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INTRODUCTION

A new method has been developed for calculating the
pressure distribution and aerodynamic characteristics (lift,
drag, and pitching moment) of wing-body-tail combinations in
subsonic and supersonic potential flow. This report describes
the computer program developed to perform the numerical calcu-
lations.

METHOD OF SOLUTION

The configuration surface is subdivided into a large
number of panels, each of which contains an aerodynamic singu-
larity distribution. A constant source distribution is used
on the body panels, and a vortex distribution having a linear
variation in the streamwise direction is used on the wing and
tail panels. The normal components of velocity induced at
specified control points by each singularity distribution are
calculated and make up the coefficients of a system of linear
equations relating the strengths of the singularities to the
magnitude of the normal velocities.

The singularity strengths which satisfy the boundary con-
dition of tangential flow at the control points for a given
Mach number and angle of attack are determined by solving this
system of equations using an iterative procedure. Once the
singularity strengths are known, the pressure coefficients are
calculated, and the forces and moments acting on the configu-
ration determined by numerical integration. A detailed descrip-
tion of the method is given in Part I of this report.

PROGRAM DESCRIPTION

The computer program is written in CDC FORTRAN IV, version
2.3 for a SCOPE 3.0 operating system and library file. It is
designed for the CDC 6000 series of computers, occupies 70,000
(octal) words, and operates in OVERLAY mode. The program re-
quires five peripheral disc files in addition to the input and
output files.



PROGRAM INPUT DATA

The input to this program consists of two basic parts,
namely, the numerical description of the configuration geometry
as adapted from reference 1, and an auxiliary data set speci-
fying the singularity paneling scheme, program options, Mach
number, and angle of attack. The program input is illustrated
by the sample case presented in Appendix III.

Description of Input Geometry Cards

The configuration is defined to be symmetrical about the
xz plane, therefore only one side of the configuration need be
described. The convention used in this program is to present
that half of the configuration located on the positive y side
of the xz plane. The number of input cards depends on the
number of components used to describe the configuration, and
the amount of detail used to describe each component.

Card 1 - Identification.- Card 1 contains any desired iden-
tifying information in columns 1-80.

Card 2 - Control integers.- Card 2 contains 24 integers,
each punched right justified in a 3-column field. Columns
73-80 may be used in any desired manner. Card 2 contains the
following:

Columns Variable Value Description

1-3 - J0 0 No reference area

1 Reference area to be read
4-6 J1 0 No wing data

1 Cambered wing data to be read

-1 Uncambered wing data to be read
7-9 J2 0 No fuselage data

1 Data for arbitrarily shaped fuse-

lage to be read
-1 Data for circular fuselage to be

read (With J6=0, fuselage will be
cambered. With J6=-1, fuselage
will be symmetrical with xy-plane.
With Jé=1, entire configuration
will be symmetrical with xy-plane)

10-12 J3 0 No pod (nacelle) data
1 Pod (nacelle) data to be read



Columns

13-15

16-18

19-21

22-24

25-27

28-30

31-33

34-36

37-39

40-42

43-45

Variable

J4

J5

J6

NWAF

NWAFOR

NFUS

NRADX (1)

NFORX (1)

NRADX (2)

NFORX (2)

NRADX (3)

Value

Description

No fin (vertical tail) data
Fin (vertical tail) data to be
read

No canard (horizontal tail) data
Canard (horizontal tail) data to
be read

A cambered circular or arbitrary
fuselage if J2 is nonzero

Complete configuration is sym-
metrical with respect to xy-plane,
which implies an uncambered circu-
lar fuselage if there is a fuse-
lage

Uncambered circular fuselage with
J2 nonzero

Number of airfoil sections used
to describe the wing

Number of ordinates used to define
each wing airfoil section. If the
value of NWAFOR is input with a
negative sign, the program will
expect to read lower surface
ordinates also

Number of fuselage segments

Number of points used to represent
half-section of first fuselage
segment. If fuselage is circular,
the program computes the indicated
number of y- and z-ordinates

Number of stations for first fuse-
lage segment

Same as NRADX (1), but for second
fuselage segment

Same as NFORX(l), but for second
fuselage segment

Same as NRADX (1), but for third
fuselage segment



Columns Variable Value Description

46-48 NFORX (3) 2-30 Same as NFORX{(l), but for third
fuselage segment

49-51 NRADX (4) 3-30 Same as NRADX(l), but for fourth
fuselage segment

52-54 NFORX (4) 2-30 Same as NFORX({(1l), but for fourth
fuselage segment

55-57 NP 0-9 Number of pods described

58-60 NPODOR 4-30 Number of stations at which pod

radii are to be specified

61-63 NF 0-6 Number of fins (vertical tails)
to be described

64-66 NFINOR 3-10 Number of ordinates used to
describe each fin (vertical tail)
airfoil section

67-69 NCAN 0-2 Number of canards (horizontal
tails) to be described

70-72 NCANOR 3-10 Number or ordinates used to define
each canard (horizontal tail) air-
foil section. If the value of
NCANOR is input with a negative
sign, the program will expect to
read lower surface ordinates also,
otherwise the airfoil is assumed
to be symmetrical

Cards 3, 4, . . . - remaining input data cards.- The remain-
ing input data cards contain a detailed description of each com-
ponent of the configuration. Each card contains up to 10 values,
each value punched in a 7-column field with a decimal point and
may be identified in columns 73-80. The cards are arranged in
the following order: reference area, wing data cards, fuselage
data cards, pod data cards, fin (vertical tail) data cards, and
canard (horizontal tail) data cards.

Reference area card: The reference area value is punched
in columns 1-7 and may be identified as REFA in columns 73-80.

Wing data cards: The first wing data card (or cards) con-
tains the locations in percent chord at which the ordinates of



all the wing airfoils are to be specified. There will be exact-
ly NWAFOR locations in percent chord given. Each card may be
identified in columns 73-80 by the symbol XAFJ where J denotes
the last location in percent chord given on that card.

The next wing data cards (there will be NWAF cards) each
contain four numbers which give the origin and chord length
of each of the wing airfoils that is to be specified. The
card representing the most inboard airfoil is given first,
followed by the cards for successive airfoils. These cards
contain the following:

Columns Contents
1-7 x-ordinate of airfoil leading edge
8-14 y-ordinate of airfoil leading edge
15-21 z-ordinate of airfoil leading edge
22-28 airfoil streamwise chord length
73-80 card identification, WAFORGJ where

J denotes the particular airfoil,
thus WAFORGl denotes the most
inboard airfoil

If a cambered wing has been specified, the next set of wing
data cards is the mean camber line cards. There will be NWAFOR
values of delta z referenced to the z-ordinate of the airfoil
leading edge, each value corresponding to a specified percent
chord location on the airfoil. These cards are arranged in
the order which begins with the most inboard airfoil and pro-
ceeds outboard. Each card may be identified in columns 73-80
as TZORDJ where J denotes the particular airfoil. Note that
the z-ordinates are dimensional.

Next are the wing ordinate cards. There will be NWAFOR
values of half-thickness specified for each airfoil expressed
as percent chord. These cards are arranged in the order which
begins with the most inboard airfoil and proceeds outboard.
Each card may be identified in columns 73-80 as WAFORDJ where
J denotes the particular airfoil.

Fuselage data cards: The first card (or cards) specifies
the x values of the fuselage stations of the first segment.
There will be NFORX(1l) values and the cards may be identified
in columns 73-80 by the symbol XFUSJ where J denotes the number
of the last fuselage station given on that card.



If the fuselage is circular, the next card (or cards) gives

the fuselage cross sectional areas, and may be identified in
columns 73-80 by the symbol FUSARDJ where J denotes the number
of the last fuselage station given on that card. If the fuse-~
lage is of arbitrary shape, NRADX(1l) values of the y-ordinates
for a half-section are given and identified in columns 73-80
as YJ where J is the station number. Following the y-ordinates
are the NRADX (1) values of the corresponding z-ordinates for
the half-section identified in columns 73-80 as 2J where J is
the station number. Each station will have a set of y and z,
and the convention of ordering the ordinates from bottom to
top is observed.

For each fuselage segment a new set of cards as described
must be provided. The segment descriptions should be given in
order of increasing values of x.

Pod data cards: The first pod (nacelle) data card speci-
fies the location of the origin of the first pod. The card
contains the following:

Columns Contents
1-7 x-ordinate of origin of first pod
8-14 y-ordinate of origin of first pod
15-21 z-ordinate of origin of first pod
73-80 card identification, PODORGJ

where J denotes the pod number

The next pod input data card (or cards) contains the x-
ordinates, referenced to the pod origin, at which NPODOR values
of the pod radii are to be specified. The first x value must
be zero and the last x value is the length of the pod. These
cards may be identified in columns 73-80 by the symbol XPODJ
where J denotes the pod number.

For each additional pod, new PODORG, XPOD, and PODR cards
must be provided. Only single pods are described but the pro-
gram assumes that if the y-ordinate is not zero an exact dupli-
cate is located symmetrically with respect to the xz-plane, a
y-ordinate of zero implies a single pod.

Fin data cards: Exactly three data input cards are used
to describe a fin (vertical tail). The first fin data card
contains the following:

1]



Columns Contents

1-7 x-ordinate on inboard airfoil
leading edge

8-14 y-ordinate of inboard airfoil
leading edge

15-21 z-ordinate of inboard airfoil
leading edge

22-28 chord length of inboard airfoil

29-35 x-ordinate of outboard airfoil
leading edge

36-42 y-ordinate of outboard airfoil
leading edge

43-49 z-ordinate of outboard airfoil
leading edge

50-56 chord length of outboard airfoil

73-80 card identification, FINORGJ where
J denotes the fin number

The second fin input data card contains NFINOR values of
x expressed in percent chord at which the fin airfoil ordinates
are to be specified. The card may be identified in columns
73-80 as XFINJ where J denotes the fin number.

The third fin input data card contains NFINOR values of
the fin airfoil half-thickness expressed in percent chord.
Since the fin airfoil must be symmetrical, only the ordinates
on the positive y side of the fin chord plane are specified.
The card identification FINORDJ may be given in columns 73-80
where J denotes the fin number.

For each fin, new FINORG, XFIN, and FINORD cards must be
provided. Only single fins are described but the program
assumes that if the y-ordinate is not zero an exact duplicate
is located symmetrically with respect to the xz-plane, a y-
ordinate of zero implies a single fin.

Canard data cards: If the canard (or horizontal tail)
airfoil is symmetrical, exactly three cards are used to describe
a canard, and the input is given in the same manner as for a
fin. If, however, the canard airfoil is not symmetrical



(indicated by a negative value of NCANOR), a fourth canard
input data card will be required to give the lower ordinates.
The information presented on the first canard input data card
is as follows:

Columns Contents

1-7 x-ordinate of inboard airfoil
leading edge

8-14 y-ordinate of inboard airfoil
leading edge

15-21 z-ordinate of inboard airfoil
leading edge

22-28 chord length of inboard airfoil

29-35 x-ordinate of outboard airfoil
leading edge

36-42 y-ordinate of outboard airfoil
leading edge

43-49 z-ordinate of outboard airfoil
leading edge

50-56 chord length of outboard airfoil

73-80 card identification, CANORGJ
where J denotes the canard number

The second canard input data card contains NCANOR values of
X expressed in percent chord at which the canard airfoil ordi-
nates are to be specified. The card may be identified in
columns 73-80 as XCANJ where J denotes the canard number.

The third canard input data card contains NCANOR values of
the canard airfoil half-thickness expressed in percent chord.
This card may be identified in columns 73-80 as CANORDJ where
J denotes the canard number. If the canard airfoil is not sym-
metrical, the lower ordinates are presented on a second CANORD
card. The program expects both upper and lower ordinates to
be punched as positive values in percent chord.

For another canard, new CANORG, XCAN, and CANORD cards
must be provided.



Description of Auxiliary Input Cards

Card 1.1 - Identification.- Card 1.1 contains any desired
identifying information in columns 1-80.

card 1.2 - Boundary condition and control point definition.-
Non planar boundary conditions are always applied on a body,
however card 1.2 permits the selection of boundary conditions to
apply on a wing, fin (vertical tail), or canard (horizontal tail).
This card also selects the output print options. This card con-
tains the following:

Columns Variable Value Description
1-3 LINBC 0 Control points on surface of wing,
fin (vertical tail), and canard
(horizontal tail). This is re-=

ferred to as the nonplaner bound-
ary condition option.

1 Control points in plane of wing,
fin (vertical tail), and canard
(horizontal tail). This is

referred to as the planar bound-
ary condition option.

4-6 THICK 0 Do not calculate wing thickness
matrix
1 Calculate wing thickness matrix

if LINBC =1

7-9 PRINT 0 Print out the pressures and the
forces and moments
1 Print out option 0 and the span-
wise loads on the wing, fins, and
canards
2 Print out option 1 and the veloc-

ity components and source and
vortex strengths

3 Print out option 2 and the steps in
the iterative solution
4 Print out option 3 and the axial

and normal velocity matrices

A negative value of print adds the panel geometry print out
to the output indicated for options 1 through 4.

LINBC, THICK, and PRINT are punched as right justified
integers. THICK is not used if LINBC = 0.



Card 2.1 - Revised configuration paneling description
control integers.- The contents of card 2.1 are punched as
right justified integers as follows:

Columns Variable Value Description
1-3 KO 0 No reference lengths
1 Reference length data to be read
4-6 K1l 0 No wing data
1 Wing data to be read, wing has a
sharp leading edge
3 Wing data to be read, wing has a
round leading edge
7-9 K2 0 No body data
1 Body data follows
10-12 K3 Not used
13-15 K4 0 No fin (vertical tail) data
1 Fin (vertical tail) data to be
read, fin has a sharp leading
edge
3 Fin (vertical tail) data to be
read, fin has a round leading
edge
16-18 K5 0 No canard (horizontal tail) data
1 Canard (horizontal tail) data to

be read, canard has a sharp
leading edge

3 Canard (horizontal tail) data to
be read, canard has a round
leading edge

19-21 K6 Not used
22-24 KWAF 0, Number of wing sections used to
2-20 define the inboard and outboard

panel edges. If KWAF = 0, the
panel edges are defined by NWAF in
the geometry input

25-27 KWAFOR o, Number of ordinates used to
3-30 define the leading and trailing
edges of the wing panels. 1If .
KWAFOR = 0, the panel edges are
defined by NWAFOR in the geometry
input ‘
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Columns Variable Value Description

28-30 KFUS The number of fuselage segments.
The program sets KFUS = NFUS

31-33 KRADX (1) 0, Number of meridian lines used to

3-20 define panel edges on first body

segment. There are three options
for defining the panel edges.

If KRADX (1) = 0, the meridian
lines are defined by NRADX(1l) in
the geometry input. If KRADX (1)
is positive, the meridian lines
are calculated at KRADX(1l) equally
spaced PHIKs. If KRADX (1) is
negative, the meridian lines are
calculated at specified values of

PHIK
34-36 KFORX (1) 0, Number of axial stations used to
2-30 define leading and trailing edges

of panels on first body segment.
If KFORX(1l) = 0, the panel edges
are defined by NFORX(1l) in the
geometry input

37-39 KRADX (2) 0, Same as KRADX(1l), but for second
3-20 body segment
40-42 KFORX (2) 0, Same as KFORX (1), but for second
2-30 body segment
43-45 KRADX (3) 0, Same as KRADX (1), but for third
3-20 body segment
46-48 KFORX (3) o, Same as KFORX(1l), but for third
2-30 body segment
49-51 KRADX (4) 0, Same as KRADX (1), but for fourth
; 3-20 body segment
52-54 KFORX (4) 0, Same as KFORX (1), but for fourth
2-30 body segment

The program is restricted to 600 body singularity panels.
For this program there is an additional restriction that the
total number of singularity panels in the axial direction on the
body (fuselage) cannot exceed 30. The arbitrary body (fuselage)
capability of this program is limited to those shapes for which
the radius is a single-valued function of PHIK for each cross
section of the body.

11



Card 2.2 - Additional revised configuration paneling

description control integers.

punched as right justified 1in

Columns

1-3

10-12

13-15

16-18

19-21

22-24

25-27

28-30

31-33

34-36

12

Variable

KF (1)

KFINOR(1)

KF (2)

KFINOR(2)

KF (3)

KFINOR(3)

KF (4)

KFINOR(4)

KF (5)

KFINOR(5)

KF (6)

KFINOR(6)

Value

2-20

- The contents of card 2.2 are
tegers as follows:

Description

Number of fin sections used to
define the inboard and outboard
panel edges on the first fin.
If KF(1) = 0, the root and tip
chords define the panel edges

Number of ordinates used to
define the leading and trailing
edges of the fin panels on the
first fin. If KFINOR(1l) = 0, the
panel edges are defined by NFINOR

Same as for KF(1l), but for second
fin

Same as for KFINOR(1l), but for
second fin

Same as for KF(1l), but for third
fin

Same as for KFINOR(l), but for
third fin

Same as for KF(l), but for fourth
fin

Same as for KFINOR(1l) , but for
fourth fin

Same as for KF(l), but for fifth
fin

Same as for KFINOR(1l), but for
fifth fin

Same as for KF(l), but for sixth
fin

Same as for KFINOR(1l), but for
sixth fin



Columns

37-39

40-42

43-45

46-48

49-51

52-54

55-57

58-60

61-63

64-66

67-69

70-72

Variable

KCAN (1)

KCANOR (1)

KCAN (2)

KCANOR (2)

KCAN (3)

KCANOR(3)

KCAN(4)

KCANOR (4)

KCAN (5)

KCANOR(5)

KCAN (6)

KCANOR (6)

Value

0,
2-20

Description

Number of canard sections used to
define the inboard and outboard
panel edges on the first canard.
If KCAN(1l) = 0, the root tip
chords define the panel edges.

If KCAN(N) negative, no vortex
sheets carry through the body and
concentrated vortices are shed
from the inboard edge of the
canard or tail surface

Number of ordinates used to define
the leading and trailing edges of
the first canard. If KCANOR(1l)=0,
the panel edges are defined by
NCANOR

Same as for KCAN(1l), but for
second canard

Same as for KCANOR(1l), but for
second canard

Same as for KCAN(1l), but for
third canard

Same as for KCANOR(1l), but for
third canard

Same as for KCAN(l), but for
fourth canard

Same as for KCANOR(1l), but for
fourth canard

Same as for KCAN(l), but for
fifth canard

Same as for KCANOR(1l), but for
fifth canard

Same as for KCAN(1l), but for
sixth canard

Same as for KCANOR(1l), but for
sixth canard

13



The program is restricted to a total of 600 singularity
panels on the wing-fin-canard combination.

For this program there is an additional restriction that
the total number of singularity panels in the spanwise direction
on the wing-fin-canard combination cannot exceed 20.

Cards 3, 4, . . . - remaining input data cards.- The
remaining input data cards contain a detailed description of
the singularity paneling of each component of the configuration.
Each card contains up to 10 values, each value punched in a
7-column field with a decimal point and may be identified in
columns 73-80. The cards are arranged in the following order:
reference lengths, wing data cards, fin (vertical tail) data
cards, canard (horizontal tail) data cards, fuselage (body) data
cards, and finally Mach number and angle of attack case cards.
Note that the present program will not handle a pod and there-
fore there are no pod panel inputs. However, if the geometry
input contains a pod description it will be read and ignored.

Reference length card: This card may be identified as REFL
in columns 73-80 and contains the following:

Columns Variable Description

1-7 REFA Wing reference area. If REFA = 0,
the reference area is defined by
the value of REFA in the geometry
input

8

14 REFB Wing semispan. If REFB = 0, a
value of 1.0 is used for the
reference semispan

15-21 REFC Wing reference chord. If REFC = 0,
a value of 1.0 is used for the
reference chord

22-28 REFD Body (fuselage) reference diameter.
If REFD = 0, a value of 1.0 is
used far the reference diameter

29-35 REFL Body (fuselage) reference length.
If REFL = 0, a value of 1.0 is
used for the reference length

36-42 REFX X coordinate of moment center

43-49 REFZ Z coordinate of moment center

14



Wing data cards: The first wing data card is the wing
leading edge radius card and is required only when K1 = 3.
This card contains NWAF values of leading edge radius expressed
in percent chord. It may be identified in columns 73-80 as
RHOJ where J denotes the number of the last radius given on
that card.

Next is the wing panel leading edge card. This card con-
tains KWAFOR values of wing panel leading edge locations ex-
pressed in percent chord. This card may be identified in columns
73-80 as XAFKJ where J denotes the last location in percent chord
given on that card. Omit if KWAFOR = 0.

The last wing data card gives the wing panel side edge data.
This card contains KWAF values of the y ordinate of the panel
inboard edges. This card may be identified in columns 73-80 as
YKJ where J denotes the last y ordinate on that card. These
values are arranged in the order which begins with the most
inboard panel edge and proceeds outboard. Omit if KWAF = 0.

Fin (vertical tail) data cards: The first fin data card
is the fin leading edge radius card and is required only when
K4 = 3. This card contains NF values of leading edge radius
expressed in percent chord, one value for each fin. It may be
identified in columns 73-80 as RHOFIN.

Next is the fin panel leading edge card for the first fin.
This card contains KFINOR(1l) values of fin panel leading edge
locations expressed in percent chord. This card may be identi-
fied in columns 73-80 as XFINKJ where J denotes the fin number.
Repeat this card for each fin.

The last fin data card gives the fin panel side edge data
for the first fin. This card contains KF(1l) values of the
2z ordinate of the panel inboard edges. This card may be identi-
fied in columns 73-80 as ZFINKJ where J denotes the fin number.
These values are arranged in the order that begins with the most
inboard panel edge and proceeds outboard. Repeat this card for
each fin.

Canard (horizontal tail) data cards: The first canard data
card is the canard leading edge radius card and is required only
when K5 = 3. This card contains NCAN values of leading edge
radius expressed in percent chord, one value for each canard.

It may be identified in columns 73-80 as RHOCAN.

Next is the canard panel leading edge card for the first
canard. This card contains KCANOR(1l) values of canard panec.
leading edge locations expressed in percent chord. This caxzd
may be identified in columns 73-80 as XCANKJ where J denotes the
canard number. Repeat this card for each canard.

15



The last canard data card gives the canard panel side edge
data for the first canard. This card contains KCAN(l) values
of the y ordinate of the panel inboard edges. This card may be
identified in columns 73-80 as YCANKJ where J denotes the canard
number. These values are arranged in the order that begins with
the most inboard panel edge and proceeds outboard. Repeat this
card for each canard.

Fuselage (body) data cards: The first body card is the
body meridian angle card. This card contains KRADX(l) values
of body meridian angle expressed in degrees and may be identi-
fied in columns 73-80 as PHIKJ where J denotes the body segment
number. The convention is observed that PHIK = 0. at the bot-
tom of the body and PHIK = 180. at the top of the body. Omit
unless KRADX(l) is negative. Repeat this card for each fuse-~
lage segment.

The second body card is the body axial station card. This
card contains KFORX (1) values of the x ordinate of the body
axial stations and may be identified in columns 73-80 as XFUSKJ
where J denotes the body segment number. Omit if KFORX(1l) = 0.
Repeat this card for each fuselage segment.

Mach number and angle of attack card: This card may be
identified in columns 73-80 as MALPHA and contains the following:

Columns Variable Description

1-7 MACH The subsonic Mach number (includ-
ing the value MACH = 0.) or the
supersonic Mach number at which it
is desired to calculate the aero-
dynamic data

8-14 ALPHA The angle of attack expressed in
degrees at which it is desired to
calculate the aerodynamic data

A series of Mach number and angle of attack combinations
for the same geometry may be calculated by repeating this card
with the desired values.

A value of MACH = -1. on this card signifies the termination

of the present case. Geometry cards for a new case can follow
such a terminal card.
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PROGRAM OUTPUT DATA

All output is processed by a standard 132 characters-per-

line printer.

The output from each run is always preceded by

a complete list of the input data cards. The amount and type
of the remaining output depend on the PRINT option selected,
the number of panels used, and whether the configuration being
analyzed is an isolated wing, an isolated body, or a complete
wing-body~-tail combination. The program output options are
described below:

PRINT =

PRINT =

PRINT =

0

1

2

The program prints the case description, Mach
number and angle of attack, followed by a table
listing the panel number, control point coordi-
nates (both dimensional and non-dimensional),
pressure coefficient, normal force, axial force,
and pitching moment. Separate tables are printed
for the body and wing panels, noting that any
tail, fin or canard panels are included with the
wing output. If the planar boundary condition
option has been selected, the results for the
wing upper surface are given in one table, fol-
lowed by a separate table giving the results for
the wing lower surface. Additional tables giving
the total coefficients on the body, the wing and
the complete configuration follow the pressure
coefficient tables. These include the reference
area, reference span and reference chord, the
normal force, axial force, pitching moment, 1lift,
and drag coefficients, and the center of pressure
of the component.

In addition to the output described for PRINT = O,
the program prints out additional tables giving
the normal force, axial force, pitching moment,
1ift and drag coefficients, and the center of
pressure of each column of panels on the wing and
tail surfaces. In addition, the indices of the
first and last panel in the column are listed, to-
gether with the span, chord and origin of the
column.

In addition to the output described for PRINT = 1,
the program prints out tables listing the panel
number, the source or vortex strength of that
panel, and the axial velocity u, lateral velocity
v, and vertical velocity w at the panel control
point. The normal velocity is also calculated for
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body panels. Separate tables are printed for
the body and wing panels, noting again that any
tail, fin, or canard panels are included with
the wing output. If the planar boundary con-
dition option has been selected, separate tables
are given for the wing upper and lower surfaces.

PRINT = 3 In addition to the output described for PRINT = 2,
the program prints out the iteration number, and
the source and vortex strength arrays obtained
at each step of the iterative solution procedure.

PRINT = 4 In addition to the output described for PRINT = 3,

the program prints out tables of the axial and
normal velocity components which make up the ele-
ments of the aerodynamic matrices. The program
prints out the matrix row number, and gives the
number of elements in that row. A maximum of
four matrix partitions will be printed if this
option is selected, each of which is identified
by number and its influence description prior to
printing the velocity component tables.

If a negative value of PRINT is selected, the program
prints all the information described above for the positive
values, together with the complete panel deometry description
of the configuration following the list of input cards. This
consists of tables giving the wing panel corner points, control
points, inclination angles, areas, and chords. If the config-
uration has a horizontal tail, fin or canard, additional tables
are printed giving the same information as listed above for the
wing. Finally, if the configuration includes a body, the body
panel corner points, control points, areas, and inclination
angles are listed.

The program output is illustrated by the sample case pre-
sented in Appendix III. |
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PROGRAM STRUCTURE

The program is designed to operate in OVERLAY mode. The
main overlay program is designated USSAERO, and calls the
three primary overlay programs GEOM, VELCMP, and SOLVE. In
turn, GEOM calls seven secondary overlay programs CONFIG,
NEWORD, WNGPAN, NEWRAD, BODPAN, NUTORD, and TALPAN; while
VELCMP calls three secondary overlay programs BODVEL, LINVEL,
and WNGVEL. The overlay structure is illustrated on Figure 1.

The complete program consists of 14 overlay programs and
19 subroutines. Detailed descriptions of each program and sub-
routine are given in Appendix I. These descriptions give the
purpose of the program or subroutine, outline the method used,
and list the names of the principal variables and constants.

AUXILIARY FILES

The program designates TAPE 5 as the input file and TAPE 6
as the output file. In addition, five auxiliary files are uti-
lized for temporary storage and data transfer within the pro-
gram. These files are designated TAPE 7, TAPE 8, TAPE 9, TAPE
10, and TAPE 11.

TAPE 7 is used primarily for the storage of the panel geo-
metry data. The first three records are written by program
WNGPAN, and contain the wing panel geometry data. If the con-
figuration has a fin, canard, or horizontal tail, the first
three records are rewritten by program TALPAN, and subsequently
contain all wing and tail panel geometry data. The fourth rec-
ord is written by program BODPAN, and contains the body panel
geometry data. Additional records are written on this file in
program VELCMP if the aerodynamic matrix partitions are further
subdivided into blocks. The elements of the diagonal block
matrices are stored in individual records on this file, behind
the panel geometry data.

TAPE 8 is used exclusively to store the u, v, w velocity
component arrays, and each record in this file contains one row
of the velocity component arrays from a given matrix partition.
In the first partition, NBODY records are written on this file
by program BODVEL. In the second partition, another NBODY rec-
ords are written by either program LINVEL or WNGVEL. However,
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if the planar boundary condition option with thickness is
selected, program LINVEL writes an additional NBODY records

on the file. 1In the third partition, NWING records are written
by program BODVEL, and in the fourth partition, another NWING
records are written by programs LINVEL or WNGVEL. As before,
LINVEL writes an additional NWING records on this file if the
planar boundary condition option with thickness is selected.
Thus, a total of 2(NBODY + NWING) records are always written

on TAPE 8, and a maximum of 3 (NBODY + NWING) records if the
planar boundary condition option with wing thickness is selected.

TAPE 9 is first used in program CONFIG to store the con-
figuration geometry data. Five records are written on this
file, containing the reference area, wing geometry data, body
geometry data, fin geometry data, and canard or horizontal tail
geometry data. Dummy records are written for missing compo-
nents. TAPE 9 is re-initialized in program VELCMP, and used to
store the normal velocity arrays. Each record contains one row
of normal velocities from a given matrix partition. 1In the
first partition, NBODY records are written on this file by pro-
gram BODVEL. 1In the second partition, another NBODY records
are written by program LINVEL or WNGVEL. 1In the third parti-
tion, NWING records are written by program BODVEL, and in the
fourth partition, an additional NWING records are written by
program LINVEL or WNGVEL. Thus, a total of 2 (NBODY + NWING)
records are written on TAPE 9.

TAPE 10 is first used in program NEWRAD as temporary stor-
age for the body panel corner point coordinates. It is re-
initialized by program VELCMP, and then used to store the ele-
ments of the diagonal block matrices, if the matrix partitions
are further subdivided into blocks. Each record contains one
row of normal velocities from a given diagonal block matrix
partition. The records are written at the same time the normal
velocity arrays for the remainder of the row are written on
TAPE 9. Thus, a total of 2(NBODY + NWING) records are also
written on TAPE 10. These records are subsequently read by pro-
gram VELCMP, transferred to TAPE 7, and the file re-initialized
a second time. TAPE 10 is finally used to store the elements
of the inverse diagonal block matrices, or the inverse diagonal
partition matrices, if the matrix is not subdivided into blocks.
In the former case, the elements of each inverse diagonal block
matrix are written as a single record on TAPE 10 by subroutine
DIAGIN, or in the latter case, the elements of each inverse di-
agonal partition matrix are written on the file by subroutine
PARTIN.

TAPE 11 is used to transfer two geometry parameter arrays,
written as a single record in program VELCMP, to program SOLVE.
No further use is made of this file.
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OPERATING INSTRUCTIONS

The program deck and data deck are loaded in the following
sequence: job card, system control cards, end-of-record card,
program deck, end-of-record card, data deck, end-of-file card.
The data deck is described above in the Program Input Data

section.
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APPENDIX I

PROGRAM AND SUBROUTINE DESCRIPTIONS

(Arranged in Alphabetical Order)

This appendix contains a brief outline of the purpose,
method, and use of each program or subroutine. The
principal variables and constants in each are listed
in the order of their first appearance, and identified
as input or output data.
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PURPOSE:

METHOD:

USE:

24

PROGRAM BODPAN

To revise the axial spacing on the body and
compute the body panel geometry.

For each body segment, the x, y, and z co-
ordinates of the cross sections are read from
TAPE 10. If the value of KFORX of the segment
is positive, an array of new axial stations

for the segment is read in; otherwise the orig-
inal axial stations are retained.

The body panel geometry is established by a
linear interpolation along body meridian lines
of the y and z coordinates at the new axial
stations. The interpolation is started with
the first ring of panels at the nose and con-
tinued until the last ring of panels on the
last segment is reached. The corner point
coordinates, the control point coordinates,
the inclination angles, and area are calcu-
lated for each panel in sequence.

The panel control point coordinates, the panel
dihedral angle 6, the panel inclination angle §,
the corner point coordinates and the panel areas
are stored in the COMMON block POINT, and the
entire sequence of arrays written as a single
record on TAPE 7 following the wing and tail
panel geometry arrays. The remaining body
geometry parameters are stored in COMMON blocks
PARAM and BTHET. Finally, if the print option
is negative, the corner point coordinates,
control point coordinates, inclination angles,
and areas are written on the output file.

CALL OVERLAY (LWB, 1, 5)

Input:

PRINT Print option

NFUS Number of body segments

KFORX, Number of axial stations on segment

NFORX,
JMAX



SUBROUTINES
CALLED:

ERROR
RETURNS:

KRADX, Number of meridian lines on segment
NRADX,

KRAD

XB, Array of original axial stations on

XFUS segment

XJ Array of revised axial stations on
segment

YB, Arrays of y and z coordinates on

ZB segment

Output:

NBODY Total number of body panels

NFU Body segment number

NP Panel number

1ip, Panel identification constants
IQ

XC, Arrays of panel corner points
YC,

z2C

XPT, Arrays of panel control points
YPT,

ZPT

THET, Array of panel dihedral angles
THETA

DELTA Array of panel inclination angles
AP, Array of panel areas
AREA

PANEL

The program calls EXIT if NBODY > 600.
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PURPOSE:

METHOD:

26

PROGRAM BODVEL

To compute the three components of velocity
induced at specified control points by the
body panels.

The x, y, and z coordinates of the control
point, and the corresponding panel inclination
angles 6 and § are read from COMMON block POINT.

Starting with the first body segment, the body
panel corner point coordinates and inclination
angles are also read from COMMON block POINT
for each row and column of panels. Considering
a single body panel, the corner point and con-
trol point coordinates are transformed to a
new coordinate system with origin at the first
corner of the panel and inclined at an angle 6
with respect to the horizontal. The velocity
components induced by this inclined constant
source panel at the given control point are
computed in the panel coordinate system by sub-
routine SORPAN, which is called twice to obtain
the influence of panels located on both right
and left sides of the body. These velocity
components are combined and transformed back

to the reference coordinate system to obtain
the final u, v, and w components of velocity,
and the velocity normal to the panel at the
control point. This process is repeated for
each panel on the body, following which the u,
v, and w velocity component arrays are written
on TAPE 8, and the array of normal velocities on
TAPE 9.

If the control point is in the same ring of
panels on the body as the influencing panel and
the body has more than 60 panels, the normal
velocity at the control point is written on
TAPE 10, and its value set to zero in the array
written on TAPE 9. This procedure sets up the
diagonal blocks of the aerodynamic matrix for
later use in the iterative solution procedure.
If the print option is selected, the axial and
normal velocity arrays are written on the output
tape.

The process is repeated for each control point.



USE:

CALL OVERLAY (LWB, 2, 1)

Ingut:

EM,
MACH

NBODY

LBC

PRINT
NPART
NMAX
KFUS

KRADX

KFORX

JMAX,
MAX

NPOINT

IT

THET

THETA
DELTA
DELTTI
XPT,
YPT,
ZPT
XBT,

YBT,
ZBT

Mach number

Number of body panels

Planar boundary condition option
parameter (logical)

Print option parameter

Matrix partition number

Maximum order of diagonal block matrices
Number of body segments

Number of body panel meridian lines in
segment

Number of body axial stations in segment

Total number of axial stations on body

Number of control points

Array of wing supersonic trailing edge
indicators

Array of panel inclination angles at
control point

Array of body panel inclination angles
Array of body panel incidence angles
Array of wing panel incidence angles

Arrays of wing control point coordinates

Arrays of body panel control point
coordinates
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XC,
YC,
zC

Output:

ISKIP

KF

L,
NC

NROW,
NS

NCOL

Jl,

- Js1,

JSs2

SINTI
COSTI
XPTI,
YPTI,
ZPTI
DI

DA
SINT
COST

SINTR

Arrays of body panel corner points

Control point index
Body panel index

Wing supersonic trailing edge
indicator

Body segment index

Column index

Row index

Number of rows of panels on body

Number of columns of panels on body

Body panel numbers in diagonal block
matrices

Panel corner index
sin 6(I)
cos 06(I)

Coordinates of control point I

tan §(I)
tan §(J)
sin 6 (J)
cos 6 (J)

sin (8(J) - 6(I))




SUBROUTINES
CALLED:

ERROR
RETURNS:

SINTL
COSTR
COSTL
XCOR,
YCOR,
%COR
CX
XI,
YI,
z1
XJ,
YJ,
zJ
UR,
VR,
WR
UL,
VL,
WL
UB,
VB,
WB

VI,
WI

DN

SORPAN

None

sin (8 (J) + 6(1I))
cos (6(J) - 6(1I))
cos (B(J) + 6(I1))

Coordinates of panel corner points
in panel coordinate system

Panel chord length

Coordinates of control point I in
panel coordinate system

Coordinates of body panel J control
point in panel coordinate system

Velocity components at control point I
induced by body panel J on right side
of body, in body panel coordinate system

Velocity components at control point I
induced by body panel J on left side of
body, in body panel coordinate system

Arrays of velocity components at control
point I in reference coordinate system

Arrays of velocity components at control
point I in control point panel co-
ordinate system

Array of velocities normal to control
point panel T

Array of normal velocities in diagonal
block matrices
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PURPOSE:

METHOD:

30

SUBROUTINE COMCU

To fit a composite cubic through n points

(xi, yi) i.e., a separate cubic between each
pair of adjacent points, such that the n-1
cubics are so determined that each matches its
neighbors in function value and in the first
two derivatives.

Rather than solve simultaneously for the 4(n-1)
cubic coefficients, the approach here is to
solve simultaneously for the slopes of the
composite cubic at the given n points. Thus a
linear system of order n, rather than 4n-4 is
involved. It can be shown that a necessary
and sufficient condition for continuity of the
second derivative is that

- 1 - 1 _ [
(Xi+1 xi)yi—l+ 2(Xi+1 Xi—1)yi + (Xi Xi—l)yi+1

3 2
= (x,-x, ) (y,, -v.)
(Xi—xi—1) (Xi+1_xi) { 1 1-1 1+1 1

* (Xi+1-xi)2(yi_yi—1)]

for i =2, 3, . . ., n-1

This yields n-2 equations in the n unknowns,
y!', i=1, 2, . . ., n. For the 15t and nt
e&uations of the linear system, the boundary
conditions on y} and yp are used. This has
been generalized to permit any combination of
a given y' or y'' at the end points, e.g.,

y, and yﬁ' can be given as the boundary
conditions. The second derivative of a cubic
through two points can be expressed as a
function of the first derivatives and of the
given point coordinates as follows:

Xp~X, 3Y2'Y1 -

wo v ]
5 ¥ T T 2V T Y,
and
*n"*n-1 _ Yn¥n-1 . o + 2y




USE:

Whether the boundary conditions involve first

or second derivatives (or both) and no matter
what the spacing of the X; so long as the xj
form a strictly monotone sequence, the coeffi-
cient matrix of the linear system is tridiagonal
(all elements are zero except on the principal
diagonal, the first subdiagonal, and the first
superdiagonal). When n is large, a considerable
time saving and an enormous storage saving can
result if the special structure of this matrix
is taken advantage of. Hence, this subroutine
stores the matrix elements in 4n locations (as
opposed to n?) and then solves the system.

The actual coefficients of the n-1 cubics of the
composite cubic are not found by COMCU. Since
on any subinterval Xj, Xj+,, a cubic is uniquely
determined by the known two points and two
slopes, the calling program can find the four
coefficients of each cubic independently and
may often need to do so for only one of the n-1
cubics. In any case, the subroutine CUBIC2
specifically finds a cubic, given two points

and the slope at each point.

CALL COMCU (ba, DB, S, X, Y, L, M, N, NDA,NDB)

Input:

X Array of x-abscissae of input points
Y Array of y-ordinates of input points
N Number of input points

NDA Order (1 or 2) of derivative at X({(1)
NDB Order (1 or 2) of derivative at X(N)
DA Value of derivative at X(1)

DB Value of derivative at X(N)

L Code

1, if single precision is to be used

2, if double precision is to be used
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Outgut:

S Array of first derivatives
M Error return
= 0 - success

# 0 - error detected

SUBROUTINES

CALLED: None

ERROR

RETURNS: If overflow occurred, M = 1. Otherwise, M = 0.

RESTRICTIONS: The x-abscissae must form a strictly monotone
sequence. N < 400.
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PROGRAM CONFIG

PURPOSE: To input the geometrical description of the con-
figuration using the same input data as program
START of reference 1.

METHOD : The configuration reference area is read from the
input file if J0 # 0, otherwise the reference area
is set equal to unity. The reference area is then
written on TAPE 9. If J1 # 0, the wing geometry
data is read from the input file in the order spec-
ified in reference 1. The program computes the
upper and lower surface coordinates of the wing
airfoils, and writes the entire wing geometry array
as one record on TAPE 9.

If J2 # 0, the body geometry data is also read from
the input file in the order specified in reference
1 for each body segment. For arbitrary cross-
sections, the y and z ordinates of the body seg-
ment are read in, but for circular cross-sections,
the body cross-sectional area is read in and the
corresponding radius calculated by the program.

The entire body geometry array is then written as
one record on TAPE 9.

If J3 # 0, the pod geometry is read in, but no
further use is made of this data.

If J4 # 0, the fin geometry data is read in. The
program computes the coordinates of the fin airfoils
and writes the fin geometry array as one record on
TAPE 9. Similarly, if J5 # 0, the tail or canard
geometry data is read in, the tail airfoil coordi-
nates calculated, and the tail geometry array writ-
ten on TAPE 9.

If one or more of the above components is missing,
the program writes a dummy record on TAPE 9 and

continues.
USE: CALL OVERLAY (LWB, 1, 1)
Input:
Jo Reference area parameter

J1 Wing definition parameter
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J2
J3
J4
J5
J6
REFA
ABCD
NWAF

NWAFOR

WAFORG

XAF

WAFORD

TZORD
NFUS

NRADX,
NRAD

NFORX ,
NFUSOR

XFUS
ZFUS

SFUS

FUSARD
NP

NPODOR

Body definition parameter

Pod definition parameter

Fin definition parameter

Canard or tail definition parameter
Body camber parameter

Reference area

Dummy array

Number of wing airfoil sections

Number of ordinates used to define each
wing airfoil section

Origin and chord length of each wing
airfoil (x, y, 2z, c)

Array of percent chords for wing
airfoil ordinates

Array of half-thickness ordinates in
percent chord

Array of mean camber line ordinates
Number of body segments

Number of points used to define half-
section of body segment

Number of axial stations on body
segment

Array of axial stations on body segment
Array of body camber ordinates

Array of y and z ordinates used to
define half-section of arbitrary body
segment

Array of body cross-sectional areas

Number of pods

Number of axial stations on pod



NF

NFINOR

FINORG

XFIN

FINORD

NCAN

NCANOR

CANORG

XCAN

CANORD

Output:
REFA

WAFOR

TZORD

WAFORD

J2TEST

FUSRAD

FINOR

Number of fins

Number of ordinates used to define fin
airfoil sections

Origin and chord lengths of fin
airfoils (x, v, z, ¢)

Array of percent chords for fin air-
foils

Array of fin airfoil half-thickness
ordinates in percent chord

Number of tails or canards

Number of ordinates used to define tail
or canard airfoil sections

Origin and chord lengths of tail or
canard airfoils (x, y, z, C)

Array of percent chords for tail or
canard airfoils

Array of airfoil half-thickness ordinates

Reference area

Array of wing half-thickness ordinates
(percent chord)

Array of wing camber line ordinates
Array of x, y, 2z, coordinates defining
upper and lower surfaces of wing (not

used)

Parameter to specify body camber and
cross-section definition

Array of body radii (circular cross-
sections only)

Array of fin half-thickness ordinates
(percent chord)

35



SUBROUTINES

CALLED:

ERROR
RETURNS:

36

FINCR

FINORD,
FINX2,
FINX3

CANOR

CANCR

CANORX,
CANORD,
CANOR1

BLOCK

None

None

Array of fin camber line ordinates (set
zero)

Arrays of x, y, z coordinates defining
left and right surfaces of fin (not
used)

Array of tail or canard half-thickness
ordinates

Array of tail or canard camber line
ordinates

Arrays of X, y, z coordinates defining
upper and lower surfaces of tail or
canard (not used)

Dummy array used for storing geometry
data on TAPE 9



PURPOSE :

METHOD:

USE:

SUBROUTINES
CALLED:

ERROR
RETURNS:

RESTRICTIONS

SUBROUTINE CUBIC2

To fit a cubic to two points, being given the
slope at each.

The subroutine sets up the system of four simul-
taneous equations expressing the four given
conditions and solves it for the coefficients

of the cubic.

CALL CUBIC2 (X, ¥, D, C, M)

Input:
X Array of x-coordinates
Y Array of y-coordinates
D Array of first derivatives
OQutput:
C Array of cubic coefficients
Error return
M = 1 - success
# 1 - error detected
None
If M = 2, overflow occurred. If M = 3,
X(1l) = X(2). Otherwise, call is successful,
and M = 1
X(1) # X(2)
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SUBROUTINE DERIV

PURPOSE: To fit a chain of cubic curves through a set of
N points (xi, y:) having continuous first and
second deri¥atides at the intermediate points
and specified first or second derivative at the
end points.

METHOD : The method outlined in subroutine SCAMP4 is
applied.
USE: CALL DERIV (X, Y, N, NDA, DA, FD)
Input:
X Array of x values
Y Array of y values
N Number of points
NDA The order of the derivative to be

specified at the first point

DA The value of the derivative to be
specified at the first point

Output:
FD Array of first derivatives at the points
SUBROUTINES
CALLED: SCAMP4
ERROR
RETURNS: None
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PURPOSE:

METHOD:

USE:

SUBROUTINES
CALLED:

ERROR
RETURNS:

RESTRICTIONS

FUNCTION DERIV1

To find the first derivative of the quadratic

through three given points at a specified one

of these points. This provides a good approx-
imation to the slope of a function at a point,
particularly if the other two points used are

nearby.

The subroutine simply finds the unique poly-
nomial of degree two through the given points
then evaluates its first derivative at the
specified point.

D = DERIV1 (X, ¥, N)

Input:

X Array of x-coordinates

Y Array of y-coordinates
Code

N
=1, 2, or 3 indicating point at which
derivative 1is desired

None

None

The x-coordinates must be distinct, but need
not be in any order or evenly spaced
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FUNCTION DERIVZ2

PURPOSE: To find the second derivative of the cubic
through four given points (x;, y;) at an
arbitrary point whose x cooréina%es if given.

METHOD: The subprogram simply finds the unique poly-
nomial of degree three through the given points,
then evaluates its second derivative at the
desired x, which need not be one of the four
given x

i.
USE: D = DERIV2 (X, Y, XX)
Input:
X Array of x coordinates
Y Array of y coordinates
XX x coordinate of point at which second
derivative is desired
SUBROUTINES
CALLED: None
ERROR
RETURNS : None

RESTRICTIONS: The x coordinates must be distinct but can be
in any order and unevenly spaced.
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PURPOSE :

METHOD :

USE:

SUBROUTINE DIAGIN

To invert the diagonal blocks of the matrix
and store the results on TAPE 10.

If the order of the body matrix partition
exceeds 60, the diagonal blocks of the body
matrix are read from TAPE 7, the block matri-
ces inverted, and the inverse matrices stored
on TAPE 10. Otherwise, the complete body
matrix partition is read from TAPE 9, the
matrix inverted, and the inverse stored on
TAPE 10.

A similar procedure is followed for the wing
matrix partition.

CALL DIAGIN

Input:

NWING Number of wing panels
NBODY Number of body panels

NMAX Maximum order of diagonal block
matrices (60)

NDIM Matrix dimension statement size

NBBLOK Number of diagonal blocks in body
matrix partition

NWBLOK Number of diagonal blocks in wing
matrix partition

NBROW Order of diagonal blocks in body
matrix partition

NWROW Oorder of diagonal blocks in wing
matrix partition

D Array of matrix elements
Output:
NB Body diagonal block number
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SUBROUTINES
CALLED:

ERROR
RETURNS:

42

NW

NROW

NCOL

None

None

Wing diagonal block number
Number of rows in diagonal block
Number of columns in diagonal block

Array of inverse matrix elements




PURPOSE :

METHOD :

SUBROUTINE FORMOM

To calculate the force and moment coefficients
on body, wing and tail components.

Depending on the component being analyzed and
the boundary condition option selected, exe-
cution of this subroutine follows one of three
paths. 1In all three paths, the panel inclina-
tion angles, control point coordinates, areas
and chords are obtained from COMMON block POINT.
The pressure coefficients are obtained from
COMMON block SCRAT.

If the component is a body, the normal force,
axial force, and moment about the origin of
coordinates is computed for each panel and the
results summed. The total axial force, normal
force and pitching moment of the body are stored
in COMMON block FORM. The body panel force and
moment arrays are written on the output file,
together with the panel number, control point
coordinates, and pressure coefficient. The con-
trol point coordinates are non-dimensionalized
by dividing by the body reference length or

diameter, and both dimensional and non-dimensional

coordinates are presented in this array. Finally,
the normal and axial force coefficients, the
pitching moment coefficient about the origin of
coordinates, the 1lift and drag coefficients,

and the center of pressure of the body expressed
as a fraction of the reference chord are computed
and written on the output file.

If the component is a wing or tail, and the non-
planar boundary condition option has been select-
ed, the subroutine first calculates the chord
length of each column of panels, and assigns the
chord length and the axial coordinate of the
leading edge to each panel in the column. The
normal force, axial force and moment about the
origin of coordinates is computed for each panel,
and the results summed. The wing panel force

and moment arrays are then written on the output
file, together with the panel number, control
point coordinates, and pressure coefficient. The
control point coordinates are non-dimensionalized
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by dividing them by the chord length or
reference semi-span, and both dimensional and
non-dimensional coordinates are presented in
the array. Next, the normal and axial force
coefficients, the pitching moment coefficient
about the origin of coordinates, the 1lift and
drag coefficients and the center of pressure

of the wing, expressed as a fraction of the
reference chord, are computed and written on
the output file. If a non-zero print option
has been selected, the subroutine proceeds to
calculate the spanwise load distribution on

the wing and tail. The forces and moment acting
on each panel in a given column are summed, and
the force and moment coefficients and center of
pressure of the column computed and written on
the output file. The summation includes panels
on both the upper and lower surfaces of the
column.

If the component is a wing or tail and the
planar boundary condition option has been
selected, the subroutine is called twice. On
the first pass, the forces and moment acting

on the upper surface is calculated, followed
by the forces and moment on the lower surface
in the second pass. 1In this case, the sub-
routine performs an interpolation to determine
the wing or tail panel slope, pressure coeffi-
cient, and control point at the panel centroid
prior to the panel force and moment calculations.
The remainder of the calculation procedure is
similar to that described above for the wing
with non-planar boundary condition option. The
axial force, normal force, and pitching moment
of the wing upper surface are stored in COMMON
block FORM on the first pass, and added to
those calculated on the lower surface in the
second pass to obtain the total forces and
moments acting on the wing. This information
is then used to calculate the total force and
moment coefficients, 1lift, drag, and center of
pressure of the wing and tail, and the results
stored on the output file. The spanwise load
distribution on the wing and tail is also calcu-
lated if the print option is other than zero,
using the procedure described above.



USE:

CALL FORMOM (NPAN, NPASS, ALFA, COMPT)

Ingut:
NPAN

NPASS

COMPT

ALFA
ALPHA
PRINT

LBC

MACH

NBODY
NWING
ARRAY
CHORD

DZTDX

XC

TITLEL,
TITLEZ2

DELTA

THET

NSEG

Number of panels on the component
being analyzed

Pass number
Component identification integer

COMPT

1 Body component

COMPT = 2 Wing or tail component
Angle of attack (radians)

Angle of attack (degrees)

Print option (integer)

Planar boundary condition option
parameter (logical)

Mach number

Number of body panels

Number of wing and tail panels

Array of panel geometrical parameters
Array of wing panel chord lengths

Array of wing panel half-thickness
slopes

Array of panel corner point coordinates
Case identification arrays

Array of panel incidence angles, or
panel camber slopes on wing with planar
boundary condition option

Array of panel inclination angles

Number of wing and tail segments
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NCOL
NROW

SINS,
COSS

XCPT

LOCPT
cp
XPT,
YPT,
ZPT
XLEW
SPNW
AREA
REFA
REFB
REFC
REFD

REFL

REFX,
REFZ

Output:
XON
SGN
SIND,
COSD

SINT,
cosT

Number of columns of panels in segment
Number of rows of panels in segment

Array of sines and cosines of segment
inclination angle

Array of chord fractions for control
point location

Array of control point location indicators
Array of panel pressure coefficients

Arrays of control point coordinates

Array of wing column leading edge origins
Array of wing column spanwise widths
Array of panel areas

Reference wing area

Reference wing span

Reference wing chord

Reference body diameter

Reference body length

Coordinates of moment reference point

x coordinate of body nose

Wing upper and lower surface sign
parameter array

Trigonometric function arrays of panel
incidence angle §

Trigonometric function arrays of panel
inclination angle 6



SIAL,
COAL

NC
NR
NR1

TAND

XS,
PT

RT

CHD

XLE

NP
1P
CN
CT
CcM
XP,
YP,
ZP
FZ,
F3
FAK

DCN

Trigonometric functions of angle of
attack o

Number of columns of panels in segment
Number of rows of panels in segment

NR + 1

Slope of wing upper or lower surface
at centroid, planar boundary condition

option

Control point location in chord
fractions

Chord fraction of control point from
leading edge

Chord fraction of control point from
trailing edge

Array of wing column chord lengths

Array of wing column leading edge
origins

Number of panels on component
Panel number

Normal force coefficient
Axial force coefficient
Pitching moment coefficient

Panel control point coordinates

Direction cosines of panel normal vector

Panel area factor

Panel normal force
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DCT
DCM
XQ,
YQ,
zQ
CL
CD

DXN

I1
I2
1z
DELY
XL
CNS
CTS
CMS

SUBROUTINES
CALLED: None

ERROR
RETURNS: None

48

Panel axial force

Panel pitching moment
Non-dimensional panel control point
coordinates

Lift coefficient

Drag coefficient

Distance of center of pressure from
origin, in reference chord lengths

Number of first panel in wing column
Number of last panel in wing column
Index counter

Wing column spanwise width

Wing column leading edge origin
Normal force on wing upper surface
Axial force on wing upper surface

Pitching moment on wing upper surface



PURPOSE:

METHOD :

USE:

PROGRAM GEOM

To input configuration geometry and specify panel
subdivision of the components. A complete descrip-
tion of the input geometry cards is given in the
program listing.

The case identification and initial configuration
parameters are read from the input file. The
secondary overlay program CONFIG is then called

to complete the input of the configuration descrip-
tion. The auxiliary case identification is then
read, followed by the boundary condition and print
option. Finally, the revised configuration para-
meters used for specifying the panel subdivisions
are read. Depending on the values of the revised
configuration parameters, the program calls the
secondary overlay programs NEWORD, WNGPAN, NEWRAD,
BODPAN, NUTORD or TALPAN, which interpolate the
input geometry and calculate the corner points,
control points and inclination angles of the panels
on the wing, body, or tail.

CALL OVERLAY (LWB, 1, 0)

Input:

TITLE1 Case description.

TITLE2 Auxiliary case description.

Jo, KO Reference area and length parameters.
Jl, K1 Wing definition parameters.

J2, K2 Body definition parameters.

J3, K3 Pod definition parameters.

J4, K4 Fin definition parameters.

J5, K5 Canard or tail definition parameters.
J6, K6 Body camber parameters.

NWAF Number of wing airfoil sections.
NWAFOR Number of ordinates used to define each

wing airfoil section.
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NFUS,
KFUS

NRADX

NFORX
NP
NPODOR
NF

NFINOR

NCAN

NCANOR

KWAF

KWAFOR

KRADX

KFORX

KF

KFINOR

KAN

REFA,
REFAR

REFB

REFC

Number of‘body segments

Number of points used to define half-
section of body segment

Number of axial stations on body segment
Number of pods

Number of axial stations on pod

Number of fins

Number of ordinates used to define each
fin airfoil section

Number of tails (canards)

Number of ordinates used to define each
tail airfoil section

Number of streamwise panel edges on wing

Number of ordinates used to define the
leading and trailing edges of the wing
panels

Number of meridian lines used to define
panel edges on body segment

Number of axial stations used to define
leading and trailing edges of panels on
body segment

Number of sections used to define the
streamwise panel edges on fin

Number of ordinates used to define the
leading and trailing edges of the panels
on fin

'

Number of ordinates used to define the
leading and trailing edges of the panels
on tail or canard

Wing reference area

Wing reference span

Wing reference chord



PROGRAMS
CALLED:

REFD
REFL

REFX,
REF2Z

LINBC

THICK

PRINT

Output:
NBODY

NWING
NTAIL
NCPT
LBC
THK
TAIL

KOL

NSEG

BLOCK

OVERLAY
OVERLAY
OVERLAY
OVERLAY
OVERLAY
OVERLAY
OVERLAY

Body reference diameter

Body reference length

Coordinates of moment reference point

Boundary condition selection parameter
(integer)

Wing thickness selection parameter

(integer)

Output print selection parameter
(integer)

Number of body panels

Number of wing and tail panels

Number of tail panels (not used)

Number of control points on wing and tail

Boundary condition parameter (logical)

Wing thickness parameter (logical)

Tail parameter (logical)

Number
tail

Number

of columns of panels on wing and

of wing and tail segments

Dummy array used for storing geometry
data on TAPE 9

(LWB,
(LWB,
(LWB,
(LWB,
(LWB,
(LWB,
(LWB,

1, 1) (CONFIG)
1, 2) (NEWORD)
1, 3) (WNGPAN)
1, 4) (NEWRAD)
1, 5) (BODPAN)
1, 6) (NUTORD)
1, 7) (TALPAN)
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ERROR
RETURNS:
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The
(a)
(B)
(c)

program is terminated if:

An end of file is read on TAPE 5
KOL > 20

KRADX (1) > 21




SUBROUTINE ITRATE

PURPOSE: To solve the boundary condition equations by an
iterative procedure and determine the strengths
of the body sources, and wing and tail vortices.

METHOD: The first approximation to the body panel source
strengths is obtained by post-multiplying the
inverted body diagonal block matrices written
on TAPE 10 by the body normal velocity array.
The first approximation to the wing and tail
panel vortex strengths is obtained in a similar
manner. If the absolute value of the print
option is greater than two, the approximate
source and vortex strengths are written on the
output file.

The body normal velocity array is then revised
by subtracting an incremental normal velocity
array from the original normal velocity array.
The incremental values are obtained in two steps.
In the first step, the matrix giving the influ-
ence of the body sources on the body panel con-
trol points is read from TAPE 9 and multiplied
by the approximate body source strengths. 1In
the second step, the matrix giving the influence
of the wing and tail vortices on the body panel
control points is read from TAPE 9 and post-
multiplied by the approximate wing and tail
vortex strengths. The incremental normal veloc—
ity array on the body control points is the sum
of these two contributions.

The wing and tail normal velocity array is
revised in a similar manner. The revised normal
velocity arrays are then used to obtain a second
approximation to the source and vortex strengths
by repeating the above procedure. This iteration
procedure is repeated until the maximum number

of iterations has been completed.

If the order of the body partition does not exceed
60, the same procedure is followed except that

the first step in the determination of the incre-
mental normal velocities on the body is omitted.
If the order of the wing partition does not exceed
60, the same procedure is followed except that

the second step in the determination of the
incremental normal velocities on the wing is
omitted.



USE:
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CALL ITRATE

InEut:
IMAX

NBODY
NWING

NBBLOK

NWBLOK

NBROW

NWROW

NB
NW

D

A
PRINT

OutEut:
RB

RW

NBLOK
NROW

NCOL

GB

GW

Maximum number of iterations
Number of body panels
Number of wing panels

Number of diagonal blocks in body matrix
partition

Number of diagonal blocks in wing matrix
partition

Number of rows in diagonal blocks in
body matrix partition

Number of rows in diagonal blocks in
wing matrix partition

Array of body normal velocities

Array of wing normal velocities

Array of diagonal block matrix elements
Array of normal velocity matrix elements

Print option parameter

Array of revised normal velocities on
body

Array of revised normal velocities on
wing

Number of diagonal block matrices
Number of rows in diagonal block matrix

Number of columns in diagonal block
matrix

Array of body source strengths

Array of wing vortex strengths



SUBROUTINES
CALLED:

ERROR
RETURNS :

DNB
DNW

TIME

SECOND

None

Incremental normal velocities on body
Incremental normal velocities on wing

Elapsed time

55



SUBROUTINE INVERT

PURPOSE: Matrix inversion subroutine

METHOD : Subroutine INVERT is a simple matrix inversion
procedure based on Gauss-Jordan elimination
without pivoting.

USE: CALL INVERT (A, IA, NMAX)
Input:
A Name of matrix to be inverted
IA Number of rows and columns in matrix A
NMAX Maximum dimensions specified for A in

calling subroutine

OutEut:

A Inverse of A
SUBROUTINES
CALLED: None

RESTRICTIONS: NMAX not greater than 115

ERROR
RETURNS : Subroutine calls EXIT if matrix is singular
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PURPOSE:

METHOD:

PROGRAM LINVEL

To calculate the three components of velocity
induced at specified control points by source
and vortex distributions on panels located in
the plane of the wing or tail surfaces.

The x, y, and z coordinates of the control
point, and the corresponding panel inclination
angles 8 and § are read from COMMON block POINT.

Starting with the first wing segment, the panel
leading and trailing edge slopes are calculated
and stored. The program then computes the veloc-
ity components induced by the panel corner points
along the inboard edge of the first column of
panels. These calculations are performed by sub-
routines VORVEL and SORVEL, which return the
three components of velocity induced by constant
and linearly varying vortex and source distribu-
tions. These subroutines are called twice to
obtain the contributions of both left and right
wing panels. In addition, a second call to sub-
routine VORVEL is required at panel trailing

edge corner points if the panel spacing is not
uniform.

To compute the velocity components induced by
the panel corner points along the outboard edge
of this and the remaining columns of panels,
the procedure is repeated. However, for the
remaining columns of panels, advantage is taken
of the fact that the velocity components along
the inboard edges of a given column of panels
are the same as those computed at the outboard
edges of the previous column of panels. There-
fore, the inboard velocity components are not
recomputed, but stored in temporary arrays prior
to the calculation of the outboard velocity
component arrays.

Once the velocity components induced by the panel
corner points along the outboard edge of a given
column of panels are computed, the inboard and
outboard influences of each panel in the column
are combined to obtain the resultant panel veloc-
ity components. First the velocity components
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USE:
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induced by the right and left wing panels are
calculated, using appropriate combination rules
for the source and vortex panels, and applying
special rules for leading and trailing edge
panels. Finally the contributions of the left
and right wing panels are combined, the velocity
components transformed back to the reference
coordinate system, and the velocity normal to
the panel at the control point computed.

The procedure is repeated for each column of
panels in each wing segment, until all wing
panels are accounted for. At this point the u,
v, and w components of velocity induced by the
source panels are written as a single record on
TAPE 8, followed by the u, v, and w components
of velocity induced by the vortex panels. If
the thickness option is not requested, only the
vortex panel arrays are written on this tape.
The normal velocities are then written as a
single record on TAPE 9. If the control point
is in the same column of panels on the wing as
the influencing panel, and the wing has more
than 60 panels, the normal velocity at the con-
trol point is written on TAPE 10 and its value
set to zero in the array written on TAPE 9.
This procedure sets up the diagonal blocks of
the aerodynamic matrix for later use in the
iterative solution procedure. Finally, if the
print option is selected, the axial and normal
velocity component arrays induced by the vortex
panels and source panels are written on the
output tape.

The process is repeated for each control point.
CALL OVERLAY (LWB, 2, 2)

Ingut:

Note: The word wing includes any tail, fin, or
canard in the following descriptions

MACH Mach number
PRINT Print option parameter

THK Wing thickness option parameter
(logical)




NPART

NMAX

NWING
NSEG
NROW

NCOL

NWT
NPOINT
IT
XPT,
YPT,

ZPT

THET

DELTA

Matrix partition number

Maximum order of diagonal block
matrices

Number of wing panels
Number of wing segments
Number of rows of panels in segment

Number of columns of panels in
segment

Tail segment identification parameter
Number of control points

Array of wing supersonic trailing
edge indicators

Arrays of control point coordinates

Array of panel inclination angles at
control points

Array of panel incidence angles at
control points

Arrays of wing panel corner point
coordinates

cos 6 (J)
sin 6 (J)

Array of wing panel chords

Control point index

Wing panel index (vortex panels)

Wing panel index (source panels)

Panel row index
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M
N

NP,
NPSAVE

NWTHK
BETA
SUB
SUPTE
CON,
BCON

CONT,
BCONT

ISKIP
NR,NS
NC

NT
Jl,J2,
Jsl,
Js2
SINTI
COSTI

XI,YI,
ZI

DI
BLE,BL
BTE

FLAG

Panel column index
Wing segment index

Panel number

Number of wing panel source distributions
Mach number parameter
Subsonic flow parameter (logical)

Supersonic trailing edge parameter
(logical)

Constants for vortex panel velocity
components

Constants for source panel velocity
components

Wing supersonic trailing edge indicator
Number of rows of panels in segment
Number of columns of panels in segment
Tail segment identification parameter
Wing panel numbers of diagonal block
matrices

sin 6 (I)

cos 0 (I)

Coordinates of control point I

tan §(I)

Array of panel leading edge slopes
Panel trailing edge slope

Logical variable denoting presence of
additional column of vortex panels

extending from the center line to the
inboard edge of the wing



BPOS

COST
SINT
SINTR
COSTR
SINTL
COSTL
XC,
YC,
ZC
DX,

DY,
DZ

AB,
AT

CL,
cT,
CcC

ABA
ACL

ML

UCOR,
VCOR,
WCOR

ULOR,
VLOR,
WLOR

Panel leading edge slope sign
parameter (logical)

cos 6 (J)
sin 6(J)
sin (6(J) - 8(I))
cos (06(J) - 8(I))

sin (8(J) + 6(I))
cos (6(J) + 6(I))
Arrays of panel corner point

coordinates

Control point coordinates in panel
reference system

Difference between panel leading
and trailing edge slopes

Panel chord length along edge

Absolute value of (AL - AT)

Absolute value of (CL - CT)

Panel edge indicator

Reciprocal of panel chord

Dummy variable

Velocity components induced by outboard
corners of right wing panels containing

constant vortex distributions

Velocity components induced by outboard

leading edge corner of right wing panels

containing linearly varying vortex
distributions
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UTOR,
VTOR,
WTOR

RCOR,
SCOR,
TCOR

RLOR,
SLOR,
TLOR

UCOL,
VCOL,
WCOL

ULOL,
VLOL,
WLOL

UTOoL,
VTOL,
WTOL

RCOL,
ScoL,
TCOL

RLOL,
SLOL,
TLOL

UCIR,
VCIR,
WCIR

ULIR,
VLIR,
WLIR

UTIR,
VTIR,
WTIR

RCIR,
SCIR,
TCIR

Velocity components induced by outboard
trailing edge corner of right wing
panels containing linearly varying
vortex distributions

Velocity components induced by outboard
corners of right wing panels containing
constant source distributions

Velocity components induced by outboard
corners of right wing panels containing

linearly varying source distributions

Same as UCOR, VCOR, WCOR for outboard

corners

Same as
corners

Same as
corners

Same as
corners

Same as
corners

Same as
corners

Same as
corners

Same as
corners

Same as
corners

of left wing panels

ULOR, VLOR, WLOR for
of left wing panels

UTOR, VTOR, WTOR for
of left wing panels

RCOR, SCOR, TCOR for
of left wing panels

RLOR, SLOR, TLOR for
of left wing panels

UCOR, VCOR, WCOR for
of right wing panels

ULOR, VLOR, WLOR for
of right wing panels

UTOR, VTOR, WTOR for
of right wing panels

RCOR, SCOR, TCOR for
of right wing panels

outboard

outboard

outboard

outboard

inboard

inboard

inboard

inboard



RLIR,
SLIR,
TLIR

UCIL,
VCIL,
WCIL

ULIL,
VLIL,
WLIL

UTIL,
VTIL,
WTIL

RCIL,
SCIL,
TCIL

RLIL,
SLIL,
TLIL

ULR,
RCR,
VLR,
SCR,
WLR,
TCR

ULL,
RCL,
VLL,
SCL,
WLL,
TCL

UCR,
VCR,
WCR

UcCL,
VCL,
WCL

Same as
corners

Same as
corners

Same as
corners

Same as
corners

Same as
corners

Same as
corners

RLOR, SLOR, TLOR for
of right wing panels

UCOR, VCOR, WCOR for
of left wing panels

ULOR, VLOR, WLOR for
of left wing panels

UTOR, VTOR, WTOR for
of left wing panels

RCOR, SCOR, TCOR for
of left wing panels

RLOR, SLOR, TLOR for
of left wing panels

inboard

inboard

inboard

inboard

inboard

inboard

Velocity components induced by right

wing panels containing linearly varying
vortex distributions with zero strength

along leading edge

Same as above for left wing panels

Velocity components induced by right
wing panels containing linearly varying
vortex distributions with zero strength

along trailing edge

Same as above for left wing panels
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RLR,
RTR,
SLR,
STR,
TLR,
TTR

RLL,
RTL,
SLL,
STL,
TLL,
TTI,

UTR,

VTR,
WTR

UTL,
VTL,
WTL
uc,
ve,

WC
USAVE,
VSAVE,
WSAVE

AC

ASAVE

BC,
BT

UT,
VT,

AT

DC

Velocity components induced by right
wing panels containing linearly varying
source distributions with zero strength
along leading edge

Same as above for left wing panels

Velocity components induced by right
wing panels containing linearly varying
source distributions with zero strength
along trailing edge

Same as above for left wing panels

Arrays of velocity components induced
by vortex panels at control point I

Velocity component storage arrays

Array of normal velocities induced by
vortex panels at control point I

Normal velocity storage array

Velocity tangential to control point
panel I

Arrays of velocity components induced
by source panels at control point I
Array of normal velocities at control

point I induced by source panels

Array of normal velocities induced by
vortex panels in diagonal block matrices



SUBROUTINES
CALLED:

ERROR
RETURNS :

VORVEL, SORVEL

None

65



PROGRAM NEWORD

PURPOSE: To revise chordwise panel spacing on the wing
and to compute new airfoil ordinates by inter-
polation.

METHOD: The program first checks the input data to

determine if the wing has a round leading edge.
If so, an array of wing leading edge radii are
read in. The program then checks if the percent
chord locations of the panel edges are to be
redefined. If so, an array of revised chordwise
locations are read in, otherwise the panel edges
are used as originally defined.

For each wing section, the original camber and
thickness distributions are rewritten as one
dimensional arrays. A chain of cubic curves having
continuous first derivatives is fitted between
each pair of points on these two curves, and the
four coefficients of the cubic curve calculated
within each interval. For wing sections having
round leading edges with infinite leading edge
slope, the slope at the second percent chord loca-
tion is calculated by fitting the curve

z = V2px + ax + bx? through the first three points.
The program then calculates the coefficients of
the cubic curves through the remaining points in
the usual way, starting with the slope determined
from the first derivative of the above formula.

The revised camber and thickness ordinates and
slopes are then calculated at the new chordwise
locations by the formulas

zZ =cC; + X + C,x2 + c,x°
dz/dx = c, + 2c3;X + 3c,x?
where the coefficients correspond to the interval
of the curve under consideration. For wings

having round leading edges, the formula given in
the previous paragraph is used in the first interval.
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USE:

CALL OVERLAY (LWB, 1, 2)

InEut:
K1l

NWAF

NWAFOR

KWAFOR

XAF

XAFK

TZORD
WAFORD

RHO

OutEut:
NWAR

ZORD
TORD

NDA,
DA

DzZC,
DZCDX

DZT,
DZTDX

A, B

Wing leading edge definition parameter
Number of wing airfoil sections

Number of ordinates used to define wing
airfoil section

Number of ordinates used to define wing
panel leading and trailing edges. If
KWAFOR = 0, NWAFOR ordinates are used.

Array of percent chords for airfoil
ordinates (NWAFOR values)

Array of percent chords for panel leading
and trailing edges (KWAFOR values)

Array of camber line ordinates
Array of half-thickness ordinates

Array of leading edge radii

Number of intervals in curve
Array of camber line ordinates
Array of half-thickness ordinates

Number and value of derivative at
initial point on curve

Array of camber line slopes

Array of half-thickness slopes

Coefficients of leading edge curve

Coefficients of cubic curves in each
interval
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SUBROUTINES
CALLED:

ERROR
RETURNS:

68

TZORK

DZCDXK

WAFORK

DZTDXK

DERIV

None

Array
Array
Array

Array

of
of
of

of

revised camber line ordinates
revised camber slopes ordinates
revised half-thickness ordinates

revised half-thickness slopes



PURPOSE:

METHOD:

USE:

PROGRAM NEWRAD

To revise the body meridian line spacing.

For each body segment, there are three options
for redefining the meridian lines. Considering
the first segment, if KRADX(1l) = 0, the merid-
ian lines are not changed. If KRADX(1l) is
positive, the meridian lines are relocated at
KRADX (1) equally spaced values of the meridian
angle ¢. If KRADX(1l) is negative, an array of
arbitrary meridian angles is read in.

If the body has a circular cross section, the
y and z coordinates are calculated at each
axial station as follows:

y = r cos¢

z=12,+%rx sing¢

where the body radius r and camber z, have
been previously calculated in program CONFIG.

If the body has an arbitrary cross section,
the y and z coordinates are obtained by linear
interpolation at the new values of ¢ of the
original y and z coordinates read in program
CONFIG.

The x, y, and z coordinates are written on
TAPE 10, and the procedure repeated for the
remaining body segments.

CALL OVERLAY (LWB, 1, 4)

Input:

J2TEST Parameter to specify body cross
section and camber definition

NFUS Number of body segments

NRADX, Number of meridian lines on segment
KRADX

PHIK Array of meridian angles on segment
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NFORX,
NFUSOR

XFUS
FUSRAD

ZFUS

SFUS

OutEut:

KFUS

NF,
NFU

NRAD,
KRAD

KTEST

NEWPHI

PHIR
DELE
XB

YB,
ZB

YF,
ZF

RAD

CAM,
zC

PHIN

Number of axial stations on segment

Array of axial stations on segment
Array of body radii on segment

Array of body camber ordinates on
segment

Array of y and z coordinates used in
arbitrary cross section definition

Number of body segments

Body segment number

Number of meridian lines in segment

Arbitrary body indicator

Logical variable controlling input of
new meridian angles

Meridian angle (radians)
Incremental meridian angle
Array of axial stations on segment

Arrays of y and z coordinates on
segment

Temporary arrays of y and z coordinates

Body radius

Body camber ordinate

Array of original meridian angles for
arbitrary cross section body

Maximum number of body axial stations



SUBROUTINES
CALLED:

ERROR
RETURNS :

None

The program will call EXIT if KRAD > 60.
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PURPOSE:

METHOD:

USE:
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PROGRAM NUTORD

To revise chordwise panel spacing on fin, canard
or tail and compute new airfoil ordinates.

The program first tests to determine if the
component under consideration is a fin (vertical
tail), a canard, or a horizontal tail. The
program then initializes the appropriate con-
stants, and reads in an array of leading edge
radii if the component has a round leading edge.

Each horizontal or vertical tail component is
then treated as an additional wing segment, and
the procedure follows the steps described under
program NEWORD.

CALL OVERLAY (LWB, 1, 6)

Input:

J4 Fin definition parameter

J5 Tail or canard definition parameter

K4 Fin leading edge definition parameter

K5 Tail or canard leading edge definition
parameter

NF Number of fins

NC Number of tails and canards

NFINOR Number of ordinates defining fin airfoil

NCANOR Number of ordinates defining tail and
canard airfoils

KFINOR Number of ordinates defining fin panel
leading and trailing edges

KANOR Number of ordinates defining tail or
canard panel leading and trailing edges

XAF, Array of percent chords for airfoil
XT ordinates



XAFK

TALCR

TALOR

RHO
OQutput:
FIN

NT

Jl

JL

KL
NWAFOR

KWAFOR

NWAR

NDA,
DA

ZORD
TORD

DZIC,
DZCDX

DZT,
DZTDX

A, B

TZORK

Array of percent chords for panel
leading and trailing edges

Array of airfoil camber line ordinates

Array of airfoil half-thickness
ordinates

Array of airfoil leading edge radii

Fin identification variable (logical)
Number of fins, tails or canards
Tail or canard camber identifier

Tail definition integer

Airfoil leading edge definition integer

Number of ordinates defining airfoil
Number of ordinates defining fin, tail
or canard panel leading and trailing
edges

Number of intervals in curve

Number and value of derivative at
initial point on curve

Array of camber line ordinates
Array of half-thickness ordinates

Array of camber line slopes

Array of half-thickness slopes

Coefficients of leading edge curve

Coefficients of cubic curves in each
interval

Array of revised camber line ordinates
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DZCDXK Array of revised camber line slopes
WAFORK Array of revised half-thickness ordinates

DZTDXK Array of revised half-thickness slopes

SUBROUTINES

CALLED: DERIV
ERROR

RETURNS : None

74




PURPOSE :

METHOD :

USE:

SUBROUTINE PANEL

To calculate direction cosines of the normal
vector, the centroid, area, and inclination
angles of an arbitrary quadrilateral panel.

The four corners of the panel are numbered in a
clockwise direction. A diagonal vector T connects
points 1 and 3, and a diagonal vector T, connects
points 2 and 4. The normal vector N is obtained
by taking the cross product of these diagonal
vectors, and the direction cosines determined by
calculating the projections of this vector in the
reference coordinate system. The plane of the
panel is defined to be perpendicular to the normal
vector and to pass through a point whose co-
ordinates are the averages of the coordinates of
the four input points. The input points are

then projected into the plane of the panel, and
transformed to the reference coordinate system.

A new panel coordinate system £, n is introduced
with the average point of the panel as origin.

The coordinates of the centroid and the panel

area are calculated in this new system, and the
centroid transformed to the reference system. Two
angles are used to define the panel orientation.
The incidence & is the angle between the x axis
and the line of intersection with the panel of a
plane passing through the x axis and perpendicular
to the panel. The inclination 6 is the angle
between the y axis and the line of intersection

of the panel with the yz plane. These two angles
are calculated in terms of the direction cosines
of the normal vector.

CALL PANEL (IP, I1Q, J, K, L, NP, AP)

Input:

IP, IQ Panel identification code

J Panel row numbex

K Panel column number

L surface identification code
NP Panel number
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SUBROUTINES

CALLED:

ERROR
RETURNS:
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XC
YC
ZC

OutEut:

NX,
NY,
NZ
AVX,

AVY,
AVZ

X1,
ETA

ETAO

XPT,
YPT,
ZPT
DELTA
THET

AP
None

None

X coordinate of panel corner point
y coordinate of panel corner point

z coordinate of panel corner point

Direction cosines of the normal vector

Coordinates of average point

Distance from corner point to plane of
panel

Coordinates of corner point in panel
coordinate system

Coordinates of centroid in panel co-
ordinate system

Coordinates of centroid in reference
coordinate system

Panel incidence angle

Panel inclination angle

Panel area




PURPOSE :

METHOD:

USE:

SUBROUTINE PARTIN

For wing-body combinations, to invert the
matrix partitions and store the results on
TAPE 10. For isolated wings or bodies, to
solve the boundary condition equations and
determine the body source strengths or wing
vortex strengths.

This subroutine is called only if the order of
the matrix partition (or the full matrix in
the case of isoclated wings or bodies) does not
exceed 60.

For wing-body combinations, the partitions are
read from TAPE 9, inverted, and the inverse
matrix written on TAPE 10.

For isolated wings or bodies, the matrix is
read from TAPE 9, inverted, and the inverse
post-multiplied by the normal velocity array

to obtain the body source strengths or wing
vortex strengths.

CALL PARTIN
Input:
NWING Number of wing and tail panels

NBODY Number of body panels

NDIM Matrix dimension statement size

A, Array of matrix elements

D

NW Array of wing and tail normal velocities
NB Array of body normal velocities

Qutput:

NPANEL Total number of panels

A, Array of inverse matrix elements
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SUBROUTINES
CALLED:

ERROR
RETURNS :
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TIME

GW

GB

SECOND

None

Elapsed time in seconds
Array of wing and tail vortex strengths

Array of body source strengths



PURPOSE :

METHOD:

SUBROUTINE PRESS

To compute the pressure coefficient at a
panel control point.

The u, v, and w components of velocity are
given in terms of the reference coordinate
system. They are transformed into a new co-
ordinate system aligned with the free stream
velocity vector, and used to determine the
pressure coefficient by means of the exact
isentropic formula:

CP=—Y%1-;{[1+—Y—§-]-'-M2(1—QZ)]3‘5 —1}
where 02 = (L + u"')? + v? + w'?
u' = u cosa + w sino
w' = w cosa - u sina

If the Mach number M is zero, the pressure
coefficient is determined by the incompressible
formula:

The subroutine also calculates the stagnation
pressure coefficient, the critical pressure
coefficient, and the vacuum pressure coefficient
by the following formulas:

]

CPSTAG -—2—2-{[1 ¢ X2l oy2yes o }
M 2

CPCRIT = —> {[ 2, Yol yzpes 1}
M Y+1 Y+1

CPVAC

YM?
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USE:

SUBROUTINES
CALLED:

ERROR
RETURNS :

80

CALL PRESS (NP, XMACH, ARA, U, V, W, CPP,

InEut:
NP

XMACH

ARA

CPSTAG
CPCRIT

CPVAC

None

None

CPSTAG, CPCRIT, CPVAQC)

Panel number
Mach number
Angle of attack in radians

Velocity components at panel control
point

Pressure coefficient at panel control
point

Stagnation pressure coefficient
Critical pressure coefficient

Vacuum pressure coefficient



SUBROUTINE SCAMP4

PURPOSE : Given a set of n points (x5, yi) whose abscissae
form a strictly monotone sequence, a first or
second derivative at x,, and a first or second
derivative at xp, to find the smoothest possible
curve passing rigorously through the given points,
satisfying the specified boundary conditions, and
possessing continuous first and second derivatives.
The criterion for smoothness is the minimization
of the integral of the square of the second deriv-
ative, from x, to x,, over all functions having the
stated properties. Accordingly, the curve found is
a chain of cubics, i.e., a separate cubic defined
on each interval (X;, Xj4+,). The coefficients of
each such cubic are explicitly found in the form

- 2 3
Yy = ¢, + ¢,;x + c,Xx* + ¢,x

METHOD: The most economical (in time and space) and most
accurate method of finding such a chain of cubics
is to solve first for the n slopes y; of the curve.
This is done by the composite cubic subroutine
COMCU, which solves an nth order linear system, the
coefficient matrix of which is tridiagonal. Having
found the slopes at each of the n given x;, one can
determine the coefficients of each cubic separately
by using CUBIC2, which finds the cubic through two
points, being given the slope at each. The coeffi-
cients of all the n-1 cubics can be obtained by
using the subject routine (SCAMP4) which serves as
a vehicle for calling COMCU (once) and CUBIC2 (n-1
times). SCAMP4 has an option to compute the re-
quired boundary conditions (first or second deriv-
atives at the end points) if these are not known by
the calling program; in this case, the computation
of first derivatives at x, and X is recommended.,

The cubic coefficients found by SCAMP4 are either
stored in a 4 by n-1 array or are arranged in the
composite curve format, i.e., in a single linear
array where each segment is specified by a block of
seven consecutive words: Xir Xj417¢ 3., C4s C14s Cyy
Cc3. The calling program should dimension the coef-
ficient array as a doubly subscripted variable in
the former case and singly subscripted in the latter
case.



USE:

SUBROUTINES

CALLED:

82

CALL SCAMP4 (X, Y, N, NDA, NDB, DA, DB, C, S, M)

InEut:
X

Y
N

NDA

NDB

DA

DB

Output:

COoMCU,

Array of x values
Array of y values
Number of points
The order (1 or 2) of the derivative to
be given at X(1). If derivative is to

be computed by SCAMP4, NDA < 0.

The order of the derivative to be given
at X(N). Similar to NDA.

The value of the derivative at X(1).
If derivative is to be computed by
SCAMP4, leave blank.

The value of the derivative at X(N).
Similar to NDA.

Code.

# 12, if the cubic chain coefficients
are to be stored in a doubly dimen-
sioned 4 x (N-1) array.

= 12, if the cubic chain coefficients

are to be stored in a singly dimen-
sioned array

Array of cubic chain coefficients
Array of first derivatives

Error return

= 0 - success

# 0 - error detected

CUBIC2, DERIV1, DERIV2



ERROR
RETURNS:

M = -1 indicates N < 2.

1

£ M £ 7 indicates

an error return from COMCU. M large indicates

error return k on the jth

(M =100 . § + k).

call to CUBIC?2
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PURPOSE :

METHOD :

USE:

SUBROUTINES
CALLED:

ERROR
RETURNS :

RESTRICTIONS:

84

SUBROUTINE SECOND

To return elapsed CPU time in seconds.

Control Data Corporation SCOPE Library
subroutine.

CALL SECOND (TIME)

Output:
TIME Elapsed CPU time in seconds

None
None

Limited to CDC computers using SCOPE 3.0
operating system and library tape.



PURPOSE :

METHOD:

PROGRAM SOLVE

To solve for the strengths of the body sources
and wing vortices which satisfy the boundary
condition of tangential flow at the panel con-
trol points, and to determine the corresponding
pressure distribution, forces and moments on
the configuration.

The program first calculates the array of normal
velocities required to satisfy the boundary
conditions at the wing and body panel control
points. The panel inclination angles 6 and §
are obtained from the geometry arrays on TAPE 7,
and the angle of attack o from COMMON block
PARAM.

If the planar boundary condition and wing thick-
ness options have been selected, the program
next computes the normal velocities induced on
the body and non-coplanar wing or tail segments
by the wing source distribution. These normal
velocities are subtracted from those previously
calculated to obtain the resultant normal veloc-
ities at the control points.

The coefficients of the equations to be solved
have previously been stored in row order on

TAPE 9. Three different procedures are followed
to solve the equations depending on the order

of the matrix of coefficients. 1If the configu-
ration to be analyzed consists of an isolated
wing or body, and the order of the matrix does
not exceed 60, the equations are solved in sub-
routine PARTIN by direct inversion of the matrix.
If the configuration consists of a wing-body
combination, and the order of the wing and body
partition does not exceed 60, subroutine PARTIN
inverts the diagonal partitions of the matrix
and writes the inverse matrices on TAPE 10. An
iterative procedure described in subroutine
ITRATE is then applied to solve the equations.
For any configuration for which the order of

the wing or body partition exceeds 60, the di-
agonal blocks of the matrix are read from TAPE 7,
inverted, and written on TAPE 10 by subroutine
DIAGIN. Subroutine ITRATE is then called to
solve the resulting equations by an iterative
procedure.
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Once the strengths of the source and vortex
distributions have been determined, the program
calculates the three components of velocity and
pressure coefficient at each panel control point,
starting with the body panels. The velocity
components corresponding to unit strength source
and vortex distribution are obtained from TAPE 8.
The first three records on this file contains
the velocity components at body control points
induced by the body source panels, the wing
source panels (if present), and the wing vortex
panels. The program multiplies these by the
corresponding source and vortex strength, and
sums the products to obtain the resultant veloc-
ity component arrays at each body control point.
The magnitude of the normal velocity at the body
control points is also calculated at this point.
If the absolute value of the print option is
greater than one, the three components of veloc-
ity and the normals are written on the output
file. The program then calls subroutine PRESS
to obtain the pressure coefficients at the body
panels, and subroutine FORMOM to integrate the
pressures and calculate the force and moment
acting on the body.

The velocity components at the wing and tail
panel control points are computed next. The
remaining three records containing the velocity
components at wing and tail control points in-
duced by the body source panels, the wing source
panels (if present) and the wing vortex panels
are read from TAPE 8. The program multiplies
these by the corresponding source and vortex
strengths and sums the products to obtain the
resultant velocity component arrays at the wing
and tail panel control points. If the absolute
value of the print option is greater than one,
the velocity component arrays are written on
the output file. The program then calls sub-
routine PRESS to obtain the pressure coeffi-
cients, and subroutine FORMOM to calculate the
force and moment acting on the wing.

If the planar boundary condition option has been
selected, two passes through this section are
required to obtain the velocity components,
pressure and forces on both upper and lower
surfaces.



USE:

The program writes the values of the stagnation
pressure coefficient, the critical pressure
coefficient, the vacuum pressure coefficient,
and the elapsed time on the output file prior
to returning.

CALL OVERLAY (LwWB, 3, 0)

Input:
NBODY

NWING

NWTHK

NMAX
PRINT
MACH
MATIN

LBC

THK
ALPHA
CHORD

DZTDX

ARRAY
DELTA
THET
UA,

VA,
WA

Output:
EM

Number of body panels
Number of wing and tail panels

Number of wing and tail panel source
distributions

Maximum order of diagonal block matrices
Print option parameter (integer)

Mach number

Matrix inversion parameter

Planar boundary condition option
parameter (logical)

Wing thickness option parameter (logical)
Angle of attack in degrees
Array of wing and tail panel chords

Array of wing and tail panel half-
thickness slopes

Wing or body panel geometry arrays
Array of panel incidence angles

Array of panel inclination angles
Arrays of velocity components induced

by unit strength source and vortex
distributions

Mach number
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NPASS

COMPT

SINAL,
COSAL

SINT,
COST

TANDEL

NW

NB

NS

GB

GW

CP

CPSTAG
CPVAC
CPCRIT

SGN

TIME

Number of passes through program

Wing or body component indicator
(integer)

Angle of attack in radians

Trigonometric functions of angle of
attack :

Trigonometric functions of inclination
angle ©

tan §

Array of normal velocities required
to satisfy boundary conditions at
wing control points

Array of normal velocities required
to satisfy boundary conditions at
body control points

Arrays of velocity components at
control points

Array of normal velocities at control
points

Array of body panel source strengths

Array of wing and tail panel vortex
Strengths

Array of pressure coefficients at control
points

Stagnation pressure coefficient
Vacuum pressure coefficient
Critical pressure coefficient

Wing upper and lower surface sign
parameter

Elapsed time in seconds



SUBROUTINES
CALLED:

ERROR
RETURNS :

DIAGIN, PARTIN,

None

ITRATE, PRESS,

FORMOM, SECOND
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PURPOSE:

METHOD:

USE:
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SUBROUTINE SORPAN

To calculate the three components of velocity
induced at a given control point by a constant
source distribution on a quadrilateral panel
having longitudinal taper and inclined at an
angle § to the free stream direction.

Formulas for the three components of velocity

u, v, and w are given in Part I of this report.
The subroutine obtains the information necessary
to evaluate these formulas through COMMON block
BODCOM, and returns the velocity components
through the subroutine parameter 1list.

The first step in the calculation procedure is
the adjustment of the z coordinate of each panel
corner to ensure that it lies in the plane con-
taining the panel leading edge and its control
point. The influence functions F, G, and H are
then calculated at the specified control point
for each corner point in sequence. The final
result is obtained by combining the four values
of these functions.

CALL SORPAN (UPM, VPM, WPM)

Input:

EM Mach number

SA tan § (8 is panel inclination angle)
CX Panel chord length

XC, Arrays of corner point coordinates
YC,

2C

X1, Coordinates of control point

Y1,

zI

XJ, Coordinates of panel control point
2J



SUBROUTINES
CALLED:

ERROR
RETURNS :

OutEut:

BT2,
BTA

SM
DX,

DY,
DZ

DPM

XpPM,
YMX,
ZAX,
AYM

RPM

TA

R4PI

UPM,
VPM,
WPM

None

None

Mach number parameters

Panel side edge slopes

Coordinates of control point referred
to corner point

Compressed distance from corner point

to control point

Scaled compressed distance from corner
point to control point

Transformed control point coordinates

Compressed distance from side edge to
control point

Panel edge slope parameter,(l. + BT2.SA?)

Panel edge slope parameter,
(1. + BT2(SAZ + sM?))

Corner point influence functions

Combined corner point influence functions

Reciprocal of 4m (or 2w if EM > 1)

Velocity components at control point in
panel coordinate system
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PURPOSE:

METHOD:

USE:

92

SUBROUTINE SORVEL

To calculate the three components of velocity
induced at a given control point by constant

and linearly varying source distributions on

a swept quadrilateral panel. The subroutine

calculates the velocity components induced by
one corner of the panel.

Formulas for the three components of velocity
UC, VC, WC induced by a constant source distri-
bution, and UL, VL, WL induced by a source
distribution having a linear chordwise variation
are given in Part I of this report. The sub-
routine obtains the information necessary to
evaluate these formulas through COMMON block
COMPS, and returns the velocity components
through the parameter list. It is assumed that
the Gothert Rule compressibility transformation
has been applied to the geometrical data prior
to calling this subroutine. Both sets of veloc-
ity components are expressed in terms of the
influence functions F1l, Gl, G2, and G3 which
depend only on the geometrical relationship of
the control point to the corner point, the

sweep angle, and Mach number.

The subroutine contains three separate branches
for evaluating the velocity components, corre-
sponding to the general case, a special case
for supersonic leading edges, and a special
case if the control point lies in the plane of
the panel.

CALL SORVEL (UC, VC, WC, UL, VL, WL)

InEut:

DELTAY, y and z coordinates of control point
DELTAZ in reference coordinate system

X, Coordinates nf control point with

Y, reference to corner point

pA

B Leading edge slope

BPOS Leading edge slope sign parameter
(logical)




SUBROUTINES
CALLED:

ERROR
RETURNS:

SUB

COsT,
SINT

OutEut:

SUF

SUPLE

BNEG

BTERM

TZ

c1,
T2,
T3,
AT3

Fl,

Gz,
G3

uc,
vC,
WC

UL,

VL,
WL

None

None

Subsonic Mach number parameter (logical)

Sine and cosine of panel dihedral
angle 9

Supersonic Mach number parameter
(logical)

Supersonic leading edge parameter
(logical)

Leading edge slope sign parameter
(logical)

Leading edge slope parameter

Distance from control point to
corner point

Distance from control point to
side edge

Distance from control point to
leading edge

Geometrical parameters

Influence functions

Velocity components at control point

induced by constant source distribution

Velocity components at control point
induced by source distribution with
linear chordwise variation
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PURPOSE :

METHOD :

USE:

94

PROGRAM TALPAN

To revise the spanwise panel spacing on fin,
canard, or tail and compute the panel geometry.

The program first tests to determine if the
component under consideration is a fin (vertical
tail), a canard, or a horizontal tail. The
program initializes the appropriate constants,
then rewinds TAPE 7, reads the wing geometry
arrays from that file, and stores them in COMMON
block POINT. Each horizontal or vertical tail
component is then treated as an additional wing
segment, following the steps described under
subroutine WNGPAN.

At the completion of the calculation, the com-
bined wing and tail geometry arrays are stored
in COMMON block POINT, and the entire sequence
of arrays are written as a single record back

on TAPE 7. The augmented CHORD and SLOPE arrays
are also written on TAPE 7 at this point. The
remaining wing and tail geometry parameters are
stored in COMMON blocks PARAM and SEG. Finally,
if the print option is positive, the fin, canard
or tail panel corner point coordinates, control
point coordinates, inclination angles, areas,
and chords are written on the output file.

CALL OVERLAY (LWB, 1, 7)
Input:
LBC Boundary condition option (logical)

PRINT Print option

K4 Fin definition parameter

K5 Tail or canard definition parameter
NF Number of fins

NK Number of tails or canards

NCPT Number of control points on wing

NWING, Number of panels in wing (initial value)
NINIT



KF

KAN

YK

KFINOR

KANOR

TALORG

XAFK

WAFORK

TZORK

DZTDXK

DZCDXK

OutEut:

Note:

FIN

NTAL

NT

KK

KL

KWAF

Number of streamwise panel edges on
fin

Number of streamwise panel edges on
tail or canard

Array of spanwise locations of fin or
tail panel streamwise edges

Number of ordinates defining fin panel
leading and trailing edges

Number of ordinates defining tail or
canard panel leading and trailing
edges

Array of origin and chord length of
each fin, tail or canard airfoil

(x, Yy, 2, ©)

Array of percent chords for panel
leading and trailing edges

Array of airfoil half-thickness
ordinates

Array of airfoil camber ordinates
Array of airfoil half-thickness slopes

Array of airfoil camber slopes

In the following descriptions, the
words tail or tail segment may refer
to any fin, canard, or tail component
Fin identification variable (logical)
Number of fins, tails, or canards
Tail segment number

Fin identification integer

Leading edge identification integer

Number of panel streamwise edges on
tail segments
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KWAFOR

WAFORG

NWING

NCPT

NP
NC
NSEG
NROW
NCOL
KOL
BL,
BLE

BT,
BTE

TH
SINS

COSS

NWT

XK

ZK

CK

Number of ordinates defining panel
leading and trailing edges on tail
segment

Array of origin and chord length of
each tail segment airfoil (x, y, 2z, cC)

Total number of wing and tail panels

Total number of wing and tail control
points

Panel number

Control point number

Number of wing and tail segments
Number of rows of panels in segment
Number of columns of panels in segment

Number of columns of panels on wing
and tail

Arrays of segment leading edge slopes

Arrays of segment trailing edge slopes

Array of segment dihedral angles
Array of sine of segment dihedral angle

Array of cosine of segment dihedral
angle

Array of wing and tail indicator
parameters

Array of x-coordinates of origins of
tail panel streamwise edges

Array of z-coordinates of origins of
tail panel streamwise edges

Array of chord lengths of tail panel
streamwise edges



CL

SJ

1P,
IQ

XC,
YC

ZC

Z2U0

CR
CT

RI,
RO

XLE,
XLEW

XTE

CHORD

SPN,
SPNW

AREA

Chord length of tail panel streamwise
edge divided by one hundred

Tail surface indicator

L 1 indicates upper (inner) surface

L

2 indicates lower (outer) surface
Tail surface sign parameter

Panel identification constants

Arrays of tail panel corner point x
and y coordinates

Array of tail panel corner point z
coordinates or lower (outer) surface
coordinates for the non planar boundary
condition option

Array of upper (inner) surface co-
ordinates for the non planar boundary
condition option

Panel root chord

Panel tip chord

Centroid ratios

X coordinate of intersection of panel
leading edge with streamwise line
through centroid

X coordinate of intersection of panel
trailing edge with streamwise line

through centroid

Array of panel chord lengths passing
through centroids

Array of panel spans

Array of panel areas
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SUBROUTINES
CALLED:

ERROR
RETURNS :
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XPT,
YPT,
ZPT

THET

DZCDX

DELTA

DZTDX,
SLOPE

SLE

XE

XS,
YS,
Zs

PANEL

Array of panel control point coordinates

Array of panel dihedral angles

Array of tail camber slopes at panel
edges (planar boundary condition option)

Array of tail camber slopes at panel
control points (planar boundary
condition option) or panel incidence
angle (non planar boundary condition
option) ;

Array of tail half-thickness slopes at
panel edges (planar boundary condition
option)

Leading edge slope for round leading
edge airfoils

Array of x coordinates of panel control
points

Array of point sopurce origins (non planar
boundary condition option)

The program calls EXIT if NWING > 600



PURPOSE:

METHOD:

USE:

SUBROUTINE TRANS

To transform the three components of velocity
from the panel coordinate system to the refer-
ence coordinate system, to combine the contri-
butions of the left and right wing panels, and
to calculate the normal velocity at the control
point.

The axial and vertical velocity components are
transformed by a rotation of the coordinate
system about the horizontal axis by the angle §.
The axial velocity components induced by the
left and right wing panels are added directly
to determine the resultant axial velocity u.

Two additional coordinate rotations about the X
axis are required before the v and w components
induced by the left and right wing panels can

be combined. The first rotation transforms the
v and w components from the influencing panel
coordinate system to the control point panel
coordinate system, and the second transforms

the combined normal and tangential velocity at
the control point to v and w velocity components
in the reference coordinate system.

CALL TRANS (UR, VR, WR, UL, VL, WL, U, vV, W, A)

Input:

UR, Three components of velocity at control
VR, point in right wing panel coordinate
WR system

UL, Three components of velocity at control
VL, point in left wing panel coordinate

WL system

Output:

u, Three components of velocity at control
v, point in reference coordinate system

W

A Normal velocity at control point
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SUBROUTINES

CALLED: None
ERROR
RETURNS: None
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SUBROUTINE TRAP

PURPOSE : To evaluate an integral by the trapezoidal
rule.
METHOD: The x and y coordinates of a curve are read

and the integral obtained by summing the areas
within each interval for i = 1, NT

NT
SUM = %‘ E (x5 - x5.1) (vz + ¥i-1)
i=1
USE: CALL TRAP (XT, YT, SUM, NT)
Input:
XT Array of x coordinates (abscissa)
YT Array of y coordinates (ordinates)
NT Number of coordinates
Output:
SUM Integral jﬁy dx by trapezoidal rule
SUBROUTINES
CALLED: None
ERROR
RETURNS : None
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PURPOSE:

METHOD:

USE:

PROGRAMS
CALLED:
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PROGRAM USSAERO

This program controls the sequence of calculations
required to determine the aerodynamic character-
istics of wing-body-tail configurations in subsonic
or supersonic potential flow.

The input card deck is read and listed on the out-
put file. The three primary overlay programs GEOM,
VELCMP, and SOLVE are then called in sequence to
perform the remaining calculations. The lengths
of the principal COMMON blocks are also specified
in this program.

OVERLAY (LWB, 0, 0)
LWB is overlay file name.

OVERLAY (LWB, 1, 0) (GEOM)
OVERLAY (LWB, 2, 0) (VELCMP)
OVERLAY (LWB, 3, 0) (SOLVE)



PROGRAM VELCMP

PURPOSE: To compute the velocity components u, v, and w
at panel control points, and form the aero-
"~ dynamic influence coefficient matrices.

METHOD: The program reads the Mach number and angle of
attack from the input file. If the Mach number
is negative, or the same as the previous case,
a return is executed. Otherwise, the program
proceeds to compute the velocity components.

For wing alone, or wing-body configurations, a
preliminary calculation is made to determine if
the wing control points require relocation, and
to compute the number and size of the wing di-
agonal blocks for later use in the matrix calcu-
lations. For wing-body configurations, the body
geometry is first placed in temporary storage

on TAPE 10. The program then proceeds to recal-
culate the chordwise locations of the wing control
points for wings having supersonic edges, provided
the planar boundary condition option has been
selected. (An edge is defined to be supersonic
if the component of the Mach number normal to

the edge is greater than one.) Considering one
wing segment at a time, the program tests to
determine if either the leading or trailing edge
is supersonic. If all edges are subsonic, the
control points retain their original locations

at the panel centroids. If the leading edge 1is
subsonic and the trailing edge is supersonic, the
control points in a given column of panels are
adjusted uniformly between the centroid of the
leading edge panel and the trailing edge of the
last panel in the column. If both edges are
supersonic, the control points are relocated at
the panel leading edges, and the trailing edge of
the last panel in the column. A wing supersonic
trailing edge indicator array is also computed at
this point in the program. The revised control
points are stored in COMMON block POINT, and the
entire wing geometry array written on TAPE 7.

The body geometry temporarily stored on TAPE 10
is then rewritten on TAPE 7 following the wing
geometry arrays.
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USE:
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The velocity component calculations are sub-
divided into four steps. For wing-alone or
body-alone configurations, only the first step
is necessary, otherwise all four steps are
included. Each step involves the calculation

of the influence coefficients of one partition
of the complete aerodynamic matrices. The first
partition gives the influence of the body panels
at the body control points (or the influence of
the wing panels at the wing control points for
wing-alone configurations). The second partition
gives the influence of the wing panels at the
body control points, the third gives the influ-
ence of the body panels at the wing control
points, and the fourth partition gives the
influence of the wing panels at the wing control
points for wing-body configurations. The pro-
gram calculates the partition number, reads

the appropriate geometry arrays from TAPE 7,

and calls the wing or body panel velocity com-
ponent program to obtain the influence coeffi-
cients.

On completion of the influence coefficient
calculations, and if the order of any partition
is greater than 60, the program writes the di-
agonal blocks of the aerodynamic matrix on TAPE 7
(following the geometry arrays) in preparation
for the iterative solution. The number and size
of the body diagonal blocks is calculated at

this time, and stored with the wing diagonal
block data and other matrix constants in COMMON
block VELCOM.

CALL OVERLAY (LWB, 2, 0)

Ineut:

LBC Linear boundary condition option para-
meter (logical)

PRINT Print option parameter
MACH Mach number (real)
ALPHA Angle of attack

NMAX Maximum order of diagonal block matrices



NBODY
KFUS

KRADX

KFORX

NWING
NCPT
NSEG
NROW
NCOL
BL

BT
ARRAY
CHORD
DZTDX
XLE
XPT,
YPT,
ZPT

DELTA

Output:

MATIN

SUB

SUBLE

Number of body panels
Number of body segments

Array of body panel meridian lines in
segment

Array of body panel axial stations in
segment

Number of wing and tail panels

Number of wing and tail control points
Number of wing and tail segments
Number of rows of panels in segment
Number of columns of panels in segment
Leading edge sweep of wing segment
Trailing edge sweep of wing segment
Wing or body geometry arrays on TAPE 7
Array of wing panel chords

Array of wing thickness slopes

Array of chordwise locations of wing
control points

Arrays of panel control point coordinates

Array of panel incidence angles

Array of diagonal block matrix

Matrix inversion indicator
Subsonic indicator (logical)

Subsonic leading edge indicator (logical)
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SUBTE

EM
BETA
NPOINT
NPANEL

NWBLOK

NBBLOK

NWROW,

NK

NBROW

NC
NR
BLE
BTE

IT

XPT

XCPT

LOCPT

NPART

XBT,

YBT,
ZBT

TIME

Subsonic trailing edge indicator
(logical)

Mach number

Mach number parameter
Number of control points
Total number of panels

Number of diagonal block matrices in
wing partition

Number of diagonal block matrices in
body partition

Number of rows in wing diagonal block
matrix

Number of rows in body diagonal block
matrix

Number of columns of panels in segment
Number of rows of panels in segment
Leading edge sweep of wing segment
Trailing edge sweep of wing segment

Array of wing supersonic trailing edge
indicators

Array of x coordinates of wing control
points

Array of chord fractions for control
point location

Array of control point location
indicators

Matrix partition number
Temporary array of panel control point

coordinates

Elapsed time in seconds




PROGRAMS
CALLED:

ERROR
RETURNS:

OVERLAY (LWB, 2, 1)
OVERLAY (LWB, 2, 2)
OVERLAY (LWB, 2, 3)
SECOND

None

(BODVEL)
(LINVEL)
(WNGVEL)

107



PURPOSE :

METHOD:
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SUBROUTINE VORPAN

To calculate the three components of velocity
induced at a given control point by constant
and linearly varying vortex distributions on

a swept quadrilateral panel. In addition, the
subroutine calculates the three components of
velocity induced by the concentrated vortex
lying along the downstream extension of the
inboard edge, and the vortex sheet located down-
stream of the trailing edge between the inboard
edge and the intersection of the leading and
trailing edges of the panel.

Formulas for the velocity components UC, VC, WC
induced by a constant vortex distribution, UL,
VL, WL, and ULT, VLT, WLT induced by the leading
and trailing edge corners respectively of a
vortex distribution having a linear chordwise
variation are given in Part I of this report,.
The subroutine obtains the information necessary
to evaluate these formulas through COMMON block
COMPS, and returns the velocity components through
the parameter list. It is assumed that the
Gothert Rule compressibility transformation has
been applied to the geometrical data prior to
calling this subroutine.

The subroutine first performs the coordinate
transformations and calculates the geometrical
parameters required by the velocity component
formulas. It then evaluates the downwash veloc-
ity induced by the trailing vortex sheet by
numerical integration. Eleven chordwise stations
are used in the trapezoidal rule integration.

Three separate branches are provided for evalu-
ating the velocity coefficients. The first
branch is a special case for supersonic leading
edges, the second contains the formulas for the
general case, and the third contains special
formulas used if the control point lies in the
plane of the panel. 1In the latter two branches,
the velocity components are expressed in terms
of the six influence functions Fl, Gl, G2, G3,
H1l, and H2 which depend on the geometrical
relationship of the control point to the corner
point, the leading edge sweep angle, and the
Mach number.



USE:

The v and w velocity components induced by
the vortex sheet in the wake are expressed
in terms of the influence functions Fl and
H2, while those induced by the concentrated
vortex in the wake are expressed in terms of
the parameter C6. The wake vortices induce
no axial component of velocity.

CALL VORPAN (UC, VC, WC, UL, VL, WL, ULT,
VLT, WLT, VE, WE, VA, WA)

Ingut:

DELTAY, y and z coordinates of control points
DELTAZ in reference coordinate system

X, Coordinates of control point with

Y, reference to leading edge corner

Z point

A Difference between leading and trailing

edge slopes

B Leading edge slope

cC Panel chord length along inboard edge

BPOS Leading edge slope sign parameter
(logical)

SUB Subsonic Mach number parameter (logical)

LBC Planar boundary condition option

parameter (logical)

COST, Sine and cosine of panel dihedral

SINT angle ©

ML Panel leading or trailing edge indicator
MAX Number of arguments in numerical evalu-

ation of downwash integral

Output:

SUP Supersonic Mach number parameter (logical)

SUPLE Supersonic leading edge parameter
(logical)
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AB,
CcC

T8

TZ

B1,
SB1

B2
B4
Cl
cé
Tl
T9

XI

QX

WQ

WQT

SL,
TL

Geometrical parameters

Distance from control point to side
edge

Distance from control point to corner
point

Distance from control point to inter-
section of leading and trailing edges
of panel

E2

Distance from control point to
leading edge squared

Mach number parameters

Geometrical parameters

Geometrical parameters

Geometrical parameters

Array of x coordinates used in evalu-~
ation of downwash integral

Array of arguments used in evaluation
of downwash integral

Value of downwash integral at leading
edge

Value of downwash integral at trailing
edge

Intermediate values of velocity functions
at leading edge



SUBROUTINES
CALLED:

ERROR
RETURNS:

ULS,
VLS,
WLS,
TT,

F1,
Gl,
G2,
G3,
H1,
H2

VS,
WS

UC,
VC,
WC

UL,

VL,
WL

ULT,
VLT,
WLT

TRAP

None

Intermediate values of velocity functions
at trailing edge

Influence functions

Intermediate values of velocity
components

Velocity components at control point
induced by constant vortex
distribution

Velocity components at control point
induced by the leading edge corner of
a vortex distribution with linear
chordwise variation

Velocity components at control point
induced by the trailing edge corner of
a vortex distribution with linear
chordwise variation

Velocity components at control point
induced by the trailing vortex sheet

Velocity components at control point
induced by concentrated vortex in
wake
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PURPOSE:

METHOD:
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SUBROUTINE VORVEL

To calculate the three components of velocity
induced at a given control point by constant

and linearly varying vortex distributions on

a swept gquadrilateral panel. The subroutine

calculates the velocity components induced by
the leading and trailing corners of one edge

of the panel.

Formulas for the velocity components uc, VC,

WC induced by a constant vortex distribution,
UL, VL, WL, and ULT, VLT, WLT induced by the
leading and trailing edge corners respectively
of a vortex distribution having a linear chord-
wise variation are given in Part I of this
report. The subroutine obtains the information
necessary to evaluate these formulas through
COMMON block COMPS, and returns the velocity
components through the parameter list. It is
assumed that Gothert Rule compressibility
transformation has been applied to the geo-
metrical data prior to calling this subroutine.

The subroutine first performs the coordinate
transformations and calculates the geometrical
parameters required by the velocity component
formulas. It then evaluates the downwash veloc-
ity induced by the trailing vortex sheet by
numerical integration. Eleven chordwise stations
are used in the trapezoidal rule integration.

Three separate branches are provided for evalu-
ating the velocity coefficients. The first
branch is a special case for supersonic leading
edges, the second contains the formulas for the
general case, and the third contains special
formulas used if the control point lies in the
plane of the panel. In the latter two branches,
the velocity components are expressed in terms
of the six influence functions Fl, Gl, G2, G3,
H1l, and H2 which depend on the geometrical
relationship of the control point to the corner
point, the leading edge sweep angle, and the
Mach number.



USE:

CALL VORVEL (UC, VC, WC, UL, VL, WL,

InEut:

DELTAY,

DELTAZ

BPOS

SUB

LBC

COSsT,
SINT
ML

MAX

Output:

SUP
SUPLE
AB,

AZ,
CcC

ULT, VLT, WLT)

y and z coordinates of control points
in reference coordinate system

Coordinates of control point with
reference to leading edge corner
point

Difference between leading and trailing
edge slopes

Leading edge slope
Panel chord length along inboard edge

Leading edge slope sign parameter
(logical)

Subsonic Mach number parameter (logical)

Planar boundary condition option
parameter (logical)

Sine and cosine of panel dihedral
angle ©

Panel leading or trailing edge indicator

Number of arguments in numerical evalu-
ation of downwash integral

Supersonic Mach number parameter (logical)

Supersonic leading edge parameter
(logical)

Geometrical parameters

Distance from control point to side edge

Distance from control point to corner
point
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E Distance from control point to inter-
section of leading and trailing edges

of panel
T8 E?
TZ Distance from control point to

leading edge squared

B1, Mach number parameters
SB1

B2 Geometrical parameters
B4
Ccl Geometrical parameters
Cé6
T1 Geometrical parameters
T9

XI Array of x coordinates used in evalu-
ation of downwash integral

Q, Array of arguments used in evaluation

(0).4 of downwash integral

WQ Value of downwash integral at leading
edge

WQT Value of downwash integral at trailing
edge

SL, Intermediate values of velocity functions

TL at leading edge

ULS, Intermediate values of velocity functions

VLS, at trailing edge

WLS,

TLT

Fl, Influence functions

Gl,

G3'

H1,

H2
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SUBROUTINES
CALLED:

ERROR
RETURNS :

WS

uc,
vC,
WwC

UL,

WL

ULT,
VLT r
WLT

TRAP

None

Intermediate values of velocity
components

Velocity components at control point
induced by constant vortex
distribution

Velocity components at control point
induced by the leading edge corner of
a vortex distribution with linear
chordwise variation

Velocity components at control point
induced by the trailing edge corner of
a vortex distribution with linear
chordwise variation
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PROGRAM WNGPAN

PURPOSE: To revise the spanwise panel spacing on the wing
and compute the panel geometry.

METHOD : The program first checks if the spanwise panel
spacing is to be revised. If so, an array of
revised panel edge locations is read in; otherwise,
the panel edges are used as originally defined.

The wing panel geometry is established by consid-
ering regions defined by sequential pairs of the
originally defined airfoil sections. The leading
and trailing edge slopes and dihedral angle of the
region are calculated, and the origins and chord
lengths of any intermediate panel edges obtained
by linear interpolation in the spanwise direction.

The individual panel geometry is then calculated.
For the planar boundary condition option, the
corner points and control points are calculated
in the plane of the wing, while the wing camber
and thickness slopes at the panel edges are ob-
tained by a linear interpolation of the slopes
determined in the program NEWORD. For the non
planar boundary condition, the corner points and
control points are calculated on the upper and
lower surfaces of the wing, and the panel inclina-
tion angles determined by subroutine PANEL. In
addition, both options calculate the panel area,
chord, span, and leading edge x coordinate.

The same procedure is followed for each of the
regions between the remaining airfoil sections.
Prior to each step, the leading and trailing edge
slopes and dihedral angles of the region are
compared with those calculated for the previous
region. If all these quantities are the same,
the calculation proceeds normally. Otherwise, a
new wing segment is defined, and the leading and
trailing edge slopes, sine and cosine of the di-
hedral angle, and a wing indicator parameter for
the segment are stored in a special array before
continuing the calculations. The program also
computes the number of rows and columns of panels
in each wing segment, the total number of panels,
and the total number of segments on the wing.
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USE:

The three coordinates of the control points, the
panel dihedral angles 6§, the panel inclination
angles §, the three coordinates of the panel
corner points, the panel areas, and x coordinates
of the panel leading edges are stored in the
COMMON block POINT, and the entire sequence of
arrays written as a single record on TAPE 7. The
CHORD and SLOPE arrays are also written on TAPE 7
at this point. The remaining wing geometry para-
meters are stored in COMMON blocks PARAM, and SEG.
Finally, if the print option is positive, the
corner point coordinates, control point coordinates,
inclination angles, areas, and chords are written
in the output file for reference.

CALL OVERLAY (LWB, 1, 3)

Input:

LBC Boundary condition option (logical)

PRINT Print option

KL Leading edge radius parameter

NWAF Number of wing airfoil sections

KWAF Number of wing panel streamwise edges

KWAFOR Number of ordinates defining wing
panel leading and trailing edges

WAFORG Array of origin and chord length of
each wing airfoil (x, y, x, c)

XAFK Array of percent chord locations of
panel leading and trailing edges

YK Array of spanwise locations of wing
panel streamwise edges

WAFORK Array of airfoil half-thickness
ordinates

TZORK Array of airfoil camber ordinates

DZTDXK Array of airfoil half-thickness slopes

DZCDXK Array of airfoil camber slopes
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Outgut:
NWING

NCPT
NP
NC
NSEG
NROW

NCOL

KOL

BL, BLE

BT, BTE

TH
SINS

COSs

NWT

XK

ZK

CK

CL

Total number of wing panels

Total number of control points
Panel number

Control point number

Number of wing segments

Number of rows of panels in segment

Number of columns of panels in
segment

Number of wing panel streamwise edges

Leading edge slope of wing segment
array

Trailing edge slope of wing segment
array

Dihedral angle of wing segment array
Sine of segment dihedral angle array

Cosine of segment dihedral angle
array

Wing indicator parameter array

Array of x-coordinates of origins of
wing panel streamwise edges

Array of z-coordinates of origins of
wing panel streamwise edges

Array of chord lengths of wing panel
streamwise edges

Chord length of wing panel streamwise
edge divided by one hundred

Wing surface indicator
L 1 indicates upper surface
L 2 indicates lower surface



SJ
IP, IQ

XC, YC

zC

2U

CR

CT

RI, RO
XLE,
XLEW

XTE

CHORD
SPN,
SPNW
AREA
XPT,
YPT,
ZPT
THET

DZCDX

Wing surface sign parameter
Panel identification constants

Arrays of wing panel corner point x
and y coordinates

Array of wing panel corner point z
coordinates or lower surface z co-
ordinates for the non planar boundary
condition option

Array of upper surface z coordinates
for the non planar boundary condition
option

Panel root chord

Panel tip chord

Centroid ratios

X coordinate of intersection of panel
leading edge with streamwise line
through centroid

X coordinate of intersection of panel
trailing edge with streamwise line
through centroid

Array of panel chord lengths passing
through centroids

Array of panel spans

Array of panel areas

Arrays of panel control point
coordinates

Array of panel dihedral angles

Array of wing camber slopes at panel

edges (planar boundary condition
option)
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SUBROUTINES
CALLED:

ERROR
RETURNS:

120

DELTA

DZTDX,
SLOPE

SLE

XE

XS,
YS,
ZS

PANEL

Array of wing camber slopes at panel
control point (planar boundary
condition option) or panel incidence
angle (non planar boundary condition
option)

Array of wing half-thickness slopes
at panel edges (planar boundary
condition option)

Leading edge slope for round leading
edge airfoils

Array of x coordinates of panel control
points

Arrays of point source origins (non
planar boundary condition option)

The program calls EXIT if NWING > 600



PURPOSE:

METHOD:

PROGRAM WNGVEL

To calculate the three components of velocity
induced at specified control points by vortex
panels located on wing or tail surfaces.

The program first applies the Gothert rule
compressibility transformation to the tangent
of the panel inclination angles, and computes
trigonometric functions of the revised angles.
If the product B tan § is greater than one in
supersonic flow, the panel lies outside the
Mach cone from its apex, an error message is
written and the program terminated.

The three coordinates of the first control
point, and the corresponding panel inclination
angles 6 and § are read from COMMON block POINT.
If the control point is on the body, the incli-
nation angle 8 is obtained from COMMON block
BTHET.

The program then computes the influence of
each panel at the control point. The panels
on the upper surface of each chordwise column
are considered first, followed by those on

the lower surface. This process is repeated
for each column of panels on a wing segment,
starting with the inboard panel, and continued
until all wing and tail segments have been
included.

The coordinates of the four corner points of
the influencing panel are obtained from COMMON
block POINT in the reference coordinate system.
They are indexed according to the panel row
and column numbers. They are first used to
calculate the leading and trailing edge slopes
and the chord lengths of the inboard and out-
board edges of the panel in a panel coordinate
system lying in the plane of the panel and
originating at the inboard leading edge corner.
The control point is also transformed to the
panel coordinate system, and the velocity com-
ponents induced at the control point by each
of the four corners computed by subroutine
VORPAN. The subroutine is called twice for
each corner point to obtain the contributions
of both left and right wing panels.
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The contribution of a wake consisting of two
concentrated edge vortices with a constant
strength vortex sheet between them is calcu-
lated following the last panel in each column.
The wake vortices are all oriented in a stream-
wise direction, and are assumed to lie in a
plane parallel to the reference axis and con-
taining the trailing edge of the last panel

in the column. The velocity components at the
control point induced by the upstream corners
of the wake are obtained by four additional
calls to VORPAN.

The velocity components induced by the four
corners of the panel and the wake are now
combined to obtain the resultant velocities

at the control point. The velocity components
induced by the right and left wing panels are
combined and the results transformed back to

the reference coordinate system by subroutine
TRANS. This subroutine calculates the u, v,

and w velocity components and the normal veloc-
ity at the control point. A similar procedure
is applied to calculate the transformed velocity
components induced by the three components of
the wake. The wake velocity components are then
multiplied by the appropriate strength factors
and added to obtain the net contribution of the
wake. The wake velocities are then added to

the panel velocities to obtain the final values
of the velocity components at the control point.

Special rules are applied to obtain the velocity
components of the leading and trailing edge
panels in each column. These rules are designed
to provide a continuous vortex distribution
around the nose of the airfoil, and to enforce
the Kutta condition at the trailing edge.

The procedure is repeated for each column of
panels of each wing segment. When all panel
influences have been computed, the u, v, and w
components of velocity are written as a single
record on TAPE 8, and the normal velocities
written in one array on TAPE 9. If the control
point is in the same column of panels on the
wing as the influencing panel, and the wing has
more than 60 panels, the normal velocity at the
control point is written on TAPE 10, and its



USE:

value set equal to zero in the array written
on TAPE 9. This procedure sets up the diagonal

blocks
in the
if the
normal
on the

of the aerodynamic matrix for later use
iterative solution procedure. Finally,
print option is selected, the axial and
velocity component arrays are written
output file.

This process is repeated for each control point.

CALL OVERLAY (LWB, 2, 3)

InEut:
Note:

MACH
PRINT
NPART
NMAX
NWING
NPOINT
NSEG
NROW
NCOL
NWT
XPT,
YPT,

ZPT

THET,
THETI

DELTA,
DELTI

XC,
YC

The word wing includes any tail, fin,
or canard in the following descriptions.

Mach number

Print option parameter

Matrix partition number

Maximum order of diagonal block matrices
Number of wing panels

Number of control points

Number of wing segments

Number of rows of panels in segment
Number of columns of panels in segment
Tail segment identification parameter

Arrays of control point coordinates

Array of panel inclination angles

Array of panel incidence angles

Arrays of x and y coordinates of wing
panel corner points
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ZC

YAl

XS,
Ys,
A

Output:

NSIDE
NS
BETA
SUB
SGN

CON,
BCON

NR
NR1

NR2Z,
NRS

NC
NC1
NT
NI

N2

Array of z coordinates of lower surface
wing panel corner points

Array of z coordinates of upper surface
wing panel corner points

Arrays of coordinates of point source
origins

Control point index

Wing panel index

Panel row index

Panel column index

Column upper and lower surface index
Wing segment number

Mach number parameter

Subsonic flow parameter (logical)
Supersonic flow sign parameter

Vortex panel constants

Number of rows of panels in segment
NR + 1

2NR

Number of columns of panels in segment
NC + 1

Tail segment identification parameter
Number of first column in segment

Number of last column in segment



JL, Number of first vortex distribution on

Jl, upper surface of column
JS1
JT Number of last vortex distribution on

upper surface of column

J2, Number of last vortex distribution on
JS2 lower surface of column
I1 Number of last panel on upper surface

of column

I2 Number of last panel on lower surface
of column

JK, Temporary panel indices

JM

M Panel leading or trailing edge index

K Panel side edge index

BD, Tangent of transformed panel incidence
TANBD, angle, R tan §

TAND

SINBD, Trigonometric functions of transformed
SIND, panel incidence angle

COSBD,

COSD

SINTI sin 6 (1)

COSTI cos 6 (I)

THETA Inclination angle of panel J
SINT sin 6 (J)

COST cos 6 (J)

COSTD cos 6(J) /(1. + (B tan 8)2)*
CONTD  [(8 tan 8)2 + cos?6(J)]*
COSTD 1./ (COSD*CONTD)

CONTDD 1./CONTD
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X1,
YI,
21

DXC,
DYC,
DZC
DXL,
DYL,
DZL
BL
BLE
BTE

AL,

CL
CI
CcO

DX,
DY,
Dz

XdJ,
YJ,
ZJ

UCIR,
VCIR,
WCIR

ULIR,
VLIR,
WLIR

RCIR,
SCIR,
TCIR

Coordinates of control point I

Differences between panel corner points
in reference coordinate system

Differences between panel corner points
in panel coordinate system

Panel edge sweep

Panel leading edge sweep

Panel trailing edge sweep

Difference between panel leading and
trailing edge sweeps

Panel edge chord
Chord of inboard edge
Chord of outboard edge

Control point coordinates with reference
to panel corner point

Control point coordinates in panel
coordinate system

Dummy variable

Velocity components induced by inboard
leading edge corner of right wing
panels containing constant vortex
distribution

Velocity components induced by inboard
leading edge corner of right wing
panels containing linearly varying
vortex distribution

Same as UCIR, VCIR, WCIR, for inboard
trailing edge corner of right wing
panel



RLIR,
SLIR,
TLIR

UCIL,
VCIL,
WCIL

ULIL,
VLIL,
WLIL

RCIL,
SCIL,
TCIL

RLIL,
SLIL,
TLIL

VEIR,
WEIR
SEIR,

TEIR

VEIL,
WEIL

SEIL,
TEIL

VEOR,
WEOR
SEOR,
TEOR

VEOL,
WEOL

SEOL,
TEOL

VAIR,
WAIR

Same as ULIR, VLIR, WLIR for inboard
trailing edge corner of right wing
panel

Same as UCIR, VCIR, WCIR for left
wing panels

Same as ULIR, VLIR, WLIR for left
wing panels

Same as RCIR, SCIR, TCIR for left
wing panels

Same as RLIR, SLIR, TLIR for left
wing panels

Velocity components induced by concen-
trated vortex from leading edge along
inboard edge of right wing panel

Same as VEIR, WEIR for vortex from
trailing edge

Same as VEIR, WEIR for left wing panel

Same as SEIR, TEIR for left wing panel

Velocity components induced by concen-
trated vortex from leading edge along
outboard edge of right wing panel

Same as VEOR, WEOR for vortex from
trailing edge

Same as VEOR, WEOR for left wing panel

Same as SEOR, TEOR for left wing panel

Velocity components induced by vortex
sheet from inboard leading edge corner
of right wing panel
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SAIR,
TAIR

VAIL,
WAIL

SATL,
TAIL

VAOR,
WAOR

SAOR,
TAOR

VAOL,
WAOL

SAQOL,
TAOL

UAR,
VAR,
WAR

UAL,
VAL,
WAL

UIR,
VIR,
WIR

UIL,
VIiL,
WIL

UOR,
VOR,
WOR

UoL,
VOL,
WOL

ULR,
VLR,
WLR

Same as VAIR, WAIR for vortex sheet
from trailing edge

Same as VAIR, WAIR for left wing panel
Same as SAIR, TAIR for left wing panel
Same as VAIR, WAIR for outboard corner

of right wing panel

Same as SAIR, TAIR for outboard corner
of right wing panel

Same as VAOR, WAOR for left wing panel

Same as SAOR, TAOR for left wing panel

Velocity components induced by vortex
sheet behind right wing panels

Same as above for left wing panels

Velocity components induced by inboard
concentrated vortex behind right wing
panels

Same as above for left wing panels

Velocity components induced by outboard
concentrated vortex behind right wing
panels

Same as above for left wing panels

Velocity components induced by linearly
varying vortex distribution having zero
strength along leading edge on right
wing panels



SUBROUTINES
CALLED:

ERROR
RETURNS :

ULL,
VLL,
WLL

UCR,
VCR,
WCR

UCL,
VCL,
WCL

ucC,
vC,
WC
Us,
Vs,
WS

AC

AS

DC

Same as above for left wing panels

Velocity components induced by linearly
varying vortex distribution having zero
strength along trailing edge on right
wing panels

Same as above for left wing panels

Arrays of velocity components induced
by vortex panels at control point I

Velocity components induced by point
sources at control point I

Array of normal velocities induced by
vortex panels at control point I

Normal velocity induced by point sources
at control point I

Array of normal velocities induced by
vortex panels in diagonal block matrices

VORPAN, TRANS

Program calls EXIT if B tan § > 1. in supersonic

flow
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APPENDIX II

PROGRAM LISTING
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