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Pages i, 1, 24, and 25
The SCOPE operating system is SCOPE 2.1.3 not 3.4.4

Page 4, Eguation 1 should read:
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Page 7, line 18 should be corrected to read:
«ess.hovwever, a rectangular grid could not....

"Page 10 lines 3 and 4 should read:

sseeconsist of 5 rows and 4 columns, while the lower one
has 5 columns and 4 rows.

lines 12 and 13, "increasive" should read "increasing"

Page 11, Figure 1.6
Interchange "Row" and "Column®.

Page 12, line 7 should read:
».sepoints of the coarser....

line 18 should read:
.»sowhich are not corner control pointS....

Page 18, equation 2 should read:

cuﬁhf1+TU-%+nu%

+CL'{'G:'1=T{)+TE'°"\?1+DL¢E=BET _ {2)

line 11 should read:
lﬂlwhile E is the..‘.

Page 19, line 13 should read:
g = (EU—EI.)'F

Page 20, line 2 should read:
«s+.all panels lie within the Mach cone cens

10. Page 31, lines 8, 10, and 12
"7-1" should read "I=1"
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12.

131‘

14.

15.

le6.

17.

18.

.19.

o S
Page 32, line 6 should be corrected to read:
peoint L are (ZM{l,%L), 2ZM(2,L), ZM(3,L))

Page 35, line 13 should read
oss«1f NROPT=1, the uUSer ...

1ine 17 should read:
[ BN 3% ) lThus ' if N-ACASE 21' L - |

Page 36, line 8 should be corrected to read:
SUBROUTINE CCOF (CU, CL, T4, TL, DU, DL, NCT, NBIN)

line 11 should be corrected to read:
SUBROUTINE CBET (BET, NBIN)

line 15 should be corrected to reads
-onuBETA (B)_roc.-

delete lines 25 and 26:
and the other quantities have been described previously.

Page 39, common block in Figure 2.2 should be identiecal to
common block on Fig. 2,10

Page 43, line 24 should read:
esesthat wake networks oniyv....

Page 50, Comment: It was not necessary to reset the
composite boundary conditions for the wake networks. The
edge matching procedure will override these boundary
conditions for the wake networks and apply the correct
conditions.

Page 5%, the description of NLOBT=9 ghould read:
leference between upper and lower surface perturbation
potential...

Page 55, the velocity parameters “v" are vector guantities
" V“

4

Page 58, line 1 should be corrected to read:

" asesestche 51de abut nothlng....,

llne 3 should be corrected to read:
+«.+apply to network gorner control points.)

line 9 add the following sentences
The edge matching indicator is further explained in the

| program Scurce code.

20.

:ead:

Page 60 ISentropic pressure coefficient eguation should

Cp.= -2 {{1+ Igl-ﬁi(2u4-ﬁ’ + vt Wz)]?EI‘~ 1} (isentropic)
YH? e -

Page 2 .
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. 21. Page 111 Equation on line 17 should read
: 9 S
! A0, - - - 2
Zw, (%) - 05 -0, Xy =gy ¥y)
=1 - .
22. Page 113 under the heading "Panel", 3 should read 5
23, Page 1il6 line 1 should read:
.++sAlong BF, these quadratics....
line 21 should read: 4
N edge being weighted 10 _ more....

User's Notes:

1. User's would be well advised to check the fidelity of the
panel representation of the actual configuration. Unit
normal vectors calculated from a flat panel representation
do not necessarily converge to the correct value for the
actual curved surface as the number of panels is
increased. The program's interpretation can be checked by
plotting NX vs X from the control point data illustrated in

g Figure 3.4. ,
&
X 2. The discussion on page 12 on adjacent networks of differing

paneling densities should be correct. The user is warned
though that extensive check out of the technique has not beesnh done,

3. Recent experience in supersonic analysis indicates that the
angle of attack and sideslip should be aligned with the
compressibility axis for best results contrary to the
discussion on page 31.
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H Abstract
The purpose of this report is to present sufficient instructions for run-
ning the subsonic/supersonic advanced panel pilot code developed under con
tract NAS2-7729, "Development of a FLEXSTAB Computer Program" pertaining
to Advanced Aerodynamics Technology (TASK I1II, Category 2 - Supersonic
Steady Flow). This software was developed as a vehicle for numerical ex-
perimentation and it shouid not be construed to represent a finished
"production" program. The pilot code is based on a higher order panel
method using Tinearly varying source and quadratically varying doublet
distributions for computing both linearized supersonic and subsonic flow
over arbitrary wings and bodies.

This User's Manual contains complete input and output descriptions. A
brief description of the method is given as well as practical instructions
for proper configurations modeling. Computed resuits are also included

to demonstrate some of the capabilities of the pilot code.

The computer program is written in Fortran IV for the SCOPE 3.4.4 oper-
ations system of the Ames CDC 7600 computer. The program uses overlay
structure and thirteen disk files, and it requires approximately
132000 {Octal) central memory words.
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0.0 Summary

The purpose of this feport is to present sufficient instructions for
running the advanced panel pilot code developed under contract

NAS2-7729, "Development of a FLEXSTAB Computer Program” pertaining to
Advanced Aerodynamics Technology (TASK III, Category 2 ~ Supersonic Steady
Flow). This software was developed as a vehicle for numerical experimen-
tation and it should not be construed to represent a finished "production"
program. The code is based on a higher order panel method using 1linearly
varying source and quadratically varying doublet distributions for compu-
ting both linearized supersonic and subsonic flow over arbitrary wings and
bodins.

This User's Manual contains complete input and output descriptions. A brief
description of the method is given as well as practical instructions for
proper configurations modeling. Computed results are a’so included to demon-
strate some of the capabilities of the pilot code. Retults to date have
shown very reasonable comparisons between the advanced panel pilot code and
other theories and experimental data. Recent studies at The Boeing Company
have indicated that configurations as complicated as a supercruiser fighter
delivering a standoff weapon as shown in Figure 0.1 are within the capa-
bilities of the pilot code.

The computer program is written in FORTRAN IV for the SCOPE 3.4.4 operating
system of the NASA-Ames CDC 7600 computer. The program uses overlay structure
and thirteen disk files, and it requires approximately 132800 (Octal) cen-
tral memory words.




Figure 0.1  Supercruiser Delivering a Standoff Weapon
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1.0 General Description

The advanced panel pilot code is intended to solve a variety of boundary
value problems in steady subsonic or supersonic inviscid flow. The
typical situation is the analysis of the flow past a prescribed configur-
ation. The body surfaces are specified and the flow properties sought
in a body-fixed (x,y,z) systen, called the global coordinate system. The
flow far upstream of the body is characterized by its Mach number M. and
angles of attack and yaw, a and B respectively.

z

'.£c |

Figure. 1.1 Global Coordinate System

The resultant flow is considered to be a small perturbation of a uniform
flow. The direction of this uniform flow relative to the (x,y,z) system
is given by angles @, and B, . Compressibility axes (xcs Yt Zc) are
defined so that the x - axis is aligned with the undisturbed flow. Thus,
the (x, y, z) system is produced by rotating the (xc, Yos zc) system

through Bc about the z axis, and then through o about the new Yo axis.

Figure 1.2 Compressibility Axis
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It is generally advisable to take the undisturbed flow direction to be
that of the free-stream; i.e., to set a = e, and B =B, . However, if
the same configuration is to be analyzed at a fixed Mach number for a
!@ range of « and B , computing time can be considerably reduced by
{7; fixing e and Bc somewhere in the middle of the ranges of o and

B of interest, and to regard the differencesca - acand B - B, as
contributions to the perturbation flow. Results presented in Section 4.2
1.f:.= show this can be satisfactory as long as a-a, and B--Bc are less than one
Sy or two degrees for supe: onic solutions. Criteria for subsonic solutions
N have not yet been established but previous experience indicates differences

?; as great as 10 degrees may be acceptuble.
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If terms quadratic in the differences between the Tocal velocity, pressure,

%J and density and their values in the freestream are neglected, the flow is
%; irrotational, with a perturbation velocity potential which satisfies, see
A
B ref. 1,
: 2 2 2
pr 28, 9%, 9% . (1)
2 2
axc Byc Bzc
where

B2 =1 .M

The velocity is related to ¢ by

=7 o 30 9,
v"vm+(axc 2 ayc eazc)

<. in compressibility coordinates and
[w“ .
IF\ V=1 E-?; -aﬂ- -'éi
1 VeV, g% 3y * oz )
in the giobal coordinates. .
4
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On any solid surface, the basic boundary condition is that the total mass
flux vector-DVYQm be paraliel to the surface. To a first approximat%on,
the perturbation mass fiux vector is given by

- 3%
W (B BX’By’BZ)

in compressibility coordinates. Thus the fundamental boundary condition
is that

wW+V ) 7=

on all solid surfaces (and any other stream surfaces), where n is the -
unit normal to the surface, directed into the flow.

[

PR, a1 LIt - M Lot AL o

Figure 1.3 Direction of Unit Normal Vectar

The method on which the advanced panel code is based is to represent the
potential as a superposition of fundamental solutions of the partial
differential equation {1). These fundamental solutions are sources and
doublets whose locations are prescribed but whose strength must be
determined so as to meet the boundary conditions. Specifically., they are
distributed continuously (or nearly so) over all the wetted surfaces of
the configuration under study, over whatever vortex sheets are shed from
trailing edges, and, in special cases, over other surfaces as well, such
as inlet faces, exhausts, etc.
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The surfaces are approkimated as a continuous network of quadrilateral
"Sanels" whose verticeé are basic input to the program. The panels are
not nécessari]y planar, but are‘divided into plane triangular subpanels.
On éach subpanel, the source strength' is approximated as linear in Tocal
planar coordinates, while the doublet strength is taken to be quadratic.
The parameters of these linear and quadratic functions are put in terms
of certain fundamental unknowns which inciude the source and doublet
strengths at the center of each panel. These unknowns are then deter-
mined by simultaneous solution of the algebraic system which resuits by
stipulating that the boundary conditions be satisfied at a sufficient
number of control points. Oncc this is accomplished, the potential and
velocity fields are known. The pressure field can then be calculated
from an appropriate pressure-velocity relationship, and forces and
moments calculated by integraticn.

1.1 PANELING

In all but the simplest cases, it is useful to divide the configuration

to be analyzed into a number of networks. These are the surfaces whose
shape is the basic jnput to the program. For flow past a cone, a single
network will suffice. It is simply the outer surface of the cone.
Similarly, only a single network need be used to represent an isolated
quadrilateral a wing of zero thickness. (However, in both cases additional
networks are required to mode]l wakes.)

Usually the networks collectively describe the outer (wetted) surfaces of
the configuration under study and its wakes. However, it is also possible
to use networks which are not exposed to the fluid. For example, one

way to model the flow past thin wings is to distribute sources on their
upper and Tower surfaces, and vortices or doublets over the mean (camber)
surface within the wing. Also, to examine the {low at points off the body,
one may put a network through those points without disturbing the flow
simply by specifying zero jumps across the network in the potential and

in the normal component of mass flux.
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1.1.1 Specification of a Single Network Surface.

Every network surface is specified by giving the coordinates of an array
of grid points which is basically quadrilateral. That is, the array
consists of NM "rows" of grid points which each contain NN points, where
NN is the number of "columns" of grid points. Often, as in the cases of E
flow past a cone or past a delta wing, a triangular array would be more ;d
convenient. This is easily accomplished by Tetting a single physical g
grid point belong to several rows or columns, as is illustrated in Fig. 1.4
for the paneling of a trianguiar wing surface. Here we show three
alternative arrangements of grid points, which are the intersections of .
the grid lines shown. In the case of paneling "A", if we decide (arbitr- f
arily) to label the lines paraliel to BC as the "columns" of the network
and the rays which meet at A the "rows", we have rows of 5 columns each,
and point A belongs to all 7 rows. In paneling "B" point B belongs to

5 columns and in "C", point C belongs to 7 rows.

While the generally quadrilateral organization of grid points is suffi-
ciently general for most purposes, some care must be taken. For example,
however, a rectangular could not be used on a circular domain. However,
it is easy to find a grid which is acceptabie, as shown in Fig. 1.5.

Naturally, not every arrangement of points is equally effective. If the
triangies shown in Fig. 1.4 represent the surface of an arrow wing, for
example, it would be desirable to locate the confiuence of rows or columns
at the forward vertex of the wing, since the conicity of the flow yields
significant variations of the flow parameters in that neighborhood. See
Section 4.3 for the results of using various panelings to analyze a thin
delta wing.

The difference between a row and a column cannot be detected until the
grid points are given numerical Tabels for purposes of identification.
Grid points in the same column are always Tabelled consecutively, while

D . PR
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Figure 1.5 Alternate Panelings of a Circle
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~the grid point labels of adjacent points in the same row differ by the

number of columns. Thus, given the grid point Tabels shown in Fig. 1.6,
the network on top would be said to consist of 4 rows and 5 columns,
while the lower one has 4 columns and 5 rows.

An important point to note is that the labeling of points within the
network is used to distinguish the "upper" surface of the network from
its "lower" surface. When the network is part of the surface of a solid
body, the upper surface is often chosen to be the side exposed to the
flow, while the Tower surface is within the body.

The sence of a network maybe defined by the vectors N and M. The vector
N corresponds to a column of grid points directed in the direction of
increasive grid point labler, while the vector M corresponds to a row of
grid points directed in the direction of increasive grid point labels.
Then the vector N x M is directed out of the surface, or into the flow

'when the network bounds the flow as mentioned eariier. Thus, for

either labeling or grid points shown in Fig. 1.6, the "“upper" surface
of the network is under the printed side of the page.

1.1.2 - Notes on Multi-Network Problems.

Two points need to be kept in mind in dealing with more than one network.
One is simply a matter of bookkeeping. A1l grid points on a configuration
must be uniquely labeled; points on different networks must have different
numbers. Further, grid points which are common to more than one network
must have different labels when regarded as grid points belonging to the
different networks.

The second point is that it is necessary to use exactly the same grid
points for two adjacent networks with similar grid density on their
Juncture, unless one or both networks is free of doublets. The program
will run if this requirement is ignored, but the doublet strength will
then be discontinuous at the network boundary, which is usually disastrous
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in supersonic flow even if the resultant effective vortex system ’s weak.

It is permissible for two adjacent doublet networks to have different
'grid densities so long as the grid points of one network are identical to

 a subset of the grid points of the other at their juncture. Morsover,
the grid points of the finer network must 1ie precisely (within the
accuracy of the machine for a supersonic so]utibh) on the rectilinear
curve (straight line segments) joining the grid points of the courses
networks. Examples illustrating this point are shown in Fig. 1.7. Small
mis-matches are allowed for subsonic solutions.

A related point is that abutting doublet networks must abut along
complete edges, i.e., their network corner gird points must concide. For
example, at a wing-body juncture, the body surface must be split into
six separate networks at axial Tines and at cross~sections which pass
through the points at which the wing's leading and trailing edges meet
the body. That is, of the arrangement of networks shown in Fig. 1.8,
the upper one is correct but the iower is not. In the Tower cne, the
two wing networks (its upper and lower surfaces) meet the body at points
which are not control points for the body surface panels; therefore,
continuity of doublet strength cannot be enforced at those points. In
the upper arrangement, the wing networks meet the body at points which

are corner points of four body-surface networks, and which therefore are
control points.

1.1.3 Surface Fitting.

The four grid points an two adjacent rows and two adjacent columns deter-
mine a quadrilateral, which need not be planar.
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Figure 1.7 Adjacent Networks with Different
Paneling Densities
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Figure 1.9 Subpanel Geprmetry

However, the midpoints of the sides of this quadrilateral (shown as 0's
in Fig. 1.9) determine another quadrilateral, which is planar (in fact,
it is a parailelogram). Therefore, each set of four adjacent grid points
(i.e., points 1ike the dots in Fig. 1.9 which lie on two adjacent rows
and two adjacent columns) is used to generate an approximating surface
which consists of four triangles and one parallelogram, the corners of
the parallelogram being the midpoints of the Tines joining the four grid
points. For computational convenience, the parallelogram is further
subdivided into four triangles as shown by the dotted lines in Fig. 1.9.
Since they all lie in the same plane, this subdivision is without geo-
metrical significance. However, as is described in Appendix A, different
doublet distributions are used on the four triangles within the parallo-
gram.

The nonplanar surface generated by the four adjacent grid points is
termed a panel. As described above, each panel consists of ejght tri-
angular (and hence planar) subpanels, four of which comprise a parallel-
ogram.

1.2  SINGULARITY DISTRIBUTION

Generally, every panel of every network is covered with a continuous
distribution of sources and doublets. The source distribution is linear
in the two coordinates which describe position on the panel, while the
doublet distribution is quadratic. As described in Appendix A, the

15
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parameters which descrite the varjations of both the source and doublet
strengths on the panels are related to certain basic unknowns, namely
o the source strength at the center* of every panel;
o the doublet strength at the center of every panel;
o the doublet strength at the midpoint of every panel edge
which 1ies on the boundary of the network;

and

o the doublet strength at every corner of the network,

This is accomplished in such a way that the doubiet strength is continuous
between subpanels and between panels. However, neither the source
strength nor the derivative of the doubiet strength normal to the edge

is exactly continuous between panels.

Naturally, the number of eguations used to determine the singularity
strength must match the number of unknowns., These are generated by
imposing appropriate boundary conditions at selected "control points".
Specifically, two boundary caonditions are imposed at every panel center,
one at the midpoint of every panel edge which Ties on the network
boundary, and one at every network corner point**, Fig. 140.

The number of control points on a quadrilateral network (as shown in
the upper part of Fig. 1.10) is (NM + 1) x (NN + 1}, where NM is the
number of rows and NN the number of columns of the network. When one

* By "center" of a panel, we mean just the average position
of its four corner points. If the panel has only three
distinct corner points, the grid point which is input twice
is counted twice as heavily as the other two.

**To avoid singularities in the perturbation velocities due to
discontinuities in the value or slope of the singularity distri-
butions at panel or subpanel boundaries, control points are
actually displaced slightly from the geometric center of the panel
{which is the vertex of subpaneis) and from the network adge.
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edge of the network collapses to a point as in the Tower part of
Fig. 1.10, this number is reduced automatically.

What we are describing here is the usual case in which the network is

to be covered with bBoth sources and doublets. The user has the option
of suppressing either singularity type, as will be described immediately.
Other options are available for the treatment of wakes.

1.3  BOUNDARY CONDITIONS ,
The general form of the boundary condition imposed at a control point
is:

CU (W, « ™ +T0 =V, + DU
| + CL (W, W +TC =V, + 0L ¢, = BET

Here CU, TU, DU, CL, TL, DL and BET are to be specified, while {5 the
perturbation mass flux vector, v the perturbation velocity vector, and ¢
the perturbation potential. The subscripts u and 1 distinguish upper
and lower surfaces of the network, respectively, and n is the unit normal
divected from the lower to the upper surface of the network {i.e., in

;: the NxM direction). TU and TL are tangetial vectors. While the code

: contains both design and analysis type networks, only the use of anelysis
networks is discussed herein.

A TR TR e

At every panel-center control point, two boundary conditions of Eq. (2)
must be specified, unless the network is specified as source- or

4 doublet-free in which case only one condition 1ike Eq. (2} is required.

' For control points on the edge or corner of a network, only one boundary
condition 1ike Eq. (2) is imposed, unless the network is doublet-free,
in which case none are required.

18
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1.3.1 Boundary Conditions on Closed Impermeable Surfaces
Under rather Toose conditions, the potential at any point in the flow

may be represented by distributing sources and doubléts over the surfaces

which bound the flow. The contributions of the sources and doublets
maytbe split in various ways more or less according to the taste of the
analyst. Some analyses are based almost entirely on source distributions,
while others rely solely on doubiets. However, Morino et al (ref. 2)
showed that numerical problems in determining the singularity strengths
were reduced if they were, in effect, rendered unique by stipulating

~ that the perturbation potential vanish inside the body. So doing has
the following effects:

1. The source strength

0= {w, =w,) 7
becomes identical to the normal component of the perturbation
mass Flux on the ocuter surface of the body, Wu-ﬁ- which, if
the surface is impenetrable, is simply the negative of the
normal component of the freestream velocity. In other words,
the source strength is known from the condition of impenetra-

biTity to be
c==V_ <7

2. The doublet strength reduces to the perturbation potential on
the outer surface, ®, . Hence the perturbation velocity on
the body surface can be computed by simpiy differentiating the
doublet strength.

In the pilot code, Morino-type boundary conditions are imposed by setting
(@, - W) = w==-Vo«T at all panel-center control points, and ¢y =0
at both panel-center and network-edge control points.
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- In supersonic Tlow these boundary conditions may only be applied on

subinclined networks (i.e., all panéls fie with the Mach cone from
their respective Teading edges). Superinclined boundary conditions are
discussed later in Section 1.3.3.

1.3.2 Wake Boundary Conditions.

A1l doublet or composite networks must be followed downstream by another
doublet or composite network or by a wake type network. This is necessary
even for supersonic trailing edges to insure correct edge matching. A
pure doublet wake network ﬁay be one of two types (designated "type 18"

or "type 20"), Fig. 1~11 illustrates the use of these two network types.
A wake network of type 18 is used behind a wing, with the boundary
condition Wen = = V_+* 1 specified on the leading edge, and no other
boundary conditions being imposed. (This network type has only leading
edge control points; there are no other control points.) The doublet
strength on a type 18 network varies in the spanwise direction, but is
constant in the streamwise direction. This enables the kutta condition to
be satisfied. A type 18 network is also used behind the body in insure
that the flow leaves the surface tangetiaily.

A wake network of type 20 is used behind a curved body, and is a surface
of constant doublet strength. The boundary conditions imposed are the
same as before Wen = - V_*qn but this condition is applied at the origin
of the M-N coordinate system only, on the leading edge control point.
Again there are no other control points. Often the'Ieading edge of such
a network will be collapsed to a point, this point being the intersection
of the wing trailing edge and the body. In both types of wake networks,
the distinction between rows and columns is no longer arbitrary. The

M vector must aiways point in the down stream direction as shown in Fig.
1.11. A type 20 network must not attach along a supersonic edge-o.k., if
wake network attaches at a point.
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1.3.3  Superinclined Boundary Conditions - Supersonic Flow Only.

in the analysis of the complete aircraft configurations in supersonic
Flow, one has to take account of the flow into the inlets of the jet
engines. Where primary interest is in the pressure distribution on the
exterior surfaces, the nacelle may be effectively closed by using a
network of superinclined panels (panels inclined ahead of the Mach

cone from their respective leading edges) to cover the inlet. Boundary
conditions can be applied only to the downstream side of any superinclined
network. In subroutine INPUT a superincliined neiwork is designated as
a composite network in the same way as for subinclined networks, see
Fig. 1.10. With the downstream side denoted by the subscript 1, the
boundary conditions

Wo *n= 0
and

¢, = 0

are applied, the former at panel center control points and the Tater
at both panel-center and network edge control points. These boundary
conditions produce free stream flow downstream of the network. Again,
note that superinciined boundary conditions are only applied in super-
sonic flow.

1.4  FORCES AND MOMENTS

Forces and moments on each network are calculated in the following manner.
Let S be a portion of a physical surface. The force coefficient vector CF
on S is defined as

where S is a specified condiguration reference area and n is the unit
normal to the surface S (in the direction N x M).
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A pressure coefficient can be defined for each side of S since there is
always flow on both sides of S (although the flow on one side may be of
no physical interest, e.g. inside a thick wing). The side of S on which
the normal n points outward is called the upper surface and the other
side of S is called the Tower surface. Hence, both an upper and Tower
surface force coefficient can be defined. If the flow on both sides of
S is physically significant (e.g., on a thin wing) then the total force
coefficient for S must be considered as the sum of the upper and Tower
surface force coefficients. An upper surface, lower surface, and "sum”
force coefficient are computed for each network. Moreover, these coeffi-
cients are accumulated separately over all (non-wake) type networks.

The accumulated values are useful only when the physically significant
force coefficient happens to be upper surface, lower surface, or "sum"
for all networks of a given configuration. For example, the total

force coefficient for a body and thin wing combination would have to be
computed by hand by adding the upper surface body force coefficient to
the "sum" wing force coefficient.

The moment coefficient CM at a point RR about an axis %R is defined by

.T,’M=§-R-.%; tR-fj;(E-‘R'R) X T C, ds
where TR_is a configuration reference length for the axis ER. Moment
coefficients are calculated for ER equal to each of the three coordinate
axis. An upper surface, lower surface, and "sum" value is computed for
each of these coefficients and these are to be interpreted in the same
manner as described for the force coefficients.
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";1 5 'DROGRAM DESCRIPTION

"'and thirteen disk files (1nc1ud1ng input and output files), and it requires

strates the overall functions the program performs.

The computer program is ertten in FORTRAN IV for the SCOPE 3.4.4 operating
system of the Ames CDC 7600 computer The program uses overlay structure

approximate1y7132000 (Octal) central memory words. This program has been
designed with the primary objective of verifying new concepts and numeri-
cal experimentation.

The computer program consists of one main overlay, eleven primary overlays,
and two use libraries. The program flowchart shown in Figure 1.12 i1lu-
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1.12 Program Flow Chart




PRECEDING PAGE BLANK NOT FILMED
2.0 Input Data Description

A1l input quantities'are fed into the program in the subroutine called
INPUT. A variety of INPUT routines were used during the course of the
Category 2 work. It was found that in the majority of cases it was more
efficient to use FORTRAN coded input than data card input. This is
because about 90% of the test configurations were regular in shape and
corner point data could be easily generated with code. On those |
occasions when externally generated corner point data was employed simple
read statements were inserted at appropriate places in the code.

As is summarized in Fig. 2-1: the input sequence is divided into four

basic sections:

1. The General Specifications section defines the basic parameters that
control the amount of printout, defines the number of solutions,
defines the reference parameters, etc.

2. The Fiow Conditions seciton defines the combinations of angle of
attack and sideslip to be analyzed.

3. The Network Geometry Specificaitons define the network geometry. This
can be generated in the INPUT subroutine by the appropriate FORTRAN

statements or generated externally to the program and read in on cards.

4, The Boundary Condition Specifications section tends to he the most
complex. Boundary conditions for each panel center and panel edge
control point are specified in this section as well as the specifica-
tion of network edge matching conditions.

These sections will now be described in detail. An alphabetized glossary
of the input variables is given in Table 2.1.

2.1 GENERAL SPECIFICATIONS

Variables related to the basic problem specification which must be
supplied in INPUT include:
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i GENERAL ~ Set: IGE@MP,ICONTP, ISINGP, 1SINGS, IBCANP, IEDGEP, IPRAIC, |
= T CBERTEICATTE AMACH,ALPC ,BETC, XREF , YREF, ZREF , SREF . BREF, CREF,
A SPECIFICATIDHS DREF ,NSYMH, NNETT , ACASE ,NDTCHK
H FLOW ‘For 1=1 to NACASE
_ _ CONDITIONS ~ Set:  ALPRA(I),BETA(1),FSVH(i)
| ' Set: L=0,ICA=0 (cumulative grid and:panel indices)
L 1

. NETWORK For K=1 to NNETT

' . GEOMETRY Set:  RTS(K),NTD{K),IP@T(K),NM(K) ,NN(KK)
L SPECIFICATIONS
o For =1 to NN(K)

For M=1 to NM(K)

Set: l=L+1

g I i A T
T . B - : o

Set:  ZH(1,L),ZM(2.L),ZH(3,L)

BOUNDARY 1
CONDITION - For 1C=1 to (NN(K)+1}*(ar(K)+1)
SPECIFICATIONS or (R(K)+1)

orl
Set: ICA=ICA+]

Set: NLGPT1 ,
NRBPT1 (IF NL@PTIf0)
CU1,€L1, TV, TL1,DU1,0L1,NCT1(IF NLOPTI=1)
BET(I),T=1,NACASE (IF NREPTI=1)
KLBPT2
NR@PT2(IF NLOPT2#0)
cu2,CL2,7u2,TL2,DU2,0L2 ,NCT2{ IF NLBPT2=1}
BET(1),I~1,NACASE (IF NRAPT2=1)

Call: IBTRNS{ICA,CUl}{to store/BCON/on tape 1)

¢ | ET )

Figure 2.1 Input Data Sequence
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(XREF, YREF, ZREF)

(BREF, CREF, DREF)

1}

] o el R DS U G ST T B S R i oy L L r) Seathie T~ Aol T Al s 4l M) _‘-‘ 3
AMACH = Mach number of flow far upstream {(M,) iff
ALPC, BETC = Angles defining orientation of'compressibi1ity Zfé

| axes a . Bc_re1ative to body-fixed axes. -
NACASE = Number of different combinations of « and B fnf
to be studied for the same configuration, s ;'$

Be» and My, (must not exceed 8). %

NSYMM = 0 if the flow is not symmetrical about the _;jf}
x-z plane. 3

- . - T

= 1 if the flow is symmetrical about the x-z plane. ',;é

= 2 if the flow is symmetrical about the x-z and ifif

- x-y plane. ' ‘ o

2

NNETT = Number of networks (must not exceed 50). 7
SREF = Reference area for dimensionless force and ;
moment coefficients. 4

Components of point about which moment coefficients
are computed.

Reference lengths for computation of (X,y,z)
components of dimensionless moment coefficient.

e L ARRT -

s L P

The pitot code presently has the following size limitations:
1 € NNETT <€ 50
1 < NACASE £ 8

In picking NNETT, the necessity for wake networks should not be forgotten;

see Section 1.3.2.
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There are- defauit options for most of the above-listed parameters;-see.
Table 2.1. 1In particular, note that, unless otherwise stated, the
reference lengths for the moment computation are each 1.0, and the moments

ave taken about e origin. These default options are often satisfactory.
“The amount of output may be controlled by variables set in INPUT. See

Section 3 for a description of the output.

IGEOMP = 1 if geometry diagnostic data (in addition to
o : mesh point data) are desired#
: ISINGP B , =14F singu]arfty spline data are desired*
| . ICoNTP- .~ .=.11if control point and edge downwash data are

' , desired ' '

IBCONP = 1 of boundary condition defining parameters are

desired ' o |

IEDGEP = 1 if edge matching diagnostic data are desired
ISINGS = 1if singularity strength data are desired
IPRAIC = L if influence coefficient diagnostic data is

’ desired for the Lth control point

NDTCHK =

1 for program stop immediately before commencement
- of influence coefficient calculations. This can be
used as a data check before committing the program
to full execution.

The default value of these variables is 1, so that the corresponding
data are output unless they are set equal to 0 (except for IPRAIC, whose

" default value is 0).

~ *jsually these data are not required.

coee

Ny

e AT St S b

Frmat s s e ik

X 30



R FSWi (1)

2,2 FLOW CONDITIONS

As many as eight.combinations of angle of attack, sideslip, and free-
stream velocity magnitude may be specified in a single run. Results may

.be suspect if the specified angies of attack and sidesiip differ from the

compressibility axis angles by more than one or two degrees in supersonic
. flaw,

"ALPHA (I)

= Angle of attack at upstream infinity relative
o to body-fixed axes (I-1, ...., NACASE)
BETA (7) = Sides1ip angle at upstream infinity relative
to body-fixed axes (I-1, ...., NACASE)
= Freestream velocity magnitude-Default value 1.0

(I-1, ...., NACASE)

2.3 METWORK GEOMETRY SPECIFICATIONS

The panel corner point gecmetry may be generated within the INPUT subroutine
by appropriate FORTRAN code or the geometry may be generated by some

external paneling programs and read in on cards. Sometimes, especially

when the network geometry is given as the punched-card output of some pre-
processor program, the grid points are ordered in such a way as to make
the outward normal point in the wrong direction. When this is the case,
agsubroutine.MNSNCH may be called to make column into rows and vice versa:

CALL MNSWCH(ZM(I,L), NM(K), NN(K))

“Here X is the identifier of the network whose rows and columns are to be

switched, and L is the Tabel of the first grid point in that network.
MNSWCH also interchanges the row and coiumn numbers NM(K) and NN(K) in
“the process. -

3




The jnput variables defining the networks are:

NM(K) = Number of rows in Kth network (must be 2 2)
NN(K) = Number of columns in Kth network (must be » 2)
M(I,L) = Ith coordinate of Lth grid point (I=1,2,3)

That is, the global cocvrdinates of the grid
point L are {ZM(L,L), ZM(2,L), AM(3,L)}

Also, the pilot code is currently limited to a total of 1500 grid points,
1500 control points and 1000 panels, which may be distributed at will
among the different networks.

In setting up neighboring networks, the points raised in Section 1.1.2
must be kept in mind.

2.4  BOUWDARY CONDITiCNS

One or two boundary conditions must be imposed at every control point,
depending on the type of network and the Tocation of the control point.
First, the type of network must be specified, as follows:

NTS(K) = 0 if the Kth network is source-free
= 1 if sources are distributed on the Kth network as
described in Section 1.2
NTD(K) = 0 if the Kth network is doublet-free

12 if doublets are distributed on the Kth network
as described in Section 1.2.

18 for a "type 18" wake network (see Section 1.3.2)
20 for a "type 20" wake network (see Section 1.3.2)

i

"

Both NTS and NTD must be specified for each network (K=1, ...., NNETT). If
either parameter is zero, or if NTD = 18 or 20, one and only one boundary
condition must be set at every panel center control point. Otherwise, two
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conditions are required at every panel-center control point. If NTDF0
one and only one boundary condition is required at each network-edge
control point, as shown in Fig. 1.10.

The general form of the boundary condition, Equation (2) in Sectjon 1.3,
requires the specification of parameters CU, TU, DU, CL, TL, DL, and BET.
This is accomplished by setting up a DO-loop in subroutine INPUT which
assigns to every control point values of the following five parameters:

ICA A counter to distinguish one contral point

from another.

NLOPT1, NLOPTZ2 Parameters governing left sides for the two
boundary conditions at the control point {if only

one boundary condition is to be applied, one of

these parameters is set equal to zero.

NROPTL1, NRCPT2 Parameters governing corresponding right sides of

rag ARG TR R
S oy Pirhcbgerin 7 4 gy A 13405

the two boundary conditions.

That s, the left and right side of Equation (2) are controlled by setting
values of two parameters, NLOPT and NROPT. This is done twice for each
control point, the suffixes 1 and 2 being used to distinguish the two
boundary conditions.

The implications of particular choices of NLOPT and NROPT and NROPT are
summarized in Tables 2.2 and 2.3, respectively. Options NLOPT = 2,3,4 and

5 are used when normal mass-flux boundary conditions are to be applied,
while NLOPT = 11, 12, 13 and 14 are useful for normal velocity boundary
conditions. With any of these eight choices of NLOPT, the standard boundary
condition of impermeability requires NROPT = 3 to seiect the right side

of the boundary condition. NLOPT = 0 is used for a null boundary condition
when only one is required. Thus, the Morino-type boundary conditions
discussed in Section 1.3.1 require:
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NLOPT1 = &
NROPTL = 3
NLOPTZ = 7
NROPTZ = 2

at all panel-center control points, and
NLOPTL = O

NROPT1 = arbitrary
NLOPT2 = 7
NROPTZ = 2

at all network-edge control points. For the wake networks discussed in
Section 1.3.2, we set

NLOPT1 = 0
NROPTI = arbitrary
NLOPT2 = 2
NROPTZ = 3

at all control points (which are all on the network leading edge).

For the superinciined networks of Section 1.3.3,

NLOPTL1 = 3
NROPT1 = 2
HLOPTZ = 7
NROPT2 = 2

at panel-center control points. At network-edge control points,
NLOPTL = 0

NROPT1 = arbitrary
NLOPTZ = 7
NROPT2 = 2

While the above a'ternatives cover the most Tikely possibilities, the user
may need to use other forms of the boundary condition (2). By setting
NLOPT = 1, the coefficients of the left side may be set in subroutine
INPUT. In so doing, one must also set the value of a parameter NCT for
the control peint in question:
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If NLOPT = 1, set

14fDU=DL=T0=TL = 0 (i.e., 1 the boundary condition
will involve only the novmal component of perturbation mass
flux)

4 if W =CL=T0U=TL=0 (i.e., if the boundary condition
will involve only the perturbation potential)

2 otherwise

I}

NCT

1]

Setting NLOPTY = T reguires the user to specify, in INPUT, the values of
NCT1, CUT and CL1 (unless NCT1 = 4}, DUT and DL1 and {unless NCT1 = 1), and
TU and TLT (only if NCTT = 2). Setting NLOPT2 = 7 requires, instead, the
specification of NCT2, CU2 and CL2, etc.

Similarly, the right side of Equation (2) can be sec¢ according to the user's
special needs in INPUT by setting NROPT = 1. If NORPTT = 1, the user
specifies BET1, while if NROPTZ = 1, it is BET2 that must be supplied in
INPUT. To allow for the possibility that BET depends on the angles of
attack and/or side-slip, or on the magnitude of the freestream velocity,
BET? and BETZ are vectors of length 8. Thus, if NACASE 1, the user must

set BETI(I) or BET2(I) for I = 1,..., NACASE.

© 000

If the coefficients of the boundary condition (2) depend on the location
of the control point, it wiil not be possible to set them in INPUT, since
the locations of the control peints are not set until after subroutine
IBTRNS (see below) is called. In such cases, and possibly others, the
user must supply subroutines (CCOF and/or CBET. These will be calied by
the program at time boundary conditions are being applied.

Subroutine CCOF will have as arguments the parameters of the left side of
equation (2), CU, CL, DU, DL, TU, TL as well as the indicator NBIN. The
parameters TU and TL must be dimensioned variables, with dimension 3.
Similarly CBET has arguments BET and NBIN where BET is a dimensioned

dooocoocoocoocooe




variable with dimension 8. Data on the control point Tocation can be
communicated through COMMON block /CNTRQ/. Should BET depend on the
freestream flow conditions, they can be furnished CBET through COMMON
block /ACASE/. The structure of these blocks is given below. If both
boundary conditions at a control point must be specified using CCOF
and/or CBET they can be distinguished by the indicator NBIN=1 or 2.

IT MLOPT = 10, user supplies
SUBROUTINE CCOF {CU, CL, TU, TL, DU, DL, NCT)
DIMENSION TU(3),TL(3)

T NROPT = 5, user supplies
SUBROUTINE CBET (BET)
DIMENSION BET {8)

If either or both cases, the following common blocks may be userful:
COMMON/CNTRQ/ZC(3), ZNC{3), ZDC,IPC,ICC,JZC,ICN,KC
COMMON/ACASE/ALPHA(8), BETA(S, FSVYM(8)) FSV{3,10),IACASE, NACASE
COMMON/BCOND/DUM (18}, NCT,NLOPT, NROPT

Here

ZC(1) = Ith coordinate of control point whose boundary
condition is being set

INC(1) = Ith coordinate of outward surface normal at
conirol

KC = Network of control point

FSYM(T) = Magnitude of freestream velocity in Ith case

FSV(1,Jd) = Tth component of freestream velocity in Jth case
and the other quantities have been described
previously.

and the other quantities have been defined previousiy.
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If Morino-type boundary conditions are applied, the user gains one
additional option, namely the method to be used for computing the flow
velocity on the network surface. Generally, this can be done by summing
the velocity fields due to the source and doublet distributions over all
the networks. However, as noted in Section 1.3.1, use of Morino-type
boundary conditions in theory makes the velocity on a particular panel
identical with the gradient of the doublet strength on that panel. One
can thus avoid calculation of the velocity infiluence coefficients, and

so save substantial CPU and I0 time, or compute the surface flow velucitias
both from a sum over the entire system or networks and from the doublet-
strength gradient, so as to gain a measure of the adequacy of the paneling
The controlling parameter is IPOT(K), K being the network label.

IPOT(K) 2 if the velocities and pressures at control
points on the upper surface of the Kth network
are to be computed from the gradient of the

local doublet strength.

= 1 if they are to be computed both from the
doublet strength gradient and by integrating
over the entire system of singularities

= 0 all velocities and pressures on the Kth network
are to be computed only by integrating over the
entire system of singularities

= -1 if the velocities and pressures at control
points on the lower surface of the Kth network
are to be computed both by differenting the Jocal
doubTet stiangth and integrating over the networks.

= -2 if the Tower surface velocities and pressures
are to be computed by differentiating the local
doublet strength.
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Options IPOT(K) = -1 and -2 would be used if it were the Tower surface of
the network which is wetted, and the potential on its upper surface set
equal to zero {i.e., if NLOPT1 = 5, NROPTI1 = 6, NLOPT2 = 6, NROPT2 = 2).
IT IPOT(K) = + 1, the forces and moments due to the upper or lower surface
pressure distribution is calculated from the pressures corresponding to
the doublet-strength gradient velocity field.

Once the boundary conditions are set at a particular control point, they
are filed by calling subroutine IBTRNS (ICA, CUI). As iliustrated in
Fig. 2.1, this is done on a networks-by-network basis with ICA being a
cumulative control point counter.

For non-wake networks, the control point index (IC in Fig. 2.1) ranges
from 1 to (NN(K) + 1) * (NM(K) + 1). For type 18 wake networks, it goes
from 1 to (NN(K) + 1), while for type 20 networks IC goes from 1 to 1.

2.5 EXAMPLES
An example of subroutine INPUT is given in Fig. 2.2.

This example was used to generate the data reported in Section 4.6 below.
It could be adapted to any case for which the network geometries were
available on punched cards in the foliowing format:

1. The first card gives the number of networks.

2. For each network, the first card gives the numbers of rows
and cotumns. For each column, succeeding cards give the global
coordinates {x, y, z) of the grid points in order of increasing
grid-point Tabels, two points to a card {the format for all
cards is 6F10.6). This is done for each column in succession,
so that the points are read in the order illustrated in Fig. 1.6.
The example does assume Morino-type boundary conditions on all
networks. Since the boundary-condition specification tends to
be the most complex part of INPUT to the program, we give a
number of examples below to il1Tustrate what must be done in
different situations.
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SUBROUTIHE INPUT

THE COMMON BLOCKS WHICH FOLLOW MUST AI.HA\’S BE PART OF
THIS SUBROUTINE, VERBATIM

COMMON/ACASE/ALPHA(10) ,BETA( 8 ) ,FSVM( B ),FSV(3, B ), IACASE ,NACASE
COMMON/BCON/CUT,CLI1 .TUI(!) X ‘(3) pU1,0LY BETI( 8).NCT1,NLOPTI,
+ NROPT1,Cu2, o2 ,TU2(3),TL2(3),0U2, DL2 BETZ( 8 ),NCT2 NLOPTZ.NROm
CD?‘HDN/CASE/ ICASE NCASE

COMMON/ COﬁPRS/WCH +BETAMS ,BE [AM, SBETAM,ABETMS ,ALPC,BETC,
+ COMPD93),AROTC(9),AROTCI(9)

COMMON/DATCHE/ INDTCHK

COMMON/ INDEX/NTS(50) ,NTD(50) ,NM(50) ,NN(50), NZ’SO) +NP(50) ,NS5(50),
+ NSD(50) ,NC(50),N8C(50), NZA(SI) NPA(SI) HSSA(51) ,NSDA(51)

+ NCA(51), NBCA(5I) IPOT(SO) NNETT ,NZMPT ,NPANT ,NSNGT, NSNGU HSNGK.
+ NCTRT,NBCOT

CDMONIHSPNTSIZH(J 1500)

COMMON/PRNT/IGEOMP , ISINGP , ICONTP , IECONP , IEDGEP , ISINGS, IPRAIC
COMMON/SYMM/NSYMM

THE FOLLOWING COMMON BLOCKS ARE OFTEM USEFUL

IN /NCONS/, PI=3.14...,PI2=PI*2,Pl14]=PI/4

/SKRCH1/ PROVIDES SPACE FOR WHATEVER PREPROCESSING OF GRID POINT
DATA MAY BE REQUIRED

COMMON/NCONS/PI ,P12,PIAI
COPMON/ SKRCH1/DUMMY (22500)

SET TERMINATION LIMIT
NDTCHK = 0
SET OUTPUT CONTROLS

ISINGP=0 § IGEOMP=0
ICONTP=1 § IBCONP=1 § [IEDGEP=1 § ISINGS=1 $ [IPRAIC=]

SET BASIC FLOW PARAMETERS

AMACH=2.05
ALPC=2, § BETC=0.

DO 100 IACASE=1,NACASE

ALPHA(IACASE)-Z. $ BETA“M'ASE)-O.
100 CONTINUE

NSYMM=]

SET UP GRID POIWTS

HERE THEY ARE READ IN IN STANDARD FORM USED IN THE
230 GRID GENERATION PROGRAM

c
c
c
c

oo

o0

n® 9004 40
g1 d9Vd TYNIOIHEO0

ALI'TV

FIRST READ IN NUMBER OF NETWORKS
READ (5,1000) ANET

1000 FORMT(SF'ID 6)

NNETT=ANET

L=0

DO 210 K=1,NNETT

FOR EACH NETWORK, READ IN NUMBERS OF ROWS AND COLUMNS
READ (5 1000) A,.B

M=A N=B § M(K)'H $ NN(K)'N $ NPOINT=N*M

DG 200 9e1 M

FOR EACH COLUMN, READ IN COORDINATES OF EACH GRID POINT

IL=(J-1)*MtL+1  §  JUsJ*M+
READ (5,1000) ((ZM(IC,1), lC-l.3) I=IL,1UV)

200 CONTINUE
210 L=NPOINTHL

SET UP BOUNDARY CONDITIONS

HERE THEY ARE PHI=0 ON LOWER SURFACE AT ALL CONTROL POIHTS AND
SOURCE STRENGTH CANCELLING FREESTREAM AT ALL SOURCE CONTROL POINTS

ICA=0

DO 340 K=1,NN

NTS(K)=1 S NTD(K)-12 $ 1POT(K)=1

NMP1=NM(K)+1 § KNP1=NN(K)+1

DO 330 W=1,NNP]

DO 320 M=1,NMP1

NLOPTI=5 § NROPT,~3 § NLOPT2=7 § NROPT2#2

IF ((M.EQ.1).0R.(M.EQ.\MP1).0R. (N.EQ.1).0R.(N.EQ.NNP1)) NLOPT1=0

310 ICA=ICA+]

CALL IBTRNS(ICA,CU1)

320 CONTINUE
330 CONTINUE
340 CONTINUE

C
C THIS COMPLETES THE INPUT PHASE.
C THE CALCULATIONS AND OUTPUT THE DESIRED RESULTS

NOW DIRECT THE PROGRAM TO CARRY OUT

RETURN
END

Figure 2.2 Sample Input Subroutine
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2.5.1 Example 1l: Morino-Type Boundary Conditions.
The boundary-conditions section of the INPUT subroutine shown in Fig. 2.2

assigns Morino-type boundary conditions to control points which are
ordered column by column, just as are the grid points. As can be seen
from Fig. 2.3, for a network with NM rows and NN columns of grip points,
there are NM + 1 rows and NN + 1 columns of control points. In the
first and last rows and columns, only one boundary condition is required
(¢£= @), while both boundary conditions are required at all other contro]l
points. This is reflected in the IF-statement of the programming
illustrated in Fig. 2.2. :

For networks in which one edage collapses to a point, see Fig. 2.4, the
number of control points is less than (NM + 1) * (NN + 1). However, the
programming Tisted in Fig. 2.2 will still be usable. The program recognizes
the apparent redundancy in control points, and automatically stores the
appropriate data for the tip control point just once.

2.5.2 Exampie 2: Source Panel Network.
The network consists only of sources, whose strength is to be specified
equal to Q, a constant. It is still necessary to cycle the DO-loop thru

the potential edge control points, so that the only changes from Example 1
are that:

1

NLOPT1
NROPT1
NLOPT2
NROPT2 = 0

and, before calling IBTRNS, one sets BET1 = Q.

[}

5
1
0

2.5.3 Example 3: Doublet Panel Network.

The network consists only of doublets, whose strength is to be specified,
and there is no adjacent network (such a network was specified to generate
a disturbance in the checkout of the superinciined network). Some care
must be taken in this specification. The doublet strength must vanish on

any free network edge; otherwise a 1ine vortex will be generated there,
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Figure 2.3 Control Points for Example 1: Quadrilateral
Network

Figure 2.4 Control Points for Example 1: Triangular
Network
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and the analysis specifically deletes line-vortex contributions to the
velocity field (for numerical convenience). This §s an exampie in which
the right side of the boundary condition will depend on the control
point Tocation, and so a case where we must set NROPT = 5 and supply a
subroutine CBET. '

Changes required in the DO-loop of Example 1 are as follows:

DO 330 N = 1, NNP1
DO 320 M = 1, NMP1

NLOPTI = 9
NROPT1 = &
NLOPTZ = O
NROPTZ = O
ICA = ICA + 1

CALL IBTRNS (ICA, CUl)
320 CONTINUE
330 CONTINUE

Here is an example of the subroutine CBET which must be suppiied:
SUBROUTINE CBET (BET)
DIMEMSION BET (8)
COMMON/CNTRQ/ZC(3)}, ZNC{3), DUM, IDUM(4), KC
COMMON/DOUBLET/SIZE(2)
DEL = SIZE (1) ** 2
Y = ZC (2)
Z = Z2¢(3)
BET = 9./16. * (1. - (Y/DEL) ** 2) * (1. - (Z/DEL) ** 2)/DEL
**2
RETURN
END

Note the communication of some miscellaneous data (the vector SIZE (2))
to CBET through yet another common block.
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2.5.4 Exampie 5: Multi-Network Wing Body Configuration.

Qur final example, the piece de resistance, is a wing-body problem. The
configuration is shown in Fig. 2.5. As noted in Section 1.2.3, it is
essential to make the points at which the Teading and trailing edges of
the wing meet the body at corner points of the singularity network. Thus,
it 1s necessary i split the body surface into 6 networks, and the wing
surface into two, as indicated in Fig. 2.6. Since this configuration is
being to modeled for supersonic flow, it is not necessary to close off
the base of the body to form a closed surface. In subsonic flow this
would be necessary. The wing fillet, which is part of the body networks,
gave us considerable trouble in insuring a perfect match between the grid
points on the edges of the neighboring networks. Our solution is depicted
in Fig. 2.7.

1t is necessary to model both the body's and the wing's wake. Because of
the fillet, we required a "type 18" network to trail from the wing itself
and a "type 20" to fi11 the gap between the wing's wake and the body. Two
"type 18" networks were used to model the body's trailing wake. The
complete system of networks is shown in Fig. 2.8 with the directions of
the M and N vectors for each network given in the 3-views of Fig. 2.9.

We are now ready to set up the boundary conditions. On the four wake
networks (9, 10, 11, 12}, the boundary condition is that the total mass

flux be parallel to the surface. This is accompiished by setting NLOPT1 =0,
NROPT1 = 0, NLOPT2 = 2, NROPTZ = 3 for each control point on the wake
network. Recall from Section 1.3.2 that networks only have control points
at their leading edge. The configuration networks form a closed impermeable
boundary so we wish the source strength to cancel the normal component of
the freestream mass flux, and the doubiet distribution to make the pertur-
bation potential inside the configuration vanish. This is accompiished

by setting NLOPTI = 5, NROPT1 = 3, NLOPTZ = 7 and NROPTZ2 = 2 at all panel-
control points ((Wh -W) =V, . Tand @,= 0) and setting NLOPT1 = 0,
NLOPT2 = 7 and NROPT2 = 2 at all panel edge control points (@, = 0).
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FIGURE 2.5

Arrow - Wing Body: General Arrangement
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The subroutine INPUT used for this configuration is illustrated in Fig. 2-10.

In order to reduce computing costs, IFOT(K) = 2. This instructs the
program to compute only the potential influence coefficients deleting
the velocity influence coefficient calculations. With this option the
velocities and pressures of control points are calculated by differenti-
ating the Tocal doublet strergth.

The paneling coordinates have been generated external to the piloet code.
Geometry coordinates are read in by network in 6F10.0 format.

Networks numbered 10 or greater were inadvertently generated with the
wrong NxM sense. A call to subroutine MNSWCH reverses the order of the
input array.

Networks 1 to 8 are designated composite source-doublet networks; networks
9 and greater are designated wake type 18 networks, except for necwork 10
which is a type 20. Morino-type boundary conditions are specified for

the configuration surface networks (1-8). Once the boundary conditions
have been specified for ail networks, a call to subroutine IBTRNS stores
the data on a random access file using ICA as an index.

49

e e T S T e e PR i 0 e S22 = » - =  faen i ‘]’ ’“!“‘ R Rt T ‘\ﬂ""l’v s I——‘!-"‘! e

P T Gt WAL Sl SRR T R i N S
-




e vt v o g s ]

r

B E

0S

SUBROUTINE INPUT

COMMON/ACASE/ALPHA (8) ,BETA(B) ,FSUM(B) ,FSU(3,8),IACASE, NACASF
COMMON /BCON/CUY,CL1,TUI(3),TL1{3),0U1,0L1 ,BET1(8) ,NCT1,NLOPTT,
CNROPT1 ,CU2,CL2,TU2(3), TL2(3),DU2,0L2 ,BET2(8) ,NCT2 ,NLOPT2 ,NROPT2
COMMON/CASE/ ICASE ,NCASE

COMMON /COMPRS /AMACH ,BETAMS ,BETAM ,SBETAM ,ABETMS ,ALPC ,BETC,
CCOMPD(3) ,AROTC(9) ,AROTCI(9),CZINU(3,3)

COMMON / DATCHK/NDT CHK

COMMON/ INDEX/NTS(50) ,NTD(50) ,NM(50) ,NN(50) ,NZ(50) ,NP(50) ,NSS(50)

CNSD(50) ,NC(S0)NBC(50) ,NZA(51 ), NPA(51),NSSA(51) ,NSDA(51) LNCA(51),
CMBCA(51),,IPOT(50) ,NNETT ,NZMPT ,NPANT ,NSNGT ,NSNGU ,NSNGK ,NCTRT ,NBCOT
COMMON /MSPNTS /ZM(3,1520)

COMMON /NCONS/P1,P12,P14]

COMMON/PRNT/1GEOMP , [SINGP , ICONTP , IEDGEP, ISINGS, IPRAIC

COMMON SYHH/NSYMM

4
E SET OQUTPUT CONTROLS
ISINGP=0
IGEOMF=0
e
E SET-TERMINATION LIMIT
" NDTCHK=0
ESU BASIC FLOW PARAMETERS
MACH=1.7
NSYMM=1
NACASE=]
ALPHA(1)=2.0
ALPC=2.0
BETC=0
SET UP NETWORK GEOMETRY
FIRST READ IN NUMBER OF NETWORKS
READ(5,100) ANET
NNETT=ANET

L=0
ICA=0

a2zt lals)

NZA NEED NOT BE SET IN INPUT, BUT IS USED HERE ONLY TO
FACILITATE SUBSEQUENT CALL OF MHSWCH

NZA(1)=0
DO 3000 K=1,NNETT

[z2atalal

SET SINGULARITY TYPE

COMPOSITE SOURCE - DOUBLET NETWORKS

NTS(K)=1
NTD(K)=12

alalaTalalal

(s a el

NETWORKS 9 or GREATER ARE WAKE NETWORKS

ngK.GE.Q) NTS(K)=0
IF(X.GE.9) NTD(K)=18
IF(K.EQ.10) NTD(K)=20

Fiqure 2,10 INPUT Subroutine for

SI 3DVd TVNIDIYO

ALI'TVND ¥00d 40

Arrow-Wing Body

SET INDICATOR FOR COMPUTING POTENTIAL INFLUENCE COEFFICIENTS
OMLY TO REDUCE CPU AND 10 COSTS

IPOT(K)=2
FOR EACH NETWORK, READ IN NUMBERS OF ROWS AND COLUMNS
READ(5,100)A,8

100 FORMAT (6F10.0)

105 M=A
N=B

Mik;"‘
NM(k)=M
READ HETWORK GEOMETRY

00 20 J=1,N
READ(5,100)( (ZM(JJ,I+L),0d=1,3),1=1 M)
L=L+M .

20 CONTINUE
NZAPT=NZA(k)+1

oo OO0o0

[z Xzl

N X M ORDER OF NETWORKS 10 OR GREATER IS INCORRECT
CALL SUBROUTINE MNSWCH TO REVERSE ORDER

IF(K.GE.10) CALL MNSWCH(ZM(1,NZAP1),NM(K),NN(K))

acaon

NZ NEED NOT BE SET IN INPUT, BUT IS CALCULATED HERE ONLY
TO FACILITATE SUBSEQUENT CALLS OF MNSWCH

NZ(K)=NM(K)*NN(K)
MMP1=NM K;f'l
NNP1=NN(K)+1

(s Xalalal

[
g SET BOUNDARY CONDITIONS
DO 150 N=1,NNP1

" DO 140 M=1,NMP1

g WAKE NETWORXS BEQUIRE BOUMDARY CONDITIONS ONLY FOR LEADING EDGE
IF”NTDEK;.EQ.lﬁ}.MD.iH.GT.Ig GO TO 150
IF((NTD(K).EQ.20).AND. (M.GT.1)) TO TO 3000

. v

E COMPOSITE PANEL MASS FLUX BOUNDARY CONDITIONS
NLOPT1=5
NROPT1=3
NLOPT2=7
NROPT2=2

c

E ONLY ONE BOUNDARY COMDITION SHOULD BE ENTERED FOR EDGE CONTROL POINTS

IF((M.€Q.1).0R. (M.EQ.NMP1).OR. (N.EQ.1).OR. (N.EQ.NKNP1))NLOPT1=0
130 ICA=ICA+Y

IBTRNS SETS UP BOUNDARY CONDITION DATA ON A RANDOM
FILE USING ICA AS AN INDEX

CALL IBTRNS(ICA,CUT)
140 CONTINUE
150 CONT INUE
3000 KZA(K+1)=NZA(K)+NZ(K)
RETURN
END

[z Xz Nalal
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TABLE 2-1 SUMMARY OF INPUT QUANTITIES
DEFAULT| COMMON

ALPC Compressibility direction angle (of attack) in 0. | /CAMPRS/
degrees

ALPHA (I) Ith angle of attack in degrees 0. | /ACASE/

AMACH Mach Number 0. | /CPMPRS

BETA (I) Ith angle of yaw in degrees 0. | /ACASE/

BETC Compressibility direction angle (of yaw) in degrees 0. | /COMPRS/

BET1(I) Ith right hand side of first boundary condition 0. | /BCBN/
(see BET of equation(2))

BET2(I) I'th right hand side of second boundary condition 0. | /BC@N/
(See BET of equation (2}

BREF x-axis value of T, (SECTION 1.4) 1. | /FMC@F/

CL1 Value of CL for first boundary condition 0. | /BCBN/
(See equation (2)})

CL2 Yalue of CL for second boundary condition 0. BCON/
{See equation (2))

CREF y-axis value of Tp (SECTION 1.4) 1. | /FMCOF/

Cul Value of CU for first boundary condition 0. | /BC@N/
(See equation (2))

cuz Vaiue of CU for second boundary condition 0. | /BCPN/
(See equation (2))

DL1 Value of DL for first boundary condition 0. | /BC@N/
{See equation (2))

DL2 Value of DL for second bourdary condition 0. | /BC@AN/
(See equation (2))

DREF z-axis value of Tp (SECTION 1.4) 1. | /FMC@F/

DUl Value of DU for first boundary condition 0. | /BCAN/
(See equation (2))

puz Value of DU for second boundary condition 0. | /BCAN/
(See equation (2))

FSYM(I) Ith Freestrea velocity magnitude 1. | /ACASE/

IBCANP =1 for printout of boundary condition diagnostic data 1 /PRNT/

ICENTP =1 for printout of control point diagnostic data 1 /PRNT/
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TABLE 2-1 SUMMARY OF INPUT QUANTITIES

(CONT'D)

QUANTITY DEFINITION AE | hak
1EDGEP =] for printout of edge matching diagnostic data 1 /PRNT/
1GEPMP =] for printout of geometry diagnostic data 1 /PRNT/
1PPT(K) = r 0 for computation of resultant velocities at 0 /INDEX/

network control points using velocity
influence coefficients
*1 for added computation of resultant velocities
at network control points using doublet
4 strength gradient '
+2 for computation of resuitant velocities from
doublet strength gradient
(+ for upper surface velocities with lower
surface perturbation stagnation and - for
L the opposite)
= L for printout of influence coefficient diagnostic
data for Lth control point
IPRAIC =1 for printout of influence coefficient diagnostic 1 /PRNT/
data
ISINGP =1 for printout of singularity spline diagnostic dat 1 /PRNT/
ISINGS =1 for printout of resultant values of singularity 1 /FKNT/
strength and gradient at panel corners, center and
edge midpoints
NACASE Number of simultaneous solutions (freestream vectors) 1 /ACASE/
NCT1 = 1 first boundary condition concerns normal 2 /BCON/
mass flux only
first boundary condition is arbitrary
first boundary condition concerns potential
only
NCT2 Same as NCT1 but for second boundary condition 2 /BCPN/
NDTCHK = 0 program run to completion 0 /DATCHK/
1 program stop immediately before influence
coefficient calculation
NLAPT1 First boundary condition left hand side option 0 /BCAN/
NL@PT2 Second boundary condition left hand side option 0 /BCPN/
NR@APT1 First boundary condition right hand side option 0 /BCAN/
NRPPT2 Second boundry conudition right hand side option 0 /BC¢N/
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TABLE 2-1 SUMMARY OF INPUT QUANTITIES
(CONT.)

QUANTITY

DEFINITION

DEFAULT
VALUE

COMMON
BLOCK

NM(K)
NN(K)
NNETT

NSYMM*

NTS(K)
NTD(K)
SREF
XREF
YREF
IM(I,L)

ZREF

Number of grid point rows in Kth network
Number of grid point columns in Kth network

Total number of networks

= rb for no planes of flow symmetry

1 for x-z plane of flow symmetry with y > 0
1 half of configuration input

2 for x-z and x-y planes of flow symmetry
with y > 0 and z » 0 quarter of configuration
L input

Source type of Kth network

Doublet type of Kth network
Configuration reference area (SECTION 1.4)
x-component of Rp  (SECTION 1.4)
y-component of Ry (SECTION 1.4)

Ith component of Lth grid point (L is a cumulative
index for all grid points in the total configuration)

z-component of Ry (SECTION 1.4)

/INDEX/
/INDEX/
/INDEX/

/SYMM/

/INDEX/

/ INDEX/
/FMC@F/

/FMCQF/
/FMC@F/
/MSPNTS/

/FMCOF/

*If NSYMN = 1 or 2 is selected, the force and
moment coefficients will be computed from the
pressures acting on half, and a quarter of
the configuration, respectively.




Table 2.2

Effect of Various Choices fgr.NLOPT on
Left Side ot Boundary Condition (2)

NLOPT

Left Side of Equation

Significance

10

11

Arbitrary

Arbitrary

<|

Boundary condition is
ignored (used when none or
one bouncdary condition

is to be applied to a
control point

Parameters of boundary
tondition are set in
INPUT

Normal component of
perturbation mass flux
on upper surface

Normal component of
perturbation mass flux
on lower surface

Average of upper and lower
surface normal perturbation
mass flux

Difference between upper and
lower-surface normal mass flux
(source strength

Upper-surface perturkbation po-
tential

Lower-surface perturbation
potentials

Average of upper and lower-
surface perturbation potentials

Difference between upper and
lower surface potential (doublet
strength)

Parameters of boundary conditions
reset in subroutine CCOF

Upper-surface perturbation
velocity
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Table 2.2 (Cont.)

Effect of Various Choices for NLOPT on
Left side of koundary Condition (2}

NLOPT

Left Side of Equation

Significance

12

13

14

-
=

%{Vu * VE)

(VU - Vg)

Lower-surface perturbation
velocity

Average of upper and lower-
surface perturbation
velocities

Difference between upper-
and lower-surface perturba-—
tion velocities
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Table 2.3

Effect of Various Choices for NROPT on
Right Side of Boundary Condition (2)

NROPT

BET (Right Side of
Equation (2))

Significance

Arbitrary
0

-Vc - (X/BZsysZ)

Vo =freestream velocity
in terms of components
along compressibility
axes)

BET will be specified in INPUT

If NLOPT=2, equation (2) says
total mass flux is parallel to
surface. If NLOPT=5, equation
{2) specifies source strength
so as to cancel freestream
mass flux

1f NLOPT=7 and NTS=0 (no sources)
it can be shown that equation

(2) implies no flow thru sur-—
face

5 Arbitraxy BET will be specified in CBET.
6 ¥ n Same as 3 but for surface with
® lower side exposed to flow
56
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3.0 Output Data Description

In this section we describe the organization of the output. The
nomenclature employed in the cutput is summarized compietely in Table 3-1.

3.1 GEOMETRY (MESH POINT) DATA

The program always lists the coordinates of all grid points, along with
their unique Tabels, row number, column number, and network number.
Specifying the network geometry is perhaps the trickiest part of setting

up INPUT. The geometry data are always worth examination to see if any
mistakes have been made, particularly in assigning grid points to rows

and columns. These data are illustrated in Fig. 3.1. This is followed
immediately by an identification of whatever subpanels are "superinciined";

i.e., whose normals are inclined to the compressibility reference axis

by more than the Mach angle. Except in special cases, such as represen-
tative of iniets, superinclination of a panel indicates that the smaill-
disturbance assumptions underlying the analysis are being violated.
Moreover, the answer will be invalid if boundary conditions at the control
point(s) on the panel assume subinclination. In addition, the program
will identify subpaneis that are close to being superinclined (probably
violating small disturbance assumption and print the value of the dot
product of the subpanel normal with the subpanel conormai.

The Tisting of the actual corner points is followed by a printout of
which sides of which doublet networks the program believes abut. This
data is shown in Fig. 3.2 and is particularly useful in helping the user
to determine whether the input grid points satisfy the second point of
Section 1.1.2. The data is grouped according to abutments (i.e., groups
of coincident network sides). Network sides are numbered counter clock-
wise from 1 to 4 with the first side corresponding to the Tirst row of
gria points and the fourth side corresponding to the first column of grid
points (see Fig. 3.3). Of particular interest are abutments involving
only one side whose control points are characterized as forcing doublet

57




strength to vanish. This impiies that the side abute nothing - which
may possibly be contrary to the user's wish. (The characterization of
control points does not apply to network control points.)

e b st e s it A TR

3.2 CONTROL POINT DATA

Unless the user specifies ICONTP # 1, the program next Tists, for each
potential®* control point, its label (what is called ICA in the INPUT),
network number, panel number, subpanel number, coordinates, the components
of the unit normal vector to the subpanel on which it is situated, and
an edge matching indicator. The unit normal should be directed from
lower to upper surface of the network. This is worth checking. If it
is misdirected, a call to MNSWCH may be necessary; see Section 2.3.
Excessive variation from one control point to the next of the components
of n often indicates that the panel size is too large. These data are
illustrated in Fig. 3-4.

TR

3.3 BOUNDARY CONDITION DEFINING PARAMETERS

Unless the user specified IBCONP # 1, the program outputs, for every
control point, the parameters CU, CL, TU, TL, DU, DL, NCT and BET for the
' boundary condition{s) imposed at that point. Also included are the

1?1 control point Tabel ICA and the values of NLOPT and NROPT. Especially in
E mutti-network probiems, for which the setting of boundary conditions on

f? network edges can be tricky, these data are often worth a look. These
data are illustrated in Fig. 3-5.

L T Akl 00 Ml B T ') S T L TR

3.4 PROBLEM AND NETWORK INDICES

These data, iTlustrated in Fig. 3-6, are always generated. They give the
basic statistics on the problem size, both totally and network by network.
= Current Timits are:

*Data+rare also output for the midpoints of panel edges which 1ie
on the boundaries even of source-only networks; these points are
not otherwise treated as contrnl points.

5 5 DN o s o o i i 8 e W



Total number of grid points (NZMPT) < 1500
Total number of control points (NCTRT) < 1500
Total number of panels < 1000

3.5 EDGE_DOWNWASH CONDITIONS

These may be suppressed by stipulating IEDGEP # 1. They give the calcul-
ated matching informaticn at control points on the edges of doubiet
networks. The output is intended to verify that this matching has
occurred. These data are also shown in Fig. 3.6. ‘

3.6  EQUATION SOLUTION DATA
These data, shown in Fig. 3.7 and Fig. 3.8 are always printed out. They iqﬁ
give the order of the elgebraic system governing the singularity strength, EEH?
an error estimate, and pivoting information. :

3.7 AERODYNAMIC INPUT DATA

Next the program always outputs the values of M, « , and B also shown
in Fig. 3.8.

‘ . A A T S it o R AL 505 e A, 0 R Y,
R R Sl P R il N
TSI NI S f—l ; ‘
: L el T e R FERTIE AN PSPPI

3.8 SINGULARITY DATA

Unless ISINGS is set # 1, the program next prints out the source strength,
the doublet strength, and the components of the gradient of the doublet
strength along th2 row and column directions and in direction normai
thereto as well as along the global coordinate axes. This is done for
nine points on every panel: the four corners, the mid points of each
side, and the panel center. These data, shown in Fig. 3.9, are useful

- in checking the continuity of the doublet strength from one network to '
| ab another. ’

000008080

X

3.9 LOCAL AERODYNAMIC DATA J;
These data are always printed out, and usually contain the major results :
of the analysis. For every panel center-control point on every network,
the following quantities are Tisted as illustrated in Fig. 3.10:
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Source Strength

Doublet strength

Doublet strength gradient

Perturbation velocity potential*

Total velocity potential*

Total mass flux potential*

Perturbation mass flux vector*

Total mass flux vector*

Normal and tangential components of total
Mass flux vector¥

%j Normal component of perturbation mass flux vector#* g
Pressure coefficient* :

Quantities starred are listed for both the upper and lower surfaces of : :

the network. Four different pressure formulas are used for the pressure g

coefficient: % ;

43 /I A,

X EIa

Cp = - 2y {Linearized) i
Cp = - 2u - v - w? (Slender Body) _ f
Cp =~ 2u - (1-M) u?-v?-w* (Second Order) N %
3
] ¢ =.2_ {[1+ 1l ME(L - u? -y wz)]%r - 1} (Isentropic) .
8 P yy2 2 :
L ® g 3
!
i
i
E P
[ a_':g

T

B T 1

e
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Here { u, v, W ) is the perturbation velocity vector, referred

to compressibility coordinates. Also listed are the differences in the
four pressure coefficients across the network (upper surface value minus
lower), the control point label, the panel Tabel, the control point
coordinates, and the components of the freestream velocity. If the

INPUT parameters IPOT(K) = 1 for the Kth network velocity potentials, mass
flux vectors, and pressure coefficients on the upper surface are computed
(and 1isted) twice. The first time (Tine 2 or the output block), their
values are based on the Tocal gradient of the doublet strength; the second
time (line 3 of the output block), on the integral over the entire
singularity distribution. If IPOT(K)= -1 the same holds for lower surface
quantities with the Tower Tine being that data computed from the doublet
strengtii gradient. For the options IPOT(K) = + 1 there should be 1ittle
difference between the redundant data. 1f a significant difference does
occur it usually means that paneling is inadequately dense or the surface
is insufficiently closed (i.e., there is too large a hole in the paneling
through which the fluid is flowing) for the use of the Morino-type
boundary conditions. An aimost certain indicator of such inadequacies

is the existence of significant non-zero normal flows (i.e., WNU or WNL

as computed from the influence coefficient) on the side of the surface
bounding the physical flow of interest.

These results are followed by listings, illustrated in Fig. 3.11, of

the forces and moments acting on the network surface both totally and

for each column of the network. The three lines of data given for each
column (and for the whole network) refer to the forces and moments on

the upper surface, the Tower surface, and the sum of the two. The user
may have to combine contributions from different networks manually rather
than re(y on the automatically accumulated totals. For example, if the
wing of a wing-body combination has no thickness, the wing's contribution
to the force involves boihi its upper and lower surfaces, while only the
upper {outside) surface of the body makes a physically meaningful
contribution.
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GEDHMETRY DATA }
i c— - i
'y 17 r
S e e o e e e e et w i  —— b
oo HESH POINT DATA .+ _ e mmie e —m——— et o e e em—— |
L.
H MUMBER ROW __ COLUMN  NET. NO. . ) Y o . L2 i —— t
I 1 1 1 1 D+00000000R0 0.0000000000 0.0000000000_ _
: 2 2 1 1 .0100000000 0.,0000000000 0.0000000000 —
L H 3 1 1 0400300900 0.0000000000 o.00000C0000 i
: ; 4 4 1 1 0900000000 . . .. D.tDODODDDODD . . t.comooeO0®O0 . . L. L _. l"
S 5 5 1 i T .1600000000 0.0000000000 0.G00DD00DDD
I & & & 1 1 .2500000000C 6.0000000000 D.0000080000 b
7 7 1 1 »3600G60006G0 0.6B00OB0G0D _____ _ n.poboogenoo i
4‘*5 A 8 1 1 .4900000300 G.COGDODOBGD o 0.0000300000 "
| Q 9 1 1 «6400000D00 D.G0GDUODOOD D.E00C00000D0 fr
i 10 10 1 1 __e8l00000CC00 o o.c000000000 . 0.0000000000 I
i 11 i1 1 1 f.0096n00000 D.0000CGRB00 0.000000G000
L 12 1 2 i .1000000000 <(STT50269 0.06008000C0 i
, 13 2 2 1 »10503000030 £C577358269 0.000000a000 o i
H 14 3 z 1 .1360000600° T W0577550269 0.00deB00000 -
L 15 4 2 1 «1610000000 «G577250269 0.00500060000 N
X 16 5 2 e~y 1 22440000060 40577350265 e ... _0,o0p0D000D000 e r-
’] = 17 & 2TTmeg 1 23250060500 ’ 0577350269 0.0006000000 i
i R 18 7 2 o «4240000000 0577550269 G.0UC0000000 {
P 19 & 2 ME 5410000000 . ebS77IS0RES __ _ _ ___ _O0.0OGfGOGGBO _ I
R 20 ] TTE A 1 <6&TACCBC0T0 0577350269 G.C00GO00D00 s
| 21 10 2 = ﬁ 1 8290000000 «0577350269 0.0000000000 B
+ z2 11 2 1 3 1.00000000600 © WG577350269 _ _ . De0DDONCOO0OD e
| 25 1 3“‘“916"(:: T T T T L2000600000 0 T 7T 77T TTT 41154700538 T T T T T gem000d000GD o
L 24 2 3 B 1 +20R0000000 «1154700538 « 040000000030
3 25 3 3 IZQ 1 «2320000N000 e .. sll%&4700538 _0.0000000000 ;
P 26 4 3 5> 2720000000 - 21156700534 T D.N000000000 - -
L; h) 5 3 Ea 1 «3240000000 1154700538 G.0000000800 e
| 28 6 3 _ 1 «4000500000 __. »lis4700538 _ __ @.000000000CO0 _ i3
29 7 3 1 +4RRO00GOCD «115470053A 0.000G000000 :
x 390 8 3 1 »5920006000 ¢ 115470053k 0.0000000000
F 31 9 3 3 « 71206000000 1154700538 0.00000C0G00 T
: T2 10 3 1 LE4R0000000 T T TUTTT L1iwaT0o0b3e T T T U TgL,0povoppoop T T T T 8
! 33 11 3 1 1.0000000060 1154706538 0.0006A00000 P
I 1 4 1 «30€0006000 «1732050808 0-0000000090 L
35 2 ] i £3070000600 T T 77T T ,1732050H08 TTTTTTTTTT ‘paooaco000000 7 A
36 3 4 1 «328000GACD «17320650808 0.0000GR0000 X
37 5 5 1 «3630000000 «173205080A G.0000000000 i
o 36 5 % i +4120000000 T L.1732050808 B.0000G0pO00 ~ T T T
4 39 & 4 1 «4750000000 «1722050808 0.0000000000 3
‘ 40 7 q 1 «5520000000 «1732050808 0.0000000000 |
b £ ¥
| FIGURE 3.1 GEOMETRY MESH POINT DATA @
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ADUTHMENT LIST

ABUTHENT SILE NETWORK CHARACTERIZATION s

1 1 1 CONIROL POINTS CIF_ANY) USE_ORIGINAL BOUNDARY CONDITIONS -
2 2 1 CONTROL POINTS_(IF _ANY) USE _ORIGINAL BOUNDARY CONDITIGNS _ . _
2 % 2 CoNTAOL POINYS PEAFOAM DOUBLET KATCMING T
3 3 1 CONTROL POINTS PEAFGRA DOUBLET MATCHING o T
{ 3 1 5 CONTROL POINTS CIF ANY) USE ORIGIRAL EQUNDARY CONDITIONS
4 1 2 CONYROL FOLNTS €1F ANY) USE ORIGIRAL BOURDARY CONDITIONS
o — 4+ b — . — —— ¢ =t —_—— ——— cans
5 2 2 - CONTROL POIHTS (IF ANY) -USE ORIGINAL BCUNDARY CONDITIONS »
5 4 3 CONTROL _POJNTS_PERFORM_ODOURLET MATCHING _ . —
3 3 2 CONTROL_ POINTS (IF ANY) USE_DRIGINAL GOUNGARY CONDITFONS, -
3 * 3 CONTRGL POINTS BERFORAH DOUSLEY MWATCHING -
e
7 1 3 CGNTROL POINTS ¢IF ANYY USC ORIGINAL GOUNDARY CONUITIUNS
a [ FJ 3 CONTAOL™ POIATS TIF ANYT USE ORIGINAL TBOURNDARY CORDITIONS
" 1 27 COATALL POINTS FERFORH DOUBLET HATCHING LY,
1 8 3, 3 CONTRDL POINTS PERYORH DOUHLET MAYCHING 5
‘ 9 ) 1 9 CONTRUL POIMTS tIF AnY) USL ORIGINAL BGUNDARY COWDITIGNS ‘
4 G O L5} WO CONTROL POINTS™
B O o - ek - - = - - . — -
e Lo T e CONTROL PDINTS {1F "AHY) USC ORIGINAL BOUNDARY COANGITIGNS
10 - 5 3 22 CONTROL POIATS LIF ANYY USE ORIGINAL BOUNDARY CONDITICAS
I 1 S 1 26 CONTROL POINTY PEKFORM DIYSLET HATCHILG e e
8=
§ i3 & E ? 4 COATROL FOINTS FORCE DOUBLET STRENGTH TO VANISH _ .
| L2y ,
- 12 > 3 " CUNTROL POINTS (IF ANY1 USE GRIGINAL BOUNDARY CONDITIONS __ __
. 12 =P 1 20 " conTROL POINTS PLAFCAM DOUBLET KATCHING .
¢ T atﬂ 2
i 13 hﬁj 3 ) CONTALL PuINTS TIF ANY! USL ORIGINAL GOUNDARY COMDITIONS  ~—
T 13 A 6 CONTRDL PGINTS PERFORM DOURLET HATCHING
' 'ﬂ 14 3 s CONTRUL PCINTS PERFORM DOURLET BATCHING
LT 14 1 10 CONTROL POSNTS (LF ANY) USL ORIGINAL BOUNDARY CONDITIGNS

3.2 Network Abutment Data
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CONTROL POINT DATA

M MET» PAMN« SUBPAN. . X Y
1 1 1 1 002147 000575
¥ T 1 ) LBOS5S37 —"" 000298 T
3 1 2 a «P26734 060908
4 i 3 8 «0BA0GY 2001560
TTTTT R 1 T TTTTT R T TtL139495 0 T 2002289
& 1 5 8 «210997 «003140
7 1 6 ] .311508 003608
8 I T H Y 1115 & S 20063608 77
g 1 8 5 570130 «CD3A0B
10 1 9 e «729187 603608
T Tl T I TTTIG T TR T T T TL.808181 0 «003/08
12 1 10 4 N-TYTTY «005545
13 1 1 5 -050C5A - 028573
T 1 T 5 SO8LEBR™ — T 0128845 TTT T
15 1 ) 5 073538 -028809
1e 1 3 g «111443 026780
. T 3 5T T Q16B3TT 0287455 -
ig 1 5 5 « 244231, «028723
19 1 & 5 330321 «028T13
i) T 4 5 AS33FT T LB 2AGees T T
21 1 | 5 @ ~IH636E «020676
22 1 El S By ED «T3R422 028661
23 I T I 909433 T TT.D2RAG0 T
24 1 io 7 «9964R7 029445
25 1 11 5 E £150077 «0AB33Y
25 T 1T |1 «15417TH “GBESAZ
27 1 12 5 «171056 «0B6550
28 1 13 5 @. M 204966 +0BES22
Y T 14 5'"“;':»".255902" T L0BA4898 T T
g 1 15 5 - 323861 «0864TH
31 1 16 5 = «40ARGY +UB5456
33 T 17 5 v bn eS 106507 L0B64367 T
33 1 18 5 625581 2086418
35 1 19 5 «TEHTIT «GB6402
35 1 20 5T TTTLe15000 T T T DRRZILTT T
36 1 20 7 «956497 «GET245
37 1 21 5 2250067 «144104
XB T 21 5 2253684 TTUL144320 T
3y 1 22 5 268575 «194290
40 1 23 5 298491 s 144264

0.000000

0.000000 7"

0.0G000C
0.000000
D.00000G0
0.000000
D.0000C0

p.o00DGOO™ ™ 7

D.000000
6.N00000
b.00B000
G.000000
D.000000

t.c00000° "

G.000000
Do.0D0DGO
0.000000
0.0CG000
o.,cn000D
D.000000 ™
0000000
0.0C0000
0.000000 "7
0.000000
0.0000G0

Ve00CO0T T

0.000000
0.0000G0

C.000000 "7

D.000CO0D0
0.0B0000
0.0006000
0.0008G00
D.0000OG
@.000000 "~
G.0C00060

C«00CODD

b.00G000"

0.000000
0.,000000

NX

0.000000
g.000000
$.000000
0.00000D

0.000000

G.0C0000
D.000000
0.C0CGR0
0.000000
0.000000
0.000000
D.0000DO
0.0006000
D.080000
0.000000
g.000C00
0.0000080
D.GovOCO
g.00C000
0.GoDOOO
0.0C0000
0.000080
f.c00000
G.000000
0.000000
0.000000
0.0G0000
6.000000
0.300G040
C.000C0G
t.000000
0.000000
0.L0C00D
0.000000
0.0G0DDD
c.C00000
0.0C0D00
G.0G6000
0.0D0000
0,00G000

FIGURE 3.4 CONTROL PGiNT DATA

CONTROL POINT LOCATIONS AND NORMALS
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Fi % BOUNDARY COMDITION DEFINING PARAMETERS
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FIGURE 3.5 BOUNDARY CONDITION DEFINING PARAMETERS
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" PROBLEM AND NETWORK INDICES
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. EDGE DOWNWASH CONDITIONS _
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FIGURE 3.6 PROBLEM AND NETWORK INDICIES AND EDGE DOWNWASH CONDITIONS
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TABLE 3-1 DEFINITION OF QUTPUT QUANTITIES

QUANTITY DEFINITION p‘g‘?ﬁ-‘éﬁu p:fﬁgn
Problem and Network Indices
NNETT Total number of networks FLAW ALWAYS
NZMPT Total number of grid points . FL@W ALWAYS
NPANT Total number ‘of panels ORIGINAL PAGE IS FLPYW ALWAYS
OF POOR QUALITY
NSNET Total number of singularity parameters ) FLOW ALWAYS
NSNGU Total number of unknown singularity parameters FLAU ALWAYS
NSNGK Total number of a-priori known singularity FLEW ALUAYS
parameters
NCTRT Total number of control points FLOW ALWAYS
HBCAT Total number of boundary conditions FLPHW ALUWAYS
NTS Network source type FLPW ALWAYS
NTD Network doublet type FLOW ALWAYS
NM Number of corner point rows in network FLOUW ALWAYS
NN Number of corner point columns in network FLOW ALWAYS
NZ number of corner points in network FLOW ALUWAYS
NP Number of panels in network FL@HW ALWAYS
NSS Number of singularity parameters of network FLAYW ALWAYS
source spline .
NSO Number of singularity parameters of network FLPW ALWAYS
doublet spline .
" NC Number of control points in network ) FLPY | . ALWAYS
NBC Number of non-null boundary conditions in FLOW ALWAYS
network ° , .
. Near Field/Far Field Counters
NFS Number of near field source AIC calculations FLOW ALUAYS
NFD Number of near field doublet AIC calculations FL@W ALKWAYS
FFS Number of far field source AIC calculations FLOW ALWAYS
FFD Number of far field doublet AIC calculations FLOH ALMAYS
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TABLE 3-1 DEFINITION OF QUTPUT QUANTITIES {CONT'D)
WHERE WHEN
QUANTITY DEFINITION PRINTED| PRINTED
Equation-Solution Data
This data is self explanatory. The printout - ALWAYS
begins with the words “BEGIN SGLUTI@N BF
[AI[X3 = {B] and ends with the "SPLUTIAN
CHMPLETE" ° )
- - o ;)
Singularity Data
s Solution singularity parameters PUTPUT | ALWAYS
Ip Cumulative index of panel on which singularity BUTPUT | ISINGS=1 éﬁﬁ}
distribution is evaluated 8
1 Locaﬁ row index uf evaluation point BUTPUT | ISINGS=1 61?%
- d Local column index of evaluation point PUTPUT { ISINGS=1 e
{X,Y,Z) Global coordinates of evaluation point { PUTPUT | ISINGS=1
S0 Source strength value at evaluation point BUTPUT | ISINGS=1
Do Doublet strength value at evaluation point BUTPUT § ISTNGS=1
(px,DY,DZ) Global coordinztes of gradient of doublet PUTPUT § ISINGS=1
. strength at evaluation point
g (SM,SN) Derivative of doublet strength in (row, column)  |puteuT{ ISINGS=1 | .
| directions respectively (v ki
j (SMP, Si.™5 Derivative of doublet strength in directions AUTPUT | ISINGS=1
s normal ‘to (row, column) directions respectively %j*ﬁ
: : Local Aerodynamic Data o
é'i - J_,
. JC Cumulative control point index PUTPUT § ALWAYS ki’
| IpP Index of panel containing control point GUTPUT | ALWAYS ézéf
_3 _ i
% - {X,Y,Z) ' Global coordinates of control point PUTPUT § ALMAYS o
ii 0o Doublet strength BUTPUT § ALMAYS %L@:
1 9 + (DX, DY.DZ) ~ Global coordinates of doublet grédient pUTPUT | ALWAYS
R e S0 Source strength PUTPUT | ALWAYS
(FSVX,FSVY,| Freesiream velocity vector in glebal ceordinates puUTPUT ALH&?S fﬁ?ﬁ
FSVZ) =
“ *’: i
‘;’J gr::;:zmw—! mnin SAlis SVONMY SUGIER [PV VRN JJUUUI SN SN DU MU I { R DU S St S s st Gl o
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ORIGINAL PAGE Ib

TABLE 3-1 DEFINITION OF OUTPUT QUANTITIES (CONT'D) OF POOR QUALITY

LR Aot s S
SRSOPUPF IR T W |- M

i WHERE WHEN
DEFINITIOR - .. |PRINTED| PRINTED

QUANTITY )
PHIU Upper surface total potential @UTPUT |  ALWAYS
(HXU, WYY, Upper surface total mass fiux vector in global GUTPUT }  ALMAYS
WZU) coordinates .
PHEU Upper surface perturbation potentia} ) UTPUT |  ALWAYS
{PWXU, PHYU, Upper surface perturbation mass flux vector in PUTPUT | ALHAYS
PWZU) global coordinates :
CPLINU Upper surface linearized prassure coefficient BuTPUT ALHAYS
CPSLNU Upper surface slender body pressure coefficient BUTPUT | ALMAYS
CP2NDU Upper surface second order pressure coefficient BUTPUT ALKWAYS
CPISNU Upper surface isentiopic pressure coefficient QuTPUT ALYAYS
PHIL Lower surface total potential _ auTPUT ALWAYS
(WXL, WYL, Lower surface total wass fiux vector in global puTPUT ALHAYS
WZL) coordinates
PHEL Lower surface perturbation potential PUTPUT ALWAYS
(PHXL,PHYL, Lower surface perturbation mass flux vector in PUTPUT ALMAYS
PWZL) global coordinates 1 :
ZPLINL Lower surface linearized pressure coefficient auTPuT ALKAYS
CPSLNL Lower surface slender body pressure coefficient BUTPUT ALWAYS
. CP2NDL Lower surface second order pressure coefficient BUTPUT ALWAYS
CPISHL Lower surface isentropic pressure coefficient PUTPUT | ALWAYS
WNU Normal component of upper surface total mass BUTPUT |  ALWAYS
flux vector
WL Normal component of Tower surface totaf mass guTPUT ALWAYS
flux vector : .
WTY Magnitude of tangential component of upper AUTPUT ALHAYS
surface totai mass flux vector _
WL Magnitude of tangential componert of lower PUTPUT ALUWAYS
surface total mass flux vector
PHIUL Upper surface total mass flux potential puTPUT ALWAYS
PHILI Lower surface total mass flux potential AUTPUT ALHAYS
PUNU Normal component of upper surface pérturbation BUTPUT ALMHAYS
mass flux vector ‘ .

a3 acvea ik vman o Cimda A HEEMAT e
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TABLE 3-1 DEFINITION OF OUTPUT QUANTITIES (CONT'D)

) WHERE WHEN
QUANTITY : DEFINITION PRINTED| PRINTED
. PURL Normal component of lower surface perturbation BUTPUT ALKAYS
. mass Tlux vector s
CPLIND Difference between upper and lower surface PUTPUT ALHWAYS

Tinearized pressure coefficient

- CPSLND Difference between upper and lower surface . - BUTPUT ALUWAYS
. siender body pressure coefficient :

CP2NDD Difference between upper and lowef surface - @uTPuT ALWAYS
second order pressure coefficient

CPISND Difference between upper and Tower surface BuTPUT ALWAYS
isentropic pressure coefficient

Force and Moment Data

AREA Total area of panels FMCAL ALWAYS

. (FX.FY.FZ) Global coordinates of force coefficient FMCAL |  ALWAYS
{Upper surface, lower surface, difference)

(MX, MY, 47 Moment coefficients about global principal FMCAL |  ALWAYS
) axes {upper surface, lower surface, difference)
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4.0 Computational Results

RRRNN
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In this section we present resulis obtained by applying the advanced
panel pilot code to a number of different problems chosen to test its
range of applicability and to obtain advice on how to use it most
effectively. In most of these cases, exact solutions, or at least

-~

analytical results based on linear theory., are avaiiable for purposes of
comparison. For the more complex cases comparisons have been made with
axperimental results.

4.1  AXISYMMETRIC FLOW PAST CIRCYULAR CONES
One of the simplest cases of supersonic filow for which an exact solution

is available is the flow past a cone at zero angle of attack. For this

case the surface pressure is constant and depends only on the upstream
Mach number M, and cone angle Qc. Results obtained with the panel
code are compared with the exact solution in Fig. 4.1.

Both velocity and mass flux boundary conditions were tried. Requiring
(w+V,).n=0 (mass flux boundary condition) on the boundary is
seen to give much better rasults than if (v + V_ )} . n = 0 (velocity
boundary condition) on the surface when the Mach number M, and cone

angie ﬁc are relatively small; i.e., within the 1imits we expect for a
linearized theory. However, the results deteriorate less rapidly with

increasing Mach number when velocity boundary conditions are used.

The simplicity of flow past a cone make it a suitable vehicle for a
study of convergence. Fig. 4.2 shows the effect of the number of
meridianal panels employed on the cone surface pressure at three Mach
numbers. In every case three rows of panels were used in the axial i

direction (very littie variation of pressure was observed in that
direction}.
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It can be seen that the results are essentially converged when the angle
subtended by the panels is Tess than 10°. This holds even when the results
are converging to the incorrect answer because the Mach number and/or cone
angle is too large.

-

T At

Somewhat faster convergence was obtained when the grid points were selected
outside the cone surface so that the panels "interpolated" rather than were
inscribed by the cone, see Fig. 4.3. While such a device is not generally
practical in using the panel method, we did take advantage of it in our
studies related to cones. This modeling yieids better results because the
cross-sectional area of the "interpolated" cone better matches the actual
cross-section area than does the area of an inscribed cone.

T A e S

4,2 FLOW PAST CIRCULAR CONES AT ANGLE OF ATTACK

Extensive tabulations are now available of the exact solution of the flow

past cones at angle of attack, Reference 3. As would be expected, the per-

formance of the panel code deteriorates with increasing angle of attack for Q—;}

a given Mach number and cone angle. Fiqg. 4.4 thru 4.7 show the effects of

the choices of compressibility axis and pressure formula for two conditions, -

one within the range of accuracy of the linearized theory (M, = 1.5, §. = 10°, =4
o = 5°) and one beyond it (M, = 2.0, f. = 10°, « =10°). These data

e R R e S bR o i e S e

LA T T v ‘-.‘5..-.::.-‘:*..‘_7:‘?“.‘-.-‘..*..,% =3
Lot TR LI

L clearly show the desireability of aligning the comprassibility axes with the <L;3
Bl j freestream direction (i.e., setting ¢ = o, B =8, ) and indicate that '
f either the isentropic or siender-body pressure formulas are superior to the 6{i§ :

full second-order pressure formula. See Section 3.9 for the explicit formulas.

e

Figs. 4.8 and 4.9 give another comparison of the use of velocity and mass =

1 flux boundary conditions. As was observed in connection with Fig. 4.1, mass %f
' Tlux boundary conditions give much better results when linear theory is ex- i
Fe i
B pected to be valid, but velocity boundary conditions are Tess wrong outside 7 Fﬁ
L . those Timits of validity. (i;ﬁ ik
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4.3  FLAT DELTA WINGS

As indicated in Section 1.1, it is impossible to panel a triangular wing
with exclusively quadrilateral panels, and one must choose the vertex in
whose vicinity the panels will be triangular, Fig. 4.10 shows the effect
of paneling on the velocity ratio Vy/Vy on the surface of a flat delta
wing with straight trailing edge at angle of attack. According to Tinear

theary reference 4, this ratio ought to be linear in y/x. Fig. 4.10

shows that the conical paneling "A" gives results in excellent agreement
with 1inear theory, as would be hoped, since this paneling best accommodates

. the nature of the solution. However, paneling "C", in which the tri-

angular panels are located near the midpoint of the trailing edge, works
just as well, which makes the failure of paneling “B", in which the
tips are treated with triangular panels, all the more surpr1s1ng This
effﬂct of paneling needs further study.

4.4 DELTA WINGS WITH THICKNESS
The flow about thick delta wings was also calculated. Here the upper
and lTower wing surfaces were modeled by separate composite panel net-

works, The boundary conditions employed to obtain these results were

the usual impermeable surface conditions described in Section 1.3 and
2.5.1.

 Results for a case with a supersonic leading edge are shown in Fig. 4.11.

These results are in good agreement with the conical flow linear theory.
The computed results do show a slight pressure oscillation near the Mach

- cone from the leading edge. This is quite typical in that the panel
- method assumes a degree of continuity which is often absent in super-

sonic flow. Fig. 4.12 shows the pressure distribution on a delta wing
with a subsonic leading edge. Results are in excellent agreement with
Tinearized theory.
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The results plotted in Fig. 4.11 and 4,12 were obtained with a conical
paneling Tike that called "A" in Fig. 4.10. Similar results were
obtained when the triangular panels were situated near the midpoint of
the trailing edge, as in paneling "C" of Fig. 4.10.

4.5 FLOW INDUCED ON A PLANE BY A CONE ABOVE THE PLANE

"I order to assess the utility of the panel code to study interference
effects, we considered the problem illustrated in Fig. 4.13, in which

a cone at zero angle of attack is positioned above a plane, also at

zero angle of attack. An exact solution can be constructed by the method

of images, j.e., by taking the x-y plane to be a plane of symmetry.

Quite good results were obtained for the pressure distribution on the
plane when it was taken to be a source network with just one row of
panels in front of the trace of the Mach cone on the plane. When doublets

were used to meet the flow tangency condition on the plane, the results
were much poorer, with noticeable "leakage" of the pressure distribution
ahead of the Mach cone trace. This is due to the larger data base used
to generate the doublet spiine. As described in Appendix A, the doublet
distribution over a panel is related to the doublet strength at 20
surrounding panels, while the source strength spline relates the source
strength at just 8 contigious paneis.

The errors shown in Fig. 4.13 for the pure-doublet network were notice-
ably reduced (but still worse than for the pure-source network) both

- when more panels were put in ahead of the Mach cone trace and when, by
13‘ refining the mesh spacing; more control points in the second row of

i panels (just aft of x=1.0, the most forward position of the Mach cone

: trace) were behind the Mach cone. These results are also consistent
with the dependence of the doublet spline on the doubiet strength on a
fairly large number of contigious panels.
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4.6 FLOW PAST A CAMBERED, TWISTED WING

Extensive experimental data are available for the Carlson wing 2T
reference 6, an arrow wing with sharp leading and trailing edges, twist,
and camber. PResults of the panel code are compared in Fig. 4.14 and 4.15
with data taken at Mach 2.05, at which the Teading edge is subsonic but
the trailing edge supersonic. The theoretical results compare well with
the experimental data except at the wing tip, where the theory tends to
over predict the experimental results. This may be due to the paneling
in this region, which left an open gap between upper and Tower surfaces
of the wing at the tip. The boundary condition imposed that @, = 0
requires a closed surface. With the tip open, flow through the tip would
cause erroneous results in this region and this was verified by the
existence of significantly non-zero values of WNU (as computed from the
velocity jnfluence coefficients) at control points on the upper and

lower panel columns adjacent to the tip.

4.7 FLOW PAST ON ARROW WING-BODY CONFIGURATION
An analysis was also performed on the arrow wing-body configuration

shown in Fig. 2.5. This configuration has been the subject of an extensive
series of wind tunnel tests ranging in Mach numbers from 0.40 to 2.50
including supersonic Mach numbers as Tow as 1.05, reference 7 and 8.

The configuration for which the comparisons are made featured a flat

(no twist) wing with a rounded leading edge. The paneling representation
is illustrated in Fig. 4.16 and 4.17. Details of the wing body inter-
section are shown in Fig. 4.18 and 4.19. Composite source-doubiet
singularities are used to represent the configuration. The boundary
condition imposed specify the source styength so as to cancel the normal
component of the freestream mass flux Gﬁﬁ +V ) »n=0 and the doublet
distribution to cause the perturbation potential to vanish inside the
configuration, Qn = 0. Details of the boundary condition specifications
were given in Section 2.5.4.

94

zerars N cneite N >N oot N o N bt as it - - — : ; Pres




ORIGINAL PAGE 13
- OF POOR QUALITY

: SUPERSONIC PANEL coos
EXPERIMEN]’ o

Test-Theory Comparison Wing Pressure
Distribution Carlson Wing 2

R Ty R S WL 410



.

Pressure

E:
ing

Carlson Wing 2 (Cont'd

96

P RSN GERSESAS TS R S S

ution

.2
-
L
g |
=
.,
—
b m“
L
[~
(¥¥ ]
-
87

i

Theory Comparison W

Y
-1 §

i

15 Test-

4

Figure

o BTV TR T T T T T



YR S SUNN PIERUY S VIS NS DUCHS M W S LIV N SR Sy §

s

0000000000000 B00

ORIGINAL PAGE IS
OF POOR QUALITY

A comparison of wing surface pressure distributions is shown in Fig. 4.20
and 4.22, for a Mach number 1.70 and 2° angle of attack. Experimental
data are compared to calculate results from the supersonic panel code

and to Tinearlized supersonic results calculated by the FLEXSTAB programs,
References 9 and 10. Note that the superson<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>