 2,0000000 170606601 20000000 1,0000000 0,
LOR02540F 02 0, 0 0,

sPHRINST

PRINTOUT CF GeOMFTRY FTLE DATA
LA A LA T A 2 X3 Py Y YT I T 2 1 2 17 ¥

TITiE = THST C8SE u ee THIN, SWEPT, LNCAMBERED, UNTWISTED WIuG WITH PIHEDRAL

CrEATION tI2¢ = 0B209/76 07234324
(IFGEMY = frartti11111
(Iry = i

FIGURE 7.4-5. Output for POTGEM Test Case 4 (Cont'd).
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(Wo6) = ¢ ¢+ FF T FFFFFFFYIPFFTFTT

CINT) 0 3 3
(FLY) = 3,0006000
866025400

PANg L CURWps POINTS

1 J X(1,d)

1o 1781767
A | T 4861349
3 T 195479
12 "8838835
2 2 170104660
3 2 17149048%
1t 3 170142135
2 3 WITHIES
503 1741421135

2 2

¢

2.0000000
" 0086591

YeT1.d)

= 0000000
1,6000000
2,0000000
0000000
1,0000000
2.0000000
e, 0000000

-1,0000000

2,0000000

UNTT VECTURS ALOMNL WARF ELEMENTS

1 ViXet,J)
LINAVATL &B) ¢
BOUNDARY {OGRDITINON FLARBS
1T 0 BUFLAGLTJY

UNAVATLABLE

DOURLET SINGUL aRITY F1 4065

I DSFLAG(Y,J3
11 4
2 ?
1 2 -
2 2 te

FIGURE 7.4-5.

HVRY 1,d)

0 9

1,060660

0

Zetredd
apilallal
o 1325825
-, 08838813
-, 88%8813%
- 6629126
~ AG19uy 7
i 4142135
! 0006602
=, 7071068

IIVNJ('.J)

Figures-71

0
1

1 n

0
2,0000000

0,

s;z.J)

170000000
270000000
0,

1,000000¢0
270000000
0,

170000000
270000000

L)

1,0000000

Q

VT,J)
,?500000
,4375000
L6250000

1,2500000

1 1875000

1,12%0000

2,0000000

1,7500000

1,%000000

Output for POTGEM Test Case 4 (Cont'd).
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noe
o @ovd TYNIDT

w003 B0
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SOURCE SIRGULARITY FLAGS

1. J SsFLascl,d)

UNAVATL ABLF

BGHNDARY [05DYTIONR POIMTS

1
1
2
1
2

N e e Ca

UNIT nOKM2p & AND  ARE AD
BLENS IPRA |

N - N e
NGB o= -

SHCET )
T Hu0B1SS
"Hei 7864
172595339
17 3037281

-,n859°a§
- 6R5Y94%
.,6H599ﬂ§
..bBSQQQS

NTOP. VF! T ks
1 J NIOPXY,Jd)

UNAVATLAKTE

NROT vEL TR
I J Ne TN T, d)

UNAVATLABLE

veley,d)
25000000
1.5000000
»5000000
1.5000000

“NY{T,J,
2825456
;zaaSSSb
L2n293%6
T 2425354

NTOPY (1,J)

NrOTYrf,Jd)

VELOCETY «L0ONG NYOP VECTORS

1 J

UNAVATLL ABLE

FIGURE 7.4-5.

tToP 1,

Output for POTGEM Test Case 4 (Cont'd).

IECIT,d)
N LR L
3314563

wl,0827572
-~y 7733980

HRZ2rled)
g 68599y 1

| -l 6H5994 3
- 6859943
-y HAS90Y}

NIOP7¢1, )

NeOT /70T, 0)

Figures-72

Suler,d)
5000000
1,5000000
L,5000000
1,5000000

DarYedy
90199
feud2352

6764470

RLEIRLY]

Vvalet,d)

7812400
JRu3TIN00
1 6862500

{,4687500



VELOCTTY
T J

+LONG NRUT VECTNRS
UROT (1)

UNAVATLARLE

CORNFR POINTS at ONG VL AND VU EDGES

FIGURE 7.4-5.

1 Xvlber1) Yvie el IVieeD) SVLce

1 o' 0, 0 o,

? 130395 1,00000 00000 1,00000

1 ro714 2,00000 100000 2700000
HBOUNDARY FQINTS AL ONG Vi anD VI EDGES

1 Xwbrgl) Y¥t ke D) vt Rel) S5vireld vvlacel)

1 17 .500 L000 L5500 REL

2 -1 1,500 0, 1,800 YA
CORNER FOINTS ALONG 8L AND SU FDRGES

1 | SRR D S ) 7Sieel) S8 eI

‘ ’.l’67ﬂ -.00000 -"7h78 ’0.

2 TRE3AR - 00000 -, BB 488 o,

4 IR SR'T- 3! - 00000 el U121 0,
BOUNDARY #POIRTS s oNG SU ARND S EOGES

| XHLi 1) Ysinrely 28Luel) SSLrel) VLR 1)

1 . "3!0 -.000 vq“‘)-‘o Q‘. .750

2 1”237 s GO0 .t 237 0. 1, 7=0

©FORECE SENSING LOCATIONS IN Nye«DIRECTION

1T 3d 151 (70d) YSter,dd RS TINE

(| 3314563 "S000000 .y 19546796

2 1 "h008155 1,5000000 o, L1OURSY

r 2 as01747 .9000000 e 7733980

2 2 170827572 175000000 - 5524272

vilp )y XVie 1) YVurel) Vil e 1)

o 1 1421 -y 00000 -l 81421
LAs000 1, 41421 1-,00000 «1,00000
20000 1 41421 2,00000 ee 10711

XViig 1) YVilge 1y Vit 1) SVYUR(1)Y Vyipre i)

t,u14d LL00 «1,2317 500 1, RT5

1 414 1,900 -, 884 1,500 1,625
vepeeld xstee 1) ysiie el 73ure )
125000 L 19550 2,00000 .y 0BE3Y

1,25000 114905 2,00000 o ld194

2,.00000 {1 a4 2,00000 we70711

xSUhel) YSUug 1) 75UKRe 1) Ssl¢ 1) VSUlnr 1)

L9712 2,000 -oPb" 2,000 BT
1,324 2 000 .st19 2,000 1,378

Output for POTGEM Test Case 4 (Cont'd).

Figures-73

Sviprel)
Ol

1,00000
2,00000

LNRDE (1)
1,237
. B84

Sstice )
2,00000
2,00000
2,00000

CorLY( D)
2,000
2,000

Viig (1)
2,00000
1.75000
1,50000

SPaN1 (1)
1,000
1,000

Veur el

,62500
1,12%00
1, 40000

SPaNE (1)
LT07
930



t 3 17442135 ;soooooo «l 2374368
2 3 1 uqu2y38 175000000 «,8838815

FORCF SENRTwG | 0CATIONS IN N2<DIRECTION

TJ xS2t1ed) ¥YS82¢1,Jd) I152(1,d)
1 5301330t », 0000000 e S308%01

e 1 T 1513009 1,0000000 -s 8977476
1y 9722718 2.0000000 ., P081650
i 2 12374368 v 0000000 wlePS7d3oH
2 2 172816310 1,0000000 s 928G 70
3 2 17 312582%2 20000000 eehiB718U

+§Tnp

STawR 117

FIGURE 7.4-5. Output for POTGEM Test Case 4 (Concluded).
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FIGURE 7.4-6(a). Top View of POTGEM Test Case 4.
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ob

l...-....-...--..--...--.’.-..-.-.-...-

]
| 4

FIGURE 7.4~6(b). Front View of POTGCEM Test Case 4.
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!

:

FIGURE 7.4-6(c).

Side View of POTGEM Test Case 4.
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FIGURE 7.5-1.

-.....<

S and V Variables for Test Case 4.

Figures-78
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T
TITLF
TEST CASE
Skt
«INCRVY
CER Y
*INCRV]}
SHTY
yINCRVY
8Py
= INCRV1
SFIY
1 IMCRVE
NSEGMENTS

5 ew SPHERE WITH § THE CIRCUMFERENTIAL VARIABLE

1C2¢,COPTn0 $END
ICxu,COPTx31 $END
[Cx5,COPT20 $END
1C26,CUPTRA, VAR2 (1)1 SEND

[cst1 sEnD

=DATA NBPS({)aS,NAPVl)21n SEND

L2814

«DATA SEND

51 RC

DATA TOPTE> sEND

S

<DATA loPTSVEn SEnD

VL

<DATA SEND

|

ADATA 10PTSVE1,NTABSVE],VAR2SV(1)290 SEND

Vi
aDATA Va
P AN
«DATA SE
Ross
sDATA EA
nsfy

19
t

R2SV(1)=yBy SEND
ND

XIS(‘)‘O,OJ‘QPHICQO $END

FIGURE 7.5-2. Input for POTGEM Test Case 5.
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-

37, 10

38, 27

39, [

40, FINISH

a1, ADATA FLT(1)23,1415927,341,L06¢12)8T,INT(10)81,1 $END
42, ST10RF

43, +DATA I1D35 gEND

44, PRINT

us, <DATA FRINT(])#18+T $END

de, Stap

FIGURE 7.5-~2. Input for POTGEM Test Case 5 (Concluded).
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xur1yod WooI T
g1 @HVA "TYNIDING

PUOTFAN GEUMFTRY PROGRAM, VERSION 1 3
TEIEERECEXErNETARSISILREIEEESERLINESY

TIME = p8,p% 78 07334257

ENTEN Balin
+T1T1Le

TEST ﬁA?E S ma SPHERE wlTH 8§ THE CIRCUMPERENTIAL VARIABLE

¥SKRT1

IS LN

P8R

«SkTY

+SK11

ARSEGHMENT -

«VI R

$SLRBL

+ 8t

+VE

- +S5U

+VU

+P AN

+HNSS

+DSFH

+EINISR

+8TORE

FILE s, oH=Pei LIRS HaS HEEN (PFNED FOR WRITING On UNIT
CREATION 1T F = 0R709/70 07334189

CREATION LF- GENMETYRY FILF

LLL P YL R P P LT T Y Ty
TITLE = VEAT CASE & ew SPHERE wITH § THE CIRCUMFERENTIAL vaARIABLE

WU6) = + FEFTFF% FFFTEFFFTFFF
FIGURE 7.5-3. Output for POTGEM Test Case 5.
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(INT) =
(FLT) =

¥PRINT

o &

31415927
.P5066283E 402

11

5 ta
1,0000000
(1]

PRINTOUT wfF GFOMFTRY FILE DaYA
R I L Y S TR I PR T D DT Y

TITLE s Tt ST CaSE 5 = SPHERE WITH S THE CIRCUMFERENTIAL VARIABLE

CREATION TL~E = 0B/09/7&

({IFORM)Y

(1D}

tLG6GY
(INT)
(LT

“

Lo ]

T 1101ti1ty

€

n 6

3,141%927
250662840

PaNpl (URHpr BPUIMTS

S~ T VNS WU =T DN = O D N -

K(Y-J)

-:9969173
-, 9969173
-, 9969173
-, 9969173
» 9969473
9969173
9238795
-,9258795
-, 9234795
-, 9238795
-, 9238795
-, 9238795
-, 1604060
=, 7604060
-, 1604060

e, 7604060

., 7664060
-, 7604060
-,5224986

it

0784159

0

IJ
1,0000000

0,

FE PP T FFEFFFFIFFFELTFFEF

4]

S 1o 0 0 f 0
1,0000000 {,0000000
T0025066 0,

Yoered)d 2t1e4d)

- 0000000 ,07TRUSI
. 0242452 .0746190
- 0461171 L0634747
»e 0634747 LLIRNA
ey 0746390 L n242452
-, 0784591 «,0000000
-y 0000000 V3826834
-, 1182557 . 3639536
v, 2249357 3095974
., 3095974 L 2209357
-, 3639536 . 1182557
- 3826834 «s0000000
=y 0000000 LbU9ULRAD
- 2006905 T6176618
= 3817360 5254145
»e5254148 L3817360
e,0176618 T200690%
N LSITLY «. 0000000
«.0000000 LB526401

FIGURE 7.5-3.

1 1
1.0000000
0

i i

¢}

0

1,0000000
o

St1ed)

0)
18,0000000
360000000
53,999999¢
71.999999¢0
90,0000000

0,
18,0000000
36, 0000000
5379999990
71,9999990
90,0000000

0,
1470000000
36,0000000
$3,9999990
71.999999¢
70,0000000

0,

Figures-82

0

1,0000000

n

1,0000000 0

0.

YT ,d)
44999997
4_1u999997
4, 4999997
4,4999997
4,1999997
4 4999997
22,5000000
22,5000000
22,5000000
22,5000000
22,5000000
22,5000000
40, 49999490
49 ,1099994%0
40,4999990
40,4999990
40,4999990
40, 4999990
Y8 ,4999990

s ® ‘s ® & 8 B ® w 8 a's ® 8 &

Output for POTGEM Test Case 5

{Cont'd).

25,066283



SR UME T S TRV T P oL e AR W=D IO WU- IR — YD

DDOL O IV OTTXTDPEINYTNNSNNNOTIPIPTTSAVINVSE SR

—

- em
S oD

. 5224986
-,522U986
-,522U986
-,5224986
-, 522U086
., 2334454
e, 2334454
-, P3%4454
., 7334454
=, P334454
-, P334454
T 0TR459Q
L07R4590
LU784590
TO7RUSIO
T DTRUS90
L07RusS90
" 3626834
" 3ARHB YA
T182AR3MU
T3526834
_ 3826834
T 3826434
feu9dund
L 6u84480
TA4UaBY
TRAUUBY
LUV DR
L e49ugEn
TB520401
REeeiy
"h25401
LBS26401
THE26404
LELYT R
"9723499
;97?5h°9
97234699
19723699

FIGURE 7.5-3.

. 2634807
e 3011693
., 6R98003
v, 8109020
-, 8526401
«, 0000000
. 3004788
woS715447
wy 7BLHHIR
o J24TTRT
-, 9723699

10000600
we 3080644
v, 38997133
w, B065230
e U827
., 9969173
0000000
-, 2B5U94%
-, 5430428
«, 7474342
v, BT86817
= 923R796

0000000
wo 2349784
T T Y
.l 0191814
s 7604060
" 0000000
e, 1614610
«. 3071170
w,4227103
«, 4969257
..5?2093b
"0000000
w 0721386
vy 1372158
v, 1888613

Output for POTGEM Test Case 5 (Cont'd).

8109090
5898004
5011693
T263480%
«,0000000
, 9723699
19247787
.7866638
.5715447
L 3004788
-,0000000
19969173
TTIELY
,B065231
5859733
,308064u
- 0000000
"923879n
8786617
7474343
5430428
. PR5U94S
-.0000000
,7604060
C7231891
6151814
L44b9855
f23u97R4
;0000000
5220987
4969258
Su227103
3071170
1614610
«o0000000
" 2334455
222019¢
.1688613
J1372158

Figures—-83

1870000000
36,0000000
539999999
719999999
90,0000000
o,
1870000000
316,0000000
53,999999¢
71,9999990
90,0000000
0

18,0000000
36,0000000
53,999999¢
71,999999¢
90,0000000
0-
184,0000000
36,0000000
53,999999¢
71,999999¢
90,0000000

ol
18,0000000
35;0000000
53,9999990
71,999999,
90,0000000

o,
18,0000000
36,0000000
53,999999¢
71,999999¢
90,0000000

0-
1470000000
36,0000000
9379999999

S8, 4999990
SR, 4999990
S8, 4999990
58 _199999(
S8,0499999(
76,4999990
167,4999990
76,4999990
76,4999990
76,4999990
16 4999990
94, 4999940
@4 1999980
9o 4999980
94 ,4999980
94 4999940
¢, 099998
112,4999970
112,4999970
112,4999970
112,499997¢
112,4999970
112,4999970
130,5000000
150, 5000000
130,5000000
130,5000000
150,%5000000
130,5000000
145 9000000
148, 5000000
14dr,5000000
148 5000000
144 5000000
148 5000000
166 ,5000000
166 5000000
166, ,%5000000
166 000000



to
10
11
1
it
11
1
11

T NE Wi

19723699

79723699
1,ooooooo
1,0000000
1’0000000
1,.0000000
t’ 0000000

1 0000000

=, 2220198
=y 2334458

0000000
-.0000000
«, 0000000
«,0000000
*,0000000
«,0000000

UN!Y VECLTURSE 4aLONG WAKE ELEMENTS

J

UNAVAILABLE

UVAX (T9d)

BOUNGARY (DONDITION FLAGS

1 J BtF

UNAVALLABLF

DOURLET SiINGULARITY FLAGS

Daf

N E WMV JIE W= N1 5 e
WA W NN NVNN - -l

LAG(I,J)

LAGtT» )
ty
19
te
19
19
19
19
19
19
19

FIGURE 7.5-3.

UVHYr1,Jd)

Output for POTGEM Test Case 5 (Cont'd).

0721386
~,0000000
,0000000
.0000000
,0000000
.0000000
,0000000
«¢ 0000000

UVWZET,J)

Figures-84

71,9999990
900000000
0

1870000000
360000000
559999990
71,999999¢
90, 0000000

166,5000000
166,5000000
180,0000000
180,0000000
180,0000000
180 ,0000000
180 0000000
160 0000000



e

FRXTIANSNSNNNCTITITTPNN ST ASDELD
—
3

in 27
1o 21
Cie 27
o 27
1o e

NE SN W= AR U= ST Um A8 =TSy = J R RN

SQURCE ol aR1TY ki AR5
1 J Safldael,d)

FIGURE 7.5-3. Output for POTGEM Test Case 5 (Cont'd).
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CUNAVATLABLF

BOUNDARY (ONDITION POINTS

S weMm IE U= L 8w iRl D NN NN~ S W e e

MNM\ID‘O‘S’O‘OU’U‘J"U‘\J"&kkktmuv&wm'\lf\)mf\tﬂ.‘—‘mv—-‘—t_

yRCLT )
..9723699
v, 9723699
~, 0723699
-, 9723699
9.9793b°9
-.RS?bﬂoz
-, R526402
-, B526402
-, B826402
« BS526402
», 6494481
e, 649448
PINCYALTY 3]
PLITTS
-, hU9048Y
- 3826R35
., 3826835
-, 386R3S
-, 3826835
-, 3826845
-, 078489
-, 0784591
=, N784591
..()78059{
-, 0780599
T 2534453
T 2334453
T233uysy
233445
* 2334453
;%azaoas
T5224985
75224985
152249858

FIGURE 7.5-3.

YRC(1,4J)
e, 0365189
. 1099820
v, 1650708
., 2080013
. 2305782
«e0817368
ve 2372094
., 3694623
., 4655496
w 3160657
o, 1189537
., 348217
weS376882
ec@775266
e 7510441
e, 1045266
e 4194325
v ,a5b53284¢8
8231826
v, 125050
ws 1959922
- 4525910
w, 1048270
-, 8882598
-eIBULUTS
se$021122
wo dul4U67
e 6875694
. 8661879
-, 9603984
e, 1333823
., 3870905
., 0029077
v 1597080p

Output for POTGEM Test Case 5 {(Cont'd).

7nC

LI

t1.d)
230571%
T E060013
1650708
10659820

L 0365189
5160657
T 4655496
L3694623
L2372094
10817368
.7510441

6175267

'5376882
3452171

" Y B e

L I TN I

1189537
91?5050
"B231827
6532845
4194329
1445266
9846436
"8882598
“7049270
4525910
"1559522
9603985

_5663880
L6BT5694
Judtaue?
1521122
.BU21428

.

7597080
6029077
3870906

Figures—86

SpCel,4Jd)
8.999999¢
27,0000000
4% 0000000
earqqoqqqo
8079999990
Y 9999990
27 0000000
usgooooooo
62 9999990
no,qoqqoqo
8,9999990
27,0000000
us 0000000
63’9999990
80,9999990
89999990
27, * 0000000
45" 5000000
ez,qooqvoo
Po’9999990
8,9999990
27’ ,0000000
49’ * 0000000
a2, * 9999999
8079999990
8’ * 9999999
av;ooooooo
4576000000
oz;qoqovqo
80999999
& 9999990
er,ooooooo
480000000
52,999999,

vaCe1,d)

13,49999%0
13,499999¢
13,499999¢0
13,4999990
13,4999990
$1,4999999
31,4999990
31,4999999
31,4999990
31'0999990
49999480
49999890
4999950
999980
4999940
7 4999980
49999480
4999980
_59999R0
4999940
499998
85 4999939
85 1999940
85 4999980
BS.MQQQQGO

49

9

bT

67

-..-.--.a'-.-

1034999970
1034999970
10%,4999970
103,4999970
103, 4999970
121,
1214999980
1214999980
121,4999980

4999944



KIrTVat Mood O

ST gOvd VN0

K I VI i AT~ VIR VIR NG 1 Y R\ TR Y o

T T NORMp S aND AREAD

D s JT IS e U TSN - e -

OLOOPTXZXXXE-

LR B e W N NN T Y e e e s O,

, 5224985 a ,B4216428
_ 7604059 i )15964
S T604059 .. 294RUTY
T 7604059 -, 459229,
T 1604059 . 578b62%
" 7604059 -, 5414523
T9238795 - 0598649
;9235795 we V737347
"92318795 “e 270598
9238795 e 3409738
L 9238795 =, 3779721
L9969 7% e, 0122737
T9969173 v, 0356197
T9569174 ., 0554790
‘9969173 ve069907h
LU RA ., 0774932
CNXrTS ) HNY (T, d)
-,9723572% ~2 0165668
v, 9723514 -, 1000107
«, 97734548 welb91154
-, 972%%42 we 2080083
-, 47pP3523 v 230643R
- B526054 « 0817654
- A52%R6 1 » 2372028
-, A5P5799 ., 3695318
- HE25R61 - 4695978
»~, 95260406 w 3161478
-, hu95522 -y 1189132
-,bu‘?SbH& -,3’45‘770
-, 6494157 e B377G77
., 6494782 we8175239
-, 649877 e, 1510254
-, 3827577 - 1 UUS02Y
~, 3828302 v, 4194507
-, 3827067 e 6532747
-, 3827888 s B231428
FIGURE 7.5-3.

{333R33
8414523
578662%
459229
2948433
10159464
17797121¢
3409738
2705981
1737347
01598649

L0122737

UNZtT,d)
L2306378
_208071%
L1651154

1060227
0365292
516118
4656520
369538

L237309?

0818925

LT511334

L6775213

53770748

3454658

J1tR9aze

124777

L8231052

Lbb32747

T4194153

’

s s B % »

Figures-87

80,9999990
A 9999999
27,0000000
4570000000
6279999999
80,999999¢
B’ 9999990
27,0000000
45,0€00000
52,9999990
£0,9999990
#,9999999
27,0000000
4570000000
62,9999990
80,99999%0

Dacl,d)
A0223073
,0223073
,0223073
,0223073
0223073
L05000u7
,0500647
L,o05006ua7
L0500647
L0500e47
L0731370
0731370
10731370
0731370
L0T31870
0891021
;0891021
0891821

C0891621

121,4999980
1595000000
139.5000000
1395000000
139,5000000
13975000000
157,%000000
1575000000

157.%000000
157.5000000
15775000000
175,5000000
175,%000000
175,5000000
175,5000000
175,5000000

Qutput for POTGEM Test Case 5 (Cont'd).



L08091624

5 4 -, 3827577 ,312500% 1443600

t 5 -,0784985 e 15582973 . 9846600 ;0953755
2 8 -, 0786133 -, 4525625 8882607 .096376%
3 8 *, 0789345 - TNU922H 1049228 L096376%
] -, 0784241 -,8882740 L 34525693 L0963765%
5 S - 0784985 -, 9846825 1556869 0963765
[ '23135332 e 1519898 . 9603964 L0939478
2 b _ 2334914 e AU14139 LBeb392 109489478
1 6 L2334794 = 6875636 6875636 L0939u78
4 e 12534456 « 8661800 Lddruey L0939478
5 6 T2335%332 ., 9603873 L1520475% L0939478
17 "522%613 «e133403n TB420968 L08215%90
L 5226325 - 3B6YAS T , 1996694 L0821590
307 , 5226386 -« 6028479 .obv28470 L0B21590
4 7 .52°u942 s 1597450 31870238 0821590
5 7 T522%613 - 8421193 L1332613 L08215%0
1 4 T 1605071 -, 1015889 Leu13334 L0023449
2 8 . 7604449 - 294937} 57185634 ,0623440
308 L716046172 - 4591785 L 4591785 LTI
4 & LTed3s47 «S787334 .29us10% 06e3ddo
s 8 TT604165 e ,bU14318 ,1016u068 L0623440
1 9 9238914 ., 0598710 ,3179421 L0306101
9 79216809 e 1757604 S 3409567 ‘oiestol
3.9 L9238827 -, 2705926 2705926 0366101
4 8 9238948 o 3409267 1737454 0366101
5 9 L 9238759 -s 3779915 L05897974u L0%66101
110 199692548 s 0122832 L0773828 L008480%5
2 to T 9969258 -, 0855719 , 0098115 ,0084805
310 " 9969258 -, 0554076 L 0554026 L 0084805
4 10 f9969259 .. 0698098 ,0355710 10084805
S to 19969258 0773861 L 0122624 _0080895

NTOP VE({ TrRS

v NEOPX(1,J) NTOPY (1, ) NTOPZ(T,J)

CUNAVATLABIF

FIGURE 7.5-3. Output for POTGEM Test Case 5 (Cont'd).
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NBOT WF(TORS ,
1J N: OTX 1403 NROTY(1,J)

UNAVALILABLE

VELOCYITY < ONG NTOP VEPrTaRS
Lod o nIaPet1,l)

UNAVATLARLE

VELOCTTY rLiiNg NRUT VELTNRS
1 J YAnT 1, Jd)

UINAVA L ABLF

CORNER FOINTY AL ONG VL aND VU BDGES

] irel) YVLg L)

i =1,00000 -4 00000 - 0,
° «1,00000 -4 00000 0,
3 =1,00000 ~,00000 0,
a »1,00000 =y 00000 0,
) «1, 00000 -y 80000 (2
n »1,00000 «e 00000 0,

BOUNDARY FOINTS Al OMG VL aND VU FDGE S

1 XYL (1) YVELs(L) IvineI)
f 1,000 -y 000 0,
2 1,000 -s 000 0.
3 »1,000  ,000 0,
u -1,000 -, 000 0,
5 »1,000 -, 000 0.,

CORNER FOINTS ApONG §{ AND SU FOGES

1 ¥sLet1) Ysterel) 28Lr¢1)

FIGURE 7.5-3.

J¢ierid

NRQYZ(T1,d)

SVLeel)

0,
14,00000
36.00000
%4_00000
7200000
90,00000

vviuet)d
0

LR S

OO0

$slerl)d

AVhE (1)

1,000
1,000
1,000
1,000
1,000

Vsiee )

Figures—89

XV e1)
{,00000
100000
1,00000
1,00000
1;00000
1700000

YVaurcIld
-, 000
«, 000
-l 000
-, 000
-, 009

Xsucrl)

Yvur (1Y

00000
-,00000
- 00000
«, 00000
«, 00000
-,00000

IAIUEDE] S
L000
,000
,000
L0060
,000

YSlip ¢l

IANIASS
,00000
,00000
L00000
,00000
,00000

VUR(LY - VVligeT)

9,000 180,000
21,000 180,000
45,000 180,000
65,000  (H0_000
81_000 180_000

IsUc 1)

Output for POTGEM Test Case 5 (Cont'd).

SVuer 1)
o.

16,00000
36_,00000

54,00000

72,00000
90,00000

LaRNDe (1)
2,000
2,000
2,000
2,000
f,000

SSur ¢ 1

Vv )
180 _00000
180 _00000
{80 _00000
180 00000
180 00000
140 00000

SPANL(T)

DODOD
» ®» s = u

Vsur¢I)



1 -, 99697 -, 00000 LT o
2 -, 92388 -e 00000 . 38268 0,
L -, 756041 ~¢00000 . 66945 0,
4 52250 e 00000 RLYLY 0,
5 -, 24345 . 00000 T9y237 0,
b fordae 00000 ;99602 0,
7 '342n8 L o000 92348 o,
B "6u94S L0000 _Te041 0,
9 T BL264 ,00000 L52250 0,

10 ‘91237 .00000 .23345 0,
1 1700000 ,00000 .00000 0,

BOUNDARY +NINTS A{ONG . Si aND SU ELGES
1 XbLept) Ystnely 2stpel) §sterl)

1 ., 972 -y 000 RilE !
o ., 853 s 000 522 o;
3 ., 649 -y 000 L1760 0
4 -, 353 s 000 .24 o’
5 -, 018 -y 000 997 0.
6 3 .000 L9712 0,
7 502 ,000 LAS3 0’
8 700 ,000 L6U9 o,
9 "904 L,000 . 383 0,
10 *997 ,000 ,078 0

FORCE SENSTInG [ nCATIONS IN NieDIRECTION
1T J 181 ¢1ed) Y8¥¢1.0) 781¢t

UNAVALL At ¢

FORpE SENSTeG LOCATIONS IN N2eDIRECTION
T3 £52(144d) Ya2010d) {8211

UNAYATLABLF

+STOP

STnP 1717

FIGURE 7.5-3.

vstatI)
13,500
31,500
49,500
67,500
85,500
103.500
121, %00
139 500

187,500

175,500

')

o)

4,50000
22,50000
40,%0000
58 50000
76_50000
94 50000

112°50000
130 50000
148 50000
166 50000
16000000

99692
-, 92388
-, 760U
.e52250
-y 2345

L07Ru6

L8208
64945
85264
91237
00000

2w »

1

XSUn¢l) YSURe )

o972
-,85%
- bU9
-, 383
-, 078
233
.52
,760
,924
,997

w2}
..522
- 760
-.QEU
-, 997
-.972
- 851
., 649
-i38%
-'07”

.o 07846
«e38268
- 54945
~ 85264
-, 97237
-, 99692
. 92388
., 76001
-252250
. 23345
-y00000

28Ul e1) S
«0000
-y 000
«e000
«s 000
.'000
<4000
«,000
«s000
“e000
.o 000

.o 00000
««00000
ws 00000
-+ 00000
-00000
e 00000
e 00000
~e 00000
-2 00000
s 00000
«e00000

Siacl) vsUnri)
90,000 18,500
90,000 3!
90,000 a9
90,000 Y4
90,000 84
90,000 108
90,000 121
90,000 139 _%00
90,000 157
90,000 175.500

Output for POTGEM Test Case 5 (Concluded).

Figures—90

90_00000
90.00000
90,00000
9000000
90700000
90,00000
90,00000
90,00000
9000000
90,00000
90,00000

Larplel)
,23%
.22
L7680

Q2u

997

979

654

049

IB Y

o8

4,.%0000
22,50000
40,50000
S8 _S0000
76_,50000
94 50000

112 %0000

15056000

148 %0000

106 %0000

180,00000

.
s
-
»
.
s

SPaMg(1)
073



e o »

. s o o »

OB LT INE WIS

T

TIiTyf .

T¢ST CASE 6 ww TWO DIMENSIONAL AIRFOTL

CaRY

LLR 8|

<1, CRVL 1C211,0aPY%6, 0P T inl, PARAMID, , NTABSUY,

vApiz },0,.0,9983622, 0,9935470, 0,9855340, 0,9743373, 0,9600039, 0,9426)
#,9222884, 0.8991708, 0,8734423, 0,84%5310, 6,815003y, 0,7827722, 0,748878
0,7135940, 0,677195), 0,6399556, 0,6021480, 0,5640343, 0,525B6s64, 0,4B7881
0,4503093, 0,4133530, 0,3772072, 0,3420477, 0,3080369, 0,2753196, 0,24402R
0,2142782, 0,1861764, 0,1598156, 0,1352774, 0,1126334, 0,9194654Fu01
n,7326961E=01, 0,566U47b4F=01, 0,H4211732F w01, 0,29T080SF=01, 0,1944131Fa01
5,1133259F«01, 0,53R9590F=02, 0,161378Tt=02, 84,0

VAP28 =0, U356997E=05, =0,23243606=03, =0,9%58B039¢=04, 0,3166141F03, 0,9069R27Ee3
n,1571516F~02, 0,220474Rpe02, 0,2704052F«02, 0,29736S6p«02, 0,2929086Fa02
0,2500009¢=02, 0,1633710F=02, 0,295473TF=03, «0,1%26688F w02, o.0,3B2630iF.02
L0,6576072kml2, «0,973057UF=02, =0,1322808E~01, =0,1699367¢.01, »0,7094]175E=01
L0,24970ULEw0], «0,2900910Ew01, «0,3293188E=01, =0 ,3665068Fa01, «0,40072206=01
.0,43109B83E«01, ~0,4568411Fw0), =0,4772490F=0], =0,4917301¢e01, «0,4997965F 0]
~0,5010R15F=01, «0,4953261F=01, =0,U823973E=0!, =0,46226b4Fu0t, =0,08350132Ea01
L0, B00B2U2F w01, «0,3599B01E=01, =0,3{28479E=01, «,2598772Fa01, «0,2015B871t=01
~0,13B5612F«01, «0,71438B03EmD2, =0,R996113¢«04, 74,0
vEND

NTEGHENTS

-DATA NSEGVTE2,NBPS®{,NBRPVE3g,3n SEND

vy, BC

1DATA SEND

S1 BC

<DATA 10PTag $END

S

:DATA VARZSVE=,5 ¢EnD

S

sDATA VAR2SVE'S SEND

v

EDATA VAR2S5vV=1, $ENN

Vu
FIGURE 7.6~1. Input for POTGEM Test Case 6.
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+DATA VAR25VS0,0 sEND

P aNy
«DATA UNEPSVS’ 9001 €END

STy
«INCrVE ICs1],COPTes, TOPTIR],PApAME0, NTABSUT,
vArle 0,0, 0,5360453:.03, 0,3204324€402, 0,7980466E02, 0,1483292€-01, 0,237257Ft
0,3U61587E=0] . 0,4745365€=01, 0,6218497F<01, 0,787dB76£=0), 6 0,9707928E401
0,1171044E0, 0,138747080, 0,1619247¢0, 0,1865507¢0, 0,2125319¢0, 0,2397717F0
0,2681689¢€0, 0,2976173£0, 0,32B007080, 0,3592237¢0, 0,3941495F0, 0,U236625E0
0,4566361E0, 0,4899412¢0, 0,5234444F0, 0,5570085€0, 0,5904924F0, 0,6237516E0
0,656637350, 0,688997450, 0,7206745%¢0, 0,7515085¢0, 0,7B13352¢0, 0,B099871E0
0,BY72933F0, 0,86308031F0, 0,887172560, 0,9093951t0, 0,9295721F0, 0,9475313k0
0,9631053iE0, 0,9761329€0, 0,985464%E0, 0,9939623E0, 0,9985082r0, 0,10F01
1»,0
VAp2s «0,B996113E-04, 0,7233523Fe02, 0,147520F=01, 0,2238896E=01, 0,3006683¢0)
0,3770793p=01, 0,4523517¢=0t, 0,5257268F=01, 0,596U70Ew01, 0,6638741E=01, 0,72727F=1
V,78o0293E=01, 0,8395720F=01, 0,88737556w01, 0,9289734E=01, 0,9639704re0t
0,9920382E=01, 0,1012926£0, 0,1026458¢0, 0,103254360, 0,1031172F0, 0,1022425¢0
0,1006469E0, 0,9835541F=01, 0,9540266E«01, 0,9183091E~01, 0,8769143¢~01, 0,83043¢k<1
0,7795185F=01, 0,72491§TE=0t, 0,6673938Fe0], 0,6078041E=0t, 0,5070140¢.01
0,U4B59197E=0l, 0,4254199E=01, 0,3664087F=01, 0,3097472E=01, 0,2562474Fa01
0,2066502E=01, 0,1616049E01, 0,1216468¢04, 0,8717481E=02, 0,5844172F =02
0,3553224F=02, 0,1835613¢w02, 0,6646207ce03, «0,4343466E=05, 34,0
VEND

St GMENT
+DATA NSEGV=2 $END

SLAC
+DATA 10PTEB4 END

Vi
1DATA VAR2SVE, SEND

PNy
«DATA SEND

NFT
+DATA 12331 SEND

R~SS :
+DATA EAX1S=20,,0,,1,, PHIX90, S$END

FIGURE 7.6-1. Input for POTGEM Test Case 6 (Cont'd).
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99,

100,
101,
102,
103,

FIGURE 7.6-1.

D=F| AG

i
1
1
|
2 -l
32
0
BLFLAG
t
!
1
1
2 |
0
ol
TIVW
1 -1
070 1.0 0.n
2
{ -l
00 el 0 0.0
0
FINIgH
DATA FL1zls), LOG(12)8T SEND
SIORE
.DATA IDEg sEND
PrINT
1DATA PRINT=182T $EnD
Sinp

Input for POZSEM Test Case 6 (Concluded).
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POTFAN GEUMETRY PROGRAM, VERSION (.3
CSEPESEEBECE " ER S BESESEEEENEFEREEREEERS

TIME = UB,0%/76 07137219

ENTER BAT(H
ARR RS

TEST CASE & o= TwO DIMENSIONAL AIRFOIL

¢CARY

+SHI

+DSEGRENT

+VLRKC

#$SLRC

51

+5U

+VE

s Vi

+P AN}

' LAS!

¥SEGMENT

«SLK

P VI

+P AN

«NF 11

+ROSS

sDBFLAG

+BCRIAG

+UVN

+F INTSH

+STORg :
FILE 6,6MePNC /LIRS HAS BEEN CPENEpn FOR WRITING ON UNTT
CREATION {1#E = 08209778 07837824

CREATIOM OF GeOMEIRY FILE

FIGURE 7.6-2. Output for POTGEM Test Case 6.
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0 0

1.0000000

0

-

TITLE = TEST CASE & we TWO NDIMENSTONAL AIRFOTL
(LNsy ¢ 1+ YF¥F T FFF FFFITFFFF ITFFF
(INTY = { 2 b1 { 6A {
(Ft 1) = 1.0060000 1,0000000

L1290694dF 02 0,
+PRYINT
PRINMIGH! OF GENMETRY BILE DATA

A AL P LA Y PR LY I S 2 A L L2}

TITLF = TH81 rASE & ww 1wU DIMENSTONAL ATHPOIL

CREATION IT = OB, 09/76 arsd7sdn
11

b
(1F UK} = toottitil
(Iny < IS
tLieYy = v Y FTFFFFEFF VFFFF
(I=1) = { P 1 1 Ba 1
(FLT) = 1,0000000 1,0000000
10,9099456 0012910
PANFL Uk:igs pOIMTS
Yy 4 Ke1,4d) Yered)
t 176000000 75000000
2 1,0000000 - 5000000
e ToaT66u0 5000000
e 2 L9u7bn40 50000600
8 TROSUT1TY ‘5600000
¢ % TRESLTLS "o 2000000
4 TRE35655 "%000000
e 4 L BUIBASS »,5000000
105 7920883 "5000000
2% 7920843 «,5000000
16 77411809 T5000000
2 s ‘7411809 «,5000000
t7 "6909R 50 L5000000
2 7 S69091 40 «e5000000

FIGURE 7.6-2.

TF F F

[t} U}

1,0000000

0

Y dd
-~ 0000018

e 0000040

000404

_0007224
-,0019940
« 0019940
-, 0054941
- 0054941

OQutput for

0 0

170000000
0

+

0 4]

1,0000000

0

St14dd
29000000
,4000000
-e3000000
5000000
-e5000000
15000000
- eH000000
,u000000
-«e5000000
15000000
«e5000000
. 5000000
. 5000000
.5000000

POTGEM Test Case 6 (Cont'd).

Figures—95

0

0

n

1,0000000

n

Veted)
1,0000000
1,0000000
RINCIYY
IR YY)
AQ5471S
BY54 718
B4 35655
KU 45655
7920887%
1920887%
7411809
T4 1A0Q
6909830
6909830

1,0000000
0

12,90994%



:6“163?0
"eutres2n
75932633
159326033
5460099
"5u60095
5600000
;suoooon
4854610
Tus5%610
Tay22147
Tny2enur
" 5706796
1106796
" 3308694
T 3308694
f2928932
"2926932
1 PR68552
Tenhs552
TPrPES40
;zzzasao
"19094830
11909830
‘1615294
T1e13294

~,

TouB9448
To340742
10340742
‘0218524

FIGURE 7.6-2.

5000000
«,5000000
©5000000
5000000
" 5000000
«, 5000000
"5000000
-,3000000
15000000
-e5000000
50000600
«.5000000
5000000
5000000
5000000
-, 5000000
15000000
., 9000000
"5000000
“e3000000
25000000
-y 5000000
L5000000
-, 5000000
"5000000
«,%5000000
75000000
5000000
"%5000000
s 5000000
n5000000
-s9000000
"5000000
vs5000000
15000000
5000000
5000000
-y 5000090
©5000000

Output for POTGEM Test Case 6 (Cont'd).

-, 0095825
-, 0095825
“, 0160870
., 0180870
-, 0188400
..0}88006
-, 0236824
., 0236824
-, 0284687
e 02BUKLBT
v 0330509
-10330509
-,0373020
«, 0373020
e 0411048
. 04110348
., 0483496
-y, DU4G3U96
-y 06469453
- 04680358
- QURBY22
e  0CABL22
-,0“9886“
-, 049RB6Y
-, 0501200
.y 0501200
wy 04IU4BOY
-, NUSGBOY
- 0U79u98
v 0479498
. 0455272
e, 0455272
- 0422252
« 0422252
-o 0380716
-, 0380716
~, 0331078
-we 0331078
-y 0273888

Figures-96

25000000
5000000
5000000
5000000
»e 9000000
,5000000
2000000
L5000000
5000000
15000000
5000000
L5%000000
5000000
,5000000
5000000
L 5000000
e5000000
5000000
*eH000000
L5000000
«.5000000
9000000
5000000
,a000000
e 5000600
9000000
ws5000000
,5000000
«e$000000
5000000
.e5000000
.5000000
«e5000000
.5000000
«s5000000
L5000000
e 5000000
,5000000
5000000

,6ut6820
L6u16320
,5932633
5932633
" 546009%
S46009%
4000000
5000000
T us853mt0
4553610
d12e147
4122147
1706794

2568552
2228540
222854890
. 1909830
L1909K50
L1613294
618294
L133974e
,133974de
L10R9935
L10H993%
L08645a%
L0B6USUS
0664196
LN664198
LD4BI43s
L,0489435
,034074d2
0340742
0218524



V—‘\I“!\)—"\,-"\)-—’\J‘N-‘ﬂ;—‘f\«"’\)*"\a*‘\i“'\i"'\l—'ﬂ:—f\l"‘f\!""\;"'\l"‘?\l

R ALY
"0123117

0123147
70054781
10054781
0013705
on1s70h
"0000000
«,0000000
"NOt3705
0015705
T00S47A1
TpoSuTBY
0123117
RICEIRN
"pa18s24
Tn218%54
0340742
TOY4QTUp
T 0a89u 85
T ouR9Y 35
"nebunt9e
Lhebid1Ye
T nakusds
L 0864545
T10R9935
1089935

72568552
" 2568552
’2928932
72928932

FIGURE 7.6-2.

-, 5000000
"5000000
-, 5000000
5000000
*e5000000
"S000000
»ea5000000
"5000000
. 5000000
"5000000
- 5000000
5000000
v 5000000
"5000000
ee,5000000
"5000000
., 5000000
'30060000
-, 5000000
"5000000
e 3000000
5000000
-, 3000000
5000000
., 5000000
"3000000
5000000
5000000
«a 5000000
"5000000
3000000
"5000000
«.5000000
"5000000
«35000000
‘5000000
e 9000000
"8000000
5000000

Output for POTGEM Test

0275888
- 0209823
-402098273
-y 0139739
- 0139739
-y D065901%
-, 0065903
-, 0000900
«,0000900
L0103631
,010363)
LD1R79%7
L 0187987
,027%021
.0275021
03623489
L03h2389
RELLLY T
L 0448944
LN538440
L0538440
L061n76¢
0614761
0891782
0691782
0763404

0828568
L,0886261
.088p261
0935547
,0935547
' 0975582
L0975582
1008574
,1005574
1024818
1024848

Figures—97

L5000000
»e5000000
5000000
5000000
«e5000000
,5000000
5000000
2000000
«e5000000
.5000000
«e5000000
15000000
«e5000000
9000000
5000000
5000000
~e5000000
"5000000
=+5000000
,5000000
«s5000000
.h000000
- 5000000
© 5000000
*s5000000
5000000
«25000000
“So0no0000
»s5000000
'5000000
5000000
15000000
5000100
.5000000
we5000000
"5000000
«,5000000
5000000

Case 6 (Cont'd).

,0218524
L0123117
0123117
,0054781
L005u781
L0015705%
L001370%
0,
0

.

L0013705
L001370%
,005u78y
L005a781
ay28117
ngedyt7
02185924
0218524
0340742
0340742
04RSS4 S
0UBIGIS
n66d19s
0664196
NB6454S
0864545
,1089935%
11089934
1339746
,1339746
L1813294
,1813294
L 1909880
L1909R30
,2228%40
L 2228540
,2568552
T 2568552
,2928932
,2928932



UNTT VECTIRSE ALUNG WAKE

e R

N Y e N e N N A e R e T e N\ e N e (N e N e T e N e Y e

N e e

" 3308694
71308694
"3706796
11706796
"ugeetd’
Tuy2etdl
" 4553610
;05536i0
*5000000
‘5000000
75u60095
"546009%
75932633
"593265%
T 6416320
Tbu16320
" 6Y09R 40
T69N9R30
T7a11809
"7411809
T 7920R83%
“7920883
"RU15655
_BU3I5ASS
TH9S4718
TRQSUTIS
Touvr6640
LBu76640
170000000
120000000

VWX Ty d)

v

O OOO

PNy ey

FIGURE 7.6-2.

" 5000000
-y5000000
"5000000
vs5000000
5000000
e 5000000
5000000
5000000
5000000
5000000
'5000000
5000000
"%000000
w,5000000
"5000000
., 5000000
"5000000
e 5000000
5000000
-,5000000
5000000
», 5000000
5000000
»eS5000000
" 5000000
=y5000000
"%000000
5000000
"5000000
«s5000000

ELEMENTS
UVWYr1,d)

170000000

«1,0000000

170000000

«1,0000000

170000000

1032724
1032724
1028882
1028852
,1012867
“1012867
0984561
09845641
0943913
,0943913
L0891073
0891073
“oBP6363
0826363
0750329
0750329
0663751t
0663791
0567657

L0567687

L0463U06

}006300&

"0352702

.03%2702

L0237741

,0237741

,01213%2
L0121382
-, 0000043
v, 0000043

o & sy

.- : 8 ®

’

-

UvwZrt,d)

DOoOO0CO0O

Qutput for POTGEM Test

Figures—-98

«:5000000
.5000000
5000000
,5000000
v, 5000000
L5000000
*e5000000
15000000
e 5000000
75000000
ws 5000000
15000000
2000000
.5000000
5000000
"5000000
»s5000000
,5000000
5900000
L5000000
*s5000000
15000000
e000000
.5000000
5000000
,5000000
5000000
15000000
5000000
15000000

Case 6 (Cont'd).

3308694
. 3308694
,3700796
1706796
L 4122147
Luy2endy
, 4853610
L4553610
‘5000000
5000000
546009%
S46009%
59312633
5032633
6416320
6416320
' H909A 30
“ 6909830
la11809
7411809
. 192088%
7920883
RU4S65%
K4 39659
#95471%
4954718
9476640
9476640
0000000
0000000

1
1



2 3 0 *1,0000000 0,

1 4 o) 1,0000000 0,

2 4 ol -1,0000000 0,

ts 0’ 170000000 0,

2 5 0’ «1,0000000 0,

5 o 16 0, 170000000 0,

: Eg 2 e 0, «},0000000 0,

R ) 17 9, 1,0000000 0,
5; 2 7 0’ =1,0000000 0,

! LB 0’ 170000000 0,

fz 2 B 0, -l,0000000 0,
2. 1 9 0 170000000 o,
Cj;;' 2 9 0, «1,0000000 0,
§§'§> 110 0 170000000 0"
e 2 1o 0, «1,0000000 0,
— 11 4 1,0000000 0,
% o 2 11 0, «1,0000000 0,
1 12 0 10000000 0,

2 12 o, «1,0000000 0,

t 13 0 170000000 0,

2 13 o «1,0000000 0,

1.ta 0’ 120000000 0,

2 14 0 «1,0000000 0,

1 1S 0’ 10000000 0,

218 0, »i,0000000 o,

1 16 0" 1,0000000 0,

2 16 0, «1,0000000 0,

117 o’ 170000000 0,

2 17 0 -1,0000000 0,

1 1é 0 170000000 0,

e 14 o .1,0000000 0,

1 19 0’ 1.0000000 0,

2 19 0 «1,0000000 0,

1 20 n’ 10000000 0,

2 20 0 -1,0000000 0,

1 Pt 0’ 170000000 0,

e Pt 0, «1,0000000 ",

122 M 1.6000000 0,

2 22 0 «1,0000000 0,

FIGURE 7.6~2. Output for POTGEM Test Case 6 (Cont'd).
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t 23 o 1,0000000 0,
2 23 ol «1,0000000 0,
1 24 0’ 1.0000000 0,
2 24 0’ «1,0000000 0,
1 2% 0’ 170000000 0,
2 2% 0, «1,0000000 0,
1 26 o 170000000 0,
2 26 0 «1,0000000 0,
1 27 o 170000000 0,
2 27 0. -1,0000000 0,
1 24 0’ 1.0000000 0,
2 2a 0, »1,0000000 0,
1 29 M 170000000 0
2 29 0, .l,ooooooo n,
1 3¢ o 170000000 0,
2 30 0 «1,0000000 0,
1 34 0 170000000 0,
2 3 0] «1,0000000 0,
1 32 0 1’ 0000000 0,
212 o; «1,0000000 0,
1 3% 0’ 170000000 0,
2 3% 0 1,0000000 0,
1 34 0’ 170000000 0,
? 34 ol «1,0000000 0,
t 35 o' 10000000 0,
? 35 o' «1,0000000 0,
1 3% 0" 170000000 0,
? 36 9, .1,0000000 0,
1 57 0] 1,0000000 o,
2 37 0, «1,0000000 0
1 48 0’ 170000000 0,
2 38 0 «1,0000000 0,
1t 39 0 170000000 0,
2 19 0 «1,0000000 0,
1 4g 0’ 1,0000000 0,
P 4o 0, -1,0000000 0,
1 41 0’ 1.,0000000 0,
2 uy ol =1,0000000 0,
1 42 0’ 176000000 0,

FIGURE 7.6-2. Output for POTGEM Test Case 6 (Cont'd).
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2 42 0 *1,0000000 0,
1 4 0 170000000 0,
2 43 0, «1,0000000 0,
t 44 o’ 170000000 0,
e uu 0’ «1,0000000 0,
148 0’ 170000000 0,
A 48 o, -1,0000000 0,
1 46 0’ 170000000 0
2 de 0 «1,0000000 0,
(Y 0! 170000000 0,
2 47 0 -1,0000000 o,
1 48 0" 170000000 0,
e 4R 0" at,0000000 0,
1 49 0 170000000 0,
29 0 «1,0000000 0,
1 o n’ 170000000 0,
2 50 0, -1,0000000 0,
151 M 1,0000000 0,
2 5t 0, «1,0000000 0,
152 07 170000000 0,
EELY 0 «1,0000000 0,
1 5% o 170000000 o,
2 53 07 =1,0000000 0,
1 54 0" 170000000 0
d ona 0f «1,0000000 0,
1 8% ol 170000000 0,
2 59 0. =1,0000000 0,
! %e 0" 170000000 o,
2 S6 ol «1,0000000 0,
1 87 0 170000000 o0,
2wy N *1,0000000 0,
1 SR 0’ 170000000 0,
2. 58 07 »1,0000000 0.
1 59 0" 170000000 0
? 89 0, «1,0000000 0,
1 &0 o' 170000000 0
2 69 0" .1,0000000 o,
1 k1 0’ 170000000 0,
2 hy 0, «1,0000000 0,

FIGURE 7.6-2. Output for POTGEM Test Case 6 (Cont'd).
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BOUNDARY (ONDITION FLAGS

P J BLFLAGtL,I)
t 1 1
1 2 n
1 3 d
1 4 n
1 S ]
t 6 n
1 7 IS
1 8 n
t 9 n
1 1o n
11t t
1 12 b
113 n
1 14 o
1 1% 8
1 16 1]
1 17 o
1 18 n
119 ¢
1 20 n
t 24 n
1 22 g
1 2% f
1 24 i
1 2% n
1 26 n
t 27 n
1 .28 n
1 29 I
! 3¢ n
1 3 )
1 32 )
{1 33 ]
1 34 o
1 35 o

FIGURE 7.6-2. Output for POTGEM Test Case 6 (Cont'd).
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P b B el e ek i b N i wA e A B B e D mh e s

ag

6

= 332D 2

== B [ S B |

)

25 D

POURLET SINGUY

1

I e B b ek s —h —A s

FIGURE 7.6-2. Output for POTGEM Test Case 6 (Cont'd).
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1

1 12 12
1 13 32
1 td 32
115 37
1 146 s
t 7 3
1 18 3>
1 1” L)
1 20 32
t 2% 52
{22 L%
t 24 32
1 24 3>
1?5 b ¥4
1 24 3>
t 27 32
1 2R 32
{29 32
1 3 37
13 LF
1 32 3
t 33 3>
1 34 3>
189 LFS
1t %6 3,
1 37 3
1 36 L3
t 39 3;
Vv dp 32
t o4y 32
t dg 32
|1 43 3>
t 44 3
§ o 4h 3»
1 46 3>
47 3»
1 44 3,
{ 49 3z

' FIGURE 7.6-2. Output for POTGEM Test Case 6 (Cont'd).
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- s b it el b Sl —h b .

5¢
St
52
5%
54
5%
56

58
59

60

SOURCE SINGLLARLITY FLAGS

I

J

SbFlAL(I,J)

UNAyALL 28I E

HOUNDARY COnDITION PQINTS

VD beh 4B g G R ek G M bt S pmn el SR fob gvh b pm et

e -
N T EXBNDT AW -,

13

RC (T d)
Ta738230
9215409
"BeU4T3H
RIRALTL

7665546

71599846

L6661931

;617316Q

'5694889

;52?8012

"4775014

T4335938

3912386

;5505519

"3y16454

}?70bPSb
2395940

T2066u67?

AL

FIGURE 7.6-2.

YuCrl,Jd)
e, 0000000
-,0000000
«s 0000000
e, 0000000
-, 0000000
v,0000000
.o 0000000
-, 0000000
-, 0000000
»weo 0000000
e 00G3000
e, 0000000
-, 0000000
»,0000000
«, 0000000
«, 0000000
»,0000000
«, 0000000

Output for POTGEM Test Case 6 (Cont'd).

28C(1,J)
0009325
,0027174h
.002892%
,00172718
-, 0005264
vy 0036593
v 0074741
we 0117944
e 01644841
ao0212593
.; 0260905
w, 0507920
e 0352263
. 0392678
-, 0428037
v, 045734}
., 0479736
., 0494512

Figures-105

Sulcled)
0

DODOOCDCODTDODOOCOCOCDDOD

» s " e s e "B R ‘s B R ‘e ‘s ‘s ‘@

Vplrl,d)
JIT38230
., 3215449
LB69473H
H1TT844
L7665546
7159845
666193}
6173165
5694809
s228412
ayl?%0t14
433%93R
4912386
3505519
IR LY
,21462506
,239%940
2066467



Pl et il i e VR VA b b et (h pah B b ab A bt b e bl ek bh e TR e e e MR ek ren e et el e e b aeb ek b

L1758738 «,0000000 « 0501103 o, ,1758738
T1473598 s 0000000 -, 0699105 0, L14758594
1211829 ve 0000000 ., 0UBA2KS 0, L1211829
To9T4147 -, 0000000 -, NUBBHBY 0, ,0974147
"076120% .., 0000000 ~y 0439840 o, L0761209
L 0873585 »o 00060000 »e BUD2524 0, LU5T73585
L0u1189% «, 0000000 .. N356888 0, Lut1egy
T0276301 .l 0000000 ~s 0303403 0, L0276301
T01aTASY -, 0000000 e 0242682 0, Lorelust
0085551 - 0000000 . 175068 0., L00A5551
“Too30827 ~s 0000000 -eN1023K3 0 J0080K27
L0n0su2? «. 0000000 e 0033004 o, L0003427
T0005027 -, 0000000 L0057645 0 L0003427
L0030827 », 0000000 ,0145037 0, L0030827
L D0RSSS) 40060000 L0Ne31338 0, LO00B5551
T01674%) =,0000000 L031R701 0, JNtelasy
Lheresot -, 0000000 L0405H2Y 0, ,0276301
TO0U11R0Y *, 0000000 L0u91544 o, LO81180%
T D573558% -, 0000000 L 0574586 o, 0873585
0761205 « 0000000 LN8538K99 0, L0Th120%
Touldry’ , 0000000 07108338 0, LherdLay
T1ettAes -, 0000000 L0796440 o, 1211429
21673598 =, 0000000 L0858393 o, L1u73598
REALYAY: ., 0000000 .0912015 0, 1758738
Tapbbus? «, 0000000 . 0950794 0, ,2066a67
L719%940 =, 0000000 L0391R82 o, L 2395940
LPTHB256 . 0000000 L1G1e56% 0, LPTUb2%e
L31ea54 0000000 L1080215 0, L31164%d
3505519 «, 0000000 1632295 0, . 3505519
S 39118n «, 0000000 J1022391 0, L 3912486
T4335934 0000000 1000253 0, L433593K
T4775%014 w,000000¢ . 0965777 e, LATT5014
1522R412 «, 0000000 0919003 0, Jhededyp
5694889 «. 0000000 0860171 0, L9694BEY
TH17316% «, 0000000 L07R971B 0, L6173165
Tob61931 -, 0000000 L070830¢2 o, bb61931
T795%846 -, 0000000 RILEL o; ,115984n
‘7665546 =, 2000000 ,0516050 0, 1665546
L81776ud «s 0000000 L040RTI6 0. LB177644

FIGURE 7.6~2. Output for POTGEM Test Case 6 (Cont'd).
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o
Y
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08 b

AT
!

&
&7 if

i
1

!

1

it ol b B ek i boA N feh b ok b e it g bk b A man bt b ok vk b B ph ad e aam

5H
59

a0

DX NP U D e e

T BRGuT3Y
9215409
A ALFRT

GNIT NORM.[ N AND AREBAS
thNx e,y

-, 0gaRAD
-,0181037
S0103192
"n3dTLT4
' 0556652
0634050

1nbbL0A
Typsaled
1020906
T 09%P280
ToRNi6L0
NTARATA
ELLEN
EEEEET)
Ta079479
-, 0235629
- 0611661
-, 10aBRO2
. 16257177
=, 2310075
., 3104676
- 4239519
«, 5579041
=, 71567414
-, B801617
-, 975891499
»,993365%9

- RGIUUSY

FIGURE 7.6-2.

-, 0000000
«a 0000000
., 0000000

ilNV[Y'J)
T0000000
T 0000000
0000000
- 0000000
», 0000000
- 0000000
. 0000600
0000000
ey, Q00EC00
-, 0000000
s 0000000
s 0000000
-, 0000000
«3 0000000
o 0000000
», 0060000
-, 0000000
» 0000000
‘», 0000000
0000000
L0000000
T0000000
LGo00000
S0000000
50000000
00000nD
~boooone
0000000
0000070
0000000
0000000
0000000

#

.
¢

A

T D295594
T0179%21
L0063540

Uhirt,d)
-y 9987648
- I99H3H 1
.y 9999468
v, 9998314
- 9985590
.y 99TSBHT
-, 9965607
.y 9956695
«,994989%
- 99US5223
v,99U29h%
-, 3943784
.y 9997741
-, 9954555
IR EET2
., 9974235
a,QQHHQGB
- 9994305
~,999968%
. 9997271
g 3981275
., 9942709
. 9866957
. 3729520
-, 9486033
- 9056847
., 3299061
., 0973391
- dTd46740
w 2044085

T1119966
LU370333

Figures—107

AT T

[ 3=}

‘)ﬂ(l'J}
L 0523759
,0%22011
,L0519087
09150686
L0509798
L1503%198
L0495200
L04887R0
0474924
L 0862636
,NUuK949
L 0433BHY
L0a1752)
L0399913
L0348 14e
L0%01314
L034p%e3
L 031889}
0296545
L0275023
L 0250280
L LY
L02030353
L0179829
0156759
01549737
,0118921
L0097885
L0084495
,006644¢
LB10542%
0091798

Output for POTGEM Test Case 6 (Cont'd).

L B69UT SH
L9215:29
La738240



33 -, 7871473 T 0000600 L6167651 L0110679

t
1 34 -, 675351k ,0000000 7374959 ,01293%67
1 35 -, 5781320 50000000 LB159u32 ,014976%
1 36 ., 4946046 ,0000000 B691181 RIRALEY
137 -, 4223109 ,0000000 19064510 LU1927585
1 38 -, 35R894 ] ,0000000 T93337s17 0214644
119 -, 3024825 ,0000000 19534549 L0236496
t 4o -, P524421 ,0000000 9676124 L02%8170
1 41 -, 2060644 0000000 S9TBu119 0279566
1 a2 . 1HU2BSA 70000000 L 9864128 L0500604
1 43 -, 1207512 ;ooooooo .9921881 L0%etets
1 ad ., ORTHTHA , 0000000 V9961491 L054333y
L 65 -, 05356H9 0000000 L 9985749 0360894
1 ue - 0210111 L0000000 19997793 0379844
1 oay LY R - 0089000 .9999515 L0398121
1 44 L n386q19 = 0000000 L999250u4 Lnd19e6s9
1 49 T0aS4306 . 0000600 .9978571 T043219¢
1 50 T 0906315 », 0000002 , 3958845 LELTAY
t Gt ‘1141710 -, 0000000 L9346 L0483119
1 a2 L 1356987 “, 01000000 ,9907%04 0476949
1S3 11853221 «e0000000 .9878639 0489627
1 84 L i728R4; .. 0000000 LY LT Y L0501046
1 55 T 1RBORT? «,0000000 9821562 L, 0511095
1 86 2007935 »,0000000 .919613344 L0519838
t 57 TP1043%0 0000000 9776079 T 0526541
1 S8 " P1b4ebuy « 0000000 LATheE0! 0531634
159 L2179224 «, 0000000 19759660 RELELE
1 ko I ETLEY e 0000600 L9765517 T058725%

NMIOP VE( TrEn
[N NIOPX¢1,J) NTOPY 1,4) HTOP7(1,J)

UNAVAILSBLE

NROY VELToRA
I J M, ﬂH(I,J) NNOTY{[,J) N;.{(}T]("‘])

FIGURE 7.6-2. Output for POTGEM Test Case 6 (Cont'd).
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NAVATL AR B

VELOLITY +{uNG NTOP VEPTORS
TJd utobt,Jd)

RAVATL AHLE

VELOCITY LUNG NBUT VECTORS
I d nmnTel, J)

PNAVAYL AP

CORNER FOINIS ALUNG VL adbh vH EDGES

1 XL (1) Yvic o) TVLe e )
1 1'000n0 ,50000 - 00000
4 1'00000 s S0000 ~. 00000

BOUNEARY #0.NTS. ALONG VL aARD VU EDRES
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1 1700000 L0000 =e00000
2 "qalen Lh0000 ,00204
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4 ‘Bu3S? 50000 ,007ub
) "1v209 .50000 ,00072
6 TINLYR ,50000 ~e 00199
7 ‘649098 50000 ., 00549
8 - LR 50000 -y 009GE
9 ’545%6 50000 .o 01469
10 EILIR L,506000 -, 01R80
11 ‘50000 L50000 - 02368

SVieeld
-y 0000
20000

VL R(
170
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. 20000
-e50000
-e%50000
«e00000
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1,00000
1760000
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Qutput for POTGEM Test Case 6 (Cont'd).
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«.50000
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Output for POTGEM Test Case 6 (Cont'd).
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Output for POTGEM Test Case 6 (Cont'd).

,09439
08911
,08204
,07/505%
L0638
L0567
Jue3d
03527
02377
L01214d
.00000

VsipelI)
974
9g2

x X
-
x B

Tn?
716

> Q
- O
~ >

569
523
“u7R

s A W ® % 3 m w®WB ® ®

=
L
[~

391
351
12
21
240
207
176
147
et

[= I ]
~ 0
o ~

057

CORDY D)
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000

.50000
5460}
59326
 bdlel
,69098
JTJu118
. 19209
haisy
LB9547
94706
00000

1

SPaNg(])
0%2



25 ‘ 0dt

26 ‘o028
27 ‘017
28 ' Qu9
29 ‘003
30 000
31 o000
32 on3
33 “ou9
34 ‘o017
35 "0s8
36 "ouy
37 f o047
36 ‘ole
39 097
an 121
41 "{a?
4e R
43 ‘207
ya {aqo
us o5
4o 312
a7 "5
48 ‘3ny
49 4y
50 ‘478
51 563
52 '5+9
53 w11
54 T&¢6
55 e
56 147
57 *818
58 "ang
59 ‘922
60 974

.500

oI
<
2

<590

SN Nn
cCoOo o e
QDO Q

509

n
<
>

500
500

JUn
o
>0

S00

7
(-4

S
<
o

500
hoo

s % 8 s & » 3 ®

o
<
>

500

I I T S S Y
NAAFRT D
QODODD

i

1500

.
o

»
igt dnan
oo
DOODO

500
500
500

«100
097
092
. 086
.079
071
062
. 052
041
. 030
«N18
2006

.,500
-,"00
-y500
- 500
-, S00
-yv00
»e900
s 500
e300

-.500 .

., 500
«,500
. 500
<. 500
«,500
.e500
-.500
-.500
-,‘500
-y 500
-, 500
w500
-y 500
-.‘500
-, 900
.00
..SOO
.,500
«.500
"0500
., 500
- 500
-,500
- 500
«500
-,‘500

FORCE SENSING LOCATIONS IN Ni.DIRELYION

FIGURE 7.6-2.

04t

[~ N~~~
OO O =-N
w0~

,000
003
009

L )

974

.y 500
«eS00
«e500
«,500
-, 500
« 500
-, 500
- 500
~e500
..'500
500
«y500
o500
«y500
. D00
«y 500
.e500
»e500
«,500
« 500
500
«.500
500
«e500
e300
. 500
500
.y 500
-yB00
«e500
.e900
.. $00
«,500
- b00

- 036
-4030
-4024
-e018
«s010

,049

L1102
,100
L097
092
086
019
074
062
052
Lout
030
018
.006

.500

©500
500

500
S00
500
500
500
500

500
1500

Output for POTGEM Test Case 6 (Concluded).
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Oblique View of POTGEM Test Case 6.

FIGURE 7.6-3(b).
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(31.611, 35.107)
{24.557, 15.479)

(36.411, 35.107)

FIGURE 7.7-1. Planform of Test Case 7.
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T
TrTLE
TESY CASE 7 .- THIN WING WITH TWIST, CAMBER AND DIHEORAL
C+RY )
THE NEXT 2 COMMANDS CAUSE TyuE aX18 TO COINCIDE Wity THE TRAILING EDGE
Sk1y
+INCRVY 1C®2 NTAB=3 VAR1(1)®0,, 15,479,35 107,
VAR2(1)2=19,4025,+24,567,234,411,C0PT2t SEND
So11
s INCRV]! 1C83,VAR2(1120,,3,86975,8,77675 ¢END
THE NEXT (OMM.ND DEFINES THE TWIST ABOUT THE TRAILING EDGE
As pHY ® »,0097363a5442 (DEG,)
SKT1
=INCRV] ICm4 COPTxw2 PARAM(2)s0, NTABS3 VARI(1)%0,,0,,#,0097563 gEND
THE NEXT & COMMANDS CAUSE THE TWIST AXIS TO BE THE XaaXIS
SRI’
+INCRVL 1C3%,COPT=1,NTABRY,VAR2(1)s1, sEND
k14
sINCRVY 1Cs=6,COPT20 SEND
THE NEXT éDHHAND CAUSES YPSCalL 70 EQUAL THE LOCAL CHORD)
S:. 1y
. INCRV]Y 1C=8,COPTxy, NTABSS,VARL1(1)80,,15,479,35,107,
VAR2(11%19,6025,10.619U19,4,8 SEND
TuE NEXT 4 COMMANDS DEFINE TWE 4 CROSS SECTIONS
Sy
«INCRVY JCx1) COPTmo, SCSx0, &FND
Sk’f’
«INCRV] 1C%12,505215,479,C0PTEe2,PARAM(2)80,,NTABES,
VARY (1)30,,10,619419,+10,619419 ¢END
THE AFFINE TRANSFORMATION CAPABILITY WILL RE USED IN THE NFXT
COMMAND TO AVOID HAND MULTIPLYING THE 2/C VALUES BY q24C
AND TO AVOID TRANSFORMING THE INDEPENDENT VARJABLE T0 V BY HAND,
AFTRAN(4)293,558962124C
Se 1y
«INCRVY IC®13,5C5225,0,C0PTx6, PARAMZO, NTABE]S,
VARY (1)2%,02000rs02000M40000000800100e1200185015,916,418,,20,,2025,1,,

FIGURE 7.7-2. Input for POTGEM Test Case 7.
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VAR2(1)%=,0067692,0,,,0054767, ,0097886,,0130632
0179405, ,018%428,,0183864,,0183463, ,01

0176119,0,,

AFFINEwT, AF TRANsel,,0,,0,,93,55896,1,,0, SEND

CLAS!

{INCRVY 1CE{d4,SCSx35 107 AFTRAN(G)ET2, PCFINLET SEND
> SPANWISE SEGMENTS WiLL wE USED
INBOARD SEGMENT AND o PANELS IN THE GUTROARD SEGMENT'
RE 5 CHORDWISE PANELS SET BACK 1,4 PANEL FROM LEADING EDGE’

NEERMENTS

sDATA NSEGST=p,NHPSRT,9,NBPVES ¢END

viLae

+DATA $END
SLBC

+DATA J0OPTsy <END
S

“DATA INPTSVan SEND
su

+DATA InPTSVEY,NTABSVEL,VAR2SV(1)215,479 sEnD
THE VL ¢8) rURVE DEFINED RY THE FOLLOWING COMMaND WILL BE
SATISFACTORY FOR THE ND SEGMENT 4L$0

v
EﬂATA VAR2SV(1y=t, $END
Vi
TDATA IaPTSVEn SEND
PANE
*DATA $SFND
SpGMFNT
sDATA NgEGss2 SEND
VLHC ,
sDATA InPYay ¢END
su
“DATA INPTSVEy,VAR2SVE3S 107 END
PAN
+DATA SEND

THE FOLLOWING COMMAND ELIMINATES THE NULL ROW OF P,LNELS

FIGURE 7.7-2. TInput for POTGEM Test Case 7 (Cont'd).
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,015428%,,0170115,
0785,,0176670,

THERE WILL BE 7 PANELS IN THE
THERE wWILL



73, RETWEEN THE ST AND 2ND SEGMENTS

74, NFT2

15, +DATA Tym8 sEND
76, R~-S§

77, +DATA EAXIS(1)m0,,0,,1,,PHIn90, SEND
78, nEFL

79, 1 -l

80, TR

81, 2

82, 1 16
83, 5 5

84, 6

8S, 16 16

86, 4 4

87, 4

88, 16 16

89, 5 5

90, 12

91, 0

92, FINIgH

93, «DATA FLT(5)81,,0,,,176326981 ¢END
94, STORE

95, ~DATA 1Dm7 sEND
9%, PRINT

97, «RATA SEND

98, STOP

FIGURE 7.7-2. Input for POTGEM Test Case 7 (Concluded).
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POTFAN CELMETRY PROGRAa% - VFRSTON 13
S2E3CETSCEIETISESENEESITESTEENSTIRETITE

TIME = QB 0%/7h RARLIRYS

ENTER Halrw
sTITLS

d |0
OIF0

TEST (ASE 7 o THIN winG WITH TWIST, CaMpbRr AND DIHEDFAL

B W00
aVNE

+C ALY y

‘ THL CF«T » CUOMMANDS CAtdSE THE aX1S TD COINCIDF wITH THE TRaATLING EDGE CﬁEg
+5R1Y Zm
+SHI1 ,Edm
' THE wEXT COMMab DEFINES THE Tw18T ABOUT THE TRAJILING EPGF e
’ AS Pel # w 0U07%6%%St%z  (NEG,} ‘&g
PSR

) THE 2 BT 2 LUMHANDS CaUSk THE Trp8§1 X115 T0O BE Idk XetX$
¢Sk )

+5#711

v THE BT COMMAND CAUSES YPSCa| TO EaUsl THE | BCap LHORD,

IS LE3!

P Tt SFAT o COMMANGS DEFINF THE » FNSS SErTTONS

+8R Ty

+8R71}

+ THE  AFFpnk TRANSFORMATION CAPARTLTTY @y PE USED jn THE NEXT

+ [0AMNS YO AT HAND MOLTIPLYING THE 2/C VALUES BY {24L

+ AMD R AVOID IRANSEORMING THE INOGEPENDEMT VARTABLE TO V HY N

& Ap TRANEEYRDE 558921 2a

+5ky1

5T

(VAR S fAp1u)y Vabrs,1d)) =

b, 0P004500 -, 4873624 170000000 0’ LI100000 39u3224 L9e00000
LRGo0u0n ,9408504 " 9200000 121108376 L9000¢00 1,2248280 " 8800000

FIGURE 7.7-3. Output for POTGEM Test Case 7.
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8600000 1.3200816 8500000 1,3258208 8400000 t,3209336

‘8000000 1, 2720240 " 1975000 1 2680568 0 0,
+ 2 SPana1SE SEGMENTS WILL pE USED, THERE WILL HBE 7 PANELS IN THE
+ INBOAKRD SEGMENT AND o PANELS IN THE QUTROARD SEGMENT, THEKE wItL
+ RE 5 [ ORDWISF PantL d SEY BACKk t,4 PANEL FROM LEADING EDGE,
+DSEGMENT
s VLEC
+SLEr
+51L
+SU
+ The Vi r8y pUlkVE DEFINED uY THE FOLLDWING COMMAND “ILL HE
N SATIGF,CTORY FUR THE 2ND. SEGMENT A0S0
VL
+ Vil
PAN)
+SEGMENT
VLKL
+SU
AN
+ THE PO LOWING COMMaNRD pLIMINATES THe NULL KOW OF PaMpls
4 KETWEEN THE 1ST ANU 2ND SEGMENTS
+NBT
+ROSS
¢DSFIL
+FINISH
+ STk
FILy 7,LM=PaC/L LIRS HAS- BEEN OPpNpy FUR WRITING ON UNIT
CREATIUN IIrF 2 0B/09/76 071385 2n

CREATION UF GRLOMETRY FTig

.---@.-.--..-.----...----
TITLE = TEST CASE 7 « TwIN WING WITw TWIST, CAMBER AND NDInkDRaL

t ¢+ FFYFFFFPFFFFFFFTFFF

(LOG) =
CINT) 3 ¢ $7 [ 16 9 0 0 0 g 0 0 Y 0
(FLT) = 4o1’ 4904p 35,106999 107918957 35,106999 L9B4BATTS 0,

FIGURE 7.7-3. Output for POTGEM Test Case 7 (Cont'd).
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W PR2UN2299F w0y 0 o o,
PRINT

PRINTOUT GF GpOMETRY FILE Dala
LA dA A A L L A A LT YT 2 L 2t Xl 1T

TITLE = TFST rASE 7 « YHTIN WING WITH TWIST, CaMHER AND DIHEDKAL

CREATION TI%E = DB/ 09/76

D71381p0
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FIGURE 7.7-4(b). Front View of POTGEM Test Case 7.
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FIGURE 7.7-4(c).
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Side View of POTGEM Test Case 7.
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