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IMPROVED SONIC-BOX COMPUTER PROGRAM FOR'CALCULATING
 

TRANSONIC AERODYNAMIC LOADS ON OSCILLAT'ING,WINGS WITHTHICKNESS
 

By S. Y. Ruo
 
Lockheed-Georgia Company
 

.SUMMARY
 

A computer program has been developed to account approximately for the
 

effects of finite wing thickness in the transonic potential flow over an
 

oscillating wing of finite span. The program is based on the 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 cubic spline and the spline-surface
 

data fitting techniques in the program are givenj and the method of input is
 

shown in detail. Sample calculations as well as-a complete listing of the
 

computer program are presented:
 

INTRODUCTION
 

In reference 1, the-sonic'box method computer program was developed for
 

calculation of unsteady transonic flow aerodynamics for oscillating planar
 

wings with unswept trailing edge by approximating the wing planform with a
 

matri'x of square boxes. Later, it 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.
 

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 linearization to reduce the
 
nonlinear small-perturbation equation to a linear one with 'non-constant
 

coefficients. This is further reduced to a linear 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 sonic-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 wi'ng, 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 aerodynamic 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 cal-culated velocity potential and the spline-surface for
 

fitting input modal 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 thickness; the swept trailing edges are-al.lowed
 

but not the control surfaces. It also uses a different scheme from that of
 

reference 3 for calculation of the generalized 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 potent-ial 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 limited
 

by the basic concept.
 

The regular output of the present 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 printed 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
 

ao, a1, a2 constants 

Bij 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 

f(x,y) wing deflection mode shape 

Gj(x,y),G 2 (y) leading edge adjustment terms, see equation (10) 
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H(x,y) dependent variable represented by a cubic spline or spline

surface, see equations (14) and (15) 

hj constant 

integrated value, see equation (13) 

k reduced frequency, wb/U, 

L unit of length 

Li3 generalized aerodynamic force coefficient 

M(x,y) local Mach number 

Mj coefficients of cubic spline 

N number of points used in data fitting 

ri dimensionless distance between two points, /(x-xi) 2+(y-yi) 2 , 

(reference length = b) 

S dimensionless wing planform area of full wing (reference 

area = b
2 ) 

t dimensionless time (reference time = b/U.) 

T unit of time 

U. reference velocity (freestream), (dimension = L/T) 

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

x,y,z dimensionless Cartesian coordinates (reference length = b) 

X2e (y) dimensionless x-coordinate of wing leading edge (reference 

length = b) 

Xte (y) dimensionless x-coordinate of wing trailing edge (reference 

length = b) 

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

ej phase angle of Lij 
maximum thickness to chord ratio 

co(X,y) dimensionless velocity potential of doublet 

*(x,y) downwash at point (x,y) due to doublet of unit strength at 

the origin, see equation (6) 

angular velocity (dimension = radian/T) 

-) superscript denotes the dimensional quantity of the correspond

ing dimensionless variable shown inside the parentheses 

U) superscript denotes the quantity in the transformed space 

of the corresponding variable shown inside the parentheses 
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MAJOR VARIABLES IN COMPUTER PROGRAM
 

Some variales 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= .and NEW=2
 

indicate, respectively, the zero thickness and nonzero thickness cases; i
 

(i s MB) is related to the chordwise coordinate while j (j 5 MB) is related
 

to the spanwise coordinate.
 

A(N,j,i) 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-I) 

number of boxes in chordwise direction,(POT2) 

AMA(j,i,NEW) Mach number at center of ij-th box on physical wing (NEW=I), 

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 ij-th.box, (PLNFM) 

AREA area of the physical, .full wing planform, (PLNFM) 

CK teduced frequency, (MAIN) 

CTE(j) 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,j) value of leading edge adjustment term G2 in equation (10) 

at j-th chordwise row, (SHAPE) 
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IEDG flag to identify whether the most outboard section of the 

leading edge is parallel (I) or is not parallel (0) to the 

freestream, (SHAPE) 

IR computer read-unit number, (MAIN) 

1W computer write-unit number, (MAIN) 

JMAK(NEW) number of boxes on the wing along spanwise direction, (SHAPE) 

JMAX(NEW) number of boxes on wing plus wake along spanwise direction, 

(SHAPE) 

KSFD(M) number of points used in spline-surface fit of wing 

deflections in M-th mode, (DRED) 

KSFM number of points used in the spline-surface fit of 

Mach number, (MRED) 

L maximum number (integer) of boxes in streamwise direction, 

(MAIN) 

M deflection mode number, M 5 MD, (MAIN) 

MB maximum number of boxes in streamwise direction corresponding 

to the dimension of those subscripted variables related to 

the box distribution, (MAIN) 

MD maximum number of deflection modes allowed, corresponding to 

the dimension of those subscripted variables related to 

deflection mode, (MAIN) 

ML(NEW,i) number of boxes, including partial boxes, in i-th spanwise 

column, (PLNFM) 

MLC(NEW,k,I) sequential number of first (k=1) and last (k=2) wing box 

in the i-th spanwise column, (PLNFM) 

MLT(NEW,k,j) sequential number of first (k=1) and last (k=2) wing box 

in the j-th chordwise row, (SHAPE) 

MLW(NEW,,i) sequential number of first wake box next to the wing box 

in i-th spanwise column, (PLNFM) 

NB 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) 

NEDGI maximum number of points allowed to describe the in

put leading edge of the wing, (MAIN) 

NEW index for physical (1) or transformed (2) wings, (MAIN) 
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NM NB+3, (MAIN) 

NS(NEW) number of leading edge points on the wing semispan, 

including point at apex only if the wing ispointed,(SHAPE) 

NSMAX maximum number of leading-edge points (including 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) 

NST(NEW) number of trailing-edge points including-the point at wing 

root, NST(I) 5 NTDGI-1, (SHAPE 

NTDGI maximum number of points allowed to describe the input 

trailing edge of the wing, (MAIN) 

S(Nji) downwash at the center of ij-th box, equation (8), (WVAL), 

and velocity potential at the center of ij-th box, (BOXPO) 

SFDH(k,M,NEW) known wing deflection at those points used in spline

surface fit of wing deflections in M-th mode; or, the 

coefficients inwing-deflection, spline-surface expression 

for M-th mode, k < NM, (DRED) 

SFDX(k,M) x and y coordinates of points used in spline-surface fit of 
SFDY(k,M,NEW) wing deflections in M-th mode, k : NB, (DRED) 

SFMH(k) known Mach number at those points used in spline-surface fit 

of Mach number; or, the coefficients in Mach number spline

surface expression, k 5 NM, (MRED) 

SFMX(k) x and y coordinates of points used in spline-surface fit of 
SFMY(k) Mach number, k 5 NB, (MRED) 

T(k,Z) dimensioned temporary storage, k : NM and £ : (NM+1) 

XEDG(k) x and y coordinates of those points used to describe the 
YEDG(k)' wing leading edge in the computations, k 5 NSMAX, (SHAPE) 

XEDGI(k) x and y coordinates of those input points used to describe 
YEDGI(k) the wing leading edge in physical space, k : NEDGI, (SHAPE) 

XLE(NEW,j) x-coordinate of leading and trailing edge along j-th 
XTE(NEW,j) chordwise row, (PLNFM) 

XTDG(k) x and y coordinates of those points used to describe the 
YTDG(k) wing trailing edge in the computations, (SHAPE) 
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XTDGI(k) x and y coordinates of those input points used to describe
 
YTDGI(k) the trailing edge in physical space, k : NTDGI, (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, 4, 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
 

Oyy +Ozz M2(2ikPox -- k2 y o ) = 0 (1) 

and
 

Z(x,y,z,t) = Co(x,y,z) 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
 

co + oi- (2ikto - k2 o) = .(-2) 

where
 

x x (3)
 

y= My
 

z Mz
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Equation (2) is a linear equation with constant coefficients and is the same
 

as the familiar linearized equation with M=l (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=l,
 

can be written as (ref. 1)
 

0,x :5 0 

Wo(x,y,z) 

{ eXp __ + z x>O (4) 

and in the wake
 

(Po(X,y,O) = vote exp[-ik(x-xte)], X>Xte 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 on a wing lying approximate

ly in the xy-planedue toaunit doublet at the coordinate origin can be.obtained
 

by taking partial differentiation of equation (4)with respect to z and letting
 

z go to zero. The approximate solution to equation (2) with a known down

wash distribution on a lifting surface, which isapproximated 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:
 

i fit(xi-,yjn)dCd = w(xi,yj) (6) 

I' O ij'BI
 

where oil = magnitude of velocity potential at the center of box Bii j
 ,
 

*(xi- ,yj-n) = downwash at (xi,yj) due to doublet of unit
 

strength at (,rl).
 

-ik 
1 


1 (yj-n)2
'(7

Tj exp - 7 ik [(xi- ) + (7) 

• Po - downwash at the center of box BIj.
w(x.,yj) = T -at (xi,y j ) 



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

(8a)
@z a kx 


and in the transformed space as
 

?o ikf). (8b)
DR+
 

Since the left-hand sides of equations (8a) and (8b) are identical, the down

wash at (R,j) on the transformed wing is unchanged from that at the correspond

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

It is 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 general ized 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., 92e = 0 for a swept
 

(subsonic) leading edge). This adjustment is expressed as
 

('o = G1 • G2 • To (9) 

where G, and G2, depending solely on the shape of the wing leading edge, are:
 

x - Xie Ax: G1 = 1.0 

.Xte Xe f + fm=o at xfx+X~e m for yO O 
2<Ax:G= Ax +Ax J m=1 for y=O at xO 

Ymax-YZAy: G2 = 1.0 (10) 

S 2ax Y2 n nO for 0 at x=1Ymax~y<Ay: 02 = Ymadx 
a{n=1 for d =0 at x=1 

J dx 

where
 

Xze (y) = x coordinate of wing leading edge at y = constant
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Ymax ,y coordinate of the wing tip
 

Ax range of x for which leading-edge adjustment is appied
 

Ay range of y for which leading-edge-adjustment is applied,
 

The select.ion of the range for leading-edge adjustment is arbitrary depending
 

on how extensively one wants to impose the leading-edge property on the cal

culated velocity potential. For example, if one choses Ax = Xte - Xze and 

Ay = Ymax, the resulting adjustment becomes identical 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 .incomputation. These relationships
 

are depicted in figure 2.
 

Pressure Coefficient
 

The unsteady pressure coefficient for the harmonically oscillating thin
 

.Wing is obtained from Bernoulli's equation as
 

Qpo = -2(POx + ikTo), on the wing
 

(1)
 

CPO = 0, in the wake
 

and Cp(x,y,z,t) = Cpo(x,y,z)elkt. 

Generalized Aerodynamic Force Coefficient
 

The generalized aerodynamic force coefficient as defined in reference
 
6 is written as
 

=i (TOx + ikPo) i fj dxdy ('12a)
 

S 

if1;--~ ~ (O +±fkP);1< fj di~d7K (12b) 

ORIGFIAtO PAGV i 
OF POOR QUAJ$YITY 

11 



An integration by parts is performed to cast the integral in equation (12)
 

into the following form:
 

I= P[((of)x=te- f'(fx+ikf)Vodx]dy, x,y on S, (13a) 

y x 

~ ikf)P)dy~ on (13b)= ~ '~=t~ ~ M[[f , S. 

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 draftsman'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
 

H -M[(xj.3 ) + dj (x-xj_ - d + [(x-x -dj.(x-xj_1) 

6 ddj ~ xix1) 10(14) 

+Hi I + Tj (x-xj for xjlsxxj and j = 2,N 
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ORIGINAL PA"G i 
OF POOR. QUATY 

where dj = xj - xj I 

H = value of dependent variable at point x
 

Hj = value of dependent variable at point xj
 

Mj = coefficients of cubic spline
 

N = total number of predetermined points
 

Tj = (Hj - Hj_1)/d j 

xi = 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 only (N-2) equations for N unknowns, thus the follow

ing two additional equations are assumed:
 

M1 = MN = 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 aerodynamic 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
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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 = a0 + alx + a2y + I hjr2 Znr , (150 

j=1 J 

where
 

r = (x-'xj)2 + (y-yj)l 
J
 

a0,al,a2,h j = coefficients of spline-surface
 

H = value'of dependent variable at (x,y)
 

N = total number of predetermined points
 

(xi,'yj) = coordinates of the predetermined points where H is known.
 

The valus of a0 ,a.l,a 2 , and hj's are computed with the N known values of H at
 

(xj,yj) plus the fo'lowing three additional relations:
 

N
 
hj =0 

j=1
 

N 
X h j xj 0 

j=1 

N
 
X hjyj = 0. 

j=1
 

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:
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N 
H(x,y) = al + 2 1 hj(x-xi) *nr? 

ax 	 j=l 

N 

-5y H(xy) = a2 + 2 N hj(y-yj) -Znr? 

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 number is known
 

2. 	(x,y) on physical wing where modal deflection is known
 

3. 	(x,y) of box centers on physical wing, or
 

(Xy)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.
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When the modal deflection of the physical wing is expressed in a function

al form, a number of points (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
 

follows:
 

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) I Calculates case without thickness effects
 

only
 

2 Calculates case with thickness effects
 

only
 

K
 
M 5DA(28) Counter of the modes of deflection
 
N
 

DA(28) < MD Total number of modes to be considered
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START 

K=O 

N 

DA(5Q)-

NEW yes 

- Flow chart of pogrm SBOXR.iFiue .
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FUNCTION OF SUBROUTINES*
 

A brief description of the function of each subroutine is given -nthis
 

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 y. Since the plane passing through the centerline chord
 

and perpendicular to the wing planform is the plane of symmetry of wing
 

geometry 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 xt'O and y>O (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 neglected. 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=I, without thickness
 

effect) or transformed (NEW=2, with thickness effect) wings.
 

SBOXR - a controlling routine; also performs the final calculation 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) 	approximates the wing planform of the physical or tranformed.wing with
 

-	 -. a .grid of square boxes and calculates the number of boxes (ML(NEW,i,)) 

along each spanwise column (XX(i)) 

(2) 	finds the number sequence of the leading (MLT(NEW I,j)) and trailing
 

edge (MLT(NEW,2,j)) wing boxes along each chordwise row (YY(j))
 

(3) 	finds the number sequence of the first (MLC(NEW,l,i)) and the last
 

(MLC(NEW,2,i)) wing boxes along each spanwise column (XX(i))
 

(4) computes the wing tip adjustment term (EDG(NEW,i)) along each spanwise
 

column (XX(i))
 

(5)' finds the Mach number at each w.ing box center on the physical wing
 

(AMA(j,i,1)) and-at those points on the physical 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
 

(6) 	redistributes the number of leading edge (XEDG(k), YE.DG(k)) and trai'l

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
 

(7) performs the coordinate transformation'of the wing with thickness effect
 

with the a'id of the known Mach number di-stribution (SFMX(k), SFMY(k),
 

SFMH(k), KSFM) 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 of the
 

wing tip
 

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

functions'of this routine are as follows:
 

'(1) 	 computesactual wing area in each box (AR(j,i,NEW))
 

(2) computes the x-coordinates of the wing leading edge (XLE(NEW,j)) and,
 

trailing edge (XTE(NEW,j)) along each chordwi'se row (YY(j))
 

(3) 	calculates the full wing planform area (AREA) of the physi.cal 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(NEWrl,i)) and the last
 

(MLC(NEW,2,i)) 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)<O) and
 

the last wake box of the wing-root wake (MLW(NEW,i)>O)
 

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 each box Bijl centered at (xi,,Yj) 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(z,M), SFDY(Z,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(t,M,I)) of an expression H = ao+a 1 (KSFD(M)=O) or deflection
 

(SFDH(z,M,1)) at a number of predetermined points .(SFDX(Z,M), SFDY(Z,M,l),
 

KSFD(M)>O). For the transformed wing, the wing deflection in a particular
 

mode 	is obta'ined either directly from the input data points for the physical
 

wing 	(KSFD(M)>O) or indirectly from a number of selected points (KSFD(M)>0)
 

on the physical wing of known deflection of form h = ao+alx. The deflection
 

(SFDH(P,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 spenwise coordinate (SFDY(Z,MNEW)) in the trans.formed
 

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

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

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

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

quency (CK) using the known wing deflection spl ine-surface (SFDX(t,M), SFDY(Z, 

M,NEW), SFDH(Z,M,NEW), KSFD(M)) for the planar wing in physical (NEW=I) 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 thewing with thickness, the velocity potential on the physical
 

wing is found by transforming the known velocity potential on the transformed
 

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

BOXPO - called from subroutine BOXP, solVes a set of simultaneous equa

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 and the transformed-spaces. Since the disturbance is considered not
 

to travel upstream, 'the calculation is carried out for one spanwise column at
 

a time starting from the .most forward column. The number of upstream columns
 

influencing a particular.column is controlled through the input (DA(49)). If
 

a wake is encountered, the velocity potential 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.
 

FORCI - performs the integration of the generalized 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 fx as required in equation (13) are obtained from the fitted spline

surface, equation (15) and To is 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 spline-surface representing Mach. number distribution on the physical
 

wing. The integration in x-di'rection along each chordwise row (Y-Y(j))is
 

carried out by computing the value of the integrand at a number of points
 

along a particular row and then complet.ing the integration with the quadrature
 

expression shown in equation (16). The integration in -y-direction is accomp

li.shed 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, points on the physical wing corresponding to the box centers
 

(AMA(j,i,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 dimens-ionless coordinates. The input for the.
 

Mach number can be either in the form of the coefficients of an expression
 

Mach number = ao+ali (KSFM=O), or as tabulation (SFMH(k)) of the Mach number,
 

or the pressure coeffici'ent at a number of predetermined points (SFMX(k),
 

SFMY(k), KSFM5O) on the physical wing.
 

INTGL - called from subroutine FORCI; carries out the evaluation of the
 

'integral in equation (13) by, first, fitting the Values of the integrand-at
 

a set of predetermirned points with a cubic spline, equation (14), and theni
 

by us-ing the following quadrature expression:
 
N
 

[ (Mj_ 1 +mj) (Hj -Hj)].I 2 dj 1d1 + 1 . (16) 

Equation (16) sums the sectionally integrated area under a cub'ic 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 coefficient matrix is a tridiagonal 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 derivat'ive may be obtained using subroutine SPLN2; also inserts an addi

tional point bet. en every successive pair 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 from subroutine SPLNI; interpolates the value of the
 

dependent variable and calculates its derivative at the set of desired
 

locations.
 

SPISET - called from subroutine SPLNI; computes the slope of the dependent 

variable 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 de

pendent variable at each of the predetermined points with the new value
 

computed by passing 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
 

simultaneous equations whose coefficient matrix is a symmetric matrix.
 

-SURFI - spl-ine-surface fitting routine; with the known values of the 

dependent variable at a number of points of known coordinates, this routine 

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 parti-al derivatives at a specified point based on the'fitted spline

surface.
 

CIN - calculates sine and cosine in-tegrals.
 

MSIMER - finds solutions of the simul-taneous real number equations.
 

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

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 ieading and trailing edge segments
 

are, respectively 7 (NEDGi-I) and2 (NTDGI-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 inthe 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 spline-surface
 

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. It was found necessary to 'use a unit

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 coefficient calcu

'1ated 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 in this section. The pressure coefficient is obtained by differen

tiation of a set of numerical values whereas the generalized aerodynamic force
 

coefficient is obtained by integration. Since integration itself is 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 sbnic-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 0.2 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 show 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 root chord, of the aspect ratio 1.5 delta wing due
 

t6 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. In these programs, a smoothing of the computed velocity po

tential' distribution is applied to obtain the distribution for the subsequent
 

computation of the pressure and force coefficients. The velocity potential
 

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

program is shbwn in figure.6. In the present illustration, no smoothing is'
 

used; thus, the velocity potentials used iiithe computation differ'from the
 

computed values only near the leading edge where the leading edge adjustment
 

-is applied.
 

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

cients due to plunge (mode I) 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 perpendicular 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 distribution 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 Del-ta Wings with Zero Thickness
 

Convergence of the force coefficient due to pitch, f = -0.00617 +
 

0.017446x(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 delta 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 I 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 1-2. 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 5 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 monotonically 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 delta
 

wing. For example, the aspect ratio 1.5 delta wing has 3 spanwise columns
 

with the same number 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 chordwise row is caused by the se

quence of increase of the number of boxes in the spanwise columns 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 increases and remains the
 

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 observed. 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 magni-tude 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 column at the trajl'ing 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 an even or an odd number of boxes aiong 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 Wing with Zero Thickness
 

Shown in figure 14 is the convergence of the ,force coefficients due to
 

plunge (mode I), f = 1.0, and pitch (mode 2), f=-0.4034 + 1.832 R, (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 bette converging trend than the other versions
 

of the sonic-box computer program.
 

Arrow Wing with Zero Thickhes's
 

The convergence df the force coefficients due to plunge (mode I) and
 

pitch about its apex (mode 2) at a reduced trequency 0.5 of a pointed tip
 

wing with aspect ratio 4.0 and leading edge sweep angle 56.33 degrees iR
 

shown in figure 1,5. The results computed from the present program and that
 

of reference 2 are included in the figure. The convergence rate as well as
 

the converged values of these two programs are about the same.
 

Distributions of the velocity potential due 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. The reduced frequency is 0.5 and
 

the number of boxes used in the chordwise direction is 30. The leading edge
 

adjustment is included in the results.shown in f'iugre 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 potent-ials exhibit the similar
 

fluctuation in t'i- chordwise direction as observed in the case of delta wing.
 

-The velocity potential at the trailing edge of the arrow wing is inter

polated from the velocity potentials computed at the centers of the last wing
 

box and the first wake box along the same chordwlse 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. In 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 fairly 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 di-fferent 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
 

to 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 fitting techniques used in the programs. The different ways
 

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,. Th.is
 

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
 

that on the delta wing. For the nonzero thickness in addition to the differ

ences in data fitting technique and handl'ing of wing leading edge, the method
 

of computi'ng the force coefficients is also different. In the present method,
 

the force-coefficient integration is performed in the transformed space,
 

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

-Variation of the force coefficients with respect to reduced frequency is
 

plotted 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 thickness wing are included in.figures
 

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

buted to the different assumptions imposed on the parameters involving reduced
 

frequency. The results of reference 6 are based on a 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.
 

OF POOR QL #VY
-REMARKS AND RECOMMENDATIONS 


A son'ic-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 velocity.potential, equation, which has
 

variable coefficients, to a linear equation 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 large 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, unl.ess
 

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 pot&ntial, 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 only because of the oscillation of the computed
 

data but also because of the very nature of cubic spline and the spfine

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 calculat-ion of generaliked 
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aerodynamic force coefficients. It is qui-te possible to, lose-the desired
 

feature of the interpolating surface after the smoothing unless 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. Instead, 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 and each mode-shape from a separate ptogram and use these as part
 

of the input. Another method is to ihput Mach number and deflection of every
 

mode 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 onedinensionai array
 

DA witha-size of 1005. The allowable maximum number for soreof the input data
 

as indicated below may be changed if the dimension of the corresponding sz:-age
 

array and computational operations are also changed accordingly. Subroutine
 

DATRD initializes DA(1) through DA(22) to blank, theweighting factors in :'.i04),
 

DA(108) ,---,DA(500) to 1.0, and the remaining portion of the DA array to 2.0.
 

Consequently, these are the default values. The layout of the arra' 7'k) as
 

it is presently used is as fol~lows:
 

1-7: Title
 

8-12: Not used
 

13-19: Mode title
 

20-22: 'Not used
 

23: 	 Frequency, (cycle/sec)
 

24: 	 Overall length of wing in streamwise direction, (ft or reter)
 

25: 	 Speed of sound of the freestream, (ft/sec or meter/sec)
 

26: 	 (0) - indicates the frequency is the first one for a new xing
 

(1) - indicates the frequency is the addi.tional one for the
 

sane wing
 

27: 	 Number of boxes in streamwise direction (maximum 30)
 

28: 	 Nunber of deflection modes (maximum 3)
 

29: 	 Number (n) of segments of leading edge per semispan to be given, 

excluding segment from origin to yo (mmax = 7) 

30-44:. 	Coordinates of points on the leading edge, (ft or meter)
 

(in sequence of y-,xi,Y1,X2,Y2,---,Xn,YT), ina x = 7
 

45: 	 Number (n) of segments of trailing edge per semispan to be given, 

(default: unswept trailing edge), nmax = 2 

46-48: Coordinates of points on the trailing edge, (ft or meter) 

(in sequence of xn,yl,x 1 for n=2, 

or x0 (only)for n=1,
 

no input for n=O;
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last trailing edge point conincides with the last leading edge
 

point and is set internally)
 

49: 	 Numbe- of boxes'allowed for upstream influence (ifthis location
 

is left blank or assigned a zero, it'will assume DA(49)=DA(27)
 

- and inno case DA(49)>DA(27) isal'lowed)
 

50: 	.(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
 

51: 	 Indicator to suppress calculation of potential for a mode
 

(0) - no suppression
 

(1-)- suppression
 

52-53: Coefficients of the deflection polynomial (in the sequence of
 

a0 and a,)
 

54-70: Not used*
 

71-72: Coefficients of the Mach number distribution polynomial (in
 

the sequence of a0 and a,)
 

73-95: Not used*
 

96: 	 Indicator of the type of wing-thickness effect input
 

() - pressure coefficient
 

(2) -	Mach number
 

97: 	 Number of points at which pressure coefficient or Mach number
 

to be given
 

98: Number of points on which deflections to begiven
 

99-100: Not used*
 

101-500: Deflection data for a maximum of 100 points (in the sequence
 

of x, y, deflection'and weighting factor)
 

501-700: Not used**
 

701-1000: 	 Pressure coefficient or Mach number data for a maximum of 100
 

points (in the sequence of x, y and pressure coefficient or
 

Mach number)
 

The remaining part of DA array is used for-the control of-inter.,ediate
 

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

A=1, for NEW=1I spline-surface fitted results
 

B=1, for NEW=2 f
 

C=I - coordinates of the selected points used in
 

spline-surface fitting
 

1002: BA: for wing upwash (WVAL)
 

A=l, for NEW=I
 

B=1, for NEW=2 I 
upwash
 

1003: FEDCBA for velocity potential (BOXP-and BOXPO)
 

A=, for NEW=1
 
velocity potential
B=1, for NEW=2 


C=1, for NEW-
W influence coefficient and solution matrices
 
D=, for NEW=2 I
 

E=l, for NEW=I 
 pressure coefficient
 
F=I, for NEW=2 f
 

1004: A: for Mach number (MRED)
 

A=I - spline-surface fitted results
 

1005: DCBA: for wing shape (SHAPE and PLNFM)
 

A=, for NEW= distributions of box, box area,'leading and
 

B=1, for NEW=2 trailing edges
 

C=1, -Mach number at box centers
 

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

The format of the input data card is (Al, 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 en of the set of data (-). The second field
 

is the indicator for the type of data, either numeric (iflank) 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. If 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 poi-nt 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 wil] occur unless the set of the
 

input data is for a new wing.
 

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 ratio performing
 

plunge and pitch about its apex are given below.
 

Input
 

The input format is (Al, AS, 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 leading,edge segments of the wing. 

Card 5: spanwise coordinate (ft) of the f'irst section of the leading edge, 

chordwise and spanwise coordinates (ft) of the next section (the 

sequence is yo, 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 datccards 

to be read at this stage. 

Card 7: title of the second mode. 

Card 8: second mode of deflection f = 0.lx. 

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 " - 11sign 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
 

one time.
 

Card 72: blank card to make an exit from the computer.
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OF PO 4utirV 

The card images ie as follows,: 

3 1 2 3 4 5 6 	 
12 456789o12345678901234567890123456789o123456789012345679O12356789.1f.56ia90
 

.ALPHA IASPECT PATIO 1.5 DELTA WING (TAU-O.101 I
 
ALPHA 13PLUNGE 2
 

23 0.159154941 10.n 1000.0 3
 
27 30 2 1 4
 
30 0.0 10.0 3.75 	 5
 

-	 52 1'.0 6
 
ALPHA 13PITCH ABOUT ROOT LEADING EDGE x=0.o 7
 

52 0.0 0.1 8
 
96 1 60 9
 

701 0.1 0.140232 10
 
704 0.3 0.135125 11
 
707 n.5 0.132175 12
 
710 0.7 0.129943 13
 
713 n.9 0.128084 1'
 
716 1.3 0.124900 1s
 
719 1.7 0.122340 16
 
722 2.1 0.119963 17
 
725 2.5 0.117746 1$
 
728 2.9 0.115627 19
 
731 3.3 0.113564 20
 
734 3.9 0.110510 21
 
737 4.5 1.107428 22
 
740 5.1 0.104243 23
 
743 5.7 - 0.100872 24
 
746 6.3 0.097215 25
 
749 6.9 0.093129 26
 
752 7.5 0.084395 27
 
755 7.9 0.084697 28
 
758 8.3 O.080342 29
 
761 7 0,07497C 30
 
764 9.1 0.067825 31
 
767 9.3 0.063062 32
 
770 9.S 0.056823 33
 
773 9.7 0.047661 34
 
776 9.9 c.029651 35
 
7,79 1.7 0.5 0.122340 36
782 3.3 1.0 C.113564 37
 
785 4.5 1.0 n,107O28 38
 
'e 5.7 1.0 0.100872 39
 
791 6.9 1.0 3.0C93129 40
 
794- 8.3 1. 0.080342 41
^ 

797 q.5 1, 0.056923 42
 
Boo 4.5 1.5 C.107428 43
 
803'- 6.3 2.0 C.097215 44
 
806 '.5 2.0 0.088395 45
 
809 8.7 2.0 %.074970 46
 
812 9.7 2.0 0.017661 47
 
215 4o3 2.5 0.080342 48
 
818 9.7 3.0 0.047661 49
 
821 2.5 0.5 0.117746 50
 
e24 3.9 0.5 0.110510 51
4

827 5.1 0.5 X1G0 243 52
 
83A 6.3 0.5 C.097215 53
 

7.5 0.5 7088395 54
833 
836 9.1 0.5 t.06

78
25 55
 

4,9 9.9 0.5 :.029651 56
 
84? 5.1 1.5 0,104243 57
 

5S 6.3 1.5 0.C97215 5
 
S S7.9 1.5 :.2b7.59
 

851 9.1 1.5 :.06'05 60
 
P54 q.9 1.5 :.029651 ....-- 61
 
657 '5.7 2.0 .10872 62
 
860 6.9 2.5 0C.03129 63
 
863 9.5 2.5 .?566?23 64
 
866 9.9 2.5 0.029651 65
 
869 8.3 3.0 9.050342 66
 
872 9.1 3.0 1.067-25 67
 
875 9.5 3.5 3.056823 68
 
370 9.9 3.5 0.029651 69
 
23 1.591549407 73
 
23 6.366197628 71
 

72
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Output 

ASPFCT PATIO 1.5 £ELTA wIN, (TAU=O(I0) 

30 qOYES ALONG ROT CHOPP ROOT CHORD LENGTH 

REDUCED FREOUFNCY = .010 FPER STPEAM VELOCITY 

FREQUENCY = 1.592E-01 CYCLE/SEC 

UODE NO. 1 PLUNGE 

"0OE -in. 2 DTTCH tROU T ROOT LEaDING EDGE X=0.O 

= 

= 

10,00 FT 

1000.00 FT/SEC 

SArJEPALIZED FOPCF (NO THICKNESS FFFFCT) 

u? ES 

PRES. CEFL. PFAL APT 14A3 PAPT 

1 1 2.1511? -6 ,-2.42783F-I? 

1 2 -1.69116r-07 -1.6115 9E-02 

ASS. VALUE 

2.427A3E.02 

1.611S9E-02 

PHASE ANGLE 

-89.9949 

-qr.o6O 

GENEPtLIZe) rOPCES (N-' THICKNESS EFFECT) 

-PPES. DE:rL. 

2 1 

2" 2 

PEAL PAPT 

-2.42788EO0 

-1.61-162E.no 

IJNP PAQT 

-2.44196E-n2 

-1.81149F-02 

ABS. VALUE 

2. 4 2800E.00 

-1.6 1173E*00 

PHASE ANGLE 

-179.4226 

-179.3553 

' 3CE 

"ODF 

vfl. 

NO. 

I 

2 

,NFPALIZFC rOCES (W4T-T,.;TICKNESS EVFECT) 

PRES. PErL.,. 

I 

1 ? 

"PFL A T 

-1.31S30z-oS 

-1.11814E-oS 

1uA3 PA"T 

-2.42719 E-)2 

-1.611 5 5E-02 

APS. VALUE 

2 . 4 2 779E-C2 

1.61156r-02' 

PHASE ANGLE 

-90.0310 

-9m.0398 

SENERALIZED FCOCES (ITH lHICKNESq EFFECT) 

PRES. rE'L. 

2 

-2 - 2 

PFAL PART 

-2.P;''cE+BO 

-1.61160E00 -

IMAG PAPT 

-2.293 78E-02 

-1.0333F-OD? 

ASS. VALUE 

Z.4 2 796E-oo 

Ib116FE.00 

PNASr ANGLr 

-179.587 

-179.3945 
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ASPECT PATIO 1.5 fDELTA WIlG (TAIJ=0.10) 

30 BOXES ALONG POnT CPOPD ROOT CHOnR) tf'Mr"r * 10.00 FT 

REDUCED FPEOUECY = .Ino FEE STREAM $E-QCITY = 1000.00 FT/SEC 

FREQUENCY = '.59?E,on CYrLE/SEC 

MODE NO. I
 

MODE Ntn. 2 

GENERALIZED FOrCES (NO THICKNESS EFFFCT) 

MODES 
PRES. DEFL. REAL PART IAG PART ASS. ALUE PHASE ANGLE 

1 1 3.63985E-04 -2.4214IE-o1 2.42htE.-01 -8Q.9139 

1- 2 1.20057F-4 -1.61O 4F-01 I .tbN.'-OI -89.s72 

GENEPALIZEP FOOCES (NO TmTCK'JESS FIRECT)
 

PRES. OEFL. PFAL PART I"A-; PAPT A6S, VALUE PAASE ANGLE
 

2 1 -2.4256E+0O -2.45150E-01 2.43r-2E.00 -174,2287
 

2 2 -1.60946E+00 -i.P1B28F-o1 1,619.T-.OO -173.5544
 

.ODE Nn. 1 

.ODE Nf . 

GENEPALIZED FOOCES (WITH THICKNESS EFFECT) 

UODES 
PRESDEFL. PEAL.ART .... IAG PART ASS, VALUE PHASE ANGLE 

I I -1.05 4 02E-03 -2.41737E-OI 2.'IY71E-Ol -90.2498 

. 2 -8.92S4IF-4O -1.603OOE-01 1.60302E-01 -90.3190 

SENERALIZED FOPCFS (WITH THICKNESS EFFECT)
 

PRES. DEFL. RFAL PART IMAG PAPT ASS. VALUE PwASE ANGLE 

2 1 -2.42283E+00 -2.3051E-01 2.43377E.00 -174.5642 

2 2 -1.60745r,00 -1.71370F-01 1.61M6E00 -173.QI7 
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ASPECT PATIO 1.5 ThLTA WING (TAU=O.'Io) 

3^ "XFS LL 'JN Pl1T CHO' POOT CHn~o LE IGTH = 10.n FT 

PEOUCI) FPE'UENCY = .400 FQFr STREAM VPLOCITY = In00.00 'T/SEC 

FREPUFNCY = f.36AE.00 CYCLE/SFC
 

MOD)E Nnl, I 

mOnE NO. 2 

SE!EPALIZEO FC'CFS (NO THICKNESS EFFFCT
 

MODES
 
PRES. CEFL. PEAL PADT IMAG PART ASS, VALUE PHASE ANGLE
 

1 1 2.6C220E-n2 -. 513 8 0E-01 9.51736E-01 -R .4332
 

I P . 1.9372r-D2 -6,2844 2E-O1 6 .26 740E-01 -RA.2345
 

GENEZLI7'0 FCqCES (kin THICKNESS EFF'CTI 

PRES. nrFL. qrAL PART T4Ab PAPT AbS. VALUE PHASE ANGLE
 

2 1 -2.4c2=.fr. -. 9S912-n1 i.61373E.C) -157.5298
 

2 2 -1.60A3'l.na -7.4407-1 1.76483F00 -155.0635
 

-.CIE ,C I 

'2CE J1. 2 

3E"EPtLIZED FrPCFS CWIT" THICKNESS FrFrCT)
 

N'*FS
 
PRES. DErL, CEAL PART ITm PA ASS. VALUE PHASE ANGLE
 

9
I i 1.54347E-02 q.3970h-nl .39 893E-O1 -89.0591
 

I ? 1.2?peA'i-C2 -6.7?9Sr-ol b.2u4IsE-n -9,70
 

~~ Fr.,$r4 (LIT- T4'K'4F~S rrcT) 

PRES. DEPL,. X_ 'tT W'.' DavT 48S. VALUE PHASE ANGLE 

2 i -. -,b1C45'-0) 
2 .58021E.C -158.1326 

2 -I.%6%f.O0 -7,175-2'-01 1.7?42F.00 -155,6578 
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PKRAfl SBOXRIIPUT,OUTPUT,TAPE5=IPUT,TAPE6=OUTPUT) SEOx_ 2
 
C MAIN PRGGRAM S801 3
 
C M =MAXIMUH UrbEK .F 60XES ALONG THE CENTERLINEUCHORD ALLOWED a8x01 4
 
C IN DIMENSICN STATE1 NT S0x0 5
 
C MD=MAXIUH NUPEEk OF MODES ALLOWED IN DIHENSION STATEMENT S501x 6
 
C NR=MAXIrUN !UPbtR UF dJXES ALLUNEU FOR SPLINE FITTING SBO 7
 
C NH=NB-3 ALLGWEOIN 1$.tNSION STATEMENT SOR 8
 

COMMON XX[30O, Y(3U),XEDGI(b),YEDGI(8h)-,XEG 32YEOG{32F- VS 
I ,NS(2),NSTI(2) ,XTDGI(3),YTDGI(3),XTDG(12),YTDG(12I sB5xi 10 
2 XLE(2,30),XT (2,30),YnAX(2),EOG(2,30),AR(30,30,Z) .BOU1 11 
3 ,SFNX(iOOJ ,S YIIOOI,SF(1O3),KSFMT(103,10A),DA1005 SBOXR 12 

IL(2,3u),fL(2,30),fLTIll,2,30),LC(2,2,30) SBxR 13 
5 usA)~i(.,JSAKi),CTE(I3),AMA(30,30,2} .801x 14 

- AEtACK.O,JH,&I .IE&G, In.L,M.6,NEW,NNSMAX,NEDGI, TDGI SEOXR 15 
DIMENSION AIZ,_cjCvjO),A?,3t,,30) s5cxs 1t 

I -,SFOX(1 3S,SFOY(1JO,3,2),SFOH(I'3,3,2),KSFC(3),G(3) 175), 	 sSBxi 

2. ,xAGT(o),Y OGT(8),TDGT(3),YTJGT(3J 	 SBOXR 18
 
DATA 	ZIIH i S0XR 19 

S8OXR ZO
IH~b --.. . . . . . .SBOXR 	 21
 

MEDGI=o SBOX zz
 
NtGI -0.. SBOX 23
 
Me= 30 	 SEfJXR zl4 

S=31S 1x 25 
NSMA)32 S5BUR 26 
hE=i) SCXW 27 

C MATCH AttOVc NLr io T! T- S INE jIMENSIo IN STORAGE ARRAYS SEC%; 28 
HE z*+l s-OxZ 29 

MC=24u 	 S^3CX 30 
SFOXR 31 

W IE(!* }SBOXR 	 3z
 

-C RtA') :;-TA F-Ll Iii: 4,T JL '14(; 	 Sig1 33 
100 	CALL -14hA SEOXq 34
 

Nt.=- SBOXR 35
 
5T£ST=jAi1Jbj,.IA( Ifl~' ,I IA(i IUtAuA IC051 	 550X 36iQAI 

LICAI? )~A 2l,~(LA 	 37.. 31631SF211; 
AC27) Sx 38 

LtI SO2) 39 
0-1.O1lI 	 SE XR 40 

5 0 2OXR 41 
IC-t=qD t SBOXR 42 

113 IF (L) t*t0c0C,u26 SBCXR "3 
120 IF tme-LJ nW ,130,E S-OXR 44 

130 IkVTF(I-fl .E) t).II.-A(23) OX.f 	 SeCX* 45 

tFP.ELcS.2) TO 	 560"W7130 	 48 
A C =o.07A -- sB4 49 

160 LI =ML(ME0,Lj S i 5 
I(LI"-Mf31 Tc,aty ssaxi 51 

170 LI$. -Zr SbOX8 52 
'MLMS§ = 0AC491 580-lW 53 
Ir(IFLN5.tQO HMF.S L - 5601 54 
L'lT= N0(.JtS -- SEOXIg 55 
LIHIt-t$88 SBO)1 56 
CALL -POI2(LIMILIM2,LOTCK,,A) .-- .. . S30X 57 

180 CONTINUE SBOXR 58 

H=O SBOXR 59 

GO TO 230 	 s0BXR 61
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c 	 sbxir---- 6.
 
C PRELIMINARY CALCULATIONS ARE FINISIEP. SaOXR 63 
"- rR xr'SECTION IS GONE THROUGH FOR EACH i . . o-. -64.-	 S.IXf--
c S8OXR 65 

200 IF (ttAtb)) 230,210,230 _sNr----66 
210 IF(NEW.EQ.Z) GO TO 230 SBOXR 67 

... . - ...-.. so k 68AL- T . . .. .
230 K-K- SBOXR 69 

SOffl 700 
IF(TEST1.LT.I.0) Go TO 250 SBOXR 71 
WRITEII.55) SBDXR 72 

250 IRITE(IW,15) 0 SBOXR 73 
---- q) - . 74-......1 1 -(-16T . .. . .... .. . SNDXR 

15 FORIAT(IHO.15X,SHMOOE NO..13) SBOXR 75 
16 FR IH,30X,7-A ................ .... .. SBDXR 76 

IF 0A(2b)) 2S O,293 _ _ SBOXR 77 
- - -- SBoXR ... 7B 

ZO IPRINT=DA(1O01) SBOXR 79 
-rA-L----jnfDU-ntn;S DY ;SFrs,KSTD.SF X.SfMYSrHNK;sFM.DAT SliOXR 80 

$ ,XXYYIWLhLC,M,nDNbh.NEWH ,i(SFSIPRINT) SBOXR 81 
C ....... S OXR 82 

G(McOA(5I) SBOXR 83 

300 IF (M-10) ZCO,31u,31U SBOXR 85
 
310 CGHTrNduE SBOXR 86
 

C SBOXR 87
 
rrIIrI5A0(5 T.ly2AID:HEW.EO;1) GO 10-490 SBOXR 88
 
00 480 Ml1,n SBOXR 89
 

320 CONTINUE 	 SBOXR 91
 
C .	 . ... SBOXR 92 

IPRINT=DA(1002) SBOXR 93 
ChALL __ --iYALTxx,Yy,yIDG,yioG-;xTE,sr-Dx,srfff-3rDI,K(SFn,Sio;C- 'saan- 9 

$ ,I.,,ILIl,NEW,NST, B,t4D.htlNKKSFSIPRIKTI SBOXR 95 

IF(YEOI(I)) 590,3b0,330 	 SBOXR 97
 
330 	 - - _-----------80XWc_ -98
 

C LEADING EDGE CtRkELTION SBOXR 99 
00 50 - - _Mkk _100 

350 S(J,1,i)=SIJ,1,1)*2.0/3.14159Z65 SBOXR 101 
316b -CUNIINIJL ____ S*UXIF -102 

C SBOXR 103 
vE=YEDCYI-(Y ..... SBOXR 104 
DAN =9A(4q) S8OXR 105 
IPRIN tA -Wf . SBOXR 106 
CALL B0 P(XXYYXIG,YTJGXTE.XLE,A,ARDANTEDG,S,CKDYE SBOXR 107 

Z ,JMAX,L,ML,L-,,,EWNST,IW,heMC,MEMD) SBOXR 109
 
C SBOXR 110
 

380 CON7INUE SBOXR 111
 
C . .....-.. . .. . S80X E 112 

C COMPUIATIUM OF 6ENULALIZED IJRCES fOx EACH.MODE SEOXR 113 

IFITESTI.LT.I.C) GU To 410 	 SBOXR 115
 

wRIT t , t I ( A( II1, 7 SBOXR 11 
W tT i',t ) LAIM AI2), 2S3OXR __116 

41r i-ITL Ii,C) SBOXR 119 
IF('IE4.L'.!) PRITE(I4tZ2) -- - - - - - - - - . .SBOX& 120 
IFINEI.EQ.Z) VkITttI4,24) S8OXR 121 
WRITc(Ivd,) SBOXR 122 

20 FORATI1HO 10X0iBHGENtxALI2EC FRCES) SBOX 123 
22 FCkhAT(In,,4dZZH (NO THICKNESS EFFECTI) SBOXR IZ 
24 FCRMATCLd4,i8',24H (wITH THICKNESS EFFECT)) $801R 125 
25 FCUIATfldO,5X,5HNOuES/,A,lIKPRES. DEFL.,BXQRA PARt,10OX,9HiMAG SADIE U2 
$PARI,10AIlGAS. VALUb-,bXIIKPHASE ANGLE) SBOX 127 

C SsO1 12i 
DO 170 me-11 S8OXO 129 

C SU1IE 130 
CALL- F.. CI (XX-,YY.S,,SFDzSFOYSFDH,KSFBKSFS.XLE.XTE.CTEyRnaX SsIQX 131 
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ORIGINAV 'PkG$4 
OF PonR QUAmr 

S3= SOIRT(S1442.S2##2) S t -

450 WIt!TEIW,30) I'1,M ,S1,S 5.4sw 
30 FORMAT £IlOZ1CIP3L:19.5,OPIYtt.41 

470 CONIUE -. 

480 WRITE (114,553 
490 CONTINUE -

IFCOAU6I).GT.C.) GO TO 510 
06 500 1!A13o22 

.---. 

' 

Bf ~ 
flflnj46 

iX 
0f>t 

S 

i 
f 
j~ 

Sfl K-A MAN1(R13=WIN WhW f -

570CC~iflL -SSOXR 173 

-- IF(SL~~.E0.2) GG TI 130 ---. .. .. $81 17? 
NE W2 $8012 17i 
IFL§AC2,) '18C,58O,1SI - 5801 179 

CALL $.4C(Ut WIPIT 81 leiN.Sr.~lx$nFH8 
c-'. IT, DoC -B 182 

c 58012 - 183 
c -LR- LT 560XR 1s,# 

:~sgDV - , - tb186 
i-c T. o1bo80 187 

SBaIR lag6 

(T 7 J ' - SSUXO 191 
c~t vtt1 

- --:I:..L,,.Lit.~Li!li 
!-,'CI 

2NUNt"-z-( O BOXESVEXCtEDED.) 
- 3ff1YR 

58012 
192 
193 

S60"2 194 
~- ., 5801 195 

$6012 L96 
' L*t ~JI CItLo-, DR 19 

-.. 

* --

... .. 

. 

-

---

:-

-

'~---. 

--.. 'r Fn.2,3- FT/ 
; -,CY =,Fb.3, --

I -~- LtCiTY ,F.,hFT/SECt
~-.' - 1jjGtCYCLC/SEC) 

SbOUP 
saxi 
58012 
58012 

198 
199 
200 
201 

5FUR 202 
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.~±. ga -UnaI 7 

G 
- g4AIO ,, 

" . r+: - .+++-aatf -- a-:" IV 4 ThnIEQtI GOI 1_0 

IF 1E1iU.tI.STEST £0 TO oGS . atAll 12 
C EIRG:IF GCULAN I CflTAffSN- W SIGH .. OATUn 13 , 

c INITIALIZATION OF DATA ARRAY OAIRO 14
 
00 101-1-23,1005 DAYRD 15
 

101 OATAIIO.O 
 OATitO 16
 

00 10z I-IZ 
 DATRD 17
 
102 DATA(I)-Z DATED 18
 

DO 103 1-104,0CO4 
 DATRO 19
 
103 DATA(I)-I.0 DAThS 20
 
105 CONTINUE 
 DATD - 21 

IF ALP.EG.ATEST), GO TO 9 DATED 22 

IF (ALP.NE.OTEST) GO TO8 DATED 23
 

C NUMERIC CARD 
 DATED 24
 

D903 I=1,e DnA -15
 
DDRSU(I)=DkbU(1) DATED 26
 

3 CONTINUE 
 DATRO 27
 

DECODOE(__,99 ,CJRBU)OBU(I),I=,51 DATRD 28
 

DC 5 1=1,5 
 DATED 29
 

IF(D&BU(II)'t,4 DATED 31
DATRD 30
 
C TEST FC& LAK FIELD 

6 IF(SIGN (I.,DDJI))),5, DATED 32 
4 dATA(INOi=DiRL1) DATRD 33 
SIND=INOt DATRD 34 

DOATED - 35 

C ALPhA CA", 
UCTLI 11 

DATED 36
 

!)L I I1'z-i 
 DATED 37 

OTAtIN =Ukv I(I J DATED 38 

10 It.=iJ * 1 DATED 39 
11 1' (LMi-.Nt.LT>T) .S 1- 1 DATED 40 

C LT'jBK C I CuNIAIT -- lINUS*SIGN DATDR - 1 

13 ,LtTUZN DATRD -4-2 

C kVD 7--DATA tt-9S -.DATRO 4#3 
2T . . .... DATED -- 4-4 ........
,ALL L^; T . .. 


DATRD 46
fTP 


lDATED
":N SIh 48
 

--__- - DATEW- _V9DATED 50
 
,IT (1,,9S1) DATRD 51
(;i.(GY3J +.21,Ap. z..,I;3--utI)I=i,7) 

52 

MA1fl1.d) flaTk - 53

-4w F-%+ZI(3dhn ACATA J- IIS CAkC. J34 TERhINATEG I DATED 54 

43• ntI(bOCAsL 11CAotAIA5,I6,7Ai0) DATO 55 

S "DAT9D 


PFOw'ATII/lr IuXX.I7HNj rC-,RF DATA CARE/) ___________ AIRD 56 

NCDATRD ---- 517
 



-ORIGINAV PAO~OF PoOR .QU!MITY 

.-..- --- '( -r. -*.gp -

U. yIS kl _f R& 	 .. .. S.AP& 

SHAPE a 
It ITEW4J| 8t-.8§, SHAPE 17 

10 Of)2tW3 0-J0 2~0 SHAPE i 
3CDG =zoo SHAPE 20 
NtIIIO .Ot "SHAPE 20 
IF INS)1 850,850,100 SHAPE 22 

100 PINST O1b15,1 05,850 SHAPE 3 
105 HSP=St1)41 SHAPE 24. 

HSTL.)SSP SHAPE 25 
IF I40A24II 855.855.110 SHAPE 26 

110 00 115 I11 SFP SHAPE 3V 
XEDGtI1-DtA| I*2)J SHAPE 

105 1NS fl fl(flE --	 HAPE Z 

.0At24) 28 
115 YEDGIIIaDAIZ*1281104241 IHAPE 2 

XEOGi1) a-.O SHAPE 30 
NSTII=DA l452 H-APE 3 
IF(NST(1)) 871,125,130 SHAPE 32 

125 XuuuIjZ-.OT 5"APE 33-
HST1)i SHAPE 34_
GO To 141 50 SHAPE 3 

13O-IE(NPSTL(I)-LOGXL 135,135,871 SHAPE 36 

DO tO 1-19PIP SHAPE 38 
YOI6-Aifl*flItJVAIe43 31"ArE s9 

140 XTOG (ItaO*12=fl44 JA4. )SHAPE 40 
141 Ht~PHKsIlI.I~ SHAPE U1 

n Ifl)4Is GSHAPE 42 
1352 NVTc;(ft=rTk 1-SHAPE 31 

YTDGIHSTP)-VEDG(NiSV1 	 SHAPE 44
 
TtOGIMl0.U _SBAPE-_W5 

GO TO 10150 SHAPE 46 
JL-5TA1* 1HAPE *1 

DO 142'l-JLHIVGI SHAPE 48 
XTDG1IAXIBI1-11 	 11"IME W 
XI1}GIStIAEL[G(IISP-lSHAPE " 	 so142 	flGI=T~ sIArf 

lbO~~SHP . .	 I i 943 

s Go I 5an- SHAPE 52 
00 160 Iu1,tDSGI $"Al 53 
XEDGIlIS=XEDG4IJ SHAPE 54 

SHAVI ; YEfOGIe11YtuG4I - P"E 
IF.I.GtAIOSI GO TO 160 SHAPE 6 

vTOG2If3IvtD 	 lSHAPE so
-

160 CONTIUE SHAPE 7 
Go To 550 w0-SHAPE 


c 	 SHAPE 61 
c FOR HOSIFIEO WING $Hamt 62 
c COMPUTE NAL.H MbNBEk DISTRIBUTION ON PHYSICAL KhNG 63-SHAPE 


200 	 DNtO. SHAPE 64 
Do 210 Ka1,2 SHAPE 65, 
go 210 1i.II8 SHAPE 66 
Do le Jfl1,mf 611 SHAPE 

210 ANA(J,,K)1I.0 Sim"E 6s 
00 215 1-1,L SHAPE 69 

- 87 
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ISM .(*,,3.IEQ.GO 1023- ~W"-.-30) TO -M 

215 CONTINUE -q 

-IFIJflIE.E0.03 GO |1 2?35 - SHA - 75 
C PRIN4T OUT MACli ISTRlBt~IONG ." gapji 

WRITE(IW.60) SHAPE 77 
00 33 l-aIL SHAP 

_ IFEULt1,1I.EO.0h GO T0 230 SHAPE 71 
4
JL'ML.C ,2,I )-PLC1 I.tl 1 kpAM 

IFt.L.EQ-.O GO TO 230 SHAPE 1 
WRITEfIW,70) I - SHAPE 6F 
JLP-Ld6 SHAPE 83 
IFI--6t*JLP.NE .03 JLPsJLP l SHAPE 84 
KIMLCII1,I 1-1 SHAPE 85 
JLHLI1t,2I) SHAPE 86 
DO 2Z5 J=1.JLP SHAPE S7 
K=KI*J SHAPE 66 

225 WRITE(IW80) i(J1,AfAIJL,1),JIKJL.JLPI" SHAPE 89 
230 CUONTINUE SHAPE 90 

C SHAPE 91 
35 CONTINUE SHAPE 9 

Ks1 SHAPE 93 
HSPo1.*DA(27)12. + ERRR SHAPE 
02-2.*0 SHAPE 95 

C DEFINE EDGES OF MODIFIED VING SHAPE 96 
DO 240 IZNSP SHAPE 97 
XEDGEI3-FLOATII-1)*DZ SHAPE 98 
IFIXEDG(I).GT.XEDGI(K)I K-K*l SHAPE 99 
YED)G(I uYEDGItK13-tYEGI(K3-YEOGIIK-1) *XEDGIj-4EDGIIK-1))J SHAPE 100 
$ tXEOGLIKI-XEDGI(K-133 SHAPE 101 

240 CEHTIUE SHAPE IO 
IF(IFIX(DA(27))-2*(NSP-1)) 810,255,250 SHAPE 103 

250 HSP=KSP+I SHAPE 104 
HSI=NSLX) SHAPE 105 
XEDG(MSP)-XEOGI(NSI1|SHAPE 106 
TEOGISP) YEQD GtUslI SHAPE 107 

255 CONTNUE SHAPE -106 
SHAPE 109 

K112 SHAPE 110 
£ZvaP SHAPE 11 
""Stir SHAPE 112 
to 300 t.9s$ti SHAPE 113 
o ao0 VK2 114Wfast SHAPE 

SHAPE 115 
Ta. 21,0 SHALPE 116 

:r(A .Jt%-).o .A.'.,A(1J ...iz zT: "STI~x -- ][J 

SHAPE 11
 
-S HAVPE 119
 

SHAPE 120
 
--- - kr - 1. 

SHAPE 122 

- -- .. . . . .. . . .SHAPE 123 
SHAPE 124 
SHAPE 126 

YE ;C4-NJmyE.GI (I3- -- s~w - 2 
SHAPE 128 

30) CONTIhUt, SHAPE 130 
IF (',lITE) 310,320,310 SHAP --13 

C PRINT OUT LLLING LOGES TO SE TRANSFORMED SHAPE 132 
31) K1-11T --- ~ ~ xP~n 

wRITEII, 65J SHAPE 134 
M1NHEWI IN!S v IMP 
WRITEIIW "I0 X1,EWMS(hEI),IEDG SHAPE 136 
WTTrT WYSC)0--T,X W4K).YDGII, -KI,WSP3 -SHAPE 13T 

320 CONTINUE SHAPE 138 
• -- - SHAPE 139I'FINSP.l.NSHAX) GC r-
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C 	 SHAPE 140
 
XC-- CHECK IF MODIFIED WING HAS A F-LO-OVER EDGE 1HAPt L4
 
C TRANSFORM Y-CtORDINATE SHAPE 142
 

------ --- --- -- -SAp -nMr 
YNP-O, 	 SHAPE 144
 
YI*O. 	 - -PE .... 14 
,,1-	 SHAPE 146 

330 6 SUR!-2(XEG(IY,.T,IEH D D,SFX SFMY SFqH KSFNM3) SHAPE 148 

t ta'IY*-gp 	 SHAPE 150 

GO T40 335 	 SHAPE 152 
SHAPE 154 

S4APE .56
 
SHAPE 156
 

SHAPE 1ss 

IFIGRITE) 36630, 360 	 SHAPE 173 
PRINT DUT LEADING EDGES OF TRANSFORMED WING 	 SHAPE 17
 

360 	Kbtl - SHAPE 175 
WRI~i1E 1,Ul) K1NEW,4S(NEW) I|EDG SHAPE 176 
WETECM,#50I (K.XEOGIK) YEOG (K),sK-l SP) SHAPE 17_ 

310 	CONTINUE SHAPE 178 

' SHAPE 179
 

C READJUST THE PCINT DISTRIBUTIUrn TO DEFINE N f?) SHAPE 180172
Ofm WWSHAPE 
iG . ... .. SHAPE 181 
ICAECK=0 SHAPE 182 
_ YMP-. SHAPE 183 
SDC 450 1=2,SF SHAPE 184
 

YNP=AMAX1(YHP, EDG(I~ SHAPE 15
 

* 	 IFi(YEDG/II)-YLCC (I- )) nOO. ,23,44O, ~tP 1( 
C ICCEPTSMALL AE ot',iNDRNSFORfEO nIHG LEADING EOGE AS PART SHAPE 187-
C P OF d G.LE IF lT n31 E THEDE I S OF A X 	 SHAPE 170 

400"	1(1,1)=XEUGI I) SHAPE 189g 
3i ,i0VEDui I SHAPE 190 
T(3,I=MeCGt I-i SHAPE 191 
T441 =YECiVGI-T1V - -- - SHAPE 192 
3(5C IN=EP SHAPE 193 
IER=S SHAPE 194
 
IFRYSP-YEIT.,.,.:Tr) £2 T 

O 
D N SHAPE 195
 

1E PO--0 SHAPE 196
 

.RIi'.cC)]} iE'.u<.(T(J,I, J=I,IE?) . SHAPE .17_ 
ECG = -K SHAPE 198 

1CI-ECP= I SHAPE 200 
tC TC 'C SHAPE 201 

'.30 	ICHEC.=1 S*HAPE 20? 
YP1 i'* SHAPE 203 

XELGI I-.hYt2LE 0 SHAPE 205 
YEC7S ) tfl MNAAPE4T" h 2b 

'.0C CONIT I "t!. SHAPE 207 
" 
IF{-'.-:..-(- .. - TV." 	 SHAPE 198 

(Y. .ys)- -i 3 ' ,47 .	 SHAPE 209 

89 



'60 NS(21=K-I[. . . .HP I
 

66 TO 480 SHAPE 211
 

480 NSP=Nsi2) SHAPE 213 
C- . *~SHAPE 

IF(KTU)-,90,951,90 -SHAPE 215 
- PRINOT- CING E F.TRANSFORMEO HIHG SHARE 216 
190 KI-3 SHAPE 21 

h.RITEUiwY.o) XEN(W)IEDG SHAPE 218 
WRITE(IW,50) (KXEG(K),YEDG(K),K-I,MSP) SHAPE. 219 

495 CONTINUE - 3- ZZUSHAPE 

C SHAPE 221
 

TRAILING EDGL TkAhiT0RMAT ON SHAPE zzz
 

C - SHAPE 223 
MST(NEw=nS(1J ........ SAE 4 
8S1P =NST(NEW) - SHAPE 225 

-CACLl-SURFZ'(XbG,YTtG,I,NSTP,,T(1,l)DM,DM,SFMX,SFMY,SFH,KSFM,13 SHAPE ZZ6 
D0 510 I=1,thSIP SHAPE 227 

510 YTDGIi)=YTDGI()CTI.1) . SHAPE - Zz8 
IF(KRITE) eO,53G,520 SHAPE 229 

- SHAPE ZIGc nsrotTaa~l$ 4UF~I 

320iUTE I Itii~tfl O I, B 2j2I~UM~t ISHAPE 

530 CONTINUE SHAPE 233 
550 YIaVEOGII) SHAPE 234 

yNAXtNEWI-YE D64p) SHAPE - 235 
"IFIY1.LT.O.03 GO TO 860 - SHAPE 236 
IEI E-GW. 1I Go To 565 SHAPE 213 
AREA-C.0 SHAPE 238 
XXI1)-H SHAPE 239 
TYni-OOH SHAPE 240 
Do 560 12h SHAPE 241 
YY(I3-YYII-I3* SHAPE 242 

560 XXIIDXX(I-lUO SHAPE 243 
C SHAPE 244 
C CALCULATE PHYSICAL FULL WING AREA AND A-L(EW.1) SHAPE 245 
C COMPUTE AND IDENTIFY BOX DISTRIBUTION ON THE ING PLANFORH SHAPE 246 

565 CALL PLNFNIXEGIEDG.XTDGYTOGXXYYXLEXTEARAREA.D SHAPE 247 
1, ,IWL.iNBsLvLCMLWNEW,HNSNSTTtRITE) SHAPE 248 

- SHAPE 249 
IFEHL(NEMLJ.GT.NB) GO TO 825 SHAPE 250 

SHAPE 251
.IMAXIHEWI=O0" SHAPE 252 

JNAM(NEWJ-OlRAPE 73 
DO 570 I-,L " SHAPE 254 
J flINEW)-hAX0(JMAKINEWiMLC(NEW,lI) SHAPE Z55 

570 JNAXIKEWI=MAXCIJHAX(NE),NL(NEW,I)I) SHAPE 256 
.WNXAHAK(NWI SHAtPE £5! 

C SHAPE 258
 
L FIN ORDER CFLEADRI EDGE UBOX J-TH GHURUWISE ROW Z59
AT SHAPE 
C SHAPE 260 

JfA-JMAXNM I SHAVE--- £2 

D0 62O Jsl,JMA SHAPE 262 
. . ..... 
 - - - - - - SHAPE ---
DO 620 K-l2 . -SHAPE - 264 

620 KLTINEWKJJI-C s APt- '--"-Th3r -
Ii1- SHAPE - 266 

Kiaf - SHAPE 268 

Cu 655 JsJ4MX -SHAPE 69 
630 IFIlIIMEW.2,III.GE.J) GO TO 632 SHAPE 270 

fl1-II* SHAPE ZiI 
GO TO 630-- .SHAPE 272 

632 Htl SHAPF 273 
C FIND 'ORDER OF TRAILING EDGE BOX AT J-TH CHOROWISE ROW SHAPE 274 

634 IFII.GT.LI) C TO 638 ".SHAPE 215 
IFIIfMCII4EWZ,2i.GT.O K1"1 SHAPE 276
 
IFIKI.EO GC TO 635 SHAPE 277
 

IFIJLC|IES2.12 .EO.O.ADo.H1.NE.*O GO TO 646 SHAPE 278 
635 HLSIVASSIHLUIHEW.IEZi SHAPE z19 

.t IFIHLMII EIKZI*.NE.OI GO TO 636 SHAPE 280 
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1 	 St FnE t.Kz-= 121*1SHa 	 261! 

636 	 IFMINS-3) 641646,638 SHAPE 245 
638 	1FIK2.LT.O) GO TO 648 SHAPE Z#p 

IFtH--UlHEW,IZ)J 642,64Ztt- SHAPE 6 

642 12.12fl- SHAPE - "67-

IFIIZ.LE.LI GO TO 634 SHAPE -2"1 
N -L. SHAPE 200
 
12 *- SHAPE 290 

GO TO 652' SHAPE "I 
644 K2MLW(NEW.12/IMLS SHAPE 292 

GO TO bZ SHAPE 293 
646 N212-1 SHAPE 2§4 

GO TO 652 SHAPE 295 
648 NZ2-12 .. .SHAPE 296 
652 CONTINUE SHAPE 29?
 

HLT(NEW,I.J)HkZ1 	 SHAPE 2V8
 

MLT(NEWZJl)Z2 	 SHAPE 299
 
655 CONTINUE SHAPE 300
 

C 
 SHAPE 301 

-C- ' FIND OROER OF WING BOXES AT EACH I-H SPANWISE COLUMN SHAPE 30z 

007 I-IL SHAPE 30360.iO 

IFAPtLINEWI)) 664,662.662 SHAPE 304
 

662 	NLC(EWI,I)-ILW(MHEWI). SHAPE .305
 

IF(MLC(NEW,2,I).EQ.0) 1L1C(NEW,1,I)O SHAPE 306
 
GO TO 670 _-SHAPE 307
 

064 	 HLC|EW,2,I)IABS(MLW(EWI))-l SHAPE 308 
NLC(NEW,1,1)-I SHAPE 309 

- " 670 CONTINUE SHAPE 3[0 

- C SHAPE 311
 

IF(IRITE.EO.0) GO TO 678 SHAPE 312'
 
WRITEIIW,65) SHAPE 313
 

IF(NEW.EQ.1) WRIE(IW,773 SHAPE 314
 
IF(EEW.E3.21 WI7( IW,781 SHAPE 315
 
R I - . .. . . . . .SHAPE 3 16
 

D 672 J=1,JNX SHAPE 317
 
672 WRITEIIW,85) JMLT(HEWIJHMLT(NEW,2,J) SHOAPE 318
 

WRITECII,83) SHAPE 319
 

DC 6441, 	 SHAPE~ 3120 
C 	 674 WRITE(IW,385 JKMLC(NEW,1,J),HLC(HEW,Z,J) SHAPE 321
 

674 WRITEIWT85) JMLC(EWI,J)hNLC(NEW,ZJIMHLW(NEW.J),ML(-NE I SHAPE " -322
 

678 CONTINUE SHAPE 323
 
C SHAPE 324
 

IFCXEDC(NSP).T°I..GO TO 865 SHAPE 325
 

IFCNEW.EO.2)GCTO bO- SHAPE 326
 

MSNS=SP- SHAPE 327
 
DY=YEDG(NSP )-YEDG(NS - - - - -. -SHAPE 328 

680 CCNTINUE SHAPE 329 
IF(ABS(OY).LE.ERRR) IEDG-i SHAPE 330 
IFIDY.LT.O.) GO TO 821 SHAPE 33'1 

C COMPUTE VALUES FOR LEADING EDGE CORRECTION - SHAPE 332 
YfX2-YAX(NEhWiYHAX(HEK) - SHAPE 333 

D0 720 J-I.JMX SHAPE 334 

IF LIEDG) 710,715,710 SHAPE 335-

C 0 IN FOLLOWING EXPRESSION IS ARBITRARY 	 SHAPE 336 
710 EDGINEWJ)-SQ2I3tYNAXZ-YY(J)tyYIJ))/(D4(Z.tYMAXINEW-O))I SHAPE 331 

IFIfOIEHWJ).GT.I.OI GO TO 715 SHAPE 338 

GO TO 720 SHAPE 339
 
715 ED.I.EJls... 	 - SHAPE 340 

o h0 '.-- ."-	 SHAPE 341 

IF4IW.EQ.p) A Wm 150--	 SHAPE. 343 

C COMPUTE Y-COORDINATE AND MACH NUMBER OF POINTS ON PHYSICAL WING SHAPE 3,6*
 

C AT TRAILING EDGE OF TRANSFORMED WING SHAPE- 343-

C AT EOX CENTERS OF TRANSFORMED KING SHAPE 34W-


DO 745 JIf,JN9 SHAPE 347. 

k=MLTiNEW,1,JJ_ ...... .... .SHAPE 3 8W-
SHAPE 36 

I =dl _9 -1. S 
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DO 740 K1IK2 SHAPE 351 
K3-0 SnAPE 
DEL-O. SHAPE 
x=xxI ) SHAPE 39, 
IE(X.EO.K21 X-XTEINEU,J) SHAPE 355 
yrYYtJJ SHAPE 356 

730 Y-Y+DEL SHAPE 357 
K3-K3*1 SHAPE 353 

C FIND MACH NUNOER AT X.Y ON PHYSICALWING 359INGe 
CALL SURFZ(XY,1,1.1,EHOMEMYSFHXSFMYSFIH,KSF,3) 	 SHAPE 360
 
S1-YY(J3-Y*EN SHAPE 341 
IF(ABS(SI).LE.ERRR) GO TO 735 SHAPE 362 
IFK3.GGTa100) CO TO 830 5HAPE 363 
DEL- S1/iEN+Y*EHY+1.E-20) SHAPE 364 
GO TO 730 .. . . .. . .. -- APE 365 

735 IF(K.NE.K2) AHA(J.I,2)EN SHAPE 366 
S iF(KoEO.K2) CTEJ EN - -- 3111- -Ibr 

740 I1-.1 SHAPE 368 
745 CONTINUE SHAPE 369 
750 CONTINUE SHAPE 370 
-... .. 	 - S-AE- - -71
 

790 	CONTINUE SHAPE 372 
. ... .. .. .. '373 
RETURN SHAPE 374 

- . . .. .. 	 .. .. -S 375 
800 	IERROR=B00 SHAPE 316 

T(1,J)=X£fll) SHAPE 37? 
T(2,1)=YEDG(K) SHAPE 378 
IEk=2. SHAPE 379 
GO TI: "0 SHAPE 380 

-HAPFE80-	 S~udt _3W1 
GO TO B40 SHAPE 382 

810 IEkkUR=o1O SHAPE 383 
I1,I)=DA(2?) 	 SHAPE 384
 

TZ,:)='=NSP SHAPE 385 
IER=Z SHAPE 386 
GO TOa'840' SHAPE 387 

c-	 I1RRR=0 1 SHAPE 388 
GC' 12 snO SHAPE 389 

820 1EVR2.=52O SHAPE 390 
T(I11) AEOrtN P) 	 SHAPE 391
 
T(2,L)=YEgG(hKP) 	 SHAPE 392 

-

T (3,1)--W-F SHAPE 393
 
:F,=" SHAPE 394
 
GC T' e4U SHAPE 395
 

T' =8T 	 396I--	 SAPE 
II1.hN~ 	 5,APE 397
 

SHAPE 398
 
SHAPE 399
 

1(;4 )SHAPE 400 
Ii- T -SHAPE 401 
t, TO 340 SHAPE 402 

$27 [FkRf;R=t27 SHAPE 403 
T{.1 )=YEP tttP) SHAPE 404 

T(2,ih YL .,GUt) SHAPE 405 
T4~)=SHAPE ',06 

T{(4: )'- 407,-SHAPE 

IL;_4 SHAPE 408
 
L 1. SHAPE
T, 409
 

e31 IEKRGt=hZt SHAPE 410
 
T(1,)1-= SHAPE 411
 

T(?2,)=J SHAPE 41Z
 
T(3.1)=, SHAPE 413
 
I (.n hY SHAPE 41
 

SHAPE 415
 
SHAP 41.6
 

SHAPE 418 
b dT(IJ t4=' Ti1)l1l' SHAPE 419 

STO SHAPE 420 
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5,0 	 IJPR o SHAPE -421 -
Gc TJ , SHAPE 422 

55 1 , 1 SHAPE 4Z3 

GC. T SfU 	 SHAPE 424
 
860 	 .0 SHAPE 425 

ZX T33li-O SHAPE 426 
665 K- lXIGCKhII) - SHAPE 427 

IP= *X.9 "- SHAPE 4a. 
GO To 990 SHAPE 429 

871 IPi=', SHAPE 430' 
890 hRITi SHAPE 431 

Ch (!w,103 1PM - 5SHPEH_ -413W 
10 FORNAT(1gb,1HOIUXTHSHAPE -- aAO DATAsIS) SHAPE 433 
20 FOHTIOIa3~A UBRIN SHAPE HEAR STATEMENT nO.,z3, SHAPE 434 

- L ".11- iS PSE-4.16) 435,5 bSHAPE 
40 FOhT/dX3N.1,3 E SRBT O FAING LEADINd EDGES, SHAPE .. 4W6 

1 HS(,I1,4h) ,I2,7H. IEDG,3H - 113 1 SHAPE 437 
45 FORHAT(/HO,5X,ZSHHWIG TRAILING EDGES, NST(,11,4H) = 912. SHAPE 436 

= 
_$ -10h IEDG 11) SHAPE 439 
50 FRM&T(U416A,13,1P2EII.4) 3SHAPE 440 
bO FCRMATIiHI,5X,47HLOC'AL 'ACH NUMBER DrSTR18UTION-ON PHYS-ICAL-WIRI)-SHAPE --- A. 
65 FORMAT(CIH) SHAPE 442 
70 FORMAT(1H0,5kl1-Z,19H-TH SPANWISE COLUMNS I SHAPE 443 
75 FORM&TI1H05XI,17I-TH CHORDISE ROW) SHAPE 444 
77 FORMATY4OX.13t-PHYSICAL WINGII)J SHAPE '445 
78 FORMAT9,OX.1lb-TRANSFORMED HINGI) SHAPE 446 
80 FCRMAT(IH SXCQX,I3,lPE13.51) SHAPE 41 

82 FCRMAT(15X.68l-GRDER OF FIRST(LEADING) AND LASTITRAILIKGS WING BOX SHAPE 448 
uIN CHORDWISF RCM//ZOXHJI,3X.12HMLT(NENYJ),3XIZHLT(NEW,2,J)/I SHAPE "49 

83 FORMAT(///ISX,62HOROER OF FIRSTIROOT) AND LAST(TIP) WIG BOX IN SP SHAPE 450-
IAPWISE COLUI4jj2OX.IHI3XlZHMLC(EW.1,)I,3X,1ZHKLC(MEW,2Ij SHAPE 451 
i ,4,IH-rLh(NEWI),5X,1OHML(NEW,I)): SHAPE 452 

85 FORMAT1lbX,Sd5X.I5,3(I0XI5)J g SHAPE 453 
86 FORMAT(ZOX,58hCAUSSIAN INTEGRATION POINTS IN CHORDWISE ROW - GXINE SHAPE 454 

1",K.J)j// - SHAPE - 455 
87 FORMATI///2GX,S2HGAUSSIAN INTEGRATION POINTS IN SEHI-SPAN - GYINEW SHAPE 454 

1-K)//C I T SHAPE 457 
88 FOKHAT(j//20X,OhSPANWISt d AND MACH NLMBER A SHAPECOOR(INAT (YP) 	 EGHP) 458
 

---- KJ'/)SHAPE 	 459
 

80 FORIAT(1H 5SX,3(2XI3,IPZEI6.6)) _ 	 SHAPE 460 
STO ... 	 sf . .--
END 	 SHAPE 462
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10

20

30

40

50

60

S UE:U TINE, PL FM (tOG ,y EDG,XT G YT G,XX YY XLE,X TE AR AREA ,O M MLIFN 2 _
 

$ ,ILMl, ,tMLWNEWHS.NSTJRITE) PLKFH 3
 

I ,|t)NS(1)MLZsl)ML(Z2)I)MW(2E})LE2)I " PLHFM 5
 

2 X×TL(2,l) -ELMFIL 6
 

PLKFH 9
t=-.boa 

PLHFH 


N ,P = N S {f ,t " ) 

. ,,. 


PLNF tf ... 1 1
 

PLNFH 12
NSTP=vST(NE~w) 

PLMFM 13
lK IC I=l,Mc 

LW(E;,)=CPLNFM 14
 

PLNFM 16
lLt.NEw,IJ=AEEG(NSp) 


PLNFM le
L)C 3C J=I,PHc 

PLWFM
c 

PLFM -21
21C k1=1 

PLHFM 22
K2zNST(NEW) 

PLMFA Z3
JK=l 


yzy PLNFM 27#
 

Xt =..¢PLMFM 
 28
 

PLNFM" 28
XL2=,,.O 


PLNFM 


tsNG=!.u 

A LA=0.u 


... PLNFii. 31
 

PLHFM 32
JLT=-I 


PLNFM 34
220' , 

35
l~ro=OPLNFM 


PLNFM 36
 

lEr-Z=C 

[FIN=O 


PLNF" 37"
 

PLNFM 38
XL=Xk 


PLNFH
k 9= Xy -11 1 

..... PLWF-f 4-J=O 

PLNFM 42
SAM=O.0) 

225 IF(XR.,T.XTCG{I).AND.XTOGf11-XR.GT.ERFZI GO TO 530 PLNFM 44
 

IF(K.EQ O) -TO " LN0 9
4C 4 


GO TO 240 
 -PLNFM 46
 
PLNFM 47
230 CON TI-O ... ... "' 

IFtKI.GT.NS(NEW)) GO TO q20 PLNFM 48
 

IF(V..O CT 0 
 PLMFM 49
 

PLNFM
240 ICHO=O 

PLNFH 51
IF(tXA-GToXE2) ICHQ-I 

PLNFM 52
 

JFis=O 

250 J=J+l 


.. .. PLNFil" 53" 

y=y y(jI-Om PLNIFM 54
 

IF{ $NG) -25'4 ,-25Z 6 ...... .. ... .. fPLNW 55
 

25Z -IF(A S(XTUC(1)-XIDGiNSTP}].GT.ERRZ.OR.I.NE.L) GO TO 254 PLNFM 56
 

IF(Y-DH.GT.YTCG(MST?)) GO TO.530 
 PLNFH 5
 
-PLNFH 5c
XTE{)NkW,j)=YTEG{(I) 


PN " 5
GO TO 250 

"-- rs .. . .. ...... . ... .. .PLNFK " 


GO TO 253 
 PLNFM 61
 
= 0 -
 PLNFM 62
256 AR(J;iNEW) C'. .. .
 

256 CONTINUE 
 PLNFM 63
 

-"IF(TE.ET:Y) GC TO-j o PLNFM 64
 

PLNFM 65
IF(A G) b5,270,,7J 


PLNFM 67
GO TO 259 

PLNFM 68
270 CCN-fINUt" 
PLMFM 69
ARfJINEiJ=l-.C 
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ORIGINAL" PkO i 
_, or POOR 0WZTI 

Gf.T 0 	 LNFM 71 

z ;~v.l= -CF J• I ]-- ,¢ -YD 
. = ' -PLNFH 73 
yl~yLPLNFM 74 

I p 	 ZWI, -Tu- PLNF" 73 

iIt iri]zc. ta. i 7 3 16 .	 PLMFM " 76CO T0 ( 
IFt ( ) .d* PLIVA '77 

GC TO Zbb 	 FLMFMf f9
 

2.5IF(Y: o,'Y CC TO JZ3 .. 	 PLHFM 80 

Z26 	CENTINUE PLNFM al
 

lF(ACl.GT.AL) CC: T- aO - PLHFM 82
 

IE2!Z=Z PLMFM 83
 

290 	Y'= "- - PLNF*- 85 

"vl=yz PLNFM 8b 

295 	IEDZ=O. PLNFM 87
 

Y . YE 2 PLNFM 89 

- -- , G -6 ' .. . . . . . . . .. .. ILFH 90 

....310 YP= Y;-1+TNG#[XP--,.E I PLKFHt .. 

316- IF-|YR.GE.Y) GC T O . . .. .. . . . . _ LMEM. 93. 
GC T'O-31L . .. ... "LMFtl 94 

317 IF(YR.LE-Y-El GO TO 3ZO PLNFlt .- t 

318 CUMI [NUE WLHtFM -9V 
iF(/CHQ.EQo]ll GO TO 325 pLMFPI % 7 

-X2-XR PLNIFN 99 

GO TIT 330 "PLMFR - IOVl. 

IF (JK) 32Z 321.321 - LRIEM 103
 

321 Y2ffY -nPi -Kw--ro
 

GO TO 323 PLNFIM 105
 

- 3Z2Y =Y-D FLNEIR -" M-Z- .-

323 X2= X . * (Y 2-YE:I /TNG FLWFff 107' 

IFABI-R.G.RE)GO TO 330 FLI"F laB 
I~~LF =1lk 109 

... JF IHffO PLNFNI, -- lOU-

GC TO 330 . PLNFM all 

- i 2=XEZ 	 LNFl AM..- .-

YZ-YEZ . -• *dFH 114,
 

330 AR fJI, E ) AR (J, LNEW| 0.5ASNG*(2o XR-X2-Xll (¥2- il/2 PqL*Fm 11
 

c -	 -_ lot---a

lF (A8S(TNG).LT.ERRR) TNG-I.E-2O pLNF Ilk
 
-i331-C&NTINUE ..- V
 

IF( JK| 33Z,331,331 " PU Flf ]L20
 

331 lf(J.LT.JLT) GO TO 334 -V Llcn lax-


LMFM. 
IFI(YEDG( } •GT *O. O*AHO.Y¥ (JLT) .L EYLo AND.ASNG .GT., O03 XLT!O o0 PLKFI 124 

-- F(YY{JLT|.GE.YTOG(HSTP|) XLT-fXTOGINSTP) IPLMtC IZ 

-- . F(ASK.oGT.O.C ) XLEtE'4,JLT'-XLT-. . .... . .. .," . .. .PL1f M--.. . E 

.F(ASHG.LT.O.GJ XTE(NEWJLT)-XLT ,PLNFM 127/ 

GC TO 333 PLMFft 128 
-3}3Z !FEJ.GT.JLT) GO TO 33t* ... PLIR Lzg.-]L
 

XLT=XE 1-'lYV( JL7)}-YE ll/THG PLNF" 130
 
-" IF(YY (JLT),GE.YTOG(NSIP)) XLTffXTDG(NSTP) PLcH.# -i
 

XI NEWJLT)=XLT PLKFII 132
 

IFfXLT.GTXE2,ANOASHGGTOO) GO TO 334 	 F:* 1-3
 

Gf?"'Ta l33 " PLfF~r 1-3', 

331% CCNTINUE PLNFM 135 

c PLNFM 136 
- F(ETIZ.E0.1) GO9 TO 1,00 KLK-- -13-I

SAM=SAM+AR[ J • [ EW ) PIN" 138
 

-
 1-
_.34? C-CNTINUE'	 PLNFR l0
 

95,
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JFI.:H.EQ.1) GO TO 250 VLtNFN 1*1 
GO TO 350 FLUFN 

344 IFI.W:N.EG.1I GO TO 495 -F 

3S0 IFUASNG) 355,360,360 PLUNF 144 
355 P(IFIN.Eo4.1) 

GO TO 530 
GO TO 478 PLKFN 

PLNHF 
14s 
146 

360 IF(IXIN.EQo.1 GO TO 465 PLNF 147 
GO TO 500 PLNFh "148 

c -LVeE - -4 
C 
C 

LEAOING EDGE AND TRAILING EDGE COMPUTATION PLNFH 
PLNFN 

150 
151, 

400 IF(ASNG) 440,G5,405 PLNFM 152 
405 IF(JK) 430,410,10 
410 KIKI+JK 

PLNFN 153153 

IF(1.E.NP)0Tu20PLNFI Is 
XEI=XEDGIK1) PLNFM 156 
YEI=YEDG(KI.)-PLMH 157 
K-KI+JK PLNFH 158 
XEZ2XEDG(K) " LWH -I9-

YEZ=YEDG(K) PLNFM 160 
GO TO 450 PLHFM 161 

420 IF(JK.LT.0) CC TO Z4O PLNFM 162 
JK=- PLNFM 163 
JLT=J " PLNFN 164 
MLC(NEW,2,I)=C PLiFM 165' 
K2=K2-JK PLNFM 166 

430 kZ2=K2 PLNFH 167 
XEIXTDG(K2) PLNFH 168 
YE-YTG(K2) 
=-

-PLNFM 169 
K KZJK PLNEM 170 
XEZ=XTOG(K) 
YEZ=YTG(K) 

PLNFMPLMFM 171172 

GO TO 450 PLNFM 173 
440 KZ=KZ+i PLHfN _T7 

XEI=XTOG(K2 - PLNFH 175 
YE1-YTDG(K2) PLHM 176 
XEZ=XTDG(K2*+1 PLNFH 1,77 
YEZ=YTDG(KZ41 PLNF NIHr 

450 G=XEZ-XEI 
FYEZ-YEi 

PLNEHf 
PLFNF 

179 
160 

TNG=F/1G+I.E-20) PLHFM 181 

C 

IF(G.LT.O.2 GO TO 650 - __ 

IF(NE'.EO.2) GO TO 455 
AREA=AREA ASN C*GG(YE Z+YEII 

455 CONTINUE 
ICHo=O 101=0 ________________PLMFN 

... .. . 

PLNPN 
PL FN 
PLNFI 
PLWFN 
PLNFH 

- 183 
183 
185 
186 
187' 
167 

IF(fXR_.GT.XEZ) ICHOi--l-
IF(IEDZ.EQ.1) GO TO Z90 

- --

PLNFM 
,LrWWa 
149 

IFfIE&Z.EQ. ) GO TO Z95 - PLNP 190 
GO TO 250 PLNFH 191" 

C PLNI- lZ 
C 
C 

NUMBER OF BOXES IN SPANWISE COLUMN 
WAIZ TYPE AND ORfDER brwwKE 30oX -- --

PLNFN 
frw 

193, 

C PLNFH 195 

467 IF(JK) 476,A69,469 PLNH I 1 
4 

IF(MAJCJ,,NEW).LT.ERRZ) JJ*1 
P1LNW 1 
PLHFN 

198 
199 

HL(AEWfl-ZJT_ - -PEFWN - zuW 
c PLNFK 201 

00 471 K=IJJ PLNF 203 

IF(A9RK,IhEW).LT.AWAK) GO TO 472 
471 CCNTINu

- ------------... Z .-
PLNFN 
PF- " 

205 

PLNFW - 20-6 
MLCtNEWZI)=KK PLNFM -207 
GCccTh 47T3- -PLNFI - 208 

472 NLCINEWZ.I)KK-1 PLNFN 209 
413 CUNIINUE PLNFR2TW 
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ORIGINAL Djie 
OF POOR QUAlTy 

C ADJUSTMENT OF FIRST BOX AT LEADING EDGE ALONG KK-TH CHOROWISE RON P.NFl 211
 
KKNXLC(NEW,2,I ILrLM" 	 4 
IFIXXII).GE.XLE(NEW,KKI) GO TO 474 PL#P Z13

" --LclNE,ZI)-MLCIEN,l.I)- ¥L f- Zi 
GO TO 473 PUMFa zis. 

414 CUtIIHut -FLWFH 2M 

GO 	 10 500 -- PLW#476 MLS -2 PL " .1 
ML6EHL) (tNW.L--1 LUO . 
K-HLt14EW, I) FLUES Zn 

478 	 NLt51 hI 223K~J '+P 	
- PLNfl ZZ 

- -" 	 as480 	DO Af "JJsIK . " - "navefq 

PLNFN 22
 

c 	 zaoL • _,--,. . -h +r +_,- + z.

483 	 AR(JJ,INEH)-C.O PILMP 231 
484 	CONTINUE PLtFS 23Z 

IF($LhCNEW,I).HE.O) GO TO 490 PLNFN Z33 
IF(ASNG) 47,486,486- __--- PLNFX 234 

C WIG TIP HAKE 	 PtNFN 235
 
486 	IF(ARfJJI,NEh).GE.AWAK) GO TO 490 PLNFH 236 

MLW(NEW,I)zJJ PLMPH Z37 
GO TO 488 PL*FH 238 

C hNS ROOT kAKE - PLAFH. 2i39 
4A7 IF(AR(JJ,IhW).LT.AWAK) GO TO 490 PLNFM 240 

MLWO4NEWI)JJ-1 PLNFM 241 
'86 NLW(NEWI)=PLW(NEWI)*NLS PLNFH 242 
4O 	C! TINUE PLNFM 243 

Gc T: 500 PLNFH 245 

PLNM 246 
C -- -- 27
45 CONTINUE PLNFMH 248 

C TRAILING-EDCE BOX AREA A.JUSTMENT FOR WING TIP WAKE 


-" J=J-l 	 -P-LNRFH
 
y=y-: 	 PLMFN 2o
 

JF-I-=- -- PLHFH 250 
JFINO PLNFM 253 
SAM=,tr-A,( J,lI,NtW) P1MFH 252 

GC 290	 PLNF 


-& END0 OF A SPANhISE CuLUflN P1MPH 255 
C P1MPH 25-6 

500 CONTINUE -. .. .. . . . P Fin" -;57 
IF(ASNCGT.UA) GO TO 516 PLMH 258 

C ADJJST .iUN TIP BOX FOR dING ROOT WAKE PLMFM 25 
JJ=L(NEWI) PLMFH 260 

510 IF(AKL(JJ,,hE6).LT.AdAK) GO TO 512 PLMFH 261 
MLCINE.,ZI)=JJ PLMEM 262 

bOT 516 -	 PCI=m 263 
512 	JJ=JJ-1 PLMFH 264 

IF(JJ) 514,51-,510 P1MPF z265 
514 	NLCNEW.2,I)C PLHFM 266 

IF(mLWNEH19 )aEQ.O) GO TO 516 PLFMH 267 
WRITE(IW,155) !,,NLH(,AEW,I)I,LCNE,,Ij PLNFK 268 

--- _______ __ _ __ _ - T____-iP269 -1 

516 CONTINUE PLHFM 270 
SUH=SUMtSAH PLMFN 271 

c - PLMFH 272 
530 CONTINUE PLNFM 213 

C PLMPf 274 
IF(ASKG.LT.O.C) GO TO 700 P1MH -775V5-
IFIXTDG(L).Gr.XTOGCNSTP)) GO 0 700 PLNFfH 276 

CPLNFM 277
 

C IHITIALIZATION FOR WING ROOT WAKE PLMFH 278
 
SP1NFH 	 279
 

K2=0 	 PLMFH 280 
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YR=O.O PLNFM 28Z 

XEZ-XTOGt1) P-L-NFN 283 

YE2=YTOG(1) PLNFM 284 

X2=Xt2 PLTEFm 285
 

Y2-YE2 PI(K:M 286
 

ASNG=-I.O PLNFM 287 

JLIr= -- PLNFH 28s 

GO To 220 PLNFM 289 

-r ERROR M-MSACE -- PLNFM 290 

650 K-450 PLNFM 291 

1--- .. -= PLNFM 292" 

I=Z2 PLNEM "293
 

STOP PLNFM 295 

C PLNFM 296 

700 CGHTINU. PLNFN 297 

!FJIT.d.)Gr TJ 7ov PLNFM 298 

kITL(14,tS} PLNFM' 299 
.... ,e)PLT4FM
FIT 'FITW 'L'.F 300
 

IF(K W.EQ.2)kI:(~:/ PLNFM 301 

VC 7D)C I- !;L PLNFM 302 

JL=ML(N .,i) PLNFM 303 

K=JL/ PLNFM 304
 

IFfJL.LL.5*K) GL Tj IIQ PLNEM 305
 
-- - .. PLNTFM" -06
... 


710 WPIIE(IW,70) I PLNFM 307,
 

WFITttl ,74-) rLC{NL',2,1I) PLNFM 308
 

IF(~k{=W,72 )| 1
120PLNFM 309 

?15 W 1{H7)PLP{Nt'-,I} PL9FN 310 

GO T] 725 PLNFM 311 

725 OG 74C JJ=1,N PLNFM 313 

74C oRITE(I9,95) 3,[JR),J=JJJt,K) PLNFM 314 

750 CZ TN~LJ!: PLNFM 315 
C PLWFM 316
 

JL=ML{NE",L} PLNFM 317
 

RIT I- S (JXLt(NEW,J).XTE(NEhtJ} J !s JL) PLNFM 319 

SUM=2.#SU?.*[; PLMFM - 321
 

760 RETURN PLNFM 32-3
 

66 FORMAT(IH+,'7X,ZId - ( PHYSICAL wImG)/I) PLNFM 325 

67 EGRK-ATTUT-15-7I;21H - (TRANSF-0RMED WING)?/l) ....... .... -
TO FU;ZMATU'//2X,12,19M-T1 SPANWISE COLUMN/) 4 PLN-FM 127 

75 FORM.1T(12X,1lo+. .ST WAKE BOX =.13,22H-TH BOX FROM WING ROOT/) PLM f 329
 

-6- TO!,RFA. 1 6XLFAI-T br"-= L-]r BOX VKUM WINU KUU II? FMI- 3w@ 
85 FORMAT{SX,5(lX,13,1PEIIo4)) I u*M 332
 

I 15X,2 JHLLADING AND TRAJLlfNG EDGES -,LPEIt.4/ PLNFM 333 

96 FORMAT(//10XtA3HNEGATIVE BOX AREA EXCEEDS ALLOWABLE LIMIT f, ILKFM '335
 

r IPEII.iIH)/IIXt3HARI,13,LH,,13,lHt9bHNEHI -,IPkII.49 V tR 36
 
2 5X,21HCOMPUTATION CONTINUES//) PLaNM 337
 

1.0FRHA~lHIqX,-5-4HLADIRGANO, TRAILING EDGJE POINTS AT EACH CHORDWIS ?LNFK 1 
SSE ROW/13XIHJCXtlHLEADINGBXt8HTRAILING/I PLMFM 33L 

--i45 FORMAT(IOX,[3,lPZE15.51 ItLwIF i"t
 

150 FORMAT{1HOAX,29HPLNFMt--NEGATIVE VALUE HEAR SN,14,2XtA2tlPEII.41 PLNII 34
 
155 FCRMATI1HO,4X,25HORDER (IF WING TIP BOX IN 1I2,43H1-T SPANWISIE CGLU PLMFM
 

INN IS NOT PROPERLY DEFINED// PLIF" 3"

2 1XHL(NtI2.3H) -,13/I5X,8HMLLfMEWvIZv3H) ] 
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ORIGINAL PA'GEh W
 

OF POOR 4IUAITY
 

SUBROUTINE PflI2,NOlO0CKD,0A) - P0T2 "" 2-


FIELD A UNIFORM DOUBLET l 
C OVER A BOX 1S COMPUTED AT ALL POINT5 AT WHICH IT WILL BE - POTZ " 
C NEEDED Ah, -SI7RED IN THE AIRAY A 1*4 COMMON , P012 6 

C Thfi VELItTY OF DISTRIBUTION . 'fve 

£ MO j CONTROL THE NUMBER OF VaLws COMPUTEO - P2 8 
S - P012Z 

C hZ IS THE RANGE OF THE SECOND SUBSCRIPT IN THE ARRAY,- -p901 - to 
C DIMEMSIOMEOAAZf2,N2, BUT TREATED HERE AT AN ARRAY PUalT2[ 
c kIT4 TW sU4sCIPTS O-P2 12
 

KN-0"--Puni-
DINfNSion At2.,1) P012 114 

,Nno,. POT2 16
 

OK2-DK*t2 PO2 1 
"I-*-I P012 -1 
DX-KX28.0 POT2 20 
uRSz.O*DRB rul r 
DK12-DK2/12.0 POT2 22
 

DHDK*0.5 POT2 24 
0ftU. 54Dh ----- -- _ 75 

0DZ.O*DK POT2 26 
OUJSDI PUIl ii 

1O10.25*OKZ POT2 28
 
. 5UKZI Z4a - TUZ Z9 
DO 3 flMI POT? 30 
B1U. 0 -. V11T2Pm 
80.1DN POT2 32
 
blB5IJ bftUti _ - 7 - _s 
83=-0.5465 POt2 34 

D =Ui*VF - -- - - - 35 

DOADK*B-4 POTZ 36
 
- - POT? 37 

CMN=.0 POX? 38 
K=I PoTZ -39 
C3-0.O POT2 40
 

- C - -- - .. .... POT2 41 

C7=0.0 POTZ 42 
" ---- - . .. POT2 43 
00 2 Jl.N POT? 44 
. AtlCN - POT2 45 
CI=Cfl CJS(ti) POT2 46 

C5=Ch*CIN(AIC6J POT2 48
 
C6:-CM4C6. . PGT2 49
 
C9=C1-C3 PLT2 50
 
cl0=C_-L- POT2 51
 
C11=C5-C7 POT2 52
 
C112CCCE -"-POT2 53 

= POT? 54 
Al ~P0TZ 55 

23 C3=C POTZ 56 
PCT? 57 

L7= POT, 58 

Cb=Co POT2 59 

8i=6d 01 P012 60" 
63-43-D3 -T2 P 61 
P4=s4-04 P.T. - 6 
0A=DA,004 POT? 61 
LNC4,2 .. POT2 64
 

2 '=K-r2 POT2 65
 
"__ __ __.__... _ _.PO .. .T 66 

Lr= n ju, POT2 67 
3 UL=.,Lnfob POT2 68 

G 11=i,1 POTZ 69 
wl=l .PT- 70 
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00 5 J=ii - ____ PO12 71 
DO 1. I=1JCl P012 72 
K! * h-I POT? 73 

4 t(ILK)A-(ILMlJ-AIILvK1I) -- T 1 
AIIL,K1Jr2.C4AC1L,kl) P012 75 

5 KI-KL.M2 PO76 

CM00POT2 78 

DDI'=Ot POT? 79 
00 12 LIlIii POT? - so 
C ?-b. POT? -- 8 
CtOG. 0 POTz -82 

C9=()O0 ____ 

L I 0 0P017 
POT2 03 

84 
P10. P0-2- 85 
o'-' rPOT? 86 

CN1.0 P0287 
66-0. 5415K 1 POT? 88 
( I 
Jid is- iJ, -r 

POT? 
POT? 

89 

AIC,1/CN POT2 91 
A?=D/CN P017f 92 
IF tAi-0.21 7,7,8 _POT?_ 93 
71 4 .O-A#v-213.0 
bZ=-DXI(6.0 4 ChJ 

------ hrb T h_v _ 
___ 

________ _______ 

POT? 
POT? 

94 
95 

t b3= SIN(Al)/Ai POT? 9? 
BV=2.0*83-, - _- - - - - - - - - -- "br-- ----

9 
b2=(63- COSCAI))1A2-ONICN*n3 
b3= CflS(A21/C$V 

- POT? 
POT? 

99 
1 

6A= SIN(AZ)/C' 
C3=8l4d3S2 4 C. 

___________POT? 

FffTy-
101 

hry 
C',=62'e3-tfl4B POT2 103 

S5='JHCN---------------------- ---- - --- Pflfl -T64 

CI5C~2.IC3POT? 105 
C;2=-2.04CA-it5*C3 POT? 166 
C5=Ci-Cl POT? 107 
Cb=C2-Ca POT? 1D"1 
P3=P2-B*Cr4 POT?_ 109 
P4,=P3. 0Li12(N10) PfrIt 
A(1,K1=A(,I*C,-P1#C6+P3*C3-P44C9 POT? 11-1 
A(2,;KhA(2,UK._C&;Pi#C5+P3*C4-P44CiO-------------------POYT i
 
PI-P*H P140)-1 
P2=P24CN*DK4 ___ POT? U 
CN-CN-2.0 POT? 115
 
ClC1l POT? 116 

- - - lC7- - - _ - --- _____- -- n T _rf =1 

Cq=C3 POT? its8 
C10_C4 -_PT - -- - - - - - - -Ii9 f.-

86 8ttDK 12 POTZ _ 120 
10 K;Rkf2---------------P-OT?

Cfl=CM.DK ___ __ __ ______POT? 1 2 
0XDf tO$POT? ifl-3 

12 DDODH,00U POT? 124 
03=CK142.C*3. 141592tb5) -- b.- 5 
flIt12-$ POT? U:6 

K~- ToWT __ 1f2l 
AlI=0 *0 ______POr? 128 

-- bWTTjuf -- I _H_ __________, 

CI=03G' SINIAI) P07 130 
z2-0317c13T4T) -6 -- -- - ------- -

DO 13 11I,M ffR42POT? 132
 
LTFf -I1,
K)ICf+tA(,VC 
 ___m 

A(2,KI=Al2,A)4C1-A(1.K)4C2 POT2 13*4 
A 11, K)I =f-FuI 13t, 

13 X=K-.l POT? 136 
.-- RKr~----------h 1- f 
14, A-AI.ODi POT? 138 

-- -- - -FT7--' 

END POT? 140 
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C 
C 
C 


C 

C 


C 

c 


c 


C 


c 


L 


C 

't'LITINE d EOCSFDASFDYSFDH,KSFDSFX.SfNY,¥SFNHKSFHDA,T
-A,YYtW,L 8,LC,WEWNB,NM,NNKSFSIFRINT|T 

BRED 
DRM 

2 

3114?NSION SFOYCNB,J.SFOY(NB,MD,1)6SFDHtNN.H0,1I,KSFPDh1)1 -"- ,E~Se l" N()I-f -AI(,TIwN.~nt Lc|zt,11 
Oifl
BRED, 

4"
4. 

2 ,XX(1),YY(I) BRED 6 

ERRR=.E-06 BRED ,8 

IRITE-IPRINT/IC BRED 9 
JRITE=IPRINTJ100 BRED 10 

IF(NEW.EQ.2) GO TO 400 BRED 12

KSF5 (M =D-OA-V- -___C4,iE__________ 
KP=KSF0(M) BRED 14 
IF INP) 73(,17C,100 RE 1 

VLE BRED 16 
A PLNE-SUgfACEQ _ ctor~fwwvE~sncr r4rlE 
OF DEFLECTION AT GIVEN POINTS. BRED 18
 

ICO IF (NB-NP) 73C,120,120 iRED 20 
12o _TCTrTfr DRIE z1 

KP1O0 BRED 22
 
~ l;,F K - WEW 

SFDX(IP,M)=OA(KP+II/DA(24) BRED 24
 

SF0HIPM,Z)MCA(KP+3) BRED 26 
SFO(HfP,M,LJ=SFDH(IPflZ) RED" Zt 

140 APKP*l DRED 28 
9T-3IFCnT WrBRED 29-

BRED 30 
145 CcHTMhUC - _F_- E 

IF{CRIT) 15C,lbOl5O BRED 32 
TS~c Fv-TET__T7,3TF __ _ ----- DV - 3r 

"I Tit IIW l I RED .34 

lbC ZCNTINUL DRED 36 

CALL S'jR 1ThKFOflS 7F FDYM(SF f Ml, _fEH1IIRTrtE 
GO TO 200 DED 38 -ww LrTruwPITCH AND PLUNGE UFTUWW1ZA04AI4X BRED --

170 SFDH(IMI)=DA(5| BRED 40 

SFCH3,M.1)zO.0 BRED0 42 

200 ICHECx=O BRED 44 
t Utt43-TTU$N 

DREIT. 46 
- FGK MODIFIED hiNG. DREI 46-

C F~ RED ---47 
1-CALCULATE DEFLECTION ON THE OKIGINAL WING BRED, 48
 
2-TRANSFORM X, Y, DEF TO THE TRANSFORMED PLANE 1 ---

3-SURFACE FIT DATA BRED 50
 

A00 CONTINUE BRED- 52
 
IF(KSFO(M).EO.O) GO TO 500 REED 53 
&P=KSF,(M) BRED 54 
CALCULATE LOCAL MACH NUMBER ON PHYSICAL WING (INPUT POINTSI UFOR55
 
CALL SURFZ(SFDXtts|fl4SzofY(isM,,IKP)0T1.1IDUl.OIUN.SFNX.5IUY ORED.-


STORE TRANSFnREO,9t"" BRED- so
 

:c 4 +2 1=1,rt _______ ______________ RED 54 
490 !,M,2): FLt(I ,X,1)4Ff(1) DRED- 0 

FIT _EFLCCTI3N DATA IN TRANSFORMED SPACE BRED 61 
-'L- Bir'Fir,,T.SFJXI1,$),SFDY(IH,2),SFDH(1,8,2),IRTE)6ZBRED 


-E TV' BRED 63 
?j ICW&C=iC ELrl DRED 64 

IF nLC- .uT.1) R 65560 DRED
51 L 

.~o 

TAt4S ONGFOR DRED]I 1T C CTEDR DEFLECTION SURFACE-FITTING 66 

RED 67 
LC1L,N-jtWL!kSFS,IN .. .. DRE - 6T 

S , ftY,SIOX(I,M),SFY(IM,2),JRITE) DRED 69 
IFtJ:fL. T.C) ndITL(iw,55) DRED 7 
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C COMPUTZ Y-CELkLCINAT, J, PCIhTS 9N PHYSICAL WING CORRESPONDING DRED 71-

C Ii OSE SLLECTLD ON TKAiSFUMED WING DRED 4y 
DO 5 u K=IKSFS BRED 73 
DEL= .C .. .. DRE -74 

X.fD1Km)D-RED - 7s 
Y=SFaY(I,MZ] BRED '76 

520 Y=Y+MfL BRED 77 

£ -- FINOIAC- iiUMECE'iT (XlyI ON4PriYSIC WING fRED 7 
CALL SUkIF(X,Y,LI,1,EsDUMEMYSFMXSFMYSFHHKSFK,3) DRED 79
 
SI-SFDy(KM, Y-y I ORt 80
 

UO
IF(ASS(SI).Lt.LRRA1 TO 530 BRED 81
* DELSI(k+yat IY+i.r-2J)- bREDb-

GG TG 520 BRED 83 
C STOR Y-tF PHYSICAL )PACL BRED 84 

530 SFDY(KBi,)$FDYLK ,$2)/ Eh.-2O) 85-RED 


550 CCNTINUE DRED 86
 
60OTL SdO BRED 87
 

560 DC 570 =1,KSF5 BRED B
 
SFX(KM) =SFOX(K,.MK BRED 89
 

570 SFOYIK ,,23=SFLY(K,M&,2) BRED 91 
5B0 CCNTINUE BRED 92 

C COMPUTL DEfLtCTION AT SLLECTED POINTS ON TRANSFORMED WING BRED 93 
C BY CALCULATING DEFLECT-ION ON THE CO ESPONDING POINTS ON THE----- -- D --- 4 
C PHYSICAL WING DRED 95 

~Thi7LS~~F~SFU(1M),FDY1,l .;SFSO.T(1,1),DuM,D0B REO 96 
,SFOX(I,M),SFOY(I,M,1IiSFDH(lMl).KSFD(M2,lI BRED 97 

Do 610 1=,K-§FS DRED 98 

610 SFDH(I,f,NEW)T1(1 .1) DREG -99 
C DRE 100
 

IF(IRITE) 620,630,620 RE -
DRE 

620 WRITE(IWA0) tr 

WRITE-II-- 0 BRED 103 

T30 COFI E .. DRED 104 
C PRED 105 
C TFITORE WIGBASED 'N-SELECTED PRSV ) - o 

CALL SURF1(NMKSFSTSFDX(1,NIMSFDY(1,H,2),SFDH(ItM,2) BRED 107
 
$ ,IRITEI DREO 108
 

Ti_ RETURN -----BRED 109
 

fb1PR98---- BRED IM0
 
GO TO 750 BED III
 

750 WRITE DRED 112,
 
0 (IW,20)IPR DEED 113 
STOP DREg 114 

10 FORMAT(IHO,10X,73hCOiPUTEO DEFLECTION AO+A1*X+AZ*Y+ SUM. OF ,H(I)* DRED . 15 

;('(II)442)*L&LC (I.U I) I ORED 116
I 

20 FCQATi,C,16- -- ATt, I:I BRED 117. 
30 BRE IlaC,11 
3o F.0ET CU ,2T A'sF-t.LAN -- '9JE. NC.,, 13) DRED 119 
55 F.,39&T(i-11) BRED 120 

i N BRED 121
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SUBROUTINE SLCIT(LNBNEWt.LCISLCTIWtX.YY.XIYI.JRh1EI ." . S 
T


C L - INPUT (NUMBER OF SVANI SE ROUSI -N 

C WEB INPUT (KAXIMUM HUKtER OF POIS ALLODfltl- UINEIBsIS 4, 

C HLC - INPUT (OROER OF $IRMT lAST IN RI I N - -, _ -

C NEW - INPUT (SELECT FROM 1-uPNVSlCft. 2-t. SSjI: -

C JAITE- INPUT (INTERMtEDIATE StESJLU PiTS -lou COwrfl -
C XX*Y.Yt INPUT (CGORDINATES OF BOX GRID) - -' 

DI ENSIGN HLC(2,2,llXX(t1)YTI(Z)XIIl).VIt1) - 4 
HTOT-O SLV. 

DO 20 JIsL .tW 

20 CONTINUE SLcT 1l 
NPNO SLCT Is 
NPT-O SLCT lb 

IF(HLC(NEWI I).EO.O) GO TO 20 SLa' it* 
NTOT-NTDT+NLC(NEW,2,II-MLC(NEWIlI I SICT 13 

1-0 SEu 17'
 

SLCT 1
 
DJ-O.O SLCT. 19
 
DN-FLOAT(NTCT)/FLIAT(NB) SLCT 

25 NP-NP*l SLCT 2?
 

20
 
0-N1.O SLcT 21
IF(DK.LT.1.C3 

- IF(JRITE.EG.O) GO TO 25 SLCT zz
 
WRITE(IW,200) SLCT 23
 

IF(NEW.EQ.1) WRITE(IW,ZIO) SLCT 24
 

IF(NEW.EO.2) WRITE(IW,220) SLCT 25
 
WRITE(IW,230) SLOT 26
 

.30 IFK.LE.NPT_ GO TO 50 SLCT 28
 
G T-I=i ........ ...... SLCT 29
 

3IFTP=PI SLCT 30
 

K-1 


SLOT 32
NPT=NPT*MLC(NEWZ,I)-ILC(NEW,1 ) 

GE TO 30 SECT 33
 

50 XI(NPW-XX(I) SLCT 34
 
K-PT-----------. ----- SLCT 35
 

¥I(NP) YY(J " SLOT 36
 
IF(JPITf.CT.O) WRITE(Iw;i00) i.J,K,XI(NP),YI(NP) - SLCT 37
 

IFCNP.GT.hB) CC To 60 SLCT 38
 
DJ DJ+DN SLCT 39
 
NJCJ+O.b 
 SLCT 40
 
6J-iJ-FLOATfNj) SLCT ,1
 
KK+J SLCT 42
 

CO TO 80 SLCT 43
IFIK.GT.NTOT) 
GC T3 Z5 SLCT 44
 

~o-wrffiT(I,25C-- SLOT 45
 
CC 70 1hl,HP SLCT 46
 

70 WRITE(I4.,110) IX1(l),Y'(C) SLOT 47
 

STCP 
 SLCT 48
 
SLCT 49
eO CONTImtk 

SECT 50
ISLCT=NP 


iETU. S SICT 51.
 
100 F-CRAT(XJit,1P4L 14. ?) SLCT 52
 

110 )C1$ATCI1 ,1C I4,PL.?. SLOT 53
 
2C0 FOK.ATI,14X,19qSLELCTt" PSINT, INI SLCT 54
 

Zlg F1."ATCL t,23)'.128 PISICAL } SLOT S5
 

420 FORIMAT ir,-23, I2,TRA F EL- ) SLCT 56
 

Z30CFORNAT(IH;5+35l,3' :. FQ' LN-SU-A F.TTINfI/ SLCT 57
 

$9x1IlA~iIJX.1<,~.~-AikI.9,5IYI'~I ISLOT 58
 

Z5C FLR-AT(I1O,5X, 9HMU33ER OF POINTS SELECTED IN SLCT EXCEEDS ALLOW SLCT 59
 
fnoLE LTHTT7T-4Y,III,3HXfl)f9X,5HYI(Il/I SLCI 60
 

ENO - 'SLCT 61
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10

20

30

40

50

60

SUBROUTINE WYALLXXYyXTDGYTOG',XTESFDXSFDYSFDH,KSFDSS0,CK 
$ ,IW,L,ML,N1,NEW,NSTNNO,,NBNM,KSFSIPRINT) 

UVAL 
WVAL 

2 
3 

C CALCULATES DOhNWASH VELOCITY OISTRIBUTION IREAL AND IMAGINARYI WAL 4 
DIMENSION XXI ITYYi(,XTIG|IYTDG-I)f XTE2Ei, SI2,NB,l),NL(213 

-. NSTi).hSFOXtNBI),SFDYINBMOiiSFDHIMNM,MD9,1',KSFOIU 
NVAL 
OVAL 

5 
6 

IRITE=IPRINT/IC 
IF(NEW.EQ.1) IRITE=IPRINT-l04IRITE 
JLP=KSFD(HlD 

NVAL 
WVAL 
NVAL 

? 
a 
9 

IF(KSFD(NMIIEC.O.AD.NEW.EQ.2) JLP-KSFS 
JLSI.L (Nc46L) 

.VAL 
WVAL 11 

DO5 J=I-L "VAL 13 

D 5 K=1,2 NVAL 14 

5 S(KJI)=.O 
00 80 1-1,L 

- VAL 
IEVAL 
WVAL 

-. 

15 
16 
fl 

IF( JL) 40,8G,4C .VAL 
40 CONTINUE NVAL 

18 
19 

00 7-) .=1,JL WVAL 
IF(XX(I).GT.(XTENE,4JJ+)) GO TO 70 
CALL SUQFZ(XX(L),YY(J),ii,1,VALUVALUDDMSFDX(1iI) 

VAL 
NVAL 

21 
22 

S(IJ,I)=VALUE 
S12,JI)=CKiWVcU 

WVAL 
WVAL 

,24 
Z5 

70 CONTINUE WVAJ 26 

80 CONTINUE . NVAL Z7 
I.tIRITE) I1o,200,100. 

- i00wpifTE IWIOi 
. . .. .. VAL 

WVAL 
28' 
29 

IF(NE$.EO.) hRITE(I4i12) Ml 
f F(MEW.EQ.2) kR!TE(1W,14) Nl 

. WVAL 
TIAT3 

10 FCRMAt(IrtIO,1O,47-IUPWASH (REAL, IMAGINARY, ABSOLUTE. PHASE ANGLE)) WVAL 32 

12 FORMAT(1H+,58X6,ZbH---PHYSICAL PLANE---NOOE NO.,131) WVAL 33 
14 FORHAT(IH+*58X,31H---TRANSFORMED PLANE---MODE NO.,13/) . WVAL 34 

DO f7-0 . . . .. . . . . . .3--M E _---.." 5 
JL=ML (NEW,1i NVAL 36 
IF (JL) 110,J7C,i10 -- VWAL 37 

110 ,WRITE(IW,?O) I WVAL 38 
"JLP=JLI2 HVAL 
IF(JL-2JLP.NE.0) JLP=JLP-1 WVAL 

- brJ~;-pVIAL -f 

SI=S0RT(S(1,J.1)S(1iJI +S( ,JI)*52,JI)) WVAL 42 
fI(oT.o.C)' CTO IZO V"AL 
S2=0.0 WVAL 44 
GC TO 130 NVAL 45 

120 S2 57i 95768ATAN2(S(Z,JIIiS(1,J,I)) WVAL 4 
130 JiaJ+JLP -- AL T? 

IF(JI.LE.JL) CC TO 150 WVAL 48
J i b WVAL 49 

S3=0.0 wVAL 
54=0.0 WVAL 51 
GO TO 160 VIAL 52 

150 CONTINUE VAL 53 
S3=SORT(SI 1,J1I I) S(1,41,1)tS(2,J1I I)*S(2,J1I)I) HVIL 54 

IF(S3.GT.0.0) GO TO 155 WSA. 55 
S=0.O NVAL 56 
GO TO 160 WVAL 51 

155 S-45.Z957*ATANZIS(,JlI-.tSlJ.lI)) - V53L 58 

'160 'Ihf1c54S1,,i.(,1),,SJ1SJ,),(,lhSSAWYAL 59'
 

17d CONTIN-U ..-
 WVAL 


C TPESE AKt TI-E LPWASHES 
 NVAL 61
 

C 
 WYAL - 62 

2-00 CLhTINUE WVAL 63.
 
NVAL 64
 

20 FOctAT(IHoi'5X,I2,il-Td SPANWISE COLUMN- NVAL 65
 
WVAL 66
 

END WVAL 67
 

RtTURN --
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SUBROUTINE B0RP4XXYY.XT0G.YT0GXTEXtEAARiDAM.TgEDGtiCK.O.YE 8BOXP -2" 
I ,IPRINTiMLTNLC,AMA 80P 
2 ,JNAX .Lsa.tLW.N1.tE MST *I WstBsMC ME, bCOX 4 

ICHECKb0 - PO1EMIUAL- AS CKPU1ED- M O1f1W - 5 
C ICHECK'1 -WIThf LEADING ECGE COR*EIiN "iXP- ,6 
C ICHECK-2 - PRESSURE COEfFICIENT COPIPUTED FR CORRECUD fhENT4L mmir 7! 
C ICHECK-3 - PRESSURE COEFFICIENT CnbrEO FROM TRANSFORMEDlatu a 

-c- . .... FOR PHYSICAL WING - - ! -- Bx.P 9 
DIMENSION XX(E1,l(hI)XTOG(I)YD1;tl)XTEIZ13.MLEZt#AIIflCS~ BPox 10 

I ,AR(MBNB,2,EDG(2.1),S(ZNtgvB),TINEIJtlftIEfST(U) ouXP :11 
2 .ML(291)?La(tz,1).HLTZ221)HLC(2z.-NB3.JAXt2I BOX' 12 
3 ,AMA(MB K8,I) BOXP 13 
IPRIM=IPRINT BOXP I 
KRITE=IPRIN/10000 BOXP 15 
IPRIN=IPRIN-10OOO0KRITE eOxp 16 
JRITE=IPRIN/100 BOXP 11 
IPRINaIPRIM-1004JRITE BOXP 18 
IRITE-IPRIN BUXP 19 
IF(NEW.EQ.I) GO TO 140 BOXP 20 
KRITE-KRITE/O BOXP 2,1 
JRITE=JRIVE/1O BOXP 22 
IRITE-IRITE11C BUX---P "'-1-3 
GO TO 150 BOXP 24 

14 KIT-KIT-tRIEIO)10BlIP 25 
JRITE-JRITE-(JRITE/I0)*I0 BOXP 2 
IRITE=IRITE-(IRITE/10I)10 BOXP 27 

150 CONTINUE BUXP 28 
NSMOS=O BOXP 29 
CH=0.5*0 BOXP 30 . .. .-6-0) '311 
CALL BOXPOIXXYYXTDGYTDGXTEAARDANTSCKO BOXP 32 

S ,IWL flBNCMLMLC,4LW;NiNEWNSTJRITEI - BX-P -13 
C BOXP 34 
C BOXPO CUOTES _TI-IaPOTENTAL VALUESf IN EACH Bfx. BOMP 35 
C THEY ARE STOREC IN THE ARRAY S. BOXP 36 
.. BOXP 37 

ICHECK=O BOXP 38 
PEWNEW BOXP 39 
JflAK=JMAX(NE) BOX? 40 
IF(fITE.EO.0) GO TO 270 BOXP 41 

WRITF(IW,30) BOXP 42 
200 D 205 i=I,L BOXP 43 

DC ?05 J1,JMAX BOXP 44 
~DC IG =. BOX? 45 

205 TfJIK)=S(K.J.I) BOXP "46 
Z15 IFElfW.E1')_- ;iEW,,2) 0 pOXP 47 

IF(MEEQ.i) RTttl4,3AI 4t BOXP 48 
10 FckNATt141,1cx,; ?TIAL £ALLULATE (QEtL, IMAGINARY, ABSOLUTE, BOXP 49 

s PhA;. ANGLV)) eoXP 50 
32 FCAT147X PIC LAc-CLtU133aoxP 51 
34 FUH T ! ) FLA,---MODE NO.,II3) BOXP 52 

P-.IMT-CUT BOXP 53 
21b U'. 250 I11L t!oxp 54 

JL=HLML ,I) EUXP 55 
IF !JL) 2Z0ZtLcp 56Y 

-zO-VRITL((lZL) I dOxP 57 
JLP=JL// tOXP 58 

IF(JL-'4JLP.NE.0) JLP-JLP-1 BOXP 59 
LU1 /40 J-=rT&F- -- WP- BOW 
SI=SORT(TJ,I,1)4T(J.,I).T(J,lI,2)*TIJ.,1I,2)) . BOXP 61 
-IFi1.NE.d.T G TO 26 BOXP 62 
52=0.0 BOXP 63 
'40 TOZt------------- BOX? 6 

224 CONTINUE BOXP 65 

22 t=V1T a~tOYP 67 
JI=J+JLP BOXP
 
IF.J..Lh.JL) GoTO 23. .. BXP 6 
J=O BOX?-- - 10 

105 

http:IFElfW.E1
http:Lsa.tLW.N1
http:B0RP4XXYY.XT0G.YT0GXTEXtEAARiDAM.TgEDGtiCK.O.YE


S3=0.0 	 BOXP 71 
540.0 BDXP 12 
T(J1,J1l)-O.O OBXP 73 

T(JI$,2=W "~-FUX- -- 7 
GO TO 240 0 75BOXP


730 CONTINUE 	 -- I-un- ----

53=SRT(T(J1,I,)l#T(J1,IlITIJIi ,2i*T(J1,2)I BuXP 77 
IF(53.NE.O.O3 GO U Zs3 BerP 18 
S40=.0 BOXP 79GO TO 236 .... ... ... ........ ..- .. 0 W T0 

Z34 CONTINUE S 81BfXP 

5.4- .295 ATAI(T-fl-,T21TrCrrfl11 f 	 & 

236 CONTINUE BOXP 83 
24 WtIItAIW,25) JT,(JlI,) ,TIJIZ)fSlSZ BUXP 84 

,JlT(Jl,I, ,IT(J.IIZ),S3,S 80XP as 

C BOXP 87 
- Z7COtITf NUL" . XF. . "

IF(ICHECK.GE.l) GO TO '00 BOXP 89 
LLAUING ELUGL LEKREILUM UUXr 9u 
DO 380 J1IJMAK BOXP 91 

-~r 728:5 	 - 8uxr-- 92qLTNr~r~lr~f ~r--_______-	 - --
I11HLT(NEWIJI BOXP 93 

" - -2 LTfwa, 20r- -.. . . x .... 

530.0 	 bOXP 95
 
DO ZBO lD]Lvl 	 9O6'
 

K-I BOXP 97 

1-T1XTuz-J,NEfW.GfE.1.oG Jf90XX 91 
280 CONTINUE BMXW 99 

290 IF(K.EO.1) S3fl BOXP 101
 
,j=XX(KI-XLtl(14fWJJ-DtHS3 -OXY I0r
 

DO 370 I=IL BOXP 103

SistXXI II-XLEINEWJ 11/53 	 BURP-- U 

IF(SI) 300,3qC,310 BOXP 105 

300 510O.0 BURP T06 
GO TO 340 BOXP 107
 

310 IIIYLJ 3ZO,34U033U BUUr Lou
 
320 SI-S1*(XXIX )XLE(NEW.J))/4S3.2.*XLECMEWJ)) BOXP 109
 
330 IF(S1.GT.l.0J S1I3.O 	 BUP 110
 

SI'EOG(NEHJ)*SQRTISI) S& P III 
340 DO 350 K1.v2 uiixr i-r 
350 SLK.JI)-SI4S(K,J.I BOXP 113 
370 CONTINUE UIUX l4 
380 CONTINUE, 	 115
-OXP 


ICIiCX=1 BOXP 116 
IF(IRITEJ 3S0O,400,390 s9oxP -107 

39C WgITC(1N,36) BOXP 118 
36 FUf MAT(1H1,1OX,b1HP1T7ENTIAL COkRECTED MEAL,_IMAG-INA-Y,"-TOSOLUTE, BOWFl £t 

I PHASE ANGLL)) BOXP 120 
c TgAN-FER- T1, OF VELCIT POETA InPTIf P I.NT-JUT CORECiT 2
 

GC T- 200 BOXP 122
 
4 CbhTINUE 123
'00 BOXP 

IF(X ITL.E..O) GO TO 700 BOXP 124 
IF(ICHECK.L.Z) 1,9 O 5,? 0 BOXP 125 

C 	 C'LCJLATE AND P IMT PRESSUk& COEFFICIENT BOXP 126 
IC-'Ck=2 BOXP 127 

, . O IG ... BOXP 1281-1,L ... 

JL (AL4 tI) 	 -8 BOXP -129 
U', 410 J=I,JL BOXP 130 
T(J,1,3)=S(1,J,IJ BOX 131 

410 T(JI,)= (2,J,1 BOXP 132 
420 JMAkzJ?AX(HEW) BOXP 133 

':C 3C1 L BOX? 134 

U) 43C J=IJL BOXP 136 
Do 430 s=1,2 BOXP 137 

430 T(JI,K)=O.O BOXP 138 
50o jJ=I,JKA BOXP 139 

..=LT(EWI,JJ BOXP 140 
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IZ=MLTC(J1E, ,JI-L(MFEN,,JI+I BOXP LqV 

I 1=11 JBOXP -5-=- .E-PE. 142 

T(1, t,5) XL=($EAJ)III, d,5) XLiCW;_Ji
T(1.10,5=0.0 

- -
BOXPBOXP
BUXP 

144145
147 

T(1, 12, 51 0;~f.0V 
IF(AaS(XLE4HEhJ)-XX(II)).GT.l.E-05) GO TO 445 
ADJUSTMENT -- LEADING EDGE AND FIRST BOX COINCI.ES .. 

BOXP 
SUP. 

148 
i4"9 

11=1141 BOXP 150 

1K=Ii(-1 
A45 CONTINUE 

DO 450 I12,IK " 

oir 
BOXP 
OTX, 

-

152 
153 

T(I, b,5)=XX(I) 
T(1, A,)Xfli 
TCI,1O,5I=T(J,lI.3) 

- -- - - -

BOXP 

BOXP 
-

154 

156 

-

T(I,IZ,5)=T(J,II,4) 
T(1-III,5)=XX(Ill)

450 r I=I-Il 

. . --1-
BOXp
BgXP 

158 
" 

CALL SPLNI(12,T(1, 1,5),T(1, ,5),T(1, 495) BOXP 160 

CALL SPLNI(!2,T(l, 1,5,Tfl, 3,51,t(1, 5.5) 

$ ,IKT1, 8,SKTT(1,12,5,,T(,14,5),NSHOSI 
11=11 

BOXP 
BOX? 
BOXP 

162 
163 
164 

DO 470 I,1I BOXP 165 

T(J,1I,1)=T(1,4,5)-CK*T(1,3,5) 
T(JIIZ)=TT(I,5,5)+CK4T(I.2,5 

470 11-11-1 

_____ 

_BOXP 

BOX? 
BOXP 

166 
167 
168 

500 CONTINUE BOX 169 

WRITE(IW,40) BOXP 170 

40 FORMAT(I1H1,1OX,6HPRESSURE COEFFICIENT (REAL, IMAGINARY, ABSOLUTE, BDXP 171 

S PHASE ANGLE)) ...... .. ....... BOXP 172 

BOXP 17.3 

CC TJ BOXP 174 
C TRANSFF' TO PRINT-JUT IFTIN 


Tfl ..... 

520 IF(NtW.G..dW.1CfiC<.tC.3) GC Tb 700 BOXP 175
 

C (ALCULATC PkZSSUE :j ,FICIENT ON PHYSICAL WING FROM NEW=2 qESULTS BOXP 176
 

OC 51IC IIL 
 BOXP 177
 
* 	 BOXP 178
JI LC(1II) 


BOX 179
 
. . .. ... .BOX? -	 "- 180 

BOXP 181
J4=Jl 


C TkANSF&RMEJ Y-COIRWINATE OF PHYSICAL hING ALONG I-TH COLUMN BOXP 
 182
 

DC 5S0 J=1,J3 
 BOXP 183
 
TcJ,,')YY(4)tAt,,I.1)BOX? 184
 

540 4=j41 BOXP 185
 
BOXP 186
jt=KCu2,I " -

J ZMLL(2,I I BOXP 187
 

BOXP 188
 

jiUJA 

JC=J'-JA4I 


BOXP 189
 

C KNGN PCINT CF f4ASFJ MEC WING ALONG I-lb COLUMN 	 BOXP 190 
BOXP 191ZC:,500 J=L,JL 

T{j. -",S1ty-YJL) - BOXP 192
 
BOXP 193
T(J, i,b)=YY(Jb) 

IcJ,10,,)=S(: ,J ) BOXP 194 

T(J~i2,b)tf ,Jkiu BOXP 195 
BOXP 1965tO J=JD+i 

C INTL-PjLATE S Ai T(JLb) OF TKAMSFCRHEO WING BOXP 197 

CALL ~L1iv~C,),~ ;TT1 4;5) -- - - BOX? 1483 
,JC,T(l, c,,j,1(I,1C,5J,TC1,14,ShNSMOS) BOX? 199 

CALL SPLNI(J3,Tt1, ,:)),T(1, 5.5) BOXP 200 
-BOX?
,JCI(1 ~,),T1,1,5IT(114,),NMOS 	 201
 

BOXP 202
C T;N SF3RM S ITUPtYSICAL GOANTITY 

BOXP 203
JA=Jil 


-- 33-W3W=73T - "- -"- - BOXP 204 
BOXP 205T(JA,I,3)=TtJ,2,5)/AA(J4,.I) 

TI J4,i,-4 rTJ7 ,3,57)YiKIA( 1, 1,1) BOXP 206 

580 J4mJ+*1 BOXP 207
 
-.- BOxP 208
6O 	CONTINUE 


MEW=I 
 BOXP 209
 

o zir07-
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L kAtt . ,-CIt'IN L 111h. ,LtrINC nCTIEtN T0-O6TAIN BOXP 211 
C V L 3q PCIS$U2 C,)tF ICI-N1 C-OJTATICt C PHYSICdAL WING B3xp 212 

GC T- 4'4 BOXP 213 
700 -CC' NUE BOXP 214 

k TU .N: BOXP 215 
20'(4' i, I -T SPA.NkS,1s COLu$1mlp -T 
25 FqK.iATf.idAcll3im1.)

ENWD -
Box! 

. . . .B0XV -

217 
218 

io8
 



ORGIGIAL "MW 

OF POOR 0Uk1ATY 

SUBROUTINE BOXPOIXXYY.XTDG,YTOG,XTE*A.AROANTSCK.C 	 bOXPO z 
$ 	 ,IW.L.N8,MC,NL.HLC,HLW.N1.NEU.NST.42 IE) -891fl 4 

C 	 SOLUTION OF SIMULTANEOUS EQUATIONS FOR 11E POTENTIAL BsRxR 4k 

DIKEtNSIOI XX(-1)YYIL),XTDGIL)JYT0611XTIZtliAi2,KC,|, OM, - ,
1 	 - .RlMNR,1),lT12.NBol).S42.NSBl) "BOX$U 6 
2 ,Ntt2,1).iLC(2,2.I).MW1H2s1)iNSlT(I 	 0090 7

OH=0.5*D 80XP8-, 8 
IF(JRITE.EQ.O) GO TO 25 BXPO 9 

IF(NEW.EO.2.OR.N1.GT.il GO TO 25 BOflO- 10 

C 	 PRINT INFLUENCE COEFFICIENT IOxIu W, 

WRITE(IW,1OCI- 8e___________________- 12BXPO 
JLt2*IL(EW,L) BOXPO 13 
K-JL/4 BUXfl 14 
IF(JL-4*K.NE.03 K=K+1 DXP 15 

00 20 I-,L BoXPO 14 
11=1-1 BOXPO 17 
WRITE(IW,11I) 11 BOXPO -l 

00 15 I1=1,K 80XO 19 
15 WRITEWIW,120) ((JA(1,JI),A(2,J,I)),JJ, JL,K) BOXPO 20 
ZO CONTINUE BOXP 21 
Z5 CONTINUE BOXPO 22 

"IINST(NEW. BOXPO 23 
AMI=I.O sOXec 24 --	 . . .. .. .. BOXPO 25 

26 AI1=AMINI(XTDG(I),AMI) BOXPO 26
 
C BOXPO ?7
 

IF(JRITE.EQ.O) GO TO 28 BOXPO -28
 

RIT( 168 . . . . . .. . .. BOxPO 29
 
BOXPO 30
 

" do z xnz,u--. . . .. .. . . . . . 

. 28. .I	CONTINUE; . ... . .. . . .... . - BOX 3i 
11=0 KXq 3 

= 
NFLNS ,5Ah BOXPO 32
 
DO 90 1-1,L .... . ... ... .. BOST
 

X=XX(I) BOXPO 34
 
-C ADJUST UPSTR:Ar INFLUNCE BOXPO 35
 

KO = I BOXPO 36
 
IF(NFLNS.EO.U) GO TJ 30 BOXPO 37
 

KO = MAXOtII-t.FLNHS.) BOXRO 38
 
30O CCKTIKUU BOXPO 39
 

JL-ML (EN,.) BOXPO 40
 
* 	 IF -(JL.EO.0I C T; 9 BOXPO- 41 

C DEFINE "ING AKE WAK dixES BOXPO 4z 
C Jo=hu. OF MAKE BOXES IN ROW BOXPO 43 
c JE=. St sik BOXES BOXPO 44 
C JS=Z-U6 OF FIQST MING BOX BOXPO 45 
C JN=G3E --

f 
LAST WING BOX BOXPO 46 

c JS4=L.;E; F FIRST WAKE BOX BOXPO 47 
c 	 JNW=zsoEN JF LAST -AKE BOX BOXPO 48 

j1-0 BOXPO 49 
ItULE.Arfl CL IE, 3, BOXP 50 
-= BOXPC 51 

32 If(J.aI.JLIJ A.] uoXPO 52 
=C -- 0XPO 53 

OXPU 54 

33 Jz-J SOXPU "5 
u- 1,: 32 BOXPO 56 

34 JEIJLJJ POXPO S7 
SCtPU 5b
 

35 JS =JW.1 BOXPO 59 
JSW=1 - BOXPO 60 

GO TO 37 BOXPO 61 
36 JS Y - -..... BOXPO 62 

JSW=JE +1 BOXPO 63 
37 JN JS7JY i- ... .. BOXPO 64 

JNW=Js+.JW-1 BOXPO 65 

1r~rfU4 	 -- - - -8RP O -- C6 
c 	 SLa TACTIh OF CuNTIgtUTIONS OF PRECEDING ROWS TO UPWASH BOXPO 67 

Di -7 J-JS,j- BOXPO 68 

CC 45 K=KO,I1 BOXPO 69 
KLt4LtHW,K)- BOXPO 70 
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KI=lI -K ___________ BOXPO 71 
IF IZL. E3;drFCj ITL; SC'-uDv 12 
A. 4j'1,. BOXPO 73 

N=3A6S(0,J)i SOXPO 75 
AI~dlp:,t1 ~ - - - ____Vfw 16XU __ 7 
A A2,NKIHA j71)BOXPO ?,~e 

- -1_U BUAYD IS 

-0UPW
St 1 J.1 I=SI!, J,ID-!41t.(l. -A )StZ,M,KlI 8
 

45 CCkT1NUE 1UXPU" 78 
'.7CCNTI14JE BOXPO .,83 

uc SLTTF,_;GU grm% AVL- Nt VS EJUAdCNM BOXPO k 
50 J'C .. J= I *JL BOXPO 89 

DC . K~L.JL ~UP ~ 8 
N12j+P BOXPO 87 
NZ=XAbSt, 1 -W -- uv-

HlC ____ _ BOXPG - 89 
-IFtk. G.RLC{LM,:,I . lALRL;,1fNz I) rTA(. ~ 

C ----- BOXPD - 91 

C MOPG 93
 

T(2JC=(t2,MILI~n,1i)~Ir OXPO 95 
52 CURl~f BUXPUT- 96vu--

CSJaTRACTION OF CONTRIBUTION SCUDG 97 
C rfuf'i~e IFOXEr-- S(ULNGJ* UilXPO - T 
c S(WIrIC3-T(WAKE)*PHI(WAKED BOXPO 99 

tF(JP.ESO.) G 2BXO i~ 
DC 5. J=JS,Jt, BOXPO 101 

rC3R7swi~;BUXPO 103
 

5b CONTINUE BOXPO 105 
fflu~Nl~f~tfY2-- uxPO lob 

C RC-&-P05OS1IT4 ELENENTS OF 7 BOUDO 107 

NW=NJ14 BOXPO 109
 
005, J1,JE U l1U
 

BO8XPO Li1
 

C _BOXPO 115 

T,- BOXPO 118 

.0 0 XZ. BOXPO 122 
N1~ 60M 123 

- -,? ~ - BOYXPS 124 
'4 d..lTt( Iw.1c,3 IJ,.,lIk ,J'tftItl--8K saP 25 

-127
II(~ Th* OXPO 


- = NBl 80K 128 
,I T 80KMU 129 

EA 1.Jt - BOXPO -130 

I1TCU',17.2 V,, ,oSJ.) 0PO 132 
r- N7rINUE - OXPO 133 

7r Ct.NTI'uc BOXPO 134 
167 FCA(".,I7-*~A' rCOLUMN) BOUO5 
lbt F0 -iXII.N AJIX (-A)juF- LA)*(Xh=(R3 13604,iC, FOR VELO BOXPO 


Ad:G?.- BOXPO!ChTY PUTENITAL CuU4NI/) 137 

17C~~(~rl~.,hi.-,I22hE3b BOXPO 139 
7 -, BOXPO -4 
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ORIG6pRA PA§'t i 
OF POOR 

C BOXPO L41 
IFtn.ke.i}- CeIC i5 BOXPO 143 

C COMPUTE WAKE POTENTIALS - BOXPO 14 
C PNaE*XP-KSXXT) i& -- 145 

"FG L-TO 15 BOXPO 146 

75 	Y=YY(JS) BOXPO 148 
IF f X. Eir7 I NW JS-.)iI GO TO d2 - -- - fa 1479 
IFiX.GE.(XTE(NEW,JS)+3H]) GO T 82 BOXPO 150 
!Ft.GT.XTE(FVWJSJJ 30 TO 76 " RGB1pOb i 
rTR=S(IJS, I) BOXPO 152 

PT 	1 I , 4,12- £DXPW 151 
KK= BOXPO 154 
XB=ro-- - BOXP" 155 
GO TO 77 BOXPO 156 

76 P=IkX-TEC-NEW, JSI)fl/ BOXPO -151 

PTR=(1.O-P)SIJSIh+P*S(IJS, -1) BOXPO 158 

SK-O 	 BoxPo 16o
 
x--=x BOXo 161 

77 CONTINUE BOXPO . 162 
80 IF6XB.G:T.1.C) CU -TO 62 BOXPO 163 

XW=(XB-XTE (ChJS)]3CK BOXPO 164
 
IKW-14KK BOXPO -16
 
S(1,JSIKW)PTRCO5(XW)IPTI*SIH(XW) BOXPO 166 
st2J5IKww)=zPTfi*COS(xq )-Pfiz4-siNfxW o' BOXPO 167 
KK-Kk BOXPO 168X 

06m)C ;D-BOXFD 169 
GO TO 80 BOXPO 170 

82 	JS-JS-1 BuXPO 171"
 

IF(JS.LE.JLJ GO TO 75 BOXPO 172 
,;5 C3-HT!INUC BOXPO 173 
90 11=11tl BOXPO 174 

RETURN BOXPO 175 
95 wRITE tI$,140) BOXPO 176 

STOP BOXPO 177 
IbO FRA(lt sZIFtNCU EgFPICIE 4 (fEAL AND IMAGINARY],f//) BUXPU 178 

110 FCRMATVhOJA,!3,3c'- IX EIP'tATILN IN CHORDhISE DIRECTION) BOXPO 179
 

1 0 FO;flAT(1h ,5,UPL3blBOXPO 180
 
140 FCflAT(I-CiOX,59-SsuTIN OF SIMuLTANEOUS EOUATIJNS FOR THE POTENT BOXPO 181
 

:Iti -. Itit) BOXPO 182
 
BOXPO 183
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IZKF(~ ,itj~,U~5U 

Lz-iso.e J 	 " - 11 

08 	 150 Jsl.JU5K S~l 1 
i TiiFA.iNu. ,Ji) 	 1,ha 15 

NCqHZ~1 FUC- 1-i 
£1.1 F-ORCE 18 
K24 FORCE 19 
KC-0 FCIC! 20 
TI1,1)-XTEIKEHJ) 	 FORCE 21
 

40 	 KK-ItLTl FORCI 22Z 

T~l, 2I-XLE(EMRJJ FQtCI 23
Ti 	 1.t2)-.G FORt! 24 

31SKA2ZKl;sI 	 FORC¢IFORC 25
KBOZ FORCE 26 
IF(KI.EO.3.OR.HZ.EO.2) GO TO 45 FORd Z? 
IFKC.EC.2) CO TO 45 _FOR! 28 

C-	 EXCLUDE LEADING EDGE POINT IF IT IS TOO CLOSE TO FIRST BOX FORCE 29 
IF(XXfKKE--XLE(HEWJ).GT.O.2*D3 GO TO 45 __ FORCE 30 

KB-Z-I FORCI 32 
KC-LI FORCI 33 

4 f5 FORCICCHTINUE 34 
.. O KKA,KB--------------.....FORCI 35 
-	 FORCI 36
T(,K,.2IXX(KK} 

IF4K1.EO.3) Gd TO 50 FORCE 37
 

T (KKZ)=SLKK1JKK) 	 FORCI 38
 
IFINEW.EQ.I.OR.KI.EOI GO TO 50 FORCE 39
 
_TKLD)AHA(JKKN E INO FORCE 40
 

50 KK=KK i - - .-	 FORCE 41 
IF(KC.EO.2 GC TO 51 	 FORCE 42 
IFCKI.EO.31 e-TO 0 	 FORCE 43 

CALL SPLN(1TCLI,),T(1,8),T( 1,9)K8.T(1, Z)hT(lK2 tT~L lO) FORCE 44 
TIHK2)1T(1,8) 	 FORCI 45 

IF('(C.HE.I GE TO 51 	 FORCI 46 
KCF 	 FORCT 37
 

CO 	 TO 40 FORCE 48
51 CONTINUE FORCI 349 

C Z.GT.2I FORCI 50 
IF-N .ET.2G-G- -To SO FORCI 51 

C ADJUSTMENT FOR TRAILING EDGE VELOCITY POTENTIAL FORCI 52 
IKKLTKNEW. GJT 	 FORCI 53 
DUN=SORTI(XJE(NEHWJ)- LEINEWJ))IXX(KK)-XLE(NEWJ)) 	 FORCI 54 
T(50,KZ)DUN*T(NZK2) 	 FORCI 55 

40 ... 	 FORCI
GO. TffO ...	 40
 
52 COGTINUE FORCI 56 

C FORCI 57 
KCMQ FORCI 58 

IFIK1.EO.2) GE TO 55 FORCI 59 

.... . ....... __ - . - FURL!-6" 
KZ26 FORCE 61
 
Kk -M .... .. . . .. ... FOR-CI 537
 

55 KI=3 	 FORCI 63 

"---- ..- -- - - - - --...-	 r - "r 
O 2=XTEIhEHJ) 	 FORCI 50112 hTNEFRI 	 5 

Ti 	 2IZ)aI.O FORCI 6? 

C LEADING EDGE AND FIRST BOX COINCIDE -	 FORCI 

112NZ-1 	 rbRtI 

http:IFCKI.EO.31


-  - -  

ORIGINAL PAO it
 
OF POR QJATY
 

NH4Q-1-	 OFRCI 71DO 65'K2NO 	 E1ICt UZ 

TK, 2)-T(K.I, 21 	 FMCI 73 

T(Kv kI=TIK.tb) FORCI 75 
t~~tNE~~EO.1Y) -nf65,FRE ~ ' 

TIK,12I=TIKl.12I) FORCl 77 
- C KFI-NThUE . -FOUC 18 
67 CONTINUE FORCI 79 

C -- - -- -	 -
C 	 INTERPOLATE DEFLECTION AT BOX CENTER, LEADING AND TRAILING EDGES FORCI 81
 

,SFOV(1,MZNEW),SFOH(I.K2.NFW).MZ,2I FORCI 83 
-PERFOMCH"SE ITEGRATION FORCd 84 
O0 75 K-i.Nc FORCI £5 
IF(N tE1.EW.ZT2TIlfkT "Rocr- -n 
T(K,15)flT(K,14)*T(KC+CK*TIK,13)*T(K,6))/A2 FORC! 67 

CALL INTGL(T(IZhT(,15),(J,17),T(J,18),T(1,19).2,NQNZgMN) FOkc| 89
 

DUN=TNQO,33/AMI2 	 FORCI 91'
 

T(J,1d)-TIN,)DUfl-T(J,1O) FORCI 93 
150 CONTINUE .. . r -- -

C 	 PERFORM SPAhWISE INTEGRATION FORCE 95 
NO=JMAK+t 9UKG , 1 
Kli1? FORCI 97 
WZ-1I -	 nuRry- -w 
TI1.l)-O.O 	 FORCI 99 

170 TIK, )=YY(K) FORCI 101 
NZJMAK FURCI 103
CALLSPLN1(1,r t1,1),T(1,8I),TI,9),NZT(1,Z).T(1K1)hT(1,1O),NI FORCE 103 

TI 1.KZ)-T(I.8e FORCI 105 
D-O 175 K-1,JMAK FORt! 100

175 	T(K*IKZ)=T(K,KI) FORC.I 107 
IFIKI.E0.18) GO TO 180 rUKI l L08 
Kja15 FORCE 109 
KZ-16 FO nI-lio
 
GO TO 165 Fld-!i 111 

180 CONTINUE FURCI 11z 
NZ-JAKl IFP.c 113 
TiI1,fl,-O.O .RIi 9-9 Iii 
T(NO.*2)YHAXNE*W)." FOtCI 1is 
K, 1 KzI,Jflt _________ FORCI 116 

1-5 T(K+IZ)=YY(. FORCI 117 
L 4lhu TIP C3kLACTION FORCI 118 

FORC IY 

FORd! 120Pk=T(tZ-! 1) 	 FORCI 1Z1 
PI=T(1/-I95) 	 FORCE 12Z
 

I9C 	L'~=CTI~c~-(i2JxIFtl 124.T(NflI&):Lj,¢FR 	 ... FORCf" i25 

T(NIt.)=OUrtFI FORC! 126 
IFKi ~ u ci TO 14o)-- F0gCt f527 

195 lIHYY(JMAA),.UJ.un.Y1AX(NbLW) GO To 196 FORCE 128 

FORCI 136

T<;=! 	 ):T. +_ "-I - . . . .-- . -FuRcI 129 

FORCI 130 
I(N T( s.Z- -) G T ?FORCI 132 
T ( -, I =1 I.. FORCI 133 

cc FORCI 134 
1,6b Cdr-TINuL FORCE 13? 

IFA-SL~J,)-(ii2f.C..EO GO TO 197 - FORt! 138 
NC=NO- I FORCI- 139 
N/txi -1 FORdt 140

113 
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T(iJ 2j -Mu~ 21 - -OftCl --- 141 
FORCd 142 

I (N.1Fl~Ttt. I~tIFORCI 143 
I~LLtqIN:FORCI 144 

C - - FORCE 145 
CALL ITL((,T[L1lT11,(,)TL1,2NZM)FORCE 146 
ItETfUN --- -_____ ORCr- -1r 

t CFORCEI 14#8 



ORIGINAIL PAGP imOF POOR UAI TY 

SUBROUTINE'fREOIDATNritNBKSFMSFMX.SEY,SFMH,IHIPRINT) RED 
 2
 
SPLIIESRAAE IIT 	 IRED 3~fliWNUWH 


DIJNSION OA(1),Tt lt)SFIIY1,FiY{ ) SEMH-(} tRED-
MS-_ - s+- -IRED 


- KSFM-DAII7b RED 6
 
-FKSF--) 0 5C . . ....	 KED 7 

C 
 MRED 8 
C FITTING OF GIVEN P7 S UEjT-iC t-W PLIHt-SURFACE BRED- q 
C IRED 10 

10 IF(Na--KSF) wC,15;15 RED 11
 
15 CONTINUE -RED 
 12
 

KP7OI --
 BRED 13
 
01 30 IP=1IKSFI' 
 MRED 14 
SFMX(-IP)=DAtKP l 4tZ4F - BIRED 15 
SFhYLIP)=DA(KF.Ij/uA 24) BRED ib 

C 	 JAt9sg|= IPL OAT. AxE PRESSURE COEFFICIENT BRED 18
C 	 LiAV V-2, fKPLT ATX t. L L ;CAL MA(,h KUM:3 HRED "19 

IF04 (96)-1.0) 7K,2U,.? BRED 20 
c ---* Tfv-TP RMR-T-tE Fr-IEkFT -In'U c AL MACTo NUMBEkR 	 FIED 21 

20 SF$HtIP)RIT. U.zIIj..O.tSFM(IPIj*ocONST2-j.)) BRED 22 
25 COTNINUL KRED 23 
30 KP=KP-s tRED 24
 

C SPLINE-SURFACt SITTING 5F GATA BRED 25
 
40 CONIINUt 
 -IRED 
 26
 

TFUi-p-pITNTY;T.--- .KIUTLO -, -O igtib 27 
CALL SURFI(NnKSn,frsFnxSF$Y,SFH,-IPRINT) BRED 20 
RE TURN tRED 29
 

'C 
 tRED 30 
C PRESENTLY INPLT 3F kRESSJPE COEFUPICIEN-T I1 31-RED 


C A PULY$OIAL F341 IS NUT ALLOWED 	 BRED 32
 

50 CONTINUE 
 KRED 34
 
kS M 3. . .... 
 RED " '15

SFhH(1)=OA(71) HRED 36 

- sw~rT~j77rU~ IZED '374i-

SFHt(3)=O.O 	 tRED 38 
(.UITL to IE]--- -- 3
 

C 
 - BRED' 40 
IRED 41

CO TO 	d: BRED 42 
aO IFF-P 	 --- KRIED" 43 
35 WRITE 
 HRED 44 

- u 	 I|W4,iiUJiPR Nxtu-

STOP 
 MIRED 46
 
roc Fo09-AtThiWO Ht-TrN~II.Y 0ni~rsnri$NR"E-W 	 -4 

$CR(I )**2tIALOGIRII| #*i )MRED 	 48
 

END 
 KRED s0
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SUBROUTINE INIGL(XYVxVISNNQNZNM) 	 INTGL 2 

DIMENSIUN X(I),Y(NIZ),S(NtlI INTGL 4
 
-DTI-E-LUi) INTGL 5
 
Do 20 I=2.N0 INTGL 6
 

20S1,i~X(I-X(-L)INTGL 7 
IF (NGEO.2) Cu TO 3 INTGL 8 

DEFINE TRI-gOAW -L CErP7CT~trNTI$ATfRIX- INTGL9 
00 25 I=2,NZ INTGL 10
 
iTBT)s SiI'ij/o.0 INTGL 11
 
S4{I,3)=(S(I,.).S(11,i) 1/3.0 INTGL 12
 

25 SII1 s1.1,10.o INTGL 13
 
SI 2,2)=0.O INTGL 14
 

C DEFINE RIGHT-I-AND-SIOE LOLUM? MATRIX INTGL 16 
- I IHTGL 17 

35 00 40 I=2,NG "INTGL 	 Is
 

40 	 INTGL
4 S(I,52(y(Isl-Y{t-1,K) /5(1,11 	 19
 
DO 45 1=2.mi INTGL 20
 

---5-S(~} S Y-"- 1 ; 7- 'ITGL 21
 

c SOLVL FOk CCEFFICIctN7 UF SPLINE FUNCTION tJ) 	 INTGL 22
 
INTGL 23
 

50 CONTINUE INTGL Z4
 
3r1)OVt INTGL 25
 
S(NOQI=O.0 INTGL 26
 
VI .00 IRTGL 7 
DO 60 I=ZNG INTGL z8 
V1=VlfO t31 ,I3 INTGL 29 

$ *(Y( lK)tY(I-,K-S(I,1)*S1)*(S(I,7)+S(I--,7)1/1.) INTGL 30 

60-T01TINUE ..- INTGL 31 

IF(K;E,.) ktIURN INTGL 32 
ITU' 33 

IF(N.EG.11 RETURN INTGL 34 
-K92 INTGL 35 

GO T-3 3 INTGL 36 
. . . . ... 	 .. ' L 37 

SUBROUTINE TRII(K,K3,AB,CEDWEfI - tfl 
IFNI* Jfl- AIIFI,-B41),CUl),-1TVIIEf1,F41) 

-- 1rts..iw il" TO 5 	 -

V44= wl44)*ixI~uE!1 

_ .._ _ _ _ a	- .~a 

VtfltXiS1t11IES I 'ItR	 - J11UI 

RE1t h A( 1I ) 13 
Id-K-.J-Wz - -

KZmKK I 	 Tgt& 

to D 	 T*1D *0

116A-FKJlilt 	 K 
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ORIGINAIJ PA._f ml' 
OF POOR Q.UAhrn 

SbSROUTINE SPLhI(NI,XYY,t4,AYY,DYY,N$HOS) SPLNL 2 
C XY,DY-INTPCLATON INDLPENDENT OEPENGtNT VARIABLES,.ANO OY/OX SPLNI 3 
C NI _NC. OF INTIEPOZ4TION POINTS SPLNI 4 
C XXYX -I NPUT INbLPcMuE:,T ANt "ILPEhtN T iAh]IAELhS SPLNI 5 

C N =NO. OF Il,1UT PUINTS SPLNL 6 
C OyY '(YYI/uEX,) FdK IHeUT OATA SPLNI 7 

C NSJ4S sLuNtiULS uF tiOJTiING ANS PRE-INTEhPOLATION SPLNI 8 
DIPE4SIG Xi1),Y(1),DY(13,XX(IYYiLiOYY(LI SPLN1 9 
14=N SPLNI 10 

-- IPRE4MS S iO" SPLNI 11 

_SACNSldS- IPw ) SPLNI 12 
IFCI ,C.LL.L) Cu Td JO SPLN1 13 

C STCEk INPUT DATA_.J Pk-lNT.PJLATIJh SPLNI 14 
ZC 2) Jal . SPLNI' "15 
Y(JI=X I_) SPLN1 16 

2G DY(J)=YY(J) SPLNI 17 
CALL 3PISt(NXAfYayYO.O,0) SPLNI 18 

C 	 PE-INTikPLLATIuS, SPUN1 19 
Dc zn I=2,N SPLNI 20 
1-1= 1- .. SPLN1 z1 
1211* SPLNI 22 
,X(IL)=Y(1 SPLNI 23 
YY(lfl=,YII) SPLNI 24 
AA( iU=-j.3; (1-iJ*Y(ii) SPLN1 25 

2 LALL SPL 1(JA( IlI;0,Y,-Y,.YYYY11-1)j'JM,I) SPLH1 -26
 
...... SPLNL 27
 

36 ZCNl1PUt SPLNI 28
 

IF(N $. r.f) La] - 29
t L 	 SPLIN 
".C SMOOTr INPUT T. A , YY 
 SPLNI 30 

CALL SMCGTh(;.2, , YT, ,NV~t.) SPLNd 31 
C INTERuLATL Y A k, AA, YY, IIYY AND CALCULATE DY-D(Y)/D(X) SPLNI 32 

iC CALL 3PISTtNc,', ,YY;5YY,C.O.uJ SPLNI 33 
iLL ,,XAYY,DYYYUY,2) S2XLt-SPLN 34 

RETURN SPLN1 35 
SPLN1 36 

SUBROUTINE SPLNZ(XPP,N,X,YDSPFSPDK)' 	 SPLN 

C EVALUATES A NATURAL CUBIC SPLINE AND ITS FIRST DERIVATIVE USIUS Sp&UZX
 
C SLOPE ARRAY D CALCULATED BY SPISET AND USING ThE INT DWATA "A"
 
C ARRAYS X AND Y SPLN- 4,
 

D0 10 J1.NP SPtLNZ 
IFtXP4J).LT.X(IJ.OR N.EQ.I) GO TO 6 SPWZ 4 
D2 Z I=,ZN Sptmz 9 
IFtXP(J).LT.X(I)I GO TO A SAInZ 10 

2 CONTINUE SPLNZ 11 
SPF(J)Y(N).D(Nk)(XPIJ)-X(N)) SPLNZ 12 
IF(K.EO.l) GO 10 10 MLZ £3 
SPOIJI=D(N) SpLt.N I1 
GO TO 10 -- SP-NIf 

4 	 CII./(X(I)-X(I-I)) SPLMZ -16 

C3=XPIJ-X(I-12 SPN: 13. 

C4C2C SPLN? 19 
C5-C3*Cl. SPUZ 10 
TPFl(J=C5#C54 (i.*2.#CA)#Y(I J-CZ*DhIl SL.NZ ZI 

$ -. C4*CA*(1..2.tC5)*Y(I-1I+C3*D(I-)) _ SP.NZ 22 

IF(K.Ed.) GO 10 10 SLNZ 23 
Cb62.*C2-C3 SPLNZ 2A 

SPD(J)rCLOCIt(C3*( .1(1.+CI*C6)*y(I)-C60(I)) SPLN2 26 
I -C24t2.4I.tCL*C7*Y(I-1+C1*DI-EI) SPLNZ _2 
GO To 10 SPLN2 28 

IF(K.EC.1) GO TO LU 	 SPLN2 30 

10 CuTINUE 	 SPLHZ 32
 

END 	 SPLN2 3. 
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SUBROUTINE SISETCN,X,YDRNS,IFRiS) .. 2
 
DIKENSION A(13,Y(1).o(1 SIS!
 
DATA JMAXRbi/2O6666667.1.071756fl1 SPISE' "
 
)(11)0. 5P52 S 
IF(.EO.1) RETURN-RS! 

AN=m SPISET ,o
 

DO I 11-2,N SPISET 9
 
I=N2-iI SPIsET "10
XlII)f(I)-A( 1-fl --"1553ET-

1 .YI )=(yvj3-y( 1-l)i/A l SPISET 12 
1Fh;~C~iQ T 135SPISET 


DC 2 II=3,N SPISET 14
 
-N. 3-11 SPISET -1
 
DI-I=2.4{y(L-Y(1-1)2/(XI+X1-)) SPISET 16
 

D O- SPISET 18
 
2 e X(±-IET ,X(k..5X1-1/(( -O
 

DC 3J-L=1,iflI-×IiII2-O.-X -~l.OiII-SPISE r it
DC 3 I=jN -OI SPISET 2z
 

3 -11-I*L5/Ii-.SPI$ET -7r
DC I= SPISET - 22 
3 LIT-=Ih-4(Y( )-()4b([-2DIO.5X)i*())4-lO*(-SPISET 2I5
X 1 A - - - - - -SPISET 23 
q1 Y(1Jz2.333333I343Y( I)4(X(I+X41-1))+Y(1-1) _ _- SPI SET, 24 

-10b 1=2,N SPISETSPISET 265 LYi-*2v~[i () 25ss YIIv CiIOz - Is, Z.o h[i ...-.. . - .. ..-- tPIS T- - b
C=ptR x( ) SPISET 27 
1Y .i CSPISET 28 

S2=YII.*(OI-1)2.'~i) - ---- --. siff lb9 

tCi-J= C.#I-SPISEt 30 
o SSi---SP ISET 38 

SPISET 32 
5(3.-Ti 3- _ _ _ _ __ _ _ _ _ _ _ 

R$=.SprstrT 34 
IFrl.EU.c) btt TO d . - 3sP13E97 3_5 
Ce 7 =i, - SPISET 36 

C~2~C4-L)- ------ SOISET 3Y7 
7 i TrS r . . ... ...... .. ... . . ... ........... . ... . SPISET 38
 

6dDOl 9 1=20N SPkSET 40,
 

9 i Y SPISET 1 
911(- SPISET 42 

LNC ___________________________SPiSET 44 
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ORIlGINAL PAGi 
or POOR OIJAIATY 

SLbKu'1jt sNCCTH (N.X.Y,T,NSNOS) SMOOTH 2
 
C Ylf -TR-AIT-3Y-AOOTHEB LOCAL FIVE POIT Lt T SCARES. SMuOT 2
 
CUBIC uEIGHTEL BY W SHOOTH 4
 
-DIM&#SIO X Li) ,.y(i ,T(I1 31(00THl -S5 

IFCN.LT.51 RETURN SMOO-1-TH 


t610 N-i -d- -3lorirT-
-6 

T142=t-S SMOOTH 8 
ANN SMOOTH q 
S= (Tt1)#(x ]-X1)i/AN)*2 SHOOTH 

" 
10 

- -DO-4 -- S- oU IL;,4 w 

KIMIh(N-A,AXO(1,L-2) SMOOTH. 12 
KkX-, -- - - - - -SWoi XT 
00 1 1=1,20 SMOOTH 14
 

- r--nrI"'.; SMOOTH 

00 3 ?.K.K4 SMOOTH 16 
£7w 'l f Ts 17 Li-XT )*2-.. SMOOT- 1 

R=1.3 SMOOTH 18 
-0 3- -=, -390m___ - 1W 

14=1-4 SMOOTH ZO
 

Z J=,4 SMOOTH 22
 
J4=434f4 .... S.. OTW -- 3 

TC(J= (JJ41-k*&R4W SMOOTH 24
 
T2 +=6 )=Ti I -____R_,~r x -- __ Y
R - H00TWH 

SMOOTH 26 

CALL ChLS3Y(T,ATIL7),L,,4) SMOOTH 28 
- N=E4 4 -' -2-3uT 


IF(L.CT.5) YiL-b)=T(12O) SMOOTH 30
 

I (rwfiT0r=t ......- - ..- - ___"- --- "73-
SMOOTH 32
R=IC 


. .- -. - - -S.U.T.-- '-
T(.tS 0)T(1. 2C)-R4r(J.16) SMOOTH 34
 

, R='"--E) - SKOU'IT - "35 
14 =-5 SMOOTH 36
 
l l - - - -- 'fOOTgc 3T 

rL=rL-( (r-L-1)/,I45 SMOOT-H 38 

5 Y(J ,=T(nL+2Oj SMOOTH 40
 

10 CG-NflbE -. . ... .- S0TW----41
 
,ETUkr, SMOOTH 42
 

* £E4 - SHOTF- 43' 
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5

10

15

20

25

30

SUBRfUTINL ChLS(Y(A,4t ,NA) 
DliEMSI§NANita,1 

c ChLZS&Y CECOFdSITIdN IS USte 
C WHERE ThE CCEFFICItNT IN[, 
C STORED IN B 

If(MEC.1 £0oC4-LSKtY 
DO Z I2*N 
i111-I 
DC 2 JIT,.. 
&o 2 LI I 

Z .AtI.J)=A|IJ-AL)#LJ/ 


DO 5 K-Im 

D=-i 


00 3 L-1,11 


38B(IK)=8(I ,K)-A([,i)#,ILKJ/ILLI 
CG 4 lz,N 
11=1-i 
0 1 L=1,ii 
NIW-Ii 

NL=N+I-L 


DC 3 =I,N 

5--( I.t)|4Is)II41,,l 


RETUR' 

6A (I. 1)= ./LAft ,lI 


Do 7 i=1,1 

7 -(1,L)=A(if (!,.) 


KETUxN 

Eh,. 


CHLSKY 2 

CHISKY 3 
TJ SOLVE THE MATgIX EQUATION AX=d CHLSKY 4 

A, IZ SY'METRIC. ON OUTPUT X I5 CHLSKY 
CHLSKY 6 

O 7 
CHLSKY 8 
CHLSKY 9 
CHLSKY 

,) 
CHLSKY 
CHLSKY 

13 
12 

CHLSKY 13 
CHLSKY 

CHLSKY 16 

CHLSKY 17 
CHLSKY 18 
CHLSKY 19 
CHLSKY 
CHLSKY 21 
CHLSKY .2 
CHLSKY 23 
CHLSKY 24 
CIHLSKY 
CHLSKY 26 
CHLSKY Z7 
CHLSKY 2,8 
CHLSKY 29 

CHLSKY 
"CHLSKY 31 
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ORIGINALRAGE Iht
 
OF POOR QUjAJTY
 

T-- TENPOAIRR ARVAt l ftt! CEj -.--

A. £OICl1N3f - 4EA 

10 11"DOf4tUO GO 

l(1*NP31-A8Y111 
 S'AF

£ It.PirA4III - LI! 

DO 4 1-uNM SURF1 22 

T(1,NPI)1l.O stfRiP 24 
I(#P1.1J.1p0 -SURI --- 5 
T(NPZ.1 )aTjJ.t4P23 SURF1 26 
VA1NP3,1111.'3 SUR'-1 lt 
KNIH1N-1 -SUREI 28. 

lIDRF 6 if-,N-li 
- I~sI1 ____--______ -SURFi 30 

-SownT- -- 1 
XX=T Cl,NPZ S-T C J,NP 2 _____ SURFI 32 

U 4NJ) 
HX4X+ Y*YSURFI 3 

TI1~xyyy N3- -_____ URr1 3

6 TCJ,IlzTII,J) SURFI 36 

SURFI 38- -IPNl,+N 

JPH=J*N SURFI 40 
8 T~L~T~7*SU8F1 41 

K.MIME(NhNp31,~hiT(,NP))SURFi 4#2 
nfgEG.) a 439SURFI t 

WRITEC lW,22C) SURFI 44, 
-. -SURFi 45 

- 9 ONTNUESURFI 46 
C ST0Vt-N3CFI;IbLAT It, APRAY ABri SURFI 4 

CIC12 i=i,NP3 SUAFI 48 
22 Ab(i)T11,bP4)-- SURFI 49 
13 IFCIKITE) Ld~id,14 SUAFl 50 

1Fs-ITLcC1w,.Ocj - --- SUgFX 51 
)IIITL tIt,12C (t- 52-I.14P0NS SURF1 
IFCN.EC.0)u6ldi, SURFI1 53 
00 i 1 ,N SURFI 54t=" 


16 WRITUIW,IIC) l,Au$( Ii,AcXII),AbYCI S SURFI 55
 

-Id CCNITINU 
 SIJRFI 56
 
~LTRNSUkFi 57
 

T
110 FCZHA C13X,I ,IF3ct4.1) SURFI 58 

120 EFRXATC6ZX,1P3E14.7I?)__________ SURFI 59 

200o FORMAT(1H0,ZoX,37H1WHERE S URP1 60 
IIH,1A,58($DIMNSIONLESS COORDINATES -OISTANCE/CHORo LENGThJ/ SURFI _ 61 

-- 315XZO1X,ZHA IZX,I,q 12X,?___ 2HA 2! L~_ -- SURFi 63 
220 FGRMkTE3X,26H11) NUT CONVERGE IN SURFIJ SRFi -64, 

END SURFI 65 
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SUOROUTINE SURF2(IZZ,J1,JZXY,VALU.VLUXVLUY.XI*YX.HItNsK) SURFZ .2 
C - "tROPUT VALUt F SPLL-SURFACEr TEDAIA AT A POINT -tXY- SURFZ - -
C 11,2- CEOROINATES OF THE POINT WHERE THE rFITTEO VALUE IS SOUGHT SURF? 4 
c VALU - "EfTTfb-VA-GC-ofG--_T -" 
C VLUX - GRAOIEh-! OF FITTED VALUE IN X SURFZ 6 
c vuuY:!AbkT0 -FT--7 -VALUE IN Y~ - - -. 3RF2 -

C XI,-YIHI - ARRAYS FOR KNOWN PROPERTIES IN SPLINE-SURFACE FORM SURF2 8
 
-c- N -- hUNBLWf OF POINTS IN Xl, YI ARRAYS SU*Fz 9 
C MXYZJ 1LJ), Y1Z2(J) WHERE J=J1,J SURFZ 10 
C MXY X=/11(), Y=z/(JI WHERE J=J1,4J2 SURFZ -I 
C nxY=.: Y=Zl(1), X=ZZ(J) WHERE JJIlJ2 SURFZ 12 

DIHLNSIUN xI(1),YIi)lHfIJi SURE2 13 
DjntNSIUN 1I11),Z1L1),YALU(1),VLUX(1),VLUYLI) SURFZ 14 

NPZ=P I+1 SURFZ 16
 
NP3=NPi1 ..---- ---- -- SURF2 -- T
IF(4XY.Q.lJ X=LII(J SURFZ 18 
IF{XY.EQ.2 -=hZIl( .. . .... . . .. . ........ .. SURF2 19 
DC 40 J=J,JZ SURF2 20 
IFvDTFr7~ -NXYr 21I- --
IZf-xY.cO.2) >?Z2(J) SURF2 22 
IF(nMAY..O) GC TS"16 - SURF2 23 
X=Zt(J) SURF2 24 
Y=2Jj. .-. . SURFZ 25 

10 CutTINUE SURFZ 26
 
G 1T3;f,TflT 32,--URr" -r
 

11 VLUY(J)=HI(NP3) SURF2 28
 
12 VLCX(J)=HIi(P2) ... SURF2 29
 
13 VALU(J)=H(hP1})-II(NP21*X+dI(hP3)4Y SURF2 30
 

IF N.2IX.01 td TG uiFW - SURF?-2 31 
UC 30 1=1,h SURF2 32 

-- TY =M1T - - - - __ -____- SUWZr -

TY=Y-YI(I) SURF2 34 
h = "Ti-TX;T yTY ........ . . . .. SURF2 35 
HA=0. 
 SURF2 36
 

hB=2.4(1.+HAJ4I /ItI SURF2 38 
i..U] (Z2Z3l I) K - UKL -3-9 

21 VLUY(J)V +UY(J)tB#TY SURF2 40 
22 VLUX(j)=VLUxYT44TX------- - SURF2 41 
23 VALJ(J)=VALU(JI+HI(I )H HA SURF2 "2 
30 CONTINUE - SURF2 43 
40 CONTINUE SURF2 44 

- ETurT - - --SURFr- -- 43 
10 SURF2 46 
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ORIGINAL"PAkGE ic 
OF POOR QJJAIATY 

FUNCTION CIHC(I,S) CIN 2 
-- SINE AND COSINE IATEGRAL SUBROUTINE -N CI 3 

C __ ___ ____ __ IN 4 
C IF CALLEo aY ThE STATEnENT s CIN 5=CIN(X.)f 

c C AND S ARE 7FE INTEGRALS OVER T FROM I TO INFINITY OF CIN 6
 
C " COSIXTIlI AND SIt(XT)IT 	 CIN 7 c , 	 . . .. ... . CF M_ 8 

SGI.0 CIA 9
 
X-Xl CIN 10
 
IF (X) 1,2, CIN 11
 

1 SG-SG CIN 12 
Xs-X CIN 13 

2 XZ-X#X CIN - 1I 
IF (X-1.0) 3,3,4* UN~m is 

C CIN 16 
C Fog ABSUfX LESS THAN I A SEhIES EXPANSION IS USED CIN 17 
C CIN 18 

3 V=1{(XZi98.C-6.T)h.05s .1.o) A I1ao0-1.0)X+1.57079633 CIN 19 
U=z( (X/45.O-i.014U/2Z4.O.1.O)#XZ/4.O-.577215665-ALOGIXI GIN 20
 

GO TO s .fN 21
 
C CIN Z2
 
C FO A,3SLI) GStATEc TiAN I APPIXIMATIONS OF HASTINGS ARE USED cIN 23
 
C CIA 21
 , P((('2-i9.391191XZ+7.41153)X2+ 9333I( ((|XZ21.36O55 CIN 25
 

1 #X2?0.37t4Sb)4Ax230.03a2z7)*xl GIN 26 
O=((X2t2.3a2724It(2.49.-71977)4i 5:oD89;o43j((((x2+27.i179 8) I1 27 
1 4KZ41 9.9IeS32)*AZ+7b.70787)JX2) CIN 28 
CO=COS 4A) CIN 29 
SISI$ iA) CIN 30 
U04CC-P4 I - CIN 31 
V=P*CC+G4SI CIN 32 

5 	S=V*SG c Il-- 33 
CIm=U CIA 34 
RE TU,.N CIN 35 
END 	 'CIN '36
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FUNHCTION NSINEQLM,NJ,L.;.8) NSINER 

00 30Q1 1,14 M____HINER 

Be 10 4 
IT-rOCAMAXI 

I ," 
tC,ABSA,JJJI 

5U~ 
NIE 

IEIC.EC.0.0i 6O TO 1000 - SI#IER 
Do0 20 J 1,1 PISImR 

20 AII,J3 AI,J)/C ___

~fl~arTLMER 
_________ MnER 

-30 B4!,J):bCI,J)/C - - -MNER HS 

"M -N-1 MNER 
DI0 200 4 1,"M1 NSIKER 
C 0 .0 

- -- ~-----MIMHER 
MIN_____tfER 

D0 40 1 =4,14 M__NINER 
D 
IF 

ABSkJ)SIIR 
(C.GF.D) GO TO 40 MSINER 

C- -a _____ - - SIMER 
4UrURU fiSIER 

IF(K.EO.0.OR.C.L.I.E-1) GO TO 1000 -MSIMER 

__- IFIK.bV.JI Cfl-T6hW-1 -- ''" - "- STMER'Z 

00 50 jj = ~ MSIIIER 
C= A(J,JJI f43TffER-r-

AJ,JJ1 A(KJJ) -MSINER 

- -S14SIER 

00 60 44 1IL ISIMER 
E, lIJ,f------3) - - MSINER 
BIJ,44) =S(K,JJ) MSINER 

3W1TKjjj = L
70 C =A(J,J) - ISIMER 

jp 
00 60 

3j-. ImsitER 
42= , MSIMER 

80 AIJ,JJ) wxATJ;,JJ)/C- MSIMER 
90 D0 100 42 1,L. MSIMER 

1oo b(J,JJ) - uJ,usTJZ- " -- - ST MqIER 
0O 200 1 = 10 MIMER 

-- ~r.iLJ C TG-20 MSTMER 
C =A(1,J) MSIMER 
M; 110 ii = -p; rSImEA 

110 AtI,iJ) AiI,jJ) -C*Ltj,JjI MSI$ErJ 
0T12(Ffli- = TI, -- - - INIER 

120 3(1,JJ) = ?1Y,J~J -C-(j,j2) NSIIE", 
200 rChr1Nut - jSIMER 

*205 C zA(N,N) MSIMER 
IF (L-S(C).T.I.C-7) CZ 'r.7- t lSIKER 
UPC cL0 4 = .1 MSIIIER 

- TW fT TTZ fl17Z -- MSI-HFR 
ii-(N.tC.1J td TU ~ MSIflER 
£0C 2e6 I,= jamSl$ER 
C = AlltN) frSInER 
00 <'.U dI = SIIIEQ 

222 ztI ,ts) =.Li,JJJ - ",~S1'E, 
23J rYT-A 7rW I -- STl1ER 

id 1U N WSIMEK 

100 EtSs4-t,-____ MSIKER 

iN1-O MS!4E-R 

Z, 

4
 

: 
a
 
9 

1
 

It
 
12
 

.14
 
In
 
IS6
 
1!-

As.
 
1
 
20 

22 
-Z 

24 

26 

28 
29 
30 
3fl
 
32 

34 
35
 
36
 
37
 
38
 

-39
 
40
 
41
 

-42
 
43
 
44
 
45
 
46
 
47 
48
 
49
 
50
 
51
 
52 
53 
54 
55
 
56
 
57
 
55
 

60
 

-61 
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ORIGINAL At m 
OF POOR QU.IJJT-

FUNCTIDN MSIMECKtHL,A,8) HSIMEC 2 

COMP|'.*X A,8,6 MSIMEC 

C - 0.0 KS|MEC 6
 

10 C-AHAX~ICABS(REALtA[ilJ))).ABSIA|MAG|A|I.Ji)I MSIMEC 8 
IFtC.EQ.O.O1 GO TO 1000 

DO 20 J - 1,N MSImEC 10 
20 A~T51) -F ),C . . . . .. .. ... . . M.. E fl(1 A'(I HST -M -

OC 30 J - 1,L HSIMEC 12 
30 811,J) - )C . . . .. . . 138(f j-, .. . .. .. .sfrc--

IF(NoEO.L) GO TO 205 mSImtc 14 
NM = N - I -- STKEr-- 15-
Do ZOO J l hm MSIMEC -16 

"-C' ..... MST1'IEC-- -- 17 
K - 0 mSmNc 18 

D-ABSKREAL(A(IIJ))) ABS|AINAG(A(IJ))I MS114EC 20 

X - I HSIMEC 22
 

-40 CONTINUE MSIMEC 24
 

IF(KoEO.J) GO TO 70 MSI"EC 26
 
00 50 JJ = J40 "Si|t -- r-

G = A(J,JJ) MSIMEC 28

At j; JJ ) := ,jJ ) . .. . .. .. . "-A I - M 5 1 29 

50 A(K,JJ) = G . . . . . . .. . . . MSIMEC 30
 

= 

G B(J,JJ) fi$1kEf 32 

- --517, jy--- M ,SFEL-----3 
60 b(K,JJ| = G MSIME-C 34 
70 G = I O/A(J J] HSINJEC 35 

UP j - I MSIMEC 36 
DO 80 JJ SP,S " ---- SlH - -37' 

80 A(JJJ) =A(J,JJ) 3 "$1MEC 38 

100 b(JJJ) = (JJJ)4G NSI cc 40 
DO0 Z-00 I'= ... . . . . .. . . . . M;STMEC" 4#61 

IFIE.)GOTO 200._ MSIMEC 4-2 

30 110 JJ = JP~h mSI cc 41f
 

DO 120 JJ -IL MSIMEC 46
 

200 CCNTINUE MSIMEC 48
 

IF (ABS(REALMG) + A,3S(AIMAGlG)).LT.loE-7) GO TO 1000 MSIMEC. 50
 
=
 

D2 LL 31
1, WSIHEC-
210 B(NJ) = B(NJ)/G MSIMEC 52
 

00 220 1 = INM MSIMEC- 54
 
00 220 JJ = IL M AE 5
 

220 B IJJ) = t|IJJ) - A(IN)$B!N$JJI "SIMEC '56
 
230 MSIMEC =1 HSIMEC 51
 

RETURN KSIKEC 58
 
1 0 0 0 MsI A Ec 2 ms w 5S9E 

RETURN MSIEC -6W 
E ND--
 MNS1,EC- 6 1 
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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 computer routine and the applications of cubic spline and
 

spline-surface data fitting techniques used in the program are given, and the
 

method of input is shown in detail. Sample calculations as well as a complete
 

listing of the computer program listing are presented.
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