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1.0 INTRODUCTION

1.1 Background

Interference from the presence of wind tunnel walls in
model test data has been studied for many years, and correc-
tions have been devised for the influence of solid and straight
walls in works by Glauert (Reference 1) and Theodorsen
(Reference 2). More recently the idea of adaptable walls that
flex to conform to the wall-free stream lines about the model
has been pursued actively both in the USA and in Europe
(References 3 - 7). See also the bibliography prepared by
Tuttle and Mineck (Reference 8). The general flexing of the
walls of a wind tunnel introduces a complex mechanical problem
and efforts have been made to find simple but still effective
ways to reduce residual wall interferences to negligible
values. An innovative scheme using solid side walls and
flexing rods for upper and lower walls was described by Harney
(Reference 9) at the Air Force Wright Aeronautical Laboratory.
This report discusses in some detail the problem of proper
choice of contouring for hybrid adaptation. At the NASA Ames
Research Center, Shairer and Mendosa (Reference 10) describe
research in which controlled air flow through porous walls is
used in lieu of flexible walls to create the proper outer
streamline shape. 1In England, at the University of
Southhampton, a technique was described (Reference 11) in which
only the upper and lower walls of the tunnel were made
flexible, resulting in a "hybrid adaptation."” 1In this work the
influence coefficients of each of the positioning jacks was to
be determined experimentally and these data input to a computer
for estimation of best wall positioning. At the Arnold
Engineering Development Center of the U.S. Air Force, a




segmented variable porosity scheme has been employed using
sixty-four individually controlled segments (Reference 12).

smith (Reference 13) has investigated the case of wind
tunnels with solid side walls and 2-D flexing upper and lower
walls. He presents a method for shaping walls that sharply
reduces the model centerline upwash interference and also

reduces the axial gradients.

The present report also deals with solid wall tunnels
having only upper and lower walls flexing. An algorithm for
selecting the wall contours for both two and three dimensional
wall flexure is presented and numerical experiments are used to
validate its applicability to the general test case of three
dimensional lifting aircraft models in rectangular cross-
section wind tunnels. The method requires an initial approxi-
mate representation of the model flow field at a given lift
with walls absent., This representation should be at best a
solution of the non-linear transonic flow equations to allow
use of the method up to Mach numbers where wall speeds approach
unity. The numerical methods utilized are derived by use of
so-called Green's source solutions obtained using the method of
images. First order linearized flow theory is employed with
Prandtl-Glauert compressibility transformations. 1In addition
to two dimensional flexing of the upper and lower walls, three
dimensional flexing is also considered for cases in which three
rows of jacks could be used or in which only a single center-
line row of jacks would be used with fixed unclamped side
edges. Equations are derived for the flexed shape of a simple
constant thickness plate wall under the influence of a finite
number of jacks in an axial row along the plate centerline., As
a final task, the Green's source methods are developed to



provide estimations of residual flow distortion (interferences)
with measured wall pressures and wall flow inclinations as

inputs.

1.2 Scope of this Report

This report presents the following Fortran codes developed
using a VAX /VMS operating system and essentially incorporates

the Fortran 77 notations and conveniences:

(1) PHIXZM - Green's source representation of flow
distortion at the model location in the wind tunnel produced by
a model flow field in combination with wall boundary shapes.
Flow field input can be from numerical computations or from
computations based on measured tunnel wall values of pressure

and slope.

(2) AFMODL - An approximate representation of an AEDC
model, see Reference 13, page 109, using pointed horseshoe
vortices for lift of sweptback wings, doublets on the fuselage
axis to represent fuselage lift, swept source and sink lines on
the wings to represent thickness and sources on the axis for
fuselage and balance sting thickness. It also applies the
Tracor blockage algorithm and provides an input file for PHIXZM
to estimate residual flow distortion at the model due to the
hybrid (incomplete) adaptation.,

(3) NONLVN - Applies Tracor blockage algorithm using
input data from a non-linear code and provides an output for
introduction in PHIXZM.



(4) VEEXPHINO - Computes the wall-free normal velocity
field at the walls from measured wall slope and pressure.
(Wall Slope may result from flexure or boundary layer growth).
Provides input to PHIXZM for estimating residual flow-
distortion at the model region.

(5) JACK _DISPL - Computes the jack displacements and
resulting residual normal velocities at the wall for 3-D
flexible plate upper and lower walls controlled by a single
control row of jacks. The Tracor Algorithm is applied for
input into PHIXZM.

A modified version of AFMODL called AFMODLJ. is appended to
provide input of wall-free normal velocities at the panels and
at jack stations for the 0.3 Meter Tunnel.



2.0 ESTIMATION OF TUNNEL FLOW DISTORTION AT MODEL

2.1 Tracor Algorithm for Reduction of Blockage

The presence of fixed straight walls in a rectangular
tunnel can be represented in inviscid flow by a doubly infinite
set of images of the model as described clearly in Reference 1.
This is general and true even for transonic and supersonic
flow. However, when the model image fields produce sizable
pressure gradients and flow angularity at the model position it
will clearly introduce errors in drag, moments, and lift forces
that require correction., The ideal case represented by
flexible walls contoured to the free air streamlines would
permit testing with no corrections for walls and having only
Reynolds number mismatches to be corrected for. The boundary
layer growth on the walls must of course be included in
correctly positioning the walls. Harney (Reference 9) and
Wolf, et. al (Reference 11) have shown the possibility of
minimizing tunnel flow field distortion by flexing only the
upper and lower walls leaving the side walls straight and
thereby reducing mechanical complexity and cost of the wind
tunnel installation. 1In both references cited, however, no
clear scheme for positioning the flexed 2-D walls was
demonstrated for the general case of an aircraft model having
both thickness and lift. The Tracor algorithm to be described
does in fact show remarkable ability to negate the axial
pressure gradient and the upwash on the centerline of the
tunnel and to reduce markedly the spanwise upwash variation
(washin) normally associated with flat side walls. The
algorithm concept is simple. Consider Figure 1 showing an
axial view of a lifting model in the tunnel with the streamline

traces projected in a plane normal to the axis of the tunnel.



The sketch on the left shows the wall free conditions and that
on the right the fixed wall condition, 1In the lower half of
the tunnel there is for the case shown a lack of freedom for
the flow to expand beyond the walls hence a blockage exists
which requires the flow to speed up abnormally in that section
to satisfy continuity of mass flow in the tunnel. At the same
time there is a crowding of upward flowing streamline traces
near the wing tip leading to an induced upwash over the wing.
In Figure 2 where the walls are permitted to effectively move
outward as one moves axially the streamline traces can resume
their more nearly free air patterns near the model as
illustrated in the sketch. A logical manner to determine the
wall slope thus appears to be as follows: allow the wall in
each half of the tunnel (upper and lower) to bermit a net out-
flow through the boundary equal to the integral of the free-air
outflow in the half tunnel. This is essentially the concept of
the Tracor Algorithm treated in this report. It requires, of
course, a free air estimation of the normal velocity components
at the wall control surfaces. It also appears logical that a
non-linear transonicfree-air solution at a given lift
coefficient can be effectively used so long as the disturbance
velocities at the wall are truly small, It is also clear that
the lift coefficient of the computed data and the lift
coefficient measured or set experimentally should be matched as
the lift is the primary driver of the outer flow field
independent to first order of its distribution. As will be
shown, application of the Tracor algorithm for setting the flex
walls reduces the axial pressure gradients to negligible
levels. 1t also sharply reduces the upwash at the model
centerline and reduces the lateral upwash gradients to
generally acceptable levels.



2.2 Derivation of PHIXZM - A Green's Source Code for

Estimation of Residual Tunnel Flow Distortion

Once the residual normal velocities at the tunnel walls
(control surface) are given from a free-air calculation and
application of the Tracor algorithm, input into PHIXZM yields
the tunnel x- and z-wise disturbance velocities near the
model, PHIXZM utilizes a Green's source concept; that is, a
normal wall velocity can be cancelled over a small panel by a
solution of the governing fluid differential equations that
produces a uniform normal velocity over the panel and zero
normal velocity at all other points on the tunnel walls. The
derivation of this Green's source solution is done using the
method of images for a tunnel of rectangular cross section and
infinitely long in the axial direction. The image system for a
Green's source on a wall panel is illustrated in Figure 3. A
similar figure of paired sources can be drawn for sources on
the floor. Note that symmetry about the centerline is assumed
throughout this report. The paneling system used is as
follows: an even number of panels is taken vertically on the
wall, the wall panels are square but the floor panels can be
slightly rectangular depending on the tunnel'width to height
ratio. The program is written to make them as square as
possible, Distances to panel centers in the X direction (down-
stream) are governed by an integer index, IX, upstream values
of IX are negative. Panel coordinates on the walls at a given
IX location are made dependent on an integer index, 12Z,
starting at 1 just to the side of the centerline on the tunnel
floor. Thus, panel center coordinates can be specified by two
indices IX and IZ. The coordinate system and numbering system
are shown in Figure 4. Positions of image sources are defined
by indices 1Z, 1X, and I and L, I being the number of image



pairs away from the tunnel vertically and L the corresponding
index laterally. At a value of I and L equal to M (arbitrary
integer) the calculations are hastened by replacing the outer
discrete sources by smearing them uniformly in strength to
infinity on the plane being used. This permits the effect of
all the additional sources to be integrated in closed form. 1If
the value of M selected is sufficiently large the variation of
disturbance velocities across the tunnel by the outer sources
is small enough so that both axial and upwash velocities need
only be computed at the tunnel center, y & z equal to zero.

The equations for the axial and vertical velocities at the

centerline for any sources are as follows:

Q { zl-z
B8

¢, (upwash velocity)=

373 |
(1)

[(x,-x)2/82+(y,-y) ?+(2,-2) 2]

_Q xl"x

4ng3 [(x;-x)2/8%+(y,~y) 2+(2,~2)?

¢, (axial velocity)s=

372 }
(2)

where Q is the source strength, 8 is Y1 - (Mach)zz X10 Y1 210
and x, y, z are the coordinates of the source and the field
point, respectively. These disturbance velocities are derived
from the potential function, ¢, the unit source solution to the
linear first order compressible differential equations of
motion, The source strength Q, is related to the normal
velocity, VN, at its panel by the relation

Q = 2¢VNeAXeAZ Or 2+VNeAXeAy (3)



for wall or floor panel locations. AXAZ is the area of panel.
Making use of the above considerations the program PHIXZM was
written to provide ¢x and ¢, at points at and near the test
model with input normal velocity distributions obtained either
from estimates (linear or nonlinear) for the model under test
at a given lift coefficient, or from the estimated wall-free
values calculated by the program VEEXPHINO using measured test
values of axial and normal velocities at the wall control
surfaces., Fortran listing of the program PHIXZM is given in

Appendix A.

2.3 A Simplified AEDC Model Flow-Field Code

In order to exercise the PHIXZM code and assess the
beneficial effect of flexwalls set according to the Tracor
Algorithm, a wall-free flow field computation was needed. The
following describes a simplified modeling approach applied to
the AEDC Wind Tunnel Model described in Reference 12. The
model itself is simple consisting only of a circular body, with
swept back wings and horizontal tail. The body thickness was
represented by a single source located behind the nose and a
sink located at the discontinuous base sting intersection. The
body lift was represented by two semi-infinite doublet lines
one originating at the body source and the second (negative) at
the body sink. Wing and tail thickness were represented by
swept source and sink lines lying respectively at the leading
and trailing edges of the airfoils. Wing and tail lift were
represented by a swept line vortex, in effect a pointed horse-
shoe vortex. For a given total lift, the angle of attack was
estimated from simple swept wing theory and the main wing was
estimated to contribute 80% of the total 1lift, the tail 20%.
The model was assumed to be mounted so that it moves upward
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with angle of attack on an arc about the center of rotation
located well behind the model. The equations for the flow are
given in a Fortran listing of the code named AFMODL presented
in Appendix B. This program also applies the Tracor Algorithm
and produces a file of the displacements of upper and lower
surfaces for the Langley 0.3-meter TCT with flexwalls for the
AEDC model at arbitrary lift coefficient, CL, and Mach number.
This file is called ZDISPL.DAT. The program also produces a
file called PHINWALL.DAT containing the estimated wall-free
normal velocities at the center of each wall panel for input
into PHIXZIM.

2.4 Extension to Transonic Nonlinear Wall-Free Codes

The use of small disturbance-linearized theory limits the
applicability of the method to moderate combinations of Mach
number, model/tunnel size ratio, and lift coefficient. Some
extension can be obtained by using a nonlinear transonic code
for computing the wall-free flow field up to the condition for
which wall speeds approach the speed of sound or deviate
substantially from the main flow Mach number. The code used
should provide a file called VNZERONL.DAT that can be
introduced into a modified version of AFMODL to replace the
simplified model representation calculation of the wall-free
normal velocities. This has been done and is presented in
Appendix C as NONLVN. This program generates a file
PHINWALL.DAT for input to PHIXM and a file called ZDISPL.DAT
giving the coordinates of the upper and lower walls as dictated
by the Tracor blockage algorithm,
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2.5 Comparison of Green's Source Method with Closed Form

Solutions to Assess Numerical Accuracy

The PHIXZM code for estimating wall induced flow
distortion at the model location was checked for accuracy by
comparison with Glauert's (Reference 1) nearly closed form
equation for the upwash produced by a horseshoe vortex in a

square tunnel, namely:

Upwash at the tunnel center = 0.137 sCp/D2 (4)

Here S is the wing area, C; the lift coefficient and D? the
tunnel cross sectional area. For the comparison, the program
AFMODL was modified to produce a horseshoe vortex by setting
sweep, fuselage diameter, wing and tail thickness and tail
lift, all to zero. The wall-free normal velocities obtained
were then input to PHIXZM to obtain the tunnel center upwash.
For a ratio of S/D? of 0.021615 and C;, = 0.5, the Glauert

value was 0.0014806 and the Green's Source Method 0.0014799. A
total of 1640 double panels was used for this computation. To
check the accuracy of the axial velocity computations, a direct
calculation was made of the axial velocity distribution in the
tunnel center produced by a unit strength source at the

origin. This numerical solution was calculated using the method
of images in a square tunnel. For the comparison, the AFMODL
program was modified to produce a unit source by setting lift
coefficient, wing and tail thicknesses and rear end sink
strength all to zero. Once again the wall-free normal
velocities were input to PHIXZM to obtain the axial disturbance
velocity ratios due to the walls. The following table shows

the result:
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Table 1

Axial Disturbance Velocity Ratios

X/D PHIXZM DIRECT SOQURCE
0.1 0.07137 0.07129
0.2 0.13928 0.13912
0.3 0.20095 0.20072
0.4 0.25470 0.25441
0.5 0.29999 0.29964

Again 1640 double panels were used. Clearly the numerical
accuracy is more than adequate considering the general

approximations in the basic theory.
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3.0 APPLICATION OF THE CODES TO THE AEDC MODEL IN THE LANGLEY
0.3-METER TCT FLEXWALL TUNNEL

3.1 Basic Model Results

The AFMODL program was used to compute the wall-free
normal velocities for the AEDC model at a lift coefficient of
0.55 and Mach number of 0.77.
PHIXZM after modification by the Tracor blockage algorithm

The input of these data into

provides an estimate of the residual flow field distortion
given in the following table computed using 3240 panel pairs:

Table 2

NX= 40 N2z= 20 MACH=0.770 A=0.330 D=0.330 M= 20

OWE®NOAWULHWNKHFO

—

PHIXM

-0.64892E-04
-0.55712E-04
-0.40475E-04
-0.19946E-04
0.42184E-05
0.29777E-04
0.54287E-04
0.75375E-04
0.90839E-04
0.98676E-04
0.97263E-04
0.85857E-04
0.65291E-04
0.38460E-04
0.99236E-05
-0.15650E-04
-0.35440E-04
-0.49124E-04
-0.57658E-04
-0.61693E-04
-0.61263E-04

PHIZMO

0.22807E-04

0.12977E-04
-0.77779E-06
-0.19454E-04
-0.44735E-04
-0.79225E-04
-0.12646E-03
-0.19052E-03
-0.27524E-03
-0.38297E-03
-0.51315E-03
-0.66133E-03
-0.81894E-03
-0.97462E-03
-0.11170E-02
-0.12378E-02
-0.13340E-02
-0.14070E-02
-0.14609E-02
-0.15005E-02
-0.15304E-02

PHIZM1

0.13517E-04

0.15917E-05
-0.14702E-04
-0.36323E-04
-0.64688E-04
-0.10174E-03
-0.14982E-03
-0.21123E-03
-0.28765E-03
-0.37951E-03
-0.48547E-03
-0.60220E-03
-0.72458E-03
-0.84623E-03
-0.96049E-03
-0.10617E-02
-0.11464E-02
-0.12140E-02
-0.12660E-02
-0.13055E-02
-0.13358E-02

PHIZM2

-0.28321E-04
-0.49112E-04
-0.74822E-04
-0.10582E-03
-0.14249E-03
-0.18482E-03
-0.23150E-03
-0.27874E-03
-0.31974E-03
-0.34630E-03
-0.35270E-03
-0.33981E-03
-0.31709E-03
-0.30158E-03
-0.30923E-03
-0.34333E-03
-0.39444E-03
-0.44952E-03
-0.49944E-03
-0.54104E-03
-0.57531E-03
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Here IX values of *10 represent distances of one half the

tunnel height.
just behind the fuselage base.

They lie just ahead of the fuselage nose and
It can be seen that the axial

values and gradients of the disturbance pressure are negligible

and the upwash angles are small, the largest being near the

base of approximately 0.1 degrees.

The values that would be incurred without flexing the

walls are presented in the following table:

Table 3

NX= 40 N2= 20 MACH=0.770 A=0.330 D=0.330 M= 20

PHIXM

-10 0.20055E-02
-9 0.33860E-02
-8 0.48950E-02
-7 0.65023E-02
-6 0.81652E-02
-5 0.98299E-02
-4 0.11435E-01
-3 0.12915E-01
-2 0.14204E-01
-1 0.15244E-01

0.15989E-01

0.16413E-01
0.16517E-01
0.16328E-01
0.15891E-01
0.15263E-01
0.14500E-01
0.13656E-01
0.12775E-01
0.11897E-01
0.11054E-01

OWwM~Ioaunns&wiur+-O

—

PHIZMO

-0.32051E-03
-0.16585E-03
0.68470E-04
0.39917E-03
0.84016E-03
0.14003E-02
0.20817E-02
0.28776E-02
0.37719E-02
0.47391E-02
0.57455E-02
0.67526E-02
0.77220E-02
0.86205E-02

0.94239E-02 -

0.10119E-01
0.10703E-01
0.11178E-01
0.11554E-01
0.11840E-01
0.12044E-01

PHIZM1

-0.32980E-03
-0.17724E-03
0.54544E-04
0.38230E-03
0.82021E-03
0.13778E-02
0.20583E-02
0.28569E-02
0.37595E-02
0.47426E-02
0.57731E-02
0.68117E-02
0.78164E-02
0.87489E-02
0.95804E-02
0.10295E-01
0.10890E-01
0.11372E-01
0.11749E-01
0.12035E-01
0.12239E-01

PHIZM2

-0.37164E-03
-0.22795E-03
-0.55792E-05
0.31280E-03
0.74240E-03
0.12947E-02
0.19766E-02
0.27894E-02
0.37274E-02
0.47758E-02
0.59059E-02
0.70741E-02
0.82239E-02
0.92935E-02
0.10232E-01
0.11013E-01
0.11642E-01
0.12136E-01
0.12516E-01
0.12799E-01
0.12999E-01

These disturbances would clearly alter the flow over the model

to an extent that would make test data only marginally

correctable.



-15-

The effect of using a finer panel grid can be seen by

comparison of the first table of results with the following

table computed with a total of 7260 panel pairs:

WOJAAUNEWN~O

boo bt st et et
N WN ~O

NX= 60 NZ=

PHIXM

-0.41970E-04
-0.37653E-04
-0.32167E-04
-0.25633E~04
-0.18248E-04
-0.10275E-04
-0.20334E-05
0.61165E-05
0.13792E-04
0.20614E-04
0.26217E-04
0.30280E-04
0.32538E-04
0.32802E-04
0.30978E-04
0.27074E-04
0.21216E-04
0.13655E-04
0.47493E-05
-0.50464E-05
-0.15231E-04
-0.25314E-04
-0.34866E-04
-0.43557E-04
-0.51165E-04
-0.57555E-04
-0.62632E-04
-0.66298E-04
-0.68437E-04
-0.68900E-04
-0.67540E-04

are evident.

Table 4

30 MACH=0.770 A=0.330 D=0.330 M= 20

PHIZMO

-0.98716E~-04
~-0.11470E-03
-0.13305E-03
-0.15408E-03
-0.17815E-03
~-0.20568E-03
~-0.23715E~-03
~-0,27306E-03
-0.31395E-03
-0.36030E-03
-0.41253E-03
-0.47088E-03
-0.53537E-03
~-0.60568E-03
~0.68114E-03
-0.76066E-03
~0.84275E-03
-0.92560E-03
-0.10072E-02
-0.10854E-02
-0.11584E-02
~-0.12244E-02
-0.12822E-02
-0.13313E-02
-0.13713E-02
-0.14028E-02
-0.14264E-02
-0.14433E-02
~0.14548E-02
-0.14620E-02
-0.14665E-02

PHIZM1

-0.10551E-03
-0.12213E-03
-0.14097E-03
-0.16223E-03
-0.18615E-03
-0.21296E-03
-0.24292E-03
-0.27630E-03
-0.31330E-03
-0.35410E-03
-0.39877E-03
-0.44727E-03
-0.49940E-03
-0.55480E-03
-0.61293E-03
-0.67309E-03
-0.73445E-03
-0.79608E-03
-0.85697E-03
-0.91611E-03
-0.97246E-03
-0.10251E-02
-0.10731E-02
-0.11158E-02
-0.11528E-02
-0.11840E-02
-0.12096E-02
-0.12299E-02
-0.12458E-02
-0.12580E-02
-0.12675E-02

PHIZM2

-0.13814E-03
-0.15837E-03
-0.18022E-03
-0.20350E-03
-0.22797E-03
-0.25325E-03
-0.27886E-03
-0.30413E-03
-0.32817E-03
-0.34982E-03
-0.36771E~-03
-0.38027E-03
~-0.38598E-03
-0.38359E-03
-0.37249E-03
-0.35316E-03
-0.32740E-03
-0.29841E-03
-0.27047E-03
-0.24813E-03
-0.23523E-03
-0.23399E-03
-0.24455E-03
-0.26522E~-03
-0.29317E-03
~0.32524E-03
-0.35869E-03
-0.39153E-03
-0.42255E-03
-0.45121E-03
-0.47738E-03

Only modest changes in the already small distortion values
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3.2 Sensitivity to Span Load Shift

Naturally, the flow over the test model will not be
exactly the same as that computed and used in setting the flex

walls. The effect of any differences can be estimated by

considering possible alterations in the local distributions for

a given fixed lift coefficient. In the basic calculations the

span of the wing trailing vortex pair was set to correspond to

an elliptic span load distribution. To determine sensitivity

to span load alteration the vortex pair spacing, set by the

variable, SV, in AFMODL was reduced from »/4 times the wing

span to 2/3 the wing span; however, the wall contours were held

at the values set for the basic calculation. The resulting

flow distortion for comparison with that of the basic case is
presented in the following table:
' Table 5

NX= 40 NZ= 20 MACH=0.770 A=0.330 D=0,330 M= 20

PHIXM PHIZMO PHIZM1 PHIZM2

0.16217E-03
0.18447E-03
0.20811E-03
0.23196E-03
0.25387E-03
0.27072E-03
0.27920E-03
0.27712E-03
0.26470E-03

0.24434E-03

0.19535E-03
0.22410E-03
0.25440E-03
0.28463E-03
0.31170E-03
0.33057E-03
0.33428E-03
0.31449E-03
0.26286E-03
0.17313E-03

0.19034E-03
0.21795E-03
0.24677E-03
0.27513E-03
0.30007E-03
0.31702E-03
0.31992E-03
0.30186E-03
0.25630E-03
0.17863E-03

-10 -0.19797E-03
-9  -0.17327E-03
-8 -0.14063E-03
-7  -0.10121E-03
-6 -0.57348E-04
-5 -0.12184E-04
-4 0.30909E-04
-3 0.68808E-04
-2 0.98958E-04
-1 0.11951E-03

COWODVNAWU L WN O

—

0.12944E-03
0.12876E-03
0.11903E-03
0.10359E-03
0.87118E-04
0.74140E-04
0.67138E-04
0.66036E-04
0.69496E-04
0.76572E-04
0.87040E-04

0.43387E-04
-0.12227E-03
-0.31349E-03
-0.51545E-03
-0.71241E-03
-0.89178E-03
-0.10466E-02
-0.11756E-02
-0.12810E-02
-0.13665E-02
-0.14364E-02

0.67660E-04
-0.73454E-04
-0.23731E-03
-0.41344E-03
-0.59019E-03
-0.75705E-03
-0.90657E-03
-0.10352gE-02
-0.11427E-02
-0.12312E-02
-0.13038E-02

0.21832E-03
0.18599E-03
0.14193E-03
0.75798E-04
-0.20730E-04
-0.14418E-03
-0.28007E-03
-0.41225E-03
-0.53011E-03
-0.63020E-03
-0,71393E-03
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Comparison of the two relevant Tables 2 and 5, shows
differences of low order and within acceptable limits,

3.3 Sensitivity to Fore and Aft Load Shift

To test sensitivity to fore and aft shifting of the lift,
the sweptline vortex was moved from the wing quarter chord to
the wing half chord. The wall flexure remained at the setting
for the basic flow calculation. The flow distortion under
these conditions are presented in Table 6 for comparison with

the basic case in Table 2.

Table 6
NX= 40 NZ= 20 MACH=0.770 A=0,330 D=0.330 M= 20
PHIXM PHIZMO PHIZM1 PHIZM2

~-10 ~0.34504E-03 -0.89885E-04 -0.97977E-04 -0.13622E-03
-9 -0.38631E-03 -0.13871E-03 -0.14840E-03 -0.19393E-03
-8 -0.42445E-03 -0.20122E-03 -0.21285E~-03 -0.26589E-03
-7 -0.45633E-03 -0,27938E-03 -0.29338E-03 -0.35379E-03
-6 -0.47747E-03 ~0.37502E-03 -0.39170E-03 -0.45894E-03
-5 -0.48176E-03 --0,48939E-03 -0.50875E-03 -0.58144E-03
-4 -0.46157E-03 -0.62255E-03 -0.64386E-03 -0.71881E-03
-3 -0.40910E-03 -0.77266E-03 -0.79392E-03 -0.86419E-03
-2 -0.31875E~03 -0.93543E-03 -0.95285E-03 -0.10051E-02
-1 ~0.19024E-03 -0.11040E-02 -0.11116E-02 -0.11242E-02

0 -0.31089E-04 -0.12692E-02 -0.12594E-02 -0.12025E-02
1 0.14291E-03 -0.14210E-02 -0.13856E-02 -0.12251E-02
2 0.31042E-03 -0.15496E-02 -0.14823E-02 -0.11892E-02
3 0.45004E-03 -0.16477E-02 -0.15459E-02 -0.11097E-02
4 0.54637E-03 -0.17118E-02 -0.15783E-02 -0.10141E-02
5 0.59356E-03 -0.17435E-02 -0.15851E-02 -0.92637E-03
6 0.59499E-03 -0.17493E-02 -0.15740E-02 -0.85758E-03
7 0.56030E-03 -0.17380E-02 -0.15530E-02 -0.80778E-03
8 0.50211E-03 -0.17182E-02 -0.15283E-02 -0.77220E-03
9 0.43324E-03 -0.16964E-02 -0.15047E-02 -0.74657E-03
10 0.36436E-03 -0.16769E-02 -0.14846E-02 -0.72886E-03

Once again the variations are seen to be minimal.
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4.0 CONSIDERATION OF THREE DIMENSIONAL FLEXING OF THE UPPER
AND LOWER WALLS

The two dimensional flexing previously considered in this
report appears to lack the ability to prevent some residual
aerodynamic wash-in (induced twist of the wings). It seemed
therefore that three dimensional flexing might improve the
situation. One practical scheme considered envisioned a single
row of jacks along the flex wall centerline with the lateral
edge of the wall plate held fixed but not clamped. The jacks
would conform the plate at each axial jack location to satisfy
the Tracor blockage algorithm. To provide input to the flow
distortion program PHIXZM the plate slopes in the axial
direction were required at every panel center. For this a
program called JACK DISPL was developed using classical thin
plate theory. A description of the method used and a Fortran
listing are presented in Appendix D,

Application of the analysis to the Langley 0.3-Meter TCT
flexwall tunnel with the AEDC model at C; = 0.5 indicated as
expected the usual reduction in blockage and induced upwash;
however, the spanwise variation of upwash was not improved at
all even though it was basically small, e.g., only about 0.03
degrees in a tunnel quarter width away from the center. The
output data are presented below in Tables 7 and 8.



IX

-10
-8
-6
-4
-2

QOO

PHIXM

0.193E-02
0.268E-02
0.344E-02
0.414E-02
0.473E-02
0.513E-02
0.531E-02
0.527E-02
0.504E-02
0.467E-02
0.424E-02

PHIXM

0.532E-04
-0.137E-03
-0.274E-03
-0.329E-03
-0.285E-03
-0.133E-03
0.119E-03
0.436E-03
0.752E-03
0.991E-03
0.110E-02
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MACH=0 CL=0.5

PHIZMO

0.105E-02
0.147E-02
0.195E-02
0.248E-02
0.305E-02
0.362E-02
0.417E-02
0.467E-02
0.511E-02
0.546E-02
0.574E-02

MACH=0 CL=0.5

PHIZXO0

-0.738E-04
-0.715E-04
0.287E-04
0.649E-04
0.204E-03
0.369E-03
0.536E-03
0.707E-03
0.892E-03
0.108E-02
0.126E-02

Table 7 - Rigid Wwalls

PHIZM1

0.107E-02
0.149E-02
0.198E-02
0.253E-02
0.311E-02
0.370E-02
0.427E-02
0.479E-02
0.524E-02
0.562E-02
0.591E-02

Table 8 - Flexed Walls

PHIZM1

-0.946E-04
-0.104E-03
-0.789E-04
-0.988E-05
0.978E-04
0.225E-03
0.357E-03
0.495E-03
0.649E-03
0.815e-03
0.971E-03

PHIZM2

0.114E-02
0.158E-02
0.211E-02
0.270E-02
0.335E-02
0.403E-02
0.469E-02
0.530E-02
0.582E-02
0.625E-02
0.659E-02

PHIZM2

-0.172E-03
-0.220E-03
-0.251E-03
-0.264E-03
-0.264E-03
-0.261E-03
-0.255E-03
-0.234E-03
-0.183E-03
-0.102E-03
-0.161E-04

It is probable that the lack of displacement of the plate
edges reduces the effectiveness of the 3-D flexure.
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5.0 ESTIMATION OF FLOW DISTORTION FROM TEST DATA

As mentioned in the introduction the concepts for using
measured data on a suitable control surface during a test have
been developed for some time. For application to hybrid
conditions of partial adaptation the following analysis is
presented to identify some functions used in the estimation of
distortion that have the property of being calculable without
iterative or inverting procedures that often introduce errors
when applied to large matrices such as those needed for panel
methods using large numbers of panels.

Consider a solid wall tunnel or a ventilated tunnel where
wall pressures and corresponding normal velocity can be measured
or determined during a test, It is assumed that nothing is
known of the model flow field. Disturbance velocities, axial
and normal to a control surface coincident with original walls
are denoted ¢y and ¢, respectively and the following cases
are defined:

¢§ and ¢ﬁ are values at the wall for the wall-free
condition (fully adapted).
¢§ and ¢ﬂ are the values measured during the test at

o i the control surface (partially adapted).
§¢x and 8¢y are the outer and inner change in ¢, produced
by the residual wall presence in its partially
or non adapted state.
Sén is change in ¢, from partial to fully adapted
state.

n is defined positive inward,
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Thus we may write

S0, = oy = o2 (5)
and
66 = ¢7 = ¢o (6)

Our goal is the computation of ¢, or 6§¢, for use in
estimation of the residual wall interferences. The flow
produced by the model in the region outside the control surface
can also be considered to be produced by a distribution of
normal velocity, ¢, over the control surface and we may write

the matrix formula:
$oti) = ¢0(3) 6°(i,3) | (7)

where G° is a Green's source function for thé outer flow and i
and j are field point and source location indices.

The change in the internal flow, 6¢§, can be related to the

normal velocity change, 8¢ as

sox(i) = 6o (5) G(i,3). (8)

where Gl is a Green's source function.

Introducing Equations (7) and (8) into (5) yields

s ¢, (3) GH(i,3) = =S (3) 6°(i,3) + ¢f(i) (9)
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and using (6) to eliminate §¢, we obtain

02(3) = (oT(i) - o"(5) (4,311, 3) - eti, -t (10)

This wall-free value is not exactly correct because the
measurements are made with the model in a partially adapted
state. It represents the wall-free flow about a model tested in
a slightly non-uniform stream. However, the residual errors for

practical cases can be very small.

The Green's function, G, can be generated directly by
means of the method of images; however, the function, GO°,
cannot. Fortunately as shown below the inverse function
[Ge - Gi]"1 can be generated directly.

The wall presence in its partially adapted state can also
be represented by a distribution of doublets or vortex elements
over the tunnel wall control surface. This representation
produces a flow change that is discontinuous in ¢y and
continuous in ¢, at the control surface and we may write:

O,y _ i,., _ .
66, (1) = 6¢,(3) rej) (11)
where T' is the local vortex intensity on the control surface.
Also

s¢g = c¢; =6 ¢, (12)

Outside the control surface Equation (7) applies also to the

increment, §¢x and

S05(3) = 8o, (i) G°(i,3) (13)
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Substitution of Equations (8) and (13) in (11) leads to

r(3) = 8¢ (i) (6i(i,3) - 6%(i,j)] (14)

and by matrix inversion

Sy NS P Op: 2yq°}
s o () = r(3) (eri,5) - %, (15)

but a relationship between I' and §¢, can be written as

6¢n(i) = -T(j) A (i,]) (16)

where A is a function uniquely determined by the control surface
geometry. It is indeed the normal velocity produced at a point
on the wall, i, by a unit vortex element at j. It can be

computed directly without images.

Comparison of Equations (15) and (16) yields

(6! - ®1-1 = -a (17)
Finally from (10) and (17)
60 = (o7 - o Gh) (Al (18)

Equation (18) shows that the free air normal velocity
distribution can be determined from the measurements and two
directly calculable arrays, Gl and A. No iteration nor matrix
inversion is required, thus a high degree of accuracy can be
assured when using large numbers of elements., It is fast and
straightforward to use elements or panels with sizes as small as

one or two inches in an eight foot square wind tunnel.
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To obtain the flow distortion at the position of the model,
i.e., pressure and flow angle and their gradients, we may use
the following expressions:

_ (.0 _ .m m '
¢, = log - 4.1 [GT] (19)
¢, = (o0 = o) [HT] (20)

where GM and HM are Green's functions for wall sources.
Both functions are developed by direct calculation using the
method of images.

The complete code for computation of ¢, has been
developed; it is called VEEXPHINO and a Fortran listing is
présented in Appendix E. It requires the input functions
measured wall normal velocity, MEASVN.DAT, and measured wall
axial disturbance velocity, MEASVX.DAT. These functions must be
developed to provide values at the centers of the panels chosen
to correspond to the panel system chosen for VEEXPHINO. The
output of VEEXPHINO called PHINWALL.DAT serves as input to
PHIXZM for calculation of the residual flow distortion at the
model location. If the system discussed is utilized in a
practical case the pressures and normal velocities will probably
be measured at a relatively small number of points. It is
probably best to extrapolate the measured values to the more
numerous chosen panel centers and then proceed rather than to
limit the number of panels. The arrays Gl and A become very
large if many panels are chosen, therefore, VEEXPHINO calculates
smaller arrays from which Gl and A are generated by using the
geometrical similarities of the panel arrangements in a tunnel
with a constant cross-sectional shape.
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The first part of VEEXPHINO computes the first term in
parenthesis in Equation (18). It uses the same technique of
images used for PHIXZM to derive the constituent array GO used
to generate the function Gi(i,j). The second part of the code
develops the matrix array A(i,j) by use of the equations for
horseshoe vortices given in Reference 1. Each panel is assumed
to contain a centrally located bound vortex and two trailing
vortices that extend downstream to infinity. The equations are
shown and described in some detail in the listing.

As mentioned previously, when the walls are not fully
adapted the procedure described is only approximate in that the
model produces a flow field influenced by the residual wall
presence. However, the numerical experiments performed with
theoretical models shows that partial adaptation in practical
cases reduces the flow distortions to negligible values,
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6.0 CONCLUSIONS

The results of the computations indicate the power of
flexing upper and lower walls of a rectangular wind tunnel in
reducing the flow distortions at a model test location. Axial
pressure gradients can be reduced to negligible values and
upwash and upwash gradients can be sharply reduced. Once the
walls have been set for a given lift coefficient and._using a
good calculated approximation to the model flow field, the
present results show that the residual flow distortions are
insensitive to variations in span loading and fore and aft
loading. Thus once set the data obtained can be quite accurate
even though the flow about the model is somewhat different from
that computed. The calculated residual flow distortion at the
model offers a good measure of the quality of the data and when
not too large can be used as a basis for corrections, i.e.,
small angle of attack corrections for the fuselage, an
indication of the induced aerodynamic twist of the wings and
correction for the induced tail angle of attack.
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APPENDIX

Primary Symbols

GO

HO, H1l, H2

MACH
PHIXM

PHIZMO

PHIZM1
PHIZM2
VN
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A - PHIXZM FORTRAN LISTING

Tunnel height

Tunnel breadth

Axial disturbance velocities at

y + z = 0 produced by a Green's source
in the ring at IX = -NX

Upwash velocities at z = 0, y = 0,

y = A/8 and y = A/4 produced by the
Green's source

Mach number

Tunnel centerline axial disturbance
velocities produced by a distribution of
normal velocities, VN, over all panels
Centerline upwash due to the VN

distribution
Upwash at z = 0 and y = A/8
Upwash at z = 0 and y = A/4

Difference of calculated wall free
velocity ratios and wall streamline
slopes ‘
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FROGRAM PHIXIM

THIS PROGRAM COMPUTES THE AXIAL VELOCITY INCREMENT
AND' THE UPWASH IN THE MODEL VICINITY CAUSED BY WALLS
PHIXM IS () FOR FLOWS DOWNSTREAMsAND PHIZM(UPWASH)
IS ¢+) FOR INDUCED UPWARD FLOW AT THE MODEL.

4 RECTANGULAR TUNNEL IS ASSUKED OF HEIGHT=A AND
UINTH=D

SELECT AN EVEN!! NUMRER OF PANELS ON THE VERTICAL
WALLUNZ?.FANEL HEIGHT IS THUS A/NZ.PANEL LENGTH IS
SET AT A/NZ ALSD. TUNNEL LENGTH IS SET BY NXs THE

NUNMBEK OF FANELS FOREWARD AND AFT OF THE ORIGIN.

FANEL SIZE ON THE WALL [S A/NZ BY A/NZ»SBUARE!
N THE FLOOR IT IS A/NZ BY DO/NY

FRANDTL -GLAUERT COMPRESSIKILTY CORRECTIONS ARE USED

FROGRAM REQUIRES AN INPUT FUNCTION UN REPRESENTING
THE NORMAL VELOCITIES THAT WUST BE CANCELED AT THE
WALLS FOR ALL THE PANEL CENTER POSITIONS.THE UN ARRAY
CAN BE CALCULATED FROM THE PROGRAM PHINO OR FROM DATA
COMPUTER FROM AN AIRPLANE CODE LIKE THE BOPPE CODE OR
NTHER SIMPLER REPRESENTATIONS.

DIMENSION VN(80,-80:80)X(-80180)s Y(B0)+Z(BO)GO(40,-80520),
HO(40+-80320)+H1{40+-80120) sH2(40+-80:20) yPT(-40:40+40)
PJ(-40:40+40),8(0340,40),@1(0:40140),02(0:40,40),
R(0140+40)+:R1(0:40+40)sR2¢(0:40+40)951(0:40540)+
§2(0:40+40)+71(0140:40)572(0:40+40)y PHIXM(-20320)y
PHIZNO(-20120) s FHIZN1 (-20320)» PHIZN2(-20:20)

NOTE! VALUES IN THE DIM STATEMENT ABOVE CORRESPOND TO
A SQUARE TUNNEL WITH NZ=20, SOME ’'20‘ VALUES ARE THE LATERAL

EXTENT OF INAGES (M) TAKEN BEFORE SMEARING
SOME MUST CHANGE WITH THE VALUE SELECTED
FOR NZ,

PARAMETER (P1=3,14159)

REAL MACH

TYPE 10

FORMAT(10Xs ‘ENTER NX NZ MACH A D AND M)
READ(Ss %) NXs NIy MACH: A» DsM
BETA=SQRT(1-MACHSMACH)

NZ2=2/2.0 CRIGU A Yo 1
NY2=NINT (DSNZ2/A40,1)

NY=NY282,00 OF POOR QUALITY
(YDZ=D/ASNZ/NY

NOW SET UP THE COORDINATES OF THE PANELS.

DO IX=-NXsNX
XCIX)=IX$A/NZ/BETA

END DO

DO 17=1,NY2
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Y(IZ)=(1Z-0,5)¥D/NY
1(17)=A/2

END [0

00 TZ=(NY241)s (NY24ND)
Y(12)=D/2
Z(I21=(0, SK(NZNY41)-12) %A/NZ

END DO

00 IZ=(NZ$NY2+1)s (NZHNY)
YUIZ)=((NZENY40,5)-1Z) $D/NY
(121=-4/2

ENL D@

SET UP SOME COMMON REPEATING TERMS TO SAVE TIME

D0 JZ=1/NZ24NY2
YD=Y(J2)
Y01=YD-A/8
02=YN-4/4
YPI=Y[14A/8
YF2=YQ48/4

DO I=-¥:M
PT(IeJZ)=(20ARI$Z(JT) ) R(20ARIH1(JT))
FATJZ)=(20ARTHA-Z(J1) ) K (28ART$A-2LID))

ENO D0

i L=0,M4
(L=haL
JF=R(L4)
S{LeJTI= (DL SEDLAYD)
QUL JT)=(BLEYDD X(DL$YD)
Q2(Ly J2)=(DL4YD2)R(DL1YD2)
R(LyJZ)= (DP-YD)X(DP-YD)
RU(LyJZ)=(DP-YPL)R(DP-YPL)
F2(LsJZ)=(DP-YP2)X({DP-YP2)
SH(LyJDY=(TL+YPLYR(DL$YPY)
S2(Ls SV =(DLAYP2IRCILEYPD)
THLy 122 =(0P-YD1)X(DP-YD1)
T24LJ2)=(0P-YD2) 2(DP-YD2)

END DD

END 1

THE FRIMARY COMPUTATION BEGINS HERE

10 KX=-NXsNZ2
THESE CALCULATIONS BELOW GIVE VALUES FROM THE FIRST
RING OF SOURCE PANELS AT IX=-NX

XX=X{(-NX)=X{KX)
XS=XX8XX

FIRST WE CALCULATE THE SMEARED SOURCES

EE=A/PI/U/NZ/NT/BETA
[M=(4+1)%D
HM=(N+0.75) %284
HM2=(4+0,25)X2%A

GS=EE/RETAX(ATAN(-XXESART (XS+INRDNIHNEHN) / (HHEDK) ) ¢
ATAN(=XXXSQRT (XS+DMEDMEHN2EHM2) / (HR2XDK)) )
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§S IS THE PHIX VALUES FROM THE SMEARER SOURCE
IMAGES,

G=(X5+HM21%2)

F=IM4SART (IMKX246)

62- (XS+HMKX2)

F2=DM$50RT (DMRX2462)
H5=-EE#ALOG(F¥SART(G2)/(F2XSQRT(6)))

HS IS THE PHIZ VALUES FROM THE SMEAR.

00 JZ=1,NY2

0 I=-MH
F1=PT{IsJZ2)$XS
FR=P UL JTIHXS

00 L=0N
TT1=P140Q(LsJ2)
TT1=TTIXSORT(TTL)
TT2:=R1401(L J2)
TT2=TT24S0RT(TT2)
TTI=814Q2¢L JD)
TT3=TTILSORT(TTI)
TTa=P24R(LyJ2)
TT4=TTAXSORT(TT4)
(195=F2HR1(L1JD)
TT9=TT98SART(TTS)
TTa=F24R2(L ¢ J2)
TT4=TTAKSORT{TTA)
IT3=F1481(L»J2)
TT6=TTBXSART(TTS)
T79=F1452(L+J7)
T9=ITOXSORT(TTY)
IT11=P24T1(L, J1)
TTL=TTI14SART(TT11)
[T12=P24T2({L»J2)
TT12=TT124SART(TT12)

QO=A%A/ (24PTXRETARNZEND)
TTT=(2/TT142/774) %00
RR={1/TT241/TT541/TT841/TT11)200
SS=(1/TT341/TT6+1/TT941/TT12) %00

GO(JZoKX)=-XXRTTT/BETA$60( JZ+KX)
HOCJZoKX) =AR(2RT 0, D) KTTTHHO( JZ5KX)
HL(JZsKX)=AR(28140,S)IRRHT (JZ+KX)
H2(JZsKX)=AR(281+0,5) ¥SSHH2( JZ,KX)

IND DO
END DO

THE TERM DYDZ APFEARS BELOW TO ACCOUNT FOR THE
DIFFERENCE IN PANEL WIDTH IF ANY OF FLOOR AND WALL PANELS

60(JZ.KX)=({BC(JZyKX)+G5)2DYDZ
HOCJZ oKX= (HO(JZsKX) $HS) $DYDZ
H1CJT KX =(H1 (JZyKX) HHS) $DYDZ
H2(JZHKX)=C(H2(JZ,KX) +HS) $DYDZ
END DO



DO JZ=NY241)NY24NZ2

00 [=-Ms¥
F1=PT(I,JT)+XS
F2=PJ(T5 JTIHXS

00 L=0sH4
TT1=P14R(LY JD)
TT1=TT138QRT(TT1)
TT2=F1421(Ly J2)
TT2=TT24SART(TT2)
T3=F14@2(LsJ2)
TT3=TTIRSART(TTH)
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(14=P24R{L, 1)
T14=TT4XSORT(TT4)
1T9=F24R1(L,J2)
TT5=TTS4SORT(TTS)
TT6=P2+R2(L+ J1)
TT46=TTHXSRT (TT4)
TTB=P1451(LyJ2)
TT8=TTBXSORT{TT8)
TT9=P1452(L, J2)
TT9=TT9ASART(TTY)
TTL=F24T1(Ly J2)
TTH=TT11XSQRT(TTL1)
TT12=P24T2(LyJ2)
TT12=TT1ZXSART(TT12)

TIT=(2/TT142/T74)%00
RR1=(1/1T241/778)%00
SR2=01/TT541/TT11) k00
551=(1/TT341/779) %00
252=01/TT641/TT12) %00

GOCIZyKX)=-XXBTTT/BETA+GO( JZ1KX)

HO(AZoKX) =00 ( ( 2FAKIHZ (J2))82/TT1H(20AK(14,5)-2(J1))82/TT4)4

HOCJZsKX)

H1(JZrRX)=(28ARIH+Z(JZ) ) IRR1+(20AR( T4, 5)-Z(J2) JERR24H1 (JZ+KX)
H2CJZoKX) = (2RARTHZ L JZ) ) RSS14(25AR(14,5)-1(JT) YRSS2+H2(JT+KX)

END O
END 10

5OCJZ:KX)=60(JZsKX) 4GS
HOCJZKX)=HO(JZsKX) $HS
HECJZsKX)=H1(JZ+KX) +HS
H2CJZsKX)=H2(JTyKX) +HS

END DO
END DO

THIS COMPLETES THE CALCULATION FOR SOURCES LOCATED
AT JX=-NX IN THE LOWER HALF OF THE TUNNEL

OFEN(UNIT=2 NAME=‘PHINWALL . DAT ' »STATUS="0LD’)
READ(2:%) ((UN(I»J)y D=1oNYNZ) » J=-NXsNX)
CLOSE (2)

00 Ix=-N12,NZ2
00 JX=-NXyIX
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KX=-NX-(JX-IX)

[0 J2=15 (NY24NZ2)
FHIXRCDO=PHIXMCTX) =UNCIZs JX)R60¢JZHKX)
FHIZMOCIX)=PHIZMO(1X) ~UNCIZ s JX) SHO( JZ1KX)
FHTZMLCTO =PRIZMLCTO -UNCIT JX) SHT(JZHKX)
PHIZM2CIX)=FHIZM2CIX) -UNLIZy JX) BH2(JTZ,KX)

END DO

N0 JZ=(NY24NZ241) s (NZNY)

KI=NY4NZ+1-JZ

EHIXMCDO) =FHIXMCIX) =UNCJZ 9 JX) RGO (KZ 1 KX)
FRITHOCTX) =FHIZHOCTX Y 4UNCJZy JX) RHOCKZ KX )
FHIZMICIX ) =PHIZNL(1X)+UNCJZy JX) BHL (KZ4KX)
FHIZM2(IX)=PHIZM2(TX) $UNCJZs JX) BH2(KZ,KX)

ENRt DD

END DO

30 Jx=0IX41)9NX

LX=-NX$JX-1X

D0 JI=1+(NYZ24NI2}
PHIXMOIX=PHIXNCIX)$UNCIZ S JX) RGO JZ LX)
FHIZMOLI X =PHIZNOCIX ) -UNCJZ» JX)SHO(JZsLX)
FHIZMICIX I =FHIZMLCIX)=UN(JZy JX) RHE(JZHLX)
PHIZBZ LI =FRIZNZCIX) -UNCIZ s JX) M2 JTsLX)

END DO

00 JZ={NY4NZ$2)/25 NZINYD

KZ=NY4NI41-10

FHIXMCIX)=FRIXM DX $GNCID» JXTRGO(KZ LX)

PRIZMG(TXa=FHTTS 1+t JT o IX)RHOCKZ s LX)

FHIZRICIXI=FHIZMLE DG $UNE 070 IO RHTCKZ LX)

PHIZH2 OO =FHIZHI 7Y $UNCIT ) XY RH2(KZHLX)
£N0 DO

END DO

END D)

OPEN(UNIT=1 s VANE = PHT AT OAT 2 TATIE="NEW')

WRITEC10473 (CRy NXo 420 MACHy Av Jv ai

FORMAT{SXs ‘CR="sFS, 30 'NX=" 0130 Nz [3r Mald=" oFS, 3y

Az o FS 3 D=0 o F G, 30 =0 1D

WRITE(1,50)

FORMATCIOX/FHIYM o 30X ‘PHIZHY o JXe PRIZHI 10 FRIZHID

WRITSC(194G) (TXoPHIXMOIY  PHIZHIC IO BT A T o 2T THACIN) o
(X=-N2/2N2/2D)

FORMAT(7Xs 15+4E15.5)

CLOSE(UNIT=1)

END

B i T
S di L)y

¥ FCOR QUALIEY
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APPENDIX B - AFMODL FORTRAN LISTING

Primary Symbols

A Tunnel height and breadth (assumed equal
here)

AR & ART Wing and tail aspect ratios

C & CT wing and tail chords

CIRC & CIRCT Circulation of wing and tail vortices

CL Lift coefficient

DX Extension of panels downstream of NX

DZXL & DZXU X-wise slope of flexwalls

MACH Mach number

s, ST Wing and tail spans

SV, SVT Wing and tail vortex spans (spacing)

VN Computed wall-free normal velocities at
panel centers due to test model

VNA Antisymmetrical component of VN

VNS Symmetrical component of VN

VNN Difference between wall-free normal

velocities and wall-slopes due to
flexing or boundary layer growth
WT, WTT Wing and tail air foil thicknesses
XJ Location of Langley 0.3-meter TCT
flexwall jacks
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PROGRAM AFNODL

COMPUTES THE WALL- FREE VELOCITIES(VUN) NORMAL TO THE
WALLS OF A SQUARE WIND TUNNEL OF AN AEMC NOLEL

T0 BE USED IN A LANGLEY EXPERIMENTAL TEST.

1T ALSO COMPUTES THE RESIDUAL NORMAL VELOCITIES AFTER
APFLICATION OF THE TRACOR ALGURITHHFOR RLOCKAGE(UNN)

IT FRINTS QUT A FILE CALLED UNZERQO.DAT+ THE WALL-FREE
NORMAL VELOCITIESs FOR COMFARISON WITH THE VALUES FROM
3 NONLINEAR LODE SUCH AS ‘TUNCOR’.

THIS FROGRAM USES 2sNX+1 PLUS DX PANELS OVER THE LENGTH OF
THE WIND TUNNEL AND NYANZ PANELS ARDUND THE HALF
PERTHETER, TO INCREASE THE NUMBER OF PANELS

NEY VALUES mUST BE PUT INTO THE DIMENSION STATEMENT

AN0 THE LIAITS NXo [IX AND NZ

THIS PROGRAM REFRESENTS THE MODEL BY TWO SOURCES(BODY)

YEE LINE-VORTICES(WINGZTAIL LIFT) AND +1- LINE SOURCES
CWINGSTAIL THICKNESS).BODY LIFT BY LINE DOUBLETS

[T a5SURES THE CP IS LOCATED AT THt ZERO POSITION OF THE
X COORDINATES

THE WING IS ASSUMER TO CARRY 80X OF THE TOTAL LIFT

DIMENSION X(-B03120)+XJ(-2010),Y(80)2Z(80),UNS(80,-80:120))
UNA(B0+-B0:120) s UN(BO, ~80:120),DZXL(-80$120)+DZXU(-803120),
1L(-801120)5ZU(-803120)yUNN(80»-805120)

LJ(IX) ARE THE 1/3 METER TUNNEL JACK LOCATIONS
X(IX)sY(IZ) AND Z(IZ) ARE THE CENTERS OF THE PANELS

THE TRACOR ALGORITHM IS APPLIER IN THIS PROGRAM
THE NUMBERS BELOW ARE FIXED BY THE DIMENSIONS OF THE
AERC MODEL

FARAMETER (PI=3.14159+5=0,10668y SV=,08378631AR=3.:5s
0=0,033565C=,060198,CT=0,03556,W1=,0072238,WTT=,004267
§T=,03588,5VT=,043888,A=.33s ART=3.,1429)

REAL  MACH

TYPE 10

FORMAT(10Xs 'ENTER CL MACH NX NZ')

READ(Ss8) CL» MACHy NXs NZ
BETA=SORT (1-MACHEMACH)

THE FOLLOWING RESULT FROM THE MODEL DIMENSIONS

XRVYC=-,93759 ILOCATION OF VORTEX BC/L INTERSECTION(MELTERS)
XRV=XRVC/BETA
(RYTC=0.0889 !SAME FOR THE TAIL
XRY{=XRVTC/BETA
{5L=-,10795 ILOCATION OF FOREWARD SOURCE
XST=0,1524 | METERSs SAME FOR THE REAR SOURCE
TG=,57735/BETA ! TANGENT OF THE STRETCHED SWEEPANGLE
REAL SWEEP 1S 30 DEGREES!

151476216
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X=0
NZ2=NL/2
NY=NZ
N12=NY/2

NOW SET UP THE COORDINATES OF THE POINTS AT WHICH
VELOCITIES ARE TO BE CALCULATEL,

00 [Z=1,NZ2
1(12)=p/2
Y20 =A/NTX(TZ2-0,5)
END DD
) IZ=NZ241sNY2+NZ
1{12)=R/2
ZiTDV=a/NIRINZH0.5-11)
END [0
L0 [2=NZINY241sNZINY
T =-A/2
CCLZY=(NTINYH0,5-12)8A/NL
ENl [0
40 IX=-nXsNX$0X
£110)=A/N2RIX | FOR PANEL CENTERS
END O
1J{-20)=-27,75%,0254
XJ(-19)=-22%,0254
XJ(-18)=-17%,0254
XJ{-17)=-13%,0254
XJ(-16)=~-10%,0254
XJ(-15)=-8%,0254
XJ(-14)=-6,5%,0254
Ji-13)=--58.0254

11-12)=-3,5%.,0254 TR TR TR
XJ(~11)=-2%,0254 o e I
€J(-10)=-,5%,0254 R FOOR QUALIYY

XJ(-$=1,0%,0254

XJ(-8)=3%,0254

XJ(-71=52.0254

1J{-61=7%,0254

XJ(=57=10%,0254

£J1-3)=14k,0254

XJ1-31=19%,0254

XJi-21=24%,0254

XJ(-1)=29%,0254

xJ(G)=34,51,0254 ! ALL FOR JACK LOCATIONS

CIRC=0.8%CLESES/(SVXAR)
ALPHA=0,88CL/ (3,241, 7550MACHRRS) | IN RADIANS
THIS ASSUMES AN APPROXIMATE MACH DEPENCENCE FOR CL/ALPHA

0=u7T

a1=wTT

CIRCT=,2¢CLXSTXST/(SUTXART) !TAIL CIRCULATION

[DD=1+, SRDXIKBETAKBETA/ ((XST-XSL)R(XST-XSL)) !APPROX STRENGTH CORRECTOR

DO [X=-NXsNX$[X

STRETCHED DISTANCES FROM FIELD POINT TO INTERSECTION OF C/L AND}
XV={XRVC-X(IX})/BETA ! WING VORTEX
£L=(XRVC-C/4-X(IX})/BETA ! WING LEADING EDGE
KT=(XRVCH3XC/4-X(IX))/RETA ! WING TRAILING EDGE
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XLS={XSL-X(IX))/BETA ! BODY SOURCE

XT5=(XST-X(1X))/BETA I BODY SINK(AFT) ORIGINAL PAGE IS
XUT=(XRVTC-X(IX) }/BETA ! TAIL VORTEX OF POOR QUALITY,
ALT=XVT-CT/4/BETA I TAIL LEARING EDGE

ATT=XVTH3XCT/4/BETA i TAIL TRAILING EDGE

RM IS THE ARM LENGTH FROM THE FOINT OF ROTATION OF
THE BALANCE/STING SYSTEM TD THE CP ORIGIN OF COORDS.
THE MODEL IS DISPLACED UPWARDS BY A DISTANCE ALPHASRM

R4=0.50126% IHETERS

05 [2=14NY2
E(XVY I IXTE)
Fi=(XV=-y(12) a1t
FT=iXVUTHY (12 1XTG)
FT1=uxVT-v(1Z2)%T6)
Tyst kg2
Lot 7 1T HALPHARRN) £x2
Jd1=3aiFRFTSXIT)
Ho=ax(F1xF1475822)
N34k LY CTZ)RTG RE24TSRIL)
14=4%((XL-Y(IZ)$TG) $x24TS$IL)
A5=4% (i XTHY(TZ)RTR)I K224 TSRZD)
Qé=4x((XT-Y(IZ)XTG) R424TS821)
Q1T=4K(FTRFT+TSHZ2)
O2T=40(FITXF1THTSXLI)
RIT=45((XLTHY(IZ)KTG) ¥X24T5822)
04T=AxCOXLT-Y(IZ)ATG) 1524 15%22)
AST=4R((XTTHY(IZ)RTG) %824 7S%22)
QOT=4%C(XTT-YCIZ)XTG) ¥%24T5%22)
R1=SQRT(XVXE242Z4YY}
R2=SORT ({XVETGRSV) 324 724(Y(12)~SV) £32)
R21=SORT C(XV4TORSV) X324 2Z4(Y(12)45V) %%2)
RI=SART ((XL+TGRD/2)8¥24ZZ4(Y(12)-D/2)3%2)
KI1=SORT((XL+TGRD/2)%%242Z4(Y(1Z2)$D/2)882)
R4=SORTC(XL4TGXS) ¥k2472+(Y(12)-5)%%2)
R41=SARTC(XL+TOXS) k%24Z2Z+(Y(1Z)45)%%2)
KO=SART ((XT+TGRD/2) k24224 (Y(1Z)-D/2)4%2)
RS1=SORTC(XTH+TORD/2) K824ZZ4(Y(1Z)4D/2)%82)
R6=SART((XTHTORS) 3324 2Z4(Y(12)-5)%82)
K61=SART((XTHTORS) K424 1Z4(Y{12)$5)%82)
R7=ZTHYY4XLSEXLS
R8=ZZ+YY4XTSEXTS

RET=SART(XVTAX24ZZ YY)

R2T=SQRT (¢ XUTHTGRSUT) k224224 (Y(1Z)~-5V1)%82)
RUT=SORTCXVTHTORSUT) SR24ZTHY(IZ) HSVT)X82)
FIT=SGRT((XLTHTOXD/2) $424724(Y(12)-D/2)8%2)
RIIT=SORTC(XLTHTGRD/2)382421+(Y(IZ)$D/2)8%2)
EaT=50RT((XLTHTGRST ) X%242Z4(Y(IZ)-5T)¥%2)
R41T=SORT((XLTHTGEST) X424ZZ+(Y(IZ)45T)%82)
ROT=SGRT((XTTHTGRD/2) X82472+(Y(1Z)~D/2)482)
RO1T=SART((XTTHTORD/2) %X2+22+(Y(IZ)$D/2)8%2)
R6T=SORTC(XTTHTGRST) $$242Z4(Y(12)-ST)2%2)
RO61T=SORT{ (XTT+TGKST) Xk24Z2+(Y(IZ)4ST)%%2)

UNSUIZy (=D DR 0DOK(Z( 12) +ALPHAKRM) /16/BETAR(1/(R78SART(R7))
’0061/(R8‘SQRT(R8)))
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THESE AEOVE ARE THE BOD'Y SOURCE TERMS
WNITZ IX0=-0R(Z(TT) HALPHASRM) /PT/RETAK( (TSASHXLETG-Y(1Z) )/ (Q3RR4) -
CTSRD/24XLATG-Y(IZ) )/ (Q3RRI) +(TSRSHXLAVGHY(12) )/ (D48R41 ) -
('StB/"+YLtTG+Y(IZ))/(Q4Xﬁ31) -(TSES+XTRTG-Y(12))/(Q5¥RE)+
SEI2EXTATG-Y(IZ) )/ Q5RRT) - (TSASHXTRTGHY(12))/(Q6URE1) +
tISIB/°+X71T6+Y(IZ)f/luétR~l))+VNS(IZyIXJ
THESE WERE THE WING LINE SOURCE TERHS

UNSOIZy 1O =-QTR(ZLTZ HALFHARRN /P T /BETAR((TSSTHXLTHTG-Y(12))/
(RITKRAT i -(TSRI/24XLTATG-Y (1201 /(QITARITI+(TORSTXLTRTGHY(12))/
(GATHRAIT) - (TSHO/24XLTRTGHY (I2)) /CQATRRILT) - (TSASTRXTTRIG-

P 7 {ASTRRST 1+ CTSRD/24XTTRTG-Y(IZ)) 7 (RSTRRST) -
(TSASTHXTTXTIGHY (1207 (QATHRS6LT)HCTSED/24XTTRTGHY(12))/
(N&TRRSAT I IHUNS(IZ, IX)
THESE WERE THE TAIL LINE SOURCE TERMS

YNACTT e DX =TRDRALFHA/BRCEYY-24)/ (YY4ZZ)R¥28(1-XLS/SART(R7))
+IZRXLS/CIYRTL) /CRTRSORT (R7 1) -0, 810 ((YY-22) /(YY$ZZ)3%2%
11-AT5/SRRT{RB) »+2ZxXTS5/(YY+42)/(RBKSART(RB))))

THESE ARE THE DOQUBLET(BODY LIFT) TERMS

TT=4/Q1% 0L TSRSUXVRTG-Y 7)) /R2- (XVETB-Y(IZ))/R1)
T0=2/ 020 (A TSKSUXVXRTOHY (12) ) /R21-(XVETG4Y(IZ)) /R1)

UNACLZ1X)=UNALTZs IX)CIRC/4/PTR(FRTTHRLATOH(Y (I2)-5V)/
ZIHOVTZ)-SVI K2R (1- (XVESVRTG) /R2) ~(Y(IZ) $SV) /(214
YISV X2 141 -(XVESURTG) /R21))

THE ABOVE ARE THE WING LINE VORTEX TERMS

TTT=a/RITROCTSRSVTHXVTRTG=-Y(IZ) ) /R2T-(XVTRTG-Y(I2))/RIT)
TOT=4/Q2TX((TSXSUTHXVTATGHY (12) ) /R21T-(XVTRTG4Y(1Z) ) /RIT)

UNACTZe D0 =UNACTZy DO+CIRCT/4/PIR(FTETTTHFITRTOTH(Y(1Z)-5VT)/
CLZHOCTZ) -SUTIEE) XL - (XVTHSVTRTG) /R2T) - (Y (IZ) $SVT)/
(Z2+CYCITI45VTIER2) X (1~ (XVTSYTRTG) /R21T))

THE ABCVE ARE THE TAIL VORTEX TERMS

UNCTZs () =UNACTZy IX)HUNSCIT IX

END DO

00 IZ=NY24NZ+1sNYINZ  'UPPER WALL
F=(XV+Y(1Z2)%16)

Fi=(XV-Y(IZ)416)
FT=(XVUT4Y(12)XT6)

e OF FOOR QUALLEY

S1= 2012 HALPHARRN) k82
(1=8X(FXF+T5%IZ)

Wik FLaF1475%27)

(3= COXLHYCIZ)RTG) K824 TS%22)
=R LAL-YCIZ)KTG) %324 T5%22)
Loz dx COXTHUIKTE) X224 TSKIT)
Lazak (XT-YUIZ)KTG) k224T5822)
O17=4%(FTRFT4+ISRI2)
W2T=4k(FIT#F1T+TS%2Z)
A3T=akCEXLTHY(IZ)XTG) XR24TS%Z7)
WAT=4(XLT-Y(EZIKTE) XX24T5%27)
KET=ARCXTTHY(IZ)RTE) XX247S822)
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I2=50RTCCAMTERSVI X2+ ZZH(Y(12)-5V)4%2)
R23=SORTCOXVHTORSV) XR242Z4 (YCIZ)HEV) X%2)
R3=SART(XLHTORD/2) KX HTTHY(IT)-D/2) 4%2)
R31=SORTC XLETORD/2) 24 1ZH{Y(IZ) $D/2) 5%2)
RA=30RT{ (XLATGRS) X4 ZZH(Y(IZ)-5)%%2)
Fa1=30RTCXLATOXS 24 Z2H(Y(1Z)45)$82)
NS=SORTCOATHTORN/2) X824 ZTH+(Y(IZ)-11/2)%%2)
SS1=SARTOOXTHTGRN/2) 424 2ZH(Y(IZ) $D/2)8%2)
bo=SURTCCXTHTOXS) kR24ZZH(Y(1Z)-5)24%2)
FOL=SRRTCOXTHTGRS) KX24ZTHCY(12)$5)882)
RI=IZHYTHXLSAXLS

RB=ZI4YY4XTSIXTS

RIT=SORT (XVTAEHZTHYY)

R2T=SART CCXVTHTGASVT) KX24ZZ4(Y(12)~SVT) ¥%2)
FMT=SARTCOVTHTORSUT I R4 ZZ4(Y{IZ) $5VT) 002)
RIT=1ORTCCXLTHTORD/2)xx24224(Y(12)-D/2) ¥%2)
PIUTESARTCKLTHTORD/2) 0024 224(Y(1Z2) 4D/2)882)
RAT=SART( (XLTHTGRST) RR242ZH(Y(IZ)-5T)k¥2)
R41T=5QRT (CALTHTORSTIXR24ZZH(Y(IZ)45T)4%2)
ROT=SERT((XTT+TGED/2) X424 724(Y(1Z)-D/2)¥%2)
SSIT=SRT((XTTHTOXRD/ 2) #¥2+ZZH(Y(I2)$D/2)482)
R&T=SORTC(XTTHTGRST)AX24ZZH(Y(1Z)-5T)%%2)
ROIT=SORT((XTTHTGRST)RR242Z+(Y(1Z)$5T)%¥2)

UNS(IZo IX)=+DxDRODDR(ZCIZ) +ALPHASRM) /16/BETAK(1/(R74SORT(R7))
=041/ (RBXSORT(RB)))

THESE ABOVE ARE THE BODY SOURCE TERMS

UNSCIZs 145 =0%(Z(12)4ALFHALRM) /PT/BETAR(( TSKSHXLETG-Y(12))/(Q34R4)-
CTSRO/24XLATG-Y(IZ) )/ (Q3RRIIH(TSESEXLATOHY (12))/(048R41) -
(TRED/24XLATGHY(12))/ (Q4%R3L) - (TSRSXTRTG-Y (12))/(@58R6)+
(TSKL/ 24XTRTG-Y(IZ) )/ (Q5ERT) - (TSXSEXTRTGHY(12) )/ (R6FRA1 )+
(TSAD/Z4XTRTGHY(I1Z) )/ (Q6KRSL) ) +UNSCIZs IX)

THESE WERE THE WING LINE SOURCE TERMS

UNSTIZy IX)=QTR{Z(IZ)HALPHAIRN) /P1/BETARC(TSRSTHXLTATG-Y(IZ))/
(QITARAT)~(TSRD/24XLTATG-Y(IZ))/(AITEIRIT)  (TSASTHXLTATGHY(IZ))/
{R4TXRAIT) - (TSRD/ 24 XLTATGHY(IZ) )/ (QATER3IT) - (TSESTRXTTRTG-
YCIZ3)/(OSTRRET) +(TSRD/24XTTXT6-Y(12) )/ (QSTHRST) -
(TSRSTXTTRTOHY(IZ) 1/ (QETERGIT)H(TSEL/ 24 XTTRTGHY(IZ))/
(Q6TARDILT) ) HUNS(IZ, IX)

THESE WERE THE TAIL LINE SOURCE TERMS

UNACTZs IX)=-DEDRALPHA/BR((YY-22)/(YY$Z2) $82%(1-XLS/SURT(R?))
+ITRXLS/{YY4Z2)/ (RTESURT(R7))-0,618((YY-22)/(YY4ZZ)482¢
{1-(TS/SQRT(R8) ) +IZXXTS/(YY4+11)/(RBXSORT(RB))))

THESE ARE THE DOURLETCBODY LIFT) TERMS

TT=4, 03X (TSRSUEXVRTG-Y(1Z) ) /R2-(XVETG-Y(1Z))/R1)
[D=4/R2% CCTSRSVEXVRTG+Y (1Z)1/R21-(XVRTG+Y(IZ))/R1)

UNACIZ IX)=UNACTZ 1X)-CIRC/4/PIR(FATTIF1T0O+(Y(IZ2)~-SV)/
CIZRYCIZ) SRR R (- (XV+SVRTG) /R2)-(Y(IZ) 45V /(124
CHTD SV XE2) X (1-(XVE5VET6) /R21))
THE ABOVE ARE THE WING LINE VORTEX TERMS

CEaGINAI PACE IS

RL=GURT/ XUXX242Z4YY) OE POOR QUALITY,
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TTT=a/Q TRCCTSRSUTHXVTRTG-Y(12))/R2T- (XVTRTG-Y(I1Z) ) /RIT)
TOT=4:02T40 (TSASUTHXVTRTGHY(IZ) ) /R2AT-(XVTRTG4Y(12))/R1T)

UNACTZ IX)=UNACTZy IX) -CIRCT/4/PTR(FTRTTTAFITRTOTH(Y(IZ)-SUT)/
CIZHCYOTTI-SVT) RR2 1K= (XVTHSVTRIG) /R2T) - (Y(IZ)4SVT)/
(ZZ+YCIZIHSVT Ra2) % (1 - (XVT+SVTRTG) /R2LT))

THE ABCVE aRE THE TAIL VORTEX TERMS

ONCTZ DO =HUNACTZ e TXIHUNSCTZR TXO
NI D0

0 OIl=NI24NY2ENZ VCCMPLETE STDEWALL
Y=y 111%%2
{2=(IUI I HALFHARRM kX2
F=OXU+Y(IZ1476)
Fr={ -V LI2kT5)
FI=0T4y L IDXIG)
FT = UT=( 121 4TH)

AY=ARFRF4TIRIT
24K (FIRF LTSRTT)

GI=ax X +Y (1D TR $X24TSRI2)
Cdzag- ix| -1 C[RTG)KX24TSRIT)
ES=4XCOXTHYCIZ)RT6) XK24TSHZ2)
06=3XC(XT-Y{TZ)RTG) RA24TSRIZ)

A T=4X(FTXFT+TSEID)
{2T=dk(FITXF1T+TS*22)

Q3T=a% (XLTHY(12)4TG) XX24T5%12)
4aT=ax((XLT-Y(IZ)XTG) £%24TSRZ2)
AST=axC(XTTHY(12)XTG) ¥%24T5%22)
RAT=4XC(XTT-Y(IZ)XTG)X824T5%22)
RI=SORT(XUXNDHZZHY(IZ)X02)
RZ=S0RT{ (XV4TORSWH K24 224(Y(12)-5V) x%2)

R2L=SORT | (XU+TGASV) X24ZZH(Y(12)45V) 482) T T

ENAN

RI=30RTCOXL$TGRIY 2 6824224 (Y(12)-D/2) $%2) OF E?(}(jéi“
RI1=SORTC(XLATGRN/2) 1X24Z24(Y(12)4D/2) 8%2) -
R4=SERT((XLHTGRS) K24 ZZ4(Y(12)-5)%%2)

RA1=30RTC(XLHTORS) XX2HZTH(Y(12)45)%82)

RE=SART ((XTHTGRI/2)RE24224(Y(12)-D/2)882)

£S51=S0RT((XTHTGRD/2) KX242Z+(Y(12)+D/2)582)

Ro=SORTL(XTHTGKS) RX242TH(Y(12)-5)842)

R61=6ORT ( (XTHTGRS) XAHZZH(Y(1Z) +5)%K2)

R7=1ZHYY4XLSRXLS

RE=2Z4YY4XTSRXTS

R1T=8ORT(XVTRE242Z4YY)
RIT=SORTLOXVTHTORSVT I RX24ZZH(Y(IZ)-SVT)X%2)
R2LT=SPRTLAVTHTORSVT ) RR24ZZ4(Y(1Z)1SVT)X2)
FIT=SORT(XLT+TGRD/2) 842422 4(Y(1Z}-D/2)1%2)
SILT=SARTCOLTHTOKD 2 X824 224 (Y (1Z}4D/2)4%2)
RAT=SORT((XLTHTGASTIXR24ZZH(Y(IZ)-ST)¥%2)
Fa{T=SORTCOXLTHTORST IRR2+274(Y(1Z)45T)222)
RST=SART((XTT+TGAD/ ) ¥x242TH(Y(IZ)-D/2)¥%2)
FES{T=SARTC(XTT+IGKD/2)XX24274{Y(IZ)$R/2)%422)
ROT=SART CAXTTHTORST) XB2HZLH(Y(12)-5T) ¥%2)
LalT=SERT(ATTHTGRST) K24 ZZ (Y {12)45T)4%2)

UNSCEZo IX)=~DRIKDDD/16/RETARY (IZ) % (1/(R7¥SART(R7) ) -
g0l FBRSART(RB)))

A~
ALTIR vy

s 3

QUALITY,
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AOE POOR., ;}4‘1 S 10’
THESE ARE THE BODY SOURCE TERMS ON THE WALL. §3LL41;[7,)’

UNSCEZ [XI=UNSUTZS IX) -8 PI/BETARCC(XL4Y (12)XTG)R(XLESATG)+22)/
03/R4-CCAL4Y(IZ)ATG) R(XLAD/2XT6) +22) /QF/RI-((XL-Y(IZ)2TG)&
CALESKTGI4I2/Q4R4THCXL-YCIZ)RTG)R(XLAD/26T6)422)/
04/RTL-COXTHOCIT)ATEI R OXTHSKTG) $22)/Q3/REHCOXTHYCIZ) XTI &
AT+ 24T6)4+27) /QS/RSHC(XT=-Y(IZ)RT6)R (X1 $SKTGI422)/06/Rb1
-COXT=-YCIDRTGY R(XTHD/ 2RTG) 4221 /Q6/RS1)

THE AROVE ARE THE WING THICKNESS (LINE SOURCE) TEKMS

UNSEIZoIX)=UNSCIZo DX -QT/FI/RETARCCOXLTHY(IZ)RTG) R(XLTHSTATE)
700 -QIT/R4T- L (XLTHOCIZ)KTO) R(XLTHD/28TG) 422) /03T/R3T-
COXLT-YCIZ)XTG R OXLTHSTITGI4ZZ) /04T/RALTHCIXLT-Y(1Z)4TG) 8
OLTHI/2ATGI4Z2) /Q4T/RIIT-COXTTHY LI RTG) R(XTTHSTRTG) 422)/
QIT/RATHCXTTHYLIZIRTG) R(XTTHD/2XTG6)+22) /QST/RSTH((XTT-
FOXATEVKXTTHSTRTG) +$22) /06 T/RO1T-((XTT-Y(IZ)RTG)R(XTT+
32016 4221 /06T/RSLT)

THESE SRE THE TAIL THICKNESS TERMS

VEACTLs [X=-0XDXALFHA/BRY (TZ) R(Z(TZ) +ALPHASRN) / (YY4Z2) X (1-XLS/
SART(R7))%2/(1Y+22)-XLS/R7/SORT (R7)-0,41%( (1-XTS/SART(RB) ) %2/
LYY4Z21-XTS/R8/SART(RS)))

THE ARUVE ARE THE DOUBLET TERMS(BODY LIFT)

IT=4/01 2 ({TSASVHXVXTG-Y(IZ) ) /R2-(XVETG-Y{IZ))/R1)
10=4/02%C (TSASUEXVXTG+Y(1Z))/R21- (XVRTGHY(I1Z))/R1)

TTT=4/G1TRC(TSXSUTHXVTRTG-Y(IZ) ) /R2T-(XVTETG-Y(12))/RIT)
[OT=4/32TKCCTSRSVUTHXVTRTGHY (12) ) /R21T-(XVTRTGHY(I1Z2))/RIT)

UNACTZy DXO=UNACIZy IX) $CIRC/ 4/PTR(Z(IZ) +ALPHARRM) R(TGR(TT-TD)
“LAUZHOYUIZ) -SU) XR2) K (L - (XVASVRTE) /R2) $1/(22+(Y(12)45V)1x2)
®1-(XVHSVETG1/R21))

THESE #RE THE TERWS FROM THE SWEPT LINE VORTEX

UNACIZy IX)=+CIRCT/4/P1R(Z(1Z) +ALPHAZRM) X ( TG&(TTT-TOT) -1/
LAV -SUT) RR2) R (L -(XVTHSVTRTG) /R2T) 41/ (ZZ4(Y(12) $SVUT)
RR2) 2 (1-(XUT4+SVTRTG) /R21T)IHUNACIZ, IX)

THESE 4RE FOR THE TAIL VORTEX SYSTEM

UNCIZo IX)=UNACIZ s IX) $UNSCIZy IX)
END DO ICOMPLETE TUNNEL IS NOW DONE
END [0
WE NOW APPLY THE TRACOR ALGORITHM AND COMPUTE THE
SHAPE OF THE WALL TO ILLIMINATE BLOCKAGE. DZXL AND DZXU
ARE THE SLOPES OF THE LOWER AND UPPER WALLS.
DB Ix=-NXsNX
D0 IZ=1sNY24NZ2
DZXLCIXY=DIXLCIX)-UNCIZ S IX) /NY2
END DO

THIS INTEGRATES THE NORMAL VELOCITIES OVER THE LOWER HALF
OF THE TUNNEL AND DIVIDES BY THE LOWER WALL WIDTH

N0 1Z=NY24NI2+1sNYNZ
[ZXUCTX)=DZXUCIX) +UNLIZH IX) /NY2
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ENDC 0D

Lo [2=1,NY2
UNNCIZs DX =4UNCIZ, TX)DIXLCTX)
END 1D

10 TZ=NY241NY24NZ
UNCIZ IX 0 =4UNCTZ IX
=ND 0O

[ T2=NY2ENIHL oNYENT

UNNCIZ 9 IX)=4UNCTZ, 1X)-DZXUCTX)
Exlt (0
£t I

T41S CALCULATES THE RESIDUAL NORMAL VELOCITIES ON THE TUNNEL
JALL THAT MUST BE NEGATER BY THE GREEN’S SOURCES

WE NOW USE SIMPSONS RULE TO GET THE DISPLACEMENTS OF THE WALLS

TL(-NX)=0
ILO-NX$1=(DZXL(-NX) $DZXL (-NX1) Y RA/NZ/2
IU(-NX1=0
ZU(-NX+1)=(DZXU(-NX)+DZXU(-NX$1) ) RA/N2/2
DO IX=-NX+2yNX
ZLCDXO=ZLCEX-2) A/ 3/NZR(DZXL(IX-2) +4RDZXL(IX-1)4
BZXLCIX))
ZUCIN=2UCIX-2) +A/3/NTR(DIXU{IX-2) +48D2XU(IX-1)4
IZXUCIX))
END DO

CPEN(UNIT=7sNANE="ZDISPL.DAT'sSTATUS='NEW')
WRITE(7+200)

FORMAT (10X *, 33 METER TUNNEL AND AIRFORCE MODEL')
WRITE(7,210) CLs» MACH

FORMAT (20Xs ‘CL="9F4,2+5Xs 'MACH="F4,2)

WRITE(7,220)
FORMAT(10Xy "17+8Xs ‘ZL(I)+8Xs "ZW(I) ')
WRITE(79230) (ToZLCI)9ZUCT) 9 I=-NXsNX)
FORMAT(7X»15+2E15,35)

CLOSE(?)

OPEN(UNIT=1,NANE="UNZERD.DAT ‘' s STATUS='NEW')

WRITE(1,240)

FORMAT (10X, ‘WALL FREE NORMAL VELOCITIESsLOWER HALF')
WRITE(1,245) CL»  MACH» NXy NZ

FORMAT(30Xs ‘CL="sF4.295Xs ‘MACH="+F4, 295Xy 'NX="1415Xy 'NI="14)

00 IX=-NXsNX

WRITE(1+250) IXs(UNCIZsIX)sI2=1,NY24NZ2)
FORMAT ¢ 2Xs I35 2Xs9E13. 45 /2 (7Xs9EL13.4))
END 1O

WRITE(1.255)
FORMAT(10X» ‘WALLFREE NORMAL VELOCITIES,UPPER HALF')

DO IX=-NXsNX
WRITE(1+250) IXs (UNCIZoIX)oIZ=(NY24NZ241) s (NY4NL))

v, i
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END DO
CLOSE(D)

' UFENCUNIT=2,NAME="FHINWALL, DAT " »STATUS="NEN‘)
WRITE(2o%) CCUNMCIZoIXYsD1Z=19 (NYANZ)) s IX=-NX2NX)
CLOSE(2)

ENI
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APPENDIX C - NONLVN FORTRAN LISTING

Primary Symbols

A Tunnel height and breadth (assumed equal
here)

AR & ART Wing and tail aspect ratios

C & CT Wing and tail chords

CIRC & CIRCT

CL
DX

DZXL & DZIXU

Circulation of wing and tail vortices
Lift coefficient

Extension of panels downstream of NX
X-wise slope of flex walls

MACH Mach number

S, ST Wing and tail spans

SV, SVT Wing and tail vortex spans (spacing)

VN Computed wall-free normal velocities at
panel centers due to test model

VNA Antisymmetrical component of VN

VNS Symmetrical component of VN

VNN Difference between wall-free normal
velocities and wall-slopes due to
flexing or boundary layer growth

WT, WTT Wing and tail airfoil thicknesses

XJ Location of Langley 0.3-meter TCT
flexwall jacks

VNZERO Wall-free normal velocities at panel

centers from nonlinear flow computation
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ORIGINAL PAGE 13
FROGRAN NONLUN OE POOR QUALITY

THIS FROGRAM COMFUTES THE WALL SHAFES FOR THE 0.3 METER
TUNNEL WITH THE USE OF A NONLINEAR CODE SUCH AS TUNCOR
THAT PROVIDIES THE WALL-FREE NORMAL VELOCITIES IN A FILE
CALLED UNZERONL.DAT. THE VALUES ARE COMFUTED FOR

A MODEL SHAPE AND LIFT COEFFICIENT. COMPARISONS

OF RESULTS WITH TEST DATA SHOULD BE MADE AT THE

SAME LIFT COEFFICIENT!

THIS FROGRAM USES 2#NXt1 FLUS DX FANELS OVER THE LENGTH OF
THE WIND TUNNEL AND NYNZ FANELS AROUND THE HALF
PERIMETER, TO INCREASE THE NUMBRER OF FANELS

NEW VALUES MAY BE NEEDED IN THE DIMENSIONW STATEMENT

AND THE LIMITS NXs DX AND NZ .

DIMENSION X(-B01120)+Y(8D)+Z2(BO) VNZERD(B0s-80:80))
DZXL(-BO}120)»DZXU(-602120)
ZL{-B03120)»ZU(-8G3120) s UNN(20,-80:120)

FARAMETER(PI=3.14159:

REAL MACH

TYPE 10

FORMAT(10Xs 'ENTER CL MACH NX NZ7)
READ(S,¥) CL» MACH,» HX» NI

BETA=SQRT (1-MACHXMACH)

0X=0
NZ2=N1/2
NY=NZ
NY2=NY/2

NOW SE™ UF THE COORDINATES OF THE FOINTS AT WHICH
VELOCITIES ARE 70 BE CALCULATEL.

00 1Z=1,NZ2
2{12)=4/2
Y{I12)=A/NIX(12-0,5)

END DO

DD 1Z=NZ2+1sNY24NZ
Y{1Z1=4/2
2{12Y=4/NIX(NZ$+0,5-1D)

END DO

DO IZ=NZ4NY241:NZHNY
UIZ)=-4/2
Y(IZ)=(NZHNY+0,5-1212A/N2

END DO

[0 IX=-NXsNX+0X
X{IX)=A/NIXIX 1 all NIMENSIONS FOR FANEL CENTERS

END DO

OPEN(UNIT=1sNAME="UNZERCNL.DAT *» STATUS="0LL
REAR(L %) ((UNZEROCIZy IX)oIZ=1eNYHNT) o [X=-NKs}HX)
CLOSE(1)

WE NOW APFLY THE TRACOR ALGORITHM AND COAPUTE THE
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SHAPE OF THE WALL TO ILLIMINATE BLOCKAGE. BIXL oND DZXU
ARE THE SLOPES DF THE LOWER AND UPPER WALLS.

DO IX=-NXsNX

D0 1Z=1sNY24NZ2
DIXLCIX)=DZXL(IX)-UNZERD(IZ+ IX) /NY2

END 10

THIS INTEGRATES THE NORMAL VELOCITIES OVER THE LDWER HALF
OF THE TUNNEL AND DIVIDES EY THE LOWER WALL WINTH

D0 IZ=NY24NZ241sNYNZ I UFFER HALF
DZXULCIX) =DZXUCIX) $UNZERQCIZ IX) /NY2
END RO

DO 12=1,NY2
UNNCIZ IX)=+UNZERD(IZ, IX)$DZXL(IX)
END [0

DO IZ=NY2+1,NY24NZ
UNN(IZy IX)=+UNZERO(IZ, IX)
END D

DO IZ=NY24NZ+isNY$N2

UNNCIZo IX)=2UNZERG(IZy IX)-DZXUCIX)
END DD
END [0

THIS CALCULATES THE RESILUAL NORMAL VELOCITIES ON THE TUNNEL

WALL THAT MUST BE NEGATED =Y THE GREEN’S SOURCES

WE NOW USE SIMPSONS RULE TO GET THE DISFLACEMENTS OF THE WALLS

ZL{~NX}=0
ZL(-NX$1)=(DZXL(-NX) +DZXL(-NX+1) ) RA/NT2
ZU(-NX)=0
ZUC-NX$1)=(DZXU(-NX)+DZXU(-NX+1) Y ¥A/NI2
DO IX=-NX+2/NX
IL{IXI=ZLCIX-2)4A/3/NZ&(DIXL (TX-2) +4RDTXLCIX-104
DZXL(IX))
ZUCIX)=ZUCIX~2} +A/ 3/NZR(DZXU(IX-2)+48DZXU(IX~1)
DZXULIX))
END D

OPEN(UNIT=7sNAME="ZDISPL.DAT s STATUS="NEW’)
WRITE(7,200)

FORMAT(10X» '+ 33 METER TUNNEL AND' AIRFORCE MODEL‘)
WRITE(7,210) CL» MACH

FORMAT (20X ‘CL="sF4,2¢5Xs ‘MACH="F4.:2)

MRITE(7,220)

FORMAT (10Xs 17 98Xy "ZLLI) 98Xy "ZW(I)’)
WRITE(75230) (1»ZLCT)sZUCT)sI=~NXsNX)
FORMAT(7X,15,2E15.5)

CLOSE(7)

OFEN(UNIT=2NAME='FHINWALL . DAT ' s STATUS=‘NEN')
WRITE(2:%) C(CUNNCIZoI1X)»I2=19r NYANZ)) s IX=-NXsNX)



CLOSE(2)
END
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APPENDIX D - JACK_DISPL ANALYSIS AND FORTRAN LISTING

Determination of Wind Tunnel Wall Displacements

In this Appendix, we outline the analysis upon which the
wall displacement program JACK_DISPL is based. The two primary
outputs of this program are the displacements of both the floor
and ceiling jacks needed to relieve the blockage and an
estimated residual interference velocity normal to the floor and
ceiling. This is then used as an input to the routine PHIXZM to
estimate residual flow distortion at the model.

The starting point is the basic relation adopted for
relating the streamwise slope of the wind tunnel flexible wall
(here floor and ceiling) to the wall-free normal velocities
induced by the model. Thus for unit free stream velocity

“foy2 Vo dr= [DM2 2 ay (D.1)

Inflow velocity due to model normalized on free

where Vj
stream velocity.

w = Wall displacement from flat initial position (taken
to be positive outward); w is a function of‘x and y.

de = Differential length along the perimeter S of the
tunnel cross section at each streamwise station x.

X = Streamwise position along wall; x = 0 is taken here
as being located at the beginning of the flexible
wall.

y = Spanwise coordinate; y = 0 is located at center of
flexible wall of total span b.

The integration on the left hand side of (D.l) is performed over
the half perimeter symbolically denoted S/2. When considering
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deflection of the floor, the S/2 is taken as the lower half of
the tunnel; S/2 is taken over the upper half of the tunnel to
determine flexure of the ceiling. This is the application of

the Tracor Blockage Algorithm to the problem,

We define a spanwise integrated displacement as

b/2 b/2

) w*(x) = f—b/z wix,y) dy = 2 !o wix,y) dy (D.2)
and the integrated normal velocity as
V*(x) = fs/z v, ar . (D.3)
combining (D.1 - D.3) and rearranging,
v* = - %; f?éfz wdy = - g:* ' (D.4)
wh(x) = =[5 v*(x') dx' (D.5)

Thus the spanwise integrated wall displacements have been
expressed in terms of the input wall-free velocities normal to

the tunnel walls.

We now relate these values of w* to adjustments that are
obtainable with a given single streamwise series of jacks that
are located on the floor and ceiling at y = 0. To do this, we
will model each flexible wall as a simply supported rectangular
plate subjected to a concentrated ("point") load at each jack
location. Inspection of (D.5) shows that it is not the 1load,
but the displacements that are important. Thus we seek the
displacement at each jack location, w(y = 0), that enables the
resulting plate shape to satisfy (D.5). Loads will be employed
only as intermediate variables used to obtain displacements.
The actual loads needed for a given displacement depend strongly
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on the details of the plate construction - stiffness, thickness,
ribbing, etc. No attempt is made to calculate actual loads as
they are not needed.

The solution for the displacement of a simply supported
rectangular plate of length a and width b subjected to a point
load P at (x,y) = (¢,0) is given in Reference 14 for y > 0 as

2 a
wix,y;g) = b2 ! [ [(1+ay tanh a ) sinh ( = (b-2y))

273D  m=1 b

; nrg i mn X
o a sin ( 3 ) sin ( a )

m m
- 5 (b-2y) cosh ( g~ (b-2y)) ] m? cosh a }
b

Here, D is the plate flexural rigidity. We can define a
| dimensionless displacement due to a load of unit force as

i w (x,y;z) = —2; wix,ys;g) = A ) {} (D.7)

! Pa ‘ 2x3 m=]1
where the summation expression is the same as in (D.6).

; Since the differential equation whose solution is given by

| (D.6) is linear, we can superpose solutions. Thus the displace-
ment due to a series of loads Pj = P(x = ;) can be

! expressed

wix,y) = Z P, W (x,y:ci) (D.8)
i

where
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p. = , (D.9)

a normalized load that has units of length.

If w is evaluated at a finite number of discrete points (x5,
Yk)+ relation (D.8) represents a set of linear algebraic

equations,

w(leyk) = E w (leyk7ci) b Pi ’ (D.IO)

or in matrix notation,

(D.11)

| €
®
|rg

w =

w is a column vector whose. elements are arranged in the order

(XI,YI')] (xl,yz),...(xl,yNk),(XZ,yl),...,(Xj,yk),...,(xNj,yNk).

Its length is Nj ¢ Ng where Nj and Ny are the total
number of discrete x and y locations, respectively, of interest.

P is a column vector of length Nj, the total number of
concentrated loads. w is a rectangular matrix of length Nj o

Nk and width Nj. It should be noted that in general, the
locations {x3j} and {zj} need not be the same.

If the integration of (D.2) is applied to (D.6), another

matrix equation is similarly found

(D.12)

1€ 1
»
L ]

o

w¥ =

—
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where P is as previously defined, w* is of length Nj, and Q*
is of size Nj by Nj. The "*" denotes spanwise integrated
quantities analogous to those of (D.1l1).

The slope of the flexible walls, aw/3x (x,y), is found by
differentiating (D.10) leading to an analog of (D.1l1):

P (D.13)

where the elements of wy are 9w/dx. The expressions for the
elements of the matrices Q* and Qx have been obtained by

1€

analytically integrating or differentiating the elements of
given by (D.6,D.7).

The algorithm implemented in JACK_DISPL and its subroutines
is now outlined. Calculations are repeated for the floor and

ceiling.

1, Using as input the normal velocities in free air at the
wall locations, epxression (D.3) is calculated at each jack
location by a Simpson's integration.

2. w* is found at each jack location using a trapezoidal
integration of (D.5).

3. The elements of the various matrices in (D.11 - D.13)
are calculated using expressions (D.6,D.7) and the appropriate
integrated and differentiated forms of (D.6,D.7) defined above.
The infinite series is truncated at, typically, 150 terms,
Numerical experimentation has shown this to be well converged.
Simplified expressions for the hyperbolic functions are used
where appropriate for large arguments.
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4, é is obtained from (D.12) using w* from (D.5) and IMSL
Subroutine "LEQT2F".

5. The needed displacements at the jack locations are

determined from (D.11) with (xj,yk) = (Xjack/0).
Displacements at other locations can be similarly evaluated.

6. The "residual"” or adjusted normal velocities are
calculated using (D.,13}), and the expression (based on the
original normal velocities and the effect of the sloping walls):

v (x,y) =V y) + g% (x,y). (D.14)

: c e X
n,residual n,original (

In general, the signs of the two right hand terms will be
opposite such that the new "residual" V, will be much less

than the original.

Fortran Listings

Listings for the programs JACK DISPL and AFMODLJ follow.
AFMODLJ is a modified version of AFMODL that provides the input
wall-free normal velocities at the panel and jack locations of

JACK_DISPL.
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FROGRAM  JACK_DISPL

THIS FROGRAM READS THE DATA FILE CVNJ.DAT) FOR THE LOCATION OF THE JACKS
IN THE WIND TUNNEL AND THE MAGNITUDES OF THE NORMAL VELOCITIES TO BE USED
FOR CALCULATING THE JACK LISPLACEMENT NEEDED TO RELIEVE THE EXCESS QUTWARD
FLOW IN THE TUMNEL.

THE DATA FILE [UNO.DAT] IS THEN REAL' FOR THE DIMENSIONS OF THE WIND
TUNNELs THE NUNBER OF PANELS IN THE X» Y, & 2 DIRECTIONS &l THE
LOCATIONS OF THE CENTER OF THE PANELS IN THE X & ¢ DIRECTICNs THE WINTHS
GF THE FANELS IN THE Y % 2 DIRECTIONS, AHD THE MAGNITUDE OF THE NORMAL
YELOCITIES AT THE PANEL CENTERS ON THE FLOOR AND CEILING.

THE FROGRAM THEN CALLS THE SUBROUTINE *SIMFGON® TO INTEGRATE THE NORMAL
YELOCITIES FOR THE LOWER HALF AND UFPER HALF 0F THE TUNNEL AT EACH JaCx
LOCATION USING SIMFSON‘S INTEGRATION METHOD, THE SURRQUTINE ‘MATRIY® (8
THEN CALLED 7O CALCULATE THE MATRICES FOR THE UNIT FOINT LOAL BISPLACERENT,
THE UNIT POINT LOAD DISFLACEMENT QIFFERENTIATED WITH RESPECT T X+ #ND THE
UNIT POINT LOAD DISPLACERENT LIFFERENTIATEL WITH RESFECT T0 X AND INTEGRATED
WITH RESPECT TO Y USING 4 SUM DVER AN INFINITE SERLES

TRUNCATING THE CALCULATION AFTER THE FUNCTIONS ARE [ETERMIWED 10 HAVE
CONVERGED, THE RESULTS OF THE SINPSON INTEGRATION ANL HE IWF[NLTE SERIES
INTEGRATION ARE USED' TOGETHER T2 CALCULATE THE NORMALIZED L0AD AT EACH ACK
LOCATION USING THE IMSL SUBROUTINE °LERT2F*. USING THE NORMALIZEDR LDADS.
THE ACTUAL DISFLACEMENT OF THE JACKS IN THE FUOOR AND CEILING OF TRE winit
TUNNEL ARE CALCULATED USING MATRIX MULTIFLICATION, THE FROGRA® THEN
CALCULATES THE RESIDUAL FLOW %ASED ON THE DIFFERENCE BETWEEN ACTUAL
MEASURENENTS OR THEORETICAL CALCULATIONS AND THE CALCULATED VALUES FROM TRIS
FROGRAN.

THE ASSUNPTIONS OF THIS PROGRAM ARE AS FOLLOWS:
1) THE TUNNEL IS SOUARE AND THE HUMEER COF PAGELS 18 THE
{-DIRECTON IS THE SAME AS IN THE 2-GIRECTIOWNs aND THAT
DELTA_Y = DELTA_Z

2) THE NORMAL VELCCITIES ARE FOSITIVE WHEN THEY FLOW INTQ THE
TUNNEL, AND THEY ARE LOCATED AT THE CENTER OF THE FaNZL.

3) THE DEFORMATIONS OF THE FLOOR AND CEILING OF THE TUNNEL ARE
SMALL AND CAN BE TREATED AS LINEAR.

4) THE JACKS LIE ALONG THE CENTERLINE OF THE TUNNEL iv = 0)
AND THE X POSITIONS OF THE CEILING 'ACKS aRE THE SAME AS THE
FLOOR JACKS,

THE FOLLOWING VARTABLES ARE USED IN THE PROGRAN:

DELTA.Y = REALy WIDTH OF PANEL IN Y DIRECTION
[ELTA.Z = REAL» WIDTH OF PANEL IN 2 DIRECTION
DISPL_L() = REALs ACTUAL DISFLACEMENT OF THE LOWER JACKS AS CALCULATED
BY MATRIX HULTIPLICATION
DISPL_U() = REALs ACTUAL DISPLACEMENT OF THE UFFER JACKS AS CALCULATED
RY MATRIX MULTIPLICATION
DUMMY = CHARACTERy USED TO READ COMMENT LINES IN THE INFUT FILE
1A = INTEGEK, INITIAL DIMENSION SIZE OF THE INTEGRATION HATRIX W_INTEG()
IR = INTEGERs SPECIFIES THE ACCURACY OF THE ELEKENTS IN THE MATRICES
SENT TO THE INSL SUBROUTIWE FOR AN ACCURACY CHECK
IR = 0 INDICATES THAT AN ACCURACY CHECK 1S NOT WANTED
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1ER = INTEGERs OUTPUT FROM ISL SUKROUTINE WHICH Av Tun(CAfE aN thkok  ORIGINAL PAGE IS
IER = 129 INDICATES AN ALGORITHMICALLY S[NGULAR MaiRiX OF POOR QUALITY
1ER = 34 INDICATES THE XESULTS FAILED AN ACCURACY TEST

17 = INTEGERs COMBRINED NUMBER OF PANELS IN THE LOWER OR UFFER HALF °F
THE TUNNEL IN THE COMBINED Y § / DIRECTIONSs USER A4S Am
INDEX NUMBER
N = INTEGERy NUMBER OF COLUMNS IN THE MATRIX ESTARLISHZD IN THE SI#FSON
SUBROUTINE
NX = INTEGERs NUMBER OF FANELS IN THE X-IIRECTION
NXSI = INTEGER: NUMEER QF JACKS IN THE TUNNEL
NY = INTEGER» NUMBER OF PANELS IN THE Y-DIRECTION
NZ = INTEGER» NUMBER OF FANELS IN THE Z-DIRECTION
RESID_L{+) = REAL»2-Tty RESIDUAL FLOW AFTER SHAPING FLIOR
RESID.ULy) = REAL»2-Dy RESIDUAL FLOM AFTER SHAPING CEILING
RLENGTH = REALs LENGTH OF WIND TUNKEL
SIMS_L{} = REALs INITIALLY THE TNTEGRATED DISPLACEMENT (1ST INTEGRATED
ONLY SPANWISE. THEM ALSD STTREAMWISE) AT EACH JRCK FROM
THE STMPSON SURRQUTINE FOR THE F1.OCRs AFTER IT RETURNS
FROM THE IMSL SURROUTINE IT IS THE WCRMALIZED LOAD AT
EACH JACK
SIMS_U() = REALs INITIALLY THE INTEGRATED DISPLACEMENT «1ST INTEGRATED
ONLY SPANWISE: THEN ALSO STTREAMWISE) AT EACH JACK FROM
THE SINFSON SUBROUTINE FOR THE CEILING» AFTER RETURWING
FROM THE IMSL SURROUTINE IT IS THE NORMALIZED LUAD AT
EACH JACK
U.INF=REALs THE FREESTREAM VELOCITY IN THE WIND TUNNEL
UNJ(y) = REALs 2-Ds THE NORMAL VELOCITY AT THE PANEL POSITIONS A1) THE
JACKS
UNO(y) = REALs 2-Dy THE NORMAL VELOCITY AT THE FANEL POSITIONS OW FLOOR
AND CEILING
W_DIFF{ss) = REALs 3-I» FOINT LOAD DISPLACEMENT DIFFERENTIATED WITH
RESPECT 70 Xs CALCULATED BY "INFINITE SERIES®
W.DISP_L(y) = REALs 2-Dy FOINT LOAD DISPLACEMENT CALCULATED RY °INFINITE
SERIES®
W_DISF_U(+) = REALs 2-Dy POINT LOAD DISPLACEMENT CALCULATED RY INFINITE
SERIES®
WSTARL(s) = REAL, 2-D» SPAN INTEGRATED MATRIX» LOWER
WSTARUCy) = REAL» 2-Dy SPAN INTEGRATED MATRIX» UPPER
WORKSPACE() = REALs DIMENSIONED WORK SPACE FOR THE IMSL SUBROUTINE
WX.L(y)} = REAL,2-Tts SLOPE OF FLOOR OF WIND TUNNEL
WX.U(s) = REAL»2-Dy SLOPE OF CEILING OF WIND TURNEL
X_.LOC() = REAL, LOCATION OF CENTER OF FANEL FROM THE 1/ INCH POINT
XS_LOC() = REAL,» X-LOCATION OF NORMAL VELOCITIES YSEL TQ CALCULATE WSTAR
XSI.LOC() = REAL» LOCATION OF JACK IN X-DIRECTION RELATIVE TO THE
1/2 INCH POINT
Y.LOC() = REALs LOCATION OF CENTER OF FANEL IN Y-DIRECTION RELATIVE TO
CENTER OF TUNNEL

INPLICIT REAL (A-H,0-2)
INPLICIT INTEGER (I-N)

CHARACTER DUMMYXL
COMMON/SIMP_INT/UNJ(40,60),5INS_UC40) s SIMS_L{40)

COMMON/LOCAT/X_LCC(100)»Y_LOC(30)»XSI_LOC(40),XS_LOC(40)
COMMON/W_HATS/W_DISPL(40940) W _DIFF(100+30+40) sUSTARL (40440}
1 WSTARULAG40)

DIMENSION WORKSFACE(1340)RESID_L(1005301»RESID_U(100530),
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1 DISFL.LC40) s DISPL U407 MX_L100530) WX _UC10C30) 1UHO1100,40)
2 FHINDAT (40+100)

CALL GETCFU(NTINEL)

C FReading information about Jack iociticns {YNJ.DAT]
OPEN(2)NAKE="UNJ’ »STATLS="0LD §
READ(2: " (T18y13)7INXSI
READ(2y “ (A1) ") UMMY
READC 2y 0 (XST_LOCLD) o I=14NXSD)
READC2 (A1) I LUMMY
REAL 20K INYeNZ
TF(MOL/NY <23 . E0.0: THEN

17=NY4HZ
HY 2=NY,/2
ELSE
Io=NINTEL
1Y _2=NY, T4
END IF
00 I=t.n
REAUCZ ¢ (AL Y DUMNY
END DO
D0 I=1+NXSI
READ(248) 18 10 v sy 1Ty
END 1O

CLOSE(2)
FRINTEy ‘UNJLLAT {5 FINISHED READING’

‘ C SET XS=XSI TO USE NORMAL vFLOCITIES AT JACK LOCATIONS
0o I=1,NXS]
XS.LOC(T)=xST._Laci I
END DO

L Reading infarmation sbout normal elocities [UNOLJAT)
OPEN(ZsNANE=/UNG/ QTATUS= QLT
READ(2+ ' (A1) " YDIUMMY
READZ + XIRLENGTH,WIDTH
i READM 24 {22X0F 6, 1) DULINF
f READ(2, 7 (A1) “ s TUMMY
READ(2s (24X 15)7) NX
READ(2, ' (A1) ) DM
READ(2, %) (X_LOC(J) v J=1)NX:
READ(2y ' (34X, 13) 7 INY
READ(2 " (18XsFo . 3) /IDELTAY
READ{ 20 (A1)’ YDUMRY
READC2 ) (Y_LOC( D)o =101 /2)
READ(2y " 134X 13) 7 1NZ
READ(2/ (18X+F3,3)/)DELTAZ
IF (MODNY s 2, EGL.GYTHEN
‘ 1Z=NY4NZ
NY_2=NY/2
ELSE ORIGINAL PAGE 13

1Z=NYHNTH
NY_2=NY /241 OF POOR QUALITY,

END IF

0 I=1ye

READIZ, (ALY JDIUMMY
END [0
D0 I=t.NX
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READC2y 1) (UNOCTs Do S=10 [ 1) \}\P—A»\:A“AL DA IS
END 00 i AGE
CLOSE(2) OE POOR QUALITY,

PRINTX) ‘UNO,DAT [S FINISHED REAOING

Calling subroutine ta calculate the 1rtesraioed nartsl selacities
at each X - rosition seecifiedsy Por *i e urrer and lower azlf 7
the wind tunnel,

CALL SIMPSON(NXSI+NYoNZyDELTA.YoRELTA T

Calling the subroutine to czlculate tie sorn load disrliacanent szirices
usindg 2 sumsation aver an infinite seriess truncating when toe
values have converded,

CALL MATRIX{NXSIsNXsNYsRLENGTHsWIDTH:

The matrices have been calculated and the normd! velocities have Seen
intedrateds the normalized load at each Jack is caleulated below usirs
the IMSL subroutine [LEQTZF] %o solve the matrix equstion fur ¥

AX=E

where A = the satrix of the roint load displacement intedrated wrt ¥
X = the unkrown norsalized load vector
= the normal velocities intedrated cver the Perimeter using
Simpson’s rule and spranwise using the trarzzoiod rule

N=1
IER=3
IA=40
1B=3

Callind INMSL subroutine to solve for the normalized luved vector fur lower
half of tunnel

CALL LEQT2F (WSTARLsNsNXSIyIA»SIMS_LsIR+JORKSFACE . IER)

FRINT%, 'IER =‘yIER berint error flad to see if
PRINTXs ‘IR ='4IB ! calculations are o.k.
1ER=3 I reset error flad for next calculation

IB=5

Calling IMSL subroutine to solve for the normalized load vector for the
upper half of tunnel

CALL LEQT2F (WSTARUsNsNXSIsIAsSIMS_ts IRy NORKSFACE + TER)

PRINTXy"IER =’ IER I eript, error f13g to see 1f calculations ave ok
PRINT%s "IR =4 IR
The varizbles SIMS_U{).SIMS_L() are row the normalized load vecters for the
Jacks

DPEN(3sNAME="LDADS ' s STATUS="NEW’

WRITE(3»x)’  JACK FL3O0R CEILING'
WRITE(3y%x)’  LOCATION LOALS LOADS’
00 I=1sNXSI

WRITE(3,0)XSI_LOC(I) SIMS_L{D)»SINS.U(D)
END DO
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CLOSE(3)

OFEN(3sNAME="DISFL‘»STATUS="NEW)
WRITE(3.x)"  JACK FLOOR CEILING’
WRITE(3s®)' LOCATION DISFLACEREN)  [NISPLACENENT

T lzleulate the displacement VECTORS based on the ldeds
DR I=1,NXSI
J0 J=1aNXSI
RISPL_LCI)=DISFL_LCT)4SINS_L(J: kB _MISPL(Ts )
UISFL_GCIY=DISPL_UCT)+SINS U U kW _DISFL(I, J)
END [0
WRITE: 3p)XSI_LECCD) o DISPL_L (DY DISPLLULDY
END' IrQ
CLOSESD)

C Calculate the Jifferentiated matriy iwall slore) by matrix multirlication

OPEN¢ Iy NAME="TINX_L' + 3TATUS=" NEW' "
DPEN(4sNANE='[WX_U’»STATUS="NEW ")
DO I=14NX
00 J=1,NY_2
[0 K=1,NXSI
WX LCE D= LTy DY W_DTFF (Ee KD RSTHS L (KD
WX_UCTo JY=0X_UCTs JYHU_DIFF ( Ty JoKYRSTMS UK
END DO
END DO
WRITE(3s8) WX L{Is ) v d=1sNY. D)
WRITEC4s%) (WX_UCTsJY o J=1oNY 2}
END DO
CLOSE(D)
CLOSE(4)

€ {Calculating the residual normal velocities for each s2nel on the floor

C and ceiling of the wind tunnel
DO I=1sNX
DO J=1sNY_2
RESID.L{Ty D=U INFINX_L{ Ty JIHUNO(T o 1)
JX=17+1-J
RESIR_UCI» J)=U_INFENX_U(Iy JI+UNOCT o JX)
END DO :
END DO

OPEN(2,NAME='RESTOUAL.L ' ySTATUS="NEW’ )
OPEN{3,NAME=/RESIDUAL..L* 1STATUS="NEN")

C Write the residuals to file [residual.u.dat] and [residuasl.l,datl
DO I=1sNX
WRITE(2sX) (RESID.U(IsJ)rd=1+NY. D)
WRITE(T»x) (RESIDLL(IoK) 1K= iHY.D)
END DO
CLOSE(2)
CLOSE(3)

C Create data for FHIXIN.FOR prodram
DO I=1,NY.2
DD J=teNX
FHINDAT(T» J)=RESID_L{Jr D)
END DD
END DO

ORIGINAL PAGE IS
OF POOR QUALITY.
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DO I=NY_241.NY. 2#NZ
00 J=1.NX ORIGINAT:

PHINGAT{ Dy 112VHOC S5 T) oF PooAL PAGE 15

END 1O -YOR QuaLITY

END DO

DO I=NY2NZ+19NYHNZ
D0 J=1sNX
K=IZ41-1
FRINDAT(IyJY=RESTO.U(Sy%)
END LC
END DO

C Write data to file in formet to ba read by PHIXIN.FOR srodram

2000

Lor B ow B o K ar B o |

[or Bl o B ar B o B e B o I ov BN or I or B o B oo B o B o B or M B o Bl o B o B o |

OFEN(3yNAME='FHINWALL s ETATLR="NEW' )
WRITE(3y ) (CPHINDAT s D e L= 1000 0=]0M)
CLOSE(3)

CALL GETCPUINTINME2)

TIME=(NTINEZ-NTIMEL) /10C,

NMIN=INT(TINE/60,)

NSEC=INT{ANOD(TINE»40.))

FRINT (A2 134A2I3sR) 7+ "CPU RUN TINE ='oNMIN.* NINUTES’ NSECy” SEC
10NDS’

STOF 'EXITING FROGRAN'

END

SURROUTINE NATRIX{NXSIsNXsNYsRLENGTHsWINTH)

THIS SUBROUTINE CALCULATES THE MATRICES FOR THE RISPLACEMEWT, THE
DISPLACEMENT DIFFERENTIATED WITH RESFECT TD X« AND THE 3FANWISE
INTEGRATED DISPLACEMENT. THE CALCULATED VALUES ARE STORED

IN A COMMON BLOCK LARELED °W_MATS's AND THE VARIABLES USED IN THE
CALCULATIONS ARE DREFINEL RELOW:

THE FOLLOWING VARTABLES ARE USED IN THE PROGRAM:

X_LOC() = THE X - DISTANCE ALONG THE LENGTH OF THE WIND TUMNEL
Y_LOC() = THE Y - DISTANCE ALONG THE WIDTH OF THE TUNWEL (FROM CENTER)
NX = THE NUMBER OF X LOCATIONS TO BE USED FOR CALCULATION
NXSI = THE NUMBER OF XSI (JACK) LOCATIONS TO BE USED FOR CALCULATIONS
NY = THE NUMBER OF Y LOCATIONS TO BE USED FOR THE CALCULATION
XSI_LOC() = LOCATION OF THE JACKS ALONG THE LENGTH DF THE WIND TUNNEL
RLENGTH = TOTAL LENGTH OF THE WIND TUNNEL
WIDTH = TOTAL WIDTH OF THE WIND TUNNEL
W_DISF_L(s) = ELEMENT IN THE 2-U DISPLACEMENT MATRIX
W.DISP_U{+) = ELEMENT IN THE 2-Ir DISPLACEMENT MATRIX
W.BIFF(ys) = ELEMENT IN THE 3-D DIFFERENTIATED MATRIX
N_INTEG(s) = ELEMENT IN THE 2-D' INTEGRATED LOWER MATSIX
ALFHA_N = PARANETER USED IN CALCULATING THE AROVE
= MXPIXMIDTH/ (RLENGTH32.)
WHERE:

M = INDEXING VALUE FOR THE INFINITE SUH
PI = 3,41392654
B = A FELATIVE Y - LISTANCE BETUEEN O and i



INPLICIT REAL (A-H,0-Zi
IMPLICIT INTEGER (I-M)

COMMON/LOCAT/ X_LOC(100)sY_LOC(30)sXSI_LOC(40:+XS_LOC(I0
COMMON/M_NMATS/M_DISPL(40+40) sW_DIFF (100430491 4WSTARL(40+40) s
1 WSTARU(40+40)

PARAMETER (FI[=3.141392554)
CONST=FISWIDTH, (. RLENGTH)

OFEN(3sNAME='DISP_MAT " +STATUS="HEW')

L Calculation of the displacement matrix follows below
FACTOR=2,3F1%x3
DO I=1,NXSI
DO J=1,NXSI
N0 M=1,150
ALPHA_W=MXCONST
Wi=( 01 HALPHA_METANH (ALFHA_M) )X TANH(ALPHA_M) ~ALFHA_N X
{ SINIMRFIRXSI_LOCCJ)/RLENCTH) €SIN(MEKPIRXSI_LOC(I) /RLENGTH)
2 SHER3
W_DISPL(Iy Y=W_DIFFL{Is.D W1

C AN AVERAGING OF THE LAST TERHS OF THE SERIES IS EMPLOYED FOR SMOOTHING
T10=T9
19=18
18=17
17=16
T6=15
T9=14
1473
T3:12
12=-11
T1=5_0ISPL(1sJ)
END DD
100 W_DISPL{ £y Ji=(TI4T24TI4T44TSHTE4T74T64T94710)/(10, kFACTOR)
END DO
WRITE(3s%) (W_DISPL(IyJ1:5=1sNXSI)
END DO
CLOSE(3)
PRINTXs 'DISPLACEMENT MATRIX IS CALCULATEDM

e e TG
(1AL, PAGR IS

C Calculation of the differentiated matrix fcllaws below! GF POOR QUALITY
FACTOR=RLENGTHX2, XPI1%%2
00 I=1,NX
DO J=1sNY/2
DO K=1+NXSI
B=(WIDTH-2,.2Y_LOC(J) ) /RIDTH
00 W=1,1%0
ALPHA_H=MXCONST
IF (BRALPHALN.GT. 10, ) THEN
W2=( {1, tALPHA. 482, %Y _LOC(J) /WIDTH: SEXP(-ALPHA_N
1 22,07 G0() /STI0TH) ) XSIN(MEPTeX ST _LOC(K) /RLENGTH)
XCOS{MEPT3X_1.0Ci 1) /RLENGTH) /HEX2 '

r3

ELSE
W2=( (1 +ALPHA_MRTANK ALPHA_S) YESINH(ALPHA_NRE) -
ALPHA_MRBXCOSH (ALFHA.MAB) }XSIN(MRPIRXST_LUC(K) -
RLENGTH)Y#COS(MSPT#X_LGC( D) RLENGTH), {MXX2X
COSH(ALPHALM))

G PO =
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END IF
. - |
ENDHElgIFF(IyJ;K) W_DIFF (s JrK) M2 DRIGINAL PAGE IS
W_DIFF {1y JoK)=W_DIFF (I JsK)/FACTOR OE POOR QUALITY
END 00
END DO
FRINTSs ]
END 10

FRINT®, "[IFFERENTIATER MATRIX IS CALCULATED'

Calculation of seanwise intedrated matrix bedins below

OFEN(3sNAME="USTAR_MAT " +5TATUS=" NEW)
FACTOR=RLENGTH/ (¥T¢84)
DO 1=1:NXS1
D0 J=14NXS1
WSTARL( 11J)=0,
DO H=1+120
ALFHA_H=NACONST
W3=SIN(HIFTAXSLOC( ) /RLENGTH) SSIN(MIPTRXS_LOC( 1)/
1 RLENGTH K(2.- (2. +ALFHA_MKTANHCALPHA_N) ) /
COSHIALFWAM) 1 /488

MSTARL(I+ Jj=USTARL 1+ 3143

T10=19

19=18

18-17

17:14

T6=T5

15<14

T4=T3

1312

1271

T1=4SIARL(Is )

END 10

WSTARL(T» J)=(T1$T24T S4TAHTSHTEHT74TRATIHTLON 10, BFACTOR
WSTARU(17.J)=MSTARL 11
END D0
WRITE(31X) (WSTARL(I+J3 +J=1oNXSD)
ENE 10

(3 ]

Crix  Debudding Diadnostics

B0 I=1,NXSI
WRITE{3s%)14XSI_LOC{I) s XS_LOC(I)

END DO

CLOSE(3)

PRINTX, ‘WSTAR MATRIX IS CALCULATEDR’

RETURN
END

SUBROUTINE SIMFSON(NXSI+NY«NZ+RELTA_YsDELTA_Z)

INPLICIT REAL tA-He0-2)
IMPLICIT INTEGER (I-N)
INTEGER START

COMMON/SIMF_INT/VNJ(30:40) 9 STMS U40) +SINS_L{40)
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COMMON/LOCAT/X_LOCt100:,Y_LOC(307+X5I.LOCC40)»XS_LOC(40)
DIMENSION VINTXU(40),VINTXL:40)

C CHECK TO SEE DELTA_Z AND GELTA_Y ARE THE SAME, TF THEY ARE, USE SINFSCH' 5
C INTEGRATION AROUND IZ, IF NOTs INTEGRATE EACH SEGMENT OF NY AND NI SEPERATLY
IF(ARS(RELTA_Y-DELTA.2).6T,,601)GOTO 109

300V ER000eabittebit it totettitedifeatybeteddbeve it biottatetisitibafs
C THIS FORTION IS FOR EQUAL FANEL WIDTHS N THE Y AWD Z DIRECTIONS
C CHECK TO SEE IF NY IS ODD OR EVEN FOR THE APPROFRIATE END CORRECTIONS
IF(MODUNY» 27 JNE.O) THEN
NYFLAG=1
1Z=NYNZH
[2_2=12/2
ELSE
NYFLAG=0
IZ=NYNZ
12.2=11/2
END IF

C SIMPSON’S INTEGRATION ROUTINE FOR [DELTA_Z = DELTAY
DO KX=1,NXSI * ZACH X LOCATION
START=2
CHECK FOR ODD OR EVEN INTERVAL, IF ODDs APFLY SIMPSON’S 3/8 RULE
FOR THE FIRST FOUR FOINTS
IF(NOD(IZ_2+2) .ER.O)THEN
SINS_L{(KX)=3.RDELTA. I/8. K (VN KX+ 1243, AVNJ(KX« D) 43,8
{ UNJCKXs 3 HUNJ(KX 14D
START=5
END IF

Lo 3N o)

START OF SIMPSON’S INTEGRATION FOR EVEN INTERVALS
IF(MOD{START»2) +NE,O)THEN
IEOFLAG=1
ELSE
IEOFLAG=0
END IF
D0 K2=START,[Z.2-1
IF (MOD(K2»2) »EQ.O) THEN
IF(IEDFLAG.EQ. 1) THEN
SUN=SUN$2. BUNJ(KX»KZ)
ELSE
SUM=SUM+4 . XUNJ(KX,KZ)
END IF
ELSE
IF(IEDFLAG.EQ, 1) THEN
SUR=5UM+4. RUNJLKXKZ)
ELSE
SUH=SLRe L FUNFI KX KZ)
END I¥
END IF
END DO

[qr]

SIMS_LIKX)=SIMG_L i+ (SURPUND KXo START -1 ) PUNI(KX9 TZ_2) )
1 XDELTA.Z/3.

SUM=0,

END_UN=(UNJCKXp T2 2)$UNJCKS 0 T 41042,
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CHECK FOR WHICH END CORRECTION 70 USE
IF (NYFLAG.E@/ 1) THEN
ENDCORR=DELTA_Z/2  BININCUND(KX 12,2 s ENE_viv $RBS(
1 UNJIKXS 12 27-END_UN) /200
ELSE
ENDCORR=DELTA_Z/ 2 K{UNJ K o LI PRINCUNGER G L 2o
1 END_UN ) +ABS(UNJ(KX 122 -EHDLUN) 7210
END IF
INTEGRATED VALUE FOR THE LOMWER HALF DF TUNNEL
SIMS.L(KX)=-2,R{SIA5_L(KX)+ENDCCRR)

START SIMPSON'S ROUTINE FOR THE JFPER HALF OF TUHNEL
STRRT=17.2+2

CHECK FOR OLD Ok EVEN INTERUVAL
TF(MODMIZ_2v2) JEQLG)THEN
SIMS_UCKRX) =3 RDELTA Z/B R(UN (KX TZ. 00104304
{ UNJOKX TZ 247 43, RUNJCKX T2 2+ 30 HUNICRX s 12 2440)
START=1Z.25
END IF

START THE INTEGRATION FOR EVEN INTERVAL
IF(MODMSTART#2) +NE. O THEN

IEQOFLAG=1
ELSE |

IEDFLAG=0 e AT AL
END IF AL PAGE 1O

D KZ=START.1Z-1 OF POOR QUALITY]

IF(HOL(KZs2) EQ. O THEN
IF(IEQFLAG.EQ. 1) THEN
SUMN=SUME2 KINJ (R TRT)
ELSE
SHN=SUNEA RUNJIKX D)
END IF
ELSE
[F{IECFLAG/EQ. 12 THEN
SUM=SUM+4  XVNJCKX KT
ELSE
SUMZSUM$D. AVMLICKX K2 5
END IF
END IF
ENLt DO
SINS_U(KX)=SINS_U(KX)+DELTA_ZXUMNI MY START-17+5UH+
1 UNJIKXsI2))/3,
5UN=0,
END_UN=(UNJ(KXs IZ_2)$UNJCRX T2 24100 2,

C CHECK TO SEE WHICH END CORRECTION AFFLIES

IF(NYFLAG.EQ. 1) THEN
ENDCORR=LELTA_Z/2 K(MINCUNS XY T 240 ENTILUNG+
1 ARSCUNJCKX TZ_Z+1)-ENDVN)/Z.
ELSE
ENDCORR=DELTA_Z/2, BIUNJIKXo TN DN OUM IR 10 210
{ END_UN) +ABSCUNJ (KX TZ_241)-END_WNG T
END IF

C INTEGRATED VALUE FOR THE UPPER HALF OF THE TUNNEL

SIHS. UCKX)=-2, ${SINS_UCKX) +ENDCORR)
END DO

G070 1000 ! CALCULATIONS ARE CCWPLETEs WRITE 70 FILE
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€ THIS SEGMENT FOR PANELS OF UNEQUAL WIDTHS IN THE Y AND ¢ [iIRECTION
C SIMPSON'S ROUTINE FOR DELTA_Y .NE. [ELTA.Z

100 IF(MOD(NY»2),ER.0) THEN
NYFLAG=0
NY_2=NY/2
ELSE
NYFLAG=1
NY_2=NY/2¢1
END IF

NZ_2=NZ/2

C SINPSON’S ROUTINE FOR [ELTA_Z .NE. DELTALY
IEOFLAG=0
[0 KX=1:NXSI
START=2
IF(MOD(NY_292).EQ.0) THEN
SINS_LY=3 XDELTALY/ B KCUNJ(KXr 1) 43 BUNGCKX 9204302
1 UNJ(KX s 3)4UNJCKX s 4) )
START=5
END IF

IF (KOD(STARTs2) .NE.O) THEN
IEOFLAG=1
ELSE
TEQFLAG=0
END IF
DO KZ=START,NY_2-1
IF (MOD(KZ»2).E0.0) THEN
IF(IEGFLAG.EQ 1) THEN
SUM=SUN+2, SUNJ(XX9KZ)
ELSE
SUM=5UN+4 . KINJ(KXsK2)

END IF ORIGINAL P

A
LA

noIe

ELSE OF POOR QUALITY

IF (IEOFLAG.EQ. 1) THEN
SUH=SURHS . SUNJKXKZ)
ELSE
SUM=SUNED, KUNLKXKD)
END IF
END IF
END DO

SIMS_LY=SIMS_LY+(SUNTUNJ (KX START-1 +UNJ KXeNY_2))
1 XDELTAY/3.
SUM=0,
END_UN=(UNJ(KXsNY_2)HUNJ (KX, NY D41 02,
IF(NYFLAG.EQ. 1) THEN
ENDCORR=DELTA.Y/2, K (MINCUNJOKX - NY 20 o E40L VKD +
1 ABS(UNJ(KXsNY_2)-END_UNY/2.)
ELSE
ENBCORR=DELTA_Y/2, K(UNJ(KXo 1 ) EMIN. YR iXE 47 2%
i END_UN) +ABS(UNJ(KXyNY_2) -END_UNY/C. ¢
END IF
SIMS.LY=5INS_LY+ENDCORR

START=NY_242
IF (XOD(NZ_2+2) .EQ. Q) THEN
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SIMS_LZ=3.4DELTA_Z/8 R UNJIKXNY_Z241)43.%
UNJCRXNY 282043, RUNJORCL AY 243V HUNJCRXONY _244) 3
IEOFLAG=1
START=NY_ 245

END IF

IF (MOD(START +2) ,NE., 0) THEN
TEOFLAG=1 . T
ELSE Uk POOR QUALIT Y
IEOFLAB=)
END IF
DD KZ=START NY_2447_2-1
TFCHODONZo 21,60, G) THEN
IF (IEOFLAG.EQ. 1) THEM
SUM=GUMS 2L BUNS KX KD
ELSE
LUM=SUNE 2 RUN L K XKD
END UF
ELSE
(FCIEDFL2G.ER. 1 THEN
SUM=SURE S KUN KX XT)
ELSE
SUN=SUME 2 VNIRRT
END TF
END IF
END DO

SIMS_LZ=GIMS_LZ+(SUMFUNJ(XX 1 3TART -1 4UNJIKXsNY_24NZ.2))
¥DELTA_Z/3.

SuM=0,

ENILUNT= (UNJEKX S NY 2 FUNJTRYONY 2410502,

END_VN2= (UNJCKX o NY C2ENZ_20 UNJCRK oY TENZ 2410007,
ENDCORRY=DELTA_Z/2 H(MINCUNJCKXoNY 2410 o END_UNT Y4
ABSCUNJCKXsNY_241)-END_UNL)/24)
ENICORR2=0ELTA_Z/ 2 R(NINCUNJCKX o NY_24NZ_2)»END Vg2 4
ABS(UNJIKX NY_24NZ_2)~END_UN2) /2,)
SIMS_L(KX)=-2,X(SIMS_LY+SIMS_LZ+ENDCORR1+ENDCORRZ)
SINS_LY=0,

SINS_LZ=0,

START=NY_24NZ_242

IF(ROD(NZ_2,2) JEQL O) THEN
SIMS_UZ=3.XDELTA_Z/8. S (UNJ(KXoNY_24NZ_2+1}43.%
UNJUKX o NY 24NZ-242) 43 RUNJ(KX o NY_ 2402 _2+ 30 ¢
UNJ(KX s NY_24HZ_244))
START=NY_24NZ_245

END IF

IF(MOD(START+2) (NE,)) THEN
TEOFLAG=L
ELSE
TEOFLAG=0
END IF
[0 KZ=START/NY_24NZ-i
TF(NOD(KZ+2) ,£Q.0) THEN
IF(IEDFLAG.EQ. 1D THEN
SUM=SUM+ 2 KUNSEKX KD
ELSE
SUM=SUM$4, XUNJ (KX, KT
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END IF
ELSE
IF (IECFLAGJEG, L) THEN
SUM=SUME4, JIUNJ{KXKZ)
ELSE
SUN=SUM+2, FVNJ(AGRT)
END IF
END IF
END DO

SINS.UZ=SIMS_UZ+{ SUB+UNJCICO START- 15 HUNJ(XX o NY_24ND))
XOELTA_2/3,

SUN=0,

END_UN2=CUNJKX o NY_24NZ) $UNJ (K NY_D4NT 1Y 212,
ENDLUNL=(UNJ(EX NY _24NZ_2)HUNJIKX o NY _ZHRT_24100 2,
ENDCORR2=DELTA_Z/2, R(MINCUNI (KXo NY _2NT) oG UNZ : +
ABSCUNJCKX s NY_Z4HT Y -ENTLUNDY /200
ENDCORR1=DELTA_Z/2, k(HINCUNJCICK o NY_Z4NZ_241 (ENLUNT 4
ABS{UNJ(KXoHY_2+NZ_241) -ED UNL) /2,5
SIMS_UZ=SIMS_UZ+ENTICORR1+ENLCORR2

START=NY_24N112

1

2

1

IF (MOD(NY_2,2) ,EQ,O) THEN
SIMS_UY=3,RDELTA_Y/8. K(UNJ(KXsNY_2¢NZ41)43.%
UNJCKX o NY_24NZ427 +34 KUNJ (KX NY_2HHT4 30 4
UNJ(KX s NY_24NZ$4) )
START=NY_24NZ$5

END IF

TF(HOD(START»2) JNE.GITHEN
IEOFLAG=1
ELSE
{EOFLAG=0
END IF
D0 KZ=START»IZ-t
IF(MOD(KZ,2) . EQ,O) THEN
IF(IEQFLAG,EQ. 1) THEN
SUN=5UN$2, SUNJ(KXK2)
ELSE
BUM=SUNS SUNJ(KX K2 )
END IF
ELSE
IF(IEOFLAG,ER1) THEN
SUN=SUN4, JUNJ KX sKTS
ELSE
SUM=SUN$2 . BUNJCKY KT
END IF
END IF
END DO

SINS_UY=SINS_UYH(SUMPUN (KK ATART-D HUNJIKY I2))

KDELTA_Y/3.

SUN=0,

END_UN=(UNJOKXoNY_24NZ Y +VUNJ 1 XodY J4NT410 72,

IF(NYFLAG.EQ.1) THEN
ENDCORR=DELTALY. 2  R(MIN(UNJCR XY 24NTH#L0 o ENE_ VNS4
ARS (UNSCKX HY_ZENTHLY-END N /2.0

ELSE
ENDCORR=DELTA. /2, K(UNJ(KXs T2 HHNINCUNI(RY
NY_24NZ41) 1END_YN) $ARSCUN J(KX o NY_Z4NZ4+1 1 -ENDLINY /20 )

ORIGINAL PACE 7
OF POOR QUALTL™.
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END IF
SINS_UCKX)=-2, #(SINS_UZ+SIMS_UY4ENLCORR)
SINS_UZ=0.
SINS_UY=0,
END DO

DFEN(3)NAME="SIMSINTEG' »STATUS="NEW')
WRITE(3sHINXSI

[0 I=1sNXSI
WRITE(Z,K)XST_LOC(T) s SINS_L{I)»SIMS_U(T:
END 00

Ribo3eeboeteesrbitetioetovificcetistotitittotts)

L

£
C

COMPUTE THE STREAMWISE INTEGRAL OF THESE SPAN INTEGRATED VELGCITIES

THIS

[UNP

3000

AS A FUNCTION JF X
THIS IS USED SOLUTION FOR THE JACK LOADS RY USE OF THE WSTAR
(SPAN INTEGRATED DISPLACEMENT) MATRIX

VINTXL(1) = Q.5#SIMS_L{1iy ¥S_L0C:1)
VINTXUCL) = 0.5XSINS_U(L)& X5_LOC: 12
IMPLICITLY ASSUMES THAT SINS(X=0) = 0

D0 I=2sNXSI
VINTXL: D=VINTXL(T-1) + 0.SK(SINS_LCIV$3ING_L{I-10) X
{XS_LOC(I)-XS_LoC(T1-1)}
YINTXUCD)=VINTXULI-1) + O.SK(SIMS_U(Li4SIHS_til-1) &
(XS_LOC(I)-XS_LOCC(I-1))
END' 1O
STREAMWISE INTEGRATED VELOCITIES BACK INTO SIMS. ARRAYS

[0 I=1,NXSI
SINS_U(T)=VINTXU(I)
SIMS_L(IJ=VINTXL(I)
END DO

WRITE(3,3000)
FORMAT (X, ‘FOLLOWING ARE THE STREAMWISE INTEGRATED VELOCITIES')

WRITE(3sX)NXS]

DD I=1,NXS5I
WRITE(Z,K)XSI_LOC(I)sXS_LOC(I),SINS_LET)oSINS_U(D)
END DO

CLOSE(D)

PRINT®s "SINPSON’ 'S INTEGRATION COMFLETE’
RETURN

END
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PROGRAM AFMODLJ

COMPUTES THE WALL~ FREE VELOCITIES(UN) NORMAL TO THE

WALLS OF A SOUARE WIND TUNNEL OF AN AEDC HODEL

10 BE USEDR [N A LANGLEY EXFERIMENTAL TEST.

IT ALSO COMFUTES DATA AT THE 0.3 METER TUNNEL JACKS AND
WRITES THE FILES ‘UNO.DAT' AND' 'UNJLDAT' FOR JACK_DISPL,
THIS PROGRAM USES 2XNX+1 PLUS DX PANELS OVER THE LENGTH OF
THE WIND TUNNEL AND NYENZ PANELS AROUND THE HALF
PERIMETER. TD INCREASE THE NUMBER OF PANELS

NEW VALUES NAY BE NEEDED IN THE DIMENSIUN STAIEMENT

40t THE LIMITS NX» DX AND NZ .

*HIS PROGRAM REPRESENTS THE MODEL BY TNO SOURCES(RODY)
VEE LINE-VORTICES(WINGRTAIL LIFT) AND +3- LINE SOURCES
TWINGETATL THICKNESS).EODY LIFT BY LINE DOUBLETS

IT ASSUMES THE CP IS LOCATER AT THE ZEKO POSITION OF THE
X COORDINATES

HE WING IS ASSUMED TO CARRY 80% OF THE TOTAL LIFT

DIMENSION X(-B03120)+XJ(-2010)5Y(80)sZ(80)sUNS(80,-803120)
INACROy-803120) s UN(80,-803120)» DZXL(~803120),DZXU(-803120)»
21L(-801120)»2U(-801120) »UNN(BO,-802120) s UNJ(80,-803120) »

1 LDC(-80:120)

XJ(IX) ARE THE 1/3 METER TUNNEL JACK LOCATIONS
X(I0s7(1Z) AND Z(IZ) ARE THE CENTERS OF THE PAMNELS

THE TRACOR ALGORITHM IS APPLIER IN THIS PROGRAM
THE NUMBERS BELOW ARE FIXED BRY THE DINENSIONS OF THE
AEDC MODEL

FARAMETER (PI=3,1415995=0,10668y 5V=.0837863AR=3.5/
01=0,03556+C=,0560198,CT=0,03556WT=,0072238+4TT=,004267,
$T=,05588,SVT=,043888,4=.33s» ART=3.1429)

REAL MACH

TYPE 10

FORMAT(10Xs ‘ENTER CL MACH NX WZ')

READ(Ss%) CLs MACH» NX» NZ
BETA=SART (1-HACHIMACH)

THE FOLLOWING RESULT FROM THE MODEL DIMENSIONS

XRVC=-.0375% ILOCATION OF VORTEX 8C/L INTERSECTION(METERS)
XRV=XRVC/BETA
ARVTC=0,0889 !SAME FOR THE TAIL
XRVT=XRVTC/BETA
XSL=-,10795 ILOCATION OF FOREWARD SOURCE
X57=0,1524 ! HETERS)» SAME FOR THE REAR SOURCE
16=,57735/BETA | TANGENT OF THE STRETCHED SWEEPANGLE
REAL SWEEP IS 30 DEGREES!

T15=1416X16 ORIGINAL PACE :8
OF POOR QUALITY,

h%=0
NZ2=NL/2
NY-NZ
NY2:=NY/2
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7 ORIGINAL PGy 1g
OE POOR QUALITY
NOW SET UP THE COORDINATES OF THE POINTS AT WHICH
VELGCITIES ARE TO RE CALCULATED.,

" 1Z=1.N22

L(12)=8/2

(1T =A/NIX(IZ-0.5)
END T
DO [Z=NZ241eNY24NZ

(171472

SE120 A/NZX(NZO.5-12)
ExD [0
00 IZ=NIANY241sNZENY

21Zi=-A/2

YUI7i=(NZ+NY40,5-12)8A/NZ
£al Do
o TX=-NXs NX$DX

X(IX5=A/NZXIX ! FOR PANEL CENTERS RELATIVE TO THE CP FOINT
END DO
X.10-20)=-23,25%,0254
XJ(-19)=-17.,5%.0254
(J(-18)=-12,5%.0254
XJ{-17)=-8,5%,0254
xJ(-16)=-5,5%,0254
X3(-155=-3,5%,0254
X1(-1412-2,0%,0254
XJ{-13)=-0,5%.0254
13(-12)=1,0%,0234
¥1-11)=2,5%,0254
£3(-10)=4,0%,0254
XJ(-91=5,5%.0254
14(-8)=7,5%,0254
£J(~7)=9,5%,0254
$.3{-8)=11,5%.0254
XJ{-5)=14,5%,0254
XJ{-4)=18,5%,0254
XJ(-3)=23,5%.0254
%J{~2r=28,5%,0254
XJ(-11=13,5%,0254
2J0)=39.0%.0254

CIRC=0.8%CLESES/(SVIAR)
ALPHA=0,84CL/ (3,241, 7558MACHRRS) ' IN RADIANS
THIS ASSUMES AN APPROXIMATE NACH DEPENCENCE FUR CL/ALPHA

Q=u7

aT=wTT

TIRCY=, 28CLASTAST/(SVTHART) 'TAIL CIRCULATION

[1DD=1+. SkDSDABETAXBETA/ ((XST-XSL)®(XST-XSL)) !APPROX STRENGTH CORRECTOR

0D IX=-NXsNX$DX

STRETCHED DISTANCES FROM FIELD POINT TO INTERSECTION OF C/L AND:
XU=(XRVC-X{1X))/BETA ! WING VORTEX
AL=(XRVC-C/4-X(IX))/BETA ! WING LEADING EDGE
XT=(XRVUC+3¥C/4-X(IX})/BETA ! WING TRAILING EDGE

ALS=(XSL-<(IX)) /BETA ! BODY SOURCE
XT§=(XET-X(IX))/BETA I BODY SINK(AFT)
XYT=(LRVTC-X(IX))/RETA ! TAIL VORTEX

ALT=XVT-CT/4/BETA * TAIL LEADING EDGE



Lo I or)

-76-
kT7=XUT+38CT/4/BETA I TAIL TRAILING EDGE

kM IS THE ARM LENGTH FROM THE POINT OF ROTATION OF
THE BALANCE/STING SYSTEM TO THE CP ORIGIN OF COORDS.,
THE MOGEL IS DISPLACED UPWARDS BY A DISTANCE ALPHASRM

RM=0,501269 'METERS

00 12210807
Fz(XV+1(T2)RTG)
FI=OU-Y(12)3T6)
FI2(XUTHY 12)KT6)
FT1=(XYT-Y(12)XTG)
Y=Y ([7)X82
71=(2(17) +ALPHASRN) 32
01=4X(FEF4TSRZL)
N2=a3(F WF 1475422)
324K (ALHY (12)XTG) 8X24T5422)
04=4%( (XL-Y(12) KTG) $224TS822)
RS=4%{ (XT+Y(1Z)8TG)8824TS8IT)
4=48((XT-Y(I12)$T6) $824TS822)
Q1T=4R(FTSFT4TSKIL)
02T=48(F1TEF1T+TSR2Z)
QIT=4R((XLTHY(1Z)RTG) R824TSH22)
Q4T=4%((XLT-Y(1Z)XTG) $X24TS412)
GST=4R( (XTTHY{12)KTG)8%82475822)
Q6T=4R((XTT-Y(IZ)XTG) $824TS$Z1)
R1=SART(XVAR24ZI4YY)
R2=SRT( (XV+TGRSV) SR241ZH(Y(12)-5V)382)
R21=SQRT((XV4TGASV) R824 Z24(Y(12)45V)882)
R3=SORT( (XL+TGRD/2) X824 Z2+(Y(IZ)-D/2)882)
R31=SORTC(XLTERD/2) 8824724 (Y(12)4D/2)882) o
K4=SQRT( (XL+TGRS)KR24ZZH(Y(1T)-5)$82) ORIGINAL PAGE IS
R41=SORT( {XL+TGRS) 8824224 (Y(12)45)882) OF POOR QUALITY
RS=SORT((XTHTGRD/2)X8247Z4(Y(12)-D/2)8%2)
RS1=SORT((XT+TGRD/2)882422+(Y(12)4D/2)482)
R6=SORT((XTHTGES) KX24Z24(Y(12)-5)8%2)
Ro1=SART( (XTHTGRS)XR24ZI4(Y(12)45)482)
R7=2ZHYYAXLSHXLS
RR=1ZHY4XTSEXTS

RIT=SART(XVTRE24TITHYY)

R2T=5QRT{ (XVTH+TGRSVT) $%24724(Y(1Z)-SVT)482)
R217=SART ((XVTHTGESVT) E324Z2#(Y(IZ)+5VT) 542)
R3T=SQRT((XLT+TGAD/2) 4824724 (Y(12)-D/2)%82)
RI1T=SART((XLTHTGED/2)¥x2¢224(Y(12)$D/2)¥%2)
RAT=SORT((XLTHTGHST) xx2+22+(Y(1Z)-5T)¥%2)
RA1T=SART{ (XLT+TGEST) ¥42422+(Y(12)45T)$82)
RST=5ORT((XTT+TGRD/2) x824224(Y(12)-D/2)%%2)
RS1T=SARTC(XTTHTGAD/2) 8324 Z24(Y(12)$D/2)8%2)
R&T=GBRT( (XTT+TGAST) 8X24ZZ+(Y(1Z)-5T)482)
R&1T=SART ((XTT+TOXST)X82422+(Y(12)45T)2%2)

UNS(IZo IX)=-DRDXDDDR(Z(I1Z)ALPHASRN) /16/BETAR(1/(R74SORT(R7))
=0.,61/{RBXSART(RB)))

THESE AROVE ARE THE RODY SOURCE TERMS

UNS(1Z91X)=-0%(Z(1Z) +ALPHASRN) /P1/BETAR( (TSSSXLETG-Y(1Z))/(QIRA)~
(TS3D/24XLRTG-Y(IZ) )/ (QIRRT) 4 (TSASHXLATGHY(1Z))/ (Q48R41)-
(TSRD/2+XLAVGHY(IZ))/(QAXR31)-(TSESHXTATG-Y(IZ))/(Q5ERE)+
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(TSKD/24XTRTG=1(12) )/ (RSBRS)- (TSRSHXTRTGHY (12))/(064R61)4+ POOR QUALITY
(TSRD/24XTRTOHY(12))/(Q6XRTL) IHUNS(IZ IX) '

THESE WERE THE WING LINE SOURCE TERMS

UNSUIZy 1X)=-QT8(Z(1Z) +ALFHAXRY) /PT/RETAX((TSESTHXLTRTG-Y(1Z))/
(QITXRAT) - TSXO/24XLTRTG-Y(12))/(Q3TARIT) + (TSRSTHXLTRTGY(I2))/
(B4TAR4LT) - (TSED/24XLTRTG4Y(1Z2))/(RATERILT) - (TSASTEXTTRTG-
YOIZ) /7 (QSTXRET ) +( TSRO/ 24XTTRTIG-Y(1Z))/(@STHRST)-
CTSRSTHXTTRTGHY(12))/ (Q8TARSIT) +(TSRD/24XTTRTGHY(IZ))/
{RETIRSIT) I +HUNS(TZY IX)

THESE WERE THE TAIL LINE SOURCE TERNS

UNACTZe 1O =DXNXALPHA/BR (YY-22)/(YY4ZT 10028 (1-XLS/SART(R7))
+223%1.S/(YY4+12) /(R79SART(R7) ) -0, 618 ((YY-ZZ)/ (YY+I1)XR2%
1-4TS/S0RT(R8)) +Z2%XTS/ (YY42Z)/(RBXSART(RB))))

THESE ARE THE DOUBLET(RODY LIFT) TERMS

TT=4/ 31K TSRSVEXVRTE-Y([2))/R2-(XV&TG-Y(IZ))/R1)
TC=4702% (TSXSVHXVRTGHY (12) ) /R21- (XVRTG+Y(IZ))/R1)

UNA(LZ e 10) =UNACTZy XD HCIRC/4/PTR(FSTTHFERTOH(Y(IZ)-SV}/
(ZZHOY T2 -5V I0R2) 8 (1 -(XV4SVETG) /R2)-(Y(12)45V) /(224
(Y(IZ450)082) 8 (1 - (XVSVRTG)/R21))

THE ARDVE ARE THE WING LINE VORTEX TERNS

TTT=4/Q1 TR((TSKSUTHXVTETG-Y(IZ))/R2T-(XVTRTG-Y(IZ))/R1T)
TOT=4/32TX((TSXSVTHXVTRTGHY(12))/R21T-(XVTRTG+Y(IZ))/RIT)

UNRGIZy DOV =UNA{IZy 1 +CIRCT/4/PISCFTRTTTHFATATOTH(Y(IZ)-SVT)/
VZTHOVLIZ)-SVUT XX R (1 - (XVTHSVTETG) /R2T) - (Y(IZ)$SVT)/
THYCIZIHSVTIRR2) k(1 - (XVTHSVTRTB) /R2LT))

THE AKOVE ARE THE TAIL VORTEX TERMS

YNCIZy LAY =UNACTZ DX HUNSCTZ I
eul 10

(0 [Z=NY2NZH+1oNY4NZ  'UPPER WALL
F=(XV+Y(IZ)%TG)
Fl=(v-Y(IZ)ATH)
FT=(XUT+Y(IZ:%T6)
FT1=(XVT-Y(IZ)XTG)
YY=YIIZ) %2
Z2=(1¢12)+ALPHARRN) ¥%2
Q1=4%(FXF+T5%72)
N2=4x(F1AF147S%22)
A3=4xCXLEYLIZIRTR) 0824 TSH22)
FI=R COL-Y(I2)XT6) X¥24T5022)
QS=40C(XTHY(TZHRTG) X824 TSKZT)
Ge=48C(XT-Y(IZ)RTGI R824 TSAZZ)
A T=40(FTRFT4T5822)
@ET=4K(FITRF1T+T5%Z2)
(3T=42((XLTHY (IZ)XTG) ¥X24TSKIZ)
@aT=40((XLT-Y(IZ)4TG) X824 TS%ZZ)
EET =4 IXTTHYCIZ)ATG) $%2475827)
UaT=4X U XTT-Y(IZ)4TG) 4824 TS%Z1)
R1=5URT(XVEXZ4+ZZHYY)
RZ=S0RT((XU+TORSV) RX242Z4(Y(1Z)-5V)%82)
R21=S0RT (AXVATGXSV) X242+ (Y ({2)+5V) %%2)
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RI=SORT ((XL+TGKN/2)K8242ZH(Y(I2)-D/2)%¥2)
R31=SQRT ((XL4TGRD/2)Kx24ZZ+(Y(12)4D/2) $32)
R4=SQRT({XLITEXS) RR24ZZ+(Y(1Z)-5)0%2)
RA1=SART((XL4TOKS) 3324 11+(Y(I2)45)%82)
RS5=SORT((XTHTGRD/2)8K242Z4(Y(11)-1/2)%%2)
RS1=SORT( (XT+TGRD/2) $32427+(Y(1Z)$D/2)432)
Ko=SQRT ({XT+TGAS) KR4I Y(IZ)-5)882)
R61=SART( (XT4TGES) XX242Z4(Y(12)45)232)
R7=12+YYHALSRXLS

RO=ZZHYYXTSEXTS

VIV A TS
G.’T\I'\J;_.\LCLL e
i

RIT=5QRT(XVUTXR24Z24YY)

#2T=50RTC(XVTHTORSVT) R224274(Y(12)-SVT) 8%2)
K21T=30RTUCXVTHTORSVT) 8824 22H(Y(IZ)45VT)882)
RIT=SQRTC(XLTH+TGRD/2) x3247T4(Y(12)-D/2)x%2)
RILT=S0RTO(XLTHTGRD/2) K024 214 (Y(IZ)4D/2)8%2)
R4T=SART( (XLTHTGRST)RX24224(Y(1Z)-ST)$%2)
RALT=SORT(CXLTHTGAST)XX242ZH(Y(IZ)45T)8%2)
RST=SARTC (XTTHTGXD/2)¥4242124(Y(1Z2)-D/2)¥%2)
RS1T=SORT((XTTHTGR0/2) X424 ITH(Y(IZ)4D/2)482)
RET=SARTC(XTTHTGHST 1HX24ZZ+(Y(IZ)-5TIEX2)
RolT=SORT({XTTHTGRST)AR24ZIH(Y(12)4ST)XR2)

UNS(1251x)=+DxIxDDDIX(Z(12) +ALPHASRN) /16/BETAR(1/(R73SORT(R7))
-0.61/(R3XSAKT(RB)))

THESE ABOVE ARE THE BODY SOURCE TERMS

YNS(IZ 1X)=08(Z(12)+ALPHASRN) /P1/BETAR((TSRSHXLRTE~Y(12))/(Q38R4)~
(TSED/24XLATG-Y(IZ)) /(QIIRI) +(TSASEXLETGHY(1Z))/(04%RA1 )~
(TSRD/24XLATGHY(1Z2))/(Q48R31)-(TSASEXTRTG-Y(IZ))/(QISRE )4
(TS8D/24XTRTG-Y(1Z) )/ (QS¥RS) - (TSESHXTRTGHY(1Z))/(Q6IRE1)+
(TSRO/24XTRTOHY(1Z))/(Q68RS1) )HUNS(IZ+1X)

THESE WERE THE WING LINE SOURCE TERMS

UNS(TZ, 1X)=QTH(Z(12) +ALPHARRN) /P1/BETAR( (TSESTHXLTRTG-Y(12))/
(Q3ITERAT)-(TSXD/24XLTRTG-Y(IZ))/(QITIRIT) $(TSASTEXLTRTGHY(IZ) )/
(BATIRALT)-(T38D/24XLTRTGHY(12))/(QATARILT) - (TSRSTEXTTSTG-
Y(IZ))/(QITXRAT)+(TSED/24XTTATG-Y(1Z))/(QSTIRST)~
{TSESTHXTTRIGHY(IZ) )/ (BSTRRALT) H(TSED/2¢XTTRTGHY(12))/
(QATIRSLT) JHUNS(IZy IX)

THESE WERE THE TAIL LINE SOURCE TERMS

UNACIZy IX)=-DEDSALPHA/BX((YY-22)/{YY$ZZ)¥¥28(1-XLS/SORT(R7))
+2ZXLS/(YY+22)/(R78SART(R7))-0, 618 ((YY-22)/{YV+I2) %828
(1-XTS/SORT(R8) ) +22¥XTS/(YY+ZZ)/(RBXSART(RB))))

THESE ARE THE DOUBLET(BODY LIFT) TERMS

TT=4/Q1X((TSESV4XVRTG-Y(I1Z))/R2-(XVXTG-Y{1Z))/R1)
T0=4/02%((TSRSV+XVETGHY (1Z))/R21-(XVETG+Y(IZ))/R1)

UNACIZ IX)=UNA(IZ, IX)-CIRC/4/PIRCFRTTHF18TOH(Y(IZ)-SV)/
(ZZHYCID) -SRI 1 (1- (XVASVETB) /R2)-(Y(IZ)45V) /(214
(YCIZ)4SVI382) % (1- (XV45VETG) /R21))

THE ABOVE ARE THE WING LINE VORTEX TERNS

TTT=4/Q1 T4 (CTSRSYTHXVTRTG-Y(1Z))/R2T-(XVTETG-Y(IZ))/RLY)
TOT=4/Q2THC (TSERSYTHXVTRTGHY(IZ) ) /R21T-(XVTRTGHY(IZ) )/R1T)

VHACIZ 1X)=UNACIZy IX)-CIRCT/4/PIR(FTRTTTHF I TATOTH(Y(IZ)-SVT)/



~-79-

CIIHOVCTZ)-SVT ) RR2)R (1= (XUTHSUTRTG) /R2T) - (Y(1Z)45VT)/

(ZZHOYCITIASVT AR R (1 - (XVTHSUTRTG) /R21T))
THE ABOVE ARE THE TAIL VORTEX TERMS

UNCTZ SR =UNACTZy TN HUNSCIZH TX)

END DD

[ 12=NY2H1,NY24NZ  TCOMPLETE SIDEWALL
IAEMSOSR] ¢ ¥
DI LCTLIHALFHARRHM ) ¥X2
F=oxViY I21%76)
Fl=tdy-r (121XT5)
FI=xT4y: 1238760
FTL={gVT-vCIDRTER)

QU= XF$TSHIT)

WS3KFLKF14TSKIT)

QI=ax LAY I RTO) K224 TSR

24=350 0 XL-Y LI XTG) 3024 T5%22)
Lh=akC(XTHYCIZ)RTO) K424 TSKZ2)

Hazak i (XT-Y(IZ)RTG) $424TS4ZZ)
JIT=aR(FTRFT+TSKID)

FOT=aR(FITXFITHTS$22)
DIT=4xC(XLTHY(I2)XRTG) X324 T5%22)
GAT=4((XLT-Y(IZ)¥TG) k%2475%Z2)
CET=aR(OXTTHYCIZ)RTC I RX24TS8ZT)

NG T=4k((XTT-Y{IZ)XTG) x6247S%71)
R1=SART(XVXR24ZZ4Y(17)4%2)
R2=SART((XVHTGRSVIXR24ZZ+(Y(IZ)-5V)¥%2)
R21=SART ((XVHTORSV) XX24ZZ4+(Y(1T) $5V) X82)
RI=SARTC(XL+TORD/2) X2+ Z24(Y(IZ)-D/2)%%2)
R31=SARTC(XL+TGXRD/2)R%242Z4(Y(1Z)4D/2)8%2)
R4=SART{(XLATORS) RR24Z224(Y(12)-S)2%2)
R4{=SARTLOXLHTONS) XE24ZZH(Y(11)45)%%2)
RO=SERTL{XT+TORD/2)R241ZH+(Y(IZ2)-D/2)22)
R51=SQRTC(XTHTGXD/2)Kk24ZZ4(Y(12)4D/2)%%2)
RO=SAORTCOXTHTORSIKR24Z74(Y{1Z)-S) 1%2)
KS1=SART( (XT4TGXS) XX2+ZZ4(Y(1Z2)45)2%2)
R7=21Z+YY$XLS%XLS

RE=ZZHYYHXTSRXTS

RIT=SART(XVTXSZHIL+YY)

R2T=SQRTL{XVTHTGRSVT) Kx24ZZ+(Y(12)-5VT) x%2)
R21T=SORT ((XVT+TGRSVT) #324Z2+(Y(12)45VT)#%2)
RIT=SART( (XLT+TGAD/2) XR242ZH(Y(IZ)-D/2)432)
RI1T=SORT((XLTHTORD/2) 082+ Z2+(Y(12)+D/2)%82)
RAT=SORTC(XLTHTGRST) K¥242Z+(Y(IZ)~ST)¥%2)
N4LT=SORT((XLTHTGRST)X¥242Z+(Y(IZ)45T)%%2)
ROT=SORTC((XTTHTGRD/2) K424 ZZH(Y(1Z)-D/2)4%2)
RS1T=SART((XTTHTGRI/ 2 422427 +{Y(12)$D/2)%22)
FOT=SORTC(XTTHTGRST) kx24ZZ+(Y(IZ)-5T)4%2)
RATT=SQRT((XTTHTGRST I RR24ZZH(Y(1Z)45T)¥%2)

UNSCIZe DX =-[[ TR0/ 1 6/RETAXY (12) X (1/ (R72SQRT(R7))-

2,51/ (RBKEQART(RB)))
THESE ARE THE BODY SOURCE TERMS ON THE WALL.

OY\LUH\LALL PAGE IS

OE POOR QUALITY

UNSTZe TX)=UNS(IZs IX)-Q/PI/RETARCC(XLEY (1) XTG) K(XLHSRTG)+22)/
A3/RA-COXLY (TZ)RTGYROXLAD/28TG) $22) /A3 /R3-((XL-Y(IZ)2TG)%
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{XL4SKTE) +22)/Q4/RA1$ COXL-Y(IZ)XTG) X (XL4D/28T6)422)/
G4/R31-COXTH(IZ)RTE) R(XTHSETG) 427)/05/R6+C (XTHY(IZ)RTG) &
{XT+0/2¢T6) +22)/Q5/RSH((XT-Y(IZ)RTG) X(XT4SRTG) +27)/Q6/R63
=CXT-Y(ID)IRTG)I (XT+D/2KT6) $27)/G6/RS1)

THE ABOVE ARE THE WING TRICKNESS (LINE SOURCE) TERMS

UNSCIZy IX)=UNSCIZy IX)-QT/FI/BETARCC(XLTHY(IZ)STG)R(XLTHSTRTG)
$22)7Q3T/RAT-COXLTHY(IZ)RTGIR(XLT4D/20T6) +21) /Q3T/R3T-
COLT-YUDIRTE R(XLT+STRTG)+22) /Q4T/RATTH((XLT-Y(IZ) ST6) &
CILTHD/2XTR)422) /QAT/RIT- (CXTTHY(IZ)RTG) R(XITHSTRTG) 422)/
AST/R6THCXTTHY(IZ) RTGYR(XTTHD/28T6) 422) /AST/RSTH((XTT-
D XTR)IRXTTHSTRTG)+22) /Q6T/RE1T-((XTT-Y(IZ)STGIR(XTT+
1724764221 /06T/RSLT)

THESE ARE THE TAIL THICKNESS TERMS

UNACTZy IX)=-DRDRALPHA/BRY (IZ)R(Z{IZ)+ALPHASRN) / (YY42Z) R ((1-XLS/
SORT(R7) K2/ {YY+IT)-XLS/R7/SART(R7)-0.618((1-XTS/SART(RB) ) %2/
(YY+I1)-XTS/RB/S0RT(R8)))

THE ABOVE ARE THE DOUBLET TERMS(BODY LIFT)

TT=4/Q1%{ (TSXSVXVETG-Y(IZ))/R2-(XVETG-Y(IZ))/R1)
10=4/02%((TSESV4XVRTG+Y (12))/R21-(XVETGH+Y(IZ))/R1)

TTT=4/Q1 TR (TSESYTHXVTRTG-Y{IZ) }/R2T-(XVTRTG-Y(I2))/RIT)
T0T=4/02TR{ (TSASYTHXVTRTGHY(1Z))/R21T-(XVTRTG+Y(12)) /RIT)

VNACIZ IX)=UNACIZy IX)HCIRC/A/PIR(ZCIZ) +ALPHASRM) X(TGX(TT-T0)
=1/ (ZTHYII-SVIRR2) K (1 - (XV4SVRTE) /R2) $1/(2Z4(Y(1Z) $5V) %%2)
R(1-(XV+SVXTG) /R28 )

THESE #RE THE TERMS FROM THE SWEPT LINE VORTEX

UNACIZo TX)=4CIRCT/4/PIR(Z(1Z) +ALPHASRN) X(TGR(TTT-TOT) -1/
(ZTHYUD -SVTIRR2) £ (1 - (XVTHSUTATG) /R2T) +1/(ZZH(Y(I2)4SVT)

XK1= (XUTHSVTRTO) /R21T) ) UNACIZ IX)
THESE ARE FOR THE TAIL VORTEX SYSTEM

UNCIZs IX)=UNACTZ s IXIHUNS(IZ5 IX)

END 00 ICOMPLETE TUNMEL IS NOW DOME
END DO

00 IX=-20+0

STRETCHED DISTANCES FROM JACK POINT TO INTERSECTION OF C/L AND:
XV=(XRVC-XJ(IX))/BETA ! WING VORTEX
XL=(XRVC-C/4-XJ(IX))/BETA ! WING LEADING EDGE
XT=(XRVC+3%C/4-XJ(IX))/BETA ! WING TRAILING EDGE

XLS=(XSL-XJ(IX))/RETA ! BODY SOURCE
XTS=(XST-XJ(IX))/BETA ! RODY SINK(AFT)
XVT={XRVTC-XJ(IX))/BETA ! TAIL VORTEX
ALT=XVT-CT/4/BETA ! TAIL LEADING EDGE

XTT=XVT+I2CT/4/BETA ! TAIL TRAILING EDGE

RM 1S THE ARM LENGTH FROM THE POINT OF ROTATION OF

THE BALANCE/STING SYSTEM TO THE CP ORIGIN OF COORDS.
THE MODEL IS DISPLACED UPWARDS BY A DISTANCE ALPHASRN

RM=0.501269 !METERS

© AL PACE IS
CF POOR QUALITY
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D0 [Z=1sNY2
E= (XY (T2 4TG

FL=OV-Y(1218T6) o L RLew g
FI=(TH (1) ATH) ()B ]?()()I{ QUALITY,
FI1=(XVT-Y{I2AT6)

LR L PAT ¢ ¥

I2=¢2012) $ALPHARRM) XX2

FL=4K(FEF+TSXIDH

WA FLEFI4T3%77)
TraRgKLEY L IZIRTE)RR2$TSHIT)

474k, XL -1 I70RTG) $X24T5%22)

BT T TDIRTR) KK24TS872)

Q6=45 (XT-Y{I1IRTGI K324 TSXZT)

MT=4k(FTEFT+TEXZT)

CoT=aR(FITXFIT4TSHIT)

A3T=44 C(XLTHY(IZ)XTG) RX2+75K22)
24T=4xC(XLT-Y(IZ2)3TG) X824 T5%12)

CET=4k(OXTTHACIZIRTG K24 TSK2T)

A5T=ak 0 (XTT-Y (12)XTG) Xx24TS%ZZ)

R E=SORT (XVEE24724YY)

R2Z=SARTC O TORSVI KR4 ZZH(Y{1D) -5V 1%2)

RZ1=SQRTCOXVHTORSV) KX24ZZ+¢Y( 1Z)45V) 282)

R3I=SURT((XL+TGRD/2) k82427+(Y(12)-D/2)%%2)

R31=5ARTCCXLATORD/ ) X824 27 +¢Y(12) $D/2)802)

RA=SORT((XL+TG¥S ) RI24ZZ4(Y(12)-5)112)

RA§=SORT ((XL+TGXS) kk2+ZZ+(Y(IZ2)$5)%42)

RI=SART ((XTHTGRD/2) 0424 ZZ4(Y(12)-D/2)2%2)

RS1=SART( (XTHTGRD/2) 8224 224(Y(11)4D/2)2%2)

R6=SQRT C{XTHTOXS) KX24ZZH(Y(IZ)-5)%4%2)

RAL=SORTCXTHTORS IR 24724 (Y (1) $5)%82)

R7=ZZ+YY4XLSAXLS

RB=7Z+1Y+XTSkXTS

SERT(XVTHR24ZZ4YY)
SART(CXUTHTERSVT ) KE24ZZH(Y(IZ)-SVT)82)
=SERTCOXVTHIGRSUT ) RR24ZZ+(Y (121 4SVT) 182)
=SARTO(XLTHTORD/2) X824 72 4(Y(12)-D/2) 182)
R31T=SQRTCOXLTHTGRD/2) $X2+224(Y(1Z) $D/2) 8%2)
RAT=SARTCOXLTHTGORST) R824 2T H(Y(IT) -ST)1RD)
R41T=CORTC(XLTHTGRST) KX2+ZZ4(Y(12)4ST)%82)
RST=SART((XTT+TGKD/2) k42422+(Y(1Z)-D/2)2%2)
ROIT=5QRTC(XTTHTGED/2) ¥024Z2H(Y(IZ)4D/2)$%2)
ROT=SORT((XTT+TGRST) XR2+2Z+(Y(I1Z)-5ST)¥%2)
ROIT=SORT((XTTHTOAST)RX24ZT+(Y(12)45T)K%2)

R1T=
R27
7t
KT

UNS(1Z+IX}=-DRDXDDDK(Z(1Z2)+ALPHARRM) /16/BETAXR(1/ (R7ASART(R7))
-0.61/(RBXSQRT(RB)))

THESE ABOVE ARE THE BODY SOURCE TERMS

UNSCIZoIXY=-QK(Z(IZ) +ALPHAKRM) /P1/RETAR( (TSESHXLXTG-Y(IZ))/(Q32R4) -
“TSED/24XLATE-Y(I7))/ (GIRRI)+ (TSKSHXLATGHY(12))/ (QABRAT)-
(TSXD/24XLATGHY(IZ))/(QARR3L) - (TSESHXTRTG-Y(IZ))/(QSERA) +
(TSRDV/24XTRTG-Y(1Z)) /(QSKRT) - (TSESHXTRTGHY(12))/(Q6RRE1) +
(TSKL/24XTRTOHY(12) )/ (Q6XRS1) Y HUNS(I1Z,IX)

THESE WERE THE WING LINE SOURCE TERMS

UNS(IZoIX)=-QTR(Z(IZ) tALFHASRM) /PT/BETARL (TSESTHXLTRTG-Y(12))/
(QITXRAT - (TSAD/24XLTATG-Y(12) ) /(QITERITI+(TSASTHXLTRTG+Y(12))/
(QATXRALT) - (TSKD/24XLTATGHY(IZ) )/ (QATIRILT) -(TSRSTAXTTATG-
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Y(IZ) )/ (QSTARST 1+ TSRD/24XTTRTG-Y(1Z))/(QSTARST) -
(TSESTHXTTATGHY (1)) /(QATEROIT)H(TSED/24XTTRIGHY(12))/
(ROTARSITIIHUNS(IZ+IX)

THESE WERE THE TAIL LINE SOURCE TERMS

UNACTZs [X) =DRDSALPHA/BRCCYY=22)/(YY$IZ) R628(1-XLS/SART(R7))

+ZZRALS/CYYHID) /(R7XSARTCR7) ) -0, 610 (YY-1Z)/(YY+IZ) 2828
t1-XTS/SART(RB) 1 +Z2RXTS/ (YY$Z1)/(RBRXSART(RB))))
THESE ARE THE DOUBLET(BODY LIFT) TERMS

FT-4/R1K{ TSASVEXVRTG-Y(IZ) ) /R2-(XVRTG~Y(IZ))/R1)
T0=24; QG2 TSRSVEXVRTGHY (1)) /R21-(XVRTGHY(12))/R1)

UNATTZ T =UNARCIZo EXIHCIRC/4/PTR(FRTTHFIRTOH(Y(IZ)-SV)/
LZZHOVLIZY -8V R 801 - OXVISVETG) /R2) - (Y (IZ) #SV) /(214
(YCIZ 45V IR 8 (1- (XV45VET6),R21))

THE AROUE ARE THE WING LINE VORTEX TERMS

TTT=4/01 TR CTSRSUTHXVTRTG-Y(IZ) ) /R2T-(XVTATG-Y(IZ) ) /RIT)
TOT=4/R2TR({TSISVTHXVTRTGHY(IZ) ) /R21T-(XVTETGHY(IZ) ) /RIT)

UNACTZ» IXY=UNACIZ s IXO4CIRCT/4/PIR(FTRTTTHFITRTOTH(Y(IZ)-5VT)/

(ZZHOCIT)-SUTHER2) k(1= (XUTHSVTETG) /R2T) - (Y(IZ}4SVT)/
(ZZHOV(IZ)4SVT) KR2) K(1-(XVTHSVTRTE) /R21T))
THE ABOVE ARE THE TAIL VORTEX TERMS

UNJCIZy IO =URACIZy IX)HUNS(IZo 1X)

[ (1]

(0 JZ=NY24NZ+1:NY4NZ  'UPPER WALL
F=(XV+Y(IZ2)41G)
F1=(XV-Y(I2)%1G)
FT={XVT4Y(1Z)%T6)
FT1=(xVT-Y{12)¥TG)
YY=Y(12) %82
£2=(Z112) tALPHASRM) 8X2
Q1=4xiFsF4T5x22)
H=4XIFIXF1+TS827)
03=4R((XLEY(IZ)4TG) ¥%247S822)
U4=4RC(XL-Y(IZ)¥T6) %824 TSH22)
G5=4%((XTHY(IZ)STG) 2424 TS812)
Do=4%((XT-Y(IZ)&TG)¥824TS822)
017=4%(FTRFT+TSEI2)
Q2T=A%(F1TaF1T475%22)
Q3T=4%((XLTHY(IZ)ATG)XK24TS8Z2)
Q4T=4%((XLT-Y(IZ2)XTG) x¥24T5412)
QST=4x((XTTHY(IZ)XTG) x424TS%Z2)
BoT=4k((XTT-Y(IZ)XTG)¥%24T5427)
R1=SORT(XVEX24ZZ1YY)
R2=SORT((XV+TGRSV) XR24ZZ4(Y(I2)-5V)482)
R21=58RT({XV+TGXSV) 8424 Z7(Y(12)+5V)282)
R3I=SORT{ (XL+TGRD/2) $%24224(Y(12)-D/2)%%2)
£31=SQRTC(XL4TORD/2) K024 Z24(Y(IZ)4D/2)%%2)
F4=S0RT((XL+TGRS)8324ZZ+(Y(1Z)-5)5%2)
Rat=G0RTC(XLETONS) BE24Z24(Y(12)45)%82)
RS=SART((XT+TERD/2) X824 22Z4(Y(IZ2)-D/2)4%2)
RS1=8QRT{ (XT+TGRD/2)¥x24774(V(1Z)$D/2)%%2)
F&=SART((XT+TGXSIRK24+I7+(Y(IZ}-S)0k2)

e OR

R ‘,\,‘S IS
QUALITY
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RO1=SORT ((XTHIOXS) RX242Z+{Y{1Z)45)2%2)
R7=ZZ4YY+XLSXXLS L PAGE IS

R1T=SART(1VTRE24ZTHYY)

RIT=SARTCXVTHTOXSVT) KR24ZZ4(Y(1Z)-5VT)%%2)
FZAT=SARTCOXYTHTORSVT 1 XR24ZTH(Y(IT)4SVT) Kx2)
RIT=SORTCOXLTHTGRD/2)R242ZZ+(Y(12)-D/2) X%2)
R31T=3QRTCOXLTHTGRD/2) 824 T2 H(Y(ITI4D/2)K%2)
R4T=00RT((XLTHTGRST HRS24ZZH(Y(12)-5T)432)
RALT=SART (XLTHTGRSTYRA4T 2+ (Y (T2} 45T)082)
RGT=50RTC(XTTHTGRD/2) X024 72+(Y(12)-D/2)%82)
RGIT=SRRT{(XTTHTGRD/2) X4 ZTHY(IT)4D/2)8%2)
RéT=GARTC(XTT+TGRSTIRN24ZZ4(Y(IZ)-ST)X%2)
Ro1T=SORT ((XTTHTGKSTIRR24ZZH(Y(IZ4STIX%2)

UNS{IZs 1K =+KDIDX(Z (12) +ALPHASRK) /16/BETAR(1/(R7XSART(R7) )
-0,61/ (RBASART(RZ) )

THESE ABOVE ARE THE BCDY SOURCE TERMS

VHS(IZy DX =08t Zi [T) $ALPHASRM) /P1/BETAR( (TSES+XLATG-Y(12) )/ (Q3%R4)-
(TEXD/24XLATG-Y(1Z))/ (RIIRI) +(TORSHXLATOHY(1Z) )/ (QARRAL ) -
CTSRO/24XLETGHY(IZ) )/ (D48RIL)-(TSESHXTRTG-Y(12))/(Q5ERA)+
(TSKDO/24XTRTG-Y(IZ))/ (QSARS) ~(TSKSHXTRTGY(IZ))/(063R41) +
(TSXQ/24XTRTGHY(IZ) )/ (Q8XR51) ) $UNS(IZy IX)

THESE WERE THE WING LINE SOURCE TERMS

UNS(IZy IX)=QTR(Z(1Z) +ALFHAKRM) /PT/BETAR((TSESTHXLTRTG-Y(12))/
(QITRRAT) - 1 TORD/24XLTRTG-Y(IZ) )/ (Q3TRRIT)+(TSASTHXLTRTG+Y(I2))/
(QaTXRAIT)~ (TSRI/24XLTRTIGHY(IZ))/ (QATIRILT)- (TSESTRXTTRTG~
YOIZ3)/(QSTRRGT) +CTSKD/24XTTRTE-Y(1Z))/(ASTHRST) -
(TSASTHXTTRTGHY(12) )/ (Q6TRRSIT) 4 (TSKD/24XTTRTGHY(12))/
(QETXRSIT) JHUNS(IZ,IX)

THESE WERE THE TAIL LINE SOURCE TEKMS

UNACTZ» DX =-DXDXALPHA/ B (CYY-22) /(YY+I1) #5220 (1-XLS/SORTRT))
+ZZRXLS/CYYHIT)/ (R7TESART(R7))-0, 8180 (YY-Z2)/(YY+IZ) 802k
{1-XTS/SART(RBY Y +ZZRXTS/(YY+I1)/(RBXSORT(RB))))

THESE ARE THE DOUBLET(RODY LIFT) TERNS

TT=4/018C(TSASVAXVETG-Y(12) ) /R2- (XVRTG-Y(IZ) ) /R1)
TO=4/02%( (TSXSU+XVRTGHY(1Z2))/R21-(XVXTG+Y(IZ))/R1)

UNACTZy IX)=UNACTZy IX)-CIRC/4/PIR(FRTTHFIRTOHCY(1Z)-SV)/
(ZZHYIZ) -5V x2) k{1 - (XVESVRTG) /R2) - (Y(IZ) 45V} /(224
(YLIZ)+SVIR32) X (1-(XVESVETG) /R21))
THE ABOVE ARE THE WING LINE VORTEX TERMS

TTT=4/Q1 TRO(TSESVTHXVTRTG-Y(IZ)) /R2T-(XVTRTG-Y(IZ))/RIT)
TOT=4/Q2TH((TSRSUTHXVTRTGHY (12))/R21T-(XVTRTG+Y(1Z))/RET)

UNACEZs TX)=UNACIZs IX)~CIRCT/4/PIRCFTRTTTHFATRTOTH(Y(IZ)-5VT)/
(ZZHCYCTZ)-SUTIRR2) 101~ (XVTHSVTRTG) /R2T) - (Y (IZ) +8VT)/
(ZZHOYITIHSVT) RR2) K (L= (XVTHSUTRTG) /R28T))

THE ARDVE ARE THE TAIL VORTEX TERNS

UNJCIZ IX)=4UNAT T2 IX)HUNS(IZ5 1X)

END DO
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00 IZ=NY241.NY24NZ  'COMPLETE SIDEWALL

Y=Y (12) 482 .
221U 4ALPHAKRN ) £K2 ORIGINAL PAGE IS

F= (AP (TDIXTG) OF POOR QUALITY,

FL=(XV-Y(12)4T6)
FT=(XVT+Y(IZ)xTG)
FTL=0XUT-Y(12)%TB)

N1=4%(FAF+1SK2T)

{12=42(F1¥F1+TS222)

3= (XLAYLIZ) XTE) #%2475822)
(14=ax{{XL-Y(IZ)2T6) #%2+T5%22)
5=ax((XTHY(IZ) XTG) ¥X24T5XIT)

aa= WO(T-Y{IZ) XTGIRN2+TSKIT)
UIT=4KCFTRFT4TSRZZ)

£2T=4%(F1THF1T+TSEZ2)

Q3T=ax{ (XLT+Y(IZ)RTG)X%2475%72)
HAT=4K((XLT-Y(IZ)KTG) ¥%24TS%12)
RST=4k((XTT+Y(1Z2)XTG) #%24TS%Z7)
BoT=4%{(XTT-Y(IZ)XTG) a%2415%22)

R1=SORT (XVRR24IZHY(1Z)%%2)
RZ2=GARTC(XV4TGRSVI K24 2ZH+(Y(1Z)-SV)%%2)
R21=SORT ((XV4TGXSV)IKX24ZZH(Y(IZ) $5V)%%2)
k3=SART((XL+TGKD/2)¥¥2+1Z+(Y(1Z)-D/2)%%2)
R31=50RT((XL$TGAD/2)¥824224(Y(17)4D/2)432)
R4=SORT ( (XL4TGKS) X¥2¢42Z+(Y(1Z)-5)%%2)
R41=GART((XLTGXS) KR4 ZZH(Y(I1)45)8%2)
RS5=SORT((XTHTGRD/2) k324124 (Y(12)-D/2)%%2)
RS1=SORT((XTHTGRD/2) K624TTH(Y(I2)4D/2)%82)
K6=SART({XTHTOXS) AR+ ZZH(Y(1Z2)-5)282)
Ro1=SORT ((XTHTGHS) XR24724(Y(12)45)882)
R7=124YY4+XLSKXLS

RE=2Z+YY+XTSAXTS

KiT=SQRT(XVTRE24ZZ4YY)
R2T=SGRT ((XVT+TGRSVT) 8824724 (Y(12)-SVT)482)

Rk21T=50RT( (XUTHTERSVT) K824ZZ4(Y(1Z)45VT)$%2)
F3T=SARTC(XLTHTGED/2) 8824 ZZ4(Y(12)-D/2)$%2)

K31 T=S0RT((XLTHTGRD/2) K824 224(Y(12)4D/2)%82) e e
R4T=SORT((XLTHTGRST)S824ZZ4(Y(12)-ST)282) o oVUR QUALITY,
R41T=SORT((XLTHTGRST) X824 IZH(Y(1Z)45T)482)

RST=SORT( (XTTHTGXD/2) $824ZT4(Y(12)-D/2)882)

RS1T=SORT((XTTHTGED/2) KN242Z4(Y(12)$D/2)382)
R&T=SORT((XTTHTGEST)$824724(Y(12)-5T)$52)

R61T=SART((XTTHTGEST) KR24ZZ4(Y(12)45T)%82)

UNSCIZo IX)=-DkDRDDD/16/RETARY(IZ)8(1/(R78SORT (R7) )~
.61/ (RBASART{RB)))
THESE ARE THE BORY SOURCE TERMS ON THE WALL.

UNSCEZy IX)=UNS(IZy IX)-Q/PI/BETARCCXLHY(IZ)ATEI R(XL+5%T6)422)/
A3/R4-COXLEYCIZYSTGIROXLED/28T6) $22)/Q3/RI-((XL-Y(12)$TG) %
CALHSKTG) +22)/04/RA1H((XL-Y(12)8T6)8(XL+D/28T6)+12)/
04/R31-CXTHY(IZ)RTG) R(XTHSKTG)+22) /Q5/R6H((XTHY(IZ)STG)&
(XTHD/20T6)422) /Q5/RSH((XT~Y(IZ)4TC) X (XT+S¥TE) $21)/06/Ré1
=COXT-Y(IZ)RTG) R(XT4D/2%TG)422) /06/RS1)

THE ABOVE ARE THE WING THICKNESS (LINE SOURCE) TERMS

UNSLIZa TXI=UNSCIZs IX)~QT/F1/BETARCCOXLTHY(IZ)RTG) S (XLTSTETG)
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D) /Q3T/RAT-« (ALTHY (IZ)ATE)SOLTH/2KTEHZD) /O3T/RIT- 7“0 % w iy
{OLT=YCIDRTG K(XLTHSTRTG)422) /04T /RALTH(XLT-Y(IT)XTG) &
(XLT+0/2KTG) +22) /Q4T/R3AT-( (XTTHY (12)KTE)R(XTT4STRTE) $22)/
AST/RETH((XTTHY(IZ) ¥TG) R (XTTHI/2KTG) +22) /QST/RSTH( (XTT-
YCIZ)RTGVK(XTTHSTETGI422) /06T /R61T- (X [T-Y(1Z) KTGIK(XTTH
B/2XT6)+22)/Q6T/RSLT)

THESE ARE THE TAIL THICKHESS TERMS

UNA(TZs 1X)=-DXOKALPHA/BSY (1Z)X(Z(1Z) +ALPHASRN) / (YYHZZ) R ( (1-XLS/
SART(R7) 142/ ((Y421)-XLS/R7/SART(R?)-0.61%( (1-XTS/SURT (R8) ) %2/
(YY$+22:-XTS/R8/SQRT(RB)))

THE ARQUE ARE THE DOUBLET TERMS(BODY LIFT)

1T=4,/Q1%( (TRXSY+XURTG-Y (12)) /R2-(XVRTG-Y(IZ) ) /R1)
T0=4/328 (( TSRSVEXVRTGHY (12) ) /R21~ (XUSTGHY(1Z) ) /RY)

TTT=4/G1 TXC(TSRSUTHXVTRTB-Y (12)) /R2T-(XVTETG-Y(IZ) ) /RIT)
TOT=4/7G2TRC(TSASVTHXVTRTG+Y(12))/R21T-(XVTRTGHY(IZ)) /RIT)

GNACTZs DX =UNACIZy IXIECIRC/4/PIR(T(IT) $ALPHARRM) $CTGR(TT-TD)
=1AZZHY I -SUIRR2) R (1 - (XVASVETG) /R2) +1/ (ZZ+(Y(IZ)45V) 882)
X(1-(XV+SYRTG) /R21))

THESE 4RE THE TERWS FROM THE SWEPT LINE VORTEX

UNALIZ o IX)=4CIRCT/4/PIR(Z{IZ; +ALPHARRN) $(TGR(TTT-TOT)~1/
CZHYIT)-SVTIRX2) k(1= (XVTHEVTRTG) /R2T 1/ ZZHY(ID)$SVT)
XR2) k(- (XVTHSVTETG) /R21T) ) 4UNACIZ IX)

THESE aRE FOR THE TAIL VORTEX SYSTEM

UNJUIZ IX)=UNACTZy IX) HUNS(IZy IX)

END 10 ICOMPLETE TUNNEL IS NOW DONE
END DO

WE NOW WRITE A FILE FOR UNO TO FEED JACK_DISPL!
FIRST WE MUST DEFINE A NEW X-WISE COORDINATE MEASURED
FROM THE HALF INCH POINT ON THE WALL PLATES.,

DO IX=-NX»NX
A LOC DN =X{IX)+(27,580.0254) !CP IS LOCATED AT 28 INCH POINT

END DO

OPEN(UNIT=8sNAME="VUNO,DAT s STATUS="NEW')
WRITE(8,40) CLs» MACH

FORMAT( " THIS DATA IS FOR CL="F4.253Xs 'MACH="1f4,2)
WRITE(8,%) 1.79959» 0.3302

WRITE(8y42) 1.0

FORMAT ¢ ' FREESTREAM VELOCITY = /4Fa.1)
WRITE(R+43)

FORMAT (' UNIT OF MEASUREMENT IS METERS’)
WRITE(S+44)  (2ENX41)

FORMAT (' NUNBER OF X LOCATIONS = "»I®)
WRITE(8,45)

FORMAT ("LOCATIONS ')

WRITE(8sH) (X_LOC(IX) ¢ IX=-NXsNX)

WRITE(B.46) NY

FORMAT( ' NUMBER OF PANELS IN Y DIRECTION = "»I3)
WRITE(8/47) (A/NY)

FORMAT(“WIDTH OF PANELS = ‘+F4.5)

WRITE(8,48)
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FORMAT('LOCATIONS: )

WRITE(8)3) (Y(IZ),1Z=1,NY2)

WRITE(8,49) NI

FORMAT(’NUMBER OF PANELS IN Z DIRECTION = ‘»I3)
WRITE(8,50) (A/ND)

FORMAT(‘WIDTH OF PANELS = “+F6.5)

URITE(By31)

FORMAT(2Xs//7111)

[0 TX==NXyNX

WRITE(3s8)  (UN(IZ+1X)91Z=19NYINZ)
END' DO

CLOSE(®)

WE NOW WRITE A FILE FOR UNJ TO FEED JACK.DISPL!
REDEFINE THE JACK LOCATIONS NOW FROM THE 1/2 INCH STATION

XJ(-20)=4,25%,0254

XJ(-19)=10.%,0254

%J(-18)=15,%,0254

XJ(-171=19.%,0254

XJ(-16)=22,%,0254

X (=15)=24,%,0254

XJ(-14)=25,5%.0254

XJ(-13)=27.%,0254

XJ(-12)=28.5%,0254

XJ(-11)=30.%.0254

XJ(-101=31,5%,0254

xi-s 2 k02 ORICINAL PAGE IS
e O mo0h QUALITE
XJ{-6)=39.%,0254

(J(-5)=42,1,0254

%J{-41=44.%,0254

XJ(~31=51,%,0254

1J(-2)=546,%,0254

1J(-1)=41,%,0254

£J(0)=66,58.0254

OFENCUNIT=79NANE="UNJ. DAT ' ySTATUS="NER')
WRITE(7+61) 17

FORMAT (' NUMBER OF JACKS ='»13)
WRITE(7+62)

FORMAT('DISTANCES IN METERS‘)

WRITE(Z»%) (XJCIX) 2 IX=-20s-4)
WRITE(7+63)

FORMAT ('NUMBER OF Y PANELS’5Xs/NUMBER OF Z PANELS')
WRITE(7,%) NY» NI

WRITE(7:64)

FORMAT(2X4///11)

DO IX=-20+-4

WRITE(798) (UNJ(IZyIX)»IZ=1/NY$NZ)
END DO

CLOSE(?)

END
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APPENDIX E - VEEXPHINO FORTRAN LISTING

Primary Symbols

A Tunnel height

A0, AX Normal velocities at panel centers due
to horseshoe vortices on a panel in a
ring at IX = -NX, fore and aft symmetric
and unsymmetric contributions

D Tunnel breadth

DYDZ Ratio of floor panel width to wall panel
height

GO Axial disturbance velocities at panel
center due to a Green's source panel in
a ring at IX = -NX

MACH Mach number

MEASVN, MEASVX

Measured wall values of normal and axial
disturbance velocities

PHINO Computed wall-free normal velocities at
panel centers

VX Calculated axial velocity increment due
to measured normal velocities (see
report)

VN Residual normal velocity field to be

nulled by the walls. Input into
PHIXZM provides flow distortion field at

model
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PROGRAM VEEX-PHINO

THIS PROGRAM COMPUTES A FIRST ORDER APFROXIMATION 1
WALL-FREE NORMAL VELOCITIES AT RECTANGULAR TUNNEL WALLS
PRODUCER BY A TEST MCDEL. INPUTS REBUIRED ARE MEASURED
HORMAL AND AXIAL DISTURZANCE VELOCITIES AT THE wallS QR
RECTANGULAR CONTROL SURFACES DURING A TEST,

THE FIRST FART OF THE COMPUTATION GETS THE AXTaL UISTURRANC:
VELOCITY FIELD AT THE WALLS CAUSED BY THE MEASLRED TEST
NORMAL VELOCITIES AT THE WALLS.

A RECTANGULAR TUNNEL S ASSUMED OF HEIGHT= &N
WIDTH=D

SELECT AN EVEN!! NUMBER OF FAMELS DN THE VERTICAL
WALL(NZ). THIS FIXES THE HEIGHT OF THE PANELS WHICH I3
ALSO TAKEN AS-THE LENGTH OF THE PANELS, THE LENGTH OF
TUNNEL CONSIDNERED CAN BE SET RY SELECTING THE WUMRER OF
PANELS FOREWARD AND AFT OF THE ORIGINsNX,

FRANDTL-GLAUERT COMFRESSIBILTY CORRECTIONS ARE uSED

A PARAMETER "M’ IS USED 70 FIx THE NUMBER OF SOURCE
INAGES USEDR BEFORE SHEARING TD OBTAIN A CLOSED FORMULA
FOR THE REMAINING SOURCES OUT TQ INFINITY,

DIMENSION X(-80!80)y Y(80)+2(30),

AD(10580) s YIM(S+80) s YDF(SyBO)« YSMISB0) e YSF(59B0) 9 YIUS)
YRS YDE(16:80)+YS6015:80)92D(6215)»2IPE(4310046315))
IIM2(6:1006315) 9 ZUF(6310% JTM(6310) e YZ1(S90115107 2150461150
YZI(Ss6315) s YZAL{ToA1S) v IYL(A21095) 0 2Y2(A3105) 9 273{4831005) s
2Y4C611095) 9 ZDP3(631056: 1509 ZINT (821060151 e (OIS0 14380
YD2(5015:80) s YDI(S9148:8C) YD1 143800 YR1(6:1016:80)
YR2(46110516380)sYRI(A110+16:80)9YRA{4I1I016180)
AX(10,805-80:80)»PHINO(S0+-80380) /UX(80,~90:20;+
NEASUN(80+-80:80) sMEASVYX (80+-8C 1801 »UNI80~80:80 W (BG-GB0 »
PT(20:20140580) 1PJ(-20320+404801 G0 40+80+-8038014
0(0120140+80)s R(0120040430)55¢032094098019T(03204404831+
YPP(40,80),YIID(40580)

PARANETER (PI=3,1415%)

REAL MACH

TYPE 10

FORMAT(10X» 'ENTER NX NI MACH A D AND M*)
REAR(SsX) NX» NZ» MACHs As DsN
BETA=SQRT(1-MACHINACH)

NZ2=NZ/2 TGRS
OF, POOR QUALITY

NY2=NINT(DKNZ2/440.1)
NY=NY2$2

NOW SET UP THE T"ORDINATES OF THE FANELS.

[0 IX=-NXsNX
X{DO=IXXA/NTBETA

END 1O

RO 1Z=1+NY2
YOI =(IZ-C. Sy xb/ Hy
L(12=A/2

R

‘ ¥ Lo OV
Aas AF o
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END DO

D0 IZ=INY241) s (NYIHND) Ok:. o
Y(IZi=DL/2 OF POOR
IV =({NZENYH1) /2.00-T 04 NT

END 00

DO IZ=(NZEMY2HE 6o (NZ4NT
YUIDY=CINZENY 40, S -1 T
2(1Z¥=-A/2

ERD [0

DYNZ=5 ARNZANY PRETO R Fanet TLO0R ael dell WI0THS
SET UF COMMON REPEATING TERHT "0 JAVE TLiES

00 IZ=1.NY$NZ

00 JZ=1/NZ24NY2
MULRTSR VAL ANV EEY ED S
YERCIZ L= 20470 1T

09 I=-keM
SEPCRFEI VAL T} § £ FANFSEFESPSRY L
Pi(IvJZo Izt ZRARI+A-200T 57 1T gy

END 10

Do L=0+H
OL=DkL
DP=0R(L$1)
QOLydZo1Z)={DLYINC AT o 120 12
ROLyJZa T2 =1 DR=(PR O, 12002
SiLedZo 1DV =0 OLAYFROIZe 120 24K
T 2o T = TR-YR0CAZ 1) 2 9a2

END [0

END g

END 10

THE FRIMARY COMPUTATION REGINS HERE!
THE FIRST STEF IS5 70 GET THE FHI-X vAlif5 FRaM & 2146 OF
SOURCE PANELS AT [X=-NX

U0 Kx=-NX+14NX
XX=X(=NX)-X(KX)
X5=xXx12

FOR TIME SAVING WE SMEAR THE SOURCE IMAGES PEYIND "M
FAIRS IN BOTH HORIZONTAL AND VERTTCAL ZIRECTIONG.

E=D/A% NZINZXPIXRETA

EEE=1/E

DN=(¥+1)%D

DMS=[Mx¥2

HM={M+0, 751 X2%A

HM2=(M+0 . 25) $2%A

HNS=HMX2

HN2G=HN2¥x2

GS=EEE SETAKATAN(-XXKSGRT{ XS+IMStHNS 1/ FitkDii 1) +
ATANC-XXXSART ( (XSHLHSHHNZS 1/ (HRIXDM) 1)

THESE ARE THE FHI-X YALUES SROM THE SMEARED SQURCES

D0 IZ=1/NYNZ

00 Jz=1,NY2 ! JUST THE FLOOR 3GURCES
D0 I=-Ms
FL=PT(1+JZ412)4X%8

- T
5ot ha

QUALITH
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F2=PJ(DyJTH I 4XS
00 L=0.M

TT1=P148(Ly JZ+ [7)
TT1=TT14SORT(TT1)
TT2=P4R(L«JTo 1T}
TT=TT2ASORT(TTD)
TT3=P14S(LeJT, D)
TT3=TTIRSORT(TT3:
TT4=PHT(L ST 1D
TT4=1TAXSORT( 1"

Q0=A%A/ (XF IXRETARNING)
TIT=(1/TH4L TN T3 2 TT4) 200

GO(JIZy [ZoKX)==XXK!ITT RETGH0L0T «[29KX)

END DO
END 1O

THE TERM DYDZ APPEARS BELCW U ACCOUNT FOR THE DIFFER-
ENCE IN PANEL WIDTHS OF FLOUR a4l WALL»IF ANY,

BOCJZsIZsKX)=(6O( STy 1ZoKX ) +5S) £DYDOZ
END DO

DO JZ=NY241,NZ2 'LOWER HALF OF THE waLl 3OURCES
DO I=-MsM

F1=PT(I,J2s12)$XS
P2=PUIsJZs T2V $XS

00 L=0sH .
TT1=P14Q(L+J2HID) 61 SN
TT1=TTI#SART(TT) OF POOR @liali

TT2=P24R{L1JI012)
TT2=TT2850RT(TT2)
TT3=PL5(L JTo 1)
TT3=TT34SORT(TTY
TT4=P24T{L JT210)
TTA=TT4¥SORT(TTH)

TTT=(1/1T141/TT241/TT341/TT4) 200
GOCJTs 1ZsKX)=-XXBTTT/BETA+GO( ST IZHKX)

END B0
END DO
GO(JZs IToKX)=60C JZs I2sRX1+ES
END DO
END DO
END DO

NOTE THAT THE FUNCTIUN =0 [3 nSE] RELOW TO CREATE
Gi DERIVED IN THE REFORT. USE F THE RFFEATING GO SAVES TIME
AND MEMORY SPACE WHEN A LARGE ~UMBER CF F4NELS ARE USED.

THIS COMPLETES THE WORN FOR ALL THE SHURCTS §CATED AT JX
EQUAL TG -NX IN THE LOWER HALF TUNNEL

OPENCUNIT =1,NANE="HEASVX.[AT +STATUS=OLL" !
READ(1s %) ((MEASYX(IZoI1X)e 225 NYHNZ)9IXz-NKNK)
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CLOSE(1)

OPEN(UNIT=25 NANE="MEASUN. DAT* s STATUS="0LE ) o
REAIN2,8)  ((MEASUNCIZyIX)sIZ=1sNY#NZ)oIN:-dXoNX; ©

CLOSE(2) R

DO IX=-NXsNX

DD 1Z=1sNY$N2
LZ=NY4NZ41-12

DO JX=-NX»IX-1
K¥=-NX-{JX-IX}

00 =1, NY2$NZ2

UXCTZ o 1) =UXCTTs DX HMEASUNCJZ o JXIRG0( ST 12+KX)
END DO
DO JZ={NY2+NZ2+11 o NY+NZ

KZ=NYNZ+1-J)

UXCTZo IXY=UXCTT 9 TXYAREASUNCIT IOIRBOCKZ LT KX)
END DO
END DO

[0 JX=(IX+1)4NX
LX=-NX$JX-IX
D0 JZ=1,NY24NZ2
UXCIZ IX)=UXCI T2 1X) -MEASUNL Iy JXVRGO{JZs IXsLX)
END DC
DO JZ=NZ24NY2+1sNZHNY
KZ=NYNZ+1-4Z
UXCTZo TXi=VX (T2 IX)MEASUNCIZs JX1RGO(KT s LT KD
END DO
END [0

D0 JX=(IXH1) s NX
LX=~NX+JX-1X
D00 JZ=1sNY24NZ2
UXCIZoIX)=UNCTZ0 TX)~HEASUNG 2 J2)RBOC U+ 12,LX)
END DO
D0 JZ=NY24NI241sNY4NZ
K2=NYINZH -2
UXCIZoIX)=UNCIZ) TX)-HEASUNC JZs JOXGO(KZs L2 LX)
END 10
END 10

THIS IS THE PHI-X OF THE MEASURED NORMAL VELOCITIES

DISTRIBUTION. NOW SUBTRACT THIS FROM THE MEASVX YALUES

FOR INPUT INTO THE FOLLOWING PHINO COMPUTATION.

UXCIZo IX)=MEASUX(IZ» IX)-UXCIZs 1)
END DO
END DO

NOW USING THE COMPUTED VX GET WALL-FREE NORMAL VELOCITIES

THIS FROGRAM COMPUTES THE RESIDUAL NORMAL VELOCITIES

AT THE TUNNEL WALLS GIVEN THE INPUT FUNCTION VX FRO: THE

PRECEDING WORK, THE OUTPUT CALLED PHINWALL.DAT IS
THEN USED TO COMPUTE THE INTERFERENCE VELOCITIES

AT THE FOSITION OF THE MODEL USING FROGRAM 'FHIXZN',
IT ALSO USES THE INPUT FILE CALLED MEASVN THAT

IS THE MEASUREI WALL SLOFE PLUS BOUNDARY LAYER SLOFE.

IT DEVELOPS THE PANEL EQUATIONS FOR THE NORMAL VELOCITIES
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PRODUCED BY A HORSESHOE VORTEX LYING AT THE CENTER OF A PANEL

EE=28A/NZ/BETA  ICIRCULATION FOR FANEL OF URIT X

SA=A/2/N1

SFA=A/2/NZ¥0VDZ

D0 I1Z=1,NY2 ! FIELD POINT ON THE FLCOR

D0 JZ=1,NY2 ' VORTEX ALSO UON THE FLOOR
YDP(JZy 12)=Y(12) -V (I7)45FA
YDM(JZoIZ)=Y(1T)-Y(J2)-5FA
YSPOJZHIZ)=Y{12)4+Y(JD)+5FA

YSM(JZy T2V =Y(IZ)+Y(S21-5FA

AD(JZs I2)=EERCL/YDPCIL IZ)-1/YON ST 1004
17YSPOIT T -1 7YSMEIT 12N ICASE OME
END DO
YDUIZ)=Y(1Z)-D/2
YPUIZ)=Y(IZ) 0.2
DO JZ=NY2¢1sNY24NZ2 | VORTEX CN LOMER HALF UF WALL
IDP(JZ)=A/2-T(I1)45A
IDN(JZ)=A/2-2(J1)-5A
IVICIZIZ)=YDCTDIRYDCI2) 420N (JTIR2DMCITE
IY2JZ9 12)=YDIZIRYDUI IR CJT)RIDP (T
IYI(ILy 1T =YPCIZ)RYP(1Z) $ZDM (I R2TM(J2)
YAQIL ID)=YPLIZORYP(IZ M ZBR (ST RIIR LI

AOCJZy 1ZV=EERCYDCIZ) / 2V (T T2 -YDUIZ)/ TY2CJL 1T -
YRV YIS ID $YPUIL)/TYACITH T2 1CASE T40
END DO
END DO

DO IZ=NY2+1sNY2INZ ! EIELD POINT ON THE WALL
IB(IZ)=2U1I1)-A/2

D0 JZ=1,MY2 ! VORTEX ON THE FLOOR
YDP(JZr12)=Y(I2)-Y(J2) 4SF

YOM(JZs1Z)=Y{I1)-Y(J2)~5F
YSPOJZa1Z)=Y(TZ)+Y(JT) 45F

YSNCJZs12)=Y(T2)$Y(J2)-5F ORIGINAIL, PAGE 19
YZ1(JZs12)=2DC12)%ZDCIZ) $YDP (I 1Z)8YDP(JZy 1) OF POOR QUAI;ITz

Y2201 I =TI RZDCIT) HYDMCITH T2 )RYDHC ST 12)
YI3(JZy1Z)=IDCIT)XZDC LT +YSP (I IT)RYSPCITS I)
YZACIZY IZ)=IDCI2YRIDCI T +YSNSTY TT)RYSH(SZS 1)

AOCJZo 12)=-EEXIDCIIR(I/YZL 0 ID)-1/Y22(320 12) ¢
NI IT-1YZAUL LI+ THREE
END DO

DD JZ=NY241s NY24NZ2 ! VORTEX ALS0 ON LJER HALF OF WALL
I0P2(JTs 1T)=T( 1) -1( 1) 454
IMM2(JT I2)=Z2(12)-1(J1)-5A
IDPI(JZ212)=1DP2(I2s 1) KZDP2(ITs 12} +0RY
IDM3(J2512)=I0M2( 2 IZ)KIDM2CITs IZ) +0KE

AOCIZo 12)=EER(1/2DP2(IT,1T)-1 ‘ZDM20 32, 1T -REX(TIP2  JZ 12}/
{ZOP2(JZSs 1T)RZDP2LITS 12) 41T -ZOM2( JZo 1)/ ( LDN2CJL I IR
20M20J2,12)41mD)) | FOUR
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END DD
Edl [0

CRLCINIA, a0 s
IO IZ=NY2INZHLONTHNZ OF POOL —
DO JZ=11NY2 OOR QUALITY
YDP(IZy 12)=Y(12)-Y (JD)HSFA
YDN(JZs121=Y(12)-Y(J2)-5FA
YSPUJZs 123 =Y C12)4Y(J2)4SFA
YSH(JZy 12D =Y (12)4Y (J2)-5F A
YDECUZyTT3= /0P STy ID YIRS TV 1) +AKA
YD2(JZ0 177/ IME ST, T2 RYONCIZy T2) $A8A
YD3(JZ0122=YSP STy TARTSF J24 1) HARA
YI4(ZoTZ:=Y38 102 TT) KISHLIT 12 4ARA

AO(JZ 10 =-EEX VDR (UZ o 0 Y A2 12 -
YOI D2, 02T T
b1 PSR TS L NP RRFAR
YSMJZo T2 Dae 0012 0

+FTUE
END DO
YD6(12)=Y({1Z2)-1/2
YS&(IZ)=Y(I2)4D/2
DD JZ=NY2+1,NY24NZ2 ! VORTEY O THE LOWER HALF WALL

I0P(JTY=-A/2-1(JT) 5
IDM(J2)=-A/2-T(J1)-5A

YR1(JZs12)=YD6(1Z)XYDS(IZ)+ZDP(JT) R2DP(JT)
YR2(JZsI2)=1DSL1TIKYDS(IZ)HZDM(IT) RZDU(JD)

YR3(JZ,12)=Y54 ¢ 12)RYS(I12)4ZIP(JITZIRTDP(IT;
YRA(JZs12)=Y56( 12 xYSa{12)+ZDN(JT)HIDN(IZ)

AQCJZ IZ)=REXCYDACIZ)/ YRI(ITLHIT)-

YOOI /YR2 (ST 100-
YS8(I1Z)/YRI(JLs 1)+
YSA(1Z)/YRA(JT (T
SIX!
END DO
END [0

THIS COMPLETES FILLING AO(JZ>1Z)sNOW 50 QN TO AX(JZyI1Z+KX)

DO KX=-NX+1/NX
XX=X(KX)=X(-NX)
X5=XX#XX

DO 1Z=1,NY2 'FLOOR
[0 JZ=1.NY2 IFLOOR
ONE!

RI=XSHYERCJZ I RYDP(JZyID)
R1=SORT(RD
R2=XS+YDN. 2, I XY DNCITH 1)
R2=50RT{(RZ)
RI=XS4YSP{ 2o [1)XYSF(IZy1IT)
R3=5GRT(£3.
R4=4S+YSM OZ [2IRYORUITID)
R4=5SORT(R4)
AXCIZy TZo KX =EEXXY XL RARCYDF (U2 12D X1/ XS+1/YDP(JZ 120 )
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L/R2ZR(YINCIZ T K1 /XS4 /YDNCIZ9 1) ) 41 /RIRCYSPOITH 1) &
L/XSHL/YSPUIZ 13-V /RARUYaNT Do L2061 /7XS417YSHCIZIZ)))
END 1O

DO JZ=1,NZ22 I WALL VORTEX

R1=XS4ZY1(JZ,12)
R2=XS+2Y2(J2r 12}
FI=XS+2Y3I(JZy12)
R4=XS+2Y4(JLs 12)

AXCIZy ITZoNX) =EEROR O /RIRYBOIZ0 IVICUZ LY 20000 0 [T
20T, 120 -/RIBYPUITY /IVICIL T 41 RARY S 1 25,
IY4(JLs 110}

WO

END IiD
END DO

DO 1Z=NY241sNY24NZ
00 Jz=1.Mr2 CREGTAIAT PAGE ¥
R1=XS#YZ1(JZs12) SUALTTY
R1=SORT(R1)
R2=xS+Y22¢(J1y12)
R2=SORT(R2)
R3=XSHZIJTID)
R3=5GRT(RD)
RA=XSHYZA(JT112)
R4=SORT R4}
AX(JZs 124KX) =-EEXXXRZDCID)RC1/R1/Y21(J29 123-1/R2/
YZ20J25 17; 1 /R3/YI30IT 1) -1 /RA/Y AT 1))

THREE!
END DO

DO JZ=NY2+1sNY2iNZ2

R1=XS+ZDP2(JZ,17)2ZDP2 U111
R1=50RT(R1)

R2=XS+ZDN2(JTs IZ)RIDM2(ITH1D)
R2=SQRT(R2)

R3=XS+ZDP3(JZs12)

R3=SORT(K3)

RA=XS+IINI(IZH 1)

R4=SORT(R4)

AXCIZo IZ5KX)=EERXXK(1/RIKZDPR(ITy 1Z) (1. X341/ THF2(JTH12)) -
L/R2XZONZCIZ9 321001 /XS+1/7DM2( I+ 175 -1 /RIRZDPUITH TR
(1/720P3(JZ0 (12417 (XSH0RD 1 141/7RABIDE2(IZH T €
(1/ZDM3(JZy 120417 (XS0 )

FOUR

END DO

END DD

XD0=XS+0xD
DO IZ=NY24NZ+1sNYHNZ
0 Jz=1HNY2

RE=XS+YD1(JTYID)



(S0 IR v I oo}

f—

r-

-95-

R1=5GRT(R1) ST

R2=USHYD2{ J2012) OF Fouo
o T

R2=GURT(R2)
RI=XSHYNIITH D)
R3I=SGRT/K3)
R4=XS+YDA( 7. 12)
R4=5QRT(R4)

AX(JZs IZo KXV =~EERXROYIRCIZo TD) ARIRC L 2Te s =08 24120 -
YIM(JZ T2 /RO /YD2(IZH T2V 4Y5F L 12012 R
SRR UG VAL SR PRREET IINRES PANL L) TS VA V(1 C3VA &) N FAND)
ORLE

EN[: 1D
DO CZ=NY2+1:NY24NZ2

R1=XS+YR1{JZ, 12}
R1=50RT(R1)
R2=)S+YR2(JZ1+12)
R2=5RRT(R2)
RI=XS+YRICJL1T)
k3=GART(RT)
R4=XS+YR4(JZ, [D)
R4=SORT(R41

AX(IZsIZoKX)=EEXXXR(YDS CIDYRCL/RI/YRTCIZA T2 -1 /RE/YR(IZHIINH
YS6(1Z) %03 /RI/YRIITVIZ)-1/R4/YRACZVITH):

Y ¢ ¢
END 0
END [0
END [0

ARRAY AX IS NOW FILLED! THE ARRAY A DISCUSSED IN THE REFORT
1S SYNTHESIZED FROM AQ AND AX TO SAVE SPACE WHEN A LARGE
NUMBER OF FANELS ARE USED,

DO IX=-NX/sNX

D0 IZ=1sNY$NI
LZ=NY$NZ+1-12

DO JX=-NXyIX
KX=-NX-JX$IX

00 JZ=1,NY2¢N22

PHINO(IZs IX)=PHINGCTZs IX)4UX(JZs JXIR(AD(IZH 11 ¢
AXCJTITZoKX) )
END 110

00 JZ=NY24NZ2+1NY$NZ
KZ=NY#NZ+1- 17
FRINOUIZ s IX)=PRING 120 {43 4UX{JZ  JXOR(AO(KTHLI) +
AX(KZL29KX) )
END DO
END [0
00 JX=IX+1,NX

LX=-NX$JX-IX
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00 JZ=1/NY24NZ2

PRINOCIZy IX)=FHINOLIZ o [X 40X 137 I KIN0¢ JZ0 12 -
AX(JZe IZsLXD
END 1D

DO JZ=NY2+NZ2+1H1¥NZ

K2=NY+NZ41-.2
PHINOCIZs 161 =PRINOCIZ o TOHUX (JTo SXIREA0I8T 0 D -
AX{KZoL2sL 00
END DO
END D0
END DO
END DO

THE PHINO ARRAY {S wdU FILLED!

REMEMBER THAT PHINO IS THE WALL-FREE NORMAL VELGCIT:
CALCULATED FROM THE MEASURED! 4aLL FHI-X ANDl FHI-N
VALUES(MEASVX ANL: MEASVN),

DD IX=-NXyNX
DO IZ=1,NYNZ

UNCIZy IX)=PHINOCTZs IX) -HEASVNCTZ IX)

THIS IS THE RESIDUAL EFFECT OF THE WALL FFISENCE, IF THESE
THO VALUES WERE EQUAL WE WOULD HAVE PERFECT WALL ADAFTION
END DO
END DD

OFENCUNIT=3s NANE="FPHIMVALL . DAT "y STATUS="NEW")

WRITE(3s%) (CUNCIsJ)oI=1oNYHNZ) s J=-NXsNX)
CLOSE(D)

END
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