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IMPROVED SONI1C-BOX COMPUTER PROGRAM FOR 'CALCULATING
. TRANSONIC AERODYNAMIC LOADS ON OSC!LLATTNC,WJNGS WITH THICKNESS

éy S. Y. Ruo
Lockheed-Georgia Company

- SUMMARY

A computer program has been developed to account approximately fér the
effects of finite wing thickness in the transonic potential flow over an
oscillating wing of finite span: The program is based on thé original sonic-
box program of Rodemich and Andrew which has previously been extended by Ruo
and Theisen to account for the effects of wing thickness. The latter work is
further extended herein to improve computational efficiency and accuracy and
to account for swept trailing edges. Account for the non-uniform flow caused
by finite thickness is made by application of the local linearization concept
with appropriate coordinate transformation. A brief description of -each com-
puter routine and the applications of cubjc spline and the spline-surface
data fitting techniques in the program are given; and the method of input is
shown in detail. Sample calculations as well aSva_complete listing of the

computer program are presented.
INTRODUCTION

In reference 1, the-sonic-box méthod computer program was developed for
calculation of unsteady transonic flow aerodynamics for oscillating planar
wings with unswept tralling edge by approximating the wing planform with a
matrix of square boxés. Latera i; was extended to include the swept trailing
edge and control -surfaces in reference 2. Sonic-box method uses a velocity-
potential doublet as the basic solution to satisfy the linearized transonic
flow, unsteady small-perturbation velocity-potential equation with the associ-

ated boundary conditions. ) v

In reference 3, the wing thickness effect is partially recovered by the

inclusion of local Mach number in the governing equation for the unsteady



transonic flow. It uses the concept of local }inearization to reduce the
nonlinear Small-perturbation equation to a linear one with -non-constant
coefficients. This is further reduced to a_]inear equation with constant
coefficients by the appropriate coordinate transformation. This final equa-
tion and the associated boundary condition in the transformed space become
identical to those treated in the physical space by Rodemich and Andrew in
reference 1. The numerical results for the wing with thickness were obtained
by adopting the sconic-box method in the transformed space. Because of the
assumptions made in deducing the governing equation to a manageable form, this
technique is applicable only to the thin wings. That is, the local mean Mach
number on the wing surface must not be very different from unity. Further,
it is assumed that there is no flow separation and no strong shock waves on
the wing surface.

The computer programs developed in references 1, 2, and 3 use the least-
square method to fit some of the input data, such as wing deflection or steady
Mach number distribution on the wing, and to fit the computed velocity poten-
tial with a form of predetermined polynomial surface for the subsequent
calculation of the unsteady pressure and the generalized asrodynamic force
coefficients. For wings with a rapidly changing Mach number distribution or
wing motions in certain deflection mode shapes, the polynomial surface is not

adequate because of its inaccuracy.

The computer program described in this report adopts the natural cubic
spline for fitting calculated velocity potential and the spline-surface for
fitting input modai deflections and Mach number distribution instead of the
polynomial-surface fitting used in references 1, 2, and 3. The present com-
puter code allows the computation of generalized aerodynamic force coefficients
for wings of zero and finite thiékness; the swept trailing edges are allowed
but not the control surfaces. It also uses a different scheme from that of
reference 3 for calculation of the gereralized aerodynamic force coefficients
for wings with finite thickness to improve the efficiency of the program and
the accuracy of the numerical results. This is done by performing the force
coefficient integration in the transformed space where the-velocity potential

is computed rather than map the velocity potential from the transformed space
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to the physical space before performing the integration as in reference 3.
Additionally, the contribution from the partial boxes along the swept leading
edge has been included to improve convergence and accuracy of the numerical
results with a smaller total number of boxes in representing the wing

planform.

The wing is assumed to have zero mean angle of attack, and the same mean
Mach number distribution on upper and lower surfaces, and to perform motions
symmetric with respect to the root chord. These, however, are not 1limited

by the basic concept.

The regqular output of the présent computer code is the generalized
aerodynamic force coefficients. In addition to.these, the values of down-
wash, velocity potential, pressure coefficient and Mach number at each box
center may be prfnted out. Also the portion of the dimensionless area
representing the actual wing planform in each box and the information of the
arrangement of the boxes used in the computation as well as the velocity
influence coefficients may be printed out. Since no provision is made in
the computer code to smooth any computed data, the pressure coefficient must

be used with caution.

SYMBOLS

ag, a1, az constants

Byj area of ij-th box on wing (i-th spanwise column and j-th
chordwise row)

b reference length (dimension = L)

Cp pressure coefficient

dj x-direction distance between two adjacent points used in
the spline-curve fit, equation (14)

e, exp exponential function

fx,y) wing deflection mode shape

G1(x,y),G3{y) 1leading edge adjustment terms, see equation (10}
A



H{x,y) dependent variéble represented by a cubic spline or spline-

surface, see equations (14) and {15)

hj constant

I integrated value, see equation (13)

i V-1

k reduced frequency, wb/U,

L unit of length

Lij generalized aerodynamic force coefficient

M(x,y) local Mach number

Mj coefficients of cubic spline

N number of points used in data fitting

r dimensionless distance between two points, v(x-xj)2+(y-yi)2,
{reference length = b)

S dimensionless wing planform area of full wing (reference
area = b2}

t dimensionless time (reference time = b/Ux)

T unit of time

Uco reference velocity (freestream), (dimension = L/T)}

w(x,y) dimensionless downwash (reference velocity = Us)

X,¥Y,Z dimensionless Cartesian coordinates (reference length = b)

Xge (y) dimensionless x-coordinate of wing leading edge (reference
length = b)

Xpe (¥) dimensionless x-coordinate of wing trailing edge (reference
length = b)

Ymax dimensionless maximum semi-span (reference length =_b)

CI phase angle of Lij

T maximum thickness to chord ratia

Do (x,Yy) dimensionless velocity potential of doublet

vi(x,y) downwash at point (x,y} due to doublet of unit strength at
the origin, see'equation (6)

w angular velocity {dimension = radian/T)

() superscript denotes the dimensional quantity of the correspond
ing dimensionless variable shown inside the parentheses

(M superscript denotes the quantity in the transformed space

of the corresponding variable shown inside the parentheses



MAJOR VARIABLES IN COMPUTER PROGRAM

Some variat les used in the computer program are described briefly in
this section. The subroutine name in the parentheses following the descrip-
tion of a variable indicates where its value is generated or defined. The
number appearing in the parentheses indicates the value of the variable for
the corresponding condition described. In the following, N=1 and-N=2 indicate,
respectively, the real and the imaginary parts of a variable; NEW=1 .and NEW=2
indicate, respectively, the zero thickness and nonzero thickness cases; |
(i < MB) is related to the chordwise coordinate while j {j s MB) is related

to the spanwise coordinate.

A(N,j, 1) influence coefficient, the integral in equation (6); the
upwash at the center of a box caused by a unit doublet
distribution over another box separated from the former
by {j-1) number of boxes in spanwise direction and (i-1)
number of boxes in chordwise direction, (POT2)

AMA(j, T ,NEW) Mach number at center of ij-th box on physical wing (NEW=1},
Mach number at a point on physical wing corresponding to

the center of ij-th box on the transformed wing (NEW=2),

(SHAPE)
AR(j,i,NEW) area of wing in jj-th.box, (PLNFM)
AREA area of the physical, .full wing planform, {PLNFM)
CK reduced frequency, (MAIN)
CTE(]) Mach number on the physical wing at a point corresponding

to the trailing edge of the j-th chordwise row of the
transformed wing, (SHAPE)

D length of box side, (MAIN)

DA (k) input data, (DATRD)

DH one-half of the length of box side, (MAIN)

Di maximum number (real) of boxes in streamwise direction

) (same as L integer), (MAIN)
EDG(NEW,]) value of leading edge adjustment term Gy in equation (10}
at j-th chordwise row, (SHAPE)



IEDG

fR
W

JMAK (NEW)
JMAX (NEW)

KSFD (M)

KSFM

MB

MD

ML(NEW, i)
MLC(NEW,k, 1)
MLT (NEW,k, j)
MLW (NEW, i)

NB

NEDG I

NEW

flag to identify whether the most outboard section of the
feading edge is parallel (1) or is not parallel (0) to the
freestream, {SHAPE) ’
computer read-unit number, (MAIN)

computer write-unit number, (MAIN)

number of boxes on the wing along spanwise direction, {SHAPE)
number of boxes on wing plus wake along spanwise direction,
(SHAPE)

ﬁumber of points used in spline-surface fit of wing
deflections in M-th mode, (DRED)

number of points used in the spline-surface fit of

Mach number, (MRED)

maximum number {integer) of boxes in streamwise direction,
(MAIN)

deflection mode number, M < MD, (MAIN)

maximum number of boxes in streamwise direction corresponding
to the dimension of those subscripted variables related to

the box distribution, (MAIN) )
maximum number of deflection modes allowed, corresponding to

the dimension of those subscripted variables related to
deflection mode, (MAIN)

number of boxes, including partial boxes, in i-th spanwise
cotumn, (PLNFM)

sequential number of first (k=1) and last (k=2) wing box
in the i-th spanwise column,‘(PLNFM)

sequential number of first (k=1) and tast (k=2) wing box
in the j-th chordwise row, (SHAPE)

sequential number of first wake box next to the wing box
in i-th spanwise column, (PLNFM)

number of points to be used in the spline-surface fit,
corresponding to the dimension of those subscripted
variables related to the spline-surface, (MAIN)

maximum number of points allowed to describe the in~

put Teading edge of the wing, (MAIN)

index for physical (1) or transformed (2) wings, (MAIN)



NM
NS (NEW)

NSMAX

NST(NEW)

NTDGI

S(N’j’i)

SFDH (k,M,NEW)

SFDX (k,M)

SFDY (k,M,NEW)

SFMH (k)

SFMX (k)
SFMY (k)
T(k,2)

XEDG (k)
YEDG (k)

XEDGI (k)
YEDGI (k)

XLE(NEW, )
XTE (NEW, j)

XTDG (k)
YTDG (k)

NB+3, (MAIN)

qumber of leading edge points on the wing semispan,
including point at apex only if the wing is pointeds(SHAPE)
maximum number of leading-edge points (inc;hdi;é—apex of
pointed wing) that can be used to approximate leading edge
of transformed wing corresponding to the dimension of those
subscripted variables related to the leading-edge points
used in computation, (MAIN)

number of trailing-edge points including the point &t wing
root, NST(1} < NTDGI-1, (SHAPE)

maximum number of points allowed to describe the input
trailing edge of the wing, (MAIN)}

downwash at the center of ij-th box, equation (8), (WVAL),
and velocity potential at the center of ij-th box, (BOXPO}
known wing deflection at those points used in spline-
surface fit of wing deflections in M-th mode; or, the
coefficients in wing-deflection, spline-surface expression
for M-th mode, k < NM, (DRED}

X and y coordinates of points used in spline-surfaée ?}£_6€
wing deflections in M-th mode, k g NB, (DRED)

known Mach number at those points used in spline-surface fit’
of Mach number; or, the coefficients in Mach number spline-
surface expression, k < NM, (MRED)

x and y cocrdinates of points used in spline-surface fit of
Mach number, k £ NB, (MRED)

dimensioned temporary storage, k £ NM and 2 < (NM+1)

x and y coordinates of those points used to describe the
wing leading edge in the computations, k < NSMAX, (SHAPE)}

x and y coordinates of those input points used to describe
the wing leading edge in physical space, k £ NEDGI, (SHAPE)
x-coordinate of leading and trailing edge along j-th
chordwise row, (PLNFM)

x and y coordinates of those points used to describe the

wing trailing edge in the computations, (SHAPE)



XTDGI (k) x and v coordinates of those input points used to describe

YTOGI (k) the trailing edge in physical space, k < NTDG!, (SHAPE)

XX (i) x-coordinate of i-th spanwise column, (SHAPE)
YMAX (NEW) maximum y dimension of the wing, (SHAPE)
YY(j) y-coordinate of j-th chordwise row, (SHAPE)

EQUATIONS USED IN THE COMPUTER PROGRAM

in this section, some equations and expressions used in the present
version of sonic-box method computer program are listed. Additional in-

formation on the derivation of these equations can be found in the standard

text books or numerous other publications (e.g., refs. 1, &, and 6).

Small Perturbation Potential Equation

The governing equation of the unsteady part of the harmonically

oscillating thin wing in a sonic flow field can be written as

- M2(2; - k2 Y =
Pogy T Cogy "M (2ik®y, .~ k*@y) =0 (1)

and

C(x,y,z,t) = €5(x,y,2) eikt,

When M = 1 everywhere, equation {1) reduces to the familiar linearized
equation. However, if the variation of local Mach number is taken into
account, local linearization may be applied to obtain the following equation

valid in a small region

Fogy + Pozz - (2ikdoy - K28,) = 0 @)
where
X = % . (3}
y = My
z = Mz
(‘;] = M(P .- . + % @'@ﬁ
. : <, BB oy
. AL X



Equation {2) is a linear equation with constant coefficienés and is the same
as the familiar linearized equation with M=1 (eq.(1)). -Therefore, the prob-
lems of wing with finite thickness can be solved in the transformed space
with a method suitable for the problems of zero thickness wing in the physical
space. The sonic-box method {(ref. 1) has been chosen for the present
implementation. A solution to the linearized form of equation (1), when M=1,

can be written as {ref. 1)

0, x =20
CPO(X,‘;’,Z) = . 2 2
T exp [- 5 (x + 22T, 00 (4)
and in the wake
P (x,y,0) = Pore expl-Tk(x-x¢o)1, X>Xie and z = 0, (5)

which represents a doublet at the origin of coordinates pulsating with reduced
frequency k. An expression for downwash at any point ona wing lying approximate=~
ly in the xy-plane due toaunit doublet at the coordinate origin canbe.obtained
by taking partial differentiation of equation (&) with respect to z and letting
Z go to zero. The approximate solution to equation {2) with a known down-
wash distribution on a 1ifting surface, which is approximated by a matrix of
square boxes and the velocity potential is considered to be constant within

each box and equal to that at the box center, can be expressed as:

Lo ff v(xj-g,yj-n)dedn = w(x;j,y;j) (6)
Il’jl Oitle )
IIJI
where ¢°i‘j' = magnitude of velocity potential at the center of box Bi:ju

p(x{-E,yj-n) = downwash at (x;j,yj) due to doublet of unit
strength at (&,n).

= ex { Tik [lxeg) + 05 %)
2 G-pz P {7 7k a8+ oy
w(x;,Yj) = (a@o) = downwash at the center of box Bij'

9z " 5t (xi,yj)



Downwash is related to the deflection mode shape in physical space as

—— = —— + ikf (8a)

(Ei-+ ikf). (8b)
X

Since the left-hand sides of equations (8a) and (8b) are identical, the down-
wash at (%,¥) on the transformed wing is unchanged from that at the correspond-

ing point, (x,y}, on the physical wing.

It Ts not possible to arrange the center of the box to follow the wing
leading edge with the sonic-box method. Before the pressure coefficient and
the generalized aerodynamic force coefficients are calculated, it is recommend-
ed to adjust the computed velocity potential near the leading edge to conform
to the theoretically known leading edge condition (e.g., %3 = 0 for a swept

{subsonic) leading edge). This adjustment is expressed as
P’ =Gy « G - @, , (9)
where G; and Gy, depending solely on the shape of the wing leading edge, are:
X = Xge 28x: Gy = 1.0
.Ijx'xne { JfX+X2e }m {m=0 for y#0 at x=0
Ax 2xpatAX > Im=1 for y=0 at x=0
1.0 _ (10}

{ 2 2 = dy -
{p/ Yiax = Y }n n=0 for —~# 0 at x=1
A H

vy
—
]

X = Xpa <Ax:

Ymax~Y2ly: Ga

Ymax Y <4y: Gy = o
Y (2Ypax-AY) J n=1 for %§'= 0 at x=1

where

Xge (y) = x coordinate of wing leading edge at y = constant

10



Ymax = y coordinate of the wing tip
Ax = range of x fqr which leading-edge adjustment is applied
dy = range of y for which leading~edge .adjustment is applied,

The selection of the range for leading-edge adjustmeﬁt is arbitrary depending .
on héw extensively one wants to impose the léading;edge propertf ocn the éa]*
culated velocity potential. For example, if one choses Ax =lxte - Xge and

AY = Ymax»> the resulting adjustment becomes jdentical to that used in earlier
versions of sonic-box method computer program. Presently, both Ax and Ay are
set to the length of the box side used .in computation. These relationships

are depicted in fiqure 2.

Pressure Coefficient

The unsteady pressure coefficient for the harmonically oscillating thin

-wing is obtained from Bernoulii’s equation as

Cpg = -2(¢bx + Tk®,}, on the wing -
i (11}
Cpy = 0, in the wake
and Cplx,y,z,t} = Cpo(x,y,z)eikt.

Generalized Aerodynamic Force Coefficient

The generalized aerodynamic force coefficient as defined in reference

-6 is written as

11

Lij = %-I{ (P, + ik@o)[ f5 dxdy (12a)
S
= 2. ” ﬁ% (P + 1kB,); T dxdy. - (12b)
S
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An integration by parts is performed to cast the integral in equation (12)

into the following form:

f[(q5f)x=xte - I‘(fx+ikf)¢bdx]dy, X,¥ on. S, (13a)
Y b4

M2 te

Ead i
"
N

(L 9B g, - f L + kD8I, %7, on 5. (13b)
%

Equation (12b) is integrated in the transformed space using equation (13b).

DATA FITTING METHODS

The polynomial surface method of data fitting was used in the earlier
versions of sonic-box computer program {refs. 1, 2, and 3) to fit the wing

deflection mode, Mach number, velocity potential and pressure coefficient.

In the present program, two types of data fitting are used. One is a
two~dimensional cubic spline fitting and the other is a three-dimensional
spline-surface fitting. The former is based on the concept of thin elastic
beam and the latter on the thin elastic plate. Since they use different forms
of expression, the two-dimensional fitting can not be obtained directly from
the three-dimensional fitting by setting the coefficient of the terms involv-
ing the extra independent variable to zero as it is usually done when the

polynomial fitting is used,

Cubic Spline

Method. - It has been demonstrated over the years that the dra?tsman's
spline has distinct advantage over other methods of fairing curve through a
set of predetermined points (e.g.', reference 7). The basic equation can be .

written as
LY

M ’ M:
RN ek KO PR 2 (. = @3+ DI fmx3  y —di(xex.
Ho= —g= [xj=x3) + df (xxjoq) - dj] + 64 Lext_p) =djlxoxjq) ]
‘ (14)
+Hj_1 + Tj (x-xj_1), for Xj—]SXSXJ and j = 2,N

12
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where dj = X)o7 Xy
H = value of dependent variable at point x

Hj = value of dependent variable at point Xj
Mj = coefficients of cubic spline

= total number of predetermined points
Tj = (Hj - Hj-])/dj

x; = coordinate of the predetermined points where H is known

The values of Mj's are computed with the N known values of H at Xj by requiring
the slope at each of these points to have a value computed from both sides of
the point. This provides oniy (N-2) equations for N unknowns, thus the follow

ing two additional equations are assumed:
My =My =0.

Use, - Cubic spline fitting is used in the computation of pressure co-
efficient and generalized aerodynamic force coefficients according to equations

(11) and (13), respectively.

In the computation of pressure coefficient distribution_on both physical
and transformed wings, the known values of the velocity potential at the center
of wing boxes, in the respective spaces, along each chordwise row are fitted
with a cubic spline to calculate the chordwise derivative of the velocity
potential at the box centers. The velocity potential distribution on the
transformed wing is also fitted along each spanwise column to facilitate the
interpolation of the velocity potential at the center of wing boxes along the

same column on the physical wing.

In the computation of aerodvnamic force coefficients, the integration is
performed in the space where the velocity potential distribution is calculated
and in the sequence of chordwise and then spanwise directions. The cubic
spline is used to linearly extrapolate both the velocity potential at the
trailing edge of each chordwise row for the chordwise integration and the

integrated value of the chordwise integration at the root chord for the

13



spanwise integration. Both chordwise and spanwise integrations are performed

with the implied cubic-spline fitting as shown in equation (16}.

Spline-Surface

Method. - in reference 8, it is shown that a spline-surface can fit a
three-dimensional distribution of data better than the polynomial surface.
The expression of the spline-surface can be written as:

N

H=ag + aix + agy + z hjr% ﬂnr?, (1
j=1 J J

where

2=

w12 v.)2
] (x x;)% + (y yJ)

ao,al,az,hj = coefficients of spline-surface
H = value 'of dependent variable at (x,y)
N = total number of predetermined poinfé
(xi;yj) = coordinates of the predetermined points where H is known.
The valus of ag,aj,as, and hj's are computed with the N known values of H at

(xj,yj) plus the following three additional relations:

N

j£1 hy =0
N

jz1 hj)(j = {)
N
X thJ =0

This yields {N+3) equations with (N+3). unknowns.

The partial derivatives of equation (15) with respect .to x, y can -be

easily obtained as follows:

14
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N

0 _ ~ . 2

EE-H(X’Y) = a; + 2 .Z hj(x xj) E.nrj
j=1

] N 2

= = + cfy=v.)

3y H(x,y) = a, + 2 jzi hj(y yJ) Qnr}

Use. - There are five sets of discrete points on the lifting surface

which in general do not coincide:

1. (x,y) on physical wing where Mach numter is known

2. {x,y) on physical wing where modal deflection is known
(x,y) of box centers on physical wing, or
(%,?) of box centers on transformed wing

4. (x,y) on transformed wing corresponding to (x,y) on physical wing
where modal deflection is known

5. {(x,y) on physical wing corresponding to box centers of transformed wing.

In the process of solving equation (6) for the velocity potential, spline-.
surface fitting is used to facilitate the interpolation of quantities and
calculation of their gradients among these sets of points. The known local
Mach number distribution on physical wing is surface-fitted for the inter-
polation of local Mach number on the physical wing at the box centers (for
print-out purpose only),.at those points where the modal deflection is
specified, and at those points corresponding to the box centers and the
trailing-edge points of transformed wing (for use in the evaluation of the
integrals in eq. (13b)). The modal deflection points in the physical space
are then transformed into transformed space according to equation (3) for
nonzero~-thickness wing. ‘Note that the modal deflection f(x,y)} is unchanged
in the transformed space, i.e.. f(x,y) = f(x,y). The modal deflection, in
the physical space for zero-thickness wing and in the transformed space for
nonzero-thickness wing, is surface-fitted to facilitate the evaluation of the
modal deflection and its chordwise derivative at box centers and the modal
deflection at trailing edge as required in equation (8) for downwash and in

equation (13)-for force coefficient in the respective spaces.

15
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When the modal deflection of the physical wing is expressed in a function
al form, a number of pointg (i.e., box centers) on the transformed wing are
selected for specifying the modal deflection and the corresponding points on
the physical wing are then located with the aid of the surface-fitted Mach
number. The modal deflection at each of these points on the physical wing is
then calculated with the known expression and this, in turn, is the value at

each of the corresponding points on the transformed wing.

PROGRAM FLOW

The flow chart of the program SBOXR is presented in figure 1. The

function of those controlling variables appeared in the flow chart is as

fol lows:
Variable Value Function
NEW 1 Indicates case without thickness effect
2 indicates case with thickness effect
0 Indicates first frequency for a wing
DA(26) 1 Indicates additional frequency for the
same wing
0 Calculates cases with and without thickness
effects
DA(50) 1 Calculates case without thickness effects
only
2 Calculates case with thickness effects
only
K
M <DA(28) Counter of the modes of deflection
N
pA(28) < MD Total number of modes to be considered
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iFigure 1. - Flow chart of program SBOXR.

17



FUNCTION OF SUBROUTINES -

A brief description of the function of each subroutine is given In this
section. Some equations are noted here for the purpose of identifying the
steps in the sequence of obtaining the final results, i.e., the generalized
aerodynamic force coefficients. It is suggested to refer to reference 1 for
the -derivations of these equations. The freestream flow is in the positive
®x direction and the apex of wing is at the origin. The spanwise direction
is designated by vy. Since the plane passing through the centerline chord
and perpendicular to the wing planform is the plane of symmetry of wing
gecmetry and motion, the input of wing geometry, deflection, and steady-flow
Mach number distribution needs to be made only for the portion of the wing
where x>0 and y>0 (see figure 3}. It is assumed that the camber, twist, and
mean angle of attack of the wing are all small; and the difference in local
Mach number at the corresponding points of the upper and lower wing surfaces
can be negiected. As the computer program is presently formulated, the motion
is limited to symmetric modes. This limitation is imposed by the expression
used in the present program to evaluate the influence coefficient of upwash

due to a unit doublet distribution.

In the following, the variable name used in the computer program to
represent a certain quantity mentioned in the description of a subroutine
is indicated in the parentheses following such quantity, also, whenever a
variable NEW appears as a subscript to another variable it is implied that
the operation is applicable to either physical (NEW=1, without thickness
effect) or transformed (NEW=2, with thickness effect) wings.

SBOXR -~ a controlling routine; also performs the final calculstion of
the generalized aerodynamic force coefficient for the full wing as given in

equation (12), and prints out the results.

DATRD - data input routine; for a new wing, the data array (DA(k)) is
cleared every time but for the same wing, the old value is used if a new

value is not entered {blank datum will not affect the old value).
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SHAPE - wing geometry routine; the main objectives of this routine are

as follows:

(1)

(2)
(3)

()

(5)

(6)

(7)

app%oximates the wing planform of the physical or tranformed.wing with
a gr{d of square boxes and calculates the numbg%upfhbpxes'(HL(NEW,L))
along each spanwise column (XX(i)) ‘ '

finds the number sequence of the leading (MLT(NEW,1,j)) and trailing
edge (MLT(NEW,2,})) wing boxes along each chordwise row (yy(;)

finds the number sequence of the first (HLC(ﬂEw,l,i)) and the last
(MLC{NEW,2,i)) wing boxes along each spanwise column (XX(i))

computes the wing tip adjustment term {EDG(NEW,i)} along each spanwise
column {XX(1)) ’
finds the Mach number at each wing box cénter on the physical wing
(AMA(j,7,1)) and at those points on the bhysica] wing -corresponding

to the box centers (AMA(j,i,2})) and the trailing edge (XTE(NEw,j);
CTE(j)) along the chordwise row {YY(j)) of the transformed wing.
redistributes the number of leading edge (XEDG(k), YEDG(k)) and trail-
ing edge (XTDG(k), YTDG(k)) segments By subdividing the corresponding
input data (XEDGI(k), YEDGI(k) and XTDGI(k), YTDGI(k)} for the physical
wing so that the transformed wing can be better approximated

performs the coordinate. transformation of the wing with thickness effect
with the aid of the known Mach number distribution (SFMX(k), SFMY(k), ‘
SFMH{k), KSEM) on the physical wing, using the relations shown in
equation (3); and also checks the possible creation of an artificial
wake in the transformed wing resulting from an uneven distortion oflthe

wing tip

PLNFM - wing geometry routine called from subroutine SHAPE; the main

functions' of this routine are as follows:

(1)
(2)

(3)

computesactual wing area in each box (AR(j,i;NEw))

computes-the x-coordinates of the wing leading edge (XLE(NEW,j)? and
trailing edge (XTE(NEW,j)) along each chordwise row {YY(j)) ‘
calculates the full wing planform area (AREA) of the physical wing
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(4) finds the total number of boxes (ML{NEW,i)). including the wing as well
as the wake along each spanwise column (XX{i))

(5} finds the number sequence of the first (MLC(NEW,1,i)) and the last
(MLC(NEW,2,1)) wing. boxes along each spanwise column (XX(i)) in which
the actual wing planform occupies at least 50% of the box area.

{6) identifies, along each spanwise column (XX{i)), the number sequence of
the first wake box {MLW(NEW,i}) of the wing-tip wake (MLW(NEW,i)<0) and
the last wake box of the wing-root wake (MLW(NEW,i)>0)

POT2 - evaluates the integral in the expression relating the downwash
and the velocity potential (equation (6)). The integral in equation (6) is
integrated over the surface of gach box Biljl centered at (XiI,YjI) once for
every frequency, and the result (A(N,j,i)) is used in the calculation of the
velocity potential (S(N,j,i}) in both physical and transformed spaces for all

modes under consideration at the same frequency.

DRED - fits the wing deflection for each mode (M) of motion in both
physical and transformed space (SFDX(%,M), SFDY(%,M,NEW), SFDH(%,M,NEW),
KSFD(M)) with a spline~surface of the form shown in equation (15) expressed
in terms of the dimensionless coordinates. For the physical wing, the wing
deflection in each mode can be given as input either in the form of the co-
efficients (SFDH(Z,M,1)) of an expression H = ag¥aix (KSFD(M)=0) or deflection
(SFDH({2,M,1)) at a number of predetermined points (SFDX(&,M), SFDY(2,M,1),
KSFD{M)>0). For the transformed wing, the wing deflection in a particular
mode is obtained either directly from the input data points for the physical
wing (KSFD(M)>0) or indirectly from a number of selected points (KSFD(M)>Oj
on the physical wing of known defilection of form h = agtayjx. The deflection
(SFDH(%,M,NEW)) and the chordwise coordinate (SFDX(%,M)) of a point on the
transformed wing are unaltered from those of the corresponding point on the
physical wing, but its spanwise coordinate (SFDY(%,M,NEW)) in the transformed
space is modified by a factor of the Mach number (SFMX(k). SFMY(k), SFMH(k),
KSFM} from that of the physical wing (see equations {3) and (8)).

SLCT - called from subroutine DRED; selects a maximum of NB .number of



points from the input data on the physical (NEW=1). or transformed (NEW=2)

wing for the spline-surface fitting of the wing deflection.

WVAL - calculates the complex (real N=1, imaginary N=2)-downwash (S(N,},i,))

at_the center of each box (ij-th) for a particular mode (M) and reduced fre-.

m—— ¢ T — T e

quency (CK) using the known wing deflection spline-surface (SFDX(%,M), SFDY(Z,
M,NEW}, SFDH(R,M,NEW),.KSFD(M)) for the planar wing in physical (NEW=1) or
transformed (NEW=2) space.

BOXP - incorporates the leading edge adjustment, equation (9), to the
computed velocity potential (S(N,j,i)); computes pressure coefficient, equation
(11), when a print out of its value is desired. To compute the pressure co-
efficient for the wing with thickness, the velocity potential on the physical
wing is found by transforming the known velocity potential on ghe transformed

wing with the known coordinates and Mach number on the physical wing.

BOXPO - called from subroutine BOXP, solves a set of simultaneous equé-
tions, equation {6), relating the complex velocity potential (s(N,j,i)) and
the known complex downwash of a particular mode (M) at the center of each box
(ij-th) to obtain the velocity potential of the zero thickness wing in the
physical apd the transformed 'spaces, Since the disturbance is considered_not
to travel upstream,=tﬂe calculation is carried out for one spanwise column at
a time startiné from the most forward column. The number of upstream columns
influencing a particular.column is controlled through the input (DA{43)). If
a wake is encountered, the‘veiocity poteitial in the wake along a chordwise
row (YY(j)) is computed using equation (5) for various chordwise stations; the
velocity potential at the trailing edge (XTE(NEW,j)) is interpolated from the
velocity potential computed for the last wing box and the first wake box along

the same chordwise row by considering the first wake box to be a wing box.

FORC! - performs the integration of the genéralized aerodynamic‘force co~
efficient, equation (12a) or (12b), according to whether the wing is in the
physical or transformed space. At each box center on the wing, the values of

" f and fy as required in equation (13) are obtained from the fitted spline-

surface, equation (15) and ?y 1s known. For wing with thickness, the Mach
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number at each box center on the transformed wing (eq. {(13b)) is interpolated
from the spiine-surface representing Mach number. distribution on the physical
wing. The integration in x-direction along each chordwise row (YY(j)). is
carried out by computing the vaiue of the {dintegrand at a numbe} of points
along a particular row and then completing the integration with the quadrature
expression shown in equation (16). The integration in y~direction is accomp-
lished in the same manner. For the wing with thickness effect, the procedure
of evaluating the integral is the same except the involvement of the Mach
number at those=po§nts on the physical wing corresponding to the box centers

(AMA(j,1,2)) and trailing edge (CTE(j)) on the transformed wing.

MRED - fits the mean steady-state Mach number distribution {SFMX(k),
SFMY{k), SFMH(k), KSFM) over the physical wing with a spline-surface, equation
{15), expressed in terms of the dimensionless coordinates. The input for the
Mach number can be either in the form of the coefficients of an expression

" Mach number = ag+aix (KSFM=0), or as tabulation (SFMH{k)) of the Mach number,
or the pressure coefficient at a number of predetermined points (SFMX(k),
SFMY{k), KSFMs0) on the physical wing.

INTGL - called from subroutine FORC!; carries out the evaluation of the
integral in equation (13) by, first, fitting the values of the integrand. at
a set of predetermined points with a cubic spline, equation {14), and then

by using the following quadrature expression:

S 1 2 . H -
dj [ Ti'dj (Mj_1+MJ) + (erq HJ)]. (16)

1

2.
J

Il ~—1==

2

Equation (16} sums the sectionally integrated area undef a cubic spline
(equation (14)); which fits N values of the integrand, between two adjacent

points, j-1 and J.

TRIDI - called from subroutine INTGL; solves for the roots of a set of

equations whose coéfficient matrix is .a tri-diagonal matrix.

SPLN1 - provides a cubic-spline fit for a variable at a given set of
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points, from which the interpolated values of the dependent variable and

its derivative may be obtained using subroutine SPLN2; also inserts an addi-

tional point bet .:cen every successive péir of input points in the original set

-to increase the number of points for cubic-spline fitting and performs the

specified number of smoothing iterations using subroutine SMOOTH. \ ]
SPLN2 - called frém subrautine SPLNI; interpolates the value of the

dependent variable and calculates its derivative at the set of desired

locations.

SPISET - called from subroutine SPLN1; computes the slope of the dependent
varidbie using the cubic spline method at those points where the values of the

dependent variable are known,

SMOOTH - called from subroutine SPLN1; replaces the value of the dej
pendent variable at each of the predetermined points with the new value
computed by passfng through a five-point least-squares cubic before the slope

at these points is computed.

CHLSKY - called from subroutine SMOOTH; solves for the roots of a set of

simul taneous equations whose coefficient matrix is a symmetric matrix.

SURF1 =~ spline-surface fitting routine; with the known values of the
dependent variable at a number of points of known coordinates, this routinée
finds the coefficients of the spline-surface associated with those known

points of the form shown in equation (15).

SURF2 ~ interpolating routine; finds the value of the dependent variable
and its partial derivatives at a specified point based on the ‘fitted spline-

surface.
CIN - calculates sine and cosine integrals.

MSIMER - finds solutions of the simultaneous real number equations.

MSIMEC - finds solutions of the simultaneous complex number equations. -
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PROGRAM DIMENSI10ONS

The present computer program is dimensioned to handle a maximum of 30 (MB)
boxes either in chordwise or spanwise direction in approximating one-half of
the wing planform. The maximum numbers of leading and trailing edge segments
are, respectively 7 {NEDGI-1) and2 (NTDG!~1). It can handle up to 3 (MD) wing
deflection mode shapes. The maximum number of points used in the spline-
surface fitting is 100 (NB). These limitations can easily be increased by

-changing the dimensions of the corresponding variables in the computer program.’

The maximum number of input points to describe the wing deflection and
the thickness effect expressed in terms of the steady-state, either the Mach
number distribution or pressure coefficient distribution is presently dimen-
sioned 100 (NB). This number can be increased to 128 by activating the unused
portion of the input data array, DA, from locations 501 to 700 and by changing
the value of KP, the starting location for the thickness effect input points,
from 701 to 613 in subroutine MRED and the value of NB from 100 to 128 in
program SBOXR, The dimensions of the variables used in the 5piine—surfaéé

fitting need to be changed according to the new value of NB.
RESULTS

Sample calculations were made using the present program as well as other
versions of sonic—Box computer program. |t was found necessary to use a gnit-
box increment instead of a multi-box increment in the convergence test due to
the inherent property of the box method. Since no smoothing is applied to
any computed values in the present program, the pressure coeFFJCIent calcu-
*lated should be used with caution. |In order to use it, one needs to put the
_pressure coefficient distribution through a smoothing process such as the
built-in smoothing routine which was not utilized, however, for the results
presented fn this section. The pressure coefficient is obtained by differen-
tiation of a set of numerical values whereas the generalized aerodynamic force
coefficient ?g cbtained by integration. Since integration itself s a smooth-

ing process, the resulting generalized aerodynamic force coefficient is
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considered to be acceptable within the bounds of the accuracy of the numerical

- techniques and the adequacy of the sonic-box method. .

Wings considered in the sample calculations-are.delta, cropped delta,

arrow and rectangular wings and are given separately below.

Aspect Ratio 1.5 Delta Wing

Zero Thickness. - Shown in figure &4 -is the convergence with respect to

the -number of boxes along the root chord of the generalized force coefficients
due to plunge (mode 1) and pitch about its apex (mode 2) at a reduced fre-
quency'O.Z'for an aspect ratio 1.5 delta wing. The results obtained from the
present and the other sonic-box computer programs given in references 1 and 2
are plotted in the.same figure for comparison. The program of reference 3
generated the same results as that of reference 1. The results of the present
program appear to shew more clearly the converging trend at a fewer number
of boxes used in the computation ‘than the other sonic-box programs.

The computed and the smoothed velocity potentials along a chordwise row,
y = 0.0166667 from rcot chord, of the aspect ratio 1.5 delta wing due
td plunge at a reduced frequency 0.2 from reference 3 using 30 boxes along
the root chord are plotted in figure 5. The results from the programs
of references 1 and 2 show the similar pattern of velocity potential
di'stribution. Iﬁ these programs, a smoothing of the computed velocity po-
tential distribution is applied to obtain the distribution for the subsequent
computatfon of the pressure and force coefficients. The velocity potential

distribution over the same wing at the same conditions using the present

'program is shown in figure 6. In the present illustration, no smoothing is '
used; thué, the velocity potentials used in the computation differ from the
coﬁputed values only near the leading edge where the lead}ng edge adjustment

- - -

-is appliea.

Nonzero Thickness. - Figure 7 shows the wvariation of. the force coeffi-

cients due to plunge (mode 1)} and pitch about its apex (mode 2) as function

of the reduced frequency for the aspect.ratio 1.5 delta wing computed with
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the present program using 30 boxes along the root chord. The results with
thickness were calculated with the assumption that the wing has an elliptic
cross-section in a plane perpendicufér to the chordwise axis and the steady-
state pressure coefficient distribution used as input was obtained from the
method given in reference 9. The distribution of Mach number at the box
centers interpolated from the fitted spline-surface is plotted in figure 8.
The Mach number Histribution in spanwise direction for this wing is supposed
to be constant but the interpolated value has deteriorated near the trailing
edge. Since the error in magnitude is not large, the effect on the integrated
results shown in figure 7 may not be very serious. As it was observed in
reference 4, the present results also show that the thickness effect on the
force coefficients of a delta wing Is not very large. However, the effect on

flutter speed can be significant {ref. 10).

Aspect Ratio 2.0 and 4.0 Delta Wings with Zero Thickness

Convergence of the force coefficient due to pitch, f = -0,00617 +
0.017446 x (b = 0.5 ft.), of aspect ratio 2.0 delta wing at a reduced fre-
quency 0.106 is shown in figure 9 and that due to plunge {mode 1) and pitch
about its apex (mode 2) of aspect ratio 4.0 deita wing at a reduced frequency
0.1 is shown in figure 10. |In figure 9, the present results are compared
with that given in reference 5. The results of references 1 and 3 are in-
cluded in figure 10 for comparison. According to the calculations performed
for the delta wings, the results of the present program show a better and
faster converging trend than that of the other versions of the sonic-box

method computer program.

The computed velocity potential distribution-without smoothing, due to
plunge (f = 1.0) at a reduced frequency 0.1 of aspect ratio 4.0 delta wing
from the program of reference 1 is plotted in figure 11, and that from the
present program is plotted in figure 12. The numerical values of these two
sets of results are not very different. The fluctuation of the values of
velocity potential along the chordwise row as observed in figure § is not
observed in figure 11. This is due to the difference in the box arrangement

along the swept leading edge of the delta wings.
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The convergence plots of the force coefficients of a delta wing as func~
tion of the number of boxes along the root chord always show fluctuations; it
does not increas- or decrease mcnotonically toward the converged values. This

is an inherent property of the box-method.

As shown in figure 13, the box arrangement along the swept leading edges
can only approximate that of the actual wing. The number of boxes in a span-
wise column does not increase uniformly from the nose to the tail of the delts
wing., For example, the aspect ratio 1.5 delta wing has 3 spanwise columns
with the same npmber of boxes, followed by another 3 columns with the same
number of boxes and followed by 2 columns with the same number of boxes and
this sequence, 3~3~2, is repeated toward the trailing edge of the wing. For
the aspect ratio 2.0 and 4.0 delta wings, the sequences are, respectively,

2-2 and 1-1.

From the plots shown in figure 5, one notices that the fluctuations of
the computed velocity potential along a cheordwise row is caused by the se-
quence of increase of the number of boxes in the spanwise coiumns from the
nose toward the tail of the wing. The plots in figure 5 clearly show that
the values of the computed velocity potential along a chordwise row increase
whenever the number of boxes in a spanwise column ingreases and remains ;he
same or decreases whenever the number of boxes remains unchanged. This is

the way the fluctuation is formed.

The fluctuation of the computed velocity potential along the chordwise
row of the aspect ratio 4.0 delta'wing is not obsetrved. This is due to the
fact that the number of boxes in the spanwise column increases by one uniformly
from the leading edge to the trailing edge, and the magnitude of the computed

velocity potential only increases in value.

'The fluctuation of the force coefficient as function of the number of
boxes along the root chord shown in figure 9 is probably caused by the num-
ber of boxes in the spanwise coiumn at the trajling edge of the aspect ratio
2.0 delta wing. The box number sequence for this wing is 2-2 and the last

spanwise column may end at the middle or end of the sequence depending on
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whether a@n even or an odd number of boxes along the root chord is chosen.

The example shown in figure 5 ends at the middle of the sequence.

The similar data from the present program are shown in figures 6 and 12.
Except for the leading edge adjustment, the results presented in these figures
are the computed values unsmoothed. The fluctuation of the computed velocity
potential along the chordwise row is greatly reduced. This is achieved by

including the contributions from the partial boxes along the leading edges.

Cropped Delta Wirg with Zero Thickness

Shown in figure 14 is the convergence of the .force coefficients due to
plunge (mode 1), f = 1.0, and pitch {mode 2), f=-0.4034 + 1.832 %, (b =
0.5833 Ft.), at’ reduced frequency 0.095 with respect to the number of boxes
along the root chord of the aspect ratio 1.5 cropped delta wing with taper
ratio 0.143. The results computed from the programs of references 1 and 2
are also included for comparison. It is again observed that the results of
the present program show a better converging trend than the other versions

of the sonic-box computer program.

Arrow Wing with Zero Thickiess

The convergence of the force coefficients due to plunge {mode 1) and
pitch about its apex (mode 2) at a reduced frequency 0.5 of a pointed tip
wing with aspect ratio 4.0 and leadirg edge sweep angle 56,33 degrees is
shown in figure 15. The results computed from the present program and that
of referencé 2 are irncluded in the figure. The convergence rate as weli as
the converged values of these two programs are sbout the Qame.

\

Distributions of ‘the velocity potential die to plunge on the wing and
in the wake calculated from the present program and that of reference 2 are,
respectively plotted in figures 16 and 17. Thz reduced frequency is 0.5 and
the number of boxes used .in the .chordwise direction is 30. .The leading edge
adjustment is included tn the results.shown in fiugre 16, but no smoothing.

The results computed from the program in reference 2 shown in figure 17 are
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the smoothed values and the computed values along 1st, 5th, 10th and 15th
chordwise rows. These computed velocity potentials exhibit the similar

fluctuation in tn: chordwise direction as observed in the case of delta wing.

. The velocity potential at the trailing edge of the arrow wing s inter-
polated from the velocity potentials computed at the centers of the last wing
box and the first wake box along the same chordwise row. This wake box is
assumed to be a wing box in the preliminary computation to facilitate the
evaluation of the velocity potential at the trailing edge; this box is treat-
ed as a wake box thereafter. I[n reference 2, the velocity potential in the
wake along a chordwise row is computed from the velocity potential at the
trailing edge of the wing on the same row before the .smoothing is applied.
After the smoothing, the velocity potential at the trailing edge may not re-
main the same as the one originally used in the computation of the velocity
potential in the wake. This, in turn, raises the question of the correctness
of the velocity potential in the wake which was used in the computation of
the velocity potential on the portion of the wing downstream of the wake in
question. The problem area of the computer program in reference 2 described
here is depicted in figure 17. In the present program, this does not become
a problem because the computed velocity potentials in the chordwise direction

are Tairly smooth and no additional smoothing is applied.

Rectangular Wing

Zero Thickness. - The results for a rectangular wing of aspect ratio 2.0

performing plunge (mode 1) and pitch about its leading edge (mode 2) at re-
duced frequency 0.6 are presented in figures 18, 19, and 20. In figure 18,
the convergence of the different sonic-box programs is shown. The convergence
of the present program again showed a better trend than the other versions of
sonic-box method computer program. Since the calculations were made only up
fo 20‘Boxes along the root chord, the converged values of the other programs
were not yet“attained. The difference in the values of force coefficients

of the present method and that of reference 3 might have been due to the
different data fTitting techniques used in the programs. The different ways

1l

of treating the wing leading edge in these two programs do not have effect on
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the results for this wing because there is no partial box involved in the

computation,

Nonzero Thickness. - The convergence of the present program and that of

reference 3 for both zero and nonzero thickness is shown in figure 19. _ This
rectangular wing has a‘biconvex airfoil section with a thickness ratio 0.0521
and the steady-state Mach number distribution on the wing was calculated with
-the method of reference 9. The thickness has greater effect on the rectangular
wing than on the delta wing (fig. 7). This may be caused by the fact that the
Mach number on the rectangular wing (fig. 21) deviates from unity more than
Fhat on the delta wing. For the nonzero thickness; in addition to the differ- .
ences in data fitting technique and handling of wing leading edge, the method
of computing the force coefficients is also different. In the present method,
the force-coefficient integration is performed in thg transformed space,

whereas the method in reference 3 integrates in the physical space.

Variation of the force coefficients with respect to reduced frequency is
plottéd in figure 20. 'Both zero and nonzero thickness using the present
program and that of reference 3 with 20 boxes along the root chord are shown.
The results of reference 6 for the zero thicknéss wing are included in_figu}es
20(c) and (d) for comparison. Agreement between the present results and that
of reference 6 is better in the medium frequency range. This may be attri-
bufed to the different assumptions imposed on the parametefs involving reduced
frequency. The results of reference 6 are based on & theory for large values
(greater than 0.8) of the product of aspect ratio and the square root of re-
duced frequency, whereas, the present program is based on the assumption of
small values of the product of box-side length and reduced frequency. With
the sonic-box method, one needs to use more boxes to represent the wing as

the frequency increases.

: ( QRIGINAT: FACE -
‘REMARKS AND RECOMMENDAT10NS (EF'PENER‘CQJ

A sonic-box method computer program using the concept of local linear- -

ization to account for the effects of wing thickness in unsteady sonic flow..
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is presented. This program uses a coordinate transformation to reduce the
small perturbation, unsteady transonic veTocity~potengial.equation, which has
variable coeffikients, to a-linear equatfon with constant coefficients and
solves this boundary-value problem in. the transformed space by the sonic-box

~ method by regarding the mean local Mach number as a parameter.

Accuracy of this approach deteriorates when the variation of Mach number
on the physical wing is large. In fact, the method fails when the lateral
variation of Mach number becomes lzrge enough to cause multivalued transforma=
tion which implies wing-surface fold-over in the transformed space. Moreover,
difficulties can also occur when artifical ''wakes' created by the transforma-
tion impinge upon downstream portion of the lifting surface. Specifically,
these '‘wakes' exist if yM along leading edge (or tip} at a particular
chordwise location is greater than that at another location further downstream.
Existence of these artificial "wakes'" causes no difficulty, however, unless
a portion of the transformed wing further downstream protrudes into these
'wakes''. Therefore, the user of this program should examine the geometry

of the transformed wing to determine if these conditions exist.

This program includes the contribution of the partial boxes along the
wing leading edge in the calculation of velocity potential, thus, allows”
one to use a smaller number of boxes to represent the wing than other versions
of sonic-box computer program do. The earlier polynomial-surface data=-fitting
technique has been replaced by the cubic spline and the spline-surface to

improve the accuracy.

Since the box method itself is numerical in nature, the distribution of
the calculated values is not always smooth, that is, some degree of data
oscillation is unavoidable. This means that some smoothing of the computed
data will be desirable not oniy because of the oscillation of the computed
dazé‘gut also because of the very nature of cubic spiine and the spllne—
surface techniques. Even though a smoothing scheme has been included in
the program, it was not utilized in the samples presented.. The adequacy of
this smoothing scheme has not been extensively tested and the differentiation

of the computed values has been avoided in the calculation of generalized
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aerodynamic force coefficients. it is quite possible to. lose -the desired
feature of the interpolating surface after the smoothing unléss a proper

control of the smoothing process is employed.

In the program, the vibration mode shape and ‘Mach number are represented
by spline~surface. The accuracy of the interpolating surface can be affected
by the choice of the data points used to generate it. To facilitate an
assessment .of the accuracy of the fitting technique, nonzero thickness and
flexible modes were not emphasized. [nstead, zero thickness and rigid body
modes were studied more extensively in the samples presented. Emphasis was
placed on the consistency of the converging trend with the present program,
According to the results presented, the thickness effect on the rectangular
wing is quite significant, as much as 30%, but smaller for the delta wing.
This is attributed to the ‘difference in the Mach number variation for the two

wings.

Since the accuracy of the present program depends on the data-fitting
techniques used in the program, it would be most desirable to modify or
change the fitting scheme so that the flexible mode shape and the Mach number

distribution can be better represented and interpolated during_the computation.

One method to accomplish this is to generate accurate spline-surface for
Mach number znd each mode shape from a separate program and use these as part
of the input. Another method is to input Mach number and deflection of every
ﬁode at each box center on the physical wing without fitting the data with
surfaces and use the cubic spline to facilitate the interpolation required
during the computation. Either of these two methods undoubtly will increase
the computation time, but the additional cost may be compensated with the use

of a smaller number of boxes to represent the wing.
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APPENDIX

COMPUTER PROGRAM
Input Guide

Data are input through the subroutine DATRD using the one dimensionzi array
DA withasize of 1005. The allowable maximum number for some of the inpur data
as indicated below may be changed if the dimension of the corresponding s:t2-2ge
array and computational operations are also changed accordingly. Subrouzine
DATRD initializes DA(1) through DA(22) to blank, the weighting factors in T5¢104),
DA(108) ,---,DA(500) to 1.0, and the remaining portion of the DA arrav to 2.9.
3 Consequently, these are the default values. The layout of the arrav I%.k) as
it is presently used is as follows:
1-7: Title
8-12: Not used
13-19: "Mode title
20-22: ‘Not used
23: Frequency, (cycle/sec)
24: Qverall length of wing in streamwise direction, (ft or mefer)
25: Speed of sound of the freestream, (ft/sec or meter/sec)
26: (0} - .indicates the frequency is the first one for a new wing
(1) - indicates the frequency is the additional one for the
same wing
27: Number of boxes in streamwise direction (maximum 30)
28: MNumber of deflection modes (maximum 3)
29: Number (m} of segments of leading edge per semispan to be given,
excluding segment from origin to yg (mpax = 7)
30-kk:. Coordinates of points on the leading edge, (ft or meter)
- (in sequence of Y:,Xi,Yl,XZ,yz,"”_,XHSYﬂ)5 mmax‘fnz
" 45: Number (n) of segments of trailing edge per semispan to be given,
{default: unswept trailing edge), ngux = 2
L6-48: Coordinates of points on the trailing edge, (ft or meter)
(in sequence of x5,y;,x; for n=2,
or xp (only)for n=1,

no input for n=0;
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k9.

50:

51:
52-53:
54-70:
71-72;
73-95:
96:

97:

98
99-100:
101-500:
501-700:
701-1000:

‘ORIGINAL; PAGT, 18
OF POOR QUAILITY

last trailing edge point conincides with the last leading edge
point and is set internally) .

Numbe - of ques‘allbwed for upstream influence (if ibis_]ogation
is left blank or assigned a zero, it will assume DA(49)=DA(27)
and in no case DA(49)>DA(27) is allowed)

= - T P -

“{0) - indicates to calculate cases with and without thickness

effect .
(1) - indicates to calculate case without thickness effect only
(2) - indicates to calculate case with thickness effect only
Indicator to suppress calculation of potential for a mode
(0} - no suppression
(1) - suppression .
Coefficients of the deflection pclynomial (in the sequence of
ag and ajp)
Not used¥
Coefficients of the Mach number distribution polynomial (in
the sequence of ajp and ap}
Not used=s
indicator of the type of wing thickness effect input
(1) - pressure coefficient
(2) - Mach number
Number of points at which pressure coefficient or Mach number
to be given '
Number of points on which deflections to bé-given
Not used®
Deflection data for a maximum of 100 points (in the sequence
of x, vy, deflection'and weighting factor)
Not used#%
Pressure coefficient or Mach number data for a maximum of 100
points (innthe sequence of x, y and pressure coefficient or

Mach number)

The remaining part of DA array is used for -the control of “intermediate

results print out. When the latter is desired, a non-zero positive integer



number should be entered at locations in the DA array corresponding to the

information from one particular subroutine is needed.

1001: CBA: for wing deflection (DRED)
=1, for NEW=1
B=1, for NEW=2

=1 - coordinates of the selected points used in

} spline-surface fitted results

spline-surface fitting
1002: BA: for wing upwash (WVAL)
A=1, for NEW=1
B=1, for NEW=2 } upwash
1003: FEDCBA for velocity potential (BOXP -and BOXPO)
A=1, for NEW=1
B=1, for NEW=2
C=1, for NEW=1
D=1, for NEW=2
E=1, for NEW=I1
=1, for NEW=2
1004: A: for Mach number (MRED)
A=1 - spline-surface fitted results
1005: DCBA: for wing shape (SHAPE and PLNFM)
A=1, for NEW=1 } distributions of box, box area, leading and
B=1, for NEW=2

c=1, - Mach number at box centers

} velocity potential

} influence coefficient and solution matrices

} pressure coefficient

trailing edges
D=1, for NEW=2 - redistributed leading and trailing edge segments

The format of the input data card is (A1, A5, 16, 6A10, A8). The first
field is for the control of clearing the data array, DA, for a new wing‘(+)
and the control to indicate the end of the set of data (-). The second field
is the indicator for the type of data, either numeric (blank) or alphameric
{ALPHA). The third field is the designator for the relative location in the
data array of the first number to follow in the fourth field. {f this field.
is left blank, or a zero is entered, the execution will be terminated. The
fourth and fifth fields are for five consecutive input data -each occupying 12

columns plus 8 blank columns at the end. All the fixed point numbers are
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right-adjusted and the decimal point for the floating point number must be
included. If an input datum is left blank, no change at the storage location
for that particu’ar datum in the data array will occur .unless the set of the .

input data is for a new wing.

oL
¥

Those storages currently not used in array DA marked with * are reserved
for future improvement in the method used for the functional form of data
input. Those marked with *% are reserved for the case where a large number

of data input points for deflection or Mach number is required.

Sample Case

A typical data deck set-up and output for an aspect ratio 1.5 delta wing
having an elliptic lateral cross-section with 10% thickness ratic performing

plunge and pitch about its apex are given below,

Input

The input format is (A1, A5, 16, 6A10, A8).
Card 1: title of the case under consideration.
.Card 2: title of the first mode of deflection.
Card 3: first frequency (cycle/sec), centerline chord length (ft),
‘ reference velocity (ft/sec).
Card 4: number of boxes along the centerline chord, number of deflection
modes, number of total lTeading edge segments of the wing.
Card 5: spanwise coordinate (ft) of the first section of the leading edge,
chordwise and spanwise coordinates (ft) of the next section (the
sequence is yg, X1, Y; -~ e.g., see figure 3).

_Card 6: first mode of deflection f = 1.0

the " - " sign indicates the end of the group of data cards
toc be read at this stage.

Card 7: +title of the second mode.

Card 8: second mode of deflection f = 0.1x.

Card 9: identification of the type of input regarding the wing thickness
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effect (Mach number for this case), number of points on the wing
this information to be given.

Cards 10 to 69: _
chordwise and spanwise coordinates (ft) of a point on the wing, and
the Mach number at this point.
the " - " sign on the last card indicates the end of the group of
data cards to be read at this stage.

Cards 70 and 71:
additional frequencies for the same wing, one card is read In at
cne time.

Card 72: blank card to make an exit from the computer.
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The card images e as follows: .. i

T 2 3 A 5 [ R - g -
123655678901234567890123456720412345A7R9012345678901234567AF0123455 78951 23+547850 "
+ALPHA 1ASPECT RATIO 1,5 DELTA WING (TAU=0,10) 1

AL PHA 13PLUNGE 2

23 0,15915494) 10.0 1000,0 . 3

27 30 2 1 (3

ap 0,0 10.0 3. 75 -1
- 52 1.0 &

ALPHA 13PITCH ABOUT ROOT LEADING EDGE X=0.0 T

s2 0.0 [ ] 8

96 1 &0 . 9

701 0.1 0.1a0232 10

104 0.3 4,13512% 11

767 n,5 0,132175 12

T10 6.7 0,129943 13

713 6,9 0.12808s . 14

716 1,3 0.124%80 15

719 1.7 0,122340 16

122 2.l 0.119963 17

728 2.5 04117746 , 18

728 2.9 0.115627 19

731 3.3 04113564 20

734 3.9 t.110510 21

137 445 2,107628 22

T4 Sel | bol0%263 23

783 . 5.7 0,100872 as .

766 6.3 5,097215 25

749 £,9 2,093129 26

752 7.5 6,688395 27

755 7.9 0.,086697 28

758 8.3 ¢,060362 - 29

751 847 0,07697C 30

784 9.1 0,067825 31

767 9.3 0,0630862 a2

770 9.5 8,058823 . * 33

773 9,7 £.,047651 ’ 3

776 9.9 n,029651 35

TS 1.7 045 De.1P23a0 36-

752 3.3 1.0 £.1135¢4 37

185 4,5 140 n,10T428 28

782 .7 1.0 ¢.100872 39

791 5,9 1.0 5.693128 - 40

7946 8,3 1.0 0.080302 ' bl

- 9.5 17 9,056823 a2

ash 4¢5 b 1.5 Cal0iagR 43

803, 6,3 2.0 C.097215 Gk

ap& 7.5 240 0,088355 45

843 8.7 2.0 1,0764970 L)

812 9.7 2.0 8.0L7561 ) 47

215 .3 2.5 0,080382 48

Bla 9.7 3.0 0.0467661 hd

82) 2.5 0.5 0117706 50

824 3.9 £.5 6.11051¢0 51

az7 Sel 0.5 f, 08203 52

a3n 6.3 0.3 £.097215 . 53

a3a 7.5 0.5 +,688255 Se

234 9.1 £.5 1. 067825 55

829 9,% 0.5 z.72%65) -1

8az S.1 1.5 2a10%243 57

ase 8.3 1.5 £.097215 Se

aes 7.3 1.5 TauB4ETT -

851 9,1 145 T, 047825 . 60

a5 3,9 1.5 2,02965] E . Y |

BS7 -y 2.0 €.100872 62

850 6.9 245 2.093129 63

863 9.5 245 7, TEE823 64

a66 9.9 245 n,029651 N &5

g9 8,3 3.0 2,080362 66

aT7e 9.1 3.0 1,067825 . 67

B7s 9,% 3.5 3.056823 48

878 9,9 3.5 £.02965% N &9

23 1,591549407 1 75

23 6,366197629 1 71



OQutput

ASPECT RATIN 1,% DELTA NING {TAU=0.10)
30 A0¥ES ALONG ROGT CHORD
RECUCED FREQUFNCY = ,016
FREQUENCY = ].5%2E~D1 CYCLE/SEC
WODE MO. ] PLUNGE

YOOE Mo, 2

SENERALIZED FOPCES (*C THICKNESS §FFFCT)

unnEg
PRES, DEFL, REAL “ART 1983 PART

1 1 2.151125 06 -2.42783F-97

1 2 -1.491165-07 ~1.611595=02

GEMERMLIZED FORCES (NN THICKNESS EFFECT)

WAIER

.PRES, DEFL, REAL TART M3 PaART
2 1 ~2,42T7RBE 400 wP abht3REaND
2 2 ~1.61162Z+n¢ =1,813%9F=02

WIDE Nn. )

- “QDF O, 2

BENERALIZFC FORPCES (wITH: THICKNESS EFFECT)

wROES

PRES, DEFL, WEal Faz Twas RART
i 1 -1,31530z=05% ~2.4277T95=22
1 ? -1,11814E=05 ~1,61155€=n02

L -

SENERELIZED FCRCES (JITH TRICKNESS ZFFECT)
TUagTES T T T T

PRES, NEFL, QF AL PART 14335 PART
] ] =2.,4278RE 41 ~2.,2937AF 52
2 _ .2 _ __ =1.,61160F«00 _  =1,70333F=02

80

BTTCH AROUT AGOT LEADING EDGE X=0,0

ROOT CHORD LENGTH
FREF STREAM VELOCITY

.

ABS, VALUE
2,427R3E-02

1,61159€-02

A8S, VALUE
2,42800E+400

1.,61173E+00

ABC, vALUE
2,42779E-02

1,61156F-p2 -

ABS, VALUE

Z,42796E+00 |

1.611595.90

10,00 FT

1000,00 FT/SEC

SWASE ANGLE
=89,9%49

-90, 00406

PHASE ANGLE
-179.42?6

=-179,3553

PHASE ANGLE
=906.6310

-9n,0398

DHAS-E‘ ANGLF
~179,4587

=179,3%45



ASPECT RATIN 1,5 NELTA wI~G (TAU=0.10)

30 80XES ALONG PONT CHORD

REDUCED FREAUEMCY = .1016

FREMIENCY = 1,592E+0n CYCLE/SEC

YODE NO. 1

4UobE NN, 2

GENERALIZED FORCES (MO THICKNESS EFFFCT)

MODES
PRES, DEFL,

1 1

REAL FART 1vaAG PART
3,639858 =04 -2.42141F-01
1.,20057F=n4

=1.,60(008F=(]

GENERALIZEDR FCRCES (MN TRICKNESS FFFECT)

“HOES
PRES, DEFL,

2 1

RFaL FART I4A> PART
-2,42856E+00 ~2,45150E-01
~1.60948E+00 -1.R1328F=01

“ADE kN, ]

YODE N0, 2

GENFRALIZED FORCES (WITH THICKNESS EFFECT)

“ODES
PRES, DEFL.

1 1
1 2

[

___REAL _PART, I¥AG PART
~1,05402E=03 =2.41737E=01
~B,92541F =04 =1.60300E=01

SENERALIZED FORCES {WITH THICKNESS LFFECT)

- ErEE
PRES, DEFL,

Z 1
2 2

REAL FART I~a0 PART

=2,42283E+00 «2,39551E=-01

=1.607457+00 =1,71370F=p]

ORIGIN

OF chjglcﬂjkﬂs-

ROOT CHORD LEWETH

ABZ, 1ALUE
£y 42} 4IE=D]
1.606ME=01

ats, ¥ALUE
2,437ZE00

1,615722+00

Alg, vaALUE
2,4173%E=01

ABS, VALUE
2.,4337T7E+00

1,61656F«00

s 858 2

10,00 FT

FREE STREAM yELOCITY = 1000.00 FT/SEC

PHASE ANGLE
-89,9139

~89,9572

DHASE ANGLE
-174,2287

=173,5564

PHASE ANGLE
=90 ,2498

-90.3190

PuASE ANGLE
-17h.56“2

-173,9147
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ESPECT RATIA 1,5 TELTA WING (TAU=0.10)
3¢ ANXES ALANG PANT CHORD

REDYCEN FREAUEGCY = L400
FRECUFNCY = €, 3RAE+00 CYCLE/SFD
MONE Nn, )

MONE NO, 2

GENERALIZED FORCES (MO THICKNESS EFFFCT)

TMODES

PRES. NEFL. REAL PAPT IMAG PART
1 1 2,60220F=n2 ~9,51330F=01
1 ? 1,937125=02 =6,28442E=01

GENESSLIZFD FCROES (MO THICYNESS EFFFCT)

vialLES
PRES, TEFL, SEAL PART I4AL PAST
? 1 ~2,4182C7 A0 -3,98972z-01
2 2 =1.60030%400 =Tl T3t en]
O RO 1
MONE YN, 2
SEMNEPLLIZED FORCFS (¥1TH TRICKNESS EFFECTY
MODES
PRES, DEFL, Ceal PART IMaAG PART
1 ] 1,56347E=07 -G, 39T70RFwun]
1 ? 1,72pRRE~np ~6,P07295F =0}

SECERMLTIAD FLAIFS (aIT~ THITxXNF&G TFFFCT)

TWMONFES

PRES. DEFL., AL BERT Ivha 9s97T
2 ! -2, 334547 . A0 -3,610855=0]
3 ? =1,508061+070 =7 ,]176%2c =01

82

CHNRD LEHTH

STREAM yFLOCITY

ABS, VALUE
9,51736E-C1

6,28740F=01

AbS, VALUE

1.T66R2F«00

A5, YALUE
9,.39863E-01

6,2U04]1AF =]

Ads, VELUZ
£,5B021Te0n

1,76582F+ 60

]

19,00 FT

1npe,00 FT/SEC

" 'DMASE ANGLE

=RR, 4332

=RR . 2345

PHASE ANGLE

=-155,0635

PMASE ANGLE
89,0591

-88,8706

PHASE AMGLE
-158,.1326

-155,6578
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Computer Program Listing
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_ PROLRAN SHOXRCINPUT,QUTPUTTAPES= IhPUTqTAP£6=0UIPU11 _ SEDXR
c HAIN PKGGRAN ) ) TTiaON®
€ _Ho=nAXIMUR NUFBER OF sUXES ALONG THE CENTERLINE’ CHDRD ALLOWED SBOXR
c . In DIMERSICN STATLHENT sBOxE
C AD=HAXIHUR DUFELX OF RIDES ALLOWED IN DIHENSION STATEHENT $5OXR
C NB=HAXIMUN NUFBrk UF BJXES ALLUWEU FIJR SPLINE FITTING SEBXR

R NA=NB+3 ALLGHED 18 JIMENSION STATEMENT. _._5BOXR

COHAON KXE3CG)aTYL3Ul+XEDGItu),YEDG I(B) 1 XEDGT 323, YEDGI32) SBOXR

i ANSEZDenSTI2) +XTOGIL3 1+ YTDOT(30sXTOG(121,YTDG(12) SBOXR

: 2 aRLE{Z530) s ATZ {24303 4YRAXI2) 4E0GL2430) 3AR(30,304+2) SapxR
3 _ *SFMX(I00)+5FAYILODT+SFRPALLQ3} +KSFN.T1103,104390A€1005) SBOXK

4 SMLE29300 5L 429303 +MLT{292530)NLLI222430) SEOXAR

LY L o adMAX(ZpednAKLLI 2 CTECI0) 2 AMA(3G43042) SBOXR

& SARE£1CA 0304501 vIE0Gs Inal 988y HEH,NMHSHAX S NEDGI S NTDGT SEQXR

__0!__ ERSION Ay wh330)y20233441330) SBCXR

i sSFOX{10093) . SFOY(L00+392 45F0HTL0353+2)+KSFET3)2613) SBOXR

2. 2AEDGTLo) s ¥EOGT LI »2TOGTLI3I,YTICT(3) SSOXR

DATA 271H 7 $EGXR

IR=2 SEOXR

I¥=6 - s - 0 SBOXR
NEDGI=0__ __ SHIXR
NToci=3 - SBOXR

i HE=3) o SEOXR
: ni=3 S5TX3
NIRAX=E3 . SSOXR
NE=100 T T sacx&

C HATCH AzQ¥e mUrsixs T3 TRE SEFINED JIMENSION [N STORAGE AARAYS SECTR
ME=mg'e ] : SE0XS

ni=Zsro ) S35xR
Np=tae3 SEQXR
“‘RIT-(I":D?' _ SELXR

R4 TOREET TETA Fix Thr AlTAl mING h SZ 0Kk
100 CaLe S~T#idsas SEQXG

e W= SBOxR
FoaTiza 001 r+0Al 1002+ IS 2 vL Al LLLA)+LAELEUS) SEDXR
LR=3a{23130ALZNI /2000552031551 SETXN
Tool=0a827) . SESKR

L=D1 T - - S237¥a
G=1.0Y51 SETAR

D=l 330 SEQXR
FPRITolihsns) teatlisi=aa Tl SEOXR

112 FF (L) e5l,s004220 f SBCOXR
120 IF {nAf=L) opulsl130,.4% SHIXR
130 AR ITEATWy65) LaLALSOI L asDRTER) »ua(23) SanxR
IF (33020)) Ltia1504163 .S20XR

150 CaLL ShAPE™ - SEDXR
[TF{NEn.cd,2) G5 T 139 Sa0XR
AC=0.0GFANER SB3TAE

160 LIM=ML (MEn,L) _ b St £

” IF (LTA-8B) 17Cs170+659 — - - h SE0AR

_ 170 L TH2=2%MB o SBOXR
WELNS = Dal49) SECXR

) IF (HFLNS.E0Q.0) HFLAS = L . o . SBOXR
LPGT = MINOLL JhFLHNS} SBEOXR
LINI=24N5 L 1 1 .1
CALL POTZILTALSLIAZSLPOTa LR sD1A} - S3OXR

o 180 CONTINUE T o R SBOXR
=0 SBOXR
KEDATIEY TTTT T TSBMRRT
6o Ta 230 . . .. SBOXR

WG bW
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c 7 T SROXR T 62°
i - PRELIMINARY CALCULATIONS ARE FIN1SHED. S80XR 63
€ THE HEXT SECTIUN 15 GONE THROUGH FOR €ATH MODE. 7 SEGXRT T &

C . ’ 5B80XR 65

200 IF (GATZ6YY 23042104230 SBOXK T 766
210 IFINER.EQLZ) GO TOQ 230 . o . . i L. SBOXR 67
T TTCALL DATRDUDA) e - - T SBOXR T 6B
230 K=K—-1 SBOXR 69

- CELES M - SBORE ~ 70
IFITEST1.LT.1.0) GO 70 250 SBOXR 71
HRITETIH 1557 — SBEDZER Té

250 HRITELIWs15) ¥ SBOXR 73
T T RRTYETIN 160 (CACYI.I=13.09y T T T T 7T -7 ) SHOXR T4
15 FORMAT{1H015X»BHMODE NU.y13) ] o N ) SBOXR 75

T 16 FORMAT{LH®30KsFAL2T T T — SBOXR 76
) IF (0A(261) 26GG,250+293 SBOXR 77

T Tt T T T T ¥ . 1 ) ¢ S 4 -1
280 IPRINT=DA{10G1) SBOXR 79
AL 7 OHEG{SFOX+ SFOY s SFOHs KST De SFHX s SFHY o SFHHAKSFH S DAST SBOXR 80

3 sXXaYY sl HoLyNLCy Ry HDyNE ¢ NEHa HH9KSFS IPRINT) SBOXR g1

[ T T T ot o - . - B ” S8OXR 82
G(H¥=0AL51) SBOXR 83

T 0 TR (Y 310,310+ 200 e 1: 11} ¢ S [ 4
300 IF (H-mMD) ZCU.31U1310 SBOXR 85
310 CONTYINUES ’ SBOXR 86

s SBOXR B7
TEUIF TR UOA (ST Y )L E0 2 ANDUNERLEGL1Y GO YO 490 . SBOXR 88

DO 430 Hl=l,n SBOXR 89

T TTTTTIF OIGURIYY CREG, 3Z20.480 0 T . - - - SBOXRK - © 90
320 CUNTINUE f SBOXR 91

c - = = - T ot o o SBUXR 92
IPRINT=DALLIGOZ} SBOXR 93

TCALL T T T TV ELTRN S Y YW X T0G Y TOG s XTE» SEOX s SEOY s SFDHKSFD 9 S+ D CK SEOXR T T 94

L sl adl g H Ly NEH s NSToHE 4y D s KAy NHSKSFSH»IPRINTY SDOXR 95

T T T TSBOXR 96
IFLYEDGIC1)) "‘JGstOa:BO SBOXR 37

330 LTRZ=2FALTNERS LY ~ ) oo - o7 SBOXR ™ ‘g8

C LEABING EDGE ﬁBRkELIIJN SB0XR 99
DB 350 JEIGLIFZT T - ) . T EY:1:EC3 “100

350 StJelei)=51Jds1+1)3%2.0/3.14159265 SBOXR 101
36U CCUNTIROE -t TTT T T T OTSBONR T02

c ) SBOXR 103

YE=YeDGITLY T SBOXR 104

DAN =DAL4Y) - SBOXR 1405
IPRINT=0ATICOZY — — ° ) oo SBOXR 106

CALL BGZPlXK!'fY’XTUGyYT‘JG'XTt;xLE’AyhﬁoD‘NQT,EDG'SQC‘QDQYE SBOXR 107

[ § yIPRINT yHLUT sWLC s ARE SBURR T I0E
Z yJRAA L HE oML b oMLy NEW A NS T s IH MBS MO o HEWMD ) SBOXR 109

t T et o T T SBOXR 110
380 CONTIRUE SBOXR 111

o TovmTmee e T ) ; ’ ; ; SEOXE 112

C COMPUTATIUN OF LoNLRALIZED FORCES FOx tACH.HODE SBOUXR 113

¢ - T TTTTTRBORR T OTTIR

IF{TESTLl.LTL1.8) Gu 70 10 . SBOXR 115

AR SERE LELED R, . SBOXR 116
WRITetirer o) LCA(LIal=047) ) e SBOXR 117
wxlleliwscz) LauaAlZabetnaDal25),0a1023) . . SAOXR 118

410 4riTe {ldecCl} T T TSBOXR 119
LF (REdLLdel) »RITELIM,22) e SBOXR 120
TFINEMLEDL2L) mr]ITELId,24) o SBOXR 121

L WRITcildsdn) __ SBOXR 122
0 FORMATL/LIFC1UXs18HGENEALLZEER FORCES) B SBOXR 123

22 FCRNATALrA»328%3221 (N3 THICKNESS EFFECTI) o SBOXR 124

24 FCRAATULH+sz8Xa24H “TwlTH THICKNESS EFFELTYY ~ 7 SBOXR 125

25 FGRHAT(ldOoﬁAsSHNODtS!ﬁAollHPQES. DEFLas8Xs FHREAL PART,].OK,‘?HIMG SBOXR 126
sPARr,manraES. YALUL +6X s LIHPHASE ANGLED} SBOXR 127

€ e : SBOXR 128
DO %70 Mé=1sH SHAXRK 129

c el e —e— . e e saoxe 1390
caLL FORCI{XNYYsSaSFDXsSFOYsSEDH s KSFOaKSFSaXLESXTESCTESTHAX SBOXR 131
A 2 ATA JHARKENEW) s HLT 4L o KEH s B2 o HB o ND o NE 2 MM CX o T} SBOXR 132
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c . -
S1=ACPTL1,1) ‘
SISACAT(Z.1) o ZiE
. _53= SORT(S1¥32+52%%2) SEER: > = 9%
S4=%57.295789ATANZISZ2451) . SBRER- - 137
450 WRITE{IN,30) MisnZ2,51+52053s54 SREER . =038
30 FORAAT {(1HOZI€+1P3£19.590PLF16.45 R ] BORR. -, 249
470 COMTINUE L T Lo Tl Lo P - §g§3g§~ﬁwéaga
580 WRITE (IH55) - - N A T
490 CONTINUE C e - ) - S =
IF(0A1Z6).61.6.) GO 10 510 - R aE T ]

. B0 500 1=13,22
5€0 Bagid= -

¢ .
€ CHECR-AF TRANSTDRAED NING
€ IF & GO-Ig-. SHARE 7D

7 I e T N o

SRy

.q,"t"

] o)
SBT3 55T e varhied
- kX ]
[Z _‘. DET
L T

= ma‘;* s
AR L AT e R
SR T =3

B S |
T S Ny ke 2
2 ooas il i

SRRy

S A s s et R T

XTECLId=XTDGI (1)
YICCUIT=YiouiTid

550 CONTINUL

570 CCNTINGE

IF(NEn.ED.2) GG _TJ 13D

NEW=2 ) ) - T
_IF{daizndi 1805580,197 _ o
Toe0 IPRINT=2A(LEGAY T T T T T -
[FARE et DUULy T NA Ny n SRR, SFHX STRY ; SFHH, IW, IPRIAT)
S Tu a3
C .
[y ERAC~ ¢ <[T>
[ . S8OXR 18%
3T Pa =y - o - 580%R - "~ Tise
€ T, ol . SBOXR 187
225 IPa=l7 ’ ’ SBOXR - 188
CR R DR AN L TYCEE I § 2 . . SBOXR 189
IS FIsaiiionlonsenniy oATATR) - SHEOXR - 1907
Go T. I - SBOXR 191
c3T w1Vl [-yal} ) SEIYR A9
. s eIl eyt Lmi o e LAYET 0N puPzo« OF BUOXKES cXUtEDED.) SEQXAR 193
PR SBOXR 194
R R R SN | : SBOXKR 195
TR o N BT S R R | SBOXR 196
O T S calrsacy Lt t aonis i Lwa A02T7 LAl SBOXR 197
. B I N T 2.F5s2s3% FT/ SBOXR i9s
i . PO T R st sty =aFbHg3y - - . SBOXkK 199
? e LTe-2v -t t CETY =3Fbals T FT/5ECS SBOXR T 200
- T O TP tv.';}.l.3|1;h CYCLEISEC) SBEOXR 201
. . SEAR 202
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AY 3
- IS EEN: A ASUSREILI0N 3, . DA A,
““"DWTA ATEST/SHALPRAS »BTE Fe fm—:.st&ﬁﬁmx “DATRD 5
m : 953&3 1.2 ; e remaitotes __DATRD 6
ot - & e m‘ 7
. D e = . DX 3
W13 I PO I = T WP U LT E Y L B A e 7 1
2 m&gmxg;&u&mt e S T wmam A e 8 f0-
17¢ s0¥ ¢0 10 29 T BRSPS < D& 33T
IF_LERINJNELSTEST) 60 VO 1095 : . .t 5 Daten 12
[ HEW. VIRG: IF GOLURM 1 CONTATHS A FLUS SIGR - DATRD 13-
c IMITIALIZATION OF DATA ARRAY DATRD 14
DO 101 I=Z23, 1005 DATRD 15
101 DATA{I}=0.0 - DATRD 16
00 102 1=1+22 DATRD i7
102 DATALI}=Z . . DATRD 18
D0 103 I[=10447C0+% DATRD 19
103 DATA{I)=1.0 DATRD 20
105 CONTINUE DATRD — 21
IF {ALP.EG.ATEST), 6O_T0 9 . L DATRD 22
T TTTIF (AUP.RE.DTEST) GO T¢ 8 N DATRD 23
c NUMERIC CARD e DATRD 24
- pd 3 f=1,¢ DATRD 25
DDREULII=DRBULL] . DATRD 26
- 3 CONTINUE DATRD 27
BECODE{605990,C0RBUI (IRBULIY,I=1s51 i ______ DATRD 28
Gr 5 I1=1,5 - DATRD 29
LF(DRBULIIYAs€E0% R DATRD 30
C TEST FCR BLANK FIELD DATRD 31
6 IF(SIGN (1.CsCREULLIIID S 4o DATRD 32
T4 UATA{INDI=CRBLLI) DATRD 33
5 IND=IND+l [ DATRD 34
LCTy 11 - TTTBATRD 3%
£ ALPrA CAn’ o B L __ _DATRD _ 34
§ Uy k3 1=k i DATRD EY
udTAilN_u} gheltly DATRD 38
10 "IN3E] + 1 T T DATRD 39
11 1F (e Hin.nhe.tTIST) o3 To 1 L _ ) DATRD s
C Fe 75208 1F COLuKN B CONTAINS A BIMUS SIGH DATRD 41
13 = TURN ) _ o _BATRD %2
¢ LN TE OJATA LARLY . "DATRO ™ ~ 7 T 43
FY rulT limawznl DATRD o &
LALL D - - _.“__._._.-..-.-__ T T T T T T T T pAIRD . &%
STCP i o e . DATRD Y
£ “h. Taal : T T OBAYRD T T W7
JenTIN . B DATRD 48
~Anliiz ’ T 7T T TDATYRD a9
tina593) = INsALPst e tok-ulll,1= 1,7} DATRD 59
Wi 1T T TR, 9917 DATHD L5 1
SRR . ] . o R DATRD 52
33, Fl-maTivillag) T TTTTTTT T TDATRQ T T 53
Iwl PO AT436n 2AC SATA Ju ThIS CakLa J3E ToRRIRATED ¥ DATRD 54
23 FLamal(L2FGOCAKL IMAGE=aL 45316, 7ALO0) T 7T TTTDATRD T TTSS
dus FOr=AT(S7/2ir 210X,17HN) rLRE DATA CAZE/) DATRD 56
S N DATRD 57
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SHAPE
. 3 SHAPE
TF(HEBSER,2Y €6 70 200 SHAPE
IERGEE: -~ SHAPE
ASILY=DAt29) | SHAVE
IF IMS€339 -9500850,100 SHAPE
100 IFIRSEEI-UEDGIA1) 10591054850 SHAPE
105 H3P=HS(1)el SHAPE
WSO(1=NsF SHAPE 2%
IF (DAL24]) 855+8550110 SHAPE 26
=1a SHAFE 27
XEDGII)=0AL2%1+273/DA124) SHAPE 28
T IS YEDG TV =DALZF I 28V DAL 24 SHAPE 29
XEDGE1)=B.80 SHAPE 30 .
NST{LI=DA{45) SHAPE 31
IFINSTIL)} 871+125,130 ) SHAPE 32
Hhe SHAPE - 33
NSTil)=1 SHAPE 34
- CU TO I&1 SAAPE 35
130 TFUNSTORI-HIDGI+L) 13543135»871 A SHAPE 36 .
3 ¥ “SHAPE 37
B0 126 Izl HSIP SHAPE 38
¥ SHAPE 39
150 XTOG(II=DAL29T+4402DAL24A) SHAPE %40
TEIVSL SRAPE - al
HITILI=ASTP SHAPE %2
=AEDGIRSF) TSHEPE 83
YIDGUHS TR J=YEBGIHSF) SHAPE 44
=0, SHAPE 5%
IFINSTL1.EQ.NTE6I3 GO TO 150 SHAPE 46
A =ASTREE+1 SRAVE 57
P8 1427 I=JL 41661 SHAPE 48
I '§ £ S EF 4 { T¥ § OO 7] SHEPE 39
142 YTOSIEX=YIBGL1-1) SHAPE 50
155 IFTATSTRTTSY SRAFE ST
s G2 10 STk SHAPE 52
BUI60 I=X-FEDCT SHAFE 53
XEBGI1]3=XEDGLI} SHAPE 5&
v = 3 £ 2 SHAFE 5
IF11.6T.RIBEID 66 TO 150 SHARE - -S56
ITGIXY SHAFE 13
YTOSI1413=¥YIBELI) SHAPE - 58
160 CORTINVE SHAPE 59
68 1o 550 SHAPE (Y]
t : SHAPE (33
[ FOR FODIFIED WINMG SHEPE 62
£ COMPUTE MACH NULMBER DEISTRIBUTEON OR PHVSICAL HING SHAPE 63
200 DN=D. ; . - \ SHAPE 64
PG 210 Kxls2 ‘ SHAPE 65
B0 210 I=1.M8 SHAPE 1)
DD Z10 Jel.HB SHAPE 6
210 ARATJSIoK1=1.0 SHAPE 58
. DO 215 I=1sL SHAPE 59
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‘1.11 o G -
¥ - i - 3

f: 3
5
CALL . susl-‘zc xxt 1VeY¥ydsKilahMAdlEpld .Ba.mt.San- vm.musn.n SHAFE - 73
71 S—
75
7
L4 4

215 CONTINUE
IEd JEYVELEQLO) GO IO 235 . SHAPE -
3 PRINT OUT HACH msmtaiﬁ »- TR
WRITE(IW,60) : SHAPE
VG 230 1=l SHAFE T
__IF(WLCi1,1,1).E0.0) GO T0 239 SHAVE 79
JU=MLCILl 2+ [1~HLCUTelald+l SHAPE 0
L IFtR.EQ.0) GO 30 230 . SHAPE 1
WRITECIW,707 1 SHAPE 82
JLP=4L /6 SHAPE 83
IFTA~E*#ILP.NELO) JLP=JLF*1 SHAPE 84
K1=HLCElslef)-1 ) SHAPE B85
JL=HECE14241) j SHAPE [.19
DO 2Z5 J=1.JLP SHAPE 87
- *=Ki+J SHAPE 13
225 WRITE(IH,80) ((JlsaANAL 319 1) dl=KsihlydLP)’ SHAPE 89
230 CONTINGE SHAPE 90
¢ SHAPE 9]
TTTZ23% CanNvIiNuE - SHAPE 92
k=1 SHAPE 93
ASP=1 . +0A(272 /2. + ERRR SHAPE 94
02=2.%0 SHAPE 95
T TGEF INE EDGES OF WMODIFIED WING SHAPE 96
D0 240 1=24MSP SHAPE 97
XEOGCII~FLOATEI-179D2 SHAPE 98
. IFLXEDGLEY 26T o XEDGIIXD) X=K¥) SHAPE 9%
YEDGUIJ=YEDGI LK1 )+ (YEDGI {KI-YEDGI EX—1) I*EXEDGI 1I-NEDGCT IK-13)/ SHAPE 100
s {XEDG [IN)=XEDGI(K-1)) SHAPE 101
240 CCNTIRUE SHAPE 102
IFCIFIXCDAL27) )~2* (NSP=1)) 810,255,250 SHAPE 103
250 HSP=NSP+1 SHAPE 104
NSI=N5(1} ) SHAPE 105
AEDGINSPI=XEQGIINSL) SHAPE 106
YEDGIMIP ) =YERG 1(NS1) SHAPE 107
255 (ONTIRUE - SHAFE 108
< SHAPE 109
Ki=2 SHAPE i10
a2=RS P SHAPE 111
WIlaNsS4y ‘ . SHAPE 112
00 300 L=2e¥51 SHAPE 113
YT 00 260 KeRIwRZ SHAFE 11a
K3 et - SHAPE 115
v Lda aealidmivcal )l eiTeren?) L TG 240 SHAPE 116
HLE PR SN JI SRS U5 F B SR o St Tt T T UUSRAPE T IIT
Te T W INTINLL SHAPE 118
IR B ’ 7 SHAPE 119
)Y pesa _2al SHAPE 120
LS L. d=Raang o SHAPE T TTTI2Y
nEae— . SHAPE 122
arES Al =280CTR ) -toTm T T o h SHAPE 123
=t Yilulmei)=Ye, (UK} SHAPE i2&
NSPansPE] - - TR SARRE T T T 125
AEDGINIY=abLGICYY SHAPE 126
YEEGARI)=YEUGICL) T T Tt T S HAPE T TL2Y
K= 7el SHAPE 128
ST MISTETT T . SHAPE 12§
399 CONTINUE SHAPE 139
IFUKRITE) 310453264310 T TS 7 eI ST e e ———SHAPE T I3Y
C PRINT OUT Li:A;.lNG I:D(-ES 'fi:l “E TxAIIISFCIRHED SHAPE 132
313 K1=1 SHAPE 133
WRITELIH.65) SHAPE 134
- TRS{NEWTERSP SHAPE I35
WRITELIN,40) X1lsMEWSNS{NEHW)41EDG SHAPE 136
WRITETIW+50) (RS XEDCIK D YEDGIK) oK=L HSF] SHAFE~ 13T
320 CONTINUE SHAPE 138
© IFONSPoCI-NSHAXT GO TO 820 — ~ —— - - - SHEFE 30

v o2
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SHAPE 140

C
T CRECK IF MODIFIED WING BAS A FOLU-OVER EDGE SHA
< TRANSFORM Y-CCGRDINATE SHAPE 142
TTT OTTTDY IS Iwi.NSF T T T YT - o TTT iRt T TTSHAPE  1&¥
YHE=D. SHAPE 144
ﬂam - T T T e T TSHAPE T IAS
SHAPE 146
—?-'r‘ﬁ(n SHAPE iF7T
330 SHRFZIXECG(!)1Y‘1.lnI;Eﬂ;BHsDHDYsSFHXvSFHY;SFHHoNSFH.Bl SMAPE 148
SHRPE 149
TEEYR-THP SHAPE 150
SHAPE 151
lsiiﬁa.se.a.) &8 38 335 SHAPE 152
“"““?II‘I?EIEBBIIl 8 <
SHAPE 154
SHAPE 155
. . SHAPE 1%6
T SHEFE =7
- _ SHAPE 158
AR 1) § SHAPE 59
SHAPE 160
R SHAPE 16X
: :iaana,;rts.LlaJ-1,25t1 SHAPE 162
FEA ol T =CRR 50 TU 340 SHAFE 153
) * SHAPE 164
SHAPE ) L3
SHAPE 166
: b1
1)) YsYERGER) SHAPE 168
= . SHAPE 170
; SHAFE 7l
o e SHAPE 172
) iFt«nIIE) 360a370.3uo SHAPE 173
[ PRINT aur LEADCING EDGES OF TRANSFORMED WING SHAPE T 174
360 Ki=z o SHAPE 175
HRITELIW,40) K1,HEW,NS{NEM},IEDG SHAPE i7e
¥REITE LEM,50) (K XEDGENI 2 YEDGIK) 3K=13NSP) SHAPE 177
| 370 CONTINUE SHAPE 178
1L SHAPE 179
C READJUST THE PGINT DISTRIBUYION 10 DEFINE NS(2) SHAPE 180
Ki=0 e e e SHAPE 181
TCHECK=0 SHAPE 182
o YMP=0,. __ . 3 ) L - SHAPE 133
DO 450 I=2+0SF SHAPE 184
YHP=AMAXZCYMP yYEDGAI}) o . R SHAPE  18%
TFUTEDGAL b—YECGLI—13) «00v4239540 SHAPE 186
L€ _AGCEPY SRHALL WAAE orriND_ TRANSFORBED w»ING LEADING EDGE AS PART SHAPE 187
"€ OF WINGy IF BUT H3RE Thin 175 GF A BOX SHAPE 188
400 TCl,10=XECGSI} SHAPE 189
Tl bli=YEDLLE) SHAPE 190
. T351)=2EC6LE-1) o i SHAPE 191
Tids1I=YEEGTI~17} SHAPE i92
Tt5,1)=yne SHAPE 193
1ER=5 SHAPE 194
IFIYMP=YEOS LI .5T a3 ea®sm) G2 FO 303 SHAPE 195
IERPOR=402T SHAPE 196
O MRITcolimacl) 1ESnuva{Tidsilqed=14153) ) SHAPE _ 197
NEGGL1) = vri SHAPE 1987
420C IF{lac<aifrecunell] eu o =30 SM'E 199
1ICRECr=1] SHAPE 200
60 T2 asc SHAPE 201
430 ICHECk=] SHAPE 202
Rl=ni-+l IHAPE 203
440 K=i=nl SHAPE 204
XECGERI=xeTu L) SHAPE 205
YETSU)=TYT_ 3111 SHAPE 206
450 CONYInte SHAPE 207
IFda=fiiemac, 01 laolecninl o> T, RJ2 SHAPE 208
PRI _ a2 lia—2a) 3239acr shiy SHAPE 209

39



~60 NS{2i=K—1 T - - e SHAPE 210
LG TGO a80 . _ o SHAPE - 211

© 470.N5{2)=n - © SHAPE ~2IZ -
480 NSP=H5{2) o . SHAPE 213

c - - : “SHAPE 7T T71e
IF(KRITE) 45024959490 SHAPE 215

[ PRINY CuT LrATING EDGES OF. TRANSFﬂ_ﬁHED HING SHAFE 216
490 X1=3 o o SHAPE 217
WRITETIW 40} KL NEm NS{NEWY,IEDG - SHAPE  21IB

g WEITE(IN,50) (KsXEDG(KIZYEDGUK) pK=1oNSP) SHAPE . 219
495 cONTINUE ™ & — T T T T T SHAPE 220

C SHAPE 221
T FRAILING EDGL TRANSFORMATION ~ SHAPE rr ]
c i . . SHAPE 223
NSTUNE®)I=n5T{1) SHAPE L3
_NSTP_ =NSTUNENW) ) SHAPE 225

call suantxrcc.yruU.l.NSTP.O,T(1,1n.DH,DH»SFHK.SFHV.SFHH.KSFn.ll SHAPE 226

___BG 510 I=14n31# L SHAPE 227
510 YTOG(10=YiDGIt)sT.(Ta1) " ) SHAPE . 228
IF(KRITE) 92G253G4520 o - SHAPE 229

DS sf1xaﬁusssaain wme - . ' SHAPE 238

ullo T - THEFE 31"
n:ustm.sm mnmamrnmtm.u-nnsrn - - SHAPE 232

530 CONTIHUE E SHAPE 233
550 ¥1=YEDGIL1) . . - SHAPE 234
YHAX(REWI=YEGELHSF) ] . SHAPE 235

; IFEYL L.To0.0) 60 TO 860 _ - SHAPE 236
mH.Eﬂ.ZI N . . SMFE 231
AREA=Q.0 SHAPE 238
XXC1)=DH _ SHAPE 239
VY{1)=DH SHAPE 240

B3 560 1=2+MB SHAPE 281

: YY(I)=YY{I-1}+D SHAPE 242
560 X1 I=XX(I-1i+0 SHAPE 243

C . SHAPE 244
3 CALCULATE PHYSICAL FULL WING AREA ANHD L ENEH.I) SHAFE 255"
[ 4 COMPUTE AND IDEMTIFY 80X DISTRIBUTIGN O THE WING PLANFORN SHAPE 244
65 CALL PLHFHIXEDCGy TEDG o X TUG s VTDGo XXy Y¥ o XLE s XTE s ARy AREA oD SHAPE 287

s sIMal s HB s ML o NLC o L Mo MEM s NS NSTo IRITEDY SHAPE 248

T : SHAPE rz1
IF(ML {MEH-L).CT.HB)} GO TD B82S SHAPE 250

- i SHAPE 251

JHAX{HEW}=0 N SHAPE 252

T JRAKTREWNI=0 SHAPE — 7253
DA 570 I=l.L SHAPE 254
mw.zun SHAFE 255
ST0 IMAXINEWI=HAXC{IJMAXINEW I 3 HL(NEW , 1)) SHAPE 256
JHX=THAKTREWNS SHAPE 57

C SHAPE 258
€ FIND URDER OF LEADING EDGE BOX AT J~TH CHORDNTSE ROW SHAFE Z59
c SHAPE 260
JHI=TRAXTRENT - SHAPE riy

P8 620 JeleIHA SHAPE 262

T T EDGIREN JI=0.0C i SHAPE ~—~ 2863
06 62C K=1s2 ) . -SHAPE - 264

T 620 MLTINEWKe J)=0 A - - < SHAPE- T Z65 -

Ti=} . ’ .ot SHAPE = ‘266

I2=1 SHAPE - 267

Ki=0 SHAPE 268

B0 655 J=1,JHX SHAPE 769

_ 630 IFMLCUNENS2+11)+6E.d) GO TO 632 SHAPE 270
TI=T1i+1 SHAPE 271

&0 T0 &39- . -SHAPE 272

632 NZI=TI SHAFE 273

< FIND 'ORDER OF TRAILING EDGE BOX AT J-Ti CHORDMISE ROW SHAPE 274
&34 IF(IZ.GT.L) GL I 638 SHAPE 275
IFIRL CEHEH 29 12) 46T 03 K1=] SHAPE 276
IFIX1.EG.0) GG 10 635 T SHAVE 277
IF(nLc(nzu.z,xz:.se.o.ano.azl.NE.O) GO TO 646 SHAPE 278

® EHIZT) : SHEFE 279
:F(xLu(uEu.lz:.nE.ol 60 TO 636 SHAPE 280
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12=12+1 o - SHEPE

1 281
K2=1 SHAPE Rz,
60 T2 634 . : SHAPE E¥
636 IF(HLS—3) 64456464638 . . SHAPE 284
638 IFIK2.L7.00 GO 10 648 - SHAPE FLL
LF(HLNTREN212)) 64+ 6422840 . - _SHARE 288
&A2 12=12+42 : . SHAPE _ 287
TFUIZLELLY GO TO 634 ; - SHAPE 288
NEIZ=l SHAPE 89
12 =L .- R . SHAPE 293
68 0 652" SHAPE 29
64% K2=tML WINEW.E2}/HW5 SHARE 292
G0 TO 642 - SHAPE 293
bet NZZ=12-1 SHAPE 294
&0 0 &52 . . SHAPE 295
648 NZ2Z=12 SHAPE 296
652 CONTINUE . _ SHAPE 297
MLTINEWs1sJ}=N21 SHAPE 290
MLT(MEMy 2o J)=NZ2 SHAPE 299
655 CONTINGE SHAPE 300
c . ___ SHAPE 301
C FIND GRDER OF winG BOXES AT EACH I=TH SPARWISE COLUNN SHAPE 302
o 00 670 I=l,L _ _ SHAPE 303
IFlﬂLbINEH'III G6hb43 6624662 SHAPE 304
662 RLCIMEWsLsI)=FLM{NEH 1) +1 SHAPE 305
TF ML CANREN1291)+£0.00 HBLCINEN3141)=0 : SHAPE 306
G0 To_s&?0 SHAPE 307
b HLCINEW2+13=IABSIMLW{NENsI1)-1 SHAPE 308
_ HLLCUNEW,1s8)=1 e SHAPE 309
670 CONTINUE ” SHAPE 310
. C.. SHAPE 311
TIF{IRITE.EQ.O} GO 10 &78 SHAPE rz
WRITE(INsGS}Y . SHAPE_ 313
TFINEWLED.L) WRITE(IH,77) SHAPE 314
IFERENLED.2) wRITECIWS?8Y L. SHAPE 315
wRITE{1W,82) SHAPE 31%
DC 572 J=1sdHX SHAPE 317
672 WRITE{IHS85F JoHMLTINEHs1aJ)+MLT (NEH 293} SHAPE 318
WRITE {IM483) _ SHAPE 319
D0 674 3=1sL - 7T SHAPE azo
C 674 WRITE{IM385) JoHLCINEN 413 J)sHLCEIHEN22Jd) _ SHAPE 321
674 MRITECING65) JsHLC{NEWs Ly d) 4 HLC (NEW+2 331 4 HLWINEN s J) 3 KLINEH » 3} SHAPE 322
678 CONTINUE SHAPE 323
C SHAPE 324
IF(XEDGINSP).GTala) 60 TO B6S . ___ SHAPE _ 325
IF{NER.EQ.2) GL T0 680 SHAPE 3726
o HNSM=NSP-1 R o o _ SHAPE 327
DY=YEDG(NSP1~YEDGINSH} SHAPE 328
680 CCNTINUE SHAPE 329
IF{ABS{DY)+LE.ERRR} IEDG=} : SHAPE 330
IF{DY.LT.0.} GO TO 827 _ SHAPE 331
TE T TCUNPFUTE YALUES FOR LEADING EDGE CORRECTIOM ) - SHAPE 333
YRAXZ=YHAX {NEWISTHAX(NEN) . . _____SHAPE 333
DO 720 J=1l,4HX SHAPE 334
If (IED6)} 71097155730 SHAPE 335
€ D IN FOLLOWING EXPRESSION IS ARBITRARY SHAFE 336
710 Ensmeu..n-suau('fmxz-vvu)wvu))/wuz.ﬂuaxmew)-—mu SHAPE 337
IFIEDSINEN 30 6T 1.0) GO 10 715 SHAPE 338
G0 10 720 ___ __SHAPE 339
715 EDGINEW;J)=1.0 ‘ SHAPE 340
720 CONTIMUE .. . - - SHAPE 34}
[ g SHAPET 342
] 1FLHEN.EQ. 11 ‘eg_?a 750 - . SHAPE 343
C COMPUTE Y—COORDINATE AND NACH NUMBER OF POINTS ON PHYSICAL WIMG  SHAPE 3n4
£ TTAT IRAILING LDGE OF TRARSFURMED WING SHAPE - 21 %
€ AT EOX CENTERS UF TRANSFORMED WING SHAPE 344
5o Ta5 J=I,dRX SHAPE 347,
K1=MLTUNEW 193] o  _SHAPE 34
K2=ML TINEWs2ydi=KL¥2 ~—  — 7 e SHAPE 349
1 =41 . i o SHAPE® 350,
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DO 740 K=1,K2 SHAPE 351
K3=0 o e - SHAPE »2
T ThEt=v. . SHAPE 3
X=Xx{1} ) e - o SHAPE 35
IFIN.EQLKZY X=XTEL(NEHs I} SHAPE 358
Y=YY{d) SHAPE 356
730 Y=Y+DEL  J
K3=K3+¢1 e SHAPE 358
C FIND MACH MUNBER AT X»Y ON PHYSICAL WING
CALL SURF2EX3¥31ls2aloEHyDMsEMY s SFHXSFHYsSFMHKSFNs3) _ SHAPE 360
T TTTTST=YY (I )-Y#EN SHAPE 361
IF(ABS(S51}.LE.ERRR} GO TO 735 SHAPE 362
- (K3.GT.10GY G (V) SHAPE 383
DEL= SL/{EN+YHERY+1.E-20) . _ . ___ _SHAPE 364
Go'Tg 730 - 1 [
735 I[F({K.NE.K2) AMA{JsI2)=EH . R _ _ _ ___SHAPE 3656
T T IF(K.EQ.KZ) CTE(J Y=EM TSHAPE 367
740 I=x1el ) SHAPE 368
745 CONTINUE SHAPE 369
750 CONTINUE SHAPE 370
coTTrTT/ T T - ’ B T T SHAPET  TITY
790 CONTINUE o SHAPE 72
t - et ) h ST T T 'SHAPE T T Tars
RETURN SHAPE 374
T T T Tt T - - T SHAPES . T 375
BO0 IERROR=800 SHAPE 376
TeL+1)Y=xE0GIR) N SHAPE 377
TE2+1)=YEDBGIK) SHAPE 378
[Ek=2 - - SHAPE 379
60 T" 340 SHAPE 380
30T TERRGR=4uT T T ° ' - - SHAPE “3IF1
GE T2 840 SHAPE 382
810 lEkRUR=510 SHAPE 383
T{ly11=DaL27} SHAPE 384
T{Z,11=N5P SHAPE 385
1e1=2 SHAFE 386
60 T3 as0 . SHAPE 387
, ©l% lERRTR=p13 SHARE 388
! GE 12 340 SHAPE 389
820 1ERATF=329 SHAPE 390
; T{Lsi)=xEDGCTNSFY SHAPE 391
TUZ2911=YELG(NSF) SHAPE 392
IR ETR S LT SHAPE 393
AT SHAPE 394
oL T dau SHAPE 395
T2 ILestazgen SRAPE 396
Fileld=npn SnAPrE 157
T2+ )=r SHAPE 338
TUIsid=nolNemgn) SHAPL 399
Tla L= {981 SHAPL 400
TL==4 . e SHAPE 4ql
W2 T 24l SHAPE 402
427 [FRANR=577 SHAPE 403
Tlaal)=YEDLI{NIP) SHAPE 404
TL2s10=¥LLGindr) SHAPE 405
T{z..t=r}p SHAPE 406
i Tla I iaNy™ _ SHAPE 407
1t =« SHAPE 408
ob T, =&) SHaPE 409
23y IERROR=720 SHAPE 410
Tll,1=} SHAPE 411
T{243)=1 SHAPE 412
Tl5e20=n SHAPE 413
Tlusai=y SHAPE 414
Tts. )=t~ . SHAPE 415
Tloya oty SHAPE 416
TUTal3=00 0 Smaoz w17
[gs=7 SHAPE 418
561 WIITU CIng20uY dteasay 1T0Da1),i=21,188) SHAPE 419
sTae SHAPE 420
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5§97 I[FR=_9 SHAPE “&21 -
o€ T2 3% . SHAPE 522
=55 IPE =% ’ I SHAPE 423
GC. T2 S+u SHAPE 424
460 JPR=30 n ) SHAPE 425
T W Tasse T T T T TTToTm ot Tt T SHAPE 426
665 K= HAINGIK NSL1}) SHAPE 427
IFR=24K+29 SHAPE 428
GO I8 89D SHAPE © 429
871 1Pr =45 SHAPE 430"
890 WRITE i . _ . SHAPE 431
C (IH410) PR e — T SHAPET T 432
16 FORHATIIHO210X417HSHAPE — BAD DATA415}) SHAPE 433
20 FORMATTIIHO 10X s 38HoAD NUNBER TN SHAPE NEAR STATEHENT NO,+I5, SHAPE G334
SR L F1 4l9%,1PBE14.56) SHAPE %35
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B4=s4=-04 "" POTZ 62

Da=Ga+004 Lo _ L POT2 &3

LN=Lne2.0 - POT2 b

|2 k=Kan2 . POT2 65
{maFayT A T - Tt FoOTrZ 66
LiE=gnvuda POT2 67

3 GL™m=,Ln+DD ) POT2 68
CO 5 Ii=1s< POTZ_ 69
vi=t 7 . POT2 70



100

D05 J=l.N L POT2 71
7DD 4 I=1sM1 Y2 T2
K=K1eH-1 L ... roT2 73
4 AlltsK)=2 1L RI-ATILaX-1) POT2Z T4
ALIL,X1)=2,C%a (It ekl) _ ) e ___rot2 75
5 Ki=Kl+mM2 POTZ Te
Ch=0.0 POY2 77

N 1 T I ""_
COm=0x o poY2 79
J0 12 I=14n POTZ 80
Cl=ua G L ) L POT2 8
CE=0.0 #0072 82
C9=0. u . POT2 83
TCi6=0, - - PoT2 T
Pl=0. 0 POT2 a5
pr=3.¢C N 17} §d 86
CN=1,0 o POT2 a7
E6=0.3%0K12 T UP0T2 88
K=1 POTZ 89
00 Ly asG N T T - - POYZ T 90
Al=LH/CH POT2 31
A2=DM/CN ; i - -/ om et T POTE 52
IF {A1=0.2) 73748 ) . POT2 93
7 ElzclG-AL%T2/3.0 - v POTZ 94
B2=—D0K/{6.0%Ch) POT2 9%
60 TLS " FOTZ 36
€ b3= SIN(AL)/AL ) o POT2 97
BI=2.0%83 - o Tt T " PoY2 98
B2={83— CGSIAL}}/AZ-DHICH¥BT e POT2 _99
9 os= COSLAZI/EH POTZ 100
Ba= SINCAZ)/CA PGT2 101
C3=CI<83+B29C4 TTTIOZ
Ca=82%£3-81%34 POT2 103
85= 3H¢CN - oot T -t T s/ o T =TT poTR T Tio4
Cl=hb3Ca4=2,6%C3 X POTZ 105
C2=-2.0%C4a~E5%C3 ~— — 77 T - - T T OPOTZ 106
€5=C.-C7 POT2 107
Ce=Cz—~Co FOT2 108
£3I=P2-Bo*ln POT2 109
Pa=PIe2 . 0F0RT22(CN—1.007 - o TTTETSRT T T ROt 110
ACL9K)=A{LyK}+Lo=P1¥CO+P3¢L3-P43LY POT2 111
A(Z.KI=A(2,KI4Co+P 13C5+P34Ca—P42C10 " T RN T} ¥ 112
P1=P1+0H POT2 1i3
P2=PZ+CN¥LK4 - - FaTZ  ria
CN=CN42.0 . . . payz 115
C7=Cl POT2 116
TTwLCITTT T T T - - — B0 ) 2 & & A
C9=C3 ' - POT2 118
o i B - - Tottom 119
Bb=5b+Dch POT2 120
10 K*k+HZ T - s ) - T T T N1 P ¥4 §
CH=CM+DK e *0T2 122
OH=DH+LOH - - - POTZ 123
12 DOM=DDM+DD POT2 124
D3=CKZ/12.0%3.14159265) - - - T T Tpotz iz%
H1=M2~-H i POT2 126
K=1 T ) POTZ 127
21=0.0 po¥2 128
BO 14 J=1,N - Tt FOTZ 129
Cl=03% SIN(ALl) paT2 130
Cz=-pg3¥F ¢i3Ta1y "7 7 T - - - R -1} R & 3 §
DO 13 I=14M POT2 132
DFE  =A(IRIFCIFA{Z K402 T T T B 1) 3y
A28 1=AL298 ) 2C1~A(LaKISC2 POT2 134
T TAUIIRT=DFE I FOTZ I35
13 K=K+1 POT2 136
T OCREKVRI et T mem e STt BDYZT T TIST
14 Al=Al+Dd POT2 138
“HE TURN - - - ety 7 13 At i T
- POT2 140

END
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ORIGINAL PAGE
OF POOR QUALITY

€ B UTINE GREG(SFDA9SFDYoSFOHaKSFDSFHXeSFRY o SFRH s KSENDAST DRED 2
R sAAs VT4 1H, L4 KLy Hy BDyHB RENS RN KSFS IPRINTY - DRED. ¥
JIMENSION SEOX{NB1)SFOYE{MB,HD 1} iSFDHINMaMD2104KSFD{2) © DRED 4 -
1 S FREX LTS Y ULT S FRHE 1Y sDAT T » TUNN L LT ML {29210 DRED 5
2 SXX(132YY LY DRED &
T 7 - T T ‘“"__D'EE!I——__T
ERRR=1.E-06 DRED 8
IRITE=TPRINT/IC “DRED L
JRITE=IPRINT/100 ) DRED 10
TFINE W O LT IRITE=IPRINT-L0¥IRITE -~ — " ~— " =~ "~~~ " TDRED" 1X
IF{NEW.LEQ.2) GO TO 400 DRED 12
KSFOIRMT=DA(SST - DRED I3
NP=XSFO (M} : DRED 14
- T"TF INPY 730Gy L7Gs100 K DREY 1%
c DRED 16
C A SPUINE-SURFACE FOR THE DEFLECTION IS FITTED TO VALUES -~ DRED ~— ~— 17T
C GF DEFLECTION AT GIVEN POINTS. DRED 18
< T ) ) DRED 19
1C0 IF {NB=NP) 73€,120,120 DRED 20
T TIZ20 TTRTINU: DRED 21
xP=100 DRED 22
2L 140G TP=I,NF . - T PRED 2T
SFDXCIPaM)I=DARP +1)/DAL24) DRED 24
SFOYUIP A1 1=CAIRP+2I /DAL 247 ORED 25
SFOHLIP Ma2)=CA(KP+3) DRED 26
- SFCHTIP N LI=SFOR (TP e 2} BRED 27
140 KP=xP+4 DRED 28
o SPLTRE-SURFATE FIT OATSY T T DRED 29
C DRED 30
145 COWTINGE ———~——/ ——=7= ™™ DRED 3T
IFCIRITD ) 15C+10045150 DRED 3z
T5C WRITE(I=,30T F — ry — v DRELD I3
WRIT tIW101 DRED .34
c . - . - A ] -] | PO 1.
166 CCRTINUE ) DRED 36
CALL SURF1(NA KSFOUHT 3 ToSFUX(EaH) 3 SFDY I Ty s 1) SFONTL s Ne 1V IRITEY DRED 37
GC TO 200 DRED 38
¢ - PRESENTLY FOR PITCH ARD PLUNGE UF FORF —Z=AUSAISX DRED 395
170 SFDH(LsMs1)=DAL52) DRED 40
T SFOHU2.M,1)=0DA(S3IV¥DATZATY - ] ‘DRED Y §
SFCh{3,M:10=0.0 DRED 42
65 T3 L4y T B DRED 43
20C ICHECK=0 DRED 44
- St TTRw DRED L}
< DRED 46
hy FOon ROUIFIEG WING - . ORED a7
< 1-CALCULATE DEFLECTION ON THE ORIGINAL WING DRED. 48
< TZSTRANSTORN X3 ¥s DEF 1O THE TRANSFORMED PLARE T ORED T T &9
C 3-SURFACE FIT DATA . DRESD 50
N DRED 5T
406 CONTINUE DRED- 52
T TIF{KSFO(H) L EQCL.O) GO TO 500 ORED T 53
AP=KSFC M) DRED- 54
T CALCULATE LOCAL MACH HUHMBER ON PHYSICAL WING C(IKFUT POINTSY DRED -
CALL suRsz(srgégéégﬁaigovllsn.lJal,xpao.Tllgli.uun;ouu.ssumassnr DRED- 56
3 s SFHHy . DRED - X
< STORE YR&NSFBRHED-ﬂl?i 3 ] . OREB- 58
LIL w35 I=laee o~ DRED 59
Le6 R VT, R, 2T =3 ALY CISES TS T 1) DRED- 0 -
t FIT _TFLeCTEN DATA IN TRANSFURMED SPACE DRED _ 81
2o SUFFLINFSRF 2T SFUXLIsHYSFDYI19Hs2)+SFDH(L s Hs 21+ IRITED DRED &2
“EFLIE . ) . _ _DRED 63
222 IChECR=2CHELF+] ST T T " DRED 64
IFMIintTaaniall vy T3 560 DRED 65
c TEil T eTINTS LN T ANSFGRMED WING F{R DEFLECTIORN SURFACE—FITTING  DRED 66
.= o o DRED 67
I 2LCTHL o s NE WS FLC KA F Sy 1 ’ DRED 6F
1 1 XKy f‘f.Sl—L‘th_’nJ ISFDYIJ;""’Z‘.I_!-LM_! e . DR_E_Q,._ . 69_
IFLariTea0Tal) a<ITe{inyss) B DRED 70
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C COMPUTZ Y-CL{LKCINAT. Jf PUINTS ON PHYSICAL WING_CORRESPGNOING . DRED 7Y
¢ 77 7770 TnDSt SELECTID am T CANSFUAMED WING DRED 72
DU %2y K=1sKSFS . -— .  .DRED - 73
DEL=D.0 DRED T4
X=SFOXIK M) o B e __ . _ DRED __ 7%
¥Y=SFGY()sH,s2) DRED “T6

520 Y=Ysoll o _ _ DRED 77
T T TTETIRD THACH wURERW AT (asYY ON PAYSICAL WING DRED 78
CaLL SURFZIXsY a1 La helsEMsDUNLERY o SFHX 9 SFFY s SFRHaKSFM3) DRED 79
S1=SFOY(KamMao J=Y%_n DRED 80
IFLA35(S1 ) LE oERRR) v TO 53¢ _ DRED 81
, DEL=5S1/{ckeY2tFY+i,r="2) DRED 82
____GBL I& %20 e ... oDren 83

- ¢ STORE Y UF PRYSICAL sPACe DRED FY)
530 SFDY(KsHal}=0FDY{keds2)/{ER+1.£-20) ) DRED 85
550 (CNTINUE DRED 86

i GO TL 580 o 3 o ORED .87
560 DL 570 m=1,KSFS DRED Y
: CSFDX{RyM)  =SFOX{KsMR) _ o __ DRED 89
- SFEY IRy My 1) =SELY(KsHrs L2 DRED T 90
S5T0 SEOYEK,M42)=5FLYIKsnK 2} . . i o DRED 91

. 5BO CGNTINUE DRED 92
C COMPUTE DEFLECTIGN AT SELECTED PCIRTS ON TKANSFGRHED WING  DRED 93
"¢ BY CALCULATING DEFLECTION UM TnE COSKESPONDING POINTS ON THE DRED Ga
C PHYSICAL WING DRED’ 95
TTeAlL T SURFI{SFUTTLAaH) 5 SFDY {1 3Ms 113 14K5FS+0+T(1s1) s DUMSDUN DRED 96

3  aSFDX{1sM)eSFDY{1sMy1)iSFDH{1sMs1)sKSFD(M)I41)  DRED 97

- 00 610 I=1,KSFS DRED 9%
610 SEDHCLyMaNEM)=T(1,1) _ DRED 99
T DRED ido
IF{IRITE) 6204630,620 _ - DRED 101

620 WRITL(IN,4C) F T UDRED T T TI0Z

, WRITC(IN,10} R ~ A DRED 103
. 630 CONTINUE i DRED 104
e . _ ST _____DRED 105
i FIT DEFLECTIOR OF TRANSFORMED WING BASED ON -SELECTED POINTS - “DRED T 106
1 CALL SURFLINHKSFSeToSFDX (L eM)aSFOY(L9Ha2) s SFDH{LsM2) DRED 107
: e S IRITED BRED 108
! RETURN_ . _ . L DRED 109
730 1PR=93 "DRED T IIG0.
__GD_TB_750 . o Y DPrED 111

750 WRITE ORED I

0 {IW,20}IPR . o DRED 113

STOP ; DRED 1%
10_FORMAT(1HO310X373hCONPUTED DEFLECTION = AQ+AL®X+A2%Y+ SUM. OF HCI)® DRED 115

AR (IS (AL CHn()2%2))) ) ) ORED 11

20 FOUPATUING 1Cr t6rH)Y 5 == 2. | AT#a1In) DRED 117

A0 FURMATIIAU Y 2 26MPH ST IA L Puase —— =ulz nla.e13) GRED 1is

0 FUvasTiIn0ybx 3240 TRANSF Sake 2 SLang —— %388 hCew13) DRED 119

94 FripmaTlivl) ORED 120

ENE DRED 121
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ORIGINAL BAGE
OF POOR QUABITY

SUBROUTINE SLCTAL JNByREWoMLCs ISLCToIW s N X2 YV XTI+ YEsJRITED
C L~ INPUY (NUMBER OF SPANWISE ROWSS

€ _NB —— INPUT  (MAXIMUM WUHBER OF POINYS ALLONED IM. aluiasiﬂﬂl
< WLT -— INPUT {ORDER OF FIRST AMD LAST WIidE. BBA BF I-~IH
<

€

c

NEM —— INPUT (SELECT FROM 2-PHYSICALe _2-IRAWSFORBEDS - SR
JRITE~ INPUT (INTERMEDIATE RESULTS PRINT-OUT COMIRDEY

XX+ Y¥= INPUT _ (COORDINATES BF BOX GRID) o -
DIRENSION MLC(242+ 1) oXXE19Y¥UT I XI11D,VI(1}

_ NTOT=0
D0 20 IsisL
IFENLCINENS141).E0,0) 60 10 20
NTOT=NTOT+NLC (NEW+2+ T1—HLCINEW, 151791

20 COMTINUE
WP=0
NPT=0
=0
K=1
2i=0,0
DN=FLOATANTCT ) JFLOAT(NB)

~ TF(DN.LT+1.0) DN=1.0

I IF(4RITE.EQ.0) GO 70 25

, WRITE (TH»200)

r_ 1F (NEW.EQ.1) WRITE(IH,210)

]

1

“IF{NEW.EQ.2) WRITE(IN;220)
NRITE (IW230C)
25 NP=NP+1
L300 IFI{XK.LELNPT) GO TU 50
1=1+1
. NPTP=NPT e
IF(HLC(NEW,1,1).£Q.0) GO TD 30
NPT=NPT+HLCINEN 2 [ J-HLC{NEWs1, 1041
GC T0 30
50 XIUNP)=XXUT1)
J=K=-MNPTP
i YI(NP)=YY(J) _
IF(IRITE«GTo0Y WRITECINS100) TsJsKsXIINPILYI(NP)
o LFENP.GT.nB) CC Td &0 L
DJ=0J+DR
NJ=CJ+0.0
CJ=DJ-FLOAT{NJ]
=K+ L. .
IFIK.GT.NTOT) 63 T 80
60 T3 5
- wRITE{TA, 2587 7
TC 79 I-1,NP
76 WRITEQIA2LIGY LaXitI}sYICI)
STCP
20 CONTINGE
ISLCT=NP
TTOTRETURN T T -
100 FERMATISA 43199 1P4L 14T}
11GC FCRBATILH 41CXgiaylPacla,7)
200 FORMATIINlyaX 319mSe 8T POIRT Y LN )
210 FUrMaT{lB+ 23Xy 2 PoYS1CAL H -
220 FL:RH#J(]."H:ZZHHLZH|r{.|1'\>r RmE. )
Z3C EGRRATILM y 358y 3 mmIns FI'R SPUESNE=SUSFACE FITTING//
$9X i saX it yaXsdniot et RALIR) 29Xy DHYIAR) /)

256 FLR¥AT(1A0,5Xs59HNUNBER OF PDINTS SELECTED IN SLCT EXCEEDS ALLOW SLCT 59
fAoLE LTHEYT7T4X,1H1 4 3SR ITTTY I SAY TTI /] SLCY &0
END - SLET 61
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e SUBROUTINE WYALIXXsYYaXTDGYTDG s XTESSFOXsSFOYpSFDHKSFDsSeDsCK . UVAL 2
3 2 THaL s ML o H1sNEHa NST o HBaHD o NB s NN KSFSSIPRINT) HVAL 3
& . CALCULATES DOWNWASH VELOCITY DISTRISUTION (REAL AND IHAGENARY) WYAL 4
DINENSION XXU1)oYY(1)oXTOGIE) oY TOGEL) s XTE(251)25C21RHB1),MLI2,1)  WVAL 5
s sNST{1) s SFOXINB 1) sSFOYINBsHEs1 ) oSFDHENNIMD 91 Y s KSFRELD UYL 6
IRITE=JPRINT/1C WYAL ?
IF{NEW.EQ.1) IRITE=IPRENT—L0#IRITE . HYAL 8
JLP=KSFDIN1) MVAL 9
_IF(KSFDIM1 1. EC.0.AND NEN. en.z; JLP=KSFS _ _  _ _ . MVAL 10
JU=hL (NEH4L) WVAL it
o .pO.5 ¥=isb R . HYAL 12
00 5 d=1dL WVAL 13
DD 5 K=142 HVAL 14
5 SUKsJds13=0.0T : NVAL 15
00 80 F=let .. . e T e MYAL 16
JLENU{NEM, 1) WVAL i7
IFUJL) 40.8GesC . _ __ _ . N o WVAL 18
40 CONTINUE WVAL 19
D0 79 d=1lsJL WVAL 20
~ TIF(XA(I1<6T. (XTE(NEW;J1+D7) GO 10 70 WVAL Z1
CAalLY SUQFZ(XX‘I)17"(.])913_];1£QVAL!’!&E%PE_§H_B_J‘]:" __l_l_“ . . _____H_V_A!:________gg
) sSFEY{1oHLsNEW) s SFOHU LS HISNEW 2 JLP»2) WVAL 2y
S ( Is43s1)=YALUL = . . e o _ WYAL 2%
S{24351)=CK*VALY W¥AL 25
70 CORTINUE s WVAL 26
80 CONT INUE . MVAL 27
IFTIRIFE) 100,200.100 | e : WYAL 28
100 wPiTET TIMs10) BVAL 29
IF{NEWLEQ.1) RRITEEIW;312) N1 R HYAL 30
TE(NEWSEQV2) WRITE(IW,14) M1 T #YAL T3
10 FCRHATC1rtl 910X 24 7HUPWASH {REAL, IMAGINARYs ABSOLUTEs PHASE ANGLE)} WVAL 32
T T IZ FORMAT{IH+356Xs28H-——PHYSICAL PLANE———NGODE NG.,137) WVaL 33
14 FORMAT(1H* 358Xy 31H===TRANSFORMED PLANE~——HODE NO.913/)_ . WYAL 34
oo Ifu I=12L - TUTRVAET S T T35
JL=HL {NEWs+3} N o ) N WVAL 36
IF (ol {10517¢5110 - Tt Tt T T TTTTRvAL T T3y
110 WRITE(IN,26G) | HVAL 38
T O MP=ILT2 WYAL 39
TF{JL-2Z¢JLP.HELO) JLP=JLPel HVAL 40
D0 100 J=1, P omm oo T TTOT TTWVAL T TRTC
SE=SORT{S(lsdall®S{15 35104502944 12%85(240,1)) WYAL 42
fFes1.6T.0.¢0) B 70 120 R | 7 T WYY I
$2=0.0 WYAL 4
- GC YO 130 WYAL 45
120 522575295762 AT2N2{S(2:490155(14d,1)) WYAL &b
130 4i=4+ICP ) TOUTEVAL T T TTRT
IF(JLLLELJL) GC TO 150 HVAL 48
41=D T T WAL T R9
$3=0.0 ] . WYAL 50
S4=0.0 WVaAL 51
_ 60_T0 led o VAL 52
150 CORTINUE —HViL g
_ 53=SORTISE1sJ1pI0%5¢1s 422104512+ J1,T118512,48,1)) HVAL 5%
IFi{53.67.0.6) GO 10 155 WVAL 58
_ 54=0.0 - . HVAL 56
66 70 1s0 WAL 57
155 S4=57.2957A%ATANZES(2s30+159511pd1,1)) - MYAL 58
140 RR'ITE(IH’(JJJ,S{l:JtI1uS(Z!J'I}151’521-1115(1’.}111)15(2,.’1,[)!53 S&4 WYAL 59
176 CONTINUE WVAL . 60
c THESE ant THE LPWASHES WVAL 61
o WYAL T 82
200 CURTINUE HVYAL 63
RETURN 7 HVAL 64
20 FOAMATL1rAG¥5Xs12slad~Tri SPANKISE COLUMN) g . WYAL 65
“TETFGARATITH 25R9ci27+1341PaE13.5)) oo WVAL 66
£ND WYAL 67
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ORIGINAL PAGE 13
OF POOR QUAIITY

SUBRQUTINE BOXPIXXYYeXTOGa VTG XTEsXLE s A ARsDAM T yEDG S 1EKeDSVE

8 0XP -2 -
1 sIPRINT s NLY oML C s AHA BOXP 3
.2 y JHAX gLgHL«.HL“'HltﬂEU!ﬂS",IHtﬂBsHC'NE|HD! »axe 4
< ICHECK=0 — POTENTIAL- AS CORFUTED IH _JOZPH - a #OOAR 5,
C JCHECK=1 —¥ITH LEADING EBGE CBRREG?I&N N " BEXP- &
c ICHECK=2 — PRESSURE COEEFICIENT COMPOYED FROM CORRECIED vn!"ivzg; BOXP k]
€ ICHECK~3 — PRESSURE COEFFICIENT COWPUTED FROM vnansraausu‘ﬂttue» SOXF " 8
C— FOR FHYSICAL WING T - = BOXP .9
DIMENSION xxtllqvvlllaxTDGlli-Y?D%il)gxtiIZgllleE¢21131A12eﬂcoﬂa} 3ONP 10
i sARUHE s MB 322 ,EDGI251)3STZsNB o HB )9 TIHEWMES1 1 H5T (1) goxP 11
2 sHL (291 )4 NLE(Z2s 1} JHET (29291 s HLCU2529MB Iy INAX(Z) BoX® I ¥ -
3 +AHA{MByHB 1) _OXP 13
IPRIN=IPRINT BOXP 14
KRITE=IPRIN/10600 BOXP i5
__ IPRIN=IPRIN=-18OQ0%KRITE soxe 16
IRITE=IPRINZICE BOXP i7
IPRIN=IPRIM-LEOSIRITE BOXP 18
IRITE=IPRIN BOXP 19
IF(NEW.EQ.1) GO TD 150 BGXP 20
KRITE=KRITE/ZLQ BOXP 21
. . ARITE=JRITE/1Q . ____BOXP 22
IRITE=IRETE/IC - T BOXF vy
GO Te i5o0 L saxp 24
140 KRITE=KRITE-{KRITE/ZiDd¥®1e +~ ~~— —~~ " —— 77—/ ~™ BOXP 25
L JRITE=JRITE-(JRITEZ10V*10 BOXP 26
IRIJE=IRITE-(IRITEZ/LOI®10 BOXP 27
150 CONTINUE_ e ) _Boxp 28
NSHOS=0 T h T T T T T TBOXP T 29
__ _DH=0.5%D _ _ BOXP 30
c . - T T T Tt T T BOXP 31
CaLL BOXPOLXXsYY 3 XTOGYTHG s XTEs A9 ARsDANST9S53CK,HD BOXP 32
3 - sIHsL MBIy MC ML s HLCsHRE W HL s NEHsNST 4 JRITE] Btxe 33°
C _ B BOXP 34
€ TTBOXPU COMPOTES THS POUTENTIAL VALUES IN EACH B0X. BOXF 35
€ THEY_ARE STOREG IN THE ARRAY S. BOXP 34
C o i BOXP 37
ICHECK=0 BOXP 38
i HEW=NEW T ) - T T BOXP kL]
JHAK=JHAXIREN] BOXP 40
IFULIRITELEGLO} GO TD 270 i ) BOXP 1
WRITE(IR+30) BOXP 472
200 Di 29% [=1sL° BROXP 43
AC 205 J=laJdmak BOXP 44
TTThtT 265 k=17 - = ) BCXP 45
209 THJslsKI=S{Keldsl) BCGXP LY.}
215 IFUHEWLETLT) PxITELIH,32) ™1 eOXP 47
TF{MEREQuc) WRITELIS,34) M1 BEOXP 48
0 FORMEAT{1AL 410X sCiaPaToaTiol CALLULATED {(REAL, IMAGINARY, ABSOLUTE, BOXP 49
3 PriAve ANGLE)) HOXP 50
TTIF FCEMATIIE% s 7 I0 sl b == P L TG T PLANE S~—n DL RTea [37) sOXP 51
sy FURMAT(LH* 3 12 p3lcdmuaTa"3Furly PLANL===MODE HDL..E3/)° BOXP 52
c PRINT-CHT BOX? 53
21b wT 757 I=1s0 ¥ OXP 54
JL=HL (HEay) EUXP 55
_ [F £IL) 229, 5tadly EGXP 96
2O WRITL (THy20) T 40xP 57
JLe=JLss &0XP 58
IFT . =7%JLP.NELO) JLP=JLP'I . BOXP 59
LU ¢43 J=L1,J0P R - §1} ¢ Y ) B
SI1=SORTIT{J+I310¢T 0 12104T0J,1,20%T15142)) BOXP 61
TF(31.8E.0.0) GG T3 234 T T BGXP 62
$2=9.0 8OXP &3
T 60 T4 226 T T Tt T Tt soxe T b4
224 CCNTINUE BOXP 65
SZ2=07.C29578FATANZ{T (Jds1+20+T4dsis10) BOxP Y
226 CONUT T s0xP 67
Jl=J+JLP - - 8OXP 68
IFiJlalbaJL) GO FO 233 BOXP 69
TTTTI1=0 Tt T ) BOXP T 70
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53=0.0 saxe 71

S4=0.0 BOXP T2

B Ti{dlals1)=0.0 BOXP 73
TG, 27=0.0 T : — TBORP T TR

G0 T0 240 BOXP 75

230 CONTINDE - TTEORFTT T OTE
S3xSORT(TASLel 910 #T (o laldeTUI1els272T{J131,2)} BOXP 77
TF{SI.NE.D.U) GO T 23% .5 T8
S4=0.0 BOXP 79

"‘ GO 10 236 e T T T T T IR 1) ¢ S 1)
234 CONTINUE 5 BOXP 81
T SRSV IOV RATANZLIT I T2 s TTI 1,17 T BUXF T 37
236 CONTINUE soxe 83
280 HRITECIN 25T JaTUde Il TUds 92T 4510352 BOXP  B%

* 9313 TCILsT21)sT(ILeIa2)953054 soxe 85
TTISETCONTINgE T Tt T T - - T TBOYXF TS
c soXP 87
— TZ70 CONTINGE ~— - T TTOUTTT OBOXFT T T B
IFCICHECKLGEL1) GO TO 400 BOXP 89

T CEADING EUGE CCRRECTION : BUXP g0
DD 38C J=lyJMAK BOXP 91

T UTIF URLYTIREWS Ly J YL EQOY SO 10 285 ~ TUTUUTBOXP T T T 92
I1=HLTINEHy14 3} paxe 93
TTRERLTINENRZ 40T © T T S -1 1} { Ja— ¥ 3
$3=040 BOXP 9%

U0 280 T=T15712 .11} { A |

K=} BOXP 97

T IF{ARTJI s IS NENT.CE. 1. 0F GO Y0 290 —BOXF"TTTTT 99
280 CONTINUE BoOXP 9
TTTE8% 53D - - BOXF — TXO0
290 IF(K.ED.1) 53=D BOXP 101
TS IEXXIKF=XLEIREN S JF-DH+*5$3 —BOXF 102"

BG 370 I=IsbL ] s0XP 103

T T S I= (X ) —XLEINEH, J 13 /5T BOXF  ID%
IF{S1) 300+34C4310 80XP 105

T 7300 3Y=0,0 BOXF — 106
GO TG 340 BOXP 107

JI0 TFIYET 32093205330 1100 { — 2
320 S1=S1#IXX{1)+XLE(NEW 23} )/ {5342, SXLEENEN»J)) BOXP 109
330 IF€(51<6Telal) 3I=1.0 BOXP IIo
S1=EDG{NEH, J}*SQRTESL) soxXP 111

340 DU 350 K=Is2 BOXF . TTIXIY
350 SUKsdel)=5185{Kedal} sOxe 113
BOXF I1%

380 CONTINUE - . s0XP 115
IChECk=1 o sOXP 11¢
IFCIRTITEY 3%0,400y390 - - T T TBOXP 117

39C WFITCE1Hs36) . ) S __BOXP 118
36 FORMAT(1H1.10X,01HPITENTIAL CORRECTED ~ (REALs IMAGINARYs ABSOLUTE, BOXFP 119

1 PHASE ANGLED) o o . . . BOXP 120

C TRARSFER Tt TFL P<INT-JuUT OF CORRECTED VELOCITY POTENTTAL BOXP T T 121
o GU Ty 200 . . A BOXP 122
400 COUNTINUE TTTTROXP 123
IF(KRITELE4.0) GO TQ 700 ) BOXP 124
IFCICHECK Do) GO TO %20 ) BOXP 125

C C3LCYLATE ANG PRINT PRESSUKE COEFFICIERT BOXP 126
1CHECk=2 ’ - -7 30X%FP 127

oG w30 1=1,L BOXP 128
JL=MUA{HEA I} T OBOXP T T129

vE 43U J=lsdb BOXP 130
TUda!43)=501+d41) ’ I BOXP ~ 131

410 TlJdelgab=d(Zadsll _ ] BOXP 132
420 JHAx= JMAX{HEW] BAXP 133
L€ 43C i=lst BOXP 134

T JLES(REwW, 1) R -1 1 " R & 1.
LN 43C J=1,JL . BOXP 136

OO 430 k=1:2 T ROXP 137

430 Tils1,¥)=0.0 BOXP 138
DU 526 J=l.JHEK - BOXP 139
Fl=4LT{HEH 1o ] BOXP 140
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http:IF(S1.GT.l.0J
http:1-T1XTuz-J,NEfW.GfE.1.oG
http:IF(53.NE.O.O3

1GE ‘-;9‘

()RIGINM" ﬂA],ITY
pooR &
- oFf
1Z=NLT{NERsZ+JI=HLT(REH 4142141 BOXP 181
fi=11 e e - —— ... - BOXP 142
IXK=1.+1 BOXP 143
T(Iy babl=XLEANEAL I} ) L I BOXP T 144
TUly H45)=XLELHEN ) - crTTErTT T “ioXP 145
. TH{1:10,51=0.0 BOXP 14%
T{1512+51=0.0 BOXP 147
] IF(ABSIXLE{HMEN 3 )—XX{I1})oGT.1.E-05) GO TO 445 8OXP 148
c ADJUSTNENT -="LEADING ECGE AND FIRST BOX COINCIDES o BEXF T b LY ]
11=11+1 o L L . R BOXP 150
IK={K-1 - - B TEOXPT 151
445 CONRTINUE BOXP 152
DO 450 I=241K Z0OXP 153
O TAYy_ beSY=XRXCEIY L BOXP 154 -
Tels By51=Xx(11) - Tt auP is%
_ T0I151055)1=T(Jsd1s3) e __ _ BOXP 156
TUlI312:5)=T(Jds11,4} T BONP T I57
TEI-14295)=XXCI1} BOXP 158
T 350 [I=1i+1 BOXP 159
_____ CALL SPLHLEIZ9T{1ly 14515701y 2553eTl1ls 4s5) saxe 160
s +1KsTi1ly 6457 9T11510+534T(LyLay5),NSHOS] TTOROWPE T T-isT
_ CALL SPLNL(I1Z29Tl1lsy 14539Td1ls 335)9T{ls 5,5) BOXP 162.
s s 1KaT(ly 8+51aT81s12+5)sTL1v14y5),NSK0OS) TeOXF - 183
11=11 BOXP 164
DC 470 I=1+12 BOXP 165
T4 11513=TUI9425)-CKET(15345) BOXP 166
TCI41T421=TL1 45,51 ¢CKEFT(14245) TTEOXP 167
470 II=JI+1 80XP 168
500 CONTINUE “BOXP 169
HRITE (IM440) 8nxp 170
A0 FORMAT(1H1,1GX+s61HPRESSURE COEFFICIERT (REALs INAGINARY, ABSOLUTE, BOXP 17y
3 _PHASE ANGLE)) = __ . Boxp 172
c TRANSFER TU PRINT-uud SELTISN BOXP 173
- 4C T3 215 T T T 7T BGXP 174
520 IFtM:WabGal.lhoICHECK.xCL3) G Tu 700 BOXP 175
C CALCULATC PRESSUARE CJLrFICIONT OGN PHYSICAL WING FROM MNEW=Z RESULTS BOXP 176
00 426 I=lyL BOXP 177
JI1=%LCllylald BOXP 178
d2=M_Cllwcyl] g0OXP 179
- WIS T T T BOXP 130
Ja=31 BOXP 181
C IkANSFJRHLJ Y- (uuQJIﬂAT& OF PHYSICAL MING ALONG I-TH COLUMN BOXP 182
3C 544G J=1.43 80XP 163
TldelsF )= YY(JQJv-ﬂA(J&gI\l) BOXP 184
340 Jhzjasl . 80XP 185
J2=NICT2,1,107 8axp 186
JESMLCL 290l BoxXP 187
JC=Jr=3asl - BOXP 1388
Jh=3a BOXP 189
[ UNGWn PUINTY EF TRANSFJIxmil HING ALONG I-=-Th COLUMN 80%XP 190
B5 Sod J=isdl BOXP 191
Tlie B.5VEFYLTILY ‘BOXP 192
Tede 3205)=YY{JL) 8OXP 193
TOJs10,29=5119Jd51) BOXP 194
TEJsi295)55{csdball BOXP 195
S60 JD=J2+1 goXP 196
C INTLAPGLATE 5 &1 T{Jsla9) OF TRARSFCRHED WING BOXP 197
CALL SPONTOJIWTTIN Tan) s T 295TaTlls 4553 7 T BOXP 148
H .JC,T(l, c.aa.ll1,10.51,711.1«.5).NSHDS| poxe 199
Ca2LL SPL~NEfJ3.TI(L 192)sTL)s 355)5TlLls 5.5) 30oXP 200
L ,JC,‘(I' 5’5)1T‘1‘129:I’gT(lgl‘!Qf)}!NSHDS) BOXP 201
C TRANSFORM & IMTU PHYSICAL QUANTITY BOXP 202
J4=11 BOXP 203
- TO 530 J=1533 —Tm o - .o —e o s BOXP 20%
T{Ja:123)=T LU 32,517 AMA0J44+141) sOxpP 205
TUI4,142T2TTI 43551 7RHAL J49 10 1) BOXP 206
550 Ja=Jo+l BOXP 207
600 CONTIRUE o ) o BOAP 208
HEW=1 BOXP 209
TS TITHRLR=Y o . T T “? - - TEDXPTT T T 2100
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http:IF(NtW.G..dW.1CfiC<.tC

# TranSron L wCiehT1dL IaTewe LATING >eCTION T3-DBFAIN BOXP 211
c VAL S PR PRESSURE SOk CICT-NT CImPUTATICH CON PuYSICAL WIRG BOXP 212
6L 77 w2y : BOXP 213

700 CONTINUE - - BOXP 214
RETUNN S : Baxe 215

TR0 ELE Y TG 3 A4 12,1 7d-T SPANnISE COLUMND T TR T T T T TTBORP . T 2Xh
25 FCORMATHIH yhagcleasidyirakl349)) BOXP 217
END” ) . IR :11)-¢ 218
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ORIGINAL BAw. :
OF POOR QUALITY

SUBROUTINE BOXPOA{AXYYsXTDGo YTDGy XTE As AR DANT2S+EXsD 80XPa 2
E3 viHalL s MB g MCo ML o NEC 4 ML N M1 o NENJNST o JRITE) I N

C SOLUTION OF SINULTANEQUS EOQUATIONS FUR THE POTEMTIAL auxerg . &
DIKENS!GN XX CIIsYY L s XTOGIL ) o YTDG L1 Do NTEL24119AL2 4 NC T, pO%XR® [

- 1 SAREHBNBs 1) 9 TE24MBp1) 3S542,H0401) BOxXad £
2 eMLIZ231)oHLC {22910 oML HIZ251)3RSTEL) BOXPR .- K ;
DH=0. 53D BOXFD- . a
IFCIJRITELEQ.O) GO TO 25 BGXPU 9

_ IF(NEW.F0.2.0R.H1.GT.1} GO TO 25 BOXRQ- i0
C PRINT INFLUENCE COEFFICIENT soxrd E% Y
o _MRITE(I¥,10C) pOXPQ 12
JL=2%HL{NEHWL) soxrQ 13

K=JL/ 4 anxrs 14
IF(JL—4¥KNE.O) K=K+1 8axrQ 15

00 20 I=i,L . _ BOXPFQ 1%
Ii=1-1 BOXPO 17

_ _MRITE{IW,110} I1 _ . BOXPD 18
DO 15 J1=1.K 80XRD 19

15 WRITECIN$120) ({JsA(l3JsI)pAlZsd513)9pd=J1lyJLlsK) s8OXPO 20

Z0 CONTINUE BOXFD 21

25 CONTINUE BOXPOQ 22

T T1=NSTINEW) TS T T T T s e e —BoXfPe 2%
AMI=1.0 o o e - BOXRO 24

0o 26 I=1+11 - - T BOXPO ~ 25

26 ARI=AMINL(XTDG(I), ANI) BOXPO 26

[ 80XPO P
IF(JIRITE.EQ.OQ) GG TO 28 BOXPO 28
WRITE(In,168) - . - T T soxPd - 29

28 CONTINUE N BOXPO 30
TTTTiy=00 T T T e - BOXFO 31
NFLNS = DAN BOXPO 32

T DG 90 I=1,L e - s T T B80XP0 37
A=XxLI) . o BOXPO 34

T AD JUST UPSTRLAM INELUENCE BOXPO 35
XQ = 1 . - BOXPD 36
IF(NFLNS.EC.0) G2 TJd 30 BOXPOD 37

KO = MAXG{1,1-MFLNS+1) BOXPO 38

“30 CCNTINUC - Tt T o BOXPO 39
JU=MLINEN,I) BOXPG 40

IF (2LLEQ.0) L Ta 99 BOXPO- 41

C DEF INE nING An[ WAKE SIxES$ BOXPO 42
C Jr=nta. OF mAKE 20XES IN ROW BOXPO 43
C JE=hL. 3+ wING 3CXES BOXPQO 44
C ) - T J3=JEuER GF FIRST wiING BOX BOXPO 45
C JN=0ESEF Of LAST WING BOX BOXPD 46
[ J3w=Lelix of FIRST WAKE BOX BOXPOD 47
C J9n=cauin OF LAST  wAKE BOX BOXPO 45
=0 BOXPO 49
ietn.Lk.Ar;) CioTir 34 BOXPD 50

=1 ’ 80OXPC 51

32 1R CaeaTadu wi Td 34 wOxP0 52

IF Lt alTa2Tothemeddraodi) O 7 s L OXPD 53
Je=ihel BOXPY 54

13 Jejgsl BOXPY 2%

L. T 32 BOXPO 56

39 JE=J0n T POXPO 57

HEE R R T TS B O S O I0APY Se

3% 35S =JW+l - BOXPO 59
JSH=T - T T T T - BOXPO &0

6o To 37 BOXPO 61

3e Js =17 7 ° - ) T - pOXPO 62
JSH=JE +1 B8OXPO 63

37 JUN =J% ¥HE-1 . - N B BOXPO LYY
JNN=3Sn+JH-1 BOXPO 65

PP ATILEG.GY GO 10 50 - —— -7 — ==~ T T Tt oTr T BOXPO T T T 66

< SLBTRACTIGN OF ConToIeUTIONS QF PRECEDING ROWS T UPHWASH BOXPO 67
DJ 47 J=J5,Jn BOXPU 68

CL 45 #=K0,11 BOXPO 69

KL=HL {NZH KD BOXPD 70


http:JL.EO.0I
http:IF(JL-4*K.NE.03
http:IF(NEW.EO.2.OR.N1.GT.il
http:IW.L.N8,MC,NL.HLC,HLW.N1.NEU.NST.42

Ki=I+l-K BOXPD 71

F IRL EQ.0) ¢ Fg 3™~ - — ™ 777777 TUTBOXPDT . 1%

JL4) s=dgal 80XP0 73

NI=N+] T T TR

NIElARSIN-J)+1 BOXPO (&)

ALl=2{lshien i bALL 2 gl] - BOXPTTTT TR

AZ=A(2+nLyKIFTALZ, «Fa4L} BOXPO 17

WY=1,¢" 7 - - = TTTmm T oo BOXPO 18

IFINOGE e PLC I ME S powa ) AN, LT {IEd32¢d o tiz o0} HT=AR(N-K4NENW) BOXPO 79

SUladell=Siiedsil=fai a0 (1sh,7 -AcP5t25NK 26N~ °7 77 777 7 TROXPO 7T T80

90 SO aJailaStlegayltmlasd,ttment28255{2 5734 j5NT BOXPD 8l

45 CONTINUE - T T T TBoxXPg T T B2

47 CONTINUE BOXPO 83

c SLTTIRG Ur “FITRIX  3- siruwi tNEGHS EGUATICNS BUXPFD 8%

50 20 9. d=lsJL BOXPD 85

BC 2 KsLledo TThhr s o BOXFT T T T 86

NizJeF BOXPD 87

ne=FALS {Jd-n)+1 T T T"BOXPOD 88

WT=1l.0C BOXPO - - 89

TTF(RLGELALCI N myl s 11« A0 ALUTIRET 2917 o NESC I "HTEARTK SIS HERY BOXPFY Y0

C . - BOXPD" 91

IF(J.20. ) aT=1,0 R - 11) ¢ . 1 S V.

C 8OXPO 93

TlisdsXi=lallanly vala 2 3euT R .75 €7 S 7 Y

TU25d95)=(A{2yn) 1202 ynlyi))=HT BOXPO 95

52 CCRYTINUT T o T Tt BOXPO 9

< SUBTRACTION DF CONTRISUTION  BOXPO 97

C FROH THAKE BOXES == SUHINGY=s BUXFO T~ 98

c S{HIAGI—T{HAKE}#PHI{HYAKE) saxro 99
IF(JRLEDL0) ST 12 ou B !

DC 56 J=J544h BOXPO 101

PS5 N=J53d,.URE ToottottotTrmom mnomE s BOXFOD  — 102

SII,J,Il=3ll,J;{J—TL1;J=N)‘Gli,ﬂ;1HT%Z;J;?H*S(Z;H,ID BOXPO 193

55 SO del TSl Tal ="l 2as ™ 31 (2%, 1 =T {233 RIFETLONLTY BOXPFO T I0R%

56 CONTINUE BOXPD 105

ITFTHLWINE w1 o LT.0F 55777 o7 o BOXPU 106~

C RE--POSITION ELEMENTS OF T BOXPO 107

PO 55 H=IlsJE Tt T Tem e BUXPD 108

NW=N+J¥ BOXPD 109

- bG 5o J=153¢  — ~ " Tt ortoTeT ——  BOYXPD I

HH=J+ 0¥ BOXPD 111

T ITDG /8 k=1,27 T T T TrrTomromem KOXFU T IIZ

58 TUKedaN)I=T(KsithyhH) BOXPO 113

- (1] - B BOXFO—  II%

c _ I . . soxero 115

< SLLUTIOAN GF I&LETians - BAXPO ils

tLoLLsTiNu - o BGXFPD 117

C . BOXPO __ 118

[F{a<ITEat cun) w_ Tu 2. BOXPO 119

“ANITFQlesledl | L BAOXPO_ 120

AP T0 X=la2 BOXPO 121

ni=1 ] o BOXPD 122

meEm L ) ’ BOXPH 133

VTS B EI B - BOXRD 123

A7 wn FTECIMaley) (JemaTlicgdynlanz=nlyhd? ) BOXPD 125

TFfmleozadn} oL Too o BOXPOD 126

Mlsslel B soxpPo 127

No=ND+d ) o BOXPD 128

vUOTT ne AoxXP0 129

e L{NTINVCE BOXPO 130

U 63 g=144E BOXPO 131

WUITELImgi70d *adelantuadall _ BOXPO 132

o3 CINTINUE BOXPD 133

70 CUNTI~vuz _ e BOXPO 134

167 FOrv3T{1m vzasleris =T sranalse (OLuMNY T BoxPO 1

1bt FOrPaATLlimiei0ratens e =2 JCIENT ~aTRIX (A) ub {A}*(X)={B) FOR YELO BOXPD 136

2CITY PUTENTIZL (a) Z_3ab §ac- CudUHN/Z) BOXPO 137

o9 FURMATIAR gl Zralrisica s 2slt) gE13.810) B BOXPD 138

17C FORMAT(9Cscrms Ladlat tarice sy b292H=gE1300) 8OXPO 139

RN SN . — 80XPO | 140
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c - . BOXPO 141
K = ﬁsl‘HECtigJ:’L?fs:l.l.aJ)g‘i_.ll _ BOXPOD 142
IFfnebeai}- ot TC 25 . ) T 77 "BOXeo 143

o . - .COMPUTE WAKE POTENMTIALS == BOXPO _ 144

C PHILTEIEXPI~IK*{X~XTE}} BOXPO ~ 145 .

) IFtxLE(ARI-T)) wu T 35 . BOXPD 146
iS=p T ) - LT T T T T T TTROXPD T 1a?
75 Y=YY(JS) BOXPO 148
IF AR LTEXTLIRERSJSI-D:d)) GO TC 22 e - BOXFO 149
IF{x.GE L (XTE(REH,I5)+DH)) GO TG 82 ) BOXPO 150
IFEN.GTJXTEINENSISI) GO 16 76 . o 8oxPl i51
FIR=5{1+45+1) BOXPQ 152
TTPTIRS1Z24+45.1) T T e T T T BOXPO 153
XK=l —— - BOXPO 154
XB=X+0 ) ) ) T BOXPD iss

6o 1O 7T BOXPO 156

76 Pe(X=XTE(NEWLI510/D . -0 sOXP0 -~ 157
PTR=(1.0=P)195{1sJSs I +P¥S5(1sJSy I=1} BOXPQ 158

T PTT=(1.0-PI%85(24d54104P 8502435, 1=1} ~— ~—  ~—— — ~— 7 7~ 7 "Boxero ~ 159
__kxk=0 o — e eQxro 160
X=X T 0T T O TROXPOT T 1ed
77T CONTINUE . . BOXPO 162
80 IF(¥B.GT.1.C) SO TO 82 ToUTT T T T T OBDXPOD T 163
XW=(XB-XTE(ME® 335}) #CK BOXPO 164
IKW=14KK . BOXPO 165
S5(15J52IKHI=PTRECOS(Xw) +PTI*SIM{XHY e e e e BOXPD 166
SC2335+TKNI=PTIFCOS (1A} —PTRESIN{XHI - BOXPU i67

. . JRE=Knel — . - e e memer e e BOXPO 168
XB=XB+D BOXFO 169

N Ge 10 80 - - BOXPO 170

B2 JS=J45+1 ’ “BOXPO 171

_ IFtJ5.LE.JL) &L TO 75 __ ) L _ ... _ Boxep__ 172
8% CINTINUE B0XPT 173
S0 I1=I1L+1 BOXFG 174
RETURN BOXPD 175

95 wRITE (IW,140C) BOXPO 176

_ STCP BOXPD 177
100 FORMATOIHL s 20X 924 INFLUENCE COEFFICIEMT (REAL AND IMAGINARYIZ//) BOXPQ 178
_ 110 FORMATL1AD,3aslledect=*]X SEPARATIUN IN CHORDWISE DIRECTION) BOXPO 179
TH20 FORAATIIn s%a+401441P2:130010) BOXPO 180
140 FORMATILHCLGX 5932 uTILnN OF SImuLTAMEOUS EOQULATIJNS FOR THE POTENT BOXPO 181
TTAL FAILZTY BOXPO 182

ZRL BOXPO 183

11



SUSRBUYINE FERCILRES ERR:SIDYiSER 5 P ITEIL T

1 sANRsINA - ;
DINENSION MLT(202¢MBY 1XLESZHES x 1Ty um m
2 oSFB!IHB’ﬂBiQSGB!SQGaKﬁstisSFGHf“'h D913 oHSED
2 ,Annius.nssligczztﬂttarnax311 - :
[+
. N=0
[ WG SNOOTRIRG IN SUBROUTIRE SHO0TH (SPLWL)
Da=XXE23-XAX11)
AR2=1.0Q
NI=KSFD(N2)
IFIKSEDIMZE.EQ DL ANDNEV.ED.2) NMI=KSFS
D i50 J=1.4NAK
BLTI=ML TINE e+ 3}
NZ=HLTENEN 2 20LTE *2
HG=NZ+1
Ki=1
K2=%
KC=0
TL1ls13=XTEIRENd7 FORCY Z1
40 KK=MLT1 FORCI 22
Til, Z1=XLEINEW,J} - FORCI 23
Tl 1,%2)=0.10 FORCI 24
KA»2 i FORCI 25
KB=MNZ FORCI 26
IFIKL.EQ.3.URNZ.EG.2) GO TG 45 FORCI 27
IF(KC.EQ.2) GO TO 45 . FoRCI 28
T EXCLUDE LEADING EDGE POINT iF IV IS TOO CLOSE TO FIRST BOX FORCI 9
. IFOXXAKKI~XLE ENEN 3 ) «GT 2 0.2%D) GO TO 45 e _ FORCI 30
KA=1 FORCI 31
K8=NZ-1 FORCI 32
KC=1 FORCT 33
45 COMYINWE i FORCE 34-
- TH0 50 K=KA,XB FORCI 35
C TIKs 2)=XX{KK) FORCI 36
IF(KI.E0.3) GC TO 50 FORCE 37
. TIKK2I=5{K1lsJdsKK} . B . _ _FORCI 38
IF(NEW.EQ.1.0R.K1.,FQ.1) GO TC S50 i FORET™ 39
X TIK L2 =AMALI W KK NEW) FORCI 40
50 KK=KK+X FORCI 41
IF{KC.EQ.2) GC TO 51 _ . ) ] FORCI 42
IFIX1.£Q.3) GC TO &0 FORCI 43
CALL SPLMNL{14TU1923sT0198 sT0Ls935KBaT ULy 2)9TELsK219TL1910)s8) FORCI &4
TANGSKZ)=T(1,81 FORCI 45
IFIXKC.NE. 1) 6L TO 51 FORCI 46
nC=2 FORCI 47
GO TO 40 FORCI 48
"51 CORTINUE FORCI 49
C ___ FORCI 50
IFIRI.GT.21 GC TQ 52 777 - FORCI 51
C ADJUSTHENT FOR TRAILING EDGE VELOCITY PAOTENTIAL FORCI 52
TKK=HLTIMENH 2244} FORCE 53
) DUM=SORT((XTE{NEW » 4} =XL E [NEW, J3 I OXXUKK)=XLE INEW 3 43 ) ) FORCI 54
TIRG,KZ)=DURLT(NZIsK2) FORCI 55
52 CONTINUE = _ FORCI 56
I -, ) - FCRCI | 57
#C=0 FORCI 58
IFE(KL.EG.2) GC TO 55 FGREL T 59
KI=Z ~ e o ) Tt T T FORCTT 60
K2=6 FORCI 61
Corto 407 7 7 - Tt T T - ) FORCY 62
55 Ki=3 L ForCl 63
TGOTO 40 ) B T Tt T T T TOTTT T OROECTT 6%
60 TINQy 2)=XTE(NEH,J) FORCI 65
TING, 12¥=CTEC(T) TFORCT T T 66
TL 1912)=1l.0 FORCI 67
T IFCARSTALETREN s J =0 MET1 10674 L E=05) GO TO 67~ ° - ) FORCE ~ " 68
€ LEADING EDGE AND FIRST 80X COINCIDE . TORCI &9
N71=NH2-1 oot T o FORCE ~ 70
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NQwHO-1 - FORCI 71
b0 65 -¥=2,N0 - T FORCY T T
TIKs 2¥=TiK+1ly 2) FORCI 73
TRy =T (Kol 4y - — = — \ N FOKCY TR
TiKs £3=TtK+1ls b) FORCE 75
T IFINEWL.EQ.1) 60 Y3 65 T C T FORLT T
TUKs12)=TiK+1412} FORCY 7
TTTT6S TORYIRUE - T FORCY Li- 3
67 CONTINUE FORCI 79
C - -t T o rTmem e e o, om e - T B 1}
C INTERPOLATE DEFLECTION AT 80X CENTERs LEADING AND TRAILING EDGES  FORCI 81
CALL SURFZUYYIJIISTILs 203 1aN0429TTl91 30 s TA1 41402 0UNSSFOXTIsRZY  FORCT 82
_ aSFUY{LsM2 sNEW) s SFDHE LoHZeNEH D 4T 9 2) FORC1 83
T PERFORN CHORDWISE IRTEGRATION FORCY 84
D0 75 K=14NC FORCI 85
IFENEWLEG, 2T FRZ=TIKLZVFTIK1ZEY TTTTTT T T OTTTTTTTTTT T OFGRCT T TBG
TIKa15) =t TUK s LAV 4T UK 34 ) +CKET (K9 13D ¥TIK b I/ANZ FORCI 87 -
75 T = (TR TR FT IR 6 1-CRS T I3 T UG A N I 7ANZ FORGI ™ = &8
CALL I.NTGL(T(I;ZhTtl;!.&)a".hl?):‘H.hlslsT(lsl‘?)stNQyHloHﬂl FORC1 89
T YFIREHLEGL.2Y FHZ=CTETIVSCTEL IS FORCY ™ — 90
DUM=T(NQ4+13)/2n2 FORC1 91"
T 1T =T INCVATHA-TJ, L7y -~ ~ ~— T e TUTFORCY T 92
FlI716)=TING, &I*DUH—-T(.MIB) FORCI 93
150 CONTINUE Tt TmTT T FORCT — ~ 9%
C PERFORM SPANWISE INTEGRATION FORCI 95
- “NA=JHAK+Z FURTT 9%
Kl=17 FORCI 97
- Kz=15 T T e e FORTT 9%
Tile1)=0,0 FORCT 99
165 00 170 K=14JHAK } - FORCT 7100
170 TI(Ks 23=YY[X} FORCE 101
T TRI=JHAK |
CALL SPLNIC1sTAly13aT0ieBlsT ka9 aNZsTile2isTlsK1)sT{1510)sN) FORLL 103
T TINGXZ1=0.0 FORTY ™ — 104
TU La82)=T(1s8) FORCI 105
T DO LTS K=1,JHAK FORCT 106
175 TIK+1,K2)=TEK K1) FORCI 107
«C0.18) &0 TO 180 FURCY T 10y
Kl=186 FORCE 109
K2=16 FOICI 11D
60 T0 165 . FORGE 111
180 CONMYINUE X - FORCYT 0 1iZ
RI=JHAK*1 . . . - FORGY 113
Tl 1+2)=0.0 i .. . - N faL. {0 4
L T(NQsZ)=YHAX{NEN) - FORC} 115
DL I35 K=1,J HEK . FORCT 116
145 TIk1 23=YYUA) = 7 - FORCT 117
< Alhu TIP CORKECTION e .. FORCI 118
k1= FORCI 119
AC=TIN Ty ) =T{MI~1 40} o el __ FORCI a0
PR=TINI=1412) FORCI 121
PI=Ti{NI-1,1t) FORC 122
IFATInZ 32 ) eun?la L T.TINGs 213 G0 TU 195 FORCI 123
L9C LUP=LGn TUIT (ML s )=TUINIS2) ) /XD3 L FOTCI 124 .
TN 1o} =Lur*ER ) N FORCI 125
TNy it:)=DUFSFI o . FORCY 126
IfF{ria.tiel) ul TUO 170 - FORCI 127
195 TREYY(IMAR)+l, ,uo% .ok YHAXINES)) 60 TO 196 - FORCI 128
<i=i - =t T T T FORGC1 129
M7=mlel FORCI 130
MaThL - ) T T ’ FORCI 131
TN Z)=TIne—T43} . o o o FORCI 132
TINS 4 Z23=TiNi~142)+0D FORCI 133
Tlandyiv)=T(hL=0yloi FORCI 134
FIMS 10 FETTNe=1,007 ~ 7 e T R 5 -
G0 T4 199 FORCI 1316
1ve ConmTinyl : FORCE 13%
TFLASSITIMILZ3-Tind 7210 .GLaleE—05) GO TO 197 . FORCI 13e
NGENO~1 ) o - FORCT 139
NI=t4 -1 FORCI 140
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Tikdy J)=TANUe}y 21 FORCI 141

TUNCa1l5)=T {041,415} FORCI 142
TlRuolR)1zT(Na4l,1c) . FORCI 143

197 LusTINe: L _ FORCI 144

c ) . . T - ‘FORCI 145
CALL INTOLITU2 423 9T (Lsd5 3Tl )aT221)sTi1y100 423 HO9NZ p KN} FORCI - . 146
TTRETURR T - o e T i T FORCY™ ~ ~ X&7T
EnG - FORCI 148
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ORIGINAL BAGR ig
OF POOR QUALITY

SUBROUTINE THREGADA,T .N-"hNB,KSanSFHKgSf-H\':SFHHq IH'IPRINT) MRED

2

= OF RACH RUNSex™ 7 HRED 3

DIMENSJUN DAL1)+T{NAZL)35FHXI1)»5 FHY!I)gSFHH(l) MRED- 4.
TONST=0.28571429 MNRED 5
KSEH=DAL(Y9T7) HRED 6
“IFA{RSFRI BO45C10 ) HRED 7

C HRED 8
C FITTING OF GIVEN PRESSUNEZMACH TG A SPLINE-SURFACE ~ ) HRED ~ ]
i C HRED 10
' 10 IF{NB=KSFM) BC,.15,15 MRED 11
15 CONTINUE RRED 12
KP=701 T MRED 13

DG 30 IP=14KSER HRED 14

TTT T TSFAXCIPI=DACRF )/SA(SSYy T T MRED 15
SERYLIP)I=DA{RF+I)/uAl2a) HMRED 18
SFRAHITPI=DATKP+r | HRED 17

c JAL96)=1y INPLT UATA AXE PRESSURE CUEFFICIENT HRED 18
c Oal95¥=2y InPLT $ATA &<u L.CAL HALH hUM3ck HRED 19
IF{DA{96)=1.G) T2sl2Ual> MRED 20

o TTCCHVERT PRESSLRY {JcFFITTENT TRTT "LUTAL MACH NUMBER™ BRED 21
20 SFHHLIIP)I=SubTL5e5{ a2/ {1la+HuTSFRHIIPIISSCONST)-141) HRED 22

25 CONTINUL HRED 23

30 KP=KP+3 MRED 24

C SPLINE-SURFACE FITTING OF CcaTa MRED 25
40 CONTInUz . HRED 26

T T TIFTIPRINT GNE € wRITEL Ay 100y " ToTE T T T - MEED 27
CaLL SLA+1£Nn,hSr1.r.;an.Srnv.san.lPRINI: HRED 28

‘ RE TURN HRED 29
" C HRED 30
' C PRESENTLY INFLT JF pPRESSURE COEFFILIENT N ’ ) MRED 31
C A PULYNGFlAL FO34 IS NUT ALLOWED HRED 32
TC T THE FELLOWING IS FOR"HAACH INFOT A% A POLYRORMIAL® H=A0+ A1 MRED 37
50 CONTINUL MRED 34
wWSTH=EY - Tttt B o BRED - 38
SFMHI1)=DA(T71) HRED 36
SFHHUZY=DATTZITOA24) e - ot HRED 37
SFRH{31=0.0C MRED 38

GO TJ &0 HWRED — ~ — 39"

C - HRED 40
I3 IPR=Yg T T TT T T T Tt ot Te s smmmommm s s — HRED &1

GO TQ 4> HRED §2

80 IFP=R7T T T o T . Tt T T T HRED 43

85 WRITE ] HRED 44

T T TUIRSLIOIIPR “ARED RS
STGP MRED 46

100 Fhﬁﬁ&?Tiﬁﬁ‘Iﬁi‘?iﬁtﬁﬁFU1Eﬁ““ItHTi}YT“"xﬁ“ilii‘IZiYk SUH'BF‘HIITi WRED” — T %7
S(REIIFF2IF(ALCGIR(L1I=42))) MRED 48

L0 TFORMAT{IAO, 10X s LANARED—BAD DATASI5T T TREED T T %9
HRED 50

END
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SUBROUTINE INTGLOX3sY3Va¥1sSaNeNOINZ oMM} INTGL 2

AYTON BASED On SPLTINWE FURCTION — &7 —° 7 | INTGL 3

DIMENSIUN X{L}aY{NMs2}aS{RN,1) ] INTGL 4

t ~ TTDEFIRE LGJy ' INTGL 5
DO 20 l=Z.NQ INTGL 6

20 SUT D =xXtli-xci-11 INTGL 7

IF (NG.EG.2} GL Ty >3 INTGL 8

€ T DEFINE TRI-UIAGONAL COEFFICTENT RATRIX T 0T INTGL "9
' DO 25 1=24N2 INTGL 10
e ETivZi= 5i1s13/0.0 INTGL 11
| SUI43)=(S{issdeSivlsl}}/3.0 ] INTGL 12
|7 25 S(T,80= S{1+1,117/5.0 INTGL 13
St 2520=0.0 i . ) INTGL 14

T“' SIRI-41=0.C T T ) - INTGL 15
c DEF INE RIGHT-FAND~SIOE LOLUMN HATRIX INTGL 16
[ TX=L INTGL 17
; 35 D0 40 I=2,NG . INTGL 18
TT a0 STT e =Y (Lan2=Yil=1,K1)/S(1,s1} INTGL 19
DD 45 1=2.ni INTGL 20

B TR & Y3 Y R E NI SN A B3 ) -0 - "INTGL 21
o SOLVE FOR CCEFFICIcNTS CBF SPLINE FUNRCTION F{J)} INTGL 22
CALL TTRIDI{ZMZeS1in2) 330193005 0i04145(1061950157025(158)+5(149)) INTGL 23

50 CONTINUL INTGL 24

BT T,7020.0 i INTGL 25
S{NO,71=0.0 INTGL 26

T TTTTTVI=0.0 et Tt T T T T on em e INTGL 27
DG 60 l=2,NG INTGL 28
vr:vxdb‘S%SII,xl IRTGL 29

SOV OLaKI+Y (L1 sK )=y LI$501 413945 (1s7345(I=1571)/124) INTGL 30

60"tEhT1NGE INTGL 31
IF{KIEC.2} xt TURN INTGL ©32

T Y¥R=%1 ~— —~— -~ -~ " T/=—" - - T tTmorrrm T om0 INTGL - 33
IF(N.EGLL} RETURN INTGL 34

=2 Tt TNTGL . 3%

G0 13 3> INFGL 36
TENTTCT T 0T B Tt " TINTGL 37

SUBROBYINE TRIDI(K1yK39A+89CeDsVYeEeF]) -
2 NSIOH AC234841),0E1) o501,V E413F41) _
IF f83NE.X1)- 6D 1O 5 -

VIKSI=DtRIIIBIXD) =

REJORN L
5 CANFINUE L amee
E{N3I«BELL) . - e
FAREIEEI M FE(KL) — s

KWL :

Gd 19  T=KZ+K3 T
E(R3SBUI-ALL J9CEI~1) /ECI~1) , -
10 PO II-AUT I (I- 1) 76713 :
VIX33=F (K3)
KZ#K3+K1
BE_20 J=l.K2
T=K3=3 -
20 Vtqustsi-ntJAtVt1+xl/E(:)
RE
END
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ORIGINAL PAGE 12
. OF POGR QUAT™

[

SLBRAUTINE SPLMLINIsZXsYsDYsHe2x 2, YY,DYY4NSM0S) SPLNL 2
€ . KaVToUY=INTERPGLATION INDEPENDEMTs UEPENGENT VARIABLES, . AND DY /DX SPLN1 3
c _KI aNG. GF INTERPOLATIGN PUINTS SPLNL 4
C T¥ XYY =INPUT InuLFcMuZnT ANy L PEMDenT JAx 1ABLES ‘ SPLH]1 5
C N __=HBe GF InkLT PUIHTS SPLN1 &
€ T DYY  =0lYYRSOlxk} B3R LuruT GaTa SPLN1 7
€ NSHUS =LuNTRULS uf JHDJTHING ANC PR'-INTERPGLATIGN i SPLNL 8
GIFENSIGN KA10aT (10,07 (1 s XX{10+YYil)4DYY (1D SPLN1 9
N2=H SPLNL 10
T 7T TIPRE=NSRGS/IG SPLN1 11
_ NSAT=NSAUS-IPRE®L] SPLNL 12
© IFiTorebblol) Gu Ty 33 SPLNL 13
€ _sTohc INPUT D#TA + i~ PRE-INToxkPJLATIIN SPLN} 14
J6 23 d=lst SPLN1 15
Yidd=xx(J) SPLNL 16
, 26 YL =YY (J) SPLN1 17
CALL 3PISETINSAA T YsuYY 04090 SPLNL 18
< FRE~INTZRPLLAT UMK SPLNL 19
BC_¢3 1=2+n SPLMN1 20
T TIY=tei-& ToTTT SPLN1 21
1e=11+1 SPLNL 22
Axticd=Y{l) SPLHN1 23
YY(IZ)=oYi1) SPLNL 24
XalIl)=0.ns (T LE-1)+Y (i) SPLN1 25
23 LALL SPULNctsalllingsts Yo ¥ oYY YY{LL) 9 UMy 1) SPLML 26
Nr=lFi-d SPLNL 27
3k cONTINU: SPLNL 28
TFLHLMe crall L Tu 4} N SPLNL 29
' SHOOTr INPUT S2Ta ary TY SPLNL 30
’ LALL SMEGTR{GZ 94Xy YY sty RSMG) SPLN1 31
C CINTSATLLATE Y AT 4 ~R.Y AAs YY¥y DYY AND CALCULATE DY=D{Y)/D(X) SPLH1_ 32
40 LuLL DPISLT|\£!’IOYY}JYY|L.\)1\1) SPLN1 33
CaLy "?L,':I_A_lk_,{\‘,N._H(AgYYqDYY'YsUYQZ} SPLN1 4
RETURN SPLN1 a5
ENG SPLHL 36
SUBROUTINE SPLNZ(xP,NP.N,X.Y.D,SPFsSPD,x)‘ SPALNZ 2
y 1¥s I8 Y] 4 J:
c EVALUATES A Nnuruu_ Cys It SPLIHE AND ITs FIRST DERIVATIVE USING *. K3
c SLOPE ARRAY D CALCULATED SY SPISET AND USING THE INPUT DATA - - - 3
C ARRAYS X AND Y SPLMZ: £ 1
o DU 10 J=1+NF - T - T/ 5
IFAXP (I} LT X{1)0RsN.EC.1} GO TO 6 SELN2 E
00 2 1=2.N SHRZ ¥
IFEXPLI}.LTLX(1)) 6D TO & smnz 10
T Z CGNTINUE B SPLNZ R3 3
SPFLJI=YANI+LANIRLXPEJI=X(N)) SPLN2 12
T T€(x.c0.1} G0 710 10 - T SPENZ EER
L SPDLJI=DIM) SR 14
UGG YO 10 SHLNZ 2
. & Cl=la/{X{1ImX(I-12) SPLNZ ‘L&
; Cenxfl)=xPLai ™ T .7 - 3% T ¥
¢ C3=xPAJ)-XCE-1) o SPUN2: 18.
! C4=C2Z¥C1 T T SPLNZ 13
C5=CA%C] . SPLN2 20
T SPFLIIECORLOR( (Lt 2 PCRITT (I )= I SPLNZ r g
: s +CACHP L2 +2.5C5) &Y (1=1)+C34DCI-1)) SPLN2 22
IFIKLES.T) GO 10 46 TR SPLNZ ‘23
Co=2.%({2-(3 SPLNZ
C7=2.%C3-C2 - Fcﬁz“*——‘zs“
SPOUIY=CeC1#(C3%( 2. #{ L. +CI#CHI VLI I-CO#DLI}) SPLN2 26
3 —C2PMZ (1 *CLTCTITYII~1D+CTHDLI=107} SPLRZ T
G0 TO 10 SPEN2 23
& SHTR=Y(Ii-0{ixixiti=Xp{}y— °° °77 ) . 1 &, * S L I
IF(Ka£C.1) GO TG 10 SPLN2 30
LI N R - e e 1 L V- b
10 CuNTINUE ) - SPLNZ 3z
T TTREIWENS T TSSO T T T g TTETTTTT T OTSPLNE 33
END : SPLNZ s
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SUBRDUTINE SPISET(N»XeYsDyRMSSIFRHS) g;%%%r ¥
DINERSION X{1),Y(1}.+0(1] 56X kK
_ _DATA JNAXsRU1H/201.1666666791.07179677/ SPISET .
De1y=0. SPISET ]
IF(N.EG.1) RETURN - SPISEY -]
DINY=0u SPISET 7
AN=N SPISET .8
DO 1 Ii=2eN SPISEY 9
E=N+2~11 o . SPISET 10
(I y=xtfi-xi1-1) SPISET 11
1 YUIy=0yel)=y(I-1))/X00} e SPISET 12
IFtNeEL.2) o076 5~ SPISET 13
OC 2 Il1=348 SPISET 14
T T Y - - SPISET 1%
DUI-L)=cas Y {I)~Y(I-11)/AXLTI+XI~1)) SPISET 16
Yt13=15ep{i-11 SPISEYT 17
2 x(I1=0.58xX0I=1)/(qIbeNCi=-10) . _ SPISET_ 18
DG 3 J=1,Jn2k SPISET 19
DG 2 I=4,N SPISET 20
OISO =Ry (I T X 350 ([=2)-1{0.5- X190 (T 1= (N=1.0T¥6TI= =13 SPISET F3 0
DC « I=34n L SPISET 22
XOIISAUI-1)#0L45/&01)-1,) SPISET 23
4 YUI5+9.333333338Y(1)o{xCI)+X4I-10)4Y (D=2 SPISET 24
S SAVL=Y(Zl-reex(2)e(2,ed¢1)+002) 7 ) - TIPISEY 25
S0 b I=Z4M o . SPISETY 26
C=Rs¥X(17 ~ SPISET 77T
SE=YLi)-CH42. %01 ~13+DCL ) R L SPISETY 28
SZ=Y{11+Ce{DI1I-1)+2.20101) SPISET 29
TAi=13=Cua5%{SAVE+D L) ) i SPISET 30
o SAVE=32 - T rmmm———— SPTSET 31
Jtr)=354AVE SPISET 32
TFUIFRRSUNLLET 460 19 3 S?IiET 33
FrS=T. SPISEY 34
IF{n.E0.c) Wi TO o * ) - T SPISET’ 3%
GG AR EEPY . o e SPISET 36
=2.%C41-1) - SPISET ~ " 97
7 xFS SRS IC+ (1-23=3. 2 (1-11) /X LI-1)+ (001D +C-3. Y1)/ X (1)) 942 SPISET 38
T TRRSEVUESORT(RFS /AR JETSEY 39
® S0 v i=2yN e SPISET &0’
YiIrsY{iren(3svV -1 - T SPISET T a4t
9 xAid=x(lysXii=-1} = _ = L. _ SPISET 42
Lt TUTR T T e/ SPISET 43
end SPiSET Fey




ORIGINAL BAGE 1

2
3 -
4 .
5
&

T

OF POGR QUALITY
SLexulTime >8CCTH [NIXQY.T’NSHGS] SHOOTH
¢ TRE ¥V ARRAY IS SHMOUTHED BY A LOCAL FIVE MTW
c CUBIC WEIGHTEL BY W L SHGOTH
TDIMENSION x(Id,yil).T(I¥™ T T - -t ]
IFIN.LT.5) RETURR - SHEOTH
WO 10 ms=I3nSRGS T T T - SRO0TH
T4LI=NS SHOGTH 8
TTAN=N * - SAGOTH g3
S=ATIL)#(X{NI-X(1})7ANI*$2 SHOOTH 10
T UG A& L=lah - o R Y1 711 N ¥ 3
K=MINO{N—43sHAXGL{L,L—21] SHOBTH . 12
KA=K+4 . T/ /= - TSHOUTH T IF
DG 1 1=1,20 SHOOTH 14
R F D S Y - SHOOTH 1
DC 3 h=KsK4& SMOOTH 16
W= TSP TXL - xTH D ¥22) o ~ SHOOTH 17
R=1.3 SHOOTH 18
0 3 T=lsa - T - - T T T T XHOOTH 19y
Te=1-14 SHOOTH zZ0
- KR=1.0 - TSHOGTH— — ZE
v & Jd=ls4 SHOOTH 22
RELYT Y s V. ST TUTSRDOTH O 23
T{ia)=T(JI4)+R*RRoN SHMOOTH 24
2 RER=REFxtm)— —  ° - - SROOTH 25
TeI+1e)=T{1+16}+RFF{RIFN . g SMOATH 26
T Y R=REX(RY ]
CALL CHL3NY(Ta4sTIL7?)sly4) SHDOTH 28
T HeL=UIL=I¥/5y%, T T T T SHOOTH
IFILGTL5) YiL- 51= T(n+20: SHOOTH 30

2

p

TILAFEO)=6. ”
R=1,¢

e A iELyR T T
T{n+2Z3)= T(H*ZC]*R#F(J"].())
R=F20{L} -

14=0n—5

SC 5 U=l1ls>

FL=E+ L~ ({Fr+L-13/D)4%5

Ja4=Ta+y
Yiday=T{nL+i0)
CONTINUE
rnETUAN

13

—— = m— -

_SHOOTH 32
SMOBTH 34
SHOOTH ~ 35
SHOOTH 36
CSROOTH 37
SHODTH 38
SHOUTH 39
SHOOTH 40

- 31
SNOOTH 42

SAUOTH &3
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SUBRDLTING ChLSnY(b'ﬂs%gﬂoNAi

DIAENSION ALN» s1dscinasl)
CHULESKY CECOFFOSITION IS USED TJ SJL¥E THE MATRIX EGUATION
WHERE TnE CCEFFICIeN? =2Trixs 22 15 SYMAETRIC. ON QUTPUT X IS
STORED IN B

IF(N.EC. L) 60 TO o ) \
DO & Ix=24N

120

T6TA{IN1)=10/8010 10

I1=I-1
ﬁC 2 3= Tep
TH0 2 weinll
2 Alsdr=A0T1 D) =rls D)3l J)/0T1LsL)

08 5 Kslan

TRI=R-11
NL=N+{—L
4 BANRT W} =E{I b )—Lt 4l 0~ (s~ bt {nLenL)
o GC 2 1=14N
S E{laK)= el k) /a0lls1)
RETURN

B0 7 L=1sk

T aflsll=Alia 1) ¥4}
«ETUN
Ebe T

— .

CHLSKY
CHLSKY
CHLSKY
CHLSKY
CHLSXY
CHLSkY
CHLSKY
CHLSKY
CHLSKY
CHLSKY
CHLSKY
CHLSKY
CHLSKY
CHLSKY
CHLSKY
CHLSKY
CHLSKY
CHLSKY
CHLSKY
CHLSKY
CHLSKY
CHLSKY
CHLSKY
CHLSKY
CHLSKY
CHLSKY
CHLSKY
CHLSKY
CHLSKY
CHLSKY



ORIGINAL PAGE I8
OF POOR QUALITY

Pl gy

EFENBENT m:mﬁ u; X m

DINENSIUN Tlﬂﬂtl)si&!(l):lﬂ?(lialﬁﬂi&l
B § 1P
c -
“HPIEN +1
HPZ=NPiel
TRPISNPZ+]
NPA=NPIe)

YT, RFZ3=ABXTTY
T{ToHPI)=ABYII)
» = (B §)
DO 4 I=1.H
——— sT¥=0 —_
Ttl.,MPL)=1.0
TP I,I)>1.0
TINP2+1)=T{1,KP2)
__W3gl')='flrﬂ'?3)
_ RH1=N-1

=413
IPi=I+1
TTOE JFIFLL KR B -
XX=T{1NPZ)-TCJ4NP2)
T YY=TUILRPIT=T{IRF3
H=XXEXX+YYIYY
T TY{ISIF=H¥SLCGHY— — 77 7 T oo T
6 Tidell=Til,y4}
DO E T=1.3 77
IPN=1+N
- T 6 J=I:4
JPN=J+N
B TUOIPHGJPRY=C. "~ -~ 7 ° *
K‘HSIHER‘NH'NPB’l’T(I,l’91‘1!“?4}’
TFERLEC LY Gg W9~
WRITE(IH22C)
T STOF T
9 CONTINUE
£ STURF “ IN+31-CCEFF IGUENRT Ite APRAY ABH
BC 12 I=i+NP3
Ast{i)=THlL RP&)
IF(IRITE) Lu,1d,14
YR WXITT(IRsSOL) - - n T
MFITEAIAW12C) (AUl ) e ISP Lo NP3
TF(N.EC.EY oy Tu L3
BC 1o I=isN
16 WRITELIN 210 ThanHtI) sacall)ALYLI)
_.1& CONTlawe
RETARN 777777
11C FURMAT{10X,1552F321447)
120 FURRATI62Xy1PIE1%.7)

e bt
[N

200 FORMAT{1HG 220X 43 7AANHERE R IIF02= (X=X (1 XIS¥2+ (Y=Y (1) %227~~~ SURFL "T60
_11HO+10X454H{IN DINENSIONLESS COORDINATES — DISTANCE/CHORD LENGTHI/ SURF1 61
ZIH0s L3 xglrl o dasanrd{l Jo10XsanX{] ),y 10!!4}’\"1}9 SURFL ‘62
315X ZHAO912Xs 2HAL 2 12X 4 2HAZS) . __ . _supfFL _ _ &3

220 FORMATI(3X,26HLIU NUT CONVERGE IN SURFLZ/) SURF1 64

ERD . .. _SURF1 65

p— o m——— = [
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SUBROUTINE SURF26Z1+Z22+J19J2 9 NXY 3 VALY VLUK s VLUV XTI oY IaHI aM 4K ) SURF2 2

T TOAPUTE "VARUL UF SPUIRE-SURFACE FITYED DATA AT A FOINT {X,¥) SUREF2 3
11,72~ COORDINATES OF THE POINY WHERE THE FITTED VALUE IS5 SOUGHT  SURF2 4
Valy - "¢ ITTED VALUE SOUGHT ~ ~ SURFZ = =~ s
VLUX ~ GRADIEMT OF FITTED VALUE IN X o _SURF2 &
YLUY = GRADIENT O FITTED VALUE IN Y ) SRFZ- T T

X1 oYIsHI ~ ARRAYS FOR KNOWN PROPERTIES IN SPLINE-SURFACE FORM SURF2 8
“NT=- nUMBER UF PUINTS IN X1y YI ARRAYS SURF2Z [
MXY=o x=214Jd)s Y=L2{J) WHERE J=J1+J2 ) _SURF2 10
AXY=: XaZl4l)se Y=22(1) RHERE J=231.+J2 SURFZ 11
MXY= Y=Z1(1)y X=Z20J) WHERE J=J1542 o _ SURF2 12
DIMENSIUN ALC1)4YILL),HTEL) SURF2 13
D1neNSION Z103)92202}15YALULL) sVLUXI1)s¥LUY (1) SURF2 14
B e - SURFZ 5
NPZ=pP 1+l SURF2 16
NP3=NP2+1 - o T T T mE e/ /o SURF2 17
IF(AXY. a1} X=£1(11} _ ~ SURF 2 18
IF(NRYEQe2Y ¥=21CIT T T T eemmm o7 - SURF2 19

DC 40 J=Jiede SURF2 20
TFTHAYEDL LY ¥=221 00 SURFZ — ™ 21
I+{MaY.c0.Z) X=22{J} SURF2 22
IF{naY N0} GC Ta Lo -T T SURF2 23
X=21043 SURF2 24
Y=22{4}) - - - - SURFZ Z5

10 CunTINUE SURFZ 26
60 Te TTE,12,TITHX - T T T T TTYSURFZ T TIEr

11 VLUYLSI=HI(NPI) SURF2 28
12 VLU {Jl=dIInNpZ) T m T - T - SURF2 29
13 YALULJI=HI(NPLI+HI{NP2) ¢ X+l (NP3)Y SURFZ 30
[FiN.ES.GT tu IO R0 T T T _ T SURF2 31

BC 30 I=1, SURF2 32
TYEX'—‘YTTIT‘" TR T T T - TSURFZT T I
TY=Y-YIt1) SURF2 34

Ho= TARTASTYSTY - T oot SURF2 35
HA=0. SURF2Z 36
IFlh. T 00 Aa=ACOGTHY -7 —— 777 Tt T/ T SURF2 37
hB=2.%{1.+HA}EPI(L ) SURFZ 38
TTTO IO 235229211 K SURFZ —39
21 YLUY{J)=VLUY(JI+rBeTY SURF2 40
22 VLU ) =VLURTIV+HESTL —~ T T ToTT - SURF2 41
23 VALJUJIISVALUCIIHHI (1) ¥HOHA SURF2 42
30 CONTINDE ~ ° - T -0 T SURF2 43
40 CONTINUL SURF2 44
RETURR ——— 7 = ° TTTETSSr T T T T S URFE T T S
tND SURF2 46
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FUNCTEON LIN(X1+35)

C SINE AND COSINE IATEGRAL SUBRQUTINE .~
c _ —
¢’ TF CALLED BY THE STATEMENT C=CINIXs+S}
€ € AND S _ARE TFE INTEGRALS OVER T FRON 1 TO INFINITT OF
¢ COSIXTI/T AND SINCXTI/T
C . e . o

SG=1.0
———— X=Xl .

TF XY 14237

LA 56«56 .
X=X
2 X2=X8X i _ L ; -

IF (X=1.0) 3:3.+4
c ) e e e e
€7 7 FOR A8SI{X) LESS THAN L A SERIES tXPANSION IS USED
<

3 Ve {{XI/T8.0=Cab)5e05%%.41.0)342/18.0-3.0)%X+1.57079633

_ US({XE/4520-12C) X2/ 240 G+1a01¥X2/4,0-2577215665—ALOGIX)

G0 1d 5 — ©T T T - -
C -
C FGR A445(4) GFraTex TilaAN 1 APPROXTIMATIGNS GF HASTINGS ARE USED
c

4 P=ll{x2+19.3964119)9K2+a7.411538)¥X2+8.4933363/10({X2+21.361055)
1 ®X2+70.37L4SE)#x2+30.0352¢7)%%} i
G=( (I X242 1. 383728 1%X2+4 9719775 15Ke+5. 08950421 (1 0X2427.177958)
1 #x2+119.918632)1%22+70.707870]) +Xx2)
CR=CaS 1A}
SI=SIN 1a)
u=geCL~P¥5]
V=P 2L C+0F51

5 S=¥*s6

CIn=y
RETUnN
END -

CIN.
CIR
CIN
Cin
Cin
CIN
cIw
3 ]
CIN
CIN
CIN
CIN
CIN

"IN

CIN
CIN
CIN
CIN
CIN
CIN
CIN
CIN
CIN
CIN
CIN

CTIN

CIN
CIN
CIN
CIN
CIN

CIN
CIN
CiN

CIN
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FUNCTION HSIMERIMsHsL sADB)

- DTAENSTUN AUH:IT+BIR,ITY
060 30 I = 1.8
TTTTTT U = .0

00 10 J = 14N

LT C = AMAXL (CoABS(ATT )3
IFiC.EQ0.0) 68 TO 1000

RS IMER

DG 2077 = 1R HSTHER g

20 ALl4d) = A{LsJ}/C e MSIMER 10

. DU 30 J = L,L RSIRER 1Y
30 BUIsdd = B(]sd)/C _ o HSIMER 12

T U7 TTF(NLEGLTY 60 1O Zo3 HSTHER 13
NN = N - 1 HSIKER 14

DI 200 § = LsFH RSIRER 1%

C = 0.0 . . WS INER 16

T K= 0 - WSTHER 1T

00 40 1 = JsN

NSINER 18

T = ABSATT,. U

HSTHER 19

If (C.GE.D) G& TO 40 HSIMER 20

K= 1 ASTRER Z1

cC =10 HSINER 22

T 40TCONYINUE - - s - 77 HWSEHER T I3
IFIKeEQuOaORCulTal.E=7} GO T8 1000 HSIHER 24

" YF(K.FU.I¥ GO TGO T T &~ -7 ASTHER — 25
BO 50 J4 = Jyk HSINER 26
T = AlJsJ17 “HWSTAER 27
Aldedd) = AlKsJJ) HSIHER 28
TTRTAUGIIY = U0 T T T T HSIMER ~ 29
00 60 JJ = 1,L NS IRER 30
B I - N Y 2 2 B T i - - o - HSIHER I1
BLJadd) = BULK,Jd2) MSIMER 32

— &0 BIKSYIT = C Tt T e e HSTHER 33
70 C = Aldsd) MSIMER 34

TJP =3+ 1 T HSINHER 35

60 B0 33 = Jkan MS IMER 36

80 AlJyJJ) = alJsadd/07 HSIMER 37

90 00 UG J4 = Ll MSIMER 38

T OTIOUTBTJLJIY = stds I/ T T - - - HSTHER 19
DO 200 I = Llan HS IHER 40

T OYFAILEU.J) GG TGO 200 T HSTHER 41

C = AtlsJd} MSIMER - %2

DL 110 Jd = J2F4a . HSIMER 43

110 AfIaddd = Atisadl ~ C*AlJsdd) MSIMER 44

! POIROTTY =TT, T T T BSIHMER 45
120 3014300 = Fliada) = $23(Jvid) MSIHER 46
;200 TonTinue ) HSTIRMER 47
: 205 C = AliNgm) HSIHER 48
TFLA2SIC).LTadel=73 o3 TL 1740 MSTHER 49

Ll LD 3 = LaL MS IMER 50

T TATTERLTY TR, )7 T T HSTHFR 51
iFthaeGll) 0 TU 2au MS IHER 52

LG ¢G 7= 1aprF HSIMER 53

L = A{l.N) rSIMER 54

SO A2y 33 = lay MSIMER 55

220 sulyddd 5 Llisdd) = LF Al e4aa) LY LY 56
230 RSTACK =" 1 - - nSTMER 57

at TURR FSINER 55

L0UC ndldtr = & ! HSINER 59
RET IR o - - ST TTTTT T O ASEMER Y]

£ND MSIHER 61
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FUNCTION MSIAECIMNsl 3A48) HSIHEC 2
T DIRENSION ATNs1T+B Ry L) - - TTTRSINET T T3
COMPLEX AyBsl i o B HSIHEC 4
TDUT3I0 1 = 1.N - T T T - WSIHEC 5
€ = G0 i . . _ HSIMEC &
- PO 10 4 = 14N - T T T T T T TTTHSINEC B 4
10 C=ANAXLECsABS{REAL{A(I+d)}))+ABS IAEHAGIAGLSd1])) NSIHEC 8
TFICLEQS0.8) GG TU 1000 FSINEC g
DO 20 J = L4N HSIHEC 10
20 AT150) = AL, dMT ) -ors TOTETTOTT T T ORSTHECT T I
CO 30 J = 1,L MSIMEC 12
T 30 Bllsd) = BUIWINT . T TT oIt T T T CRSINECT T 13
IFU{NLEQ.L) GO TO 295 HSIMEC 14
—- HNF = N - I HASIREC Y%
DO 200 J4 = 1yhM HSIMEC 16
T 0.0 T T T 7 s T mmerTTTTTTTTTTTTT YT ORSTHECT T TI?
K=10 MSIMEC 18
PpoTed 1 =y T o T o TrrmreT eI YT RSTRET T T TLY
D=ABS{REAL(ALI4J) VI +ABSC(AIBAGIA(I,3)3)) HSIMEC 20

- TFIC.GE.TY GU 1O &0 T T T RSIREL T 2T
K =1 MSIMEC 22
B o 2 Tt Tt n T - ASTHEC " 23
40 CONTINUE HSIHEC 24
T OIFURLEQL UL IR TLET L. E=7Y G0 T TIG00 - - T OWSTHECTT 25
IF(K.EQ.J)} GD T 79 MSIMEC 26
: OC 50 JJ = I.K — HWSINEC — ZT
G = Atdsdd) MSIMEC 28
Atd3 14y =T AR5 1) - TrotT R - ®STHEC 29
50 AlK,d4) = G HMSIHEC 30
DE S5 £ IV = T T TerTm T s T CASIHET T 31
G = B{JydJ) HSIHEC 32
TE{TSATY = BlK- 437 I - THSTHEC ~T33
60 bihsdal = & MSINEC 34
76 G = 1.G/atU3) HSINEC 35
P = 3 e 1 HSIMEL 36
DC 30 JJ = JP,N T i HSIHET™ 3T
80 AlJsdJ) = AlJd4J3I®S MSIMEC 38
JC DL ICOG T =150 T T THSINEC T 39
100 50J3dd) = otdylidi=o — MSIMEC 40
go o0 I'= IGN° T T ° T Tt T - HSTHECT ~ 41
TFUILEC.I) GO T8 204 - HSIMEC &2
G = Af{lsJ) ‘_ - b T o Tt NSTREC 43
SO 110 33 = JFsh HSIMEC 44
110" AT 337 = ETT533) = Gvald53370 a ° ASIHEC &%
DU 120 JJ = .1,L NS IHELC 46
120 571433 5 BUIddF = G#FaLIJ T 7 7 - - HSIMET 47
200 CONTINUE HSIMEC 48
208 6TE A(HLNY T - - - T~ T OHSTHEC T T EY
IF (ABSH{KEALIG)) + ABS(AIHAGIGH.LT 1.E-7) GO TO 1000 HMSINEC . 50
DT 210 T = I.L — HSTHET 51
210 B(NyJ) = 3iN+JV/G HSIMEC 52
TTiFINJEGSLY GO i0 230 TWSTAEC T 53
B0 220 1 = 1skN HSIHEC 54
U0 220 JJd = 1.8 - - " ASTAEC 1)
220 Bilgdd) = Bi{TI9dd) — A{1aNI¥BINy JI) MSINEC 586
730 MSIMEC = 1 #SIHEC 8T
__RETURR . . _ MSIMEC = 58
B moc HSINEC = 2 MSIMEC 59
RETURN NSINEC 60
. END MSIHEE = 61
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