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CALCULATED WIND-TUNNEL-BOUNDARY LIFT-INTERFERENCE
FACTORS FOR RECTANGULAR PERFORATED TEST SECTIONS

By Benferd L. Schilling and Ray H. Wright
Langley Research Center

SUMMARY

Equations developed and presented in NASA Technical Report R-285 for approxi-
mating the spanwise distribution of wind-tunnel-boundary interference on lift of wings in
rectangular perforated-wall test sections are modified slightly to facilitate machine cal-
culations and are then used to generate extensive tables of interference factors for a
variety of wind-tunnel and wing parameters. Data are presented for horseshoe-vortex
representations of small-span and large-span wings mounted at the center of rectangular
test sections with five values of tunnel width-height ratio varying from 0.5 to 2.0 and with
the ratio of permeability factor to compressibility factor ranging from 0.1 to 25.0. Span-
wise distributions of upwash interference factor are given for each case. Use of the
tables requires knowledge of the values of permeability factor applicable to the perforated
test section for which lift interference factors are desired. Machine computer programs
used in the calculations are presented as an appendix.

INTRODUCTION

During the last two decades, a number of wind tunnels have been constructed with
test sections having perforated walls. Such walls are of particular advantage in testing
through sonic speeds and at speeds slightly supersonic because they may reduce the
severity of shock-wave disturbances reflected from the walls and impinging on the test
models. However, these wind tunnels are commonly used also for subsonic testing, and
if winged models are of appreciable size relative to the cross section of the tunnel at the
test location, it is desirable to correct for the modification of test conditions due to the
upwash interference of the tunnel boundaries.

For constructional and operational convenience and for avoidance of focusing of
reflected shocks in the transonic speed range, perforated-wall test sections are commonly
made rectangular in cross section. An approximation method for estimating the wind-
tunnel-boundary upwash interference along the span of a lifting wing mounted at the center
of such a perforated-wall test section was developed in reference 1. However, the exten-
sive calculations required to obtain numerical values of upwash interference factors



involve the numerical evaluation of multiple infinite integrals containing integrands

singular at the zero point of the domain of integration. In order to facilitate the applica-

tion of the theory of reference 1, machine computing programs for calculation of upwash
factors were prepared and are presented herein along with tables of upwash factors
applicable to a range of practical configurational and operational parameters. Figures
constructed from the tables illustrate the variation of upwash interference factor with
effective permeability of the test-section walls, with spanwise location along the wing,
and with ratio of width to height of the test section. Although the theory of reference 1
provides for the possibility that the permeability of the top and bottom walls is different
from that of the side walls, it is assumed uniform for these calculations.

SYMBOLS
A cross-sectional area of test section
a variable used for convenience to represent more complicated expression in

equation (A12)

b semiwidth of test section
CL lift coefficient
Fi(Q),F'j'.(q)

G(q,r),G'(q,T)

Gi(q,p),G{(q,r),G'i' (q,r)

Ki(q’r))K]"_(qu)

H H'( Symbols used for convenience to represent
(9,7,p),H (a,7,p) functions of the indicated dummy variables

Hj(q,r,p),Hj(q,r,p),H(r,p,6)
Hj j(a,7,p),Hi j(q,r,p),Hj j(r,p,6)
Li(a,r,p),Li(q,r,p)

Ly, j(r,0), Ly j(r,p)

h semiheight of test section
M Mach number
2




p,p' dummy variables of integration

qa dummy variable of integration

R permeability factor

r dummy variable of integration

S area on which lift coefficient is based

s semispan of horseshoe vortex representing wing

v velocity of tunnel test stream

v upwash interference velocity, positive in direction of Z -axis

X,Y,Z axes of rectangular Cartesian coordinates

X,¥,Z rectangular Cartesian coordinates, x in direction of tunnel flow, y along

direction of wing span, and z vertical

g =\1-M>2

r circulation

) upwash interference factor

6 dummy variable of integration
P dummy variable of integration
Subscripts:

The subscript j is used as a secondary subscript only as a bookkeeping device.
The subscript i is used as a primary subscript with the following definitions:

2 pertaining to vertical boundaries

3 pertaining to horizontal boundaries



4 pertaining to effect of horizontal boundaries on interference potential inside
test section due to vertical boundaries

5 pertaining to effect of horizontal boundaries on interference potential outside
test section due to horizontal boundaries

UPWASH INTERFERENCE APPROXIMATION EQUATIONS

Approximation equations for calculating the upwash interference velocity v due to
the boundaries of a perforated wind tunnel along a wing mounted at the center were derived
in reference 1. The wind tunnel was assumed rectangular with semiheight h and semi-
width b, and the wing was represented by a horseshoe vortex with span 2s and circula-
tion I. A rectangular Cartesian coordinate system was used with coordinates z posi-
tive in the direction of lift, y lying along the wing span, and x positive downstream in
the direction of the trailing vortices. A schematic diagram showing the relationships

between the various parameters is given in figure 1.

The equations of interest in reference 1 are equations (Al4), which gives the inter-
ference velocity due to infinite vertical boundaries; equation (B10), which gives the inter-
ference velocity due to infinite horizontal boundaries; and equations (C10) and (C12),
which give increments of interference velocity to satisfy more nearly the boundary condi-
tions when both horizontal and vertical boundaries are present. These equations involve
the permeability factors Rg along the vertical boundaries and Rg along the horizontal
boundaries. If Rg = R3 = R; that is, if the permeability factor is assumed uniform and
equal on all boundaries, then the equations approximating the various components of the
interference velocity can be written in terms of R/8 (where 8= \/1 -M2 and M is
Mach number) instead of separately in terms of Rg, Rg3, and B.

The upwash interference factors ©6j, which are obtained from their respective
upwash interference velocities by the relationship

AVi

% = sver

can be put in the form

_b/hh )

%= 5/m T

from which the total upwash interference factor is calculated as

5=Zéi (2)
i




The four equations referred to in reference 1 have been rewritten by means of
equation (1) to give their respective upwash interference factors. These have also been
rewritten so that the terms R and B never appear singly, but always appear in the
form R/B. Finally, the equations have been rearranged and transformed to the extent
necessary to present them in forms more readily adaptable to machine calculations. The
details of these manipulations are given in appendix A. The machine computer programs
are presented in appendix B.

RESULTS AND DISCUSSION

As mentioned in the preceding section, the approximation equations have been
rewritten so that the upwash interference factors are expressed in terms of R/B rather
than singly in either the permeability factor R or in . For the purposes of calcula-
tion, B was allowed to take the values 1.0, 0.8, 0.6, 0.45, and 0.3 for each of the values
of R, which were 0.1, 0.45, 2.0, and 7.5. Thus, upwash interference factors were calcu-
lated for 20 values of R/B ranging from 0.1 to 25.0. The calculations were made for
this range of R/B for each of five different values of tunnel Width-height ratio b/h,
which were 0.5, 0.75, 1.0, 1.5, and 2.0, for both a small-span wing (s/b = 0.3), where s/b
is the ratio of wing span to tunnel width, and a large~span wing (s/b = 0.7). Finally, the
interference factors were calculated for three locations along the wing span (y/s = 0.0,
0.5, and 1.0) for each value of the parameters s/b, b/h, and R/B.

The resulting calculated upwash interference factors for a small-span wing mounted
in the center of a rectangular perforated wind tunnel are presented in table I. Each page
of the table presents the variation of upwash interference factors along the wing span for
the entire range of R/B for one of the five values used for b/h. Table II presents the
corresponding calculations for a large-span wing. Values are given for each of the indi-
vidual upwash interference factors 06y, &3, 04, and &5 (as defined by eq. (1) in con-
junction with subscript definitions in the list of symbols) as well as for the total upwash
interference factor 0.

There is always the possibility of calculation errors (such as round-off errors) in
calculations of this type, and a certain amount of effort is required to ascertain the extent
of these errors in order to decide what level of confidence to place in the final calcula-
tions. The infinite integration limits in these particular calculations necessitated an
arbitrary truncation of the calculating procedure beyond a certain point in order to con-
serve computer time. To some extent with the double integrals, and especially with the
triple integrals, compromises had to be made between the level of accuracy desired and
the calculating time used. Therefore, the integration range was broken up into small
equal intervals the lengths of which were chosen from information obtained in preliminary
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computer runs of the program. Integrations were then made successively over each of
the intervals, the integration limits increasing by the interval length with each integration
step. When the integral over the last interval was less than some arbitrarily chosen
small number (a change of one unit in the fifth decimal place in this case), the integral
was assumed to have converged and the integration procedure was terminated. In these
calculations, the rapid approach of the integrands toward zero with increase of the inte-
gration variables lent credence to this criterion of convergence.

The accuracy of machine calculations also depends upon the number of points per
integration interval used in the machine integration routine (the Gaussian quadrature
method was used for these calculations). Here, again, compromises had to be made
between desired accuracy and calculating time. For the calculations herein, the number
of points used was increased over several preliminary runs of the program, and the final
number of integration points chosen was that for which the value of the integral changed
by no more than one unit in the fifth decimal place between successive trials with

increasing numbers of points,

Special consideration and handling must be given to integrals whose integrands con-
tain terms causing the integrands to oscillate about zero as the integration variable
increases. In several instances in the integrals reported herein (as discussed in
appendix A), the integrands contained products of sines and cosines whose arguments
contained the same variable but differed in the constants by which the variable was multi-
plied. Thus, several terms in the integrand were oscillating about zero at different fre-
quencies. This behavior indicates the possibility that oscillations might combine within
some particular integration interval in such a way as to cause the integral over that inter-
val to be very small. The calculation process might then be truncated prematurely
because of a spurious indication of convergence of the integral. The approach used in
handling this problem was to combine the sine-cosine product terms by means of multiple-
angle trigonometric identities into sums of sine and ecosine terms whose arguments were
the same and then to choose the integration interval to extend over some multiple of a
half-cycle of the new argument. Tables I and II present data only to three decimal places,
but the tests on convergence and number of points per integration interval were to five
decimal places; therefore, the values in the tables are assumed free of arithmetic trunca-

tion errors.

If the approximation equations for the various components of upwash interference
~ factors are valid, then the total upwash interference factors should approach the values
for the completely closed tunnel as R/ approaches zero and the value for the com-
pletely open tunnel as R/B becomes very large. Such behavior is confirmed by the
curves of figure 2 which show the variation of total upwash interference factor at the
center of a small-span wing mounted in the center of a rectangular perforated wind tunnel




as a function of R/B for several values of tunnel width-height ratio b/h. Figure 3
shows the corresponding curves for a large span wing, and again the calculated values
tend toward the closed-tunnel values for small R/f and toward the open-tunnel values
for large R/B. Note that on the logarithmic scale of figures 2 and 3, the point on the
abscissa corresponding to the closed tunnel (R/g8 = 0) lies infinitely far to the left, and
the point corresponding to the open tunnel (R/B8 — «) lies infinitely far to the right.

The open-tunnel and closed-tunnel upwash interference factors at the center of the
test section, which are given for comparison, were calculated from equations independ-
ently derived by the method of images as in reference 2. For the closed test section, &
at the center of the wing is "

mTbs o
cosech( = -—)
5=_ 1 2hb/ 1 Z cosech|X b(Zn - _s_) - cosech|Z (Zn + > (3)
b(s\2 48 2h b 2h b
27TH<—b-) b n=1

and for the open test section, & at the center of the wing is

1 cotanh(-g% ) .
°= b(s\2 s 48 Z -n* cotanh72Th<2 _%H_COtanhZh<zn+]i):| (4)
2"5(%) b 4b n=1

Machine computer programs corresponding to these equations are given in appendix B.

Plots and cross plots made from the extensive data presented in tables I and II
afford a great deal of insight into the variation of upwash interference factors with vari-
ous tunnel and wing parameters. No attempt will be made in this paper to present a com-
prehensive set of figures showing the interrelationships of the upwash interference fac-
tors with the various other parameters. Two figures (figs. 4 and 5) illustrative of the
type of information available are given. Figure 4 shows the variation of total upwash
interference factor along the spans of both small-span and large-span wings for several
values of R/B and for several tunnel width-height ratios. Figure 5 shows the variation
of upwash interference factor with tunnel width-height ratio for several values of R/
for both the small-span and large-span wings.

A comparison of figures 4(a) and 4(b) shows that the variation of the interference
along the span is small for the small-span wing but substantial for the wing spanning 0.7
of the test-section width. Also, the largest spanwise variation occurs for the test sec-
tion having the smallest width-height ratio, an effect that might have been anticipated
since in this case a large part of the interference is produced by the side walls. Note
however, that in all cases for which the permeability is such as to produce nearly zero
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interference at the center of the wing, the interference at the wing tips is also nearly

Zero.

Figure 5 shows that except for the nearly open tunnel with height greater than the
width, the downwash interference at the center of a wing spanning a given fraction of the
width of the test section increases with increase of the test-section width-height ratio,

CONCLUDING REMARKS

Equations developed in NASA Technical Report R-285 for approximating the span-
wise distribution of wind-tunnel-boundary interference on lift of wings in rectangular
perforated-wall test sections have been modified to facilitate machine calculations and
then used to generate tables of interference factors for a variety of wind-tunnel and wing

parameters. °

The upwash interference factors presented in the tables are applicable only if the
permeability factor R is known. Inasmuch as R depends not only on the geometry of
the perforated walls but also on operating conditions such as Reynolds number, Mach
number, and boundary-layer thickness, it cannot be calculated but must be experimentally
determined. The effective permeability factor may also vary from place to place over the
perforated walls so that the use of some average values may be required.

The approximation method used in the calculations is believed to yield upwash inter-
ference factors of adequate accuracy. Because the wing is represented by a single horse-
shoe vortex, the calculated upwash interference factors are applicable only to wings of

reasonably small chord.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Station, Hampton, Va., October 16, 1969,




APPENDKX A

ADAPTATION OF UPWASH INTERFERENCE EQUATIONS
TO MACHINE CALCULATIONS

Equation (A14) of reference 1, which represents the upwash interference velocity
due to infinite vertical boundaries, can be rewritten by means of equation (1) in the body
of the present report to give the upwash interference factor

09 = —— F dg - = G dp d Al
2 =3 3 5/hlo 2(@da -7 ) ), G2l@p)dp dq (A1)
where
T sinh(§q> cosh(%:-q)
h
Fo(q) = 5
nd . /b
e sinh(l—1q>
and
qzsinh<§/32p2 + qz> cosh(%\/ﬁzp;iﬁqz— )
G2(q,p) =

222 2 o 5 & G S
JB2p2 + q2|BR*a° sinh2<h/ﬁzpz * qz) + pzcosh2<9/62p2 +q2 )
R2 h h
If the transformation of variables
Bp=rcos 6 q=rsin @

is made in the double-integral portion of equation (Al), then the differential element
B dp dg is replaced by r dr dé and the double integral becomes

© . . (s y /2
28 s1nh<ﬂr>cosh<‘—_l-r> sin2g dg dr
R 2(b ) 2 b
he( = 2
0 coshH g r 0 (%) tanh2(5r> + cos<f

Rearrangement of the integral over 6 by means of the double-angle trigonometric
identities gives an integral in 6 which can be integrated analytically., ¥ the dummy
variable of integration r is replaced by g, the result can be combined with the single-
integral portion of equation (Al) to give the upwash interference factor



APPENDIX A

0g =5 E%Sﬂ F(a)dg (A2)

where

Fp(q) = Smh< )COSh(‘Z ) + sech(2q)[£ tanh BPiank? q) + 1
2! . nh(ﬁq) (h ) (: ) / (h )

In the limits, as the permeability factor R approaches zero (closed-tunnel case) and
infinity (open-tunnel case), equation (A2) approaches the same limits as those obtained in
reference 1.

The upwash interference velocity due to infinite horizontal boundaries, given by
equation (B10) of reference 1, is written in terms of the upwash interference factor as

1 b/h S“°° 2 5““’5”
) F dg - = G dp d A3
3= 5.2 5/8)p 3(q)da R Jg Jo 3(q,p)dp dq (A3)
where
T cos(%q)sin(%q)
Fs(a) =
ed cosh q
and

cos(% )sin(-}—s1 )
q{;{iz cosh? (\/szz +q ) -———L— sinh2 /szz + qu

B2p2 + g2

G3(q,p) =

In order to write the second integral in terms of R/, the transformation p =r/R
(where R is a finite constant) is made. The machine calculations are made more

accurate if the product cos(%q)sin(ﬁq) is written as

h

otz - o )+ ool 2]

Finally, using the identity sinh2x = cosh®x - 1 and simplifying give equation (A3) in the

form

10
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1 /h © Ao
5 =_-—§ Fi(q)d -g S‘ Gh(q,r)dg dr A4
353 s/h 3(a)dq 0 Jo 3(q,r)dq (A4)
where
s1n[< qjl+sin[— - —q]
' h b
Fa(@ =2
3 2 qcoshq
and

(252 o)fanfiz D] - sl - )
q (Bz ¥ 1> - 2 COSh2</L . q2>

The upwash interference factors due to the effect of horizontal boundaries on the

interference velocity potential inside the test section due to vertical boundaries 064
(from eq. (C10) of ref. 1) and to the effect of horizontal boundaries on the interference
velocity potential outside the test section due to horizontal boundaries &g (from

eq. (C12) of ref. 1) are given by

b4 =;1§§§?—1 g § G(q,r)G4(q,r)dg dr R g S‘ S H(q,r,p)Hy(q,r,p)dq dr dp| (A5)

and
_1 b/ (70" . 2 Corere”
05 G(q,r)Gk(q,r)dq dr + = H(q,r,p)Hs(q,r,p)dq dr dp| (A6)
72 s/h|Jg Jo 7R Jg Jo Jo

where the symbols common to both equation (A5) and equation (A6), that is, G(q,r) and
H(q,r,p) represent

inh(2 Y
s1nh(h q)cos(h r)cos a

G(q,r) = -
(q2 + rz)e

_q
h cosh r

11
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and

q sinh(%’ \/szz + qz) cos(%r)
(12 s r2)<pzsmh2l/32p2 = 1 o ‘/szz_”z> ( %02 +q2‘)

p2p2 + r2

H(q,r,p) =

The symbols Gg(q,r) and Hy(q,r,p) in equation (A5) represent

q sinh(gq)cos@ r) +x cosh(D a)sin(Pr)

G'4(q’r) = . b
s1nh(ﬂq)
and
H4(q,r’p) = H4,l(q;r’p)[H4,2(q’r9p)H4’3(q’r,p) - H4,4(q,r,p)H4,5(Q,r,pﬂ
where
252 1 o2 sinh(2 [Zp? 2‘) Q%) b 53 . o2)sin(®
B4p4 + q Smh(h B4p4 + q“|cos|=r +_rcoshh B4p4 + q< |sin{—r
Hy 1(q,r,p) = 59 2 X : X
Bep® + 92 _: +2(b [:2 9 2 2 2(b /72,2 2
) sinh h/ﬁp +q +pcoShh,Bp +4q
s1nh<h /sz +q >+ cosh( \/62p2 + q2>
Hy 2(q,r,p)
sin smh\/ 2p2 4+ 12
Hy 3(a,r,p) = p d &re + % cos q cosh\/ﬁzp2 + 12
"BZPZ + r2
s1nh( szz +q ) P cosh< p2 + q2>
Hy 4(q,r,p) =
4,4 R2 52p2 + o2
and

- q cos q sinh g2p2 + r2
H4,5(q5r:p) = sin q cosh ﬁzpz + rz - [—
sz‘?‘ + 12
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In equation (A6), the symbols Gg-,(q,r) and Hg(q,r,p) represent

' b . (b
Gs(q,r) = q cos(ﬁr> -r s1n(h-r>

and
Hs(q,r,p) = 32 3 [\/ 2p2 4 g2 cos( ) -r s1n(Hr)i|

Consider for a moment only the double-integral portions of equations (A5) and (A6).
These represent the case of the completely closed tunnel. As with equation (A3), the cal-
culation procedures are made more accurate by writing the product cos %r sin %r) and

the product cos (% r> cos(%r) as sines and cosines with arguments (E g)r and (% - %)r
The double integrals of equations (A5) and (A6) can thus be written
5 _ 1 /a0 "
4 (double-integral portion) = - — = G'(q,r)Gy(q,r)dq dr (A7)
272 8/h Jg Jo
and
. . __ 1 b/h '
65 (double-integral portion) "S5/ G (q,r)G .(q,r)dq dr (A8)
27
where

cos q sinh(-f’;q)

G'(q,r) = =
2q
<q2 + 1‘2>eh cosh r
. Ky (q,r) + Kg(q,r)
Gy(q,r) = ’

: b
sinh (H q)

Kll(q,r) =q sinh(%q)cos‘:(

= fep

- %);J +r cosh(%q)SinK% - %)1]
)1] rr cosh(

+

Bl
=1

K4(q,r) = q Sinh(%q)cos&

=l
N
w0
ety
=
—
=l
+
A
(|
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Gg(a,r) = K5(q,Tr) - K5(q,T)
K'5(q,r) =q cos[(lﬁ) - %)1] - sin[(?l - %)x]
K5(q,r) =q cos[:(h + %)1] - r sin KE + %)r]

The triple-integral portions of equations (A5) and (A6) are formulated in terms of
R/B by writing the dummy variable p as p'/R. If the obvious cancellations are made
and the expression for H4,2(q,r,p) is simplified by writing it in terms of exponentials
rather than as the sum of hyperbolic terms, triple integrals in terms of the dummy vari-
ables q, r,and p' are obtained. For convenience, the prime on the variable p' is
dropped, and the triple-integral portions of equations (A5) and (A6) become

04 (triple-integral portion) = 113 S /hy 5 § H'(q,r ,p)H4(q, ,p)dq dr dp (A9)
and
5c (triple-integral portion) = -2 2/h (T (7 (7 H} dq dr d Al
5 (trip gral portion) = %5 57 00 o (a,r,p)H5(q,r,p)dq p (A10)
where
2,2
o] cos(% )smh( fﬁ—g— + q2>
H'(q,r,p) =
<E @_2p2 q2> 5 5 2sinh2 [BZRZ + r2 5
e R <&P2—+q2+r) +cosh2/6p
R \ 2 412
R2

Hy(q,r,p) = Hy 1(q,r,0)|Hy 2(q,r,p) - H&,s(q,r,p)HhA(q,r,pﬂ

24,2 2..2 2,2
/ﬁ_p_ 2 ginh(P [B2R% | 42 (_tz) b 8%p2% | 2\.: (b
) + g4 si hy g2 + Q< |cos hr +rcoshh =) +q sm(hr>
212 212 2,2
§—£L+q2 S]_nh22&+q2 +pZCOSh29&+q2
R h R2 h R2

H&,l(q:r,p) =

14
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212 o e
b PP +q2 p2sin g sinh B°p~ | 2
hy p2 =)

Hzl,z(q,r’p) = €

(32,2 .
+q cos q cosh/%g_ + 12

@% + q2 /szz + rz
R2 RrR2

202 o
Hll,s(q,r,p) = sinh %\/&R% +q2)-

2,2 o
q cos q sinh /BB | 12
B2p2 o R2
—T+r - S -
R /&2%2”2
R

Hzl,4(q:r,p) = sin q cosh

and

\ Hy 4(a,7,0)| [g2,2
Hs(q,r,p) = 45’42 i B 12) +q2 cos(%r) -r sin(%r)
R

Investigation of the integrand of equation (A9) reveals a singularity at the simulta-
neous zero of all three integration variables. For small values of R/B this singularity
can be ignored in the numerical integrations, but for moderate and large values it leads
to difficulties in the calculation. In order to carry out the machine calculations for the
entire range of R/B8 considered herein, it is necessary to break the triple integral of
equation (A9) into several integrals, one of which is used to obtain an approximation for
the integral near the simultaneous zero of the integration variables, and the others are
used to calculate the integral over the remainder of the integration range, Thus in equa-
tion (A9), assume that the integration variables p, q, and r are all so close to zero
that the transcendental functions in the integrand can be well approximated by the first-
order terms in their series representations. After the indicated substitutions and sim-
plifications are made, equation (A9) becomes
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2 €1 %2 €3 2
04 (triple-integral portion) =l3(%) & g g q”dr dq dp
m

0 b\2(22 . 2\ . .2
D (’)( +q + P
q-0 0 Y0 <0 \h RrR2

r-0

€2 €3 2
-2 q%dg dp (A11)
73 2
2.2 2
B%p + q2 + (P )
0 “0 \'r2 b/h,
where the integration limits €1, €, and €3 must be chosen small enough to make the

approximation to equation (A9) valid. Equation (All) becomes more amenable to integra-
tion by use of the transformation of variables

%:psine q=pcos b
Whénce,
2,2
B2p% , 42 - 2
R2

and the differential element is %p dp d6. As a result of applying this transformation
and using the identity sin20 + cos20 = 1, equation (A11) becomes

' T
E —a—
2 2 2
54 (triple-integral portion) = 235135 S p do g 3 ‘czos 4 39 3 (A12)
near 0 0 a<sin“éd + p4cos<9
origin

2
where a2 =p2 + (bR_/Zﬁ@> . In this expression, the integration limit . eé is the equivalent

in the transformed coordinate system of ey and €3 in the former system, but the inte-
gration region is now a quarter of a circular disk instead of a rectangle,

Equation (A12)
is a standard integral form in 6 which can be integrated to give
el
€ 2
64 (triple-integral portion) = _;.% dp
near T P+ p2+ R{@g
origin 0 b/h

€5 >
-GS G- o
16
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This expression may then be integrated over p to yield

"y . - G2 (e (B0
84 (triple-integral portion) " 9.2 R/B \/( ) b/h

B o -]

origin
(A G- w

In order to perform the integration of equation (A9) over the remainder of its inte-
gration range, it is necessary first to apply the same coordinate transformation used to
obtain equation (A12). The following equation results:

84 (triple-integral portion) = Eilq (A13] + 2 b/h S‘ S. dpSv H4(r,p,0)d9

¢
o o s =

where
HZ(I’,D,Q) = HZ,]_(rgpyQ)HZ,Z(r,pye)E{Z’3(r,p,9) + Hl]:,4(p;9)HZ’5(r’p,6Z|

;1 (S
cos 6 smh(h p)

e;%p(p2 + r2>[s'1nh2(§p) + <%>zsin29 coshzgpﬂ

1
Ly 2(r,p) + Ly o(r,p)

HZ’I(I',D, 6) =

Hy o(r,p,6) =

2 125in20 sinh2{p2sin26 + r2
B_> p%sin“f sinh Jp sin“d + r + COShZVPZSiHZG + r2
B p2sin0 + r2

lfll,g(r,p) =p sinh(%p)cos[(g - %)1] +T cosh(%p) sin[(% - h)]

17
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L4’2(r,p) =p sinh(%p)cosli(% + E)I] +r cosh(gp)sin [(% + %)13]

b
=P 2 im2 . . 2aind 2
1 h p sin40 sin(p cos & s1nh\/ sin4f + r
Hy 3(r,p,6) = e (R—) © )sinhyp

B \/pzsinze + r2
+ cos 6 cos(p cos 9)cosh\/p2sin29 + 2

2
A = sinh(2p) - [B) sin2 b
H4,4(p, 0) = s1nh(h p) <3> sin®g cosh(hp)

and

p cos 6 cos(p cos f)sinh pzsinZG + r2
2

Hl}',5(r,p,0) =

(o] sin20 + r2

- sin(p cos 9)cosh\/pzsin29 + 12

In the expression for Hll',z(r,p,e), the terms L,'l,z(r,p) and L4’2(r,p) are the result of

the product cos (% r>sin (-Er) and the product cos(% r)cos(g r), similar to the analagous

expressions of equations (A7) and (A8). In a like manner, the integrand of equation (A10)
may be written as

H'(q,r,p)Hé(q,r,p) = HS’]_(q’r’p)HS,Z(q,r’p)

where

2,2
q sinh<§- 13—&+ q2>
hy r2

Hs 1(q,r,p) =

2.2
b 32p2+q2> ) p2sinh? &% + r2
h 2 2 R 2,2
e R B—p+q2+r2 +c:osh2§—9—+r2
R2 szz R2

2
R2 +r
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H5 Z(q., 9p) = %p—)[lﬁ(qy ’p) + L5(q; ’pﬂ

RZ

Ls(q,r,p) = J 12::;2 +q2 cos [(H - X)x] -r sin[(% - h)lj

and

_ |8%p2 2 b, ¥\, - by
Ls(q,r,p) —\/ 2 +q cos[(h + h)r r sin (h + 5

)
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APPENDIX B

FORTRAN PRCGRAM FOR CALCULATING SPANWISE VARIATIGAS IN
WIND-TUNNEL-BCUNCARY LIFT-INTERFERENCE FACTORS FOR WINGS OF
VARYING SPAN CENTER-MCUNTED IN RECTANGULAR PERFORATED TEST
SECTIONS OF VARYING WIDTH-TC-FEIGHT RATIOS.

THIS PROGRAM WAS WRITTEN IN CDC FCRTRAN, VERSION 2.1, TO RUN ON CDC 6000
SERIES CCMPUTERS WITH THE SCOPE 3.0 CPERATING SYSTEM AND LIBRARY TAPE. MINOR
MODIFICATIONS MAY RE REQUIRED PRIOR TO USE IN OTHER COMPUTERS. THIS PROGRAM
HAS BEEN FOUNY T BE SATISFACTCRY CN THE AFCREMENTIONED COMPUTERS WHICH CARRY
THE EQUIVALENT 0OFf APPRCXIMATELY 15 CECIMAL DIGITS. COMPUTERS CF LESSER PRE-
CISINDN MAY REQUIRF MNDIFICATION TO DCUBLE PRECISICN IN ORDER TC OBTAIN RESULTS
OF EQUAL ACCURACY,

IN ORDER TC CUNSERVE CCMPLTER TIME ANC SPACE, THIS PROGRAM
IS ARITTEN AS A NUMBER OF SMALLER, INDLPENDENT PRCGRAMS WHOSE
PUNCHI D=-CARND CUTFLTS ARE CCLLATED INTC FINAL FCRM FOR PROCUCTION
OF TABLE&S RY MEANS OF APPRCPRIATE COMPLTER COLLATING PROGRAMS,
FOR THE SAKE (CF CCNSISTENCY, TERNMS COMMCN TO ALL PROGRAMS HAVE
BEEN ASSIGNED THE SAME NAMES IN ALL PRCGRAMS., THESE TERMS FCLLOW

APy AGy AR = LCWER LIMITS CF INTECRATICN ON THE INTEGRATICN
INT=RVALS OVER Tte DUMMY VARIABLES P, Gy AND R,

AH = A CNE-DIMENSICNAL ARR2Y IN WHICH ARE STORED THE VALUES CF
TUNNEL SEMI-WICTE TG SEMI-FEIGHT RATIOy B/H

BP, BGy BR = LPPER LIMITS CF INTEGRATICN CN THE INTEGRATIJN
INTERVALS CVER THE CUNMMY VERIABLES P, €y AND R,

BS = THE RECIPRUCAL OF S8e

BT = A ONF-DIMENSICNAL ARRAY IN whICH ARE STNRED THE VALUES OF
BETA TO BE USED IN THE CALCLLATICAS,

CNV = THE NUMRER wHICH DETERMINES INTEGRAL CONVERGENCE. IF TrE
EVALUATION F THE INTFGRAL CVER A PARTICULAR INTERVAL IS LESS

THAN CNV, CONVERCENCE IS ASSUMED ANC THE INTEGRATION PROCcSS
TERMINATEDS

FPy FU, FR = (Ng CIMENSIONAL ARRAYS IN WHICH ARE STORED ThHE VALUES
CF INTEGKAND EVALULATICNS CURINC THE INTECRATION PROCESSES,

FUNCP, FULNCQ, FUNCR = NAMES CF SUBROUTINE SUBPROGRAMS WRITTEN TO
EVALUATE THE INTEGRANDS IN THE DUMMY VARIABLES Py, Q, AND R.

I3 N THA = INDEX CN THE VARIABLE BH

INFINTP, INFINTQ, INFINTR = NAMES CF SUBRCUTINES WHICF USE MGAUSP,
MGAUSQ, AND MGAJSR, RESPECTIVELY, TO EVALUATE THE =INFINITE#2
INTEGRALS NVER THE DUMMY VARIABLES P, Q, AND R,

IP = INPEX ON VARIABLE RP,
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IS NR ISh INDEX ON THE VARIABLE SH

iy DR IYF INDEX ON THE VARIABLE YH

JPy JGy JR = THE MAXIMUM NUMBER OF INTEGRATIUN INTERVALS ULSED BEFORE
NCN-CCNVERGENCE CF THE INTECRALS IS ASSUMEDe.

MGAUSP, MGAUSGC, MGAUSR = NAMNES CF SUBROUTINES FOR EVALUATING
INTEGRALS BY THZ GAUSS QUADRATULRE METHCC CVER THE DUMMY VARIABLES
Py Gy AND Ry RESPECTIVELY.

NFP, NFGy NFR = INTEGERS DEFINING THE NUMBER OF INTEGRANDS TO BE
EVALUATED IN THE INTEGRATICN SUBRCUTINE CALL FCR ANY CF TFE

DUMMY VARTABLES Py Qy COR R

NMY = NUMBER CF PCINTS ALONG THE WING SPAN AT WHICH CALCULATICNS
ARE TO RE MADE

NP, NQy NP = INTEGERS DETERMINING THE NUNBER OF POINTS THE GAUSS
CUADRATURE PRCCECURE USES PER INTEGRATICN INTERVALe. THE NUMBER
OF POINTS USED IS TEN TIMES THE VALUE CF AP, NGy OR NR,

PI = 3,34159 26526

PNCy WMC, RNC = VAKIABLES wHICH SET THFE INTERVAL LENGTH FCR
INTEGFATICN NVER Tht DUMMY VARIABLES P, Qs AND Re

PyCyR = CUMMY VARIABLES OF INTEGRATIUN

PNT, OGNT, RNT = CNE-DIMENSICNAL AKRRAYS IN WHICH ARE STORED THE
VALUES OF THE ANSWERS TC THE INTEGRATICNS OVER THE DUMMY VARIABLES
Py Qy AND R,

K3 = RATIO OF TUNNFL PERMEABILITY FACTCR TO BETA, R/BETA

RP = A INE-DIMENSIONAL ARRAY IN WHICH ARE STORED THE VALUES CF
THE PERMEARILITY FACTCR OF THE TUNNEL

SB = WING SEMI-SFAN TO TUNNEL SEMI-WIDTH RATIO, S/B

SH = A CNE-DIMENSIONAL ARRAY IN WKICH ARE STORED THE VALUES CF
THE RATIGC OF wING SEMI-SPAN TC TUNNEL SEMI-HEIGHT, S/te

SMP, SMQ, SMR = CNE-DINENSICNAL ARRAYS IN WHICH THE INTERMEDIATE
ANSWERS TG THE INTEGRATION PRCCESSES ARE STORED.

YH = A TWO-DIMENSIONAL ARRAY IN WHICH ARE STORED THE VALUES OF
THE RATIC OF THE CISTANCE ALCNG THE WING SEMI-SPAN TGO THE TUNNEL
SEMI-HREIGHT, Y/He

YS = NORMALTIZED CISTANCE ALCNC WING SPAN, Y/S
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FORTRAN PRCGRAM FOR CALCULATING UPWASH INTERFERENCE FACTORS
AT THE CENTER OF WINGS CENTER-MOUNTED IN RECTANGULAR COMPLETELY
CLOSED (FQUATION (3) IN MAIN BCDY CF REPORT) AND COMPLETELY OPEN
{EQUATION (&) IN MAIN BODY CF REPCRT) TEST SECTICNS. THESE
EQUATINNS ARE INFINITE SUMMATICNS DERIVED BY THE METHCD OF IMAGES

AS IN REFERENCE 2

IN ADDITICN TC THE CCMMCN VARIZBLE NAMES ALREADY CEFINED,
THE FOLLOWING NAMES ARE OF IMPCRTANCE TC THIS PARTICULAR PROCGRAM,

DLTC CALCULATED ULPWASH INTERFERENCE FACTOR FOR CLOSED TUNNEL

it

pLTN CALCULATED UPWASH INTERFERENCE FACTOR FOR CPEN TUNNEL

it

[ INDEX ON VARIABLE SH

J INDEX ON VARIAELE BH

K = INDEX ON SUMMATION, K IS THE SAME AS THE N OF EQUATIONS (3)
AND (43,

KCO = THE VALUE CF K AT wHICH THE SUMMATICN IS TRUNCATED.

ALL OTHER VARIABLE NAMES, EXCEPT AS NCTED, ARE USED MERELY AS
BOCKKEEPING DEVICES,

NAMELIST INPLTS ARE Bly Sh

PROGRAMWTUINPUT 4 CUTPLT ,TAPES=INPLT,TAPE6=CUTPUT,TAPEIL,TAPE2)
NINVMEASION BH(S) s SE(ZIENAMELIST/INPT/BH,SBSREAD(5,INPT)
PI=2o%ASIN{(} o )$PIZ=PI/Z24 ¢DCLI=1,24DC1lU=1,5$PBH=PIZ2%¥BHI(J)
AL=PBHEASR(I )} $T =0/ (4%A1*SB( 1)) $T2=24/(4*%SB(1))$TCLl=—TZ/SINH(AL)
TOI==T2/TANH(A, ) $A2=A2=0,$D02K=1,258ARL=PEF*(2%K+SB(I))
AR?=PBH*(2 q#K-SB (1) 1$T4=1./SINF(ARZ)-1o/SINH{ARL) $A2=A2+T4

TH=({ -1 ) xK) % (L o /TANH{ARZ ) ~T o /TANH{ARL) ) $A3=A3+T5

T4 AND TE RFPRESENT THE SUMMATICN TERNMS IN EQUATIONS {(3) AND (4),
RESPECTIVELY, CFf THE MAIN RCDY GF THE REPCRT. WHEN BCTH T4

AND T5 ARF LESS THAN 03.,0072C1, THE SERIES ARE ASSUMED TO HAVE
CONVERGED AND THE SUMMATICN PRCCESS IS TERMINATED.

IF{ARS{TL) ol Too CLO )10 ANDLABSITE) ol To e CICCLIGLTO3$IF (KL EQe25)G0TC3
CONTINUE

KCO=K3TCE=TekA2$ TO=T2%A3SDLTC=TI+TCI+TC2$DLTO=TL+TC1+TC2
WRITE(6,2)S8(1),BR{J),KCO,0LTC,OLTO
WRITZ(Z2,4)SR(I),BH{J)KCC,DLTC,DLTO

FORMAT(//2X#S/B=%F542y 3X¥B/H=%F6,2,3X¥SUMMATION INTEGER=%13,//3X*D
IFLTA,CENTER,CLISEDN TUNNEL=%FR44,5X*DELTA,CENTERyOPEN TUNNEL=%FBe4)

CONTINUESSTCPSINC

$INPT BH=05'0759157(...512.1SB=°?1¢71f
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APPENDIX B

FOPTRAN PRCGRAM FOR EVALUATING THE CLOSED-TUNNEL PORTION OF
EQUATIUN (A-2) 0OF APPENDIX A (THIS IS THE TERM CINTAINING TFHE
EXPONENTIAL FACTCR)e THE RESULLTS GIVE UPWASH INTERFERENCE FACTOR
FOR WINGS CENTER-MOUNTED BETWEEN INFINITE, VERTICAL, CLOSED
BOUNDAKRIES,

IN ACDITICN TG THE COMMCN VARIABLE NAMES ALREADY CEFINED,
THE FOLLCWING NAMES ARE OF IMPCRTANCE TC THIS PARTICULAR PROGRAM,

DLTC2 = THE UPWASH INTERFERENCE FACTOR CALCULATED FOR THE CLCSED-
TUNNEL PCRTICN OF EQUATICN (A-2), WHICH REPRESENTS CELTA-SUS-2,.

ALL QTHER VARIABLE NAMES, EXCEPT AS NOTEC, ARE USED MERELY AS
BNCKKEEFING DEVICES.

NAMZLIST INPLTS ARE BH

PRUGRAMWT(INPLT yCUTFLT 4TAPES=INFLT yTAPE6=CUTPUT,,TAPEL,TAPE2,PUNCF)
COMMONSH(2 )Y 3 1SHa YE{3242)4 IYF,BE, IBF

DIMENSIONFQ{I )y SMGL1IY,QONTLL) yBHIS }SNAMELIST/INPT/BHSREAD(S,INPT)
NQ=2$NFQ="¢JG=03¢P1=2,1415G2¢€C268QNC=PI/44$CNV=1oE~-CT6NMY=3

THEL FOLLOWNING NEST OF CC-LCOPS INDEXES ON BH, SH, AND YH,
CALCULATING THE VALUES OF SB, Sk, YH, AND YS THEN USING THESE
THROUGH THE SUBRCLTINE SUBPROCRAMS INFINTQ, FUNCQ, ANC MGAUSC TO
FIND THE INTEGRAL AND, FRCM THAT, CLTCze THE RESULTING DATA ARE
PRINTED CUT AND PUNCHED ONTC CATA-PROCESSING CARDS £0OR LATER
COLLATICN IN ANCTHFLR FROGRAM WITH THE CATA REPRESENTING THE
PRIGRESSIVELY MCRE CPEN TUANEL.

COZIRH=L,"$SHI{ ) =0 3%BF(IBH)$SH(2)=6 7%BH{IRH) $DCL ISH=1,2
SB=SH(ISH)/BH{IBF)$BS=Le/SBEWRITE(E,2)BH(IBH),SB
WRITF(Z,.)BH(IRH),SB
DOLIYH=1,NMYSYH( IYH, ISH)=SHOISF)*FLOAT(IYh-1)/FLOAT(NMY=1)
YS=YH({IYH, ISH)/SH{TISH) $CALLINFINTCINC,,SMGyFQyNFQ,JQsCNCHyCNV,INT)
DLTCP?=DS*QNT/ (2o *PI )SWRITE(A+2)YS,DLTC28WRITE(2,3)YS,DLTC2
FOIMATIIH ,///6XardB/H=FTe2,1CX4HS/B=FT,3,//5X3HY/S,6X*0DELTA SUB C2
1x/77)

FORMAT(LIH 42XFEe 293 XF1066)

PUNCH4,BH({IPF)y SE,YS,CLTC2

FORMATI2(F To3)4FEa24FlLeb)

CONTINUESSTOLPSEEND

S

(8

(8
(8

17)
18)
19)
20)

21}
22}
23}
24)
25)
26)
27)
28)
29)

31)
32)
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APPENDIX B

SUBROUTINE FUNCQ IS CNE WRITTEN TO EVALUATE THE INTEGRAND OF
INTEREST OVER THE VARIABLE € IN ACCORDANCE WITH THE INTEGRATIOGN
SUBROUTINE MGALSCe ITS CALLING ARGUMENTS ARE Q, THE VARIABLE OF
INTEGRATICN WhCSE VALUE IS SUPPLIED BY MGAUSQ, AND FQ, THE NANE OF
AN ARRAY THAT WILL CONTAIN VALUES OF THE INTEGRANDS CCMPUTED

DURING THE INTEGRATION. _
»

SUBRGUTINEFUNCQ (G, FC)$DIMENSICNFC{1) 4BH(E} (8 33)
COMMONSH(2) 3 ISH,YH{342)y IYH, BFy IBF (8 34)
SHO=SH{ISH)I*Q$YHI=YF{ IYH, ISH)*C$BHC=BH (I BH) *¢ (8 35) N
FQ=SINH{SHO)*COSH(YRGC)/ (EXP{RFCI*SINF(BHQ) ) $RETURNSEND {B 36)

SURRCUTINE INFINTC IS A CENERALIZECL SUBROUTINE SUEPROUOGRAM
WRITTEN TO EVALUATE #INFINITE# INTEGRALS BY MAKING USE OF SuB-
ROUTINE MGAUSQ (wWHICH EMFLCYS THE GAUSS QUADRATURE METHCD IN INTEGRAL
EVALUATICN} IN SULCCESSIVE STEPS BEGINNING AT THE LOWER LIMIT OF
INTEGKATICN, THE INTEGRATICN INTERVAL FCR EACF SUCCESSIVE INTEGRATION
STEP IS SFT EXTERNALLY BY THE VARIABLE QINC IN THE CALLING ARGUMENTS
OF INFINTCo THE INTEGRAL VALLE IS INITIALIZED AT ZERC ANC THE VALUE
OF EACH SUCCESSIVE INTEGRATIOMN STEP IS ADDED TC ITe THE INTEGER
NFQ DETERMINES THE NUMBER CF INTEGRANCS TC BE EVALUATED, wWITF
ANSWERS STOREC IN THE ARRAY QINT, WHEN THE SUMMED VALUES QOF THE
INTEGRALS CVER SCME PARTICLLAR STEP ARE LESS THAN CONV, THEY ARE
ALL ASSUMED TO HAVE CCNVERGED AND THE INTEGRATICN PROCESS IS
TERPMINATED. IF THE NUMBER CF INTLGRATION STEPS IS LARGER THAN THE
INTEGER JGy SET EXTERNALLY, THE INTEGRATICN PRCCESS IS TERMINATED
AND AN &RROR MESSAGE THAT THE INTEGRAL IS NON-CONVERGENT WITH THE
GIVEN UPPER LIMIT IS PRINTEC. THE CALLING PROGRAM MUST DIMENSION
THE ARRAYS SUMJQ, FCFQ, AND GINT AT THE MAXIMUM NUMBER T0O BE USED

IN THAT PRCGRAN,

SUBRCUTINE INFINTGING,SUNMG FCFQsNFGyJGy QINC,CONV4QINT) (B 37)
DIMENSION SUMGI1I),FCFQUL1),QINT(1) $DCII=1,NFQ (R 38)
DINTUI) =7 o $2G=C 6 $D021Q=1,JQsIF(I1G~1)4,4,3 (B 39)
AC=8B0 {8 40)
RA=FLCAT(IQ)*CINCSCALLMGAUSQ( LG, FCyNGySUMG,FOFQ,NFQ) {B 41)
QCUENV=I4.¢D05T=1 y NFGECCONV=QCCNVHAES(SUMQ(T)} (B 42)
CINTIT}=QINT(I)+SUMC({I)$IF{QCCANV.LToCONV)IGOTOASIF(IQEQ.JQIGCTOT (B 43)
GOTN2 (B 44)
PRINTRS$GCTOG (B 45)
FORMAT{IH ,2X*INTFGRAL NONCCNVERCENT WITH GIVEN UPPER LINMIT CN Q%) (B 46}
CONTINUE (B 47)
RETURNEEND (B 48)
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THE SUBROUTINE MGAUSQ EMPLOYS THE GALSS QUADRATURE METHCD TO
EVALUATE #NUMBER2 NUMBER CF INTEGRANDS F(X)DX BETWEEN ThE LIMITS A
AND Bo ANSWERS ARE STORED IN THE ARRAY SUMs FUNCQ IS THE NAME OF A
SUBRAOUTINE SURPROGRAM USED TO EVALUATE ThE INTEGRANDS. THE NUMBER
OF PCINTS USEC WITHIN ThHE INTEGRATICN LIMITS IS TEN TIMES THE
INTEGER N THIS SUBROLTINE SUBFRCGRAM IS A PRELIMINARY VERSION OF
THE SURKOUTINE NMGAUSS NOW CN THE LIBRARY TAPE OF THE CNC COMPUTER
SYSTEM AT LANGLEY RESEARCFE CENTER. A MCRE COMPLETE CISCUSSION OF
IT THAN GIVEN HERE 1S GIVEN IS SECTION D 1.1, VOLUME I, OF THE
LANGLEY RESEARCH CENTER CCMFUTER FROGRANMMING MANUAL,

SUBRCUTINE MGAUSC(A,ByNySUM,FCFXNUMBER) {B 49)
DIMENSION U(S),R(5),SUMI1),FOFX({1)$DO1ILL=],NLMBER (B 50)

1 SUM{LL)={e"N (B8 51)
TF(AGEQeBIRETURNSUL 1) =04 25562E2NELG1E4%U(2)=,283302302985376 (B 52)

U(2)=0 1602952155504 E6E8U(4)=4CETAEE3L66555083U(5)=.91304€6735741414 (B 53)
RII)=6o1477¢2112357276¢$R{2)=412462335C¢£549C88R(3)=,109543181257991 (B 54)

RE4)=607T74T725674575290 $R15)=4333335672154344%FINE=N (8 55)
DELTA=FINE/{3-A)$DN3K=14,N$XT=K-1$FINE=A+XI/DELTASDO211=1,5 (B 56)
UU=UCLI)/DELTA+FINESCALLFUNCC (LU ,FCFX) $D0ZJCYBOY=1y NUMBER (8 s7)

Z SUM{JNYBOY)=R(III*FOFX{JOYBOY)I+ SLM(JOYBCY)$DO3JJ=1,5 (B 58)
UU=(1eD2=ULJJ))/DELTA+FINESCALLFUNCQ(UYU,FOFX)$DO3NN=]1,NUMBER (B 59)

3 SUMINNI=R(JJI®FNFXCANI+SUMINN) $DCTIJK=1,NUNMBER (3 69)

T SUM(IIJK)I=SUM(TJK)I/CELTA $RETURNSENC (B 61)
$INPT BH=4540759)031e512e1 $ (B 62)
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FORTRAN PRCGRAM FOR EVALUATING THE CLCSED-TUNNEL FCORTION OF
EQUATION (A-4) OF APPENDIX A (THIS IS THE TERM CONTAINING THE
SINGLE INTFGRAL)}e THE RESULLTS GIVE UPWASH INTERFERENCE FACTORS
FOR WINGS CENTER-MCUNTEC BETWEEN INFINITE, HORIZCNTAL, CLGSED

BOUNDARIES.

IN ACOITICN TC THE COMMCN VARIABLE NAMES ALREADY CEFINED, )
THE FOLLCWING NAMES ARE OF IMFCRTANCE TO THIS PARTICULAR PROGRAM,

ARGYS = THE VARTABLE MULTIFLIEL CNTO THF VARIABLE OF INTEGRATION
TO MAKF UP THE ARGUMENT IF THE SINE TERM CF THE INTEGRANOD,

D. = THc VALUE CF THE INTECGFAL RESULLTING FROM USE CF A PQOSITIvVEc
SICN IN THE VERIAELE ARGYS.

D2 = THE VALUE CF THE INTEGRAL RESULTING FROM USE 0OF A NEGATIVE
SIGN IN THE VARIABLE ARGYS,

DLTC3 = THE UPWASH INTERFERENCE FACTOR CALCULATED FOR THE CLOSED-
TUNNEL PCRTION NF EQUATION (A-4), WHICH REPRESENTS DELTA-SUB-3,

ALL CTHER VARTIABLE NAMFS, EXCEPT AS NOTED, ARE USED MERELY AS
BCOKKEEPING DEVICES,

NAMEL IST INPLTS ARE  BH

PRIGRAMWT L INPUT y OUTPUT yTAFES=INPLT 4 TAPFo=0UTPUT,TAPEY ,TAPE2,PUNCH) (B 63)

DIMENSIONFQUL )y SMQUL)HQNT(L) »SFT2),YH(3,2),BH(5) (B 64)
COMMONARGYSENAMELIST/INPT/BHSREAC(S,INPT) (3 65)
NQ=58NFQ="FJC=b05F1=3,1415G2€65264CNV=1E-C7 ¢NMY=3 (3 66)

IN ADDITICN TC THE OPERATICNS PERFORMED BY THE NESTED DO-LO0OPS
OF THE PRECL DING PROGRAM, ThCSE CF THIS FROGRAM PERFORM TWC SEPARATE
INTEGRATICNS o IN THE FIRST, TFE VARIABLE MULTIPLYING THE INTEGRATION
VARTABLE IN ThE ARGUMENT NOF THE SINE TERM OF ThE INTECRAND HAS A
POSITIVE SIGN, IN THE SECCAND, IT HAS A NEGATIVE SIGN. FCR FACH
INTEGRATICN, CNC -- THE VARIABLE SETTINC THE INTEGRATION INTERVAL --
IS A FUNCTION CF ARGYS, THIS PROCEDURE RESTRICTS THE INTEGRATION
LIMITS CN ANY PARTICULAR INTECRATICN INTERVAL SUCH THAT TkRE
ARGUMENT CF THE SINE TERM IN THE INTEGRAND IS SOME MULTIPLE CF
PT AT THE LIMITS,.

ODCiIBH=L,53SKF1 )= #BF(IPH)ESF(2)=e7#*BH([BF)S$DOLISH=1,2 (B 67)
SB=SH(ISH)/EBF(IBF)EBS=1,/SBSWRITE(E,2)3H({IRH)}, SR (3 68)
WRITS(2,2)8HI3H),S8 (8 69)
2 FORMAT(IH 4 ///oXaH3/E=FT o2y LTX4HS/B=FT7034//75X53HY /Sy 8X2HET ,202X2FD2y, (B T72)
13%X%DELTA SUB C2x*x//) (B 71)
COLIYH=2 ,NMYSYHO IYH, ISH)=SHOTSH) *FLOAT(IYH=-1) /FLOAT(ANMY=-1) (R 72)
ARGYS=YHUIYF yISH)+SF{ISH}EYS=YH{ IYRy ISFH) /SHOTISH) {8 73)
ANC=PT/APGYSSCALLINFINTQ(NC,SVNC4FC,NFC,JQ,CNCsCNV,INT) S0 =QNT (3 74)
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If IYH = NMMY, THE VARIABLE ARCYS = ) AND THE VALUE CF THE INTEGRAL

IS 7ZFR(.
IFLIYH,EOAMY)IGCTCE (B 75)
ARGYS=YH(IYH,ISH)-SF(LSH)$CNC=PI/AES(ARGYS)SYS=YH(IYF,ISF)/SHIISH) (8 76}
CALLINFINTQUING, SMQyFQyNFQ,JQsGCNCyCNV,QNT ) ¢D2=QNTS$GOTO7 (B 77)
6 D2=)e (8 78)
7 DLTC3=8S#(0L-D2)/(44%*P1)$ARITE(6,32)YS,D1,02,0LTC3 (8 79)
WRITE(2,2)YS,D1+D2,CLTC3 {8 8721
2 FORMAT(LH 32XFbal2s3{4XFlle6)) (B 81)
PUNCH4,84(IBI{),SB,YE,DLTC2 (8 82)
4 FURMAT(2(F7,2}1,F€a2,4,F1Ca6) (B 83)
1 CONTINUESSTOP®END (B 84)

SURBRCUTINE FLNCQ IS CNE WRITTEN TO EVALUATE THE INTEGRANC GOF
INTEREST OVER THE VARIABLE @ IN ACCORDANCE WITH THE INTEGRATICN
SURRUOUTINF ¥MGAUSCs REFER TC CISCUSSICMN IN THE PRECEDING PROGRAM,

SUBRCUTINE FUNCG(QyFQYSCCMMON ARGYSS$ARG=ARGYS*Q (B 85)
FE=SINTARG)/{EXP(Q)*COSH(Q) ) $RETULRNSEND (B 86)
$INPT BH=05%30759y] 01205928 (B 112)

THIS PROGRAM MAKES USE CF THE SUBRCUTINE SUBPRCGRAMS INFINTQ AND
MGAUSG AS DEFINLC AND CISCUSSEC IN THE PRECEDING PROGRAM,.
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FCRTRAN PRCGRAM FOR EVALUATING EQUATICN (A-7) -~ WHICH REP-
RESENTS THE UPWASH INTERFERENCE FACTORS ODUE TO THE EFFECT OF
HCRIZONTAL CLCSEC BOUNCARIES CN THE INTERFERENCE VELOCITY POTENTIAL
INSIDE THE TEST SECTICN DUE TC VERTICAL CLOSED BOUNDARIES -- CF
APPENDIX A& ANC ECUATICN (2-8) -- WERICH REPRESENTS THE EFFECT OF
HORTZONTAL CLCSED BCUNDARIES CN THE INTERFERENCE VELOCITY POTENTIAL
OUTSIDE THE TEST SECTICN DUE TG THE HORIZONTAL CLOSED BOUNDARIES.
THIS PROGRAM CIFFERS FRCM THE PRECEDING CNES IN THAT COUBLE IN-
FINITE INTEGRALS IN TWC VARIABLES ARE CALCULATED RATHER THAN THE
SINGLE IAFINITE INTEGRAL IN CNE VARIABLE CALCULATED IN THE PRE-
CEDING PRCGRANS,

IN ACDITICN TO THE CCMMCN VARIABLE NAMES ALREADY DEFINED,
THE FOLLOWING NAMES ARE OF IMPCRTANCE TC THIS PARTICULAR PRCGRAM,

AL = A ONE-DIMENSIONAL ARRAY IN WHICH ARE STORFLC THE VALUES OF THE
INTEGRALS RESULTING FROM USE CF A POSITIVE SIGN IN THE VARIABLE #BY#,

A A ONE-DIMENSIONAL ARRAY IN WHICH ARE STORED THE VALUES OF THE
I R

2 =
NTEGRALS RCSULTING FRCVM USE CF A NEGATIVE SIGN IN TFHE VARIABLE #8Y#,

BY = A VARIABLE WwHICH SERVES THE SAME FUNCTION AS THE VARIABLE
ARGYS IN TrE PRECEDING PROGRAV,

DLTC4 = THE UPWASH INTERFERENCE FACTOR CALCULATED FCR EQUATION (A-7).

THE UPWASH INTERFERENCE FACTOR CALCULATED FOR EQUATICN (A-8).

DLTCS
ALL DTHER VARIABLE NAMES, EXCEPT AS NOTED, ARE USED MERELY AS
BOCKKEEFING NEVICES.

NAMEL IST INPLTS ARE RF

PRAGRAMWT ( INPUT s CUTPLT yTAPES=INPLT,TAPE6=CUTPUT,,TAPEL1,TAPE2,PUNCH) (B 113)

CUOMMONSHI(Z )y ISy YR(342) 91Y4BH,IE,C,BY,PI (B 114)
DIMENSION AL{2),£22(2) (B 115)
DIMENSTONFQ(ZYySMQY{2),ONT(2) ,BH{Z) $NANELIST/INPT/BHSREAD(S, INPT) (8 116)
NQ=3$NF=2¢JQ=008$PI=241L3592€¢5368CNV=1eE~0T7T6NMY=3 (B8 117)
DOLIB=1,58SH{1) =3 *BF(IB)SSH{2)=e7*BF(IB)SDCLIS=1,2 (B8 118)
SBR=SH{IS)/BH(IB) $BS=1./SBSWRITE{€,2)BH(IB)},SR (B 119)
WRITE(2,2)BH(IB) ,SB (B 120)
FORMAT(1H 4/ //6X4HB/h=F 723, 0X4HS/B=FT7e¢3,//5X3HY/S,TX*DELTA SUB C4 (B 121)
*,2X*DELTA SUB CE*//) (B8 122)
DOLIY=T,N¥YYSYH(IY,IS)=SH{IS)*FLOAT(IY=-1)/FLOAT(NMY-1) (B 123)
BY=BH(IBY+YF (Y, IS} $GNC=PI (B 124)
YS=YH(IY,IS)/SHUIS) SCALLINFINTQINC,SMQyFQHNFQsJQsQANC,CNV,QNT) (B 125}
AL (L) =0ONT (1) %81 (2)=CNT{z)$BY=BF(IB)=YH{IY,IS) (B 126)
CALLINFINTQING,ySMAyFCINFQy»JQyCNCoCAV,L,ANT) S22 (1)=QNT (L) (8 127)
A2(2)Y=QNT(Z2)#0LTC4==BS*¥{AL(1)+A2(1))/(2.*PI*P1) {B 129)
DLTCS=BS*(AL{2)+Az(2)) /(2.%PI*PI)SWRITE(6,3)YS,DLTC4,DLTCS {8 129)
WRITE(2,2)YS,DLTC4,CLTCH (8 130)
FORMAT(IH ,2XFé6,292 (4XF1M66)) (8 131)
PUNCH4, BH{IR)ySB,YS,s0OLTC4,DLTCSE (8 132)
FORMAT(2(FT7e3)4F€a232(FlUeb)) (B 133)

CCNTINUESSTOPSENC (B 134)
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IN ACCITICN TC PERFCRMING THE FUNCTICNS PERFORMED BY SUBROUTINES
OFf THE SAME NAME IN PRECEDING FROGRAMS, THE SUBROUTINE FUNCQ IN THIS
PRGOGRAM MAKES USE 0OF THE SUBRCUTINES INFINTR AND MGAUSR IN ORDER
TO PERFORM THE SECOND INTEGRATICN CVER THE VARIABLE R REQUIREC BY
EQUATIONS (A-7) ANC (A-8).

SUBROUTINE FUNCQUQ,FQ)$DIMENSIONFQ(2),SMR(2),FR(2),RNT(2),8H(5) {8 135)
COMMONSH(Z) s ISsYH(342)4IY4BHy 1By S,BY,PI$S=L6NR=2$NFR=2%JR=59) (B 136)

IN THIS FROGRAM, THE INTEGRATICN INTERVAL RNC IS A FUNCTION OF

THE VARIABLE #BY® ANALCGOLSLY TC AND FOR THE SAME REASCNS THAT THE
INTEGRATICN INTERVAL QNC IS A FUNCTION CF THE VARIABLE ARGYS IN THE
PRECEDINC PROCRAV FOR DLTC3,

ANC=PI/ABS(RY)SCNV=oF=C7SCALLINFINTR(NR ySMRsFR4NFR 3 JRJRNCyCNV,FQ) (B 137)
RETURNSEND (R 138)

SUBRCUTINE FUNCR IS CNE WRITTEN TO EVALUATE THE INTEGRAND OF
INTERE ST OVER THE VARIABLES € AND R IN ACCORDANCE WITH THE INTEGRATION
SUBROUTINES INFINTQ, INFINTR, MCAULSQ, AND MGAUSR.

SUBROUTINE FUNCR(RFR)SCIMENSICANFRI{Z),BH(5) (B 139)
COAMONSH(2 ) 9 ISy YH(342) 1Y 4BH,IB,CsBY,PISSHC=SH(IS)*Q$BFQ=BH({IB)I*Q (B 14J)
ARGL=COS(Q)Y*SINH{SHQ)/ (EXP(BHCI* (L *Q+R*R I*COSH{R) ) $BYR=BY*R (B 141)
ARG2=(Q*SINh{BHQ)I*CCS{BYR)+R*CCSH(BHQ) *SIN(BYR}) /SINH(BHC) (B 142)
ARG3I=C*COS(RYR)-R*SIN(BYR)SFR(1)=ARCL*ARGZS$FR(2)=ARG1*ARC?3 (B 143}
RETURNSEND (B 144)
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THE SUBROCULTINE SURPROGRANMS INFINTR AND MGAUSR IN THIS PRCGRAM
ARE NECESSAKY TC ALLOW INTECRATICAS OVER TWO VARIABLES RATHER THAN
THE ONE VARIABLz CGF PRECECING PROGRAMS, EXCEPTING FOR THE SUBROUTINE

NAMES ANC WHATEVER VARTABLE NAME-CHANGES ARE NECESSARY TO ALLOW THE

CALCULATIONS TC PRGCEEC WITHFOLT CCNFUSICN, THEY ARE ICENTICAL WI
THE SUBRCUTINES INFINTGQ AND MGAUSC AS CISCUSSED IN A PRECEDING

PROGRAM,

SURBRCUTINE INFINTRING SUMQFCFRINFQ,yJQyGINC,CONV,GINT)
DIMENSICN SUMQE1),FCFRIL),GQINT{2) $DCI1I=1,NFQ

SINTOI)=ve $AQ="5 S3CO2IQ=1,JQ$ [F{IGC-1L
AC=8Q

Va94,3

BR=FLOATIIR)I*QINCSCALLMGAUSRILGC,BC oy NC,SUMQ,FCFRy,NFQ)
QCCNV=208D0N51=1 s NFISCCONV=QCONV+ABS{SLMQ(T))

QINT(I)=QINT(I)+SUMC(IISIF(QCCAVLLT

GGT02
WRITE(A,8)$WRITE (2 ,8)$GOTCH

+CCNVIGOTCESIF(IQaEQeJQIGCTOT

FORMAT (1H , 2XXINTEGRAL NINCONVERCENT WwITH GIVEN UPPER LINMIT CN R¥)

CONTINUE
RETURNSEND

SUBRCUTING MGAUSR(A,ByNySUM,FIFX,NUMBER)
DIMENSION LS}, RA{E) 4SUMI L) FOFX(]) $DOILL=1,NLMBER

SUMILL)=Le 7

IF{AEQeB)IRETURNIU(1)=,42S562E820E)G1E848U(c)=52833r23C2C35374

Ul3) =016 29821258 4EE88U(4)=0 6T46831€66555088U15)=,013046735741414
R{L)=a¥4T776213238753768k{(2) =01 24632225C€54GGE%R(3)=,106542181257991
RE&Y =4 3747267457529 06R{5)=41,33328672154324$FINE=N
DELTA=FINS/{B-A) $D03K=3 yNSXT =K~ 1$FINE=A+XI/DELTA$0C211=1,45
UU=UCTT)/DELTA+FINESCALLFUNCRIUULFOFX ) $D02J0OYRDY =1 ,NUMBER
SIMUJOYROYI=R(T L )*FCFx{JNYBOY)I+ SUM(JTYBRCY}$DO3JJ=1,5

Uds{ooe -UCJIYI/DELTA+FINESCALLFUNCR

(UU,FOFX)$DO3NN=1,NUMBER

SUMINNY=F {JJ)*FOFX{AN) +SUMINN) ¢DCTIJK=1L,NUMBER

SUM{TJKY=SUNM{IJK)I/DELTA SRETURNSENC

BH=059075 9209, 059201 %

THIS PRAGRAM MAKES USt COF THE SUBKRCUTIANC SUBPRCCRAMS INFIANTQ AND

MGAUSC AS NEFINEL AND CISCUSSEC

IN A PRECECING PROGRAM,

TH

145)
146)
i47)
148)
149)
153)
i51)
152)
153)
154)
155)
156)

182)
183)
184)
185)
1861}
187)
138)
189)
190)
151)
192)
193)
194)

195)
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FORTRAN PRCGRAM FOR COLLATING DATA. THE PUNCHED-CARD OLTPUT

OF THe THRELT PPECEDING PRCCRAMS —= WHICK REPRESENTS UFWASH INTER-
FERENCE FACTORS FOR WINGS CENTER-MOUNTED IN CLOSED R=CTANGULAR WIND
TUNNELS AS DEFINED IN THCSE PRCGRAMS ANC APPENDIX A —-- IS THE INPUT

TO THIS PRCGRAM, THE CATA AS READ INTC THE PROGRAM ARE PRINTED-
OUTs THEN COLLATED ANJ RE-FRINTED AS 4 CFECKe THE COLLATED DATA
ARE ALSC CUTPLT CN PUNCHED CATA-PROCESSING CARDS FOR LATER COLLATION
WITH THE DATA REPRESENTING UFPWASH INTERFERENCE FACTORS FDR WINGS
CENTER-MOUNMNTEC IN PROGRFSSIVELY MORE OPEN RECTANGULAR PERFORATED

WIND TUNNELS,

IN ADDITICN TC THE COMMCN VARIABLE NAMES ALREADY CEFINED,

THE FOLLOWINMG NANMES ARE OF IMFCRTANCE TC THIS PARTICULAR PROGRAM,

]

D2z DLTC2 OF A PRECEDING PROGRAM,

B3 = DLYC2 OF A PRECZDING FPROCGRAM,
N4 = DLTC4 OF A PRECFDING FROGRAM,
05 = DLTCF NF A PRECZDING FRCGRAM,

ALL ODTHFPR VARTABLF NAMES, EXCEPT AS NCTED, ARE USED MERELY AS
BOCKKrEPING DEVICES,

PROGRAMWT ( INPUT , CUTFUT ,TAPES=INPLT ,TAPES6=CLTPUT,TAPE1,TAPEZ2,PUNCH) (B 196)
DIMENSTONRHI3G,2) 3SE(30,y2)9¥S(37,3),D2(30),C3(30),D4(3¢),D5(30) {8 197)
REABIS,, P Y (RF{TL,L)ySBLI42),YS({T,1),02(1),I=1,30) (B 198)
READ(S s I)(BH{I42)sSE(1,2),YS(1,2),D3{1),1=1,3") (R 199)

1] FORMAT(Z(F7o2)yFEoazsFrLeé) {B 20a)
READ(S5,2)(BHLT43),SE(L43),YSUI1,3),C4(1),D3(1}),1I=1,30) (B 201)

2 FORMATH(2{F763)9F€e292(F10a6)) (8 202)
WRITE(AS 2 (2H{T 42 ) 3 SE(T+3),YS5({1,1),02(1),41=1,30) (B8 223)
WRITE(SyE V(BRI 32V ySBUTLac)yYSUIZZ)4D3(1} ,1=1,30) (g 204)
WRITE(5,4)(BHIT 32) 4SBLT43)y¥S(T,42),Da(I),C5(1),1=1,32) {B 205)
WRITE(As6)(SBLTI2)yBHOT 1Y 4YS(L,1)402C(1),D2(1)1,D4(1),D5(1),1=1,32) (R 2016)
WRITE(Za6 Y (SFUL L)y BHE{I,1)sYS(T,1),02(1)4,C2(1),D4(1),D5(1V,1=1,3C) (8B 207)

3 OFORMATIIH /72X %=S/DBX4X¥B /H*3XEY /SHZXXDELTA SULB C2%//(2(FT743)4F6e2y (B 208)
1FYZe.¢€)) (B 209)
& FURMAT(IH o/ /2X%S/R*4X%B /H®3IXAY/S*2XXDELTA SUB Ca*x4X*DELTA SULB C5% (B 210Q)
T//7(2(FTe7) 3,Fhe2 1 FL2e694XF1246)) (8 211)
5 FORMAT(LH //72X%S/B¥*4X¥B /HEAXAY /SHZXHDELTA SULB C3%//(2(FT763),F6e2y (B 212)
ifil2s.61)) {B 213)
6 FORMAT(IH o //7XES/RH4XHB /HE3IXRY /S XHDELTA SUB C2%4X¥DELTA SUB C3% (B 214)
I4XEDELTA SUB Ca%4X%CELTA SUB CE*//(2(FT7e¢3)4Fta2,4(4XFL24€))) {B 215)
TA==26N07 7 J=) 428 TA=TA+28M=TA-CSDCLCK=1 y5NM=N+6EN=M+2 (B 216}
WRITE(o,7)(SBUTs L)y PHIT X )y ¥YS(T41),0201),03(1),04(1}),D5(1)y1=M,N) (B 217)
WRITE(237)(SAUT 3y 1) 9BH{TI23)o¥YS(L43) 502011 4D3(1)4D4(I1},DS(1)yI=M,N} (B 218)

7 FORMAT(2(F7c3)sFtacy4{2XFlZat)) (B 219)
PUNCHSBy(SBIT i) o BHLTL g1) 9 ¥YS(T 911 9C2(1)403(I)4yD4(1)4D5{(1)yI=M,yN) (B 229)

8 FORMAT(2(F702)yFEtocs4(Fl266)) (B 221)
1¢ CONTINUESSTOPSENL (B 222)
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FORTRAN PRCGFAM FCR EVALULATING THE PRCGRESSIVELY-NCRE-OPEN-
TUNNEL PCORTICN OF EQUATION (A~-2) CF APPENDIX A (THIS IS THE TERM
CONTAINING THE HYPERBCLIC SECANT IN THE INTEGRAND), THE RESULTS
GIVE UPJASH INTERFERENCE FACTCRS FCR WINGS CENTER-MCUNTED BETWEEN
INFINITE, VIRTICAL, PERFORATEL BCLNCARIES,

It ALDITICN TC THE CCMMCN VARIARLE NAMES ALREADY CEFINED,
THE FOLLLWING NAMES ARE OF IMPCRTANCE TGO THIS PARTICULAR PROGRAM,

NLTYe = THE UPWASE INTERFERENCE FACTOR CALCULATED FCR THE PRCGRESS-
[VELY-MCRE-UPEN-PLRFORATEM-TUNNEL FPCRTICN OF EQUATICN (A-2).

ALL CTdeR VARLASLE NAMES, EXCEFT AS NOTEC, ARE JSED YERELY AS
BOOKKECPING DEVICES,

NAMEL ST INPLTS ARE  FR, BT, RP

PROGRAMAT(INPLTyCUTFUT 4yTAPES=INPLT TAPEA=CLTPUT,TAPEL1,TAFEZ4PUNCH) (R
COMMINSH{Z) ¢ ISy, YF{342) 41 VY,BH,IB,PI,RR (B
YIMENSTONEFQU )3 SME(L ) ONTULL) s BHUE) ZBT(S),FP(4) (B
NAMELIST/INPT/34,RT,RPSREAD(S, INPT) (R
NE=adNFL=Y50G0=0) P I=2,14 L9 €C2€68CNV=1,FE~L TENMY=2 (8
DN LS=0y 800 L I8=_435 $SH(L)=2%BH{IB) $SH(2 )= 7*BH(IB)SNC.IP=1,4 {B
L0 IT=4,¢ $RB=RP{IP}Y/RT(IT) (B

IN THIS FRUGRAM, THE INTECRATICN INTERVAL QNC IS MADE A FUNCTION

OF THY VARTIABLE RE AND THE INCEXING INTECHFR IP IN ORODER TC GIVE THF
SAMEZ PUMBRER TF INTEGRATION PCINTS PER UNIT LENGTH OF THE INTEGRATIO
VAR TARLE o IN THE APGUMENTS CF THE TRANSCENDENTAL FUNCTIONS IN THE
INTEGRAND,  THEIS ALSO PRODULCES APPKCXIMATCLY THE SAMZI AMOUNT CF
CNMPUT-R PRICESSING TIME FCR THE EVALUATICN OF EACH TEST CASE.

JMC=RR/FLOAT(IP) $S3=Sr(IS)/BRH{IB)¥BS=1,/SE (8
WEITCAZ P2 )PHTIR) 3SAkISWRITELE,2IBF(IB), SR ,RR (B
FORMAT(YH 3/ / /X3 /E=FT 623 ,10X4HS/8=FT7a3," UX¥X/BETA=XFT,2,//5X3kY/ (B
Sy7X%ECELTA SUR 12%//) (B8
DOITY =L NYYEYHOL Y IS =SHOISI*FLCATOIY-")/FLOAT(NMY=-1) (B
YS=YH{IYy ISH/SHOTISYICALLINFINTQONGySMC,FQINFC,JQsQONC,CAV,LQNT) (B
DLTO2=3SHGNT/ {2 *¥PLISURITE(S y3)YSyDLTC2SWRITE(Z,3)YS,NLTC2 {8
PUNCH4, SBy PHIIR) sKB3,YS,DLTC2 ;)
FCRMAT(3({F762)yFéacsFliab) (8
FORMAT(4XF 0o 246XFlitet) (B
CUNTINUE $STCPEINC (8

223)
224}
225}
226)
227)
228)
z223)

N

237)
23%)
23?2)
233)
234)
235)
236)
237}
238)
239)
247}



APPENDIX B

SURRCUTING FUNCQ IS CNE WRITTEN TO EVALUATE THC INTEGRAND 0OF
INTIREST CVER THE VARIABLE © IN ACCORCANCE WITH THE INTEGRATION
SUBROUTINT 4GAUSGCe KEFER TC CISCUSSICMN IN A PRzCEDINC PRCGRAM,

SUBRMUTINE FUNCGQUQFQ)SCIMENSIONFQ(L) ,BH(E)
COMMONSHI2) y 1Sy YHR(2,42),IYyBH, IB,FI4RE
SRW=SHIISI®IEYI)=YER(IY,IS)*Q$BI=BH(IB)*C$BR=]14/RB
AL=STNHISCY*COSHLYQ) /(U SINH(3C)I*COSH(RG))

2=SARTUIRE ¥ERATANR(RGIFRTANH(BQ)+1,)
FO=AL*(BEXTANF{BGC)I-A2)SRETURNSENE

SINPT BH=65430751 011 e51269BT=1 01031062045 1e31RP=0e) 4045925976549

THIS PROGRAM MAKES USt 0OF THE SULBRCLTINE SUBRPRCSGRANMS INFINTC AND

MGAUSL AS PEFINECE AND CISCUSSEC IN A PRECLDING

PROGRAN,

24)
242)
243)
244)
245)
246)

272)
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FORTRAN PRCGRAM FRR EVALUATING THE PRCGRESSIVELY-NGRE-QOPEAN-

TUNNEL PCRTICN 0OF EQUATION (A-4) CF APPENDIX A (THIS IS THE DCUBLE-
INTEGRAL PORTION OF THE EQUATICN)e THE RESULTS GIVE UPWASH INTER-
FERENCE FACTORS FOR WINGS CENTER-MCOUNTED BETWEEN INFINITE, HCRIZONTAL,

PERFORATED BOUNDARIES.

IN ADDITICN TC THE CCMMCN VARIABLE NAMES ALREADY CEFINED,

THE FOLLOWING NAMES ARE OF IMFCRTANCE TC THIS PARTICULAR PROGRAM,

AYS = A VARTABLE wHICH SERVES THE SAME FUNCTIGN AS THE VARIABLE
ARGYS IN A PRECELCING PRCGRAN,

0L = THE VALUE CF THE INTECRAL RESULTING FROM USE OF A POSITIVE
SIGN IN THF VARIABLE AYS,.

D2 = THE VALUE CF THE INTECRAL RESULTINC FROM USE OF A NEGATIVE
SIGN IN THE VARIABLE AYS,

DLTO3 = THF UFWASH INTERFERENCE FACTOR CALCULATED FOR THE PRLCGRESS-

IVELY-MCRE-NPEN-FPERFORATEC-TUNNEL PCRTICN OF ECUATION (A-4).

ALL CThHER VARIARLE NAMES, EXCEFT AS NOTEC, ARE USED MERELY AS
BOOKKEEPING DEVICES.

NANMELIST INPLTS ARE PRF, ET, RP

PROGRAMWT (INPUT,, CUTFUT oTAPES=INPLT ,TAPES=CUTPUT,,TAPEL,TAPEZ2,yPUNCH)
COMMONSH(Z )y ISeYF(542) s IYyBHyIRB4CHyPIRALAYS,IP
DIMENSIONFQLL)ySMG(LYQNT (1) BR{5),BT(5) ,RP(4)
NAMELIST/INPT/RH BT 4RPSREAD(S,INFT)
NC=43NFQ=L6JC=5) 8Pl =2, 4 832€5263CAV=] JE-CEENMY=3
DOTIS=2,28D001IR=2y5  $SH{L)=o3%BF(IB)SSH(2)=7*¥BH{IRB)$DO}IP=1,4
NDOIIT=Y,L $RB=RP(IFI/BTLIT)

SB=SHIIS)/BH(IB) $2S=.4/SBSWRITE(E,2)BH(IRB),SB,RB

FORMAT (LH ///76X4&EB/F=FT43310X4HS/B=F 73y X{X*R/RETA=%FT7,4,32,//5X3HY/
PSeTXEDELTA SUR )3%//)

COLIY=2 g NMYSYHOTIY o IS)=SHOIS)I*FLOAT({IY-1)/FLOAT(NMY-1)

IN THIS PRCoRAM, THE INTECRATICN INTERVAL QNC IS A FUNCTICN OF

(B 273)
(B 274)
(8 275)
(B 276)
(8 277)
(B 278}
(R 279)
(B 280}
(B8 281)
(B 282)
(B 283)

THE VARIABLE AYS ANALOGOUSLY TC AND FCR THE SAME REASCNS THAT THE

INTEGRATICN INTERVAL QNC IS A FUNCTION CF THE VARIABLE ARGYS IN
PRECEGING PRCGRAM FOR DLTC3.

AYS=YH(IY,IS)+SH{IS)SANC=PI/ABS({AYS)S$YS=YH(IY,IS)/SHIIS)
CALLINFINTGUINGy SMCyFQ,NFQyJQyONCH,CAV,QNT ) $D1i=QNT

THE

(B 284)
(B 285)
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IF Iy=%, YH=2 ANC AYS IS TFE SAME IN BCTF INTEGRALSe. IF 1IY=NMY,
AYS=2 AND THE INTEGRAL IS ZERC.

IF(IYeEQeV)IGOTOS (B 286)
IF{IYoEQoMMY)IGOTC4$AYS=SHLIS)-YF(IY,IS)}$CNC=PI/ABS(AYS) (8 287)
CALLINFINTGINQySMQyFQINFQyJIQ,CNC 4CAV,,QNT)ISD2=QNTS$GOTOS (B 288)
6 D2=NL$60T05 (8 289)
4 D2=0, (B 290)
5 DLTC3==-BS*{DL+N2)/ (2. *PI*PI)$WRITE(6,3)YS,DLTO3 (B 261}
PUNCH7,SByRH{IB)yRB,YS,DLTC3 (B 292)
T FCRMATI(3(FTe2),F€024Fi{eb) (B 293)
3 FORMAT{4XF o2 EXFINgE) (B 294)
1 CONTINUESSTCP$ENE (B 295}
SUBRCUTINE FUNCQ IS ONE WRITTEN TO EVALUATE THE IATEGRAND OF
INTERE ST CVFER THE VARIABLE C IN ACCCRCANCE WITH THE INTEGRATICN
SUBROUTINF MGAUSCe REFER TC CISCUSSION IN A PRECEDING PRCGRAM,
SUBRCUTINE FUNCG(Q,FCISCIMENSICAFC(YL)YySMRIZ),,FRIZ)4RNT(2),BF(5) (B 296}
COMMONSHI(Z ) g ISy YH{3,2) Y BHyTEsSH»PI,RByAYS, IPSS=CNR=3$NFR=2 (B 297)
IN THIS PROGRAM, THE [NTEGRATICN INTERVAL RNC IS MACE A FUNCTION
CF THF V/RIABLE RE ANC THE INCEXING INTECER IP FOR THE SAME REASONS
THAT THE INTECRATION INTERVAL CNC WAS MADE A FUNCTION OF THE SAME
VARTARLES IN ThE PRECELCING PRCGRAM FOR DLT0O2e
RNC=5¢*RB/IPYCNV=1F-"T7$JR=]1CC( (B 298)
CALLINFINTR{NRySMR,FRyNFRyJR4RANC yCAV,RNT ) $SYC=AYS*Q (B 299)
FQ=SINISYQ)*{O*RNT(1)+RNT(2}/(RB*RE*Q) ISRETURNSEND (B 309)
SUBROUTINE FLNCR IS CONE WRITTEN TO EVALUATE THE INTEGRAND OF
INTERLST OVER THE VARIABLES Q€ AND R IN ACCORDANCE WITH THE INTEGRATION
SURROUTINES INFINTG, INFINTR, MGAUSQ, AND MGAUSR.

SUBROUTIME FUNCRIRFRISDIMENSICN FR(2Z),BH(5) (8 301)
COMMONSHIZ ) ,IS,YFH{3,2),1Y,8BH, [By,C,P1,RB, AYS {8 3922)
AR=SQRT(F*R/(RI*RB)+G*¥Q) $BRL =],/ (RB*RBR)+ 1, (B8 303)
FROL) =2 e/ (BRI *RHR+CxCI*CUSHIARI*CCSH{AR)-R*R) (B 304)
FRI2V=.o /U{BRL+Q*Q/(R*R) ) *CCSH{AR)*CCSH{AR) ~1,) $RETURNSEND (B 305)

$INPT BH=.5,°75“~N,C.5.2.,BT=1.1.8,.67.45,.3,RP=.1,.45,2. ’7.5y$ i (B 358)

THIS PROGRAM MAKES USE OF THE SUBROUTINE SUBPROGRAMS INFINTQy INFINTR,
MGAUSQ, AND MGAUSR AS DEFINED ANU CISCUSSED IN PRECEECING PRCCRAMS,
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FORTRAN PRCGRAM FOR EVALUATING EQUATICN (A-13) OF APPENDIX A,
THE CALCULATICNS GIVE AN APPRCXIMATION CLCSE TO THE SIMULTANECUS
ORIGIN OF THE THREE VARIABLES CF INTECGRATION TO THE UPWASH INTER-
FERENCE FACTORS FOR WINGS CENTER-MCUNTED IN PROGRESSIVELY-MORE-OPEN-
FERFOPATED TeST SECTICNS. THE INTERFERENCE FACTORS CALCULATED
REPRESENMT THE EFFECT CF ACRIZCNTAL BOUNCARIES OGN THE INTERFERENCE
VELOCITY PUTENTIAL INSIDE THE TEST SECTION DUE TO VERTICAL BOUNDARIES,

IN ADUITICN TC THRE COMMCN VARIABLE NANMES ALREADY CEFINED,
THE FOLLOWING NAMES ARE OJF IMFCRTANCE TO THIS PARTICULAR PROGRAM,

D4 = THEZ LPAASH INTERFERENCc FACTCR CALCULATEDS
FPSLI = A SMALL NULMBER, EPSILCN-SUB-1 IN EQUATION (A-13).

EPS2

A SMALL NLMBEIR, EPSILCN-SUB-2 IN EQUATION (A-iZ}),

ALL CTHER VARTABLF NAMES, EXCEFT AS NCTED, ARE USED MERELY AS
RCCKKEFPING DEVICESe

NAMELIST INPLTS ARE 2+, RT, RP

PROGRAMWT (L INPUT, OUTPLT »TAPES=TINPLT ,TAPZ&=CUTPUTTAPEL,TAFEZ,PUNCH) (B 359)

OIMENSTIN 3H(Z) ,3T(5),KP{4) (B 367)
NAMELIST/ZINPT/3H 43T 4k PEREAD(S, INET) (B 361)
Pl=3e L4 L ClEeB20 3PS =EPS =01 swWRITELEL2ISWRITE(Z2,y2) {B 362)

3 FORAATULH //5XAR3/F,5X6HR/BETARXZRDSG,,//) (B 363)
NN IR= 5S¢0 IP=1,44CC_IT=1,y5¢3AR=RKP(IP)/BT(IT)$BH=RB/B1(IR) {B 36¢4)
RBS=RINKERALARL =SNP T(FPSZ*¥EDPSZ4RRS) (B 365)
AR=FEPS2%ART+RASKXALOC(FFS2+ARL )I-RES*ALCG{RBF)—-EPS2*EPS2 (B 366)
DO=FPS XRBRAR/( 2. %D [ =P [XRAS)SWRITE(H,2)B4(I8B),R3,C4 (B 367)
wRITelz,y,o YRELIR) y=3,Ce (B 368)

2 OFRMAT(Z(.XFTo3,32X) 4F1208) (B 369)
PUNCHL4yPH{TFE),+8,04 (B 377

4 FORMAT(Z{FToZ)sF 0o €E) (R 371)
TOCUNTINYESSTOPSND (B 372)
$INPT BH=.5,°7.‘71”1°E,PoyBT=?o”8”&,945”7,%’:.1”45y2e,7.5,5 {B 373)
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FORTRAN PRCGFAM FCR EVALUATING THE FIRST TRIPLE-INTEGRAL PORTION
OF EQUATICN (A-34) OF APPENDIX As THIS CALCULATICN BEGINS AT THE
PCINT THE IMMEDIATELY PRPECECING PRCGRAM {EFT-OFF AND CARRIES THE
INTEGPATICN THRULGH PART CF TFE REMAINCER OF ThE INTECRATION RANGE.
THE CALCULATICNS GIVE AN APPRUXIMATINN AWAY FROM THE SIMULTANEQUS
ORIGIN OF THE THREL INTEGRATICN VARIABLES TO THE UPWASH INTERFERENCE
FACTI+S FOK WINGS CENTER-MCUNTELC IN PRGGRESSIVELY-MCRE-OFEN PER-
FORATLM TEST SECTICNSe THE INTERFERENCE FACTRRS CALCULATED REPRESENT
THE CFFECT OF HNRIZONTAL RCUNCARIES ON THE INTFRFERENCE VELOCITY
PCTENTIAL INSICE THE TEST SECTICN CUE TC VERTICAL BOUNDARTIES.

IN ChCER TC CCMPARE WITEF EQUATICN (A-14) OF APPENCIX A, NQTE

THE FOLLCWING EQUIVALENCFS.

Q2 UF THIS PRLIGRAM

]

CREEK LETTER #THETA#z OF EQUATION (A-14),

£P2 OF TRIS PRUOGRAN

CREEK LETTER #RKC# CF EQUATION (A-14),

[N AFPCITICN TC THe CCVMNCN VARTAPLE NAMES ALREADY DEFINED,

THE FOLLNWING NAMES ARE OF IMFCRTANCE 1C THIS PARTICULAR PRCGRAM,

DLT% = TYF UFWASH INTERFERENCE FACTOR KRESULTING FRCM THE CAL-
CULATTOCNS CF THIS PROGPAM,

ALL CTHER VARIABLE NAMES, EXCEPT AS NUTED, ARE USED MERELY AS
BACKKEC FING DEVICES,

NAMILIST INOLTS ARE  RF, BT, RF

PROGRAMNTUINPUT,CLTFLT yTAPES=INPLT ,TAPESG=CLTFUT,TAPEL,TAPE2,PUNCH) (B 374)
COMMONSH (L ) s ISy YH(Z 42V, IY4BHIER), TE,QyR4PI,RB,AYS {B 375)
DIMENSIOMFEO(L)ySMO(Z) BT {5)4RP(4) (B 376)
NAMEL IST/ZINET/ A ,BT,FPESREAC(S, INPT) (8 377)
NFQ=_$PI=26141532¢65265NMY=33AC=C,8BQ=F1/2. (8 378)
DOIIS=142¢D0LIR=1y58SH(L )= 3*PFUIR)ESH(Z2 )=, 72BH(IRBR) $DOXIP=1,4 (R 379)
DT IT=L, 5 8RR=FP(IP) /BTHIT)ENC=1+TFIX(RB/4.) (B 380)
SB=SHI{ISI/BH(IB) ¢RS=1./SBEWRITEL£,2)BR{IB),SB,K3 (R 3821
WRITF{2,2)34(1R) ySB,RB¢C=RB¥XBS/(FI*PI*P]) (8 3821
FORMATU(IH 3 ///>X4F3/F=FTe3,1IX4HS/B=FT743,1CX*¥R/BETA=*F742,//5X3HY/ (B 383)
1S,EX®NFLTA SUF O4%//) (B 384)
DAYIY=LyNMYEYH(TIY, I S)=SHIIS)*FLOAT(IY-1)/FLCAT(NMY-1) (B 385)
YS=YH{IY,IS)/SH{IS) $CALLMCAUSCIAC,BC,NC,ySMC,FQINFQ)ISDLTO4=C*SMQ(1) (B 386)
WRITE{ 62V YS,NDLTCSSWRITE(Z,3)YS40LTC4 (B 387)
FORMAT(2XFbooZ 35XF 1 e8) (B 388)
PUNCH4, SRy RH(TI3) 4FB,YS,DLTC4 (B 389)
FORMAT(3(FTa3)yFloz FI{ak) (B 39¢C)
CONTIANUTC$STOPSEND (B 391)
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SUBRCUTINE FUNCQ IS ONE WRITTEN TO EVALUATE THE INTEGRAND OF
INTEREST OVER THE VARIABLE € IM ACCCRCANCE WITH THE INTEGRATION
SUBRDUTINE MGAUSQe REFER TC CISCULSSION IN A PRECEDING PRLGRAM.

SUBROUTINE FUNCG(QFQ)SDIMENSICNFQ(1),FRI1),RNT(1) (B 392)
COMMONSH(Z) y IS, YH(3,42)41Y,BH(5), I8,S4R,PI,RByAYSES=QINR=TENFR=1 (B 393)
JR=3I1$CNV=1eF=>5$AYS=YH(IY,IS)+BH{IB)$SRNC=PI/ABS(AYS) (B 394)
CALLINFINTR{NRyFRyNFRyJRyRNCHCMV,ENT)ISCLI=RNT(1) (B 395)
IF(IYeEQaI)IGATNLSAYS=BHIIB)I-YF{IY,IS)ERNC=PI/ABS(AYS) (B 396)
CALLINFINTR(NRyFRyNFR,yJRyRNC,CAV,RNT)EN42=RNT (1) $GOTO5 (8 397)
D42=041 (B 398)
FQUL1=COSI(C)* (DL +C42)SRETURNSENC (B 399)

SUBRQOUTINc FUNCR IS ONE WRITTEN TO EVALUATE THE INTEGRAND OF
INTEREST GVER THE VARTABLES € AND R IN ACCORDANCE WITH THE INTEGRATION
SURROUTINES IANFINTR, MCAUSQ, AND MGAUSR.

SURRCUTINZ FUNCR(R,FR)SDIMENSICAFR( L) FP(1)4PNT(L) (B 409)
COMMONSH(2) 9ISy YH(3 42) 1Y ,8H(5),1B,4QyT4,PI,RB,AYS (B 401)
T=R&NFP=2$JP="" $CNV=CoE~CS5$PNC=PI/{2,*%CNS(C)) (B 4902)
TF{PNCoGTa {co*PI JIPNC=Z o *PISNF=IFIX(PNC*Z2o/PI)$IF{NP.LT41INP=1 (B 403)
CALLINFINTPINP,FPyNFPyJP 4PNC,CNV,,PAT)SFR(1IDI=PNT(L)$RETURNSEND (B 404)

SUBROUTINE FLNCP IS CONE WRITTEN TO EVALUATE THE INTEGRAND OF
INTEREST CVER THE VARIABLES Fy Gy AND R IN ACCORCANCE WITH THE
INTEGRATICON SUBRCUTINES IAFINTE, INFINTR, MGAUSP, MGAUSQ, AND MGAUSR,.

SUBRCUTINE FINCFE{P,,FPISCINMENSICAFF{L) (8 405)
COMMONSHI2 ) s ISeYFR(2492) 3 IY4yBH(IE),IB,QsR4PIRB,HAYS (B 406)
RP=BH{IR}*PSSP=SH{I S)*P3AL=SARTIP*PESIN(Q)*SIN(QI+R*R)$A2=P*CAS(Q) (B 407)
AR=AYSHRSSNAR=ARFIF (AR,GTeoOE) SNAR=SIN(AR)$CSAR=CCS (AR} (B 408)
SHBP=BPEIF(BPeCTeo JZ)SHFBP=SINF{BF)S$CHEP=CLCSH({RP) (B 409)
A= P*SHBP*CSAR+R*CHBP*SNAR) /{F*P+R*R ) $SNG=Q (8 410)
IFlWaGToo *S)SNO=SINIC)SDT =SHPP#*SFFF+RE*RBESNC*SNQ*CHBP*CHBP (B 411)
SHAL= o 31F{A1 05T oo iZ)SHAI=SINH(AL)/ATSCHAL=CCSH{AL) {B 412)
DO={RIUPHESNCHRSHAL )R 32, +CHAL*X 2, 8TRI=SINH(SP)HAN/{EXP{BP)*D1%D2) (B 413)
SNAZ2=AZ$1F (Bc2o5T oo ‘E)SNAZ=SINIAZ2)ECSAL=CCS{AZ)BCSQ=CCSI{Q) (B 414)
AB=( (RBR*SNQ )% o }FPFSNAZ*SHAT4CSC*CSAZ*CHAT (B 415)
A4=SHAP-KAXRAESN CRSNCRCHEPSAS=A2*C SA2% SHAY -~ SNA2 *CHAL (B 4l6)
FPL1)=TRI = (EXP(BP)*A2+4A4%*A5) $RETURNSEND (B 417)
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THiz SUBRUOLTINE SUBPROCRANMS INFINTP AND MGAUSP IN THIS PROGRAM
ARE NECESSARY TO ALLOW INTEGRATICNS OVER THREE VARIABLES RATHER THAN
THE TWO VARIABLES CF PRECECINC PRCGRAMS, EXCEPTING FCR THE SUBROUTINE
NAMES ANC WHATEVER VARIABLE NAME-CHANGES ARE NECESSARY TO ALLOW THE
CALCULATICNS TC PRCCEEC WITHCLT CCNFUSICN, THEY ARE ICLENTICAL WITH
THF SURRCUTINES INFINTQ ANDC MGAUSQ AS DISCUSSED IN A PRECEDING
PROGRAM, ALSC NCTE THAT THE INITIAL VALUE CF THE LOWER LIMIT #AQ#
HAS RBEEN CFANCED FROM ZERO TO Ceo0l IN ACCORDANCE WITH THE LIMITS
ON THE INTEGRALS BEING PRCGRAMMED,

SUBRCUTINE INFINTP(NQ.FCFPyNFCyJQsQINC,CCAV,QINT) {8 418)
DIMENSION SUMQEY ), FCFP(L1),QINT{1) $DO1I=1,NFQ (B 419)

L QINT{I) =00 6AC=001%DC210=1 ,JQSIF(IC-1)4494,2 (B 420)
3 AQ=8QsGUTNA (B 421)
4 BQ=2s (B8 422)
9 BR=BY+QIM CSCALLMCAIJSP{ADQ,BQ,NG,SLMC,FCFP,NFQ) (B 423)
CCONV=2o3%00%1=Y  NFOSCCONV=CCONV+AES (SUMQI(T)) (B 424)

5 QINT{I)=QINT(T)+SUMC(I)$IF(QCCAVaLTCOCNV)GCTOSSIF(IQ,EQeJQIGLTOT (B 425)
GCT? (8 426)

7 WRITE(6,R)SWRITE(Z,€)8GUTOS (B 427)
8 FORMAT(LH ,zX*INTEGRAL NCNCCNVERCENT WITH GIVEN UPPER LINMIT CN P*) (8 428)
2 CONTINUE (B 429)
6 RETURNSEND (B 430)
SUBRCUTINE MGCAUSP(2,8,N,SUM,FCFX,NUNMBER) (B 443)
DIMENSION U(5),R{5),5UM({1),FOFX{1)8D01LL=1,NUMBER (B 444)

1 SUMLL)=to (B 445)
IF(AEQeBYRETURN SU( 11 =2c4255€2E205361848U(2)=,2833N230298E5376 (B 446)

Ul3)=o1067 26582155804 E8%U(4)=eCELT4EETLEESEECESLI5)=o013046735741414 (B 447)
RELI=a 3477023123573 76¢%R{2)=6134633356654GG88R(3)1=,129543181257991 (B 448)

R{4)=oT74T725%T745T529CSR15)=,G223286721543448F INE=N (B 449)
OFLTA=FINE/(B~A) $D02K=1 s NS XT=K=-1$FINF=A+XI/DELTASD0211=1,5 (B 450)
UU=U(TI)/DFLTA+F IN=$CALLFUNCP{LU,FOFX)$ND02J0YBOY=1,NUMBER (B 451}

2 SUM(JOY3O0Y)=R{TT)I*FCFX{JUYBOY)+ SLM(JCYBCY)$CN3JJI=1,5 (B 452)
UU={1Loe ~U(JJIII/DELTA+FINESCAL LFUNCP(UU,FCFX) $DO3NN=1 ,NUMBER (B 453)

2OSUMINN) =R{JJI)=FCFXINANI+SUNMINNYSCCTIJUK=1,4 NUNMBER (B 454)

7 SUM{TJIKI=SUMITIJKI/OELTA $RETURNSEND {B 455)
$INPT 8H5059o757:,e11-512.151-:1.10Frob’o‘*Sin%’RP:.ly-‘fsvz.y7.515 (B 482)

THIS PROGRAM NMAKES USE OF THE SUBROUTINE SUBPROGRAMS INFINTR,
MGAUSQ, AND MGAUSKR AS DEFINED AND DISCUSSED IN PRECEELING PRCGRAMS.
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FCRTRAN PRCGRAM FJIR EVALURTING THE SECOND TRIPLE-INTEGRAL PORTION
OF EQUATION (A-14) CF APPENDIX A, THIS CALCULATICN BEGINS AT THE
POINT THE IMMECIATELY PRECECING PRCGRAM LEFT-OFF AND CARRIES THE
INTEGRATICN THROLGH THE REMAINDER CF THE INTEGRATION RANGE. '
EXCEPT FCR THE LIMITS 0OF INTEGRATICN, THIS PROGRAM IS IDENTICAL
WITH THE PRNOGRAM IMMECIATELY PRECEDING. ONLY THE PORTION SHOWING
THE CHANCE IN THE LIMITS OF INTEGRATICN IS REPRODUCED FERE.

SURROQUTINE FUNCR{RFRISDIMENSICNFR(L) ,FP (1) {8 529}
COCVMONSHI{Z2 ) s ISy YR(3,4,2) 3 IYyBH{E)y IE,QyToPI4RBHAYS (B8 510}

SINCE T4E INTEGRATICN LIMITS CN THIS IMNMTEGRAL ARE FINITE RATHER
THAN INFINITE AS WITH THE INTEGRAL OF THE PROGRAM [MMEDIATELY
PRECEDING, THE SUERQUTINE INFINTP IS NCT USED IN THIS PROGRAM,

T=RENFP=] $NP=_%AP= 14 $EP=, 0 1$CALLNGALSP (AP, BPyNPFR(1)yFPyNFP) (8 511)
RETURNSEND 512)
IN ACCCROANCE wlITH THE INTEGRATION LIMITS CF EQUATIODN (A-14)

OF APPENDIX A, TFE INITIAL VALLE FCR THE LCWER LIMIT AQ IN THE
SUBRPOUTINC INFINTR IS SET AT Cel1 RATHER THAN ZERO,.
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FCPTPAN PRCGRAM FTOR CCLLATING DATA. THE PUNCHED-CARD QUTPUT

GF THL THREz PRICEDING PROGRAMS IS THE INPUT TCO THIS FRCGRAM,

THE DATA ART CCLLATED, PRINTEC GUT AS A CHECK, THEN PULANCHED CNTO

DATA-PROCISSING CARDS FOR LATER CCLLATICN wITH THE DATA REPRESENTING
WINGS CENTFR-MCUNTLC IN CLCSEE, RECTANGULAR, PLCRFORATED TEST-SECTIONS

AND WITH THZ CATA REPRESNTING VARICLS CCMPONENTS OF UFWASH
INTERFEZRFNCE FACTURS FOK WINGS CENTER-MCLNTED IN PRCGRESSIVELY-
MCRE~DPEN, RECTANGULAF, PERFCRATED TEST-SECTICNS. THE COLLATED

CATA (F TkIS PROCFAM GIVFE THE TOTAL COMPCNENT FOR PRCGRESSIVELY-

MORE-OPEN TEST~-SECTIONS UF UFPWASH IATERFEXKENCTZ FACTORS DUE TO THE

EFFECT OF WIRIZOGNTAL BCUNCARIES ON THE INTERFERENCE VELGCITY
POTENTIAL INSIGE THE TEST-SECTION CUE TG VERTICAL BOUNDARIES.

IN ADOITICN TC THE COMMCN VARIABLE NAMES ALREADY CEFINELC,

THE FOLLOWING NANES ARE OF IMFCRTANCE TC THIS PARTICULAR PRNGRAM,

D&l = D& CF THE FRCGRAM EVALUATING EQUATION (A-33) OF APPENDIX A.

D42 = DLTC4 OF THE PRNGRAM EVALUATING THE FIKST TRIPLE-INTEGRAL
PORTION CF rwUATICN (A-x4) CF APPEANCIX A,

42 = DLTC4 OF THE PRCGRAVM EVALUATING THE SECCNU TRIPLE-INTEGRAL

PORTIUN CF EQUATICN (2-24) CF APPENDIX A,

C&s = THE RESULT CF COLLATICN CF THE FACTCRS D4l, D42, ANC D42 INTO
THE UPwWASH INTERFERENCE FACTCR REFRESENTING WINGS CENTER~-MOUNTED

IN PRPGRESSIVELY-NMCRE-OPEN, RECTANGULAR, PERFOPATED TEST-SECTIONS

DLE TO THF EFFCCT CF RCKIZCNTAL BOUNDARIES ON THE INTERFERENCE

VELOCITY PUTENTIAL INSIDE ThE TEST-SECTICN DUF TO VERTICAL BCUNDARIES.

ALL OTHER VARIABLE NAMES, EXCEFT AS NJTED, ARE USED MERELY AS
RCCKKEEFING DEVICES,

PROGPAMWT (INPLT, CUTFUT yTAFES=INPLT, TAPE6=CUTPUT,PUNCE)
DIMENSION AHY (L 1) yBHZIESY) yBR2LECT) ,RBLIITC)RB2(AIDV,RB3(6)0)
DIMENSION SR2(57% ) 9ySRA(60 1)y YSZLENL ) ,YS3(E0C),De(130),N42(630)
DIVENSION De3(610),Le4(60C),NDE(elL)
REACI®y L) (BHI (T ) g kRI{T1) D411, I=3,100)
FORMAT(2(F 7o 2)yF1%s E)
KEAC (5,20 {SB2{]1),BHZ(T)+R8201),Y52¢
READ{S5,2)Y(SBA(T ) ,RH3{I),RR3(1),YS2(
2 FORMAT(2(FT7e2)yFéoZyFliakt)
WRITE(O,TIBWRITE(6, L1 ({BHI(T)yRELLL)ZD42(1),I=3,10")
FORMAT(2X 4B/ H%3X %R /RETAXIXKDLT4L41L*//)
WRITE (6 4L Y SWRITE(E »2) (SB2( 1) yBH2(T),RE2(1),YS2(1),042(1),1=1,600C)
ARITCE (&, 9) PWRITE(E L Z)(SRATT) ¢BHI(T),RB3( 1) ,YS3{I),D43(T),1=1,60C3)
4 FORMATU///72X%SIRYGX%B/HEIXKR/BRET AX2X Y /S*LX¥CLT42%//)
S FORMATI(///2XAS/BR#4X4B/HEIXHR/RETA*2X*Y /S*4X%DLT43%//)
J=8DCoIS=1,2¢0061=1,10C$CCOK=1y324¢)=J+18D44(J)=Ds1(])
6 D&5{JI)1=D46(J)+D420J)+4DL3 ()
WRITE(S 4T ISWRITE(O+8)ISBE(1)4BF3(I),RR3(II,YSA(1),D42(1),042(1),D4
14(1)“)45(1)91=:’.yf.1(":' )
T FORMAT(//7/2X%S/R%4X B/ HEAXRR/BETA%2X*Y /S* 4 X DL T4245X*DLT43%5X*DL T4
14%6X*DLTa5%//)
8 FCRMAT{3(FTe3)sFEs24(Fl7,6))
PUNCH 2, {SRR(I),BH3ILT},RB2LI),¥SZ(1),D45(1),1=1,6C1)
STCPS$END

P

(1),1 e
(1),1 |

)
1)

[ ]

Py
1+6

L

696)
697)
698)
699)
709)
%)
702}
703)
734}
705)
706)
797)
738}
709)
712)
T1L1)
712)
713)
714)
715)
716)
7
718)
719)
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FGRTRAN PRCGRAM FOR EVALUATING EQUATIGCN (A-13) OF APPENDIX A.
THE RCSULTS GIVE UPWASH INTERFERENCE FACTCRS FOR WINGS CENTER-MOUNTED
IN PROGRESSIVELY-MCRE-CPENy, RECTANGUL AR, PERFORATED TEST-SECTIONS
DUE TO Thec EFFECT OF HCRIZCMTAL BCUNDARIES ON THE INTERFERENCE
VELOCITY PCTENTIAL OUTSIDE THE TEST-SECTION DUE TO HORIZONTAL

BOUNDARIES,

IN ADDITICN TC THE COMMCN VARIABLE NAMES ALREADY CEFINED,
THE FCLLOWING NANMES ARE OF IMFCRTANCE TO THIS PARTICULAR PROGRAM,

OLTOS = THE JFWASH INTERFERENCE FACTOR CALCULATED
ALL CTHER VARIARLE NAMES, EXCEFT AS NOTEC, ARE ULSED MERELY AS
BONKKEEPING DEVICES.

NAMeL IST INPLTS ARE 8+, BT, RP

PRCGRAMWT ( INPUT 4 CUT FLT ,TAPES=INPLT,, TAPES=0LTPUT,TAPEL,TAPE2,PUNCH) (B 578)
COMMONS(2) 9ISy YH(342) 9 1Y 4BH,IBFyCyPIyRB,AYS,IP,BP,BPC,FQyBGyAMY (B 579)

DIMENSTIONFQUL )y SMO(T ) QNT(1),BF(E),BT(5),RP{4) (B 580)
NAMZLIST/INPT/BH 8T 4RPEREAD(S, INFT) {B 581)
NG=lONFQ=_bJR=5)$PI=201405G2LE268CNV=2E-CZ¢NMY=234QNC=PI (B 582)
POYIIS=2,23D02IR=3,38SH(] ) =0 3*EFH{IB)SSH{2 )= 7T#BH(IB)$DCELIF=3,4 (B 583)
ODLIT=1,S¢RB=RPLIP)/BTIIT) (B 584%)
SB=SH{IS) /BH({IB)SRS=1,/SBSWRITE(&,2)EF(1E),SE,RRB (8 585)
ARITE(ZyZ2)BHLIR) 4SB,FESC=BS/(PIXPI%P]) (3 586)

2 FORMAT(LH 4///6eX6HB/H=FT 43,1 YX4HS/B=FT7.3, 0X*R/BETA=%FT7,3,//5X3HY/ (B 587)
IS»EXXDELTA SUR 0&x//) (B 588)
DOIIY =0 yNMYSYH(IYIS)=SHUISY*FLCATUIY-1)/FLOAT(NMY=-1) (8 589)
YS=YH{IY,15)/SH(IS) (B 590)
CALLINFINTCING,ySMTyFQINFCJQyGNCyCNV,GNT ) $TLTIS=CHINT(L) (B 591)
WRITE(5,Z)YS,DLTCS$WRITE(2,3)YS,CLTCE (B 592}

3 FORMAT{ZXFALZ45XF® 1 06) (B 593)
PUNCH= o SE 931 (I3) ,«B,YS,DLTCS {8 594)

& FURMAT(R(FT7o2)yFEolyFll o) (B8 595)
L CONTINUE$STOPSEND (B 596)
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APPENDIX B

SUBROUTINE FUNCQ IS ONE WRITTEN TO EVALUATE THE INTEGRAND OF
INTEKEST QVER THE VARIABLF € IN ACCORCANCE WITH THE INTEGRATICN
SUBRUUT INE MGAUSCe REFER TC CISCUSSION IN A PRECEDING PRCGRAM,

SUBRNUTINF FUNCCIQ,sFQISCIMENSIONFQ(L ) 4SMPIL),FRPIL),PNT(1),BH(5) (8 597)
COMMONSHUZ) 3 ISy YH(R 42) 41Y4BH,IB4F,S,PI,RB,AYS,IP,RBP,BPQ,PQ,BQ,NMY (B 598}

NP=34NFP=1 $PNC=5¢*<B*FLOAT(IS)/FLCAT(IP)SCNV=2,E-036JP=50$5=Q (B8 599)
CALLINFINTP(NPySMP, FFyNFPyJP sFNCyCAV,,PNTISFQ{LI=C*PNT(1) (B8 600)
RETURNSEND (B 601)

SURRQLTINE FULNCP IS ONE WRITTEN TO EVALUATE THE INTEGRANC OF
INTEREST CVER THE VARIABLES P ANC ¢ IN ACCORDANCE WITH THE INTEGRATION
SUBROUTINES INFINTP, INFINTG, MGAUSP, AND MGAUSQ.

SUBROUTINE FUNCP(P,FP)$SODIMENSICANFP (1) 4FR{E) ySMR(Z),RNT(1),BH(5) (B 602)
COMMONSH{2) 2 1SeYH(542) 9y IYyBHyIBy T4 CyPIyREB,AYS,IP+BP+BPQsFPQ,BC,AMY (B 603)

T=P$NR=TENFR=1J$JR=5TSCNV=SE-C4SBFQ=SORT(P*P/(RB*RB} +Q*Q) (B 604)
BP=(.o+tio/ (RB¥RB))*FAPEPL=BP+C*Q¢SQ=SH{IS)I*BPQ$BQ=BH(IR) *BPQ (B 60G5)
AL=SINH{SQ)/(TXP(BJ)*EPQ*BPQ) (B 606)
AYS=YH(IV, IS)+3H(IB)EPNC=PI/ABRS(AYS) (B 607)
CALLINFINTR{NRySMR,FRyNFRyJR,RNC +CNVRNT)SCS5L =RNT (1) {B 678)
IF{IYetQol JGOTUO EAYS=BHIIR)~YF{IY,IS)ERNC=PT/ARS(AYS) (B 609)
CALLINFINTR{NE,SMR,FR,NFRyJRyRNC,CAV,EANT)$L52=RNT (1) (B 610)
GCTCE (B 611)
b NHe=08&" (B 612)
5 FRILI=AL*{LE.+D32)%ReTURNSEND (B 613)

SURRNUTINL FUNCR IS ONE WRITTEN TO EVALUATE THE INTEGRAND OF
INTERDCST CVER THE VARIABLES F» Gy AND R IN ACCGRCANCE WITH THE
INTEGRATICN SULRRCUTINES INFINTP, INFINTG, INFINTR, MGAUSP, MGAUSQ,
AND MGAUSR,

SUBRCUTINE FUMCR(R,FRISCINMENSICAFR(Y),BH(S5) (B8 614)
COMMANSHIZ) 1S, YH(542) ,1YyBH,IR,F,Q,FI,RB,AYS,IP,BP,BPQ,FQ,B8QyNMY (B 615)
BPR=SQRT{(P%*P/ (RR*K2)4+R*R)$SR=CSH(IS)I*BPREBYR=AYS*R $3PQR=BPQ*BPQ+R*R (B 616)

PR=3P+R*KEAI =BPR*BPR/(BPER:(PR*CCESH(BPR)*CCSH(BPR)-P*P)) (B 617)
AST=SIN(Q)*CUOSHIEPR)I-G*COSIQI*SINF(BPR)I/BPR (B 618)
AB2=pPY*COS(3IYR) -R:SIN(BYR)SFR(1) =AY *A51 *¥AS2S$RETURNSEND (B 619)
$INPT BH:o5yo7i‘12¢11‘.05'2018‘[:;-90810613450031RF=.11o4572-v7-51$ {8 695,

THIS PRMNGRAM MAKES USE OF THE SUBRCUTINE SUBPROGRAMS INFINTP, INFINTQ,
INFINTF, MGAUSP, NCAUSC, ANC NMCALSK AS CEFINED ANC DISCUSSED IN
PRECEDING PRNGRAMS,
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APPENDIX B

FLRTRAN PRCGSRAM FCR CCLLATING THE CATA CALCULATED BY MEANS OF
EQUATIONS (A-2), (A-4)y (A-T7),y (A-8), (A-10), (A-12), AND (A-14) CF
APPENDIX Ae ThE FUNCHEC-CARD CUTFUT OF SEVERAL PRECECING PROGRAMS
IS THF INPUT TO THIS PROGRANM, THE DATA ARE CCMBINEC, PRINTEC-0OUT
AS A CHECK, THEN FUNCHED CNTC CATA-PROCESSING CARDS FCR USE IN A
PRAGRAM WHICH GENFRATES FINAL TABLES CF THE DATA.

IN ACCITICN TC THE CCMMCN VARIABLE NAMES ALREADY DEFINED,
THE FOLLCWING NANES ARE OF IMFCRTANCE TC THIS PARTICULAR PRCGRAM,

DLT? = THE UPWASH INTERFERENCE FACTCR CELTA-SUB-2 0IF EQUATION (A-2)
GF APPENCIX Ao

DLT3 = THE JPWASH INTERFERENCE FACTCR DELTA-SUR-3 OF EQUATICN (A-4)
CF APPENDIX A,

CLTe = THE UPWASE INTERFERENCE FACTCR DELTA-SUB=-4 QOF EFQUATICAN (A-14%)
NE APPENDGIX A,

OLTE = THE UPWASH INTEKFERENCE FACTCR CELTA-SUFE-5 CF EQUATICN (A-10)
CF APPENCIX A,

OLTT = THF TOTAL LPWASE INTERFERENCE FACTCR, THE SUMMATICN CF DLTZ,
LT3, DLT4, AND CLT5,

ALL CTHFEK VARIABLE NAMFS, EXCEFT AS NOTECL, ARE JSED MERELY AS
BOPKKEELPING DEVICES,

PROGRAMWT (INPUT,CULTFPLT ,PUNCH) (B 722)
DIMENSION SBCO{3)),RHC(30),¥SC(20),02C0(22),03C{3)),24C(32),D5C{30) (8 721)
DIMENSIAN SBU(S.1L &) 9 BHOTEDD 94 ) 3y RECIEC T4 ) s YO (00094 ) yDLT(6C S04) {8 722}

CIMENSION DLT2(AC )3 CLTZ2 (AL ) yCLTAL60 ) yNLTS(00i) yDLTTIACT) (8 723)
READ™ S {SECUI)43HC(T ) ,¥YSC(I)yO02C(T)D2CITY4D4C(1),D5C(T),1=1,30) (B 724)
1 FORMAT(2(F743),Flol 4 (F12:¢€)) (8 725)
PRINT2 (8 726)

FORMAT (2X%S/B3¥4X R/ Fx3X*Y/SHEXIDLTC2*TX*DLTCI*TIX*DLTC4*7X#DLTCE%/) (B 727)
PRINTIJ{SBCOI),BRHCLT)YSCOI)02C(T11,03CL1),C4C({L),D5C(T),1=1,30) (8 728)
RCACZ g LCEBRI (T, )y BHCI Ty )y R3OD(I, Iy ¥YSO(T L J)yDLTITHJ) ,I=1,603),J=1y (B 729)

[aS]

14) (B 730
3 FORMAT(3(F7e2)yFEacsFilat) (B 731)
(B 732)

N4d=1,48L=J+]
PRINTSy Ly (SBCHT 4 J) s BENLI )9 RECOTI,JYyYSO(I4J) DLT(I4J),1=1,600) (B 733)
5 FCRMATA{(///2X%S/BHGXHB/HRZXHR/BETA#ZX*Y/S#2X*¥CELTA SUB G111,/ /(3(F7 (B 734)

1o3)yFbo24Fiio0)) (B 735)

4 CCONTINUE (B 736)
J= 30051 =2 1M =(T1=2) %3+ INC=NC+2$DCEIRB=1,2 '$DOETIY=MC,ANCHJ=U+1 (B 737)
DLT2C) =N"COIVI+CLT (Jy ) sCLT2(J)=C3CLIY)I+CLT(J,2) (R 733}
DLT4(II=DCCOIYI+CLT Iy 3) $OLTS(I)I=CECUIY)+CLT(J44) (B 739)

& DLTT(Y)I=DLTZCII+CLTI(II+DLT4(JII+CLTE(Y) {8 747)
PRINT7,0SBTUT,.) 9839 C T2 )yRBCCTI),YSCAIL3),CLT2(1),0DLT3(I),CLTA4(] (R 741)

e BLTSLI),DLTT(I )y I =7y 500 ) (R T742)

7 FORMAT(///72X%SIBRGXFA/HR2XER/BETARIXKY/S*EIXKLELTA SUB 2%ZX*DELTA S (B 74&)
TUB 3x3X*elTA SUP &*ZX#DELTA SLB EX3IX*TOTAL DELTA®//(3(F703),Féa2y (R 744)

2EU3XF R 6,5X))) (B 745)
PUNCHR, (SROCT, )y B3HUIT,2 )4 RBRCTI, 1)y YSCULIy 1) DLT201),OLT2(T),BLTA4II (B 746)
LheOLTACD) oL TTCL ) g1 =3 4600 (B 747)
8 FORMAT(3F7.2,F00295F7 1a0) (B 748)
STCPEEND (B 749)
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FCRTRAN PRCOGRANM FCR GENERATING TABLES CF THF PREVIDUSLY CAL-

APPENDIX B

CULATED ANT CCLLATED DATA,

PRECEDING

PROGRAM ARE THC

ARRANGES THc

I

o]
[
i

DT =

ALL C

THE CATA CLTPUT FROM THE
INFLT FCR THIS PROGRAM.

CATA AND PRINTYS THEM IN TARULAR FORM,.

NOADDBITICN TC THE COMMCN VARIABLE NAMES ALREADY CEFINED,
THE FOLLNWING NAMES ARE CF IMFCRTANCE TC THIS PARTICULAR PRDCRAM.

DLTZ
nLTz
OLTe
LLTS
OLTTY

THER

CF

CF

CF

CF

(F

VARTABLE NANMES,

THe IMMECIATELY
THe IVMMECIATELY
THt IMMCCIATELY
TR IMMECIATFELY

THE IMMECIATELY

BOOKKEt PING DEVICES,

PRCGRAM

DIMENSIN
DIMENSID

T=TC-TUNNEL-WINTH

CUNTINUE
CONTINUE

VTINCINPLT,CLTPUT)
DIMENSTION SBLE 1))y BHIOCL) 2 RBIHICIyREECT) YS{END),D20600),D3(£600)

M oDElEe G DELErD) yDT(ECC) $BETA(HCTC)

NoX (2 ,‘5,4),Y(20'572),XP(22),YP(?2)

READ L USBUT )Y yBHCI)#RPLI) 4YSUI)DZ(I)D3(I),D4(1),05(1),0T(1),1=1,6

T L) BNRH=-ZGSANR==J 4 SNPET=NYS=-
L FORMAT(Z2F 7e24F00215FLeb)
DOZIS=14.%DC213H="y S¥NRB="3$DC4IP=1,28$NEBH=NEF+3D
PRINTS,BHINBH), SBINBH)SDCEIR=3 ,1CENBET=NBET+35NRB=NRB+]}
S FORMAT(IHT /RAXHTUNNECL WIDTH=-TC-tEICHT RATIO, B/H=%Fbe4 2y PX3WING-SPAN
RATIN, S/B=%F€o2///4X*R/BETA®BX*Y/S*CX4LCELTAXEBX*D
ZELTA®RAXHDELTA®IXHNELTAKXAXFTOTAL #EX*DELTA/DELTAR/3IX*SUB Z2%8X*SUB 3
3ERAXESYR L&BYLTYB S5HEXHNELTA®AX®SLB C*//)

PRINT7,RE(NBET)

YINRByIBHy IS)=0T(NBET)$X(NRB, IBF,IS)=RRINBET) $MYS=NBET+2

PRINTLO(YSITIDZ01)yD3CT)4C4CTI 140501 140T(I)I=NBET,MYS)

PRECECING PRCGRAM,
PRECECING FRCGRAM,
FRECELING PROGRAM,
FRECECING PROGRAM,

FRECECING PRUGRAM,

EXCEFT AS NOTEL, ARE USED MERELY AS

PRINTIL (XTI ,I8H,1S),Y(I,IBH,1S),1=1,ARB)

CCNTINUE
CONTINUC

FORMAT (IH+ 21 XF7432)

B9 1eXFaod yS{TXFEo3)V /T TXFA40l 95 (TXF6e2)/1TXF4o1,5ITXFE3)/)
FORMAT (EHT s XXX/ BETAXGXETOTAL ¥/ LAXEDELTANX//(ZXFTa 293XF€aZ))

FARMAT(1

STOPSEND

IMMEDTATELY
THIS PROGRAM

750)
751)
7582)
753)
754)
755)
756)
757}
753)
759)
763)
761)
762)
763)
T64)
765)
766)
767)
768)
769)
7793)
771)
772)
773)
774)
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TABLE I.-

R/B

CLOSED
+100

«125

<167

222

333

+450

«562

«750

1.000

1.500

2.000

24520

3.333

Ty

£.667

7.500

5.375

12.500

16,667

2%, 000

OPEN

UPWASH INTERFERENCE FACTORS 6 IN RECTANGULAR TEST SECTIONS

CALCULATED BY APPROXIMATION PROCEDURE WITH VARYING PERMEABILITY
FACTORS FOR WING-SPAN—TEST-SECTION-WIDTH RATIO s/b OF 0.3

v/s

(=] - (=] Qo
« .. .
[=X¢ N=) oOwo ownwo

—-

(a) Tunnel width-height ratio b/h of 0.50

»205
.208
»216

+134
»197
«205

.173
.180
.188

<152
161
163

0127
129
«135

«100
101
107

«C783
- 080
«QE4

049
.C50
<053

2021
. 021
.023

~.017
-.Cl7
-.018

-.041
~.Cal
=.044

-+ 058
-.057
~.061

-.07%
-.C75
-.073

-.087
~.C89
-.09%

-+102
-+ 104
~a111

-.106
-.108
—ell4

~.111
-.113
-.120

- 117
-.113
~-el27

-.121
-.124%
~.131

-.125
-.123
-«136

027
027
026

026
+J26
025

«023
#3223
«023

«020
«020
«020

+015
015
+0l4

009
- 009
«009

004
« 004
- 004

—.00¢4
-.004
~a004%

-.012
-.012
-.012

~.024
~.024
=.024

-.032
-.032
-.032

-.033
—« 037
-.037

-.044
-. 044
-.043

=043
-« 048
-.048

—a254
- 4054
=.053

~e 055
~+055
-+055

=+ 057
-+057
-.056

-.059
~.059
-a058

- 061
-.060
=.060

-+ 062
-.062
-.061

Approximated 6

64 55 @2 +0g 406, + 65)
266
- 014 -« 002 216
-.014 -.002 <219
-.014 -+ 002 «227
-.012 -+ 002 «206
-.012 -.001 «209
~s012 -. 001 217
-.010 -« 001 «191
-.010 »193
~+ 009 -. 001 «201
-+ 007 -+ 000 o172
-.007 -.000 «174
~+ 007 « 000 «181
~e 005 « 002 «139
~+005 .002 2141
-«004 « 002 o147
~+.003 «003 «109
-.003 «003 «110
-.003 « 003 «l16
-.002 « 004 «084
-.2302 004 .086
-.002 . 005 «090
-.001 - 006 +051
-.001 .006 .052
~-.001 « 007 «055
.000 .009 .017
.200 «009 -018
« 000 « 009 «019
.004 .011 -.026
.004 012 -.026
« 004 «012 -.027
.008 .013 -+ 052
008 <013 ~.052
.007 .013 ~.054
011 <014 - .069
L011 .0L4 -.070
.011 <015 ~«073
<015 .015 -.087
. 015 «015 - 088
014 .016 -.093
<020 «016 - <100
«020 + 016
+019 +017 -+107
024 017 ~s116
. 024 017 -.118
.023 «017 -.l24
«025 «017 -119
«025 <017 -.121
<024 «017 -e127
027 <017 -.124
« 027 <017 -.126
«026 <017 -e133
+029 <017 -«130
«02% «017 -e132
.028 «018 - 139
- 031 «017 —<134
+031 «017 -+ 136
<030 .0l8 - el44
+033 «017 -«138
.032 « 017 -« 140
«032 «018 —el48
-, 140
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TABLE I.-

(b) Tunnel width-height ratio b/h of 0.75

R, 6 6
/B y/s 8, 3 4
CLOSED 0.0
«100 0.0 «137 »040 -.,031
5 «138 « 040 -+ 031
1.0 «l4s +038 -«030
125 0.0 2129 038 ~.029
.5 .131 .038 -.028
1.0 <137 «036 -.028
167 0.0 «119 <035 -.025
.5 .120 +034 -.025
1.0 «12% «033 -.024
0222 0.0 «106 +030 —-e022
5 +107 . 030 -. 021
1.0 112 #9323 -.021
«333 C. 0O «085 022 -.017
«5 .08¢6 .021 -.0l6
1.0 .099 <023 -.016
«450 0.0 « 067 2013 -.013
5 +068 +O013 -+ 013
1.0 «C71 212 -.012
562 0.0 + 052 « 006 -<.010
5 <053 «006 -«010
1.0 4055 205 -.010
. 750 0.0 « 033 -.005 —-.006
5 » 034 -.006 - 006
1.0 <035 -.026 =206
1.C00 0.0 <014 -.018 -.002
5 014 -.018 -+ 002
1.0 « 015 -.018 ~-.002
1.500 0.0 -.Cl1 -.036 +004
5 -.012 -.036 «004
1.0 -.012 —.036 «004
2,000 0.0 -.027 ~.048 +010
5 -.028 -.048 «01C
1.0 -.C29 ~. 047 .010
2.500 0.0 -.038 -« 056 « 015
«5 ~.038 —-.056 014
1.0 -+ C40 ~.055 «0l4
2.233 0.0 -.049 -+ 065 «02C
.5 ~.055 <020
1.0 -.053 -« 064 «0l%
4.444 0.0 -.0%8 -.073 «02¢
o5 -.059 -.072 2026
1.0 -.0¢3 -« 071 . 026
E 867 0.0 -.C68 -.080 +032
«5 -.069 -+082 <032
1.0 -.074 -. 079 «031
7.500 0.0 -.070 -.082 « 034
.5 -«C72 -.082 <033
1.0 -.C76 - o081 «033
5.375 0.0 -.07% -.085 .037
.5 - {76 -.085 <036
1.0 -.080 -.083 «03%
12.530 0.0 ~.078 -.088 +039
- -.C79 - 088 «039
1.0 ~+084 ~-+086 .038
16.667 0.0 -.081 -.03) «042
.5 -.C82 -+ 090 «341
1.0 -.087 -.088 «04C
25.00¢C 0.0 -+ C84 -.093 <0644
5 -. 085S -«092 « 043
1.0 -.091 -<031 <062
OPEN 0,0

«002
»002
« 002

« 002
002
. 003

»003
.003
003

<003
»003
. 004

«004
« 004
005

005
. 005
006

«006
+ 006
.007

+007
. 007
«008

.009
« 009
009

.010
. 010
011

.011
.011
012

<011
012
«012

012
<012
.013

. 012
.012
«013

«012
«012
. 013

.012
<012
«013

011
012
- 013

«011
012
«013

.011
.011
»013

011
. 011
«012

UPWASH INTERFERENCE FACTORS & IN RECTANGULAR TEST SECTIONS
CALCULATED BY APPROXIMATION PROCEDURE WITH VARYING PERMEABILITY
FACTORS FOR WING-SPAN—TEST-SECTION-WIDTH RATIO s/b OF 0.3 - Continued

Approximated 6

@2 + 05 + 8y
.178

148
«150
155

«141
«l43
s 148

131
#133
«137

.118
.119
o124

094
+0985
099

«072
073
£077

«054
«055
.058

«029
029
031

«002
003
004

-.033
—.033
—+033

=054
=+ 054
—e055

-+068
-« 068
- 069

-.082
-.083
-.085

-.093
-.093
-.096

~.105
~.106
~.108

-.107
~108
-el11

-el11
-.112
—el15

-.115
-.l16
~e120

-.119
—.120
~e123

—el22
—e123
-el27

-.121

+ 65)




TABLE I.-

UPWASH INTERFERENCE FACTORS &6 IN RECTANGULAR TEST SECTIONS

CALCULATED BY APPROXIMATION PROCEDURE WITH VARYING PERMEABILITY
FACTORS FOR WING-SPAN—TEST-SECTION-WIDTH RATIO s/b OF 0.3 - Continued

(¢} Tunnel width-height ratio b/h of 1.00

Approximated 0
R, 6,

/8 v/s 8 3 64 85 By + 85 + & + 6g)
CLOSED 0.0 .138
100 0.0 .102 .053 -.042 .004 .117

.5 +104 . 052 -.042 .004 .118

1.0 .108 2049 -.04C . 004 .l21

.125 0.0 097 .050 -+039 «004 .112
.5 .098 <049 -.035% .004 5113

1.0 .103 0h6 -.038 .004 «115

P167 0.0 .089 046 -.036 .004 .103
.5 +090 . 045 ~.035 . 004 <104

1.0 .094 042 -.034 .005 .107

222 0.0 . 079 <040 -.031 004 .092
.5 .081 .039 -.031 » 005 .093

1.0 084 .036 -.030 . 005 096

.333 0.0 .Cé€3 .029 -.025 .005 .072
o5 064 .028 -.024 .005 .073

1.0 . 068 .026 -.024 006 075

+450 0.0 . C50 017 -.020 .005 .053
.5 2051 .017 -.019 .006 . 054

1.0 .053 .015 -.019 .006 .056

. 562 0.0 . 035 .007 -.015 006 037
.5 042 .007 -.015 .006 . 037

1.0 . 042 + 005 -.015 .007 <039

.750 0.0 . 025 -.008 -.010 .006 014
.5 025 -.008 -.010 .007 <014

1.0 .27 ~.009 -.010 .007 .015

1.000 c.0 .010 -.024 -.004 .007 -.011
.5 .011 -.024 .007 -.011

1.0 .01l -.025 .008 -.010

1.500 0.0 -.009 -.048 .005 . 008 -.044
.5 -.009 -.048 .005 .008 - . 044

1.0 -.cC9 -.048 . 004 .009 - .43

2.000 0.0 -.020 -.064 .011 .008 ~.065
.5 -, 021 -.263 .011 .08 -.0¢5

1.0 -.022 -.063 <011 . 009 -.064

2.500 0.0 -.028 -.075 .0l6 .008 -.079
.5 -. 029 -.074 .016 .008 -.079

1.0 -.030 -.073 .015 . 009 -.079

3.333 0.0 -.037 -.087 .022 .008 -. 094
.5 -. €37 -.086 021 .008 -.054

1.0 -.040 -.084 .021 . 009 -.094

4,644 0.0 ~.044 -.096 .028 .008 -.1C5
.5 -.C45 -. 096 .028 .008 ~.104

1.0 -.047 -.093 L0217 . 009 -.104

6.667 0.0 -.051 -.137 .034 .007 -.117
.5 -.cs2 ~.106 .033 .007 -.117

1.0 -.055 -.103 .033 .009 -.117

7.500 0.0 -.053 -.139 .035 .007 ~.120
.5 -.054 -.108 .035 .007 -.120

1.0 -.057 ~e135 034 .009 ~.119

5.375 0.0 -.113 .038 .007 -.124
.5 -.112 .038 .007 -.124

1.0 -.129 .037 . 009 -.123

12.500 0.0 -.058 ~el17 <061 .006 ~.128
.5 -.060 -e116 «041 «007 ‘-.l28

1.0 ~-.063 -.112 .040 .008 -.128

16,667 0.0 - 061 -.120 .063 .006 ~.131
.5 -.0€2 ~e119 043 . 007 -.131

1.0 -+ 066 -.115 «042 .008 -+131

25.000 c.0 -.C63 -.123 <045 .006 -.135
.5 -.064 -.122 <045 . 006 -.135

1.0 ~.068 -.118 044 +008 -.134

OPEN 0.0 -.136
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TABLE I.- UPWASH INTERFERENCE FACTORS 6 IN RECTANGULAR TEST SECTIONS
CALCULATED BY APPROXIMATION PROCEDURE WITH VARYING PERMEABILITY
FACTORS FOR WING-SPAN~TEST-SECTION-WIDTH RATIO s/b OF 0.3 - Continued

(d) Tunnel width-height ratio b/h of 1.50

Approximated &
R, [ 5
/8 v/s 2 3 54 b5 (o + 63 + 4 + B
CLOSED 0.0 116
.100 0.0 . 068 .077 -.048 .003 .100
.5 .69 .074 -.048 .003 .098
1.0 .072 065 -.047 .004 094
.125 0.0 .c65 .073 -.045 .003 .095
.5 066 .070 -.045 . 003 094
1.0 .088 061 ~.044 +004 .089
\
.167 0.0 .C55 066 -.041 .003 .087
.5 069 .063 -.041 .003 .086
1.0 .0€3 .055 -.040 .004 .082
.222 0.0 .053 .058 -.037 .003 077
.5 .054 .055 -.037 .003 .075
1.0 . 056 .047 -.036 .004 .072
.33 0.0 .042 .041 -.03C .003 057
.5 .043 033 -.029 .004 . 056
1.0 .45 .032 -.029 .004 052
.450 0.0 .023 .024 -.023 .003 .038
.5 <034 022 -.023 <004 .037
1.0 .026 .o17 -.023 .004 034
562 0.0 .026 .010 -. 015 .003 .021
.5 027 228 -.019 <004 020
1.0 .028 .003 -.018 . 004 .018
.750 0.0 .016 -.012 -.012 . 004 -.004
.5 .017 -.013 -.012 .0D4 -.005
1.0 .018 -.017 -.012 . 005 -.006
1.000 0.0 .007 -.037 -.005 . 004 -.032
.5 . 007 -.037 -.005 .004 -.032
1.0 008 -.039 -.005 . 005 -.032
1.50 0.0 -.006 -072 .004 .003 -.070
5 —«CCO6 -.071 + 004 « 004 -.069
1.0 -.006 -.070 .004 .005 - .068
2.€00 0.0 -.014 -.095 011 .003 -.055
.5 -.014 -.094 .011 . 004 -.093
1.0 -.015 -.091 011 .005 -.090
2.500 0.0 -.019 -.111 015 .003 -.112
.5 -.013 -.109 .01 . 003 -.110
1.0 -.020 -.125 .015 .005 -.106
3.333 0.0 -. 025 -.128 .020 +003 -.130
.5 -.025 -.126 .020 . 003 -.129
1.0 -.0286 —.121 .020 .004 -.123
40 444 c.0 -.029 -.143 .025 +003 - 144
.5 -.032 -.140 .025 .003 -.142
1.0 -.031 -.133 .025 .004 -.136
€.667 0.0 -.034 -.158 .029 .002 -.160
.5 -.035 -.155 .025 .003 -.158
1.0 -.c37 —.146 .030 .004 -.150
7.500 0.0 -.035 -.161 .030 .002 -.164
.5 -.036 -.158 .030 .002 -.161
1.0 -.038 ~e149 031 .004 ~.153
5.375 .0 -.037 ~o167 .033 .002 -.169
.5 -.033 —.163 .033 .002 -.1¢€6
1.0 -.040 —.154 033 .003 -.158
12.500 0.0 -.039 -.172 .035 .002 -.175
.5 -.04) -.159 .035 .002 -.172
1.0 -.042 -.159 .035 .003 -.163
1667 0.0 -.0640 —e177 .036 .002 -.180
.5 -.041 ~.173 .036 .002 -.176
1.0 - . 044 -.163 .037 .003 -.167
25.00¢ 0.0 -.042 -.181 .037 .001 -.184
.5 -.043 -.177 .038 .002 -.181
1.0 ~.045 -.167 .038 .003 -7
OPEN 0.0 -.191




R/B

CLOSED

+100

«125

«167

.222

+333

«450

«562

750

1.000

1.52%0

2.000

2,500

3.333

4o 646

€.667

1.500

9.375

12.500

16.667

25.000

OPEN

TABLE I.-

y/s

0.0

0.0

0.0
1.0
0.0
1.0
0.0

1.0

UPWASH INTERFERENCE FACTORS 6 IN RECTANGULAR TEST SECTIONS
CALCULATED BY APPROXIMATION PROCEDURE WITH VARYING PERMEARBILITY
FACTORS FOR WING-SPAN—TEST-SECTION-WIDTH RATIO s/b OF 0.3 - Concluded

(e) Tunnel width-height ratio b/h of 2.00

. 051
2052
«05%

«C49
<043
« 051

+C44
045
+C47

«040
2040
«042

032
032
+034

025
.025
.027

020
«020
.021

012
«013
<013

005
+CC5
<006

—«00%
- .004
-.005

-.012
-.01¢C
-.011

-, 01%
-.01l4
-.N15

~.018
-.019
~.020

~.022
-.022
-.024

-.026
-.026
-.028

-.026
-.027
-+029

-.028
~-. 028
-«03)0

-.02%
-« 030
~.032

-.030
~.031
-.033

-.031
-+ 032
-.034

Approximated 6

b3 By O g+ 05+, + 5
L1285
.098 044 .002 -106
+091 -.044 . 002 .101
074 —.044 002 +086
.093 -.042 +002 «101
086 ~e042 . 002 «096
«063 . =e041 .002 .082
. 084 -.038 .002 «092
.078 -.038 .002 .087
.062 -.038 .002 .073
.073 -.034 .002 =080
067 -.034 »002 .075
.052 -.034 .002 2063
.051 -.027 « 002 .057
46 -.027 .002 .053
.033 -.027 .002 042
«030 -.022 . 002 +034
026 -.022 .002 .031
.015 -.022 .002 022
.010 -.017 . 002 +0l4
.007 -.017 .002 012
-.002 -.017 . 002 «005
-.018 -.011 .002 -.015
-.020 -.0l1 .002 -.017
-4226 -.011 . 002 -.022
-.050 -.005 .002 -.048
-.051 -.005 .002 - 049
-.053 -.005 .02 -.050
-.095 .004 .001 -.054
-. 094 . 004 .002 -.093
-.092 «004 .002 -.090
=125 .009 . 001 ~s125
-.123 .009% .001 ~a122
~.l16 .0CS .002 ~.116
-.146 .013 001 - 146
~-.142 .013 .001 -.142
-.133 .013 .002 -.133
-.158 .017 .001 -.169
-.lo4 .017 . 001 -.165
-.152 017 .002 -.153
-.187 .021 .001 -.187
-.181 .021 . 001 -+ 1€2
-. 167 .021 .002 -.167
~.206 .024 . 001 -.207
-.230 024 .001 -.201
-.182 .025 <001 -.184
-.210 +025 . 001 -.211
-.204 .025 .001 -.205
~.186 .026 . 001 -.187
-.218 .02¢ .001 -.218
211 .027 .001 -.212
~e192 .028 . 001 -.193
-.225 .028 .000 -.226
-.218 .028 .001 -.219
-.197 .02% . 001 -.199
~+230 .026 . 000 -.231
-.223 .029 .001 -.224
-.202 .030 . 001 -.203
-4236 .030 +000 ~.237
-.228 .030 .000 ~e229
-.206 . 032 . 001 -.208
-.248
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TABLE H.‘— UPWASH INTERFERENCE FACTORS 6 IN RECTANGULAR TEST SECTIONS
CALCULATED BY APPROXIMATION PROCEDURE WITH VARYING PERMEABILITY
FACTORS FOR WING-SPAN—TEST-SECTION-WIDTH RATIO s/b OF 0.7

(a) Tunnel width-height ratio b/h of 0.50

R
/8 y/s 6y by
CLOSED 0.0
100 0.0 223 026
.5 L246 026
1.0 344 « 024
.125 0.0 .211 .025
«5 «234 «024
1.0 «330 +022
167 " 0.0 .194 .023
.5 .215 .022
1.0 «307 «020
.222 0.0 174 .020
«5 « 164 «0l9
l.0 «279 017
«333 0.0 « 140 «0l4
«5 « 157 P}
1.0 «232 2012
450 0.0 111 229
«5 «125 . 008
1.0 .186 007
«562 Q.0 +C87 234
«5 . 099 . 003
1.0 «150 002
. 750 0.0 «055 -004%
o5 «CE4 -+ 004
- 1.0 .099 -.005
1.C00 0.0 «C24 -.012
5 .028 -.012
1.0 « 0453 -.013
1.5C0 0.0 -« C19 -.024%
5 ~e021 -.024
1.0 -.029 -.024%
2.000 0.0 -.045 -.032
.5 ~.051 -.032
1.0 -.075 ~.2331
2.500 0.0 -+ CE3 -.037
o5 ~.072 -.037
1.¢C ~.109 -e036
3.333 C.0 -a.(B2 - 043
5 -.09%4 ~e043
1.¢C ~.146 -« 042
4,444 0.0 -.C98 -.048
.5 -.113
1.0 -.175 -. 066
€. 667 0.0 ~.115 -.053
«5 -.132 ~.052
1.0 ~.208 -.051
7.500 Q.0 -.119 -.05%4
.5 -a137 -.054
1.0 -e215 -+ 052
9.375 0.0 -.125% -.056
.5 ~+lé4 -.Q56
1.0 ~e227 ~.053
12.5%0 0.0 -.132 -«058
«5 -.152 -.057
1.0 ~e240C -.055
16.667 0,0 -.137 - 060
«5 ~.158 -.059
1.0 249 -.057
25,000 0.0 -.142 -a051
.5 -, 060
1.0 ~«259 -.058
OPEN 0,0

-.012
-.012
-« 011

-.011
~.010
-.010

-.0CE
-.008
-.CC¢

-.0C¢
~.006
-.00¢

~.004
- 004
-.003

~.002
-.002
~.002

-.002
-.002
-.001

-.001
-.001
-.001

.200
. 00C
001

004
« 004
2004

.008
.0ce
007

011
«011
010

015
.015
.013

. 020
%019
«017

« 024
023
.021

«025
024
.022

.028
=027
- 024

. 030
»029
. 025

.031
031
.027

.033
.032
.028

-.003
~.003
—. 002

~. 002
—.002
- 002

-.002
-.002
-+ 001

~-.001
-.000
-+ 000

» 001
001
. 001

003
.003
.003

« 004
+ 004
«004

<006
» 006
.007

<008
- 008
. 009

<011
.012
«012

013
« 014
015

+014
. 015
+016

«015
«016
017

.016
»017
.018

«017
«017
«019

.07
.018
. 020

«0L7
018
« 020

.017
018
. 020

. 017
.018
. 020

.017
918
.021

Approximated & |
(62+53+64 +65)
. 286

«234
«256
+354

#2223
245
«340

« 207
«228
318

- 187
.206
290

+151
168
«240

119
«133
«154

093
«104
«155

+057
«065
«100

+020
»024
042

-.027
-.029
- +036

~-.056
~«061
- .086

~«075
-.Q083
-.119

~.095
-+106
~.157

-.110
-.124
-.186

-.127
- 1l44
-.218




TABLE II.-

R/B

CLOSED

«120

.125

«167

2222

«333

+450

750

1.000

1.€00

2.000

2.500

3.333

4,644

€. €67

7.500

$.375

12. €00

1é.€867

2£.00¢

OPEN

UPWASH INTERFERENCE FACTORS 6 IN RECTANGULAR TEST SECTIONS

CALCULATED BY APPROXIMATION PROCEDURE WITH VARYING PERMEABILITY
FACTORS FOR WING-SPAN—TEST-SECTION-WIDTH RATIO s/b OF 0.7 - Continued

(b) Tunnel width-height ratio b/h of 0.75

148
«l64
230

o141
«156
220

129
- 1l44
204

2116
«129
186

«093
104
+153

<074
.083
«124

.058
<066
.100

«C27
042
« 066

.01¢
018
+030

-.012
-.Cla
-.019

-.030
—«C34
~+051

~«042
~.C48
~«073

-+055
-.0¢&3
~.097

-+ 065
-.C75
-a117

-.C77
-.088
~e133

- L79
~«091
-e143

~aC84
=.096
-«151

~-.088
-.101
-.160

-<C91
~.105
~.166

~ 055
-.109
-.173

038
« 036
030

036
«034
+ 4028

«032
« 030
«025

.228
026
022

« 020
.018
«0l4

<012
010
« 007

«004
<003
+ 000

-.006
-.037
-« 009

-.018
-«019
-.020

~.036
-.036
- 4035

-.047
-. 047
- «045

-.055
~. 054
-.051

—064
-.062
-.059

-.071
-.069
-.055

-.078
-.076
-.271

-. 080
-.078
- 072

-.083
-.080
-.075

-. 085
~4283
-« 077

-. 087
=.085
-. 079

-+ 090
-.087
-.080

-.028
-. 027
-.023

-.026
-.025
-.021

-.023
-+ 022
-.019

-+019
-.018
—«016

-. 015
-.014
~.012

~.011
-.011
-.009

-.008
-.008
-. 007

—~+006
-.005
-. 004

-.002
-.002
-.001

+005%
«005
«0C4a

2011
.0l0
» 00S

015
.015
013

«021
. 02C
018

.028
«026
023

034
032
.028

+035
« 034
.029

.038
«036
.031

041
039
«034

« 043
041
«035

. 046
044
.037

Approximated o

5 @2+63+64+65)
«191

<001 «159

«001 «173

- 001 238

«001 «152

«001 «166

+002 «228

.002 «l41

« 002 «154

»002 «213

«002 .27

« 002 <139

+003 «194

<003 «102

. 004 «112

«004 «160

«004 078

.005 « Q88

+ 006 .128

. 005 <059

«006 «067

007 2100

. 007 «032

«007 «037

«009 Q61

. 008 - 004

.009 .007

«011 «020

«010 -.033

2011 =034

«013 —e036

«011 -.056

.012 ~+058

«015 -.071

«012 -.070

«013 =074

.016 -+ 095

«012 - .086

.013 -+092

. 017 - 121

012

. 014

.018

«012

-« 014

«019

.012

«014

+019

«012

«0l4

«019

011

«.01l4

«020

.01

.013

«020

.011

«013

<020
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TABLE I.- UPWASH INTERFERENCE FACTORS 6 IN RECTANGULAR TEST SECTIONS
CALCULATED BY APPROXIMATION PROCEDURE WITH VARYING PERMEABILITY
FACTORS FOR WING-SPAN—TEST-SECTION-WIDTH RATIO s/b OF 0.7 - Continued

(c) Tunnel width-height ratio b/h of 1.00

R/, y Approximated &
B y/s 8, 5 6 5,

2 3 4 5 @2+63+64+55)
CLOSED 0.0 145
.100 0.0 o111 «047 -.039% « 002 o122
.5 o123 +043 -.037 .003 o122
1.0 172 .033 -.03C «004 .178
.125 0.0 «106 .045 -.03¢ . 003 .116
.5 117 <041 -.034 .003 .126
1.0 .1¢5 <031 -.028 . 004 .171
.167 0.0 .097 .040 -.033 . 003 .107
o5 .108 .037 -.031 .003 . 117
1.C .153 027 ~.026 .005 «159
.222 0.0 | .87 .035 -.029 .003 096
.5 097 .031 -.027 »,004 . 105
1.0 .139 .022 -.022 .005 .145
.333 0.¢ .C70 » 024 -.023 .004 075
5 .07¢8 .021 -.021 . 004 .0€3
1.C .115 .0l4 -.018 .006 .117
450 0.0 .055 014 -.0l8 « 005 .055
.5 . 062 011 -.017 .005 .062
1.0 €93 » 005 -.014 .007 <091
.562 0.0 <044 004 -.014% . 005 .039
.5 . 049 2002 -.014 .006 .044
1.0 .075 -.003 -.011 . 008 +069
750 0.0 .028 -.010 ~. 005 . 006 .015
.5 .032 -.011 -.009 .007 .019
1.0 .C49 -.0l4 ~-.007 .0l0 .038
1.000 0.0 012 -.025 -.004 . 007 -.010
.5 .014 -.026 ~.003 .008 -.007
1.0 .023 -.027 -.003 .011 -004
1.530 0.0 -.009 -.047 .005 .008 ~. 044
.5 -.C10 -. 047 .005 .009 -.043
1.0 -.014 - -.045 . 004 .013 -.041
2.000 0.0 -.023 -.062 .012 .008 -.065
o5 -.025 -+ 061 .011 .010 -.065
1.0 -.038 -.056 .010 .015 -.070
2.500 0.0 -.031 ~e272 .017 .008 -.078
.5 -.036 -.070 .016 .010 -.079
1.0 -.055 -.064 014 .015 -.089
3.333 0.0 ~.Cal -.083 .023 .008 -.093
.5 -.0647 -.080 . 022 . 010 -.095
1.0 -.073 -.973 .019 .016 -.110
4o bbb 0.0 -.C49 -.092 .030 .008 -.103
.5 -.05% -.089 . 026 . 010 -.106
1.0 -.088 -.030 .025 .017 -.125
€667 0.0 -.058 -.101 .036 .007 -e115
.5 -.065 -.097 .035 .010 -,119
1.C -.104 -.087 .030 .018 -.143
7. 560 0.0 -.C59 -.103 .038 .007 -.118
.5 -.068 -.099 .036 .010 -.122
1.0 -.1c8 -.088 .032 .08 -.147
$.375 0.0 -.063 -.107 . 041 . 007 . -.122
.5 -.072 -.123 .039 .010 -.126
1.0 -.114 -.091 . 034 .018 -.153
12.500 0.0 -.066 -.111 .044 .007 -.126
.5 -.C76 -.106 2042 .009 -.130
1.0 -.129 -.094 . 037 .018 -.159
16.667 0.0 -.C68 -.113 .046 <006 -.129
.5 -.C79 -.108 . 045 .009 ~.133
1.0 -.125 -.096 .03§ .018 -. 164
25.000 0.0 -.071 -.116 .048 .006 -.132
.5 -.ce2 -.l11 .047 .009 -.137
1.0 -.130 -.098 .041 .018 -.169
OPEN 0.0 - 134




TABLE I.- UPWASH INTERFERENCE FACTORS 6 IN RECTANGULAR TEST SECTIONS
CALCULATED BY APPROXIMATION PROCEDURE WITH VARYING PERMEABILITY
FACTORS FOR WING-SPAN—TEST-SECTION-WIDTH RATIO s/b OF 0.7 - Continued

(d) Tunnel width-height ratio b/h of 1.50

] - Approximated 6
R,

/6 /s 5y 2 54 5g (62 + g + 0y + 65)
CLOSED 0.0 .106
100 0.0 «CT4 « 060 ~-a 047 <002 089

5 -082 +052 -.045 003 « 062

1.0 <115 . 031 -.036 006 =116

.125 0.0 «C70 . 056 ~+ 045 +002 -085
.5 078 048 242 .003 .o87

1.0 .110 «028 -.034 <006 110

«167 0.0 -Ces 051 -.041 «003 077
+5 072 343 .003 . 080

1.0 .102 « 0264 ~-+031 «007 .102

«222 0.0 .058 «043 -.036 « 003 067
.5 «065 036 -.034 «004 -070

1.0 «083 «019 -.028 +007 090

+333 0.0 <047 .028 -.02% « 003 «049
5 « 052 <023 -.028 «004 «051

1.0 +C77 . 008 -.023 « 008 070

«450 0.0 037 «0l4a -.023 « 003 «030
a5 - 042 « 009 -.022 «004 <033

1.0 062 -.002 -.018 «008 <050

«562 0.0 «029 «001 -.016 . 003 « 015
.5 «033 -.003 ~.018 <004 «017

1.0 «050 -.012 -«015 « 009 «032

7150 0.0 -018 -.018 -.012 <003 -+ 009
«5 «C21 -.020 -.012 «005 -.006

1.0 .033 -.025 -.01C -010 .008

1.000 0.0 «008 -.233 -.005 004 -.033
.5 .009 -.040 -. 005 -005 -.030

1.0 «015 -.040 -.004 <011 -.019

1.500 0.0 -.005 ~.072 .005 - 004 -.068
.5 -.0C7 -.067 . 005 -D05 -.064

1.0 -«010 -a051 <004 «012 -.055

2.000 0.0 ~.C1l5 -.089 .012 -003 -.089
5 ~+017 -.085 <011 « 005 ~«085

1.0 ~.025 -.074 .010 -013 -.077

R 2.500 0.0 -« 021 -.103 016 «003 -.104
. .5 -.02% ~.097 .0lé « 005 -.099
1.0 -« 036 -.083 «015 +013 -.062

3.333 0.0 ~e027 -.117 «022 <003 -«120
«5 -031 -e111 <022 « 005 -.115

1.0 -.049 -.093 .020 .013 ~.108

4 444 C.0 ~+033 -e129 .028 +003 ~.132
5 -a038 ~-e121 .028 «005 -.126

1.0 -+C58 -.100 <026 «0l4 -.l19

€. 67 0.C -.C38 ~. 142 .032 .002 -.145
5 =044 -.132 033 « 005 -.139

1.0 —. 069 -.108 .031 «0l4 -a122

7.500 0.0 -« C40 ~elb4 «034 <002 -e.148
.5 =046 ~«135 +034 « 005 —e142

1.0 —«C?2 ~«110 «033 014 -.135

€.375 0.0 -.042 -.149 .036 «002 ~.153
.5 -.048 -.139 .037 « 004 -.146

l.C -+ 076 -a113 «035 014 -«140

12.500 0.0 -« C44 ~e154 +038 002 -.157
5 =.051 -.143 « 040 + 004 ~+150

1.0 -.080 -.l16 .038 014 ~sl44

1&.667 0.0 ~+ C46 -.157 « 040 «002 —.l61
«5 ~+053 —al46 «041 « 004 —.154

1.0 -+ CE3 -.118 040 014 ~+148

25.C00 0.0 —.047 -. 161 <042 ~001 -.165
5 -+055 -«150 <043 « 004 -a157

1.0 .86 -.120 <042 «013 -.151

OPEN 0.0 -. 169




TABLE TI.- UPWASH INTERFERENCE FACTORS § IN RECTANGULAR TEST SECTIONS
CALCULATED BY APPROXIMATION PROCEDURE WITH VARYING PERMEABILITY
FACTORS FOR WING-SPAN—TEST-SECTION-WIDTH RATIO s/b OF 0.7 - Concluded

(e} Tunnel width-height ratio b/h of 2.00

Approximated 6 |
6,

R/B y/s 8, A 8, 55 @2 r By 0y 65)
CLOSED 0.0 .09
<100 0.0 056 2065 =045 « 001 2077
«5 «0€1 « 054 —« 044 «002 074
1.0 «086 »025 -.03¢ « 006 + 080
o125 C. 0 «053 061 —e043 «001 «072
«5 +058 «051 -+ 042 <002 +070
1.0 .082 .023 -.036 « 007 «076
«167 0.0 « 049 354 -.039 «001 2065
5 +054 044 -.038 « 002 2062
1.0 «077 .018 -.033 «007 +069
2222 0.0 «043 « 045 -.035% <001 «055
«5 <048 .036 -+035 « 003 . 052
1.0 «C70 .012 -+030 «007 .059
«333 0.0 «035 . 027 -.02S +002 .035
«5 «039 .02 ~-.028 «003 <034
l.0 «057 + 001 -. 024 +007 042
+ 450 0.0 «C28 010 -+023 «002 016
«5 +031 005 -.022 «003 .016
1.0 «047 ~.010 -+ 020 .008 «025
+562 0.0 «022 -+ 006 -.018 «002 -.000
5 «025 -.009 -.018 «003 .0C0
1.0 «037 -.020 -.01¢& .008 010
750 0.0 «014 -.029 -.012 «002 -.025
«5 «016 -.030 ~.012 «003 -.023
1.0 . 025 -. 034 ~-. 011 «008 -.012
1.000 0.0 «006 -.054 -.0C5 «.002 ~.051
5 «007 -.053 -.005 «003 - .048
1.0 «011 --.050 -+ 005 « 009 -.035
1.500 0.0 -+005 -.090 « 004 . 001 -. 089
«5 -+ 005 -.,085 +004 .003 -.083
1.0 -.007 -~.072 + 004 + 010 -l 066
2.000 0.0 -.011 -.113 «01C «001 -.112
«5 -.013 -.105 010 «003 -.105
1.0 -+0159 -.08¢6 <010 « 010 -.085
2.500 0.0 -.016 ~-.128 «0l4 « 001 -.129
«5 -.018 -.119 015 003 -.119
1.0 -.027 -+ 095 <015 +010 -.098
2,333 0.0 ~.021 - 146 . 016 «001 —-e 146
.5 -« C24 -e.134 020 «002 -.136
1.0 -.036 -.105 « 020 «010 -e111
44,444 0.0 -.025 -.159 023 «001 -.160
«5 -.C28 -.146 .024 «002 -.148
1.0 =044 -.113 « 028 <010 -.,122
6.667 0.0 -.029 -.174 . 027 «001 ~e175
.5 -.033 -.159 «029 «002 -l 1€l
1.0 -.052 ~.121 «031 <010 -.132
7.500 0.0 -.032 -.177 .028 +001 -.178
«5 -+ C34 -.162 «030 «002 —.164%
1.0 ~.05% -.123 «032 «010 -.125
9,375 Q.0 -.031 -.182 «030 . 001 -.183
«5 -«C36 -.167 «032 «002 —-.169
1.0 -.057 ~.126 «035 ’ . 010 -.138
12.500 0.0 -.033 -.137 «031 «001 -.188
o -+C38 -.171 «034 «002 ~-.174
1.0 -.060 -.129 «037 « 010 -e142
16,667 0.0 ~+034 -.191 «033 «000 -.193
.5 -.C29 -.175 «035 « 002 ~e177
1.0 ~.062 -.131 «039 « 009 - o145
25.00C 0.0 ~-.035 -e135 «034 <000 -.197
«5 —«041 -.178 037 « 001 -.181
1.0 -.0565% -.133 <041 «009 -e148
OPEN 0.0 -, 204
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Figure 1.- Schematic diagram showing reiationships between various parameters in @ rectangular perforated wind tunnel.
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Figure 2.- Calculated total upwash interference factor & as a function of R/B at the center of a small-span (s/b = 0.3) wing
mounted in the center of a rectangular perforated wind tunnel.
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mounted in the center of a rectangular perforated wind tunnel.
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factors R/B.
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Figure 5.- Calculated total upwash interference factor as a function of tunnel width-height ratio b/h at the center of
a small span (s/b = 0.3) and a large-span (s/b = 0.7) wing mounted in the center of a rectangular perforated wind

tunnel for three values of R/B.
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