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ROLLING MOMENTS IN A TRATLILNG
VORTEX FLOW FIRID

By Oden J. McMillan, Richard G. Schwingd,
Jack N. Nielsen, and Marnix ¥. E. Dillenius
Nielsen Engineering & Research, Inc.

SUMMARY

An experimental investigation has been carried out to provide detailed
pressiare distributions on a wing in close proximity to a tip vortex of
known structure generated by a larger, upstream semispan wing. Overall
loads calculated by integration of these pressures are checked by inde-
pendent measurements made with an identical model mounted on a force
balance. For certain positions of the following wing, the data are shown
to include effects from the unrolled ~up portion of the vorLax sheeh from
the generating wing. Wlth the vortex close to tﬁe wing, these effects
are minimal.

Conventional methods of wing analysis are used to predict the loads
on the following wing. Two different versions of strip theory are shown
to give uniformly poor results for the loading distribution, although the
predictions of overall lift and rolling moment are sometimes acceptable.
Modeling the incident vortex with vorticity distributed in the core instead
of concentrated at the center is important when the vortex is within a
core radius of the wing. Vortex-lattice theory gives good results if the
vortex with distributed vorticity is constrained to be rectilinear and the
loadings are calculated from linearized pressures. The equivalent relation
from reverse-flow theory that can be used to give overall loads is presented.
Failure to model accurately the nonlinear contributions to loading is shown
to have small impact on the overall results. ]

INTRODUCTION

There is considerable practical Lnterest in the ability to calculate
the loads induced on a wing surface in a free stream by a nearby stream-
wise vortex. For example, this ability is important in the analysis of
the vortex hazard problem for a small aircraft operating in the wake of a
larger aircraft. It is also central to the analysis of helicopter rotor
systems and to the design of control or lifting surfaces for missiles or



aircraft if these surfaces are subject to concentrated vortices gencrated
by the nose or by canards. Several investigators have formulated models
for calculating induced loads of this type; varying levels of success
have been achieved in terms of prediction of overall cffects,

In spite of the fact that there is a voluminous literature on this
subject, there exists a need for experimental data of sufficient detail
and completeness to evaluate the theoretical methods. With the exception
of the investigation of reference 1, the existing data lack either
detailed measurements of the distribution of loading on the wing or know-
ledge of the structure of the approaching vortex; reference 1 deals with
the case where the vortex-generating wing is at most oflthe same span as
the following wing. Therefore, previous tests of theories for cases
where the vortex core is at all appreciable compared Lo the zcale of ihe
following wing have been in terms of gross effects, or have requirec
critical assumptions with respect to the nature of the vortizal flow
field involved.

The purpose of the work described herein is to provide measurements
of sufficient completeness to allow detailed evaluation of existing
theories for loads of this type and to conduct such an evaluation. 1In
" the partlcular cases treated, the loads are measured with the follow1ng
w1ng at zero angle of attack uslng pressure taps, ‘the vortox generator
is a larger semispan wing. To allow checking of the overall loads calcu-
lated by integration of the measured surface pressures, independent
measurements are made using an identical model mounted on a force balance.

The theoretical methods evaluated are standard methods of wing analysis.

This report describes the experimental arrangement utilized, presents
and analyzes the data. The theoretical methods used are described,
detailed comparisons with the measurements are made, and shortcomings of
the methods are assessed.
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SYMBOLS

three-dimensional lift-curve slope

lift-curve slopes for wing portions, eguation (18)
aspect ratio of wing portion, equation (17}

wing span

wing chord

section--1ift coefficient

secticn lift-curve slope

i .
section-~iifL tcoefficient for wing in steady roll,
equation (17)

rolling-moment coefficient, R/qg bS5

rolling-moment coefficient for force model at zero angle
of atrack 1in absence of vortex; tare value :

lift coefficient, L/q.S

lift coefficient for force model at zero angle of attack in
absence of vortex; tare value

pressure coefficient (based on corrected pressure),

exponential integrals, eguations (15), (16) and (21)

constant in model for leading-edge contribution to section
lift, equation (4)

lift

static pressure corrected for pressure measured at same

point on pressure model at zero angle of attack in absence
of vortex; also roll angular velocity, positive right

wing down

ratio of semi-perimeter to span of wing portion, eguation (17)
free-stream dynamic pressure

radial distance from vortex centerline

rolling moment, positive right wing down

Reynolds numbexr baséﬁ on the chord of the following wing

wing semispan, b/2



x,Y’z

Z
yv’ v

AYV,AZV

Subscripts

A

G
Y/
P

wing area, be for rectangular wing
pseudo time coordinate, eguation (1)

tangential velocity in vortex, equation (2)

free-stream velocity

component normal to wing of velocity due to vortex,
equations (9) and (12)

Carvesian coordinates with origin at the centerline of the
leading edge of the following wing, cm, figure 1 '

coordinates of the vortex center assuming the presence of
the wing causes no deflection

angle of attack

change in location of the vortex center duz to deflection
caused by the presence of the wing

circulation of vortex at radius, r, equation (1); positive
for counterclockwise rotation

strength of potential vortex; or circulation of vortex at
large «r

pseudo viscosity, equation (1)

pertaining to the aged vortex of equation (1)
generating wing

lower wing surface

pertaining to a potential vortex

pertaining to the split-wing version of strip theory
upper wing surface

vortex

free stream .



APPARATUS AND INSTRUMENTATION

The experiment was performed in the wind tunnel which is under the
jurisdiction of the U. S. Army Airx Mobility Research and Development
Laboratory at the NASA/Ames Research Center. 'This is a closed-circuit,
atmospheric tunnel with a test section of rectangular cross section 2.1

meters (7 £t} high ¥ 0 weters (10 f£t) wide. It is described in more
detail in refzrsmee 2. The general arrangement and coordinate system
used are shown in figure 1. The "generating wing" is a semispan model

attached to the tunnel scsles with its Lrailing edge at the center of the

tunnel turntable. The geometrical charachteristics of this wing are listed

in Table I. Its measured lift cﬁrve (verified in this investigation) and
more geometrical detail are available in reference 3. The "following wing"
was mounted by means of a small fuselage to the tunnel traversing system
(not shown) with its leading edge two generating-wing chord lengths down-
stream of the generating wing trailing edge. This streamwise position

was chosen to minimize the effects of vortex meander {(discussed later) and
to coincide with a position whare a portion of the velocity field of the
vortex had previously been measured (ref. 4). While this close proximity
to the generating wing is totally unrepresentative of the vortex hazard
problem, minimizing meander and operating in a vortex whose structure is
at least partially known greatly facilitate application of theoretical
methods. The following wing geometrical characteristics are listed in
Table I; the exterior lines of the fuselage are shown in figure 2.
Provision was made to pitch the following wing-fuselage assembly relative
to the traversing system,

There were actually two following wing-fuselage assemblies of iden-
tical exterior shape but of different internal construction and
instrumentation. One {the "force model") was fabricated of wood and
fiberglass and was mounted to the traversing system through a 2.54 cm
(1 in.) diameter Task Mark XIVA force balance (balance center at x = 2.59,
y =0, 2z = -2.54). The gages used to measure lift and rolling moment were
calibrated in the tunnel; the estimated experimental uncertainty for a
single measurement of 1ift is + 5 percent, for rolling moment + 3 percent.
The other assembly (the "pressure model") was fabricated of alﬁminum and
was instrumented with 371 pressure taps distributed in chordwise rows on
the upper and lower wing surfaces as shown in figure 3. The taps indicated
as missing at a particular section in this figure were either omitted '
because of manufacturing constraints or were found to leak or to be plugged
after assembly of the wing to the fuselage. | '



The pressure taps were installed in the split wing in one of the two
ways shown in figure 4, The stainless steel tubes from the pressure taps
were led out through the wing and fuselage interiors and were connected to
nine Scanivalve modules (with internally mounted pressure transducers) hy
0.75 meter (30 in.) lengths of flexible tubing. %Yhe Scanivalve modules
were attached to the tunnel traversing mechanism aft of the model, The
electrical leads from the transducers were led out through the tunnel
floor to the power supplies, signal conditioning cguipment, and data
acguisition system (described below) located in the tunnel control area.

The individual pressure lines were carefully leak checked at several
stages in the construction of the model, including after its final
installation in the tunnel.

The pressure transducers used were all of the differential type;
their reference sides were manifolded to the static pressure from the
standard tunnel "g" probe. This static pressure (as well as the total
pressure from this probe) was also input to a port on each Scanivalve.
Because all pressures recorded were to be converted to pressure coeffi-
cient form before use, this procedure effectively allowed each transducer
to be calibrated on each cycle of the associated Scanivalve. The ranges
of the transducers used varied from 1.72 kPa (0.25 psi) to 17.2 kPa
(2,5 psi); pressure taps located nearest the trailing edge were connected
to the transducers with the smallest ranges for best resolution.

To allow determination of the mean vortex position under various
conditions (which are described later), a dual-beam, two-coloxr backscatﬁer
laser Doppler velocimeter furnished by the Large-Scale Aerodynamics Branch
at the NASA/Ames Research Center was used. For a given test condition,
the two beams were positioned so that on the average they bracketed the
vortex core, as described in reference 4, and the mean vortex position
was determined from knowledge of the LDV focus location. The LDV beams
were made visible by injecting vaporized mineral oil into the tunnel in
one of two ways: either a conventional resistance heating smoke wand was
placed with its tip near the tip of the generating wing (in which case
the vortex was smokefilled in a clear free stream), or the entire tunnel
was filled with vapor formed by an air-blast atomizer (in which case the
vortex core was clear in a smoky free stream). In this latter technique,
the smoke was ducted into the tunnel in the diffuser section just down-
stream of the test section. Both techniques proved useful in different®
facets of this investigation.
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One final piece of instrumentation was provided to allow assessment
of the instantaneous deviation of the vortex from its mean position
{meander). This information allows conditional sampling of the data from
the force model. Using this procedure, only data collected when the
vortex is in its mean position are used to calculate rolling moment and
1ift. This approach is not possible with the pressure model because of
inadecuate frequency response of the pressure instrumentation due o the
(relatively) long pieces of small diameter tubing required to connect the

taps. £y *r& Scanivalves. The instrument used to provide this instantaneous-
posit;: v { *ormation is a vorticity meter (sketched in figure 5) specially
des. g7 . '#or this purpose. The maximum diameter of the blades is approxi-

mately éQual to the measured diameter of the vortex core (ref. 4) and the
device was constructed to allow rapid response to rotational speed changes
(the calculated time constant of this instrument is on the order of

10 m/sec). When the position of the vorticity meiter is adjusted to coin-
cide with the mean wvortex position, decrease in .its rotational speed is an
indication of movement of the vortex away from this mean position. By
averaging only force model data associated with a vorticity-meter rota-
tional speed which is above some value, and then increasing this threshold
value, one can gain an understanding of the sensitivity of vortex-induced
lift and rolling moment to deviation from vortex mean position. This
approach cannot, of course, eliminate the contribution to these guantities
from the mcander velocity of the vortex in its mean position. The condi-

tionally sampled data will include this contribution.

The vorticity meter lateral and vertical positions were adjusted to
coincide with the mean vortex position (as determined by the LDV) for a
given location of the force model., It was always located three following-
wing chord lengths downstream of the following-wing leading edge (x = 3c¢).
The response of the vorticity meter to the vortex motion is illustrated
in figure 6 which is a tracing of the rotational speed output obtained on
an oscillograph for a case where the wing was very close to the vortex.
Although no vigorous calibration of the rotational speed was maintained
(because only relative values were to be used in the conditional sampling
process), it is known that the peak spsed obtained in this tracing is in
excess of 940 rad/sec (9000 rpm). 1t is clear from this figure that the
frequency response of the vorticity meter is adequate for it to serve as

an indicator of relative vortex position.



The data acquisition system in the tunnel can simultaneously digitize
up to 12 analog inputs and punch these values on computer cards for later
reduction. One of these analog input channels was always used for the
output of the "g" probe Lransducer. In testing with the force model, for
each position of the wing relative to the mean vortex position, this
system was used to record the instantaneous signals from the balance and
vorticity meter at approximately 100 different instants in time. Note
that conditional sampling was not practical at data-acqguisition time hut
was done later during data reduction. With the pressure model, the
pressure transducer in each of the nine Scanivalves was connected to an
analog input channel (after appropriate amplification). Because the
Scanivalves had to be cycled through all the ports, a period of about
30 seconds was required to record the pressure field on the whole wing.
This process was repeated on the order of 20 times. to generate an average

of the pressure at each point on the wing.
TEST CONDITIONS AND PROCEDURES

Vortex Structure and Location

As previously mentioned, the streamwise position of the following
wing was chosen to coincide with one of the measurement planes in an
earlier study of the structure of the tip vortex from this generating
wing (ref. 4). 1In that study, the identical generating wing was mounted
in a similar way (vertically) in the test section of the other 2.1 meter
by 3.0 meter (7- by l0-foot) wind tunnel at the Ames Research Center and
a rapid-scanning LDV was used to obtain lateral traverses of tangential
velocity through the vortex core.

Figure 7 shows the resulting profile (for QA = 12°, v, = 24 m/sec)
in the streamwise plane of interest here. In this figure, the tangential
velocity (corrected for tunnel wall images)'is normalized by the free-
stream velocity and the radial coordinate is normalized by the span of
the generating wing. The center of the vortex is taken to be equidistaht
between the positions of maximum measured tangential velocity. A reason-
able degree of symmetry is exhibited between the two sides of the traverse,
exéept just at the edge of the core (r/bG = 0.01) and for r/bG 2 0.08.
One may not, of course, infer any further degree of symmetry for the vortex
from this, for this close to the wing one would expect neither that the

vortex is axisymmetric nor that it is fully rolled up (e.g., see refs. 1,
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5-8). 1In fact, the small asymmetry noted at large x/b in figure 7 may

G
be evidance of the unrolled-up portion of the wake {(ref. 7). The effccls
on the following wing of the unrolled-up portion of the wake are apparent

in some of the data discussed in a later section.

Having duly noted that the vortex at this location is not axisymmetric,
we will nevertheless proceed to represent its velocity distribution by
two axisymmetric medzls. These models are used later as input to theo-
retical calculations of the lift and rolling moments induced on the

following wing. This approach is dictated by a desire to determine the

accuracy achievable by simple modeling, as well as by a lack of detailed
data on the asymmetric structure. The two models are shown in figure 7.
The first is a simple potential vortex with strength determined by fitting
the experimental velocity distribution for r/bG > 0.02, The second has
vorticity distributed in accord with that in a two-dimensional, laminar,

unsteady vortex {an "aged" vortex):

—_p e
_I_F_zl_er/tlvt (1)
o

This equation can be recast in the form:

Ve ( o ;) [1 - e“(r/bG)e(bé/4vt)] (2)

bV T \21V Db

In applying this model, T_, the circulation of the vortex at large r,

is taken to be equal to the circulation of the potential vortex of the
first model. The combination b§/4vt is chosen to provide best agreement
to the experimental data as replotted in the form of figure 8. As a
result of these procedures, I,/2MVgb, = 9.68x107° , bBZ/4vt = 1.052x10%,
It is of some interest to note that I determined in this way is 77
percent of the value calculated from the maximum* section-lift coefficient
measured on this wing at Oy = 12° (as reported in ref. 9). This is
suggestive of the extent of the rolling-up process at this streamwise

location.

* .
This ma#imum ¢, occurs for 0.35 £ y/s £ 0.60,



all data in the present investigation were taken with VvV, = 49 m/scc

(160 fps) which corresponds to a dynamic pressure of 1.44 kPa (30 psf),
Because these values are

The generating wing was always at o, = 12,69
somewhat different from the conditions used to generate the data of

figures 7 and 8 (V, = 24 m/sec, Gy = 12°9), the constants just calculated

must be adjusted before they are applied to the present situation.
Because the roll-up process is essentially inviscid, no correction is
applied for the change in Reynolds number (the V, discrepancy). It is
further assumed that the small (0.6°) discrepancy in % has no effect
on the distribution of vorticity (bé/4vt unchanged) but that the effect
on the total shed vorticity is linear in Qe This leads to the final
value, FO/ZWVQbG = 10.14¥1072,

The position of the uny ~Surbed vortex (in the absence of a following
wing) was established using the LDV described earlier. To allow for posi-
tioning of the vorticity meter, it was also necessary to measure the
perturbed vortex location at x/c = 3 as a function of following-wing
position again using the LDV. Because of the window arrangement in the
tunnel, this procedure was possible only with the vortex over the left
wing. Measurements were made for 'yv/s = -0.5 over a range of positive
zv/c. The deflection of the vortex from its unperturbed location is
shown in figure 9. These deflections were also used to position the
vorticity meter for the data taken with the force model for yv/s= 0.5.

Tests with the Force Model

Most of the testing with the force model was done using the arrange-
ment shown in figure 1 (following wing horizontal, angle of attack
nominally zero) with the vorticity meter appropriately positioned. The

vortex positions at which data were taken are shown in Table 2 along with

the run number assigned to that data. Notice that the coordinates in this

table are for the unperturbed position of the vortex relative to the force
model, Although in these terms the vortex would appear to be beneath the
wing (for zv/c < 0), in actuality the wing caused the vortex to deflect
upward as shown for zv/c > 0 1in figure 9. The minimum zv/c position
shown (zv/c = -0,18) is for the case where the wing was observed to

bifurcate the vortex
As is also shown in Table 2, some data were obtained with the follow-

ing wing vertical (rotated 90° counterclockwise, looking upstream), but
still nominally at zero angle of attack. Because the coordinate system

10



shown in figure 1 is taken to be fixed in the model, with the wing vertical
a vertical sweep of the model corresponds to varying yv/s, a lateral

sweep to varying zv/c. Runs taken at the intersection of the lateral

and vertical sweeps are listed under both kinds of sweeps in Table 2.

To account for small imperfections in its construction, the loads
on the force model were also obtained with the generating wing set t.o
generate zero lift. For this measurement, the force model (still nominally
at zero angle of attack) was set horizontal and was located well above the
= 0.0858, C, = -0.00866, run 43)

L L
were applied as tares to all the other data from the force model; the

generating wing's wake., These loads (C

resultant values (CL’ Cg) are thus induced solely by the presence of the
vortex {(under the assumption that for the positions occupied by the
following wing, variations in the flow angularity in the free stream are
small). The 1lift curve for the force model was also obtained (runs 43--48).

As previously mentioned, the capability existed for conditionally
sampling the data from the force model using the ritational speed output
of the vorticity meter as an indication of instantaneous vortex position.
Nonlinear effects of small changes in vortex position would be removed
from the average values determined in this way, and one would expect the
resulting mean values to converge and the standard deviation to be reduced
as more of the data where the vortex is “"out-of-position” are excluded.
However, the effects of decreasing the sample size apparently offset the
effects of eliminating data for which the vortex was out-of-position,
for no such behavior for mean and standard deviation was observed.
Therefore, values from the force model presented in this report are
averages of all the samples collected at a given test condition.

Tests with the Pressure Model

All of the testing with the pressure model was done with the pressure
instrumented wing horizontal. The vortex positions at which data were
obtained are shown in Table 3, As with the force model, the loads in the
absence of the vortex were measured (run 69) and all results corrected
for these tare values. This process, when applied to the pressure at
each tap location, results in Cp, the local pressure coefficient from
which the effects of the wing thickness and any construction irregularities
have been removed. The 1lift curve for the pressure model was also measured
(runs 50-51, 69-74).

ORIGINAL PAGE IS

OF POOR QUALITY| 11



As mentioned previously, for each run approximately 20 samples of
the pressure at each pressure-tap location were recorded., At each tap
location, these values were averaged,. converted to Cp, and integrated
chordwise to define the span loading as follows™:

.05 .9
P, - P P, - P
c =[-—£—-—-—-—*~l-1~d(x/c) =f b8 g(x/c) + c._ d{x/c)
J4 U T pﬁ
0 0 Jos
- -[h c_ d(x/c) + Jr-—————_— a(x/c) (3)
. Py Yoo
.Ob .9.

The second and third terms on the right-hand side of this equation are

evaluated by a straightforward numerical integration of the data using

the trapezoidal rule. The fourth term provides a negligible contribution.

The first term, however, provides a substantial contribution, although
it involves only a small region in the wing which cannot be adequately

instrumented with pressure taps in a model of this scale. Therefore, the

contribution of this term was modeled hy the relation

oo

Y d(x/c) = k(C. - C ’) | (4)
0 P

where k was determined to be 0.0639 from two-dimensional section data

for an NACA 0012 wing (ref. 10). This procedure shoﬁid be guite accurate

over most of the wing as long as the local angle of attack induced by the
vortex does not become too large.

Span loading as calculated by equations (3) and {4) is integrated
again to get the overall wing lift and rolling-moment coefficients:

. _
This procedure cannot be applied at the fuselage location (y/s = 0).
No ¢, is calculated there.



H

L1 .
CL = g8 = 2 cﬁd(Y/Si (5)
21
1
c,==—R_ =L [ (y/e)c,aly/s) (6)
£ qps "4 Y/8)€ 0ty
<1

These equations, valid for a rectangular wing, are evaluated by the trape-
zoidal rule making use of the fact that ¢, = 0 at y/s = + l. Linear

)
interpolation is used through the fuselage location.

PRESEMTATION AND DISCUSSION OF
EXPERIMENTAL RESULTS
All of the data acquired in this investigation are tabulated in

Appendix A. In this section, selected results are presented and discussed.

The Following Wing in the
Absence of the Vortex
In figure 10, the integrated lift coefficients for both the force
and pressure models are shown as functions of angle of attack. With the
. exception of one apparently anomalous data point, the agreement for 1ift
derived from the two models is good (within the uncertainty of the force
data, + 5 percent). Predictions of the lift curve from a vortex-lattice
program (described later) and from the method of reference 11 are shown
for comparison and agree with the data to within this same order of
accuracy. It is shown in reference 12 that for the low Reynolds nunber
of this test (Rec = 330,000) the 1ift curve beccmes nonlinear for o
greater than about 10°. The error bands on the data points from the
force model show the standard deviation of those measurements. Because
of the assumptions required to integrate the pressure data, accuracy of
these data is best assessed by comparison to the force model data and to
the theoretical estimates.

An example of the span loading measured by means of the'pressure
model .is shown in figure 1ll. A decrease in section 1ift in the immediate

»

vicinity of the fuselage is evident. Good agreement is shown with span

13



loading calculated by the vortex-~lattice program. 'The break in this calcu-
lated curve at the fuselage location indicates that this program as
currently configured does not calculate the lift carry-over onto the
fuselage.

The Following Wing in the
Presence of the Vortex
Measured rolling moment and 1ift are shown in figures 12(a) and (b),
respectively, with the vortex at different heights above the right half-
semispan. Measurements from the force and pressure models are shown; in

both cases, the following model was horizontal. Good repeatability and
reasonable agreement between measurements with the different models is
evident. The standard deviation of the measurements from the force model
in the presence of the vortex is approximately represented by the symbol
size in these figures. Note that this approximately bounds the effects
of meander in these data.

The span loadings measured on the pressure model at the conditions
of figure 12 are shown in figures 13(a) through (f)}. In these figures,
the (unperturbed) position of the vortex relative to the wing and the
approximate core size are shown to scale. With the vortex far from the
wing, as in figure 13(a), the loading directly under the vortex should be
essentially zero. It is seen that <, is substantially nonzero at
y/s = 0.5, and that because of the mild gradient of the span loading, the
discrepancy is considerably more than could be attributed to uncertainty
in the vortex position?¥ Further, cy at y/s = 0.5 1is nearer to zero
with the vortex somewhat closer to the wing, figure 13(b). The likely
source for this behavior is the unrolled-up portion of the wake from the
generating wingjo= mentioned earlier, at the streamwise position of the
followxng wing, a substantlal amount of the shed vort1c1ty is not rolled
up into a symmetrlc vortex (see sketch on follow1ng page) While we
propose to do no modeling of the residual vortex sheet to investigate this
point further, it is reasonable to suppose that the behavior cbserved in
figures 13(a) and (b) is due to the féct that more of the wing is exposed

The estimated uncertainty in the unperturbed vortex position is + 0.02
for yv/s, + 0.07 for z,/c. Movement of the vortex induced by the
presence of the wing depends of course, on the proximity to the wing. .

At ZV/C = 1,73, figure 9 lndlcates very little lateral movement of the
vortex.

14



to this sheet as the separation between the rolled-up vortex and wing
increases; additionally, its effects become proportionally more important

as those of the vortex are diminished by distance,

RN
\ /— Rolled—up vortic ity
@ k

Generating : vortex sheet
wing \\\\ "
Following
wing

™~

When the vortex is closer to the wing (and fhe effects of the un-
rolled-up wake are minimal), one would expect to see evidence of the
nonlinear suction 1lift and vortex-bending contributions to surface pres-—
sure discussed in Appendix B. The "bump" in the span loading curves of
figures 13{c) and (d) at vy/s = 0.55 presumably represents these effects
(as previously observed in reference 13), Note that because the nonlinear
suction and vortex-bending pressures peak directly under the vortex
(see Appendix B), this bump is an indication of the perturbed vortex
location. )

It is reported in reference 13 that when the vortex gets still
closer to the wing, bursting occurs and the suction peak disappears.
This seems to be the case in figures 13(e) and (f) which have no "bump"
at y/s = 0.55. Remember that the zv/c position reported in figure 13
is the unperturbed location. The vortex is bifurcated by the wing in

figure 13(f). The span-load distribution remains smooth even for this
extreme condition.

Further effects of the unrolled-up wake are evident in figures 14 (a)
and (b). 1In these figures, the relling-moment and 1lift coefficients
measured with the force model are shown for yv/s = -0.5, Measurements
are shown with the following model horizontal and vertical. It is clear
that changing the attitude of the model relative to the wake causes a
substantial change in rolling moment and that this change is increased as
zv/c increases. The effect of lift is seen to be small. '

15



The remainder of the data gathered in this investigation were for
varying yv/s at zv/c = 0,05, These data are shown in figures 15 (a)
and (b). Measurements with the pressure model horizontal and the force
model both horizontal and vertical are included, as are some theoretical
results discussed in the next section. The rolling-moment coefficient
data of figure 15(a) essentially confirm the above remarks; that is,
neasurements made with the force and pressure models horizontal agree
reasonably well, while those made with the Fforce model vertical show
substantial.disagreement. Theilift-coefficient results of figure 15 (b}
again show small effects of model attitude.

To illustrate the detailed loading distributions that result in the
integrated values presented to this point, a series of isometric plots
of the pressure coefficient on the top and bottom wing surfaces is given
in figures 16(a) through (f). The position of the vortex for these
figures is the same as for figures 13(a) through (£f); that is, yv/s 1.5
and zv/c varies from 1.73 to ~0.18, The spanwise station yv/s‘= 0.5
is marked with an arrow in these figures., The pressure coefficients
plotted have been adjusted for the tare run; that is, the pressure distri-
bution due to thickness (and any irregularities in the wing) has been
subtracted out. The coefficients measured at taps located forward of
x/c = 0.05 are not plotted in these figures because they were not used
in the integration of loads, as discussed previbusly. The curve shown
at the wing center lingfon the top surface is the measured pressure
distribution there, although it was also not used in the integration.
Obviously, no pressures could be measured on the bottom wing surface at
the centerline. |

In the earlier comments about figures 13(c¢) and {d}, notice was made
of the "bump" in the loadings at y/s = 0.55. The surface pressures
resulting in these loadings'are shown in figures 16(c) and (d). Particular
attention should be directed to the top wing surface; y/s = 0.55 is the
spanwise station just to the right of the arrow. The chordwise distri-
bution at this station (and to a lesser degree the distribution at the
.station marked with the arrow) contrasts markedly with the distributions
shown at the other spanwise stations. The (relatively) large negative
pressure coefficients existing over the mid and aft portions of the wing
at y/s = 0,55 result in a locally increased ¢, {the "bump"). These
augnented pressure coefficients are interpreted as the net of the non-
linear suction lift and vortex-bending contributions. As the vortex
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approaches the wing, figure 16(e), and is bifurcated, figure i6(f}, the
increased loading over the mid and aft portions of the wing disappears.
The pressure distributions far from the vortex in all these figures
resemble standard section data and suggest that that portion of the flow
field might be mode'ed in a straightforward fashion using strip theory.
The success of this theoretical appreoach (and others) is assessed in the
next section. Some more detnils of pressure distributions are presented

in support of specific points.

DESCRIPTION CF THEORETICAL METHODS AND
COMPARISON WITH DATA

Three standard methods of linear wing analysis (strip theory, vortex-
lattice theory, and reverse-flow theory) are used to predict the loads on
the wing due to the vortex, The boundary conditions used in these calcu-
lations consist of the induced velocity field from either a potential
vortex or the "aged" vortex of equation (l), with the constants reguired
for the description of the vortex structure determined as described
earlier. The methods are applied assuming that the presence of the wing
does not alter the vertex structure; that is, the vortex remains recti-
linear and the incident velocity field is unchanged from that existing
for the isolated vortex. Because the vortex models used take no account
of the presence of the unrolled-up vortex sheet discussed earlier, the
models are applied only with the vortex close to the wing where the
effects of this sheet are minimal.

Strip Theory

Several versions of this simple approach have been applied to this
problem in prior investigations, with varying claims of success (see, for
example, refs., 1, 7, 14, or 15).

Using strip theory, each infinitesimal element of the wing is considered
to be independent of the others, and the load on each element is assumed
to be calculable from the local section angle of attack. Thus for a
rectangular wing
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where cL

is the section lift-curve slope and wv/vm is the local
section a%gle of attack. Previous applications of this method differ in

the amount of empiricism used in the specification of CLq and wv/v .

In this section, two versions of strip theory (differing in the
treatment of cLa) are used to illustrate the fundamental features of the
method. 1In the first version, CLg is assumed to be constant over the
entire wing and equal to a_, the three~dimensional lift-curve slope
(ap = 4.58/radian = 0.08/degree is used, see fig., 10). Both descriptions
of the vortical velocity field developed earlier are used in conjunction.
with this assumption. If the vortex is to be represented as potential,
application of the Biot Savart law yvields ‘
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I. the vortex is represented by equation (1) (an “aged" vorlex),

I >
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The last term on the right-hand side of equation (14) is evaluated

numerically. I, and 12 are the exponential integrals

-t
[
I, f £ dt (15)
t
1
[ =
I,= . dt (l6)
t2
with ¢, = [(y, - S).E +'z3]/4vt and tp = [(yv + 8)2 + z§1/4vt.

The second version of strip theory used here is based on the reasoning
(set forth in reference 15) that the portions of the wing on either side
of the vortex act as separate wings, each with its own {constant) wvalue
of lift-curve slope. The lift-curve slope for either portion of the wiﬁg

is determined from
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where MR is the aspect ratio and P 1is the ratio of semi-perimeter to
span, each evaluated for the wing portion treated as a separate wing.
Thus for the rectangular wing treated here,

21r(%) (1' + %

e = a = , 1< X S_ZX ™
La Oy, (%)(1+%?—)+6 s s
> (18)
Y
. ) k) B PO J
og (%)(1 ) %}) e s s

Specifying cy, as double-valued at yv/s causes no problems in equation
{7) or (8) becZuse wV/Voo vanishes there.

In this second (split-wing) version of strip theory, the aged-vortex
relatidon of equation (12) is used to describe the distribution of section
angle of attack. Thus

CLS’A = (Z:'L's‘) (

r z 2
0 _ v __ -
ZWV&> {}OL [ln ( + I, 12]

2 ZE
Yy + s)* + v

(v, - s)® + 2% '
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R v

20



and

r Y., + s
1 o} - \A
oy = () () (oo o+ 9 - mren (255)
LS,A 452 2mV,, o, v v z

v

v .2 YIS (nPa2B) fave .
+ 5 In N -5 (T, - 1) - f o dn
(yv + s) 2 4 Z:"} 5 1']2 h Z‘E;

- - 2 2

v, | S L (n®+z2) /4vt

- 3 (I, - I,) —f 71 z2 dn (20)
o v

where I is the exponential integral
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The integrals involving 13 in equation (20) are evaluated numerically.

Predictions of rolling moment from eguations (L1}, (14), and (20) are
shown for zv/c = 0,05 in figure 15(2). The predictions shown ignore
the effects of the image vortices present because of the tunnel walls.
inclusion of the closest eight of these images results in very small
changes in the coefficients (0.002 in Cﬂ,.0.0l in -CL);'the effects of
these images are therefore neglected in all subsequent calc--lations.
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It is seen that the best overall agreement with data is obtained for
the approach of equation (14) which uses e = ag for the whole wing in
conjunction with the aged vortex. However, the agreement attained by
this method is guite variable. Neax yv/s = (), agreement within about
10 percent is attained; at yv/s = 0.5, the discrepancy is nearly 40
percent; but at yv/s = (0.9, there is excellent agreement. Examination
of the lift coefficient results of figure 15(b) reveals a similarly
varying level of agreement for this method (eq. (13}); here, however, the
whole-wing method in conjunction with a potential vortex (eqg. (1l0)) leads
to virtually identical results, while the split-wing method (eq. (19))
exhibits considerably improved agreement with data for all yv/s.

The reason for this seemingly erratic behavior is apparent from exam-
ination of the predicted and measured span loadings in figures 17 (a) and
(b). These figures show cases where the agreement with data for rolling-
mément coefficient from egquation (14) is poor and excellent, respectively.
The spah loadings predicted using the whole-wing and spiit-wing versions
of strip theory and equation (12) are shown; that from the whole-wing
approach and equation {9) (not shown) differs from the whole-wing,
equation (12) approach only in the immediate vicinity of the vortex where
|°g] becomes very large. Predictions from vortex-lattice theory are also
shown and are discussed later., It is clear in both figures that both
versions of strip theory do a poor job of predicting the spanwise distri-
bution of loading. This is particularly cbvious near the vortex where
the strong spanwise gradients invalidate the assumption of no interference
between adjacent strips. Therefore, where strip theory gives good results
it is fortuitous. Compensating errors occur at different positions on

the wing.

In the context of linear theory, there are two major possible sources
for these (offsetting) errors. The first is that mutual interaction
between adjacent wing sections is important. ‘The second is that the aged
vortex of equation (1) is a poor representation of the velocity field
that exists when the vortex is close to the following wing; that is, the
previously mentioned deflection and possible bursting of the vortex are
not represented by this model and may have strong effects on the induced
loading. The first possible source of error is removed by applying
vortex-lattice theory (or reverse-flow theory) to the problem with the
vortex assumed rectilinear and represented by equation (12). These
approaches are now described. The second poséibie source of error ié
discussed subsequently. '



Vortex—~Lattice Theory - Rectilinear Vortex

The vortex-lattice method is an implementation of linear, potential
theory wherein the wing and fuselage are represented by a network of
distributed singularities. The particular implementation used in this
work is described in references 16 and 17, In the present work, it was
found adequate to model each wing ?anel by 20 spanwise rows of 4 chordwise
horseshoe vortices. The fuselage is modeled as a circular cylinder with
diameter of 4.47 om (1.75 in.) and its axis coincident with the =x-axis
shown in figure 1. The image of the incident vortex in this cylinder is
required ‘i maintain the flow tangency condition on its surface; a second
image at {%¢ cylinder's axis is required to maintain the proper circulation

at infinity.

Once the wing perturbation velocities are calculated by the linear
theory of the vortex-lattice program, they can be used in any desired
pressure-velocity relationship to calculate the surface pressures on the
wing. These pressures are then integrated to get lift and rolling moment.
It is shown in Appendix B that the contributions to surface pressure of
the nonlinear terms present in the Bernoulli pressure relation are of the
same order and of opposite'sign from the contributions due to vortex
bending. Therefore, in the present treatment of a rectilinear vortex, it
is appropriate to use the linear pressure-velocity relation. However, for
illustrative purposes, examples of loadings calculated from Bernoulli

pressures are also included.

Integrated rolling moment and lift calculated in these ways are shown
in figures 15(a) and (b) which are for zv/c = 0.05; vortex~-lattice cal-
culations were made at yv/s = 0,2, 0,5 and 0.9. Except with the vortex
very near the wing tip, agreement with the rolling-moment data is good
for calculations using either linear or Bernoulli pressures., At
yv/s = 0.9, neither method does very well but the method using Bernoulli
pressures is slightly better. The agreement with the 1lift data is of the

same order as the agreement between data from the force and pressure models.

As before, examination of the distribution of loading can lend some
insight into the behavior of the overall results. Returning to figure
17{(a), we see the span loading for a case (yv/s = 0.5) where both linear
and Bernoulli pressure calculations resulted in good agreement with data,
with the linear pressure calculation doing slightly better. The improve-—

ment in span loading gained by accounting for mutual interaction between
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wing sections is immediately obvious Ly contrasting the agreement of
either vortex-lattice approach to data with that of strip theory. It is
seen that the loads are calculated quite well, except in the immediate
vicinity of the vorteca location. Using the Bernoulli relation leads to
no particular improvemant here; the agreement is slightly better on the
left of the vortex, slightly worse on the right side. fThe similar
behavior shown in figure 17(b) leads to slightly improved_agreement using
the Bernoulli presécres, because the area to the right of the vortex is
off the wing. The span loadings from vortex-lattice theory shown in
figure 17 (b) result in porver agreement with data for rolling moment
than for lift probably because the area of greatest discrepancy has a

large moment arm in the rolling-moment calculation.

Some further understanding of the level of agreement achieved by
these vortex-lattice methods is derived by examining the most detailed
output of these methods, surface-pressure coefficients. It is particu-
larly instructive to compare the spanwise distribution of prezsure at a
constant chordwise position, Figures 18(a) and (b) show measured and
calculated pressures due to the vortex on the top and bottom wing surfaces,
respectively. The measured pressures are for x/c = 0.65. The calculated
pressures are for x/c = 0.688. 1In this region of the wing, this small
discrepancy in chordwise position is not important for the purposes of
the present discussion, The pressure distributions on both surfaces
emphasize again that the agreement with data achieved is good, except
neay the vortex. On the upper surface, the calculated suction peak
(using Bernoulli pressures) is overemphasized and slightly mislocated,
indicating that the vortex has in fact moved slightly to the right. On
the lower wing surface (fig. 18(bk)), there is also a calculated and a
measured suction peak. Here, however, the calculated peak is underempha-
sized and too far to the right. It is clear from these remarks that while
using the Bernoulli pressure relation does qualitatively represent some
real effects in the calculation, its use in conjunction with the assump-
tion of an unaltered vortex structure does not lead to improved agreement
for loading over a calculation made u51ng llnear pressures and a recti-

- linear wvortex. Improvement in the accuracy of predlctlon would seem to
depend on an accurate representation of the effects of the wing on the
vortex. The improvements to be'gained, however, do not appeat to warrant

the effort required,
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Reverse~Flow Theory

Undex the assumption of a rectilinear vortex, reverse-flow theory
(refs. 18 and 19) can be used to calculate the induced rolling moment and
the theor;a_s equivalent to that of the preceding section. After an
initial calculation of the span loading in the appropriate reverse flow,
subsequent calculation of rolling moment for any vortex position is
reduced to a simple guadrature. Although the loading distribution is not
an output of this method, the calculation is of the same accuracy as that
of the preceding section. Reverse~flow thesory is therefore a very eco-

nomic approach, as long as details of the loading are not required.

The reverse flow relation for rolling moment is

,,_..) <m> ay (22)

roll

5

-3

where (cﬁ) 11 is the span loading distribution for the rectangular
ro

wing in steady roll at roll angular velocity p. . Either vortex model can
be used for w /Vm. In this investigation, (cﬂ) o was calculated
using vortex-lattice theory and equation (22) was applled using wy/V,
from equation (12). It was verified that the results from this approach
are equivalent to those from vortex-lattice theory (using linear pressures!,

Some Remarks oﬁ Calculations
Including Vortex Bending

As mentioned previously, it is shown in Appendix B that for a point
vortex, contributions to loading from vortex bending and nonlinear terms
in the Bernoullli pressure relation are of the same order and of opposite
sign. To achieve agreement improved over that demonstrated in the
previous sections would therefore seem to require satisfactory modeling
of vortex bending as well as inclusion of the Bernoulli terms.

The vortex-lattice program used in this investigation incorporates
a vortex—-tracking scheme based on slender-body theory. This scheme is a
simplified version «f the analysis for the cruciform wing case discussed
in references 19, 20, and 21. It is inappropriate for use here, however,
because it does not take into account the upwash £ield ahead of the

rectangular wing which results in the large vertical deflections of the
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vortex shown in figure 9. Buit even if a wmore complele tracking schmme
were devised, it would not lead to fully satisfactory res;lts for the
case with the vortex very close to the wing. 1In this situation the
vorticity is more widely distributed and neither equation (9) nor (12} is
applicable; higher order accuracy would require proper accounting for the
full mutual interaction of the vortex and the wing.

This requirement is Ffortunately not of major concern. The accuracy
achieved through the straightforward application of strictly linear
analysis in conjunction with a rectilinear vortex model should be entirely

satisfactory for most purposes.

CONCLUDING REMARKS

.This investigétion has resulted in detailed measurements of the loads
on a wing in close proximity to a tip vortex generated by a larger, up-
stream semispan wing. These measurements show that over most of the wing
these loads are due to the spanwise varying angle of attack inducéd by
the vortex. For a limited range of wing-vortex spacings, there are also
contributions to the loading from vortex bending and the nonlinear terms
in the Bernoulli pressure relation. It is demonstrated, however, that
failure to model these last two effects results in only a small penalty
in predictive accuracy.

Good agreement of the integrated pressure measurements with overall
loads measured by means of a force balance is attained. With the vortex
very much above the wing, however, the data are shown to include effects
of the unrolled-up portion of the vortex sheet emanating from the gener-
ating wing. These effects are also evident with the following model
rolled 90° relative to its normal position.

An attempt was made to minimize the effects of vortex meander on the
measurements by conditionally sampling the data, wsing the output of a
vorticity meter to indicate vortex instantaneous position. Because the
conditional sampling process used here resulted in reduced sample sizes,

no improvements were attained over averages calculated using all the data.

Various theoretical methods were used to compute the loads for the
experimental cases for which the effects of the uﬁrqlled—up wake are
minimal, Straightforward applications of strirn theory resulted in a
varying level of agreement with the measurements. Comparison of the pre-
dicted and measured span loadings reveals uniformly poor accuracy, however,._
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indicating that the limited success strip theory does achieve is fortuitous.
In these comparisons, two models for the vortex velocity field were used;
one a simple potential vortex, the other allowing for distributed vorti-
city in the core. Both models are based on previously published LDV
traverses of the vortex of interest at the appropriate streamwise station.
Allowance for the finite vortical core improved agreement slightly over
calculations made with the potential vortex model.

Loads predicted using linearized pressures from vortex-lattice theory
applied in conjunction with a rectilinear vortex model (with distributed
vorticity) are within about 15 percent of measurements unless the vortex

is very close to the wing tip. Agreement with measured span loadings is

good except in the immediate vicinity of the vortex. The reverse-flow

theorem, which can be used to calculate overall loads to the same
accuracy, is presented.

- The use of pressures calculated using the Bernoulli relation in
conjunction with vortex-lattice theory and a rectilinear vortex does not
result in improved agreement for loading although it does improve agree-
ment for pressure distribution somewhat. Improvement in predictions
should result from accounting for the interference of the wing on the
vortex path, unless the wing is very close to the vortex. In this case,
the resultant more widely distributed vorticity would have to|be modeled.

In summary, economic predictions of overall loads of sufficient
accuracy for most applications can be achieved by using reverse—-flow
theory. If the predictions are for cases where the vortex is within a
core radius of the wing, a vortex model with a core should be used. If
detailed loading distributions are required, fully linearized vortex-
lattice theory gives good results. Significant improvements in accuracy
beyond this situation are likely to be obtained only by accounting fully
for mutual wing-vortex interference.

NIELSEN ENGINEERING & RESEARCH, INC.
Mountain View, California
February 1977
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TABLE 1l.- GEOMETRICAL CHARACTERISTICS OF
GENERATING AND FOLLOWING WINGS

Gene;ating Following
wing wWing

Section NACA 0015 (thickened NACA 0012

trailing edge)
Planform Rectangular Rectangular
Tip Shape Squared off Squared oOZff
Chord, ¢, cm (in.) 45.7 (18.0) 9.91 (3.90)
Semispan s, em (in.) 123.2 (48.5) 44,12 (17.37)
Aspect Ratio 5.4 8.9
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TABLE 2.~ VORTEX POSITIONS, FORCE MODEL

(a) Horizontal Wing, Vertical Sweeps

Run Numbher
zv/c zv/s = =0.5 yv/s = 0.5
1.73 24 25
0.73 27 26
0.23 28 29
0.05 31 30
-.02 37 36
-.18 38 39

(b} Horizontal Wing, Lateral Sweep

yv/s Run Number, zv/c = 0.05
~0.5 31

0. 40

0.05 41

0.1 42

0.15 33

0.2 34

6.5 30

0.75 - 32

0.9 35

{(c) Vertical Wing, Vertical Sweep

yv/s Run Number, zv/c = 0.05
-0.9 21
-0.5 14,15
-0.2 20
~0.1 18,19
0. 16,17

(d) Vertical Wing, Lateral Sweep

ZV/C Run Number, yv/s = ~-0.5
0.23 11,12

0.05 14,15

~0.18 13
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30

Y/

-0.5
0.
0.1
0.2
0.475
0.5
0.525
0.9

TABLE 3.~ VORTEX POSITIONS,
PRESSURE MODEL, HORIZONTAL WING

{(a) vertical Sweep

Run Number, yv/s

0.5

66
54,67
53,68
60
63
58

(b) Lateral Sweep

Run Number, zv/c

.05

62
64
65
61
56
60
57
59
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Figure 1.~ Experimental arrangement,
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1.12 R el ——

(All dimensions in cm)

NACA 0012

\— r——4.'47—>|

10, 16—

31.12
NOSE SHAPE
Distance from
Tip Diameter
0.76 2.16
2.03 2,82
3,30 3.30
4,57 3.66
7.11 4.27
9,65 4,44
10,16 4,44

Figure 2.- Fuselage exterior shape.
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Row number: 1 2 3 - ]9
r-')-A ll o
T i Y Y
} ! ;
: ! | :
Lo A [J
V.
PLAN VIEW
Top surface
5678 9 10 ¥ 11
23 TR T A 213
Tap number; 1@
14 v o s AT 2oy s PN

Rottom surface

SECTION A-A (Note change of scale)}

Chordwise Location

Tap

Number {I) x/c

1 0
2 0,025
3, 14 0.050
4,15 0. 100
5 0.150
6,16 0.200
7 0,250
8,17 0.300
9 0,400
10,18 0. 500
11,19 0.650
12,20 0. 780
13,21 0.900

Figure 3,- Pressure tap locations.

Spanwise Location

Row

Number (.J)

y/s.

~0.95
-0.85
-0.70
-0. 50
~-0.40
-0. 25
-0, 10
-0.06
0.00
0.10
0.25
0.40
0.45
0.50
0.55
0.60
0.75
0.85
0.95

Missing
Tap

Numbers

11
1
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0.4 mm diameter pressure tLap

\\ ‘\ Wing shell

L
\\\_ "AE?} 7 ~»-  TPg fuselage

0.71 mm O,D. by
0.16 mm wall
stainless
steel tubing

(a) Typical cohstruction, taps 1-12, 14-20.

0.7 mm O.D. by
0.16 mm wall
stainless steel

P ' : tubing
Va \_— 0.4 mm
/ : ;
/ y e\ diameterx . . i
Z \ Slot in wing shell
z \ g
e ————— . N\ gzessure filled with epoxy
Fach tube plugged at end . : laid in, then tap.s
and bent so that taps are are drilled.

all at x/c = 0,9

4

Wing trailing edge

Plan View Fnd View

(b) Typical construection, taps 13 and 21,

Figure 4.- Pressure tap constructisi.
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Figure 5.- Schematic of vorticity meter.
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Rotational speed

0.5

Time (sec)

Figure 6.- Vorticity meter output.




Figure 7.~ Tangential velocity profile
core (from ref, 4), two chord lengths downstream of

generating wing. V_ = 24 m/sec,

through vortex

_ s}
aG = 127,
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Figure 8,- Vortex circulation as . a function of radius.



Ayv/b or bz /c

1.5 2.0

Figure 9.~ Lateral and vertical deflection of vortex
from its unperturbed position, as measured behind
the wing (x/c = 3). yv/s = ~0,5.
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; ! I | !
Jo,
0 1 2 3 4 5 6 7 8 9 10

Figure 10.- Lift curve of the following wing.
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ortex-lattice

theory
- O_.
O Run 50
0.2 — B -
l-(——)—!-t-—Fuselage
O L 1 _ ] ] I_. ] ] : i
-1.0 -0,8 -0.06 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1.

y/s

Figure 11,~ Span loading of the following wing, @ = 7.4°,



42

Cs

0 ! I !
-0,02— 6 -
-0, 04— 3 -
g (O Force model
-0. 06— B Efg [J Pressure model
-0.08 | 1 |
-0.5 0 0.5 1.0 1.5 2,0
zv/b
(a) Rolling-moment coefficient.
0 T T I
O Force model
~0.1f —1
(] Pressure model
-0,2[ ]
o0 B
-0.3F O @ B ~
—.0.4 i | L
-0.5 0 0.5 1.0 1.5 2.0
.zv/c

(b)

Lift coefficient.

Figure 1.2, - Measured rolling moment and lift,
yv/s = 0.5, horizontal wing.
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(a) zv/c = 1,73.

Figure 13.- Span loading of the following wing, yv/é = 0.5,
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APPENDIX A

TABULATED EXPERIMENTAL DATA

All of the reduced data from this investigation are listed by run
number* in Tables A.l1 through A.,5. In this appendix, the organization of
these tables and the nomenclature used are explained.

Table A.l contains the results from testing with the force model,
The average values for CL and CE shown are the averages using all the
data taken at a particular test condition, after correction for the no-
vortex loads (&L,aﬂ). The standard deviation for each guantity is also
shown, as are the wing orientation (horizontal or vertical) and the angle

of attack of the force model (zero except for the lift-curve runs).

The integrated average results from the pressure model are shown in
Table A.2 (after correction for the no-vortex loads, run 69). The format
of this computer printout is now described. J and Y are the spanwise row
nunber and y/s location, respectively, of a chordwise row of pressure
taps (as shown in figure 3).

LIFT is Sy integrated from this row of taps using equations (3)
and (4). ALPHASUBS is a fictional section angle of attack (in degrees)
defined by the pressure difference between the upper and lower wing sur-—
faces at x/c = 0.05 according to the relation

ALPHASUBS = 2.63 (C. - C_ ) (A.1)
Py Pu' {x/c = 0.05

The constant in this relation was derived from two-dimensional wing section
data (ref. 10). LIFT FROM ALPHASL 38 is the product of ALPHASUBS and the
two~dimensional section lift-curve slope for the NACA 0012 section

(0.107 /degree, ref. 10j. This result, if appreciably different than cﬁ
is an indication that the sectlion pressure distribution will not be weall
modeled by considerations involving only induced angle of attack (e.q.,
strip thecry). CL LDNG EDGE is the contribution of eguation (4) to LIFT.
Table A.2 also contains integrated lift and rolling moment (C and C ) on
the left and rlght wings, as well as the total values from equatlons {5)
and (6). Flnally, the overall lntegrated values from ALPHASUBS and the
oondltlons in the tunnel free stream for the particular run are shown.

Tables 2 and 3 are a guide to the test conditions for a given run number.
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Table A.3 contains the average pressure coefficients (after correction -
for the no-vortex loads) at all of the pressure tap locations. I is the
pressure tap numbar in a given chordwise row according to figure 3. X is
the =x/c¢ coordinate of that tap, ¥ is y/s as before. A series of
asterisks indicates a mirsing pressure tap. Table A.4 follows the same
format, but the values listed are the standard deviations associated with

the mean pressure coefficients in Table A.3.

Table A,5 contains the tare values for the pressure model in the
absence of the vortex (run 69). Tables A.5(a), (b) and (c¢) follow the
formats of Tables A.2, A.3, and A.4 respectively.
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Run No.

TABLE A.l1-REDUCED DATA - FORCE MODEL

Wing
Orientation

o (degrees)

11
12
13

15
16

18
19
20
21
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

Vert.

Horiz.

0.

1.23
7.21
5.43
3.15

[

Average Over
All Samples

L

233
.225
. 240
.234
.233
035
.036
.063
067
.106
.450
151
.253
.318
.206
.310
.288
.219
403
.108
.119
.404
.262
.234
.251
.246
.047
.078
.099
0.0
.103
.571

. 427
.240

%
~.0554
.0558
.0611
-.0607
-.0616
-.1084
-.1086
-.1071
-.1069
.0510
.0550
.0289
.0412
.0708
.0769
.0533
-.0619
L0757
.0013
.1090
1067
.0418
-.0655
.0735
-.0716
.0637
. 1155
L1117
-.1100
0.0
-,0022
.0052

;

11t | IR A N I RS RS RS N

I

.0023.

Standard
Deviation

‘L 4

01} .0028
.066 L0032
L0111 .0032
011 .0030
.012 L0027
.013 L0020
L011 L0020
AR .0016
L0111 L0021
Loar L0020
016 .0047
018 .0040
023 .0042
.022 .0041
L0017 .0047
.013 .0040
L021 .0048
.020 .0038
.014 L0037
.023 .0041
.013 .0036
.015 L0039
L0020 .0036
.024 .0048
.015 L0037
017 .003%
017 .0042
.018 .0040
.01l .0036
.012 L0041
.019 .0039
.008 .0034
.014 0044
.017 .0042
.01l4 -0036
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C69) 0,
Va Vg 531_'_ goo

s}unvﬂb ¥

TABLE A, 2.- INTEGRATED RESULTS - PRESSURE MODEL

[
O G G om0 N e
!
L]
o
un
©

[RES R wEw ey
O W 4 L 0
L] @ & @
o P
I O W
o oo

(e
O -y
- .

[=-]

n
o

LEFT WING
RIGHT WIFG

.TOTAL

FROH ALPHASUAS

QAVE =  30.244 PSF
TEHP = 23, DEG. CENT.

LIFT

+381
«533
642
+£98
«712
« 7N
«6862
w031
G671
N-3i
«708
« 700
«b83
87
N-¥L
-LY4
«575
«538
¢392

L

LIFT
=312
»311
822
«b24%

(STANDARD DEVIATION =

RUN 50 SECTION COEFFICZIENTS

ALPHASJBS

3.711
54391
5.729
6+492
G723
be751
6.257
4558
LE YT L]
60061
6.767
He5H27
64355
bhed25
6+338
6.132
5.474
54310
3,730

OAD CCEFFICIENTS

ROLLING MIMENT
+0713

-+5L705

#0328

-.0002

LI®T FROM ALPHASUSS

«397
«534
«bl3
+ 694
719
« 722
« 669
623
EGREE
713
725
e TU9
«721
«538
«5678
656
« 585
«236
396

«009 PSF)
BARCs PRESSLAE = 29492 IN< HG.

CL LODNG EDGE

.593
121
133
.158
w163
v16%
V152
137

L L F YRS
162
155
16l
«159
+155
o154
147
133
o122
090



L9

(o)
g8
e
o G2
2E
B 5 J Y
£ v
2 ’.15 1 -, 950
EE_j z -850
ol 3 'u?ﬁﬂ
<o 4 =+ 500
5 . —.400
5 --250
7 -.100
B -lgﬁﬂ
g9 0. 000
10 « 100
11 + 253
12 PRCT H)
13 « 450
14 « 500
15 « 550
16 . 6C0
17 e 750
13 +850
19 « 950
LEFT VING
RIGHT WING
TATAL

FROH ALPHASUBS

QAVE = 30134 PSF
TEKP = 23, DEG. CENT.

LIFT

527
678
« 735
+8 56
869
«830
«319
o T30

TABLE A.2.— CONTINUED

RUN 51 SECTION COEFFISIENTS

ALPHASUSBS

o812

«831
«870
«d0l1
857
«357
+833
«828
795
o732
522

5.569
b+347
Te241
Bs325
8531
Te677
74582
74103
LS 2 X 2N ]
Te91%
8,023
8+189
B8s172
8.210
84245
8e281
Be294
TelZ24
5082

LOAD COEFFICIENTS

774
#7596

ROLLING

({STANDARD DEVIATION =

NOHENT

0887
=-.13911
-«0325
~«004%

LIFT FROM ALPHASUBS

. 702
o773
« 891
«913
«E21
+ 622
« 751
ik Fwkk
U&7
«338
« 874
=+ 874
-579
«bB2
« 386
«883
«TH2
s 544

.058 PSF)

BARO, PRESSURE = 29,92 INs HGe:

CL LONG EJGE

+«138
«154
«175
202
27
+137
« 167
«l73
Sk kE
192
193
«193
«13%
«20)
«201
»202
»173
«124
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TABLE A.2.~ CONTINUED

RUN 53 SECTIUN COEFFICLENTS

J Y LIFT ALPHASUSBS LIFT FROMN ALPHASURBS CL LDNG EDGE
1 -2 950 —s141 =1,5630 -2174 -« 040
2 =« B850 Smar ~2,211 ~e237 -el5h
3 -« 740 —-e317 =-2.898 -e315 =,372
4 - 5G0 ~+410 =3+342 ~-+379 -, 385
5 ~s 400 =sh0l ~3.375 -e%1l5 -« )54
& -« 250 -e547T ~4.534 -+%30 =11l
7 =+ 100 ~e627 -5.964% -+535 -«132
B -~ 060 ~s bl 5. 782 - 726 =, 165
) Qe CCD -e728 vk kEsE Sk kg ppikkyx
10 «10G - 767 ~Tet42 -2 736 -+131
11 « 259 -+873 ~6.379 -+ 7136 =-,1567
12 « 400 =770 ~5.984% -+ 549 ~al &5
13 ."50 =556 -4,332 -e528 --123
14 + 500 021 ~1,929 =206 -.47
15 «550 « 491 2754 256 w67
16 v 600 358 53333 «592 135
17 w750 «463 5.236 + 353 o127
18 « 850 471 5.235 -1 2224
« 530 +366 3587 »395 +090

Lol
LD

L3aD COGEFFICIENTS

LIFT ROLLING MOMENT
LEFT WING =206 = 0335
RIGHT WING - 085 ~«015%
TLTAL -e271 =030
FROH¥ ALPhASUBS -e228 ~. 0603
QAVE = 20.015 PSF {STANDARD DEVIATION = .03056 PSF)

TEMP « 28+ DEG. CENT. BARO. PRESSURE = 29,92 IN. HG.
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Fo ==L XU n QRS 2P T VI o

e
- o

A
W

-t b
- o

]
0

LEFT WING
RIGHT WING
TOTAL

FRON ALPHASUBS

-+ 959
=830
~“s7CJ

- 500

-+ 400
-+ 250
-«100
- 050
0. 0G0
<100
1250
« %00
« 450
2« 500
« 550
« 600
« 750
« 850
« 952

QAVE = 29,772 PSF

TERP = 28,

DEG+ CENT.

TABLE A.Z.—~ CONTINUED

RUN 54 SECTION COEFFICIENTS

LIFT ALPHASBS
~e160 =1.519
~e237 ~2+383
-¢3Q38 =Z2.400
-=-e391 ~3432%9
=eh46 —-3.325%
‘0515 —4,247
=563 =5.17%
“e 555 =5.3817
- 561 Fhkiddd
- 701 ~6+352
= 75% =Te227
—e553 -5.080
-es3al -54393
-s165 -2e475
~. 032 -+ 5455

+LH9 1.32%

«237 2.626

295 34177

«277 35382

LIFT
~a195
-sll4
=309
~+309

{STAN

LOAD COEFFrICIENTS

ROLLING MGHERT
-.03381

«2030

-.0331

=. 0353

LIFT FROM ALPHASUBS

~-.173
~-e223
~«300
~+356
-a 439
- 454
~+ 534
=522
FuETEF
~eThb
~+ 833
-.651
=470
~a 265
- 049

110

e 201

«340

«327

DARD DEVIATION = 0lb PSFY)

BARO, PRESSURE = 29.92 IN. #HG.

€L LDNG EDGE

-39
~s 051
=.063
~+ 0Bl
-e092
~+133
-.125
~elll
FhaEs
-.16%
—-153
'.143
~s107
-e36]
'lUll

+ 025

D66

«317

ek
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TABLE A.2.- CONTINUED

RUN 56 SECTION COEFFICIENTS

J Y LIFT ALPHASUBS LIFT FROM ALPHASUBS CL LDNG EDGE
1 -.950 ~+161 ~1.580 ~e159 ~+038
2 -+3850 - 245 =24225 ~e238 -e254
3 =+ 700 ~e322 -2.388 ~e309 =070
4 -e 500 e =ehd? ~3e¢5375 -¢383 -2 087
5 ~+400 —e456 =3.99¢ ~e428 ~el97
-] - 250 =e528 ~4.477 ~.479 ~:1073
7 =+1C0 =574 =54195 <2556 -el25
8 -, 060 -e542 ~3.710 ~2418 ~«395
9 Q.0Q0 -ebl5 kETEEEN kEpu kR kmk
10 100 ~+5659 ~5,358 =+573 ~e133
11 2250 ~e813 =5390 ~¢ 598 -.1356
12 400 =590 ~3.732 ~2405 -.192
13 459 -.289 ~2+367 =e253 ~s058
1% 500 «350 24365 «253 057
i5 «559 o478 5.684 «608 «138
16 « 660 $517 7+310 0782 «178
17 759 «589 64329 677 ~134
13 « 56590 #563 5.878 «629 0143
19 «950 «4006 3.872 041b #0094

LDAD COEFFICIENTS

LIFT ROLLING MOMENT
LEFT WING =e200 -.0395
RIGHT WING =.027 =e9290
TOTAL =227 -.0685
FROM ALPHASUBS ~.154 ~.0787
QAVE = 29,631 PSF (STANDARD DEVIATICN = 4048 PSF)

TEMP » 36, DEG. CENT. BARDs PRESSURE = 29.92 IN. HG.
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AITTVOD 1004 Jd0
s1 @ovd V.

D@ NSNS

10

LEFT WING
RIGHT WING
TaTAL

FROM ALPHASUBS

=e 950
~¢ 850
-4 700
=4 300
~e 400
=+250
-«100
-, 060
0,000
100
e250
« 400
«450
«5C0
#5550
« 600
o 75C
+850
«950

QAVE = 29.932 PSF

TEHP = 36. DEG. CENT.

LIFT

=157
c=e233
=+303
-.339
~e446
~«523
-e560
~¢549
-+ 266
—e625
=.784
=731
=591
~e288
334
479
«e5563
«536
0409

TABLE A.Z,~ CONTINUED

RUN 57 SECTIDN COEFFICIENTS

ALPHASUBS

~1,600
~2s107
=2.756
~34379
-3,790
~446432
~5.224
~4,37%
T2
=5,169
~0,263
=44655
=-3.586
~24375
26127
5,378
6s757
54712
4.001

LOAD COEFFICIENTS

LIFT
~.193
- Ce2
~255
=.193

(STANDARD DEVIATION =

ROLLING

HOIMENT
=+ 0379
~.013%
- U575

- 0674

BARO. PRESSURE = 29.92 IN.

LIFT FROM ALPHASUBS

~+)71
~4232
~e296
=e302
-v436
- 474
-.559
-+ 458
Sk
~.553
=670
-+498
~e334
-e222
«228
«575
- 723
«611
2428

«239 PSF)
HGe

CL LDNG EDGE

-+ 039
~»3533
=67
~e082
~eu92
-+108
~el27
=105
ek kEEE
-e125
~.152
~,113
~o09D
~208D
052
el131
[3Y-1
~139
«397
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HOO® N W SWNe

[y SR
&S0

15
16
17
18
19

LEFT WING
RIGHT WING
TOTAL

FROM ALPRASUBS

JAVE =
TENP. =

30.018

-e 950
-« 850
-« 709
=502
=+ 400

-e250°

-¢100
~.C60
Q.00
«100
0250
2 400
«450
500
350
« 600
e 750
850
«950

PSF

30. DEGe CENT,

LIFT

-+152
~+234%
~-e303
-¢392
=449
-¢521
~e5069
—¢353
-e 638
—e 640
=«709
-+732
=644
~.494

+159

2593

0674

07

427

TABLE A.2.- CONTINUED

RUN 58

ALPHA L0S

=1.540
—2+13%
=2, 106
~3.4%31
=3.309
~44364
-5,127
~44126
BRFERKY
~J3e806
~4.969
~54165
~4.5064
~24214

402006

64596

7.051

64257

3.375

LOAD COEFFICIENTS

LIFT
~¢193
~sQ51
~e240
~el74

(STANDARD DEVIATION =

ROLLING

MOMENT
-.0378
=.0236
= G615

=.072%

B8ARQ. PRESSURE = 29.8% IN.

SECTION COEFFIZIENTS

LIFT FROH ALPHASUSS

~+165
-+ 228
~e290
=307
=s4038
-0 467
~.549
-.442
Tk Rk
~eb21
'u532
-+ 553
~+488
-.237

e429

716

« 754

e669

e425

«007 PSF)
HEG.

CL LONG EDGE

=-.037
~e052
~e066
~+083
~4393
»e1D5
~el25
~.100
$HEERE
=eltl
~»12]
-e1l25
'-Lll
=054
«097
163
171
«152
2097



a 50
o730

vt 800
M ova T

g1 @OV

TABLE A.2.~ CONTINUED

RUN 59° SECTION COEFFICIENTS

€L

J ¥ LIFT ALPHASUBS LIFT FROYM ALPHASUBS CL LONG EDGE

1 -« 920 ~e110 -1.142 ~.122 ~e228

2 ~« 850 ~e139 ~1s634 ~e175 =+ 040

3 -+ 700 ~e225 -24251 -¢219 ~+J3)

4 =e 500 ~.284% ~2¢5%6 ~.268 ~e0561

5 ~e400 ~e318 -243029 ~+331 - D68

6 ~e250 -.376 -3.218 “+34% ~s 078

7 =«1CC =415 ~3.865 “e4l4 ~e0 9%

8 ~e GEOQ ~e423 ~3.551 ~¢380 ~e285

9 0,500 - 497" KEFARER ¥ EEkE LR

10 «100 —e542 ~44359 ~e531 -el22

i1 «250 ~eb43 ~5.565 ~e595 ~el35

12 420 =e732 =5e904 ~e739 ~s158

13 «450 ~s769 ~7613 ~e815 ~e185

14 530 ~e815 =%.172 =4874 ~.193

15 «550 ~e840 ~84100 ~e857 -.197

16 « 000 ~eB857 ~0e701 ~e717 =«163

17 « 753 ~eB822 ~44595 -0492 -el1l2

13 -850 =+530 ~3.138 ~+336 ~e175

19 «950 217 1.979 o212 .048

LOAD COEFFICIENTS
LIFT ROLLING MOMEWT
LEFT WING -e142 -.J3275
RIGHT WING ~e305 w3699
TOTAL =440 « 0424
FROM ALPHASUBS - 402 «0295
QAVE = 30,127 PSF (STANDARD DEVIATION = ,Q06 PSFI

TERP » 33, DEG. CENT, BAROs PRESSURE = 2548535 INe HGe



VL

TABLE A,2.- CONTINUED

RUN 6D SECTION COSFFICIENTS

d Y LIFT ’ ALPHASUSS LIFY FROM ALPHASUBS CL LDNG EDGE

1 ~e 952 =~e155 ~1.563 ~s167 ~,038

2 -+850 ¢ -.237 =24172 ~e232 -e0353

3 -e 700 ~¢310 ~2.818 -+301 -e569

4 ~e 500 =401 ~3.519 ~e377 ~.086

5 ~e4G0 ~e455 ~34360 -e413 el

6 =+ 253 ~-e532 ~44518 =433 ~e110

7 -.100 =e531 ~5¢352 -e574% -e13)

) ~e 060 =eIbl =44300 =e 460 ~s105

9 0. GOD 624 \LXL AL (22 32 LT X 1)

10 .100 ~-.€51 -5.714 ~.0611 -.139

11 » 250 -+ 797 ~5.7938 ~eb20 ~el4l

12 « 400 =645 -349%29 =424 - ~s 095

13 e 450 ~e 484 =3.033 ~e325 ~e 074

14 « 500 -.039 =e421 ~«04%5 -.010

15 550 477 44284 437 299

16 « 603 w462 64438 « 689 157

17 « 750 «579 64539 «7C0 »159

18 « 850 557 50908 «632 -14%

19 «G5C 0412 4,321 «430 «098

LOAD COEFFICIENTS
LIFT ROLLING MOMENT
LEFT WING -.197 -.0335
RIGHT WING =048 -+0240
TOTAL ~-e 243 - 0625
FROM ALPHASUBS ~e177 ~e0736
QAVE = 30,222 PSF (STANDARD DEVIATION = ,008 PSF)

TEHP = 31, DEG. CENT, BARD. PRESSUKE = 29,85 INe HG.



SL

TABLE A.2.- CONTINUED

RUN o1 SECTION COEFFICIENTS

J Y LIFY ALPHASUBS LIFT FROM ALPHASUBS CL LDNG EDGE
1 -4 950 -s197 ~2+332 -e217 -+ 049
2 ~o 850 -2306 -24775 -e237 ~o067
3 -4 700 -e407 ~3.613 -¢387 ~s088
4 ~e 500 -e 520 =4,3540 -e 485 ~,110
5 -e 450 - -e578 -54359 ~-e541 ~s123
6 -.250 ~e 639 ~5.792 - 620 ~s141
7 ~¢199 -e549 -44335 ~e bbb ~e103
8 - 060 -e&]ll =2.110 ~e226 ~e351
9 Ce COU o454 kg gk Epdwkk LT T3]
19 +«100 ~e528 -54252 -e562 ~-.123
11 «250 0555 3,764 e 403 «092
12 o 402 639 6844 2732 «160
13 e 4590 o651 7¢176 e 708 e17%
14 v 540 «673 66375 o 746 «170
15 « 550 «686 74114 o781 .173
16 600 «696 64359 e 7134 21567
17 e 750 «595 5¢325 «370 0129
13 «850 $451 he 405 s 471 2107
19 « 950 «337 3,031 0324 2074

LOAD COBEFFICIENTS

LIFT ROLLING MOMENT
LEFT WING -y229 - 0437
RIGHT WING 0187 -, 0633
TOTAL ~041 -4 1119
FROH ALPHASUBS -026 -.1103
QAVE = 30,1721 PEF , (STANDARD DEVIATION = 4211 PSF)

TEMP = 31, DEG. CENT, BARO. PRESSURE = 29485 IN« HGe



9L

TABLE A.2.- CONTINUED

RUN 62 SECTION COEFFICIENTS

] Y LIFTY ALPHASUBS LIFT FROH ALPHASUBS CL LDNG EDGE
1 ~-4950 C o~k 24 ~-4.138 ~e443 ~+101
2 -.850 - 627 ~543879 ~eb2] ~elbb
3 =e7C0 ~-s776 ~5.910 ~.632 ~.14%
4 -« 500 <380 1.363 «199 «045
5 =400 577 5986 o641 146
[ ’v250 1663 639‘08 2743 -169
7 -e1090 698 6v701 # 717 el63
8 -+ 0E0 674 6elb3 659 «152
9 0.800 «670° R AU & *eRFkS ek
10 «100 B67 6.328 77 «154
11 0250 o606 5.207 ¢ 557 $ 127
12 «4GC0 0534 Gebb6% 0478 «109
13 $ 450 1 W514 44345 465 #1065
14 « 500 495 4,229 «452 «103
15 «559 «468 44339 0432 <098
16 + 600 w430 3.801 «427 <092
17 e 750 359 3,067 «328 «075
18 « 850 0297 24625 «281 «06%
19 550 «193 Le860 199 0045

LOAD COEFFICIENTS

LIFT ROLLING MOMENT
LEFT WING «052 -.0252
RIGHT WING 0235 ~e 0472
TOTAL «286 —.?725
FROM ALPHASUBS 280 = 0672
QAVE = 29.998 PSF (STANDARD DEVIATION = .008 PSF)

TEMP » 31, DEG. CENT. 8ARD. PRESSURE = 29,85 INe HG.



TABLE A.2.- CONTINUED

RUN 63 SECTION COEFFICIENTS

J Y LIET ALPHASUBS ™ LIFT FROM ALPHASUBS CL LDNG EDGE
1 -.950 ~.167 ~1.560 1587 ~e035
2 ~.859 ~.232 ~2.109 -e226 -e051
(S 3 . 700 -4307 “2.T40 -.293 —-e67
v Gs 4 —.5C0 ~e391 -3.401 ~.3564 -.083
o b 5 -, 400 -e452 ~3,685 ee4lb - 094
& 4 -e250 -&i31 ~44523 - 484 ~+110
® 7 -,100 -.5dy -5.324 «e570 ~a129
: 8 -5 060 -e565 ¢ ~44251 ~e455 ~,103
v
[ 9 0000 - 662 ek phkd EEREE Ehadge
E; a2 10 <100 -.721 -7.148 - 765 -.17%
:3Eﬁ 11 . 250 ~-771 -5.145 -a556 -a126
4 12 o409 —eEUh ~3.758 -.4C2 -.091
2 0 13 450 -e452 ~2.359 -e317 ~.072
14 <500 549 - 146 ~a016 ~s 004
15 <550 .329 3,746 $401 .091
16 W00 527 54452 +583 2133
17 « 750 0623 6.766 0724 0165
18 . 850 <585 be166 +563 .150
19 + 950 0422 44034 +432 ~098
LOAD COEFFICIENTS
LIFT ROLLING HOMENT
LEFT WING ~e197 -, 0333
RIGHT WING -~ 043 ~e 0264
TOTAL ‘.24\) ‘-{.\6"7
FROH ALPHASUBS o184 -.0729
QAVE = 30,166 PSF {STANDARD DEVIATION = D05 PSF)
) TEMP = 29, DEG. CENT, BARO. PRESSURE » 29.35 IN. HG.



8L

J Y
1 =950
2 -850
3 =+ 700
4 =500
5 =s 403
-3 =250
7 -4100
8 -+ 06N
9 0,000
12 « 200
11 «250
12 «420
13 «450
14 « 500
15 £ 550
16 e 600
17 750
18 850
19 +950
LEFT WING
RIGHT WIMNG

TOTAL
FROM ALPHASUSS

QAVE = 320,104 PSF
TEMP = 27, DEG. CENT.

LIFT

~e240
~e378
~+513
=v646
-e725
~s 765
~ 608
-e368
172
0496
654
«689
673
+663
632
o612
«£35
«413
272

TABLE A.2.-

CONTINUED

RUN 64 SECTION COEFFICIENTS

ALPHASUBS

~20448
~3.439
~4e479
~6:053
-7.198
~T+415
~6e043
-3,513
R Rk
5.176
a9
6eG38
6,430
be246
5.743
54377
T 44330
3.570
2.520

LBAD COEFFICIENTS

LIFT
~e264
261
-.003
$ 001

ROLLING

ROMENT
~+ 0501
-«0615
~+12135
~e1211

(STANDARD DEVIATION = .32

BARDs PRESSURE = 29.85 IN.

LIFT FRON ALPHASUGS

~e262
~e368
- 479
~ebib
-.770
~e793
~eb47
~e37&
ke rik
0554
739
=742
» 693
<668
2614
«575
463
«393
o 257

8 PSF)
HG»

CL LDNG EDGE

-e 050
-e036
-«1909
~.147
-e17%
=s18D
=el47
-.035
HEB R
«1256
0163
169
»158
1352
#1490
«131
«1035
« 089
081
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FROM ALPHASURS

Dise

6L

~e 950
~ad 5y
-, 730
~« 200
e bl
~e 250
~s ilit
o JEG
Q00
L
J
)

P

Dl |

(43

AT A ge o
< 1
O]

e

RS R

v
a
0}
.
.
.
.
.
.
.
°
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[
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3
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!

CeNTo

TABLE A.2.- CONTINUED

FeTION

ON COEFFIZIEATS

AtPAasIns

[TETITEY
~Lle817?
©e327
64755
S5¢98%
Ce ddB
Gekdd
Ue L7
1742
34951
2e574

LOAD CRCAFITIanTS

MIMENT
~403533

~e537

USTANGARD CEVIATIUN = .07

s 29485 INe

e

LLFT FROY ALPAASUSS

~e 241}
-+338
“ehs2
~e 557
-e673
752
~e532
~.252
LA R 2R

1352
o734
.723
o« 747
e 737
s 635
PY-TL]
« 537
2423
« 230

CL LONG E16G:

~e555
-. 377
—elUl
-et 27
~elbo
~-a172
~-el21
- 257
[TETE Y]
-a233

s 155
sluf
«173
b9
s159
elad
-L13
SV L
w162



08

1 e GEY
2 el PR
3 =» 730
L “elui
5 -5l
) ~e 253
7 =~ 3l
a ~oUow
9 Celu D
1 a bl
il 255
22 900
23 ¢ 459
i P2
k- euol
lo .« DV
17 o 757
18 ¢ 850
iJ e 9 U

LEFT 4lNG
RIGHT AINLG
ToTAL

FROM ALPHASUZS

QAVE « 30,051 P3F

TEM? = 14 ULS, CEnT.

TABLE A.2.- CONTINUED

Tl bé SECTION CISFFLIIIENTS

LIFY [ EID M LIFT FRUM ALPAASUES

~l.441

5
i) “Llelnb

A ~2e471

32 24342

[ =2.114

B ~3.4451

. =i.148%

3 =3.33%

B LR R X7

. ~geni]

. -3.371
37 =2e79%
23 =24%7

2 -l.78¢

) -Le417

] —e 743

3 « 124
4312 1e1%5
PR 2s:2322

LIAD COUrPIgILATS

LIFF RILLING MOmENT
-el%l =.3:b
~.lTE ew 345
~e24 4 -.0233
-v242 —e0240

(STANDARD LOVIATION = ,30% P3F)

BARDS PRESSURS = 2%.33 IN. HG.

~e3E3
I XS]
“e436
~ablh
-.320
~e 205
~e212
-eib2
-e131

«U13

01238

s21€

CL LDNG ¢

o
c:
124

—eu 3%
o444
~al53
=370
=373
~.28%
-4,
~e.l32
RETELR
~e112
~el I
~e 73
~albl
~esad
~.353%
~eu23

«G23

0273

T



nd ¥o0d 30

S1 3DVd TYNIDIHO

5

L—
e
=

"

A

18

W NP U W e e DN

[ R P A S

LEFT WING
RIGAT wINS
TOTAL
FRONM

QGAVE =

TEFP = 19,

ALPHAZUSS

DEG.

$Cel32 PSF

CEnT.

it
STV
o~

4

0 ote o

1

[EERT RS

[FIE SY RN 31

t

LI I R I |
T
B

0
.
0
.
v
.
.
.
.
.
.
.
.
.
.

et

RN Y

..
e
«du

el

(sind

BafC,

TABLE A.Z2.-

G 5T SECTIUN £0
T AL? {4a8413S
N =le252
7 ~2427%
Kl =2e738
b1 ~3.351
o -3.715
9 ~q.if2
2 LT VE
3 EUTRE- 34
L LA R ERE S
§ -ne321
2 =7.721%
7 “ue271
5 EREP AR
3 ~2eilD
1 -.355
) Led 7%
g 2e751
4 3,270
5 3el8

Lush CRzRELZIeNTS

KOLLING JHENT
=377
~eu)aT7
-.u377

~e0dn2

UARU SEVIATION = .03

IRe3SURE = 29443 IN.

CONTINUED

sEFLS - mEbS

LIFT #4049

5 PSF)

HG.

ALPHASUBS

~ei0b
~el?22
=e273
~e 307
~¢378
“e4b7
~e041
- b7
(X IRSS
~s732
~+8256
-+ &7
-e4t2
- lb8
~el:3

.
.
.
.

[FARTON S
PENTv IS
P

CL LDNG

£I6E

«J33
« 353
$«J57
33
«2937
103
2123
o la2
FE e
e2bd
1By



Z8

TABLE A.2.~ CONTINUED

RESIE I T SECTION CIUSFPFLZIENTS
J Y L1eT ALPAASIBS LLFT FROM ALPAASUSS CL LDNG EDGE
1 —vith -le392 ~e2 72 ~+033
2 —eZd2 ~2el74 -e233 ~es53
3 -3 ~ce 731 =e277 -ed323
] ~e3yE “~3e4id =356 =033
> —eha7 -3¢395 ~efht7 ~.C?3
b -2 24 -he31d ~e4%3 -e110
7 . : =% W3 ~e2738 -si3l
3 “44l0B =437 —ell't
G -srund |, FERFEFE FreEd X LR A N2
19 =T ~ves27 -ot33 ~ei85
il =543 ~Led03 -en35 ~eloy
12 e 797 -JerHl ~e£38 -.143
13 —-ei3i ~4.430 -, 472 -—.i?
14 ~eeat ~2,158 -.231 ~e052
15 491 Ze752 w234 kY
1o o434 DeINT 538 sl
17 475 24337 e 577 031
14 43t 24232 PRy a228
1y «273 3,326 e 257 292
LIel COEFFLICIENTS
LIFT ROLLING 1dMENT
LEFT wWIAC =197 - 332
RIGHT WING - 77 ~e3107
TOTAL ~e274 -N549
FROM aLPHASURS —eidh -eUBLY
QAVE = 30,056 PSF (STadbard DEVIATIUN = G233 PSF)

TEMP = 19, DG, CLNT. BARL. PRz3SULE = £5433 [N, HG,



£8

TABLE A,2.- CONTINUED

77 SECTLUN COIFFLIIENTS
J Y LIFT ALP4asSiBs
1 Lo NP
2 i 7l «938
3 113 e7bb
2 o119 14334
5 e 224 lel30
-] 123 1. 3¢
7 o223 1.208
3 1z —tan iy
9 122 [EE XL
] o124 lelbl
21 23 el 1el39
12 e 400 WLl o334
13 PN 0i.3 ves22
w4 «302 wbib 1e383
15 55U «ill le 226
15 sou? «11z Lo 28
17 7z o137 Lel3%
17 e DN il + 397
9 «959 el e337

LJAD CUEFFITIENTS

LAkT RALLLG #wamenT
LEFT WING ol Sl £ 0122
RIGHT WING -1 -.2121
TaTaL 10y L300
FROM ALPHASUBS oiC7 ~ethid5

QAVE = 20,50 ¥SF (STASDARN JEVIATION = L1

TEHMP = 254 DBrie CEHT. PARN. PRISLUIL = Z5.51 IN.

LIFT FROM ALPHASUZS

3 PSF)

HGe

«G7I
039
123
Jlil
W125
1.8
129
.119
LR
122
n322
« 096
=120
o216
«110
179
<121
«122

aC22

CL LDNG EDGE

«Jlo
020
. 323
a2
0023
e 225
£ 027
o
BV
vo23
L 023
022
)27
220
2%
22
023
023

ey
et



78

TABLE A.2.- CONTINUED

UM 7% SECTLION CNEFFIZIENTS
J Y LIFT ALPAASUSS LIFT FROM ALPHASU3S ClL LDNG £JGE
1 - G50 2.727 o292 « 365
2 ~e8353 3.56456 379 «JB3
3 -« 700 3975 423 397
4 Teebuld a2 «475 #1233
P ~s 403 4527 484 <113
[} — a5 4,565 483 «111
7 —, T PRS-} 4e393 «903 ~11%
3 -+t - 9. 327 P3N -117
9 Co iU 534 LE SRS (T2 LXERE 2]
] e D54 Y363 « 322 elid
11 W 253 545 4,485 400 PR E]
32 4G 323 44329 o453 105
13 « 450 25 44193 o472 . e1D7
i o« 500 o524 44330 e 481 e
13 e 957 e3i% 40516 e4d3 «113
15 -1 533 4,293 e 456 e10%
17 752 433 3.227 £ 420 e 075
13 +859 PERY] 34999 «375 <3389
19 «920 2273 24398 «278 «J83
LIAD COGFFICTIENTS
LIFY RILLING MOMENT
LEFT WING 237 «3334
RIGHT HWING 0237 -eu33l
TOTAL 47y «0032
FROM ALPHASUBS $ 433 «0300
QAVE = 33,499 PSF (STANDARD CLVIATION = 239 PSF)

Te#p = 23, 01Ss CLNT, Parde PRESSURL = 29.31 IN. HG.



ALTTYD MO0 d0
SI ERVd AVNIOIHO

S8

TABLE A.Z2.- CONTINUED

QU 72 SECTLION COIFFLIIENTS
J Y LIET ALPHASYBS LIFT rROM ALPHASUD CL LONG E326Gt
1 =e 75D ti2 4,106 439 el
2 -850 PR 34370 629 o143
3 =e 7% oLl ce29% 674 153
4 “sECO ol 7erE2 e 755 174
2 el o 7ul Teldb 76T «1T%
6 —eZia o TE e tha $ 091 w137
7 = 302 W 7L2 Seth7 s03F2 el
3 =Vl e5vl 9979 1040 149
g B 72T FRERERE YRR FERTF RS
13 il 739 e 57 724 B
pSe P e 759 7e5i2 IR 133
12 e 4Co o Tay 7,520 702 172
13 o3l 733 ed30 742 10
t4 e 57 o733 Tv 230 732 s L7
o 500 o720 029 «741 edo3
15 o 4 o728 .39 0 740 ol
iT o 720 -2 56212 L1 2145
19 e 356 276 Ue553 & 595 ei35
17 iy 42l Je942 . 422 A JHE
LA COEFFISIENTS
LIFT RLLlInG MJIMENT
LEFT WING 333 » 9732
RIGHT wWING w322 ~eJ7n3
TOTAL 045 “e 203
FROM ALPHASUSS 871 —air13
QAVE = 2)¢3.3 PSF (oTANSARY LEVIATION = 07 PSFY

TEMP = 23, DEs. CEWT, BARGe PRESSURE = 23,91 [H. HE.



98

TABLE A.2.- CONTINUED

UN 73 SLCTIGN COSFFICIENTS

J Y LIFT ALPAASYBS LIFT FROYM ALPHASUSS CL LONG ZD6:Z
1 -, 083 e657 44339 « 517 113
2 -850 of 34 He21° X511 101
3 -, 700 -] 0e555 « 722 e1 37
K3 =y 5] B Y Ba 370 «363 e 195
3 ~a bl 222 5e213 «379 223
-1 ~-e255 o173 Ee3! 742 $ 159
7 LT Sty 7T 7018 722 8173
3 el o« 798 Thed2t e713 «l5t
9 Ue 20U 717 AEEE YR FERAEE ¢ Kk
MR AR T 76398 « 132 W 183
il w250 823 Tel3ds «333 PRI
2 ALY il 7.30%9 §42 ol
13 o PR-EIH 7753 «83% o187
14 « 502 503 TeT1l 325 ol 38
il e Zh2 747 7134 <839 190
) e ECY 783 TeU57 ec.'G »18%
7 o THN 720 7360 a Th4 LT3
i3 s 3T ehas Ho b7 W91 £157
19 e 950 NCY 8 PPELE! 475 W03

LIFT RULLING MOMENT
LEFT WING 357 0325
RIGHT AIMG R A = 03941
TOTat «723 ~edJi3
FRUGHM ALPHASULDS T30 = 0324%
QAVE =  33.241 ¥SF USTANDARDG DEVIATION = L0029 PSF)

TENP 3 z3. OFG, CinTe. BARG. PRE3SSURY 5 29490 INs HG.



81 THVd TVNIOTHO

AIITVAD 4004 J0

L8

e
B KT VI L TV I R S Y B T G A T

e 0y

S oL T

L3 AT DL

R I S

1
&
&
4
¢
5
550
e
7
<
9

e o ® 2 6 & & @ 2 =

AU
Lo vy

[

LEFT WING
RIGHT WIbG
TUTAL

FROA ALPHASUAS

QAVE = 20,221 P3F

TEHP = 22, Dude CiiiTe

Lirt

B O VP AR

PN

e

.
(3
.
.
.
.
.
.
B

U~ 3 X @
T SR U RV v

b 0 n

TABLE A.Z2.-

N 74 stelfun €2

ALPAASYES

CONCLUDED

EFFISIENTS

LIFT FRUM ALPHASUBS

Sel43 «593
Ce5lE 0723
Ceily 0742
7e732 ' 525
84134 « 873
7o 9y e 832
Tenl3 316
Tadoa «755
hErkTEy kevewr
7727 P
Tan?7 <821
$el37 858
Je 1l s R
23]

&7

872

2%

w756

822

L3AD COSFFICYIENTS

LIFT

[STANGARG ORVIATION =

tasle

RULL TG AdNENT

PPESSURE = ¢9.7) I,

03 PSE)

HG

“L LDNG EDG:

«135
PRYENY
c2h3
IR RE:]
193
192
e 1BY
o172
ISTIRTY
o170
287
197
ety?
T e137
W97
<193
197
.72
«14i9



.88

P JEN o S I TUR VN

[agt ol N R U R RN

ot

2.900
«025
2350
«100
2150
2200
0250
5300
e 500
«500
«650
« 788
«900Q
050
v 100
«200
2300
«500
«650
0 780
]

0,000
025
Le3350
«100
«150
« 200
«250
«300
«4G0
«500
#5650
780
+ 932
050
«100
« 200
+300
«500
650
«780
«900

Y==,95

~e 7068
=1ls1¢3
~-e 769
-'532
-n“lq
-.280
-e223
=-s167
~e137
-.128
ok gk
-.D45
=.092
2663
hb2
277
«191
«099
T8
2003
“1027

Y= .10

~1+399
=2.05%2
=1l.552
~+B88C
~e685
-d496
—.489
~e354
~4s249
~-e201
LR RS ]
~e054
-153
«973

e 777
544
2400
v238
LA Y]
«061
-~,018

" TABLE A, 3.- SURFACE PRESSURE COEFFICIENTS

Y=-,85

~1.025
~1.3516
~1.209
- 088
«s 557
-e433
~+373
~.273
~e193
~elH%
- 88
—el23
~oial
793
e0lb
«398
«297
«171
125

« 052
=002

Ys .25

=1.79%
~1.928
~le463
~e348
~e678
~e 545
-, 459
-, 394
LAR A4
LA RS
—.135
=051
-.357
W51
721

¢ 510
V391
0232
177
084
-+ 019

RUN 50

Y=s=-,73

Ry pER
-1.938%
~1.31%
=879
~e0D%
-e502
-.423
~+340
-e253
—e206
=elll
=+034%
-.060
-
06683
453
«363
#2211
160
«0H9
.022

Y=* 40

~1.80)
-2.024
-1.605
~e033
-~ 663
~e53%
- 457
~+3590
-e2065
-.224
-e117
-.065
- 051
916
«703
£501
«383
e23%
167
«G92
=017

AVERAGED PRESSURE COEFFICIENTS

Y=-.59

=1.477
~1.881
=1.572
~.877
=584
-+ 541
-y 457
~e3066
-e233
-e222
-¢129
=e042
~«03¢%
«898
o724
«491
376
235
«171
126
#0641

Y= <45

Wk kR
-1.823
-1.595
“2335
~.658
-e337
~s 4359
~e384
~+25%

wpukuk

~-s113
-+ 063
~e 064
37
« 729
492
$378
#237
«l65
«089
«022

Yo~ 40

22 28 X
~1+855
~1.0669
-«837
=745
=563
~e &8
~e3565
=260
-e224
-el26
=24}
=+073
489

e 710
e3l4
0392
«243
0173
«102
=030

Y= .50

~1.240
~1eQ8%
“1.547
-e887
=070
“e5b1
=446
~e377
=253
LR AR T 2]
=110
=:054
~+063
378
o713
304
379
0229
164
090
013

Y2~,25

=le471
-le928
~1l.652
~e9i8
=e699
-+ 358
—eb68
~e376
=274
~e219
-v1l2
-2040
=045
$917
0726
2509

» 396
«237

e 170
o086
<019

Y= o 55

-1,174
~1.827
~le516
=854
“eb&3
LR
“.433
~e371
~e25)
=y 208
-, 107
- 045
- 063
« 396
$OBY

« 497
369
227
«162
U8
«u23

Ye-.10

~1.673
-2.117
~1e423
-.879
-e685
-0 540
-s457
~¢355
~e249
~+138
~e036
AL ED)
=039
«958
«793
«538
ehit

« 239
o164
«062
-.022

Y= .60

~1.105
~1.8857
=1.459
=s377
~e 555
~,s539
—e 443
=372
By ok
Wk ki
~.104
=359
-. 2338
«373

« 692
483
«352
.21"
«162
<088
«J13

Ya=o06

~2e614
~2.U%4
-1.131
- 772
-+ 611
~e480
=+ 410
=326
~Zh4
-e193
-.111
~elbl
‘0031
1,020
«730
«5598
«413
FEevE ¥
«135
“ell4
-eli8

Y= .75

-l.001
~le032
~1l.25%
L ETA
-840
~e453
-.383
=349
(T2 T84
-.197
- 097
- 045
-s053
§l9

e 670
«435
«332
0195
~«069
D2
«0J5

Yo Do

~e172
=552
~e526
~e501
~ebb]
-e393
~¢352
wERER R
LEE S 22
-ei57
-.125
~.084%

-.912
=1.323
~1l.14%

“e7L3J

-.527

~.352

~el%H2

-.287

~e183

-s168

~.082

~.047

-ei53

<761
027
«400
. 285
w167
118
2078
302

Y= .83

-e438
-1.153
-e791
~v495
~-.4lo
~.321
-.24l
LR X AT
dedEEE
-.117
-+035
~.1239
L1
«bl7
477
«237
190
395
074
.027
-e022
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04900
025
«250
.100
o150
260
+250
<300
«400
$5C0
e 550
$ 750
« 900
<056
$ 100
«200
+300
.5C0
v 650
« 760
+900

3.000
«02Y%
«C50
1060
#1350
w200
0250
«3C0
400
«300
« 650
o TEY
«9C0
«350
<100
200
«300
#3500
0633
«780
«900

Ya=e55

~1.363
~1.598
~1.344
~-e643
-+489
~e383
-+313
—e242
-,188
-.170
Aok kA
-.078
-e112
«813
000
0364
250
«130
090

v 002
-«038

Y= «10

-24502
~24737
~-1.867
~lal63
-e855
-e548
=540
~¢351
~e257
-4+153
TS L]
~.093
-.183
1,145
2 G46
637
«510
«258
I
o149
=.06%

Yu-ed5

-1.982
~24319
-1.552
=971
~e723
~e363
-0 459
~e 346
=240
~e139
-e 91
-« 015
~e045
939
781
205
378
«214
«147
083

= 0115

Ys .25

=3e142
“~2.958
-1.%992
~1.201
~e319%
‘0708
-s 384
~s4932
AR v EAF
U EEK
~«101
~-e 049
~.032
ie2E7
198
w032
«483
0254
2207
'()55
“-e 045

TABLE A.3,- CONTINUED

RUN 51

Y=o 72

e e ek
=2.963
=1e703
-14133
~.857
~e650
-+536
~e417
~e29%
-e223
~e098
-, 014
=+0533
1.0556
8353
«530
e447
w267
«183
0835
-e0ll

Y= . 4)

~2.881
=2e865
~24325
~1e221
~+B899
- 702
~.584
o450
~4313
-e252
~-¢107
e daY
-, 071
1e38%
«365
«030
485
293
2199
«067

~s 042

AVERAGED PRESSURE COEFFICIENTS

Y==.50

=2.431
=2.895
~2+095
-1.182
~.384
~e09%
=373
~¢450
-+309
=233
~e111
-.318
-.0838
1.073
673
w624
«433
287
194
«093
« 005

Ya 4435

[T31113

~2.71%
-2.024
~1.195
~4893
=v 5594
~.581
-, 481
-.338
Bk yw
~s112
~y 247
-.089
1.085

872

0631

<483

255

0198

+ 0935
~.000

Y==,40

L2 1]
=24895
-2.,171
=1.205
=920
~e715
=582
~eb&b4
'0313
~e239
=elV9
~e 0206
~e377
10375
385
0645

o 481
288

« 194

« 388
-+ 006

Y= 450

~24144
~2.733
~2.051
-1.171
~-v901
- 713
~o 580
~-e475
=310
P ER Y
=s111
-.J38
-eJb1
1.273
«38%
05289
«%33
288
#198
096
-e QU4

Yo=e25

-2+502
=3.s162
~1.843
-1l.1868
~+902
~y 700
~e 564
“ebh42
~s 307
~e215
~s 083
-232%
~-e 075
1,373
507
1642

« 500
«287
0189
0077
~e027

Y= o553

~L.975
-2.7067
~2: 073
21e 265
-+ 899
(22 E 232
~e562
=471
-+ 303
242
-«107
~.026
~a U063
1,062
«852

« 633
w479
285
193
097
003

Ys=,1)

~2e942
~248806
-1.787
~1.189
—«847
~eb59
~e51%
~.388
=e243
- 160
=e053
~+097
~e1l79
1.136
974
«67)
v518
«2594
#1802
o043
-+ 065

Y= 67

=1.957
~2.727
=2+ 100
-1.175
- 8O0
-, 070
-.574
-~ 468
LT
TETIL)
~e109
—.043
=.051
1.051
«86%
«615
264
232
152
098
=002

Yx-e06

~4e266
~2.272
~le511
~e993
~e 737
=0 575
~4473
-+353
~e228
=e 147
~+03%2
~+138
~e1l73
1,294
« 967
0743
«519
FEREF R
w152
~oC04
-2 0230

Y= .75

© -3i.848

-2,339
-2.158
~1.057
~e 792
~.611
-.513
~e425
KU Eak
~e 224
~eUYQ
-, 032
~ai59
1,002

«H39

«555

«433

«251

w094

« 038
«.010

Y= Qs

~al49
~e924%
“e84J
~+731
~e391
~e4 97
~.437
FUBVRE
LA RS S
-.214
-+130
-.118

~1.776 -e972
~2.211 -1,581
~1.773 ~1lel&%
961 -.711
=099 - 450
-+536 ~e37D
~.450 -.339
-, 369 ¥RAhaN
-e23% [T E L]
~.198 -.162
-.591 ~e126
~.035 —-e113
~s062 -«1JC
« 935 . <770
o770 «608
51t $375
374 247
«21% «125
2142 « 237
078 221
~.013 -.036
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000
e329
#9050
<100
«150
$ 200
250
300G
«400
«500
o550
o 780
09‘30
«05C
PRYH
« 200
300
500
« 5650
« 788G
«GC0

0,000
«029
P
100
150
£ 200
e230
#3060
»4C0
#5100
650
e 789
« 900
e 30
100
«200
«300
«500
<650
760
900

Ya=e95

-4 047
«349
o249
o141
« 106
«073
e 05¢
U306
+018

=503

LA AL 3
=«0Q3
=054

—~e372

-e260

~s172

~s124

-e129

~.010

-e063

~.048

Y= 410

=2.173
1.217
999
710
567
2667
«393
»335
246
178
By
«013
-«091
-1.83%
«1.202
-0737
-+514
-.252
LR X 2
~s098
-el4l

Y=z=,835

~.037
e 450
«336
227
153
134
2113
w83
$0357
+34
022
«016
=102
-e505
-e361
-, 237
~el84
-¢156
-.032
~e 061
-.053

Y2 .25

~2.186
1.243
le0388
0825
070
09562

o Hh73
399
LR LR
LA 2
106

« D09
=~el&5
=1.529
~1e004
~.802
~e 645
=436
-«201
~e228
-+282

TABLE A.3.- CONTINUED

RUN 53

Y==,70

FhkkEk
«558
#4351
«3238
0223
0165
0155
»123
«101
057
047
«033

=+JyL
~+651
~e443
~e295
~v223
~+133
-«065
-e072
~e05%

Y= 442

=2.053
14265
l.132
827
oHED
311
«418
»333
« 203
w124
2030
=+058
- 1l3h
~1.145
=739
-e697
=614
~e4l3
~e340
-e280
~e34]

AVERAGED PIESSURE CDEFFICIENTS

Y==,50

=+304
«705
e566
413
«329%
262
217
179
145
104
378
«0060
~-+089
~e782
-S54
~e379
-+2938
-e127
-.101
=085
~e054%

Y* <45

PTITT T

1.05%
«896
+ 553
392
0272
0167
0130
207

LR AR L]

-+088

=141

~e242
=980
~.789

-0626

~+531

~-e 365

293

=261

=297

Ya=,40

LA A2 S
« 773
«538
«4351
¢353
292
257
0227
163
o123
e 089
267

240
=877
-62%
—e428
~¢330
~elhb
=.111
=e101
~e072

Y= 50

=1.089
«132
017
-.299
=399
=s 464
~e327
-e336
=51
YRYH ¥
~e447
~e437

-¢3B4

-e717 "

~ea71
“s421
-+330
~e363
-e314
=269
-.312

Yoe,25

=eblb
«383
«682
«514
0409
+3350
»311
254
« 189
«154
209
P UB2
~e 012
=1l.063
- 749
=520
~e350
-+188
~e131
-¢110
~oUB3

Y= 55

~e 810
~1¢083
-e921
-e 736
-e 726
ShknRE
- 704
-+633
~e 64
- 647
-+ 0438
=+592
~e545

«130

« 009
~e 393
~e158
-e18%
-e181
~e227
-s303

Y=~e19

~e 734
1.003
e 775
«571
0 h4b
«371
#3156
273
207
139
«llé
034
~.039
~1e341
~+9d3
—e595
-e 389
~s1806
=113
-.071
~e 079

Y= .63

~1.335
~1.78%
~-1.443
-4 703
~e483
~e340
-.275
-, 203
LA X2 ]
wAow ok k
-e183
~e239
-e291
0557
«426
«159

« 335
-s037
-e133
- 167

=a243

Y=-edb

-. 780
«G1l8
.717
529
,628
361
307
258
.197
0160
$G88
031

-.021
-1.653
~1,119
-551
-.398
EFkn k%
~4136
-.071
-.081

Y= 75

-a9D2
-1,b658
~1.243

~+874

=352
~.423

-.34%

~.255
UE RS

-e1ll6

“e021

<020
=046
e 749
o545
315
<212
<3738
o033
~e QL0
=074

Y* D

287
«398
v2lb
«391
«356
«32%
291
whkk¥ A
I I Y.
«15¢%
<037
252

Y= 85

~1:263
~1.598
-1.227
~e742
~e333
~a492
-«33%
=270
~e138
~s138
=054
~e220
“.063
« 707
«560
#3311
«229
<099
«0351
+30%
=057

Y= .95

-2492
Y]
~e322
-+539
-e452
-¢323
~e2206
LTSRN
Ve ed ¥
~e127
~.074
~.d83
-a395

381

0443

242

139

050

327
~.029
=055
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~a

0000
025
350
100
0150
200
«250
«302
+400
«500
« 690
W 900
«C50
100
200
+300
«500
o650
760
«900

0.000
025
'050
«100
150
200
0250
300
0450
« 500
650
«780
«900
050
° 100
«200
300
e 500
0650
o780
300

Ye=~,95

-.039
342
«254%
2141
2105
076
«053
036
023

~+003

LARE TR
~+007

=-e 095

-«30l

-e279

~el66

-»120

-«128

-2 305

=063

'0048

Y= .10

-1.713
14136
eG4l
654
<522
432
3562

« 208
234
175
IS T,
027

= Q9
~1.705
=1.090
~.635
~v454%
~ 21¢
EFrE
=.081
-e106

Ya=e85

-.032
«469
«333
229
0171
21356
«110
« 186
0358
035
« 029
015

-2100

~e454

~v358

—e224

- 17§

~+155

=035
=ed58

-e053

Y= 25

-l.812
16134
974
0728

« 565
483
422
2345
ok
Fhdrd ¥
2118
045
~e034
-1.883
=14010
-+ 599
-o445
-0 235
~e 14§
- 097

~.122

TABLE A.3.-

RUN 5%

Yz=o70

kgl
«5535
#0453
295
«228
179
157
117
094
367
<045
«033
~e031
“+b5lb
~e454
~.28§
=-+215
-.13%
=059
~eD64
~-+053

Y= o4

-1.375
1.039
823
575
0449
359
v269
0203
124
059
« 099
~e1324%
~s088
~le491
-e834%
-e327
-e347
-e191
~elé4l
~.110
‘1143

AVERAGED PRESSURE CDEFFICIENTS

Ya=u53

~e276
«594%
561
» 394
«313
«268
223
179
1642
106
275
301
=+091
=e 725
~e527
~+¢365
-e278
~+118
~o09%
-~ 082
-0 D49

Y= .63

whE N AR
813
0606
3594
«263
«283
+123
eNBL
023
LR RS2
-.069
~.096
~e152
=1.06%
=662
-e43)
=+300
=152
-e127
-.1l14
=«115

CONTINUED

Yeme4

SEEEEY
743
«581
«433
»346
«263
+ 240
«205
v1b2
«120
»291
260

=+049
=874
~eb613
-.409
~e 3%
=135
~102
~e299
~. 006

Y= .50

=227
«465
«319
157
«356
« 008
-9332
=057
~.087
FavkwE
- 144
~e153

-e223

-e622
0429
~a292
-e221
=124
-«105
~.111
-.116

Yu=,25

~¢556
«863
« 663
«489
+382
«337
302
0245
«184
«152
ylo2
« 38
=+ 010
~e 953
~e 723
~s485
-e332
=173
=117
~.101
~.076

Y= o55

~s 022

«016
~e 048
~e 081
-3113
LAY A
-s123
“s1l24
-y127
-9148
- 128
~v154
~s184%
~e222
~+203
'tlsz
~s132
«5s 0938
- 077
~«D97
-4113

Y==y19

~e 688
e 944
716
527
417
245
2324
«250
+193
«152
«110
0033

-4038

=1e253
~+852

-+ 586

~e152

~+l0%
=e101
=«270

-+ 0606

Y= .6D

~.092
LY
=+319
242
-.204
~.193
~o149
-.135
L2 A 2 24
LR RS £
~.088
~e373
~e099

«371

<071
~a042
=062
=063
- 053
=-067
-.0938

Y==.06

~-e536
561
« 668
2485
220
0336
231
2242
«190
0152
<080
«030
~«028
=le546
-1.115
~. 498
~e346
T EE S
-.123
-.062
- 061

Ya o75

~e213
-.839
=504
~e435
~+336
~e2503
~ell4
=182
VEFEEE
=e 062
~s028
<009
=oC40
395
«2H8
«137
088
« 030
.01¢
- 004
“e 021

Y= Do

<252
353
«393
#3656
323
«295
269
Ehkkkt
EL R 22
»145
.Oab
L

Y= 485

~+523
-e971
653
-.482
-e362
-e251
-,203
~s168
-.J283
~.032
-.021
=.091
~e043
0513
«3%3
222
+1339
+ 0060
£033
007
=.04%

Y= .95

=+330
=930
—.655
-+ 429
-s337
“e293
=s1b0
FHEIEC
kb bry
~+062
-e332
=327
~e242

« 497

=359

187

0127

3%

«321
-e 739
~e053
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0.200
0325
«0Y0
100
150
o200
4230
<300
Q"OO

-e300
2650
«700
« 960
2050
«100
« 200
+300
«500
«550
« 780
30

04300
025
U 50
100
.15¢
200
«250
«309
400
504
«£50
«780
+ 500
<0350
«100
200
«300
«330
«650
«780

« 350

Yu=,95

~4059
«362
0239
161
<143
«C75
<050
«036
019
~e 0G5
LER 2223
-+ 005
-+065
=362
-.272
~¢178
~el1l26
-¢129
-.010
-« 065
- 043

Y= 412

~1.401
1.113
914
1637
496
41l
«335
284

£ 200
128
ook
-.058
~.1%8
-1.125
-+ 700
-«304
-a422
~.396
WRpGET
=365
=e306

Yx=-oe85

-sGa6
«478
347
223
2168
o145
e119
«$85
«055
034
0031
«01%
-.099
-e 500
~e303
~e235
=173
-+158
~e03¢
—e0Z8
~e 035

Y= o235

-1.612
l.192
1.026

772
513
«209
« 419
« 337
ERAEE S
X221
0930
-e)35
-.254

‘lviCI
- 930
~s 062
~¢578
~.500
~e498
~v4l2
-e475

TABLE A.3.-~ CONTINUED

RUN 956

Yaeo72

Hgok ko
«576
434
«298
243
185
elb4
«127
0933
007
2045
035

-, 030
- 545
~.456
“e303
-.Z32
~.138
-.Q67
-e053
‘0058

Y= 443

~1.612
le178
14035
67d
507
0360
«289
2197
033
011
~.056
-o143
-¢332
-.438
~e34%
~e359
~eh75
=.520
~¢533
-4 81
-e491%

AVERAGED PRESSURE CGEFFICIENTS

Y=, 50

~s283
» 743
0352
«408
«31%
«258
e221
186
140
«102
« 369
«357
-.0838
~.8303
~e574
-+383
-.286
-e122
=097
-.090
- 057

Yo o043

¥k ook

502

«457

. 112
-,048
~s158
~.169
~.186
=203
A
~0255
~a263
-.363
- h44
~e346
-.362
- 448
=500
-e533
~e458
- 454

Y==-.40

EE IR
762
o611
<435
0343
2387
245
w2079
162
118
«037
064

~.031
~e911
~. 664
~e%33
~+329
~s147
~.111
~«103
~a274

Y .50

-1l.189
=ls185
=1.043
~1.329
-1,011
~e933
- =861
~e319
~ 597
L2 22 20
~e3575
-e517
~e493
~e143
~s11%
~e218
~¢330
~e451
~-e502
-e420
-a447

Y=~,25

- 622
0878
«581
0506
«397
2335
»283
0249
183
o145
«097
o072

=+020

~l.022

~e 767

-.521

=351

-e192

=s13%

~e117
~e093

Y= .55

=2.372
~2.003
=1.463
-.9356
~e 689
LA LR X
- 471
~.421
~e4L5
~e 417
-0 4G4
~e46b
~e 482

673

«385

« 086
=094
~¢ 249
~e 315
~+330
~374

Yo=~,10

=e739
+965
8737
«532
W20
«352
2293
245
+179
135
2089
«J21
-e075
-1.240
~+ 598
~+533
~e346
=+211
=el157
~e 127
~e132

Y= 460

~24255
-2.431
-1.333
-1.236
=696
~¢ %430
~.32%
-e259
R TIYT;
PR EE
-.123
-.13)
-, 203
$94%
“578
»334%
137
=:0556
-.13%
-+193
—e250

Yxeo 28

e 520
«851
o672
0475
397
+329
»278
»232
172
«132
062
«005

~:054

=817
~1.G53

=e 631

~e341

FERER¥
~eib4
~eG98
~e1l306

Ye ,75

~1e174
~1.904
~1.542
-+ 851
~e702
~e542
~eboh3
=375
WhH ek
-.186
-.396
-.045
= 0G5

«825

s 641

+385

v 253

«105

D63
-« 023
-.082

Y= C,

0243
.364
«377
345
2311
283
251
sEEED
L322 X X
‘122
053
«023

Y= .85

~1:228
~Le745
~i.%45
~e365

~a5630

~e473

~+404

~e342

=213

=192

-.101

~. 062

=+ 095

2791

o637 .

«375
«251
o111
+256
010
-+061

V= .95

~e321
~ia249
=869
-.598
~e452
~e365
=+251
vhrev ¥
FrUp e
~s161
~el26
~-a123
~-.127
634
«4352
«254
<158
ET
027
~edlh
~eJ61
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e l00
2130
«150
v 2530
«300
«4C0
560
650
¢ 780
<900
«J5C
100
« 200
«300
« 500
+ 650
. 78D
09GO

X

0.000
o259
.050
100
o190
.ECO
0250
« 300
400
500
1650
e 780
«900
<050
100
02300
+300
o550
+ 650
760G
«900

Ya=,95

~+205
4y
0232
131
098
o
«049
034
+Cl8
-+005
PR L Y
-GG
-.095
“.376
~-e265
- 173
-ei23
—-e125
=009
~e961
=044

Y= .10

~1,065
1.039
e 863
605

+ 480
395
«322
<273
«19%
128
LALEE Y
~aC43
~+184%
~1.104
-4 749G
~s385
~+338
~»35%
Ry ERY
~.334
~«360

Y==,85

-.199
<467
¢330
2211
161
«131
o134
077
056
2030
#0246
017

-.139D

~e495

~e352
~-e227

-e 175

-s156

-e031

=034

<051

Y» o425

~1e326
1.111
1.015
o 742
2096
32
415
339
LRk vk K
¥ohH R k%
4052
—ot26
~. 178
-1,369
~892
wyb69
=534
-7
-s263
-5 305
~e3061

TABLE A.3.-

RUN 57

Ya=,72

S & ok
507
0435
«287
223

177
152
124
+093
20562
042
2032
=<284%
=e617
=a%35
~2292
-»218
~e130
~e0561
“e067
~e054

Y= o643

~1e403
l1.183
1133
« 737
«b32
0434
«393
«312
<1864
e85
~.019
-o1l2%
~e271
-sbb4h
~s530
=467
“.539
=551
-e57%
- 485
-«547

AVERAGED FRESSURE COEFFICIENTS

Ya=,50

~e375
«628
«537
«392
«300
0242
211
177
«133
«09%
2063
0535
"093
~e749
=1 56%
~¢3063
=+283
~a117
-.093
«,084
~e 053

Y= o45

Rl ik
1.102
1.042

711
509
2389
e 294
221
105

Xyl
=-.051
~.143
~¢305
~s 351
~+338
=374
- b54
-.337
-2 535
~e 468
=sb48

CONTINUED

Y"p%Q

ke bk
0 701
374
422
«344
0 277
242
-200
157
£ 120
«J73
061
-e253
-e368
-.630
-e%37
=325
~e142
~+110
~s102
~s 073

Y= .50

~1.,12
«5353
eG4l
«135
-.012
-e101
-+191
- 167
-.218
bl
~-e235
~el43
~«373
-e349
~4256
~a372
=432
~e532
~e492
~e4b5
~e 475

Y==s25

-a 577
2798
2669
2491
» 383
0329
2288

230
w177
0140
2285
073

~“,02¢%
=1.018
~s740

-+ 515

=344

~s177
~e127

-~y 105

-2 UBo

Y= 455

=1s063
e 082
-.979
=+ 995
~e 907
LR R
-.851
~.334
-, 708
-v 697
~e 552
~e4B81
~e %94
~¢170
-,158
=231
~e343
~e 432
~e463
-e 469
-+436

Y=-,10

=772
e 344
o727
522
409
0343
«287
22h1
» 180
132
«085
033
-+057
~1e261
~+.880
~4583
-a341
~e 172
-el24
~085
~-o10%

Y= 60

=1475%
-1.889
-le%1é
~e 9497
=875
~e572
~e 495
-.5%d2
EX RS
Xodn bk
-.509
~a461
-e 487
w532
0390
«359
-.107
~e275
-+319
-+350
=e401

Yv»=~e06

~eb35
«836
658
475
«386
e321
2271
«228
$169
«132
[51:28
«T11
=e042
~1.005%
~1.251
~e539
~e329
FEe¥E S
~e125
=085
-+087

Yu o735

~l.234
~1e8647
~1.738
~.827
-. 707
~e 5349
o426
~e352
gkt
-+1569
~GEB
=035
=s30b
853
850

W 273

. 23%
000

Ta Je

073
«481
0356
2334
#307
274
239
RHEEE
wxhEkE
«120
«058
024

~14173
-1.339
~le%l2
-e34)
~a031
~e469?
~«358
~.333
~.297
~el73
~e097
~.035
~.3084
762
510
«361
«23%
0496
«033
=017

~.082

Yx .95

~533
-1le206
~«934%
>e538
~e 535
~e351
-e278
whhwed
ok R
-.166
~e133
-«ll0
~alsb
«018
o567
«256
0163
047
017

-sU32

=074
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TABLE A.3.~ CONTINUED

RUN 58 AVERAGED PRESSURE COEFFICIENTS

X Y==,85 Ye=e85 Y==e70 Y==o50 Y==440 Ye=e25 Ys=.10 Y=-o06 Y= 0.

0,020 =¢044 ~-e042 HHEEEY -+ 285 b b -¢593 ~+7338 =e 526 279
225 «329 0432 +316 0664 735 0853 948 «3326 336
050 0224 «326 «439. 551 «399 675 « 725 W 657 #363
«100 «140 0224 $ 297 396 427 495 528 453 343
150 102 «17% 0223 321 «343 «386 «414 «391 «307
«20C0 « 267 127 «178 257 2287 «330 346 327 #288
0250 2048 «101 e1i4 «212 0247 +288 » 291 w275 251
«3CC «032 381 el23 +182 «238 239 «246 0232 te¥eve
«400 «020 057 «094 #1335 158 o178 «183 o376 ke ok bx
«500 =elG3 «G23 353 2101 «120 «142 139 «138 0126
«650 Wk ke o029 o245 «072 384 + 097 »099 «070 «065
e780 -e 005 +C1lb «033 «J57 « 004 « 072 330 «014 «031
900 =eDY3 - 039 -.084 -.095 ~.352 -. 022 =067 ~e043
050 ~e362 =+ 486 -+391 . =eT755 «¢B59 -« 986 ~1.226 -.913
<100 =259 ~¢337 “e 440 ~e5643 ~+632 ~e 744 ~+3835 ~1,14)

200 -e163 ~e225 ~e284 -+359 ~eb4i% ~e 9504 ~e395 =677
«300 ~»118 -¢173 -e223 -e285 ~«320 ~¢336 -¢333 =v341
500 -s119 -e148 =.127 ~.116 ~s1335 ~.181 -+ 208 LA A4
650 -« 00% ~e032 -e063 ~. 091 ~e104% ~el24 -¢139 -el22
« 780 ~e051 =»055 -.0656 =083 ~.132 ~¢119 —el0D% -+ 0399
«%00 - 044 ~e051 ~+053 ~e D43 ~+009 ~e082 =el4l -s11l4

X Y= W10 Y= .25 Yo o 42 Ys .45 Y= .50 Ya .55 Y= .60 Y= .75 Y= .85 Y= .35

2.300 =1l.451 ~1.398 ~1+373 wedodk «s955 -14740 -24378 =le415 ~1.302 -s538
«025 1.084 1e252 l.212 « 254 ~9238 -1e392 -2e742 ~24122 ~1.918 16323
«050 «893 « 985 1.039 <816 ~ed23 -1¢189 -1.603 -1.805 ~1s571 -~e337
#100 0624 «732 o716 « 489 -2147 -eT42 -l.047 -.923 -.895% -e520
«150 496 587 o544 344 -.128 -e527 -e78% ~e7556 ~eb65 .44
« 200 e44 v 4%4e 412 215 ~el 49 LTI T -e569 -e590 -e509 -e372
0250 335 o427 «3l4 «134 -+194 -+383 ~e&52 ~. 495 -e434 -e276
+300 «238 «32¢ «247 «11% -.177 -+302 ~a42 -e427 ~¢373 AR AR
« 00 »205 LAE LA «135 032 -. 142 ~s 249 FUn ks 21Ty 2] ~e238 ¥bevbs
«500 0139 ¥REdky #0553 LA AL HEEEER =175 Rk %k ~-e247 ~e213 =»175
«650 LA S 351 ~e022 -s082 -0150 ~e128 -e133 ~s145 -e125 -el45
« 780 -,026 - 048 -e117 - 123 -e202 ~e129 ~¢120 ~.083 -.0890 ~e133

. «900 ~e1l69 -, 172 -+233 - 262 -e250 -.185 -+185 ~s111 ~-s103 ~-eill
« 050 -1.314 ~s93% -e925 -s921 ~.368 #3355 P44 o678 e810 e01d
«100 ~¢B811 -s703 -¢823 -y825 -,37% «013 0093 o €37 652 e 47
« 200 -~ 487 -3 612 -e732 ~e 725 ~s318 =e165 0320 4l «3%6 «258
«300 ~¢390 ~-e560 -sb653 =+ 5695 ~e335 =313 «159 0292 « 267 e155
2500 ~e281 -e405 -+537 -2 520 -.70% -e292 ~e 002 0129 o124 2062
« 650 ek -2342 -e%4%0 o479 =556 -e 256 ~e 044 w065 <064 333
2+ 780 -e229 ~e 255 ~e305 -a26 ~-e 439 ~e255 -2 094 ~-e 002 017 ~s01l%
300 -e286 -«307 ~¢374 -s36% -e4l1l0 “e250 -+182 ~e D75 -+058 - 062
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0.000
w025
<050
+100
«158
IZDO
«250
«300
«400
2550
.650
+ 780
.900
«050
100
« 200
«300
" e3CQ
#6350
«780
«900

0.000
25
o050
«100
150
2200
0250
300
0400

500
~e 650
¢ 780
«9C0
«050
«100
«200
«300
500
0650
« 780
«9C0

Ya=oG5

-e0C5
o241
165
«063
063
«040
o024
012
«004

-.017

LR LS

-+015

~.081

-+270

~.209

=el41
~.099

-e103
«006

=.056

~-.038

Y= .10

~-.B822
«919

« 730
466
»395
327
279
238
«180
+139
Fhhk ek
027
-.070
~1s157
~e 824
L 11
~e355
-,181
FHETGEE
-,085
=+085

Y==.85

«+ 006
340
254
0146
110
«093
« 0085
w263
e031
009
0023
# 001

-.100

=e367

~e262

-e173

~e142

-.128

-.012

~e043

~-e042

Y= .25

-eG47
«996
813
‘601
475
o413
347
302
ki ¥
*pkdid

0122
-.018
=1.298
~e91%

-+552

~“e 435

-s 226

=ol46

~el26
~¢130

TABLE A.3.-

RUN 59

fa=eT2

B kkuk
0405
327
0213
e14%
o115
«101
«077
«033
030
321
013

-.083
~.45%
=e335
-222
~-el7%
=142
-.032
~, 051
“o043

Y= .42

=+963
1.158
« 963
690
«567
0457
«408
0343
.256
0191
0123
057
~o 031
~1.,659
=s 905
Tme83%
~e463
~e252
~e179
-el25

~¢138

AVERAGED PRESSURE CDEFFICIENTS

Ys=¢50

" =095
«512
«399
«280
212
2175
149
«117
.087
«057
043
027

-¢1037
~e554
-+420
-~ 272
=e211
~¢133
-y 053
-, 057
~e 037

Y= 243

LT3R
1175
1.013

734
583
«491
o416
«373
«26%
whhgng
+118
« 047
~4D4%
~1.334%
-s932
=669
-e473
-e257
-e196
-s134
~s074

CONTINUED

Y2=e4J

& ok ok
565
435
306
0241
«192
167
142
«106
$ 073
+055
333

~.J78
~e634
-e207
~e297
-e231
-e 109
-.069
=075
~«050

Y= .50

~1.7325
1.195
1.033
759
«600
«313
o235

« 371
«269
CREERE
109
«J36
~e256
~2.376
=1eJ40
=681
=~k 85
-e287
=219
=s155
~4s134

Ye=e25

~e29)
2669
4503
0369
«280
0244
«2G0
»164
#1158
<094
0063
W G42
-e 047
~e721
~e555
~s362
“e267
-e122
-+ D88
- 082
-.058

- =le723

1.248
1.9063
+792
623
ddkb
» 44l
381
.272
«209
«103
«018
-¢ 108
‘2u§19
=1.072
~s 68Y
~¢515
-e336

,-.276

-e214
-e185

Y=~,10

~e2738
2750
552
«381
«316
0252
217
«173
+1321
«101
« 077
v322
'0067
~4913
=665
=o442
-v2b2
-s126
~s D81
~v2359
-e053

T= 451

~1e592
1.223
1.08%
»810
646
o548
453
«378
Hokgok kg
ok
«087
~a01%
=+156
~le462
-1.091
=e 840
~. 608
~.388
-, 342
~e257
~e279

Y==426

-e231
«B32
517
0351
297
247
«2J1
183
228
«105
«054
012

-s022

-.83%

-s879

~s 432

~e203

kg F

-.133

-e 049

—e 049

Y= .75

~1e701
1.287
1.130
857
o686
554
«4606
«378
ek oyk
«134
o014
- 095
-.312
=619
~e 4359
=541
- 55
=634
-.693
-~ 629
~e668

Y= 0o

«19%
0244
269
$ 245
0222
'ZZJ
«192
sEed L
ks
'106
0062
«034

Y= .85

-1.513
0323
«793
557
w4G3
02679
181
«102
002"4

=476
-¢131
~+206
-e3353
~a395

"293,

=303
~e4 74
~¢558
-.507
~e 607
=e597

Y= .95

~1.075
~l.152
~.825
-.676
I L-LF
~eb32
-542
LEES 2N
LAY
-et29
=eb31
~e628
~eb621
-.072
-2152
=322
~.374%
—0537
-e591
-+550
~¢380
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13
14
15
16
17
18
19
20
21

2,000
«025
050
100
0350
«2060
+250
+ 300
«400
«500
205G
780
«900
D50
«100
200
«300
0500
« 650
«780
200

0.000
025

250

+100
«150
«2C0
0250
e300
« 400
.500
550
« 780
«9C0
#3508
.100
° 200
« 300
«300
650
«780
«900

Y==e95

~-.032
340
235
135

«098°

o069
051
#035
«021
-«004
LA S 2
~.592
-.094
- 360
~elb8
~e168
-»118
-.114
-.011
-.061
-. 045

Y= 10

. =1e435

1,099
«929
632
2498
04009
2335
286
200
136

LR LA

-4040

=171

~1e274

-, 712

o459

-.398

-+356

LR 22 ]
~¢ 300
~e347

Ya-.85

-eU31
0460
«328
$ 225
168
135
«109
w82
058
«033
#0021
017

~e098

~e 499

~+353

~a224%
~el74

-.153

=031

1)

~e 052

Y= 425

~l.€02
1.184
1.029
e 754

« 604
¢509
429
343
LRk kg
ook
LD
=e 065
~e219
~lei8d
-9
~o 686
~+58)
- 444
-.430
-+356
=-+396

TABLE. A.3.~ CONTINUED

RUN 62

Ye=g73)

b A2
«333
vh4h
298
0223
°183
o162
123
AT
056
0 )43
032

=.C33
~e0238
~e447
~e291
~e2138
-+133
~.060
-, 0567
~e053

Y= o%d

=1.602
1.24)
1.084%
771
«392
e455
3548
«233
157
« 309
=+ 025
-+139
~+298
~e423
- 425
-e353
. 445
~e528
oS4
~e 485
=+533

Y==45D

~e2638
+ 695
«557
401
«319
0255
«215
«180
142
1235
+07%
«059%
~.089
- 782
~e552
=375
-e291
~119
~e 092
-84
-.052

Y= 45

LE R LR
« 990
0832
«526
e348
«233
137
+078
« 004

%%k e koK%

=-.098
-+ 184
~¢320
-0322
=299
-+323
~v435
-+ 509

-e548

o431

=458

Ya=,40

e se e &k
760
602
433
354
«280
0246
2206
158
121
«087
«J64

=+048
-e866
~e528
=e 423
-«324
-el42
-e1i8
-e101
e Q76

Y= 54

-1¢124
-el5%
~+211
=ebyl
=476
=e501
~-e- 204
~e475
-e%22

Ehkkak
=e370
~.358
=e413
~e371
~+303
=¢343
=404
=499
=¢503
=-e433
~-ek75

AVERAGED .PRESSURE COEFFICIENTS

Ya=e25

-e613
«85d
#0685
0497
«391
«335
« 298
240
«l79
0147
«101
073

-. 017

=1.03¢

-=e 745

=516

=s 341

-el183

~.1238

-e102

~+286

T Y= L55

=1+600
~lent3
=1.288
~e92%
~e 875
LA LR L ]
~. 826
- 792
- 729
-+ 704
~s 517
- 513
~e 534
» 266

« 100
-+109
-+215
-+ 347
~2418
-s&h5
=y 449

Ya=eld

~e 775
958
‘e746
532
419
348
«297
«251
«186

o161

2099
«033
=+058
~14293
=. 937
-e604
—«338
-e185
- 137
-e106
-e1l4

Y= .60

~20333
~24479
-1.5602
=952
L Y-
-¢436
-.375
-4312
Yk ak
L X1
-e212
~e252
-e343
«848
«5838
0223
027
~e143
~e228
—-e271
~e363

Y==e06

~e 555
851
« 666
s4B1
395
332
«277
«224
177
139

070

012
-+ (%0
~e957

=1.190
~e636
~e351
wphnER
~e120
=e0G72
~+D90

Y= 75

~14295
~1eG3%
-1.638
“sB17
- 696
~¢538
=430
~e368
Fded ok
~el81
-.073
044

'nlna

851
eG54
»381
253
<090
«028
=«040
-.099

Y= Do

«265
«354
374
*343
«311

0289

251
RS
T

#125

2065

+025

= 485

~1.31%
-l.832
~le4b7
~.B857
~e632
~e473
~e400
-+336
-.211
-.idd
~«092
~e057
~eJ89

751

o027

«376

2250

«109
. eD52

«J03
=78

Y= .33

~.533
~31e307
=«326
LrY-2%:)
=499
~¢330
~.256
*4#‘#%

T asvees

-«150
-e129
~-s119
=122
624
458
0282
0154
034
27
~+018
=069
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0,296
«025
+050
+200
«150
L2006
+250
+300
«4G0

4500
$450
+780
«900
v 050
.100
+200
«300
«500
1650

'750'

«900

94000
w025
«250
»100C
0150
0200
250

4300,

¢ 400
v500
«650
« 730
+ 900
o050
100
200
«300
500
635U
¢ 780
+900

Y==e95

--09¢
433
314
«188
o146
»1C1
«080
«C60
«035
«008

*EVL¥E
<01
~.087

-+459

-¢330

=205

-0138

- 062
—e524
,‘v074
-e060

Yo »10

-2:577
le282
1.077

« 739
o545
413
+»304
232
«116
« 029

LR LS
~-.170
~4307
-.921
~e 456
-e185
~+131
-.283

LR 2R
~s479
=e542

Y==485

~e389
«586
0434
252
232
»189
«159
«123
«088
+359
« 040
«033
-.382
—eb622
~e 454
-4278
-y 209
~e13%
-+059
-e073
=« 065

Yz o255

=1.702
=1+510
=121l
-G48
-+870
~e8%3
~+834
-e848
Wk
¥k ke
- 603
=509
-0 462
221

« 097
~«033
-.159
"195
“e247
~e321
-+385

TABLE A.3.- CONTINUED

RUN &1

Yo<e7d

EE L33
o673
0565
362
#3932
230
221
0175
#1335
«099
<072
«049

~«068
=.810
~e578
~e379
-e282
~s14]1
~.091
-+083
=.U72

Y= .40

«1.999
=2+s14%
-1.659
=G40
~e 755
~e590
-a523
=401
=276
~¢19)
-0114
=130
-.191
945
077
437
287
0106
-.073
-e1856

AVERAGED PRESSURE COEFFICIENTS

Tm=450

-e568
+8638
« 698
»510
408
+339
0289
«238
184
#1338
«095
071

-+ 065

~1,039
~e714

“e492

-e321

=173

'0132

~+1208

~a 076

Yo <45

e g o ok
~2.146
~1.820
=98¢
=e76%
575
=~ 464
-e376
-~ 240
e yd oy
-.101
-e$59
=-e178
911

« 699
o430

« 307
+137
052
~+331
~4117

Yn=e 40

sk
320
7535
+356
Y
0366
«321
0262
e202
151
102
+ 070
=227
-1,179
-¢333
~e51b
~2348
-«195
- 147
~.124
=e095

Y= 50

~1ls515
=24203
~3.763
=1.909
=~ 7359
~» 591
~e4890
~e397
~e267
Rk gk
~-e115
~J79
-.111
«891

v 596
464
328
o151
077
003
-e091

Yu=,e25

~1e¢035.

Le217
«825
029
487
« 409
«256
«283
205
0143
079
e 020

= D49

=1.379

-e 904

-e529

-+ 389

-e236

~e195

-«173

~al45

Y= o55

~1e5£72
~2e213
~1.80C3
~1e813
=e 765
AL S 2T
“e479
~¢399
-e268
=200
-ell2
~-e055
~s0S7
0907
2667
72
335
165
o G942
#0221
-e 059

Ye=e1d

~e813
14043
820
#0611
'478
393
+333
«268
0131
0197
729
=096
-+215
-+330
=273
~a127
=163
-e327
~0466
~«530
~e583

Y= +60

~1369
-2.158
~1.706
~1.247
-e749
-578
-.493
-~ %09
drakokkoky
EX T
-, 127
-e)72
~-.088
906
0723
0454
334
«170
«101
«033
~e 049

Ye=eD6

-4369
‘0905
.738
- 547
443
370
+310
246
165
103
$004
-.085
-.199
- GbY
-4 035
$006
~.103
¥EkFE R
-e482
-.487
- 474

Y= .75

~«951

~leb45
=1.239
-e987

~e596

—-e 476

~e400

~e357

LA 2SR
~e213

126

-i071

-.090

«783

0626

«40
w292
.153
138
033

‘e03§

Ys D,

«362
s4 94
0503
314
«375
«333
l279
EREFEE
FER¥EE
0065
~4003
-e047

Y= ¢85

- 763
~1e40%
~1.002

-+693

-s573

~e432

=¢332

'0237

-.184%

~el82

~e106

-s372

-.099

eb74

e528
«331
«240
.129
«090
<057
~+034

Y= .95

~-.271
-e951
~a 560
~ 444
-e336
-e3230
~-a237
[E 32221
ey Ek
'0119
~a 039
- 032
-e132
«433
371
«21%
«136
003
<048
1014
-.058
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0000
025
250
<100
«150
268
«250
«300
«400
«500
«650
780
«9G0
«05C
«100
»2G0
«300
«500
650
«780C
«900

J.020
025
«050
100
.150
«200
0250
«3C0
« 400
«300
650
» 780
«9C0
+ 050
«100
«200
+360
« 550
650
»780
900

Y==e35

-e559
«831
2042
0413
327
0246
194
el44
«092

041"

S21LL:
026
=164
~e932
—e623
~e418
-¢250
=157
-0107
-¢1538
-e139

Y= .10

=1.065
-1.505%
~1.490
=+391
~eb674
-e529
=479
~-.357
=-e255
.=213
LEE LAY
-+ 080
-2282
#5186
716
487
«350
199
LR L RS
«046
-.025

Yu=e B85

~e874
1.054
«881
624
+ 491
«399
326
«260
179
llzl
« 063
026
=.053
~-ie2l3
-.352
-»232
-. 390
-s231
~e163
~elb4
~e135

Yz 423

-1.234%
~le362
-1.217
-e8817
=604
-e4T3
=43
'0359
L2322 24
¥rekv
-e121
-, 086
=+U91
o771
593
04l9
«305
183
«145

« 030

- 419

TABLE A.3.-

RUN 62

Y==u7)

HEhEkE
1.126
1.738

o754
«595
2435
«397
»322
233
«118
2033
~.033
~e1438
~1e213
-«313
-e85d
-e527
-e473
~s441
~e343
~+323

Y= .40

~1,143
~1.348
~1.01%
~e 791
=e543
-0423
-+338
-.311
~s216
-.198
-.117
-,088
=. 102
585
»503
«353
273
o172
121
091
~.022

AVERAGED PRESSURE COEFFICIENTS

Y==o50

~1.009
-e363
-e933
=593
-e933
~e P36
~.885
~e832
=750
~e 701
~e557
~e 453
~e413
~e 224
~e219
=~ 274
~.315
~.331
~+369
~¢304
~s271

Ya .65

¥hkskd
=1.295
~e98%
~e 744
=~ 572
~e421
~.330
~e279
~e 195
L2 X R 22
~.111
~e 081
~.101
-
#512
347
0266
v16%
125
<087
«012

CONTINUED

Ye-,49

wkEExE
~2.074
-1.327
=1.0909
~e817
—e7l%
=e51D
-+335
~e316
~e225
-+156
~+153
~e232
»951

« 378
376
o186
2010
=066
~elé4
-+215

Y= .50

=582
-1+268
“a941
=-e648
~+539
- 409
~e329
~e271
~e195
whhpk
~e129
~eG75
=«098
565
+499
«342
259
«158
+119
23383
«005

Ya-e25

~2.014
=2.%26
-1e692
=1.G65
-+ 808
-« 603
-~ 475
-e362

~e241-

'0149
~e065
-+ (56
-e125
952
738
« 489
«3%52
«172
«083
-¢009
~+ 050

Y= «55

=4 501
=1.203
-« 907
~-e 625
=«508
REKEGH
-+323
~a248
~el7%
~+159
- 102
= 060
~s 094
«630
+ 455
«322
244
0146
«115
=079
«007

Y==,10

-2.215
=2.683
~1e522
=1le051
~e782
~e532
~e482
~e3638
=257
~+193

’ =035

- 042
-+05¢%
1,027
«832
552
0205
«208
112
«010
~.075

Y= .00

-.38)
-1.132
-0852
=398
=470
’-367
=320
=269
ki kg
EEd 1 211
~-.03)
- 369
—»OSI
594
«460
0312
223
«137
«107
«271
-.002

Y==o,06

~2.938
~2.2006
=1.267
-«877
- £58
-.511
=429
~e344
—e254%
-+19%
~+115
-e082
-. 072
1.078
«883
613
401
Hulhky
«C89
«006
~e0b6

Y= W75

~e317
“eJ%1
~e €36
-.491
~+383
~+3049
-~ 260
-.2L3
Sk kkd g
=125
~s367
~e 034
=-e 0567
«511
«382
«245
1306
109
088
«054
-+ 031

Y= 0.

~e 246
~e693
-+65%
~«bl4
~a523
-e432
~¢385
Rl
YRR ES
-.209
=138
~e0695

-.189
-.755
~e555
=394
~+313
~e247
-.217
-4173

“-.1438

=099
-.543
~e(29
-+053

0443

«349 -

212
.149
0289
.063
040
-.044

Y= 4GE

-. 037
~a5686
-.371
~e271
-,216
~e152
-0131
hkkakh
RO EN
~. 048
~e332
-e032
=038
316
231
el42
«088
+D45
045
#8015
~«051
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0.900
«025
Lyvp]
«100
150
«200
1250
«300
«4C0
«300
0650

w780

9C0
050
«100
«200
«300

#5200
«650
«760
« 900

0.000
- eD25
«D350
#1C0
«150
200
%250
40
500
«650
.780
«S00
s 050
«100
200
«300
«500
«550
780
.qoo

Yu=,95

=028
«352
0245
«137
«103
«075
«D48
<035
«019
=.003
ordhdsd
363
~.093
~e349
-e268
=+157
-o115
~¢218
~eCG7
~eub2
~e04%2

Y= 410

~1.960
1.16‘9
«9L9
076
+530
0434
%352

- 0303
S w208
w132
EREvir
=e012

-eil0

=1e751
~=1.089

~sbb6
~:473
~e240
PhEpkE
-e145
=+164

1

Y==.85

-e029
467
+331
0222

« 172

#138
«109
083
058
« 035
«020
17
~+093
~e471
=+353
-e229
—el67
=149
~-¢028
~e053
=e049

¥ .25

=1+409
1.172
1,005
e 752
0535
@535
41l
v349
BN kok
L3 LT 8]
C(-‘37
=078
=e23%
—-e972
=e 740
-e021
-e 542
=483
~e 477
=0 409

TABLE A.3.~ CONTINUED

RUN 63

Ye~o70

LA L2
o541
+434
257
2230
«131
151
+120
«G93

S e052
+ 045
«329

~s031
=608

-e438

=4299
~e224

'-133

-.Oﬁl

~e3bY

-»0233

Y= 440

~1e45]1
1.223
1071
732

. 0549
4292
+326
231
125
.336
=057
~ol0%
~e323
~e363
“e391
~e326
- 432
~+533
~e545
~elil
~¢523

AVERAGED PRESSURE COEFFICIENTS

Y==,50

=285
«701
w546
-39('
.319
0252
213
«180
+132
0102
0072
« 055
~.089
-4 748
~¢543
-+360
~e274%
~s 124
=093
-~ 084
~+ 048

Y= 445

ook &
« 868
723
429
251
+148
055
#2351
~e251
ELE L R A
-.130
~+203

=+335 -

=403
=351
T =397
e 648
~e492
~e542
. %481
~046¢

Ya=,40

L2322 L 20
«762
e8G9
423
331
290
+249
«198
0135
0117
2087
064

“e043
~«870
~e 625
“e212
-e314
--143
-+108
-2 102
-a070

Y= o590

~14181
-e337
=457
~¢526
=e355
“e5G%
=540
-e 475
~e 440
$ Rk fedor
=319
-.315
~e395
~e512
~e346
“s415
=489
=504
—'512
~+488
~+438

Ya=o25

=578
«855
682
502
0402
336
299
241
«177
« 147
»1G2
L72
~e017
=14030
- 736
~+511
~e 341
~e173
~e126
~e105
~. 087

Yo o55

-1.82%
=l.614d
-1.357
~e 856
-2 832
PEE Ty
‘-73«
~e 663
-e 509
—.473
»=e393
-e351
-e355
363
04y
~.131
~e232
-e 349
-+ 394
=418
- 439

Yu=,10

-e756
0974
+753
538
0429

T e356
«304
<253
«18%
s 187
W 102
037

~e 343

-1.273

-. 17

e 547

~+388

-0183

~el34

~+{189
~1122

= o 60

-1.845
~1.691
~1.196
~e953
-+ 875
- 754
~eb98
-e436
* ko
Rk R
-.211
~.235
239
#8879
2628
262
079
~s118
~«16%

~e23%

~+326

Ya=.06

-e561
«870
«680
4387
s4)l
341
287
2238
o184
0142
075
.Cl8

- 037

-e937

=1l.195

—sbg

~e357

¥kkhEkd

-e131

~e 067

-«117

Y= «75
~1.357

~2.01%
~1.708&

- 872,

-.71“
=555
-ab57
'-QOQ
LR S R
-.223
-.129
=075
-.219
+868
»669
«3G4%
«260
097
+ 032
-s044%
-.108

Y= 0o

«363
-« 400
0367
325
«305
$26%
KEFERE
ERnhRE
o135
375
«038

Y= .85

~1.281
~1.898
~1.541
-e88
=557
~ 4G4
‘0417
-a357
~e223

=293

~s11%

=075

=099
803
637
«385
0239
112
032
002

~a08%

Y2 495

=377
-1.330
~e908.
-e 520
-¢323
~e354
-e277
(22 IT Y
YHEe Ul
=171

L ~el40

~s134
‘.129
627
477
266
»156
353
028
~e 520
-1377
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%000

025

2050
#1300
150
« 200
«250
300
« 400
530
650
«780
«300
«050
«100
+200
260
500
0650
« 780
«500

Q.ooo
25
050
«100
+150
200
250
«300
«400
«500
565G
e 78C
900
.QSO
«100
'200
«300
+300
0650
730
+900

Yu=s95

-+132

534
«389
« 256
+189
« 139
+«106
«080
3053
22
*¥hEvE
«Q10
=077
~e542
-+373
—+236
~ei73
=067
“s041
~.0868
-«.071

Y= .10

~1.108
-1.741
=1.163

=e755

-.560 "

~e450
~¢399
-,281
=-e195
~.152
EEFERD
-.111
-e192
+810
620
389
2244
<079
Mok ok
=.101
-a177

Ye=e85

-e168
« 689
¢ G546
«378
0295
243
«199
«159
115
(B4
2058
$ 350

=064

- 763

-¢519

=342

-e264

~el26

~eD81

-.088

~s 077

Y= 25

~1.369
-2+091
~1.772
~e9135
-.729
-e501
- 403
-e395
o
axp ke
- 079
-.053
-e103
«853

e 664
o443
'306
¢1643
2092
017
-.082

TABLE A.3.-

RUN 64

¥Y==47)

LA 22
811
703
432
0390
325
277
. 227
177
<134
«0990
075

~s061
~1.001
~e69%
=476
-e326
-e187
-s119
-+103
~e035

Y= 40

=1.87)
~2.13%
~1.727
-+933
~a 717
-.583
-e481
'050“
=275
=225
=117
-. 071
=125
«9i3
633
472
«337
+18%
118
#0050
=«033

AVERAGED PRESSURE CDEFFICIENTS

Y==e50

-1.032
1.042
«855
vH49
505
0423
«362
»304%
«234
2174
o114
«JBd
~e041
~1.450
“e 7351
~e563
~e413
~213
“el54
~.108
-.078

Y ,45

kg ok
~1.981
=1.572
~s 875
~.683
=352
=477
~+398
=273
kR E
=127
=ed79
-.108
+«894
«684
o457
339
+163
«125
053
-.005

CONTINUED

Yu=,y40

Wi gdka
1.102
» 328
o713
372
474
43U
«340
+255
183
o111
«072
=s341
~1.8190
~e934
=e510
-e449
~e230
'clbl
=-.110
‘-082

Y= 450

~1.202
-1.958
~1.511
-.910
=679
~¢558
—e4 04
=385
-e273
Eypod oy
~s132
- 577
~¢103
306
656
0437
¢332
1185
127

[ J-¥)
=-e305

Yz=,25

~2+154%
1.217
1,041
«807
0D 48
#531
0452
+369
0257
«171
074
-+ 004
~ellé
-1.781
~1.s159
~e 630
~e437
-e223
-4 199
=151
~e 206

Y3 455

-1.03%
~1e 760
~1e342
-e 9538
=e 625
Fwkwgk
~e432
'0373
--255
~e 210
=129
=-s 369
-e108
843
521
439
«322
e184
0128
067
002

Yu=,10

-2.123
1.196
1,003

7306
«547
427
«328
262
#1553
2078
«03
-+103
-e186
~1.297
- 742
-s301
-.248
~e253
~e295
~+354
~0390

Y= 60

-.8%4
=1.722
=1.253

-.933

=e593

~elT4

-e&3d

=355
EEAKG R
23231

~e124

~s )35

=e035

0793
622
o409
299
174
«126
o073
-+002

Y=-,06

=701
«827
«651
«384
«310
«198
« 090
« 036
«011
~e065

= 036 °

-«151
~e 207
~e536
-+579
Y331
~«190
LA LS SRS
~e315
-+285
-+351

Y= 75

-«622
=1.375

=573

-v692
~e554
~e420
-+329
~e285
ook E
-.189
-elD?
=02
~«(93
0075
541
«339
256

147

«103
057
=009

Y3 0O

~.411
-.212
~e433
~e43%
-e421
-.508
~e492
LR L 2 ]
EEhEE
~v464
~+403
-e382

Y= +85

-e479
-1le107
=eB837
-+539
-e439
“e36%
~¢305

-.238 -

~a147
~.159
-.082
~e058
- GB7
589
«4b6%
«283
«199
«119
0858
057

~«026

Yo o495

-.162
- 769
-.525
—.354
-.235
-.235
-a194%

krkigy

ChUESS
~.084%
-+209
-e 066
—ed57

0420
349
«130
#1135
357
<049
-0L5
-e351
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TABLE A.3.- CONTINUED

PLUN B3 WWERAGID PRIF3URE COCFRICIENTS

1 X Ya-o5 % Y==,473 Y==.72 Y==oeb? Yo=o4h) Yx=4(5 Yaw,1d Yeeq 50 = 3

1 Jet.n LR RN ] - T85 LR -le571 -1.293

2 e idd o757 337 10218 lei33 14193

3 o 3L PR «T73 « 345 ¢34 937

4 W10 y «30% e %3 o723 e 773

5 0120 o453 «3135 577, 351

& 20T «330 ohZd 455 e %43

7 0220 «327 0383 s 450 0 367

g 307 270 «3C1 «324 e293 e ankw

9 el $212 «23 «23 «132 «1b7 LE SR LS
10 530 W 187D 271 « 163 112 PRI «i51
11 -3 PRV «198 P «319 ~. 030 -e319
12 e 750 o133 272 PRIDEH “,il1 ~el5? ~eiy2

13 P I ~s 00D -e332 =, 00y ~e23¢ ~. 203

14 0 283 -le202 ~1e479 -«955 -s073

i35 v 1yl - b2% ~¢348 ~e23Y -el43

14 23t ~e321% -.932 ~.189 ~.013

17 ¢330 - 382 -e4i3 ~.147 -e113

18 0«30 ; ~. &3l -e223 ~ela3 -, 333 AR AR

13 VPN ~. 113 ~e152 =vloh -.217 “e %95 ~eZ03

2% o THUY “es 73 ~e 112 ~eld] -. 187 ~s553 -.437
21 eI ~eJd75 - A2 ~eJd9 -+ 103 ~ebl2 -eh477

1 X Y= o1 Y= .%3 Y= ol Y2 .43 = .uY Y= oG53 Y= .63 Y= o 1Y Y= od3d Yo 95
1 Jelr =1e?5k3 ~3¢2Hh% -se173 vEKERE ~1,%33 ~142340 ~ 748 573 ~a23%
2 «NZY 108 -Fen?? =delnl =2.14% ~2¢i31 ~14973 =le3di ;3G ~s%+3
3 ool (Y ~L.3717 -Lleay3s -ia7C7 -1,728 ~Lls i3 ~1.%953 ~Leta7 33 ~a9ud
4 [ - il -y -ed3 wedu? -y907 ~e7l2 -.913 ~s 176 35 ~-. 339
5 elot =¢34 ~e 043 e f2J -+7125 =743 -s T4 = h53 —ebids 37 -2l
[ e 200 - i ~e 421 -ed09 -3 =373 LARA AN -e521 o413 23 ~e233
7 250 ) o293 ~ea? - 379 - 439 LR T-H] -.t33 “a3h3 3y =221
8 et ~e Y3 ~eZ( =438} - 337 PP EN -~e 397 EIER 2t - 317 ~e203 Ernins
9 4l NS ARFREX - 245 ~e2ly ~e207 ~e271 AL RS LA RN “.10% FREFKF
190 LD -od73 AR RN “l37 EEXA LY BPAEXTE .l W2 ~.3ibJ -, 131
il «e55C AAAR AR ~e. bk ceoYd -~ U893 =117 =+ 130 “.1L38 =euyl ~e (335
12 «7EU 1 ~ea =ela? L men0A - . DY - 070 -.347 ~-eul7
13 G0 — i -7y : e 37 -ty - 090 -el¥) —ed73
14 o« 150 o Y- 320 NS . 738 -r .38
1% e eael vOLA e 709 5T 005 LY 332
16 el 335 vihy 11 eqbl «395 Gos o, o532
17 P R E] W33y 331 «331 e25? «213 eizd
131 020 e 22 iy o 174 «172 «iDD «123 U350
19 550 LR L A -y243 g2 «133 o116 W17 PRIVE] « 87 PRI
20 » 100 ~e252 —.l3% et id 347 b2 57 «0D50 «050 «013
21 v -¢301 -a211 =03 ~e032 el ety ~e0i3 ~e323 EEDEM
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d
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-eb67
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TABLE A.3.- CONTINUED

Yz=47)

LT XS
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~Le533
-1.3L7
~e77%
~e593
ezl

~e372

~sl9?
=372
-a273
-el42
-. 003
o3

o523

432

«315
el3o
2125
373
-ed22

Y- D]
~1.232
~a332
-e3570
- 432
~.333
-.239
gy
AT A1
-.131
=099
—.0G4
=-.G37
«5%3
o530
.39
«231
104

« 078
i26
-e323
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26850
325
« 150
Lpany}
elug
257
o239
e300
bl
oLl
e b
70
e UU
«oD
e 100
2.0
300
« 900
-FIs
o732

o I0G

X

e« ® a0 o o
(SRR AR ol SONVE IR o
SR A RCN RN
A ST DN

-
RS

At

Ya=e4?o

=-1.130
~1e433
-lein”
= €14
-¢439
=v3zt
-e25¢
“e217
—eu6¥
~.151
sREFER
SNY
-y 102
e 7L
a6
e5338

2 d21
o121
CUBE
300
=el3q

Y2 ol0

~-1.%87
wFet 33
=1.7347
=1l 3%
-eglZ
~oCEA
~e5idy
=349
=27
- ity
LS TS
o043
—" b
1,073
« 90

R UXY
«4383
242
PEFERE
o162

=ouidd

<
it
1
LA AN .
o
o

S ed D) sy i N I R O N D

[ VIR TV SR N ¢

—-2e%ld
~deul2
LR L
~leuf2
—e0 ¥
-a?
~e Y17
-e4bh
YTIIXR
Yvewty
=s1 43
LIPL ]
el
ool
« 329
D
451

« 277
+1935
LR

-e 134

TABLE A.3.- CONTINUED

RUN 73
Y==o79

R FERE
~2e433
~Led37
~1e227
“e 793
=37
o479
=s 389
-e279
~e21l3
PR}
~e317
~ei 49
1.3
o309
533

v il

0 2457
173
043
o034

Yz o643

=-2e31l%
—lehil
-, 977
-lelo
-e323
~efnd
LKA
-ehiy
-e27%9
- 237
'.l;-.-L
~eDby
—-ed37
1.1y
e 759
o592
LT
«272
«192
XY

Yy s
AP R S-]

AVIIAGID PRESSURE

L0 v~

Eaadl LIRS
-

~alh4

LTy |
~7.359
~led35}
~1.092

Ys=,49

IST2 2T
=2etud
-24397
~1425%3
~e358
~e549
~e 833
~e%23
-2
~-el36
~.11b6
-oi27
dol
L.U28
8L
595
55
270
» 1489
« 134
309

Ye o390

=1.739
—2e%56
~1.935%
“1.973
=347
EEE-EL
=534
—.a i
~e299
Cuxdew
=12
L EL)
-eJ35
Led00
«331
o282
)
272
187
»395
« 009

COEFFICIENTS

-la0&D
=2.415
-1.97%
~1.05¢8
~e 41l
T
~.5132
~e 37
284
~e223
.13
“y231
-eu50
Lesid
« 303
av?l
044D
w263
«283
0295
w01l

~1leb%1
~2+453
~le8d2
~1.029
-.773
-.613
~.518
-.233
Prveak
dhs
~v1J)%
~elh
-e233
«333
832
« 562
o421
«235
<13
$ 097
0027

=2+ 026
-1.7%%
~vB7Y
-« 710
=555
‘.‘1::.
-v336
L AT R
- 2.0
~e 100
-.035
=04y
«935
Tl
518
v295
229

« 165
38
=04

Y= Q.

~.221
- 747
~e733
-e.531%
-.u5)
~e471
~et 35
[T 22
Xy md
-l

=~.131
~e293

U '

s s s e &
w

&

S TN R SR
(R VR ORIV

> S ]

)
-
[
[s2

259

.
-~
[
“

«47)
«393
«197
133
373
-«507

¥a W35

~e 773
-le4id
~e932
~eb45
—e333
-.339
-.275
EARI LS
Kadany
~ai%h
~ell4
-eli3
=031
e 739
#5090
334
o227
110
333
o323
~ed24d
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TABLE A.3.- CONCLUDED
PUN 74 AVEAGES PRESSURE CIEFFICIENTS

X Yas=493 Y=o 43 Y==o73 ISR Y==4l Y- &5 Y==ol) Y==ed5 Y= J.

-~1e372 ~1.973 HRowkhw EEA R =2,3¢&3 -24919 -34559 ~s156
~Ll.5s32 -2.223 -2.732 ~2.3%7 -1, 704 -24723 ~24228 ~.393
-1e2HE ~2.9L2 -l.76% ~1.77% ~1.04l ~.793
- 3dt ~. 343 -14237 TRV - ~eGd. ~ 77
EITEN -.id ~e363 -.89) -e84) -.712 -u573
-e3é4 -.37 =701 -eb32 ~e543 - 503 ~L 49l
~e312 -~ 449 -.573 -.eJb2 -s515 - %09 ~.4Z4
-e242 —e345 ~e432 - 4h) -+347 ~3u6 TRe¥EE
=srC3 EPRLE] -.32u8 -.3J07 e 247 - 223 wudy ey
—e it ~e153 -.232 -e217 —ei5L —e21%3 -e233
LR AR -, -slib -, 0G4 =e(52 -el%4 °  =,131
~e373 —-.212 -e32% -.Jz3 ~373 -e2.2 -e113
-l -4 -.d7s =075 -+l0% -s173
324 Y 1,133 o084 telz7 1,134
295 o1l endl e397 <957 1ol
o3y ) R 527 «036 IE-5)] «732
ell LR We74 455 e 394 515 «5L3
o128 RN P 255 252 285 293 CNEYH 4
« 984 elh3 273 287 186 «133 189
=052 eI « 235 «3389 o073 + 347 e(37
- 3237 - lD «0903 « 330 ~-eJ2L ~e054% e Gl
Y= 417 Y= o235 Y= o402 Y= .49 Y= .59 ¥z .55 Y= .82 Y= .75 Y= .35 = .35
=2.2¢4 -24977 ~2et?3 ~2,7%43 ~1.993 -14523 ~1.734 ~i.547 ~eG40
=24543 ~Z. 881 2,737 ~2.783 “lelYi -2+533 -2.345 -2.2.4 ~Le3L%
-1a825 -1e877 -Z47023 =2,)15 -2.227 ~2.359 ~2.389 -1.767 -1.1i06
=1s1l02 ~1e2323 “lelii ~l.163 -is 275 -2e143 ~leud? ~- 051 ~e039
-,b& LI AR -eHi3 -.344 ~o 873 bl IR EE] —ebY3 =ek32
=ik -e3G0 -7 “-ed1L BRUEEY =ee57 - 833 ~e52% ~e307
=y54Y -—.ui3 -a276 ~e91D - 562 -4533 ~ebd el -ed32
-394 —-e432 ~.43q - 473 - 406% ~vbhh4 -4l ~e371 LR AR
-3 2¢6 EXERT 1 -sJ312 -.31% - Y7 [AXLX S [ ZITYE] .21 adrkuy
- 176 Pheevd -e2%3 LETT 22 -e 233 MRy RE -e22J ~an93 -a 167
Shved¥ - -l LIPS W =115 -e1013 -+ 102 -~ 053 -e0usd =124
=359 - liud -eii&d -esdy -e13) -u343 "= 031 -.037 -s2i0
=y 151 -l 75 -163 -+933 ~edbl -e 395 -e 582 -~ 262 “eJ39
A Tel03 Lelul Le393 Te351 «GI7 .32 « 731
rtd JHes +353 » 855 fE7H TS 773 «359
077 542 533 w23 504 NP P «350
e 514 R EA Vi680 A -1 434 e373 «22%
303 0293 #2859 «28% «275 254 «223 0122
LEEEAR PR 158 199 «193 173 .i%s 236
o2 e157 2273 3% 2397 53 «374h 021
-,5%58 -.2% P ] -1 - 008 -.013 -e039
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THE MAX

2000
325
9050
/100
«150
«220
«250
3060
400
«500
IX-112
« 780
]
«050
«100
«200
+ 300
«50¢0
o550
«780
»930C

042560
025
.050
«100
1350
«200

. e250
#300
« 400
« 300
«650
+ 780
«900
«350
2100
«200
300
«300
550
«780
«900

Yx=e95

«0486
«022
029
«0C3
U024
«005
« 007

$0C6°

004

«Q07 -

kb
« 002
e Ull3
0027
¢ 010
e GGG
007
«002
«G01
«004%
«C03

Y= 10

« 376
«097
«028
033

o2V

U
G086
« 208
00;)3
«002
ke ¥
«205
£ 002
«010
°ui b
«013
35
« 029
kg
«003
0005

Y»=-483

«D68
« 054
w3l
«01%
#0113
«019
011
PRl
o« 203
« 004
«Q02
«002
«004%
«01%
2015
«037
« 009
"»003
W 002
«G03
«00%

Y= ,25

. 105

.U"l
<054
%31
017
012
008
w007
HhEkew
¥gohoh %k
.001'
.U:‘s
<003
«012
<009
«013
« 907
vJ04
«002
L3
o 00%

STANDARD DEVIATION I35

TABLE A,4.- STANDARD DEVIATIONS FOR
PRESSURE COEFFICIENTS

STANDARD DEVIATIONS

RYN 50

Yz~o 7

**

Y=

EEEE
037
«037
W 031
«029
019
+GO3
«003
033
005
« 092
«003
«003
e325
015
#0132
<007
QU2
«092
002
2036

.4)

«Q77
112
Q47
2031
912
012
012
«027
+002
#0037
«004
D95
eG32
«016
013
012
017
#0035
003
093
<002

Yu=o59

«112
«027
007
0003
522
«3C9
«003
«010
+ 235
« 003
«001
.00%
«0302
«024
<022
«0C3
B35
«003
002
«J04
004

Y= 445

LIS 23R
0059
$ 072
+009
25
«012

213

11
006
FeREgE
0004
07
e )
«016
2018
.008
011
007
004

001

«0C4

el15 UCCURRING AT I =

Ya=,40

¥Rk
367
« 041
«033
009
«013
«008
<006
358
0336
«J04
332
«202
e 3138
eJib
«216
0256
« 304
«004%
«010
«007

Y= .50

2072
s 051
#0382
«018
« 34D
«012
«2U9
e GS
«005
LR 2R 2]
2« 00%
304
w303
W01l
eJ11
015
015
0095
«903
001
«J53

1 AND J =

Yae,25

+«3838
« 068
2 060
o042
014
#0013
«013
« V0%
VY
« 002
+ 302
<202
005
0014
« 006
o019

2312

« 003
» 003
0005
+007

Y= «55

«112
«$53

0109 )

« 006
WUly
EE R R
315
wll2
«J04
«003
« 002
» 000
03
'018
«J31
008
« 010
T 002
2004
+« 004
002

Be

Y"olp

115
032
#0133
«032
«J18
#0190
«21D
008
«307
o024
003
« 003
2002
«024
«013
012
« 35
+» 004
« 004
<003
+«00%

Y= .60

.025
« 6%
+086
018
« 014
007
#3335
.
PRy
002
«003
e 332
<023
#0221
033
«210
«0OL2
-032
«002
» 002

Y==,3%

152
eG53
«029
«019
oC1l6
$L17
o008
«CO4
«007
« 303

2002

004
2004
«015
015
«Cl2
«UL5
AL TR
«024
<036
<004

Y= .75

2025
034
082
« 083
«038
010
qu“
07
LA LR 2
«C02
23
+002
ila
23
«J23
oLl
« 005
« 006
N
004
.oa"

Y=

Ce

«003
«037
«029
-0210
wild
«009
«304

LYY
VA&

«203
004
+002

«83

047
.25
1576
$00%
.019
014
008
013
« 025
<003
032
.003
+004
019
WClé

«B02°

026
»003
«G0%
<001
«002

Y= .95

«015
007
#3220
221
022
27
+ 009
LR X ] )
LEE X3 2
.035
0334
«003
002
«U23
«021
226
«037
«00L
<034
«004%
2033
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TABLE A.4.~ CONTINUED

RUN 21 STANDARD DEVIATIONS

I X Y*=e93 Ye=e85 Yax=e73 Ys~,50 Y==o40 Y==425 Ya~,10 Ye=~406 Y= 0.
1 0.000 0 04C 68 X R A « 0356 Bk 0025 «133 115 oCU3
2 (125 0022 «043 #0511 w077 - 125 «100 «013 022 318
3 0 5C 0026 e 355 238 «073 116 « 359 044 U735 - «015
4 «100 <023 018 «03% «014% «025% «012 014 o013 # 307
S «150 209 YA #3307 «015% G110 «012 010 o015 «GI7
& 200 U9 011 011 2009 012 011 #3009 »013 «005
7 «250 «002 «2035 . ed23 «D13 W00 «L04 023 «C12 <306
3 300 2005 #0053 « 0086 « 009 «010 « 002 T e016 «C27 Itk
9 400 - G4 o235 2323 2374 $ 343 eJil 013 «020 hALd 44
10 500 005 (02 «304 +004% WJ04 «C09 «D16 Peray] 306
11 «b50 kpkE 002 «002 «004% 0009 «C05 $Q07 oCl4 «005
12 2780 I 093 2304 U3 V0% 005 «023 019 $G03
13 «900 «004 2002 «003 <005 »005 «013 «018 «018
14 e 25T L1k $963 P «N28 037 «010 2005 « 503
15 «1u0 «C17 «01% 007 «J39 «31l% D11 2309 o012
1 #2006 «C1l1 «009 010 012 11 « 207 «013 o027
17 300 004 «CUb »304% 085 011 »010 « 003 «004%
.18 0500 « 003 20006 «001 « 003 3006 «33 «832 Bk
19 656 . .e04 «00% 05 004 # 003 «U01 <023 o003
20 0080 « 001 ¢022 ¢33 <063 «UL3 « 004 «005 «010
21 «300. ~  ..001 <002 002 «004% 05 «» 006 +026 v 0J9
1 X ¥= ,10 Ye 25 Y= 440 Y® 45 Y= 450 Y= ,55. Y= o630 Y= .75 V= «83 Y= .95
1 100060 079 » 1056 352 wdok R ER «056 031 +187 2097 «058 #3035
2 025 «C33 #0902 061 026 «078 «131 2077 «058 «097 «054
-3 «050 . 0053 + 059 <0l 052 . 335 e dél +J%) 063 « 037 036
4 e 1Tt «019 2017 «036 022 034 w020 V13 e 026 3156 «DJ4
5 » 150 L +013 319 L eGly [3¥:] »018 w015 «009 011 «013 «Ul7
) e2C0 o004 «036 «J19 «013 214 Rupuee «320 «013 «012 «J1b
7 250 0016 » 011 «QQ5 + 006 «J05 «008 S W01 0o 097 0335
-8 #3080 $ 13 « 200 e 30% %6 «006 4010 «238 «0L0 G003 RERkke
2 o ak00 005 LR «004 038 202 003 L b Add had ALy «002 (AL AR
10- 7 2. e500 012 FhEFER 003 ErkkkE R AEEE +D0¢ LR AR ~eQ02 e302 Q02
- 11 K1-F1” Bhokay «00C4% «002 2003 004 2002 «004 « 002 «002 2003
12 Lo, w180 +023 «003 003 L D03 « 803 <273 W0o2 _efb2 2002
13 el «004 : 008 004 <003 $ 002 + 003 2323 002 Ul «v2
14 20 b0 oeBl2 005 ik 0209 010 01c «007 W 011 v e021 «J19
225 T e 00 e 01 w219 011 «025 «J05 <010 2021 NaD) 317 Q17
S «200 - 012 002 v011 «005 v 009 012 021 S 8007 013 026
170, «300° 0086 028 s394 008 e «309 «306 $204 . 2008 « 0035
18 L «300 .9005 005 005 #9003 «002 »003 033 302 OU8 «2Jb
19 w650 LA L 03 « 007 +003 004 « 005 006 « 003 «002 « 221
20 78U 2007 « 003 003 «0U3 003 U3 001 003 2002 <032
Coedd, 900 009 «004% +002 #9002 «003 «001 + 002 004 3094 «0d3

THE ‘MAX STANDARD ‘DEVIATION'IS o35 GCCURRING AT I = 1 AND J = 12
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THE ‘MAX

0+000-

. «0Q25
«050

+100°
w150

+2G0
w250

«300. .

400
«500
«650

780

2900
L9050
+100
« 200
«300
«500
0650

780

“«9C0O

0,000
925
+050
1300
150
#2200

250

300

400,
o360

! '760
«90C
050

«100

«200
«300
500
+865C
780
900

Y==e95

«031

#033

020

016!

0017

012

« 014
«010

o506
«006

Edkyk

- «004

#0C3
«038

#6020 .

2014
2005
005
~006
£ 605
003

Y= 410

o109
«027
«022
019

T e0L5 "

«012
010
309
008
«003
EWERRA
009
014
#0035
«033
« 020
«013
<019
LR 2 124
2020
<026

Y--.Gf

G4
037
© 023
«D3%
«020
214
. «015
<009
« 05
«009
011
<503
«005
«053
«037
020
«U15
«007
07
« D06
«00¢

Y= 425

*314
«039
«036
«019
€017
(013
« 015
« 13
T2y

Ity

PRABA]
«J26
L]
321
+139
+038
065
#093
'116
« 104
<104

STANDARD DEVIATION IS

TABLE A.4.- CONTINUED

RUN 53
Y==,79 Y==.50
ok ko <061

« 045 034
« 027 o042
032 024
#022 «01%
017 .021
JOL7 «017
«01l4 .01l
312 .01
«023 «+013
2010 .010
W35 «0U5
+006 . 008
W53 «052
W 025 «J38
0025 « 027
015 «020
L012 . 010
«I03 <008
005 #0236
. 003 .003
Y= .40 Y= 445
«303 P33 S 21
027 $071
027 8%
.025 «107
o021 o104
W01) .078
4029 077
.029 «51
L0186 »952
311 Ak ddd
A «035
«031 «031
W50 «029
+533 o417
$242 .158
«132 « 074
L1063 .108
W131 .153
o122 117
$13% o115
114 .038

STANDARD DEVIATICNS

Ya=,40

ke
COQQ
«031
324
022
o016
o216
«014
eJ12
.339
«010
057
«008
058
0044
0042
«0l6
2012
«C10
e 008
«206

Y= 50

«220
0125
«138
0137
e137
.052
+ 296
.389
«D98
wkbdk
«Ub1
047
0042
«165
»J288
'051
385
o121
ol1ll1
«135
0072

Ye=,25 .

e 060
«233
e 044
«h2%
22
« 020
«314
011

20056

«iG8
« 005
« 006
« 06
.075
e 048
« 028
010
- 009
+ 008
«0G8
« 006

Y= 55

129
161
v191
»102
.105
(2 X222
» Uel'
« 096
8077
089
W U069
LR
2054
«112
2077
» 049
w075
» 084
« 075
« 076
'0#5

«53 OCCURRING AT I = 164 AND J = 12.

Ya=,13

eil2
o026
#0235
<315
« 015
«J14
«012
015
« 009
« 207
«005
#9033
Q03
052
«063
0025
«023
2 G006
«023
295
«009

Y= .60

«330
«133
e 167
w062
023
«J17
.023
«021
PP
Y
e %3
« 093
« 065
2043
« 035
«020
031
0 Jbb
03¢
o043
«D37

Y-, 06

e102
« 023
.025
22
g%
«Cl%
«012
12
« 069
«G36
037
«»023
004
« 080
«0U5%
«031
<016
P EE
G035
000
037

Y= W75

o085
.G52
«G79
. e 002
«033
#0286
+018
014
arkwEk
.13
L0008
N384
«U3d
019
o1&
013
oLyt
« 007
« 009
«£09
«011

Ys

4
%

0.

eJ1%
318
«017
«015
oGly
011
.008
LEx 2]
L X1
«0J5
«006
«005

»85

062
001’7
D43
023
«022
015
«C13
211
« 03
009
. 007
0337
« 237
013
L1l
=009
+008
«0035
<034
2007
«005

Y= .35

«039
«042
«030
w035
« 024 -
<018
.00
PP
LI iL
«026
«027
e 3250
AL
022
«013
<011
«008
«02%
« 004
<024
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TABLE A.4.—~ CONTINUED

RUN 54 STANDARD DEVIATIONS

H X Y==,93 Y=~e3D f==e70 Y==o50 Ya=e40 Yz=e25 Ya=o1l0 Y==,06 Y= 04

1 0.000 «009 «012 LA RS « 055 Fhek& «280 <075 «218 13
2. D25 «J323 «023 «047 <036 «041 «028 + 024 «023 222
3 « 050 319 «331 <027 «038 D24 -035 0%l « 027 «013
4 «100 «019 « 020 18 « 019 «018 032 2217 2013 w321
5 «150 012 019 021 W 019 022 020 «013 .018 «013
[ «200 «012 017 «I29 e211 015 «012 U186 «0l4 <015
7 «250 010 - «015 «015 »023 «015 «014% 012 017 013
"8 «300 307 «U11 #QL3 e014 +011 « 011 «015 013 FEErEd
g 0400 « 004 007 <007 «012 012 ¢ 308 « 013 e 313 XN
10 500 $003 - «098 <011 «008 010 007 009 «B07 «009
11 «550 (23222 JUls 007 #2405 o004 « 205 007 L6 E
12 «780 «J03 «006 «00% Gus 006 » 005 33 N1 «006
13 «900 002 «004 #0055 2« 006 <008 003 004 03
la o050 2035 « 048 «063 <059 «277 « 049 e 073 0257
15 «1G0 «015 «023 e 039 « D40 0042 «028 « 050 139
16 « 250 «313 «J15 «G22 032 024 « 035 «Q24 2025
17 «300 « 0038 «012 «015 «J21 « 020 « 008 ¢ 030 «021
18 «500 «002 2007 (3391 « 010 012 2011 «029 R
19 650 2007 « 007 011 W07 <006 0007 007 0086
20 « 780 «005% «004 «003 «00% +007 «003 «005 004
21 « 900 <003 U3 «02% « Q05 « 005 +007 «013 o 106
I X Y= 10 Y= .25 Y= 440 Y= o435 Y= 450 Y= oF = +60 Ys .75 Y= .83 Y* ,95
1 0.090 ¢ 155 0266 <499 ek » 069 +023 +013 2024 «D4h 2031
2 025 <031 +G33 +033 «086 270 e (52 «D35 P09 «043 + 039
3 «050 020 « 047 «070 » 052 004 V50 « 056 o029 025 225
4. o1C0 «025 037 048 e04l 042 «024 e022 .025 . 022 V19
5 «150 023 028 . 030 w242 «028 018 «219 2018 216 «329 .
[} 200 017 +G33 051 «037 +010 whk by «J13 «01% 033 012
7T 250 #0290 $ 029 ¢34l +225 «D13 «012 «099 .012 «007 « 037
‘8 «306 016 023 «030 o029 «J19 023 «U37 010 <009 [T
9 «4060 o012 LARA R 022 «023 «01% «018 kG hE L2 22X «00% LR
10 «5C0 «009 WEESH W018 LA RS EREN Gk 026 Ukkiu «006 +004% © . 004
11 650 EREEEH 008 «016 <012 020 v019 o3 X £ 005 Ol #9323
1z e 780 +0D5 007 D12 «012 019 <015 +014 w007 #1001 «305
13 ¢ 900 004 304 «0093 « 518 »313 « 031 <013 o204 «003 0%
14 + 050 o107 0242 0261 168 ¢102 o041 «02% «020 « 020 .019
15 «100 «04b 76 038 «D63 e252 U4l o025 «01% 2015 2212
16 200 «029 042 2055 «031 +031 + 017 «J13 « 009 008" «J13
a7 , +300 014 321 o025 «020 022 « 0168 «013 « 009 WGl «006
18 500 007 « 007 .013 013 «312 « 0069 «0L2 <005 «D3% 003
19 650 LE A A AL 005 #0237 011 012 «012 « 007 «004 004 333
20 « 780 «208 20306 «02%% « 207 «JU3 010 «029 ¢ 004 <005 -006
.2l 900 2006 «324% «D05 « 097 o011 +01a <010 005 «002 003

THE HAX STANDARD DEVIATION IS %9 OCCURRING AT I = 21 AND J = 12.°



Y1t

TABLE A.4.- CONTINUED

RUN 56 STANDARD DEVIATIONS

1 X Yx-e95 Y=z=,85 Ye=e72 Y=~.50 Ya=,400 Y==,25 Y==,10 Yu~yB6 Y= O,

1 0,000 « 099 +101 Nk bk 393 T e 068 105 «117 «065
2 D25 029 00473 041 053 054 050 «033 «037 «013
3 «050 «C28 JU32 «331 «028 «931 e023 «0390 «019 «J1%
4 100 «024 022 <031 «023 «024 «020 021 o0l5 oGlb
5 «150 «012 o023 024 «022 «027 015 o015 «017 «011
6 . «200 009 013 017 322 017 013 * 310 «0l1 <007
7 e 25C «010 $017 ~ «018 021 018 «009 <010 <003 006
8 +300 UG8 «010 009 014 <016 011 « 014 2010 Beyntkd
9 «400 s 005 019 «011 «012 «010 « D18} 011 o008 ERRLES
10 «500 OGS wud? «011 «011 «333 + G07 » 008 <028 «006
11 #0558 kR W13 «J58 0337 «0G7 « 004 «010 «007 2G08
12 « 780 "+003 « 006 « 006 «006 «206 2010 e022 o1l «205
13 W 900 <003 «006 «00% «007 « 009 « 007 o032 « 026
14 «050 «G32 + 041 065 e 054 178 “Ub4h °187 «288
15 « 100 «018 037 +03% «233 #9032 « 050 o144 » 340
186 « 200 <015 «013 «J26 230 «027 «026 0126 213
17 + 360 »009 «313 017 «G23 318 « 011 -024 053
14 e300 «007 005 «014% ,011 W 012 012 «055 e AR
19 ¢650 «COb « 009 1L «019 2013 « 003 «G72 0735
20 780 +005 007 2007 « 007 207 «013 «38% «L81
21 w00 004 «03% D04 + 004 «005 «011 2033 074
1 X Yo o160 Y= 425 Y= 44D Y= .45 Y= .50 Y= .55 Yz 60 Ys .75 Y= .85 Ym .95
21 2.000 0163 e213 «173 Ry « 170 . «483 0304 PReLY <083 #0938
2 o025 «051 «052 0686 »159 «232 2666 « 761 «228 0235 «158
3 .C50 0024 016 0047 166 «129 165 « 203 «07D 077 024
4 «1C0 019 o217 041 «181 +03% «l02 043 028 027 L]
3 o150 215 e G153 Q44 0131 «283 ¢ 105 el4d e033 00235 «016
[ «200 008 « 008 328 150 75 VEREEE 149 021 013 2020
7 «250 09 . «010 «035 «117 ol4b 0152 «126 o022 «016 «015
8 «300 #1606 «Ul3 s034 «119 e 387 «101 « 091 «0290 «011 sbbvd s
9 © w400 +0CS ok kR «03) 082 «033 «117 LA AL 1) Nedpdob v & «Jl% LA AL A
10 4500 «005 kG K «025 (22202 R « 098 FT2T I w029 314 038
11 050 wREEYH 017 031 041 089 +089 «063 e 027 014 009
12 ‘780 «011 o024 027 « 043 071 « 068 «037 «0238 « 203 » 028
13 il 013 022 039 . 031 « 035 064 «038 «C18 328 «227
14 «050 2103 136 156 171 o113 2082 « 030 017 «3138 «016
15 «100 158 106 <099 <174 «073 «081 -223 <009 +Clé .011
16 2200 +138 «059 « 137 «083 «070 «062 « 019 «009 +011 «013
17 «300 «085 « 249 Celd2 <089 249 053 319 038 .010 #0038
13 +500 0042 e 049 « (35 e 041 « 039 « 063 2030 « 006 «D00 pr)
19 "« 650 LRSS L4 058 «052 «057 028 «072 «D34 +009 «007 «J20
20 +780 363 «067 +085 «064% «093 o069 «036 «007 +011 « 008
21

. e900 054 «068 007 - «081 «077 «056 «032 .011 «005 <026
. THE HAX STANDARD DEVIATION IS «76 OCCURRING AT I = 2 AND ¢ = 16



STT

THE MAX

I X
-1 0,200
2 w025
3 +050
4 +1G0
5 50
6 «200
7 «250
8 «300
9 400
1¢ +500
11 56550
12 « 780
13 2900
14 0 JE0
15 160
16 200
17 300
18 +500Q
19 0850
20 » 780
21 $300
¢ X
1 0,000
2, 025
3 050
-4 «10C
5 e l50Q
[ 2200
7 4250

8 $300
9 400
10 »500
11 4650
12 Ni:19
13 » 920
14 50
15 2100
16 «200
1 300
18 500
0650

20 $780
21 «900

Ye=e95

06569
0206
.024
«G22
«01%
« 011
'009
#0805
008
« 305
R AR
06
.G03
«334
$23
0012
<008
.0C7
«007
« 007
«003

Y= ¢10

652
«313
o27
o026
019
#0010
«010
a7
0GB
«Ofb
LE22 L]
o eD2%
.+ 029
9172
»195
V166
0G99
+05C
LR L2 22
D94
«087

Y==.85

« 640
0278
«029
«031
© 40138
#0192
913
«010
+008
2206
«008
G058
«005
0343
«J20
«019
0008
« 008
«007
206
w03

Y= 25

1.2C3
«420
W15
010
«013
012
010
«010
FYUEEY
kL Rk
.017
o023
«025
+333
.067
«025
+ 520
«033
o046
o051
0052

STANDARD-DEVIATION IS

TABLE A.4.-

RUN 37

Y==e73

W

Yo

wwekd
#2262
«032
o526
019
0022
«015
«015
011
« 0069
«003
0239
«005%
048
D42
0016
«017
:0L3

2011

«309
304

o490

2438
e %02
027
«L22
024
«918
Q22
'017

+225

o023

«023
.'ﬂaz
047
»210
«155
134
032
«234
054
w112
«069

CONTINUED

STANDARD DEVIATIONS °

Y==,50

425
«364
033
029
019
2020
.019
015
013
J011
202
<006
+005
.+ 060
059
.olq
021
013
007
<005
005

Y= o435

Xeekke
320
.038
«049
» 034
2031
023
034
20213

vk E
2031
0333
0334
#1202
223
.132
+ 098
+ 052
«055
071

Ye=e40

R
¢356
«039
023
«029
«019
«J1i8
o017
012
U9
«023
«0C7
« 009
+ 062
» 050
«223
321
eJ13
207
«205
«J06

v= .50

«359
»152
0132
o134
0275
147
o169
e136
« 089
PR
052
37
.Ol’l
«075
«097
101
280

o024

© 4095
973
066

Y"-.ZS

«107
«319
«G33
« &30
«01%
«013
<016
<011
<010
)
«029
«G05
o007
«Co7
o042
0323
«007
oU13
«007
« 0086
« 005

Y= .55

« 499
1.591
«197
081
« 115
eFudvs
«082
« 093
» 097
«088
V113
»UB1
o040
«110
« 064
PNLY:]
«051
860
«CE4
«078
«079

1478 DCCURRING AT I » 2 AND 4 & 17.

Ya=q10

298
371
«023
019
0312
«J10
010
» 009
«007
«208
'019
«034
D03
0149
051
234
« 009
« 099
0013
«010
«003

Y= .60

1.197
1,126
«309
072
071
157

152
a140
R ERk
PR 2
. 069
.087
347
(067
062
.993
054
252
082
072
057

Ya=edb

« 440
179
«019
«039
o016
«G09
«003
‘Ooa
«0306
«006
«01)
«034
oCJ3
« 042
«045
2117
011
EhpH sy
«G006
008
«008

Yu 75

« 604
1.777
«141
2067
w033
028

FhgFyx
050
2046
«050
031
022
«J15
027
. 009
0135
#0135
«010
«023

Y= 0,

e 744
«684
.018
«Ulb
#3229
« 011
«007
XEEEERE
Rk dEaE
«205
«J13
« 007

543
l1.450
053
«031
025
.022
019
#2318
014
2015
W15
012
Q17
218
«L1%
003
007
0048
009
025

WG13

Ye .95

«108
12233
«J23
041
<022
.0l4
«014
LRSS
L3 22222
«010
2107
012
2009
N1z
«0l¢
)
«038
« 007
7
021
012



9TT.

TABLE A.4.~ CONTINUED

RUN 54 STANDARD DEVIATIONS

I X Y==e95 Yu-,565 Y==,79 Ys=a450 Ye=s40 Y225 Ya=.10 Ye=-,06 Y= 0.
1 0.+C00 915 019 Bk ek ek 045 AALads 2051 102 «095 026
2 0025 - «033 «033 «043 «033 « 050 2025 025 «G31 - e012
3. #0250 «028 032 327 042 Y ELD) »032 «025 oG27 «Cl6
4 +100 <017 024 023 0021 « Y24 024 «Nib oLl Q08
1 o150 012 «023 £ 032 «023 «018 «01l% «012 012 11
[ «2C0 «01l% +013 <024 0224 «J18 015 #0015 « 009 « 026
7 0250 «0C8 o017 022 «023 wold 014 Q11 #0110 «0038
8 «300 008 »012 014 +015 012 »010 «009 " <009 ErEVKE
9 «400 « 006 « 008 o039 ULz W10 Pl 2010 JU05 LA R A ddd
10 «500 +006- 007 <097 007 008 « 005 337 « 033 v}
<11 0650 LR A «C13. «3G65 « 008 Q06 =007 «005 2005 «007
12 780 «024 « 307 <025 o024 46 » 905 «014 . 059 «007
i3 «9C0 «005 «005 2005 005 007 #0056 6023 010
14 050 «031 142 2083 » 077 0387 « 055 e 141 «182
15 «100 « 019 «029 2032 934 0238 +237 e164 » 279
16 o220V « 010 (15 « 019 « 027 «020 0027 0 041 o147
17 «360 «0C7 012 016 021 + 319 « 007 023 «050
18 «500 £ 006 #0079 011 «011 014 «012 068 ¥hapne
19 «550 0235 «uld 012 L] 212 «009 <033 010
20 «780 « 008 2007 035 #0305 006 #3038 «J06 «089
21 2900 +J03 «00% «003 005 «004 «007 362 057
I X Y= .10 Y= .25 Ya 443 Y= W45 Yo 450 Y= 55 Y=a o60 Y= .75 Y= o835 Y= .35
1. R.006 «123 0166 131 Lidddad 0179 «311 552 « 096 e D94 «055
2 :025 - 0024 018 «011 «083 247 o611 845 077 «089 #0353
3. «050 018 #013 «013 £ 083 «220 «271 «558 2119 «087 0040
4 «1G0 012 011 £ 021 373 176 «117 148 T 027 036
5 0159 #0111 010 016 . £ 0538 122 «082 #0563 <032 «T40 «019
6 «200 «009 009 «014 o074 «098 AaL A ad 071 «020 «022 «013
7 250 « 006 «008 027 072 «l52 0163 066 £ 017 Ll #0135
8 «300 2 CO6 «007 022 044 138 «113 «153 019 . «210 ¥h¥kven
9 400 000 LAAR TR 314 079 0394 145 LA A Ads R w + 008 Rekiie
10 <500 2006 dkv 2017 R ke «U99 ha b i ddd « 028 «Uu5 «0J)8
11 550 L EEA T T Q13 «029 + 037 «049 #2351 074 .o 007 2004 «006
12 + 780 «015 «L13 027 «039 264 062 o043 <007 «003 «3J6
13 «900 «024 023 2013 014 +029 - 041 « 060 «Gll €333 34
14 50 «143 «233 111 122 «178 «130 «0%9 027 «029 «019
15 «100 « 119 « 085 «099 «093 054 125 « 039 + 029 «C17 027
16 «200 2108 e068 048 076 w102 «11% 231 012 - Ule” « 010
17 «300 039 oG4o 036 «113 075 102 + 047 <011 « 013 +009
18 " 4500 +055 » 040 « Q049 <061 «078 <070 028 Q36 304 2304
19 #5650 Ehp 239 033 049 «104 «059 «019 . «029 «003 #2122
20 «780 Q70 0043 «035 335 Q74 e D44 2027 T e 006 «00d «006
21 «500 074 0040 #035 «051 058 048 e0&1 015 036 «003

r

THE MAX STANDARD DEVIATION IS «85 UCCURRING AT I = 2 ANC J = 16..



b 9004 Hd
TYNIOTES

ALTT
g1 IHvd

LTT

VRN W

VANV DHWN

e ekl
Yy Py

bt e
0.~ o

n
+ O

*

THE- HAX

0,000
o025
«050
«1C0
«150
«200
0250
¢ 3LU
L0
500
5650
« 780
«9C0
<050
olCrl
« 200
2300
« 500
0650
« 780
«900

8.000
025
020
«100
«150
«200
0250
300
0400
« 5060

650

«780
90U
« 050
«10G
200
«300
«500
0650
0780
900

Ys=,95

#«015
« 039
«C24
+014
'0:9
«311
+£03
Pyivid
«CCO
0303
Tl
« 005
010
« 026
«523
007
007
«004
003
«003

Y= o10

«110
o045
w033
Q19
22
$012
«012
«011
+011
009
ok
1004
004
« 058
2033
o037
«017
L 008

I223 1t

006
«007

Y=~e85

«013
023
532
<039
wl?7
2013
2012
013
« 009
D04
» 006
«005
U004
035
530
o912
«009
010
« 004
0305

<002

Ve 425

122
«034
031
023
221
L0612
-019
013
FEEee A
Rk
007
+ 005
04
087
047
G20
# 019
«009
« 0037
«G06
003

STANDARD- DEVIATION IS

Yu

TABLE A.4.- CONTINUED

RUN 53

“e73

ek d

Ya

+ 034
w04l
034
tOZj
017
2016
0013
.019
037
»008
«035
L]
042
225
<013
«012
'Qoé
« 003
00%
..:,Ol'

'QJ

0122
«019
W24
022
015
2015
015
«009
<008
%S
035
«005
«G06
«1148
w053
23

C o016

097
«535
0035
035

STANDARD DEVIATIONS

Ya=,50

«032
«048
033
«034
o016
021
«0156
«014%
«0l4
012
007
« 007
cOO‘O
«06%
«041
022
« 019
«012
«012
026
«003

Y= o453

EXE 2323
.017
JC'23
.029
«5213
012
. 009
.009
.006

T il
2204
028
£0038
L1312
.031
W05
.013
«0LD5
«005
.007
<003

Ya=e&0

kAR
«058
034
$ 035
«022
l)la
017
#0213
«013
b012
Q09
0007
«006
«074
« 230
«033
o015
=011
«012
+ 008
<007

Y= .50

¢339
o021
W22
l016
W15
«D1il
311
« 009
099
e
« 007
#3312
014
"‘)Bl
0338
’023
311
«J12
+ 14
«014
+021

Yuee23

266
e 046
« 033
+ 028
«023
« 026
« 012
«U1l6
«011
«011
«COB8
«007
oG0S
062
« 040
«033
021
«014
«01%
007
elIC4

Y= &55

« 091
» 015
«011
014
«014
EEp e
« 008
+ 009
« Q10
D07
+ 309
. :)16
«023
W52
«027
020
-#022
«019
«031
« 034
«03¢

22 OCCURRING AT I & 14 AHD J = 16,

Ya=qld

0359
«045
3%
«029
«022
«023
015
2012
012
2008
327
2204
.003
’058
<043
e D40
«913
.02
» 025
«005
008

Y= 2560

2146
014
«010
018
«010
L
«029
«013
2L AR 4]
g wERy
011
«3J13
025
225
#0511

“062

043
021
023
0343
0045

Y==4dd

e 047
. D62
«036
o025
«023
«£25
«017
«01%
«01l2
«010
«335
033
«LJ4
036
« 0356
«L24
«J15
WhTRY ¥
«004
« G4
<006

Yo 75

« 070
o014
«01lk
«C20
<015
« 012
.Ul2
.015
SIS 2]
« 17
«0238
30
« 050
«592
«135
«114
2037
034
«25%
«030
« 091

Y= 0o

#2315
.323
«027
019
«018
sUlé
«014
Fakdak
LE 22 X
«007
007
#2303

Y= 485

83
057
<099
«084%
2082
«061
D57
370
+065
«034%
«028
«329
2030
D07
«169
«0756
«C95
035
« 0235
027
«058

Y= o35

o147
2125
069
«3h0
£057
e U89
373
vEEPEE
[T TR
070
037
028
#0311
U9h
«D51
D41
035
« 044
«037
2098
o032



8TI -

TABLE A.4.~ CONTINUED

RUN 6B STAMDARD DEVIATIONS

I X Ys=e95 Y==e835 Y==o7) Yu=e50 Y==e40 Ys~.25 Y=»~c10 Y==a06 Y= Q.

1l 3+020 »026 +015 Nk o047 Wk dnk « 268 o058 058 o015

2 25 «032 «045 «0406 051 038 «035 229 + 025 o014

3 «050 024 34 <041 2034 031 026 «020 «016 012

4 «100 017 0025 0027 027 «020 020 «GL7 036 011

5 «150 Q12 e 023 o221 o023 «022 2014 2015 013 «010

6 200 «01C 017 «J17 «022 «313 « 0292 «211 «G10 008

7 «250 «Q10 «013 «016 «020 «015 «015 2009 « 009 oGO

8 « 300 007 012 «21% .016 0313 2011 #0193 #0137 vk ek

9 «400 + 0G4 « 009 «31) 019 «011 «UGY U333 «CJo BEEL G

10 500 Q04 207 «003 «009 009 0038 « 003 «00% 03006

11 0650 LR 2] «006 «023 o009 + 037 005 0095 005 «007
12 +780 «C09 + 005 « 006 «205 207 « 207 311 «027 08

13 «GC0 N6 005 «935 007 <008 « 005 ° 016 «005

14 <050 «023 £ 048 0044 «051 377 « 353 « 077 131

15 100 022 027 037 + 042 042 #0437 )84 #2190

16 +200 «011 D16 »025 o027 «029 3238 022 «ld2

17 «300 «009 012 017 025 D15 « 003 #T13 «03Y

1 500 #0120 « 006 012 «009 «01% 013 -+ 049 hARAAL

19 e 550 w006 «009 01D «01) « 009 « 007 .32 o031
20 +780 006 + 008 «005 <005 « 035 029 0042 o035
21 900 09906 «005 «006 +005 «J07 « 009 013 «0l5

I X Y= 10 Y= o235 Y= .40 Y= 445 Y= .50 Ya o455 Y= 460 Yx 75 Y= .85 Y= .95
1 2000 <170 0145 o158 Al «049 0238 04289 091 #0835 «043
2 025 «G24 - «C18 012 $060 275 202 «512 U721 «361 045
3 «050 «023 Gl5 Q10 102 0265 0163 « 204 075 «051 «034
4 #2100 «018 Q16 «J13 «089 2186 547 «J88 033 027 «231
] 150 Q12" «013 «023 050 184 « 083 «163 «C35 D25 «015
[ +20C 319 019 923 363 0149 B #1122 «031 «020 012
7 250 007 « 009 «219 072 177 «073 126 «02% 017 317
8 +300 «007 » 010 0023 068 131 « 093 0102 «026 L0119 BEEPEE
9 «400 « 008 CHEERE 22 2047 091 079 AAS b ddd b s W11 Ennknk
10 500 « 008 LEL AL A +019 La A ddd sk 063 Bk 024 316 L3238
11 «650 BEE Y UL 24 024 «079 087 «D45 029 «015 <039
12 780 «Cl6 «023 «024 026 «043 091 «053 «028 003 2012
13 «G00 w026 030 045 «040 .28 «059 2067 022 013 237
14 «000 298 175 225 «092 125 132 2246 L0117 018 017
15 »100 127 078 153 e134 397 « 097 «D33 <015 D12 w015
16 «200 e131 039 »103 «073 077 +056 «034 003 «012 «039
17 «360 2057 225 <084 089 «J59 - #0353 « 046 ] <093 2008
18 «3500 -« Q50 . 031 040 »026 034 « 060 #0641 W07 036 025
19 ¢ 550 LA AL L L o047 #0352 « 344 «099 .« 071 039 « 012 007 <0035
20 +780 , 081 « 051 286 058 « 079 » 068 « 056 « 008 «009 #2007
21l +900 0082 065 2074 #0083 «085 « 067 371 . W0l4 017 <914

THE MAX STANDARD DEVIATIGN IS ¢51 OCCURRING AT I = 2 AND 4 = lb.
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TABLE A.4.- CONTINUED

RUN 61 STANDARD DEVIATIONS

I X Y==495 Ys=,85 Y==e72 Y==,59 Ye=e40 Ya=a25 Y==.10 Y==.06 Y= Do
1 C.000 2023 030 Hedkwd « 368 FohbEN¥ «J82 o044 036 +«008
2 0023 «035 0044 +038 »022 «320 027 «020 eJ15 «3J13
.3 » 050 w024 «024 227 027 «220 »023 « 021 «016 013
4 «106 017 026 027 022 #J18 025 313 015 207
5 el50 «013 -+018 «023 016 «0290 012 011 « 003 ‘a3l
6 0200 2513 «Ol% «013 0016 #0111 «012 «009 « 007 #0037
7 «250 «013 «0L3 213 «» 013 0317 w3015 15 «013 «011
8 «30C «0C6 0011 +013 «012 » 011 » 008 «028 <037 bR AR
9 400 06 <019 019 «238 o208 «008 «004 «0D4 Ehowdd
10 #5060 «004 « 007 210 309 328 + 003 204 o006 «005
11 «650 whERkE 005 + 005 «007 0635 005 «009 «007 «237
12 » 780 «006 +0GC9 «015 023 923 016 «010 «006 005
13 « %00 «Q03 007 #0907 «004 «323 211 «357 <029
14 « 350 034 « 049 030 647 2058 » 069 +039 o024
15 «1C0 018 035 2043 « 033 2060 «020 e 067 016
16 0200 «010 015 024 «230 «020 «019 014 «015
17 «30¢C 2016 023 W021 .018 «024 ° 019 028 «028
18 500 221 » 023 011 #0170 239 « 006 2019 ek drk
19 «650 303 « U006 207 «007 UGS 0507 «016 « 013
20 e TED 2 0U6 « 006 «003 «005 «003 007 023 016
21 «9C0 «003 + 035 «J07 «0C% «003 « 008 «030 020
1 X Y« .10 Y= 425 Y= 40 Y= .45 Y= .50 Y= «55 Y= o062 Te .75 Y= <85 Y= .95
1 94200 091 «339 «233 Bhuk ¥ «D35 w067 - 094 «072 053 «230
2 « 325 2013 328 410 2091 069 «071 »086 «045 063 «039
3 «035¢C 019 2225 315 087 « 062 069 :076 063 « 052 »23%
4 100 015 L 068 «074 0326 029 +032 0049 #2040 «016
k) «150 025 « 084 «040 033 ~018 0021 .025 «019 L «332 220
b 8200 «G11 079 357 027 313 REELF 016 «020 .017 « 024
i w240 «019 +063 077 «023 D23 « D24 a022 2020 «023 312
8 300 011 w2 2083 027 2020 017 «020 «C1% 521 wERIER
9 +4G0 012 LR AL (37 011 2312 «J1l4 kR (LA «0038 FukEER
10 + 500 508 B RAk 0112 kg k& FhEERE 008 Aa LA A4 «026 007 2007
11 550 FRIVEE 123 «063 #0051 316 014 <013 «036 #0303 Q0%
12 2780 2008 «129 D86 « 043 e U30 *308 012 o032 # G058 . 007
13 ¥ QLC 007 078 Q57 D81 236 «017 #0303 « 035 005 2235
14 w050 060 »233 027 «018 017 «019 «016 W 026 «025 319
15 100 «101 0121 «318 014 15 eUl19 -015 022 023 «020
16 »200 2034 «073 017 <012 011 «014 =016 w014 0127 «010
17 300 022 « 395 23 «013 - »J15 « 010 0138 " W 018 2015 «016
18 T $500 «019 029 2011 +013 #0011 #0079 +012 <207 »ol0 025
19 0650 ERpeEd e 044 «012 «010 «012 008 «008 « 000 035 224
20 780 018 026 021 +018 ‘w013 « 019 2007 « 005 «C0% 002
21 »900 «008 012 Q017 2025 D24 «028 +03% o061 D42 2031

THE MAX STANDARD DEVIATION IS - o4l OCCURRING AT I = 2 ARD § = 12



0zt

TABLE A.4.—- CONTINUED

RUN 52 STANDARD DEVIATIONS

I X Y==e95 Y==e85 Y=2=e72 Ya=4 50 Y=o 4d Y=~e25 ¥Y==,10 Yue, D0 Y= Do

1 0.000 048 « 049 FhERky 155 AL 113 112 «185 «008

2 «025 026 017 «029 263 0 745 2104 123 #0390 019

3 (50 016 Nl 021 «195 299 2032 044 «063 «0138

4 «100 «017 «018 o029 «111 102 + 045 <033 «U34 #3321

5 150 «010 «012 «026 .£98 «129 «026 «019 «022 «021

6 «200 +309 [3:28 018 2083 . 140 <211 el1l8 «017 «013

7 «250 <005 «012 027 2097 189 «015 0009 «013 «01%

8 e300 307 0003 021 «076 © 4150 « 016 «013 010 “k¥eFk

9 400 Q04 «308 o022 #3382 172 «J16 «010 «G08& CEEFRE

0 «500 005 09 + 025 079 129 « 025 014 012 « 008

11 «550 kT EE «3213 026 «081 031 «041 «015 «011 008

12 760 «C36 «012 «026 1065 052 263 o012 <010 .0C8

13 «9C0 004 016 053 «036 o061 « G50 921 «016
14 «050 0024 «049 310 118 0022 023 015 «021

15 2100 «023 «091 »159 11D 020 «0iC 317 o523

16 » 200 L14& «318 « 0489 072 «022 «01) «013 018
17 300 + 019 « 208 #0034 «28) «033 012 « 009 011
18 «3500 «C05 «011 «078 113 041 012 07 ERpEEd

19 «650° 005 «016 «097 »130 «046 012 «003 «006

20 «780 «Q03 017 #2102 113 «033 wUl8 « 37 307

21 0360 «005 012 077 «075 «024 «010 »008 «0035

1 X Y= 410 Ya 25 Y* +40 Y= 45 Y= 50 Y= o355 Yo (60 Ya 75 Y= +85 Y= o35
1 JG00 <078 « 099 181 LA AL A A 058 063 «0381 e D53 «043 2022
2 e025 103 WI:DE «09) 02584 «10% «102 <089 «083 073 «038
3 2050 «049 2083 «J62 «J42 0336 w058 - G666 $C73 064 032
4 «1C0 3438 «J%8 « 384 072 «053 «063 2062 030 023 2206
5 «150 «033 032 215 «029 #2323 <038 335 + 035 «023 0Ll
[} «200 «020 016 #0019 «01% «010 kN 032 «033 023 017
7 250 #013 , 015 021 + 016 «016 »011 - 012 022 «022 310
8 <300 010 013 «G19 «018 «319 +«005 009 «Ul5 + 009 LA LA A
9 «4CQ »G10 *FEREE «011 - 010 «014 016 Fh ARk kg «009 ShUS K
10 «500 U006 EX Y]] D37 LA AR L LA LRSS «008 LA AR 34 013 <007 #0237
11 650 FHepke 024 0G4 07 23956 + 003 «209 » 009 «005 «035
12 780 007 0207 «004 «003 «203 0006 «326 « 005 003 035
13 <900 017 «D12 +035 006 «327 «011 336 «J07 « 004 «008
14 «050 « 019 «025 .029 D29 «03% $033 7 « 060 £039 330 «J24
15 « 100 «031 225 029 «031 ¢3¢ «028 «032 #0166 2031 #0223
-] 200 13 019 »J15 16 «J18 020 «020 «0106 017 <015
17 . 300 «018 «016 #0110 «013 »J18 «016 018 2019 N2YA #Cll
i8 «500 #0086 «006 «008 «007 »309 #0010 012 010 003 « 026
19 «650 brhuny R $00h 007 2308 W0ld «JU8 o537 «007 «004
20 +780 « 006 005 + 003 » 006 «009 «007 o307 <036 +005 334
21 ' e990 «0G4 +003 05 016 «010 « 007 « 007 «008 «006 307

-

THE MAX STANDARD DEVIATION IS +75 DCCURRING AT I = 2 AND J = 5.
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THE MAX

0,000
»025
050
«100
150
« 200
250
«300
« %00
«500
0650
« 780
« 900
«250
«1G0
o200
«300
¢500
« 650
«780
2500

0.000
w325
o050
» 100
o150
'200
w250
«300
0400
«500
.650
.?ao
« 900
« 050
« 100
«200
0300
500
«650
780
e 900

Yw=495

<913
.031
232
#0110
011
+009
<0149
«009
#005
004
LA R 1237
-\'jza
«0563
«023
QL7
013
+01C
2008
W06
«003
«005

Y= .10

116
«021
23106
014
«315
+011
007
W00
«022
006
L2122 31 4
068
QL0
«049
x4
«238
016
«023
KEFERR
012
«019

Y=~,85

«U213
'037
102"
024
025
018
513
07
Ioll
w06
«0006
006
« 003
« 050
«036
«011
« 0086
009
vQOQ
»003

Y= ,25

«199
17
« 219
«o13
»012
#0190
4007
1l2
Wk F Fuk
R R
»317
o015
032
230
$113
057
«035
037
'043
0053
«C38

STANDARD DEVIATION IS

TABLE A.4.- CONTINUED

RUN 63

Ye=eTJ

%

Y=

LA X2
00('1
2033
022
«021
«032
223
.017
«016
+008
+0C3
«010
«025
«03%
«032
2019
«0L9
2016
39
<905
« 004

940

177
Q15
«220
D19
«329
+D25
«023
2 Q206
0029
025
o021
024
«032
«113
177
«119
o122
0‘333
« 044
073
0352

STANDARD DEVIATIONS

Y==,50

'032
eD42
«032
024
024
D22
2Ol
« 016
«01L
008
<007
2008
0037
. 051
0467
« 319
- 020
0012
#0009
«038
«D0%

Ys o45

Bdck Rk
«108
«128
$127
« 368
#8098
«081
«05¢
e Dbk

T
»026
» 231
027
209
$ 192
s161
<139
«033
«D37
« 049
« 059

«85 DBCCURRING AT I =

Yz=443

xR
PFL
»J33
«Q020
0025
020
.01%6
e 024
o017
#3386
« 007
Ialo
eJ12
e J47
042
0235
218
215
« 309
2007
#2304

Y= .50

2151
«397
e24%
0251
0156
192
133
135
#1111
wukyys
«256
055
.353
«275
219
0242
«187
#053
D58
«046
+053

Ya=o25

064
« 033
027
«025

«015 |

. 017
.018
lclé
011
. 008
607
+C07
.007
+053
044
$022
0%
019
<09
#0053
. 005

¥= .55

w211
395
0298
«080
o115
Yok & A e
el22
*el%3
2157
e107
o 152
0125
«102
v12%
120
#0735
.052
«039
'060
« 067
»053

2 AND J = 16,

Y==o10

« 092
« 231
0022
«022
0015
0016
2010
o012
o013
« 039
D02
«008
«008
«134
»035
014
#0227
o527
016
017
«C56

Y= .62

«528
PY-27:)
« 486
«128
1561
«209
«154
«171
22 L3
SResEy
,053
033
033
127
«032
«041
.32
«039
. 356
045
«077

Ys=,056

«029
021
o017
012
«015
014
«310
oCl%
«GJ6
2003
«Clo
<010
<006
2029
w224
‘15('
2043
GREHEk
e047
024
053

Ya W75

«032
«052
081
«027
«G19
o025
«020
o018
L1 3 23
027
«028
027
#0013
014
o012
o011
027
W 007
«007
«GO6
«020

Y= Je

ik
s

«014
013
«Gl8
«012
«012
<038
008
Ehe
wEry
<004
«00%
007

-85

+093
«238
o638
o2z
«029
15
«018
016
015
017
«011
Lo
013
016
«D1b
»008
«007
«005
0335
0004
023

Y= .93

20l
2957
044
WU24
«J15
013
311
Thvb et
EETTYY
012
#0098
028
037
017
w013
=029
038
+011
«005
«096
320



ezl

TABLE A.4.- CONTINUED

RUN b4 STANDARD DEVIATIONS

I X Ye=e95 Ye=~e835 Ya=,70 Yu=e50 Ys~:40 Ye~=e25 Ya2=,413 Ys=,06 Yo De

1 0.0C0 «021 " .029 LARAE L 063 LA A2 0244 «392 +083 e D2%

2 «N25 «027 «035 «023 «034% «016 «0D15 « 044 <082 0139 .

3 +J50 022 « 325 027 « 027 «023 «017 «025 073 «135

% «100 «021 «J14 «023 326 26 22 «221 <092 e143

5 150 <012 <014 $218 - «016 o012 «012 « 029 e 041 #130

6 «200 «007 «019 «Qll «011 «212 #0215 «015 o043 «105

7 o250 2011 #0014 «01% 013 «011 « 007 023 oL7% 0374

8 «300 LACs 0003 «013 012 «008 e 012 017 «0h 4 EEEXEY

9 409 «003 «U07 812 «008 « 357 « Q10 012 « 660 dekerE
10 « 500 +0035 007 003 «00% «006 « 009 «011 «048 «107
11 «630 HEHEEF [ h1.) «295 « 203 258 | «028 2913 «030 Q70
12 «780 «003 « 005 005 « 004 o308 «034% eJ21 «023 «066

13 «900 003 035 «005 005 «J10 «032 048 +030
14 «050 «029 w047 «357 «102 103 o145 o213 «351

15 «100 2 0ld «028 «032 046 « 048 <087 0265 «370
16 200 Q69 5129 +031 «014, «J16 « 049 2132 «201

17 «300 «012 «013 %] «J14 #9011 <037 092 « 375
138 500 o006 « 007 + 003 « 009 + 206 « 016 2057 *ekv ik
19 «550 « UG5 + U6 W06 «005 «306 e 049 «139 «110
20 780 2« 006 « 0035 <004 «006 «007 «055 e121 «133
21 «0C 007 + 005 «H06 «006 « 009 « 084 0109 « 094

I X Y= »10 Y= 25 Y= 44) Y= .45 Y= «50 Y= +55 Y= .60 Y= <75 Vx o83 Y= o959
1 0.000 174 «087 0047 Rk kK 366 «084% « 050 2078 «057 «032
2 025 162 « 0895 074 «103 ol12 v (93 <086 «(50 ol 0564
3 «050 «126 «388 073 .098 072 «088 «079 « 049 <061 .030
4 #1000 2058 «041 «022 052 19 «089 «036 «036 «035 2321
% +1%0 40 0238 024 026 «019 <058 « 325 04l «331 2023
-] «200 038 o027 «017 323 [ ras FhEuek 016 «017 0023 «0l0
7 250 o044 «G21 012 «013 «015 o014 «J13 <019 «C06 Ol
8 «30C «037 + 019 «015 «010 «+008 «008 «01% « 017 «005 rEAFEFE
9 «400 «017 LARLES Y « 099 #0256 309 «007 AL A2 1 AT 21 «D06 LA A A A
10 e 500 «021 LARA LR «008 LA LA LA L L d « 005 LA L dd 008 207 =« 099
11 «650 LA AL A 0016 207 007 2004 «00¢ 0023 + 005 «0035 «0J6
12 «780 +035 «009 « 029 <005 005 . o005 «005 «C36 «g02 «006
13 G500 031 «J406 0042 #0462 «0338 «038 . 027 «028 «030 «228
14 «050 064 «211 029 021 £ 020 027 0238 «031 «028 « 026
15 »100 o058 ¥ «018 321 D13 023 #0135 « 019 «028 o023
16 2200 « 039 «038 o015 «010 017 «011 « 014 e015 014’ «213
17 «300 «G21 «009. 011 «019 012 «310 «011 o014 012 «038
i8 «500 2011 «008 « G0 <003 007 + 006 +008 009 L0383 234
19 «650 BENE «07 »203 o004 «003 « 003 005 « 004 005 2004
20 «760 « 016 « 007 «J32 «J04 023 003 333 «002 oD0% «002
21 2900 017 «206 2007 - «005 « 007 «C08 010 234 «004 «033

THE MAX STANDARD DEVIATION IS «39 OCCURRING AT I = 1 AND J = 7.,
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PRI
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01»;
o150
g

2.0

3w

«453

« 00

2

o 186

AR

o220

o100

ect

30U
oS

Iy

«78C

RN

Jeledis
25
Vo
120
e 150

2Ll

o250
o 50
o4l
e 55U
050
«78C
0920
o250
edl
W20l
IS
el
e550

300

« s
P
-1
NN
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PP
LI WO [P

L N N B

-
L e

0

T4
|I2
3

'
A
2

[ERREN
E SN PRSI « B

P

Y=

-
[

«20h
« 97
Y
e 73
LR
39
"\-‘q::.
G343
TR YR
Sh¥ sy s
29
o133
$3322
39
0. 32
w32
v 117
“rlk
e 317
o015

a2

STANDACD DEVIATIOGN IS

TARLE A.4.- CONTINUED

RJk &5 STANDARD DCVIATIONS
Y==o 7 Y==e¥) Ye=ebd Ya=,25
R rfih ¥ RTIX ERFESR P S

«N37 « 233 el el3
527 023 e 20 015
o123 222 PR eoL8
37 i4 ed2) [RARS:
@418 25 «21b edli
Ll 27 sula etiil
“Jih 14 U9 LU
S PR 23 «JJ)3 P UUS
sou? b PR « (205
W37 S W03 LS
euld ul 303 «d13
a7 33 324 euld
il d 52 218 «337
wJ33 by [ EE] 223
w323 pa- 223 217
I3 27 ealt it
LU13 Ui « 307 PRVRRN]
137 D1 »IDG «007
RN 3 I35 « 211
o135 &3 dug «d1d
Y= 9! Y= .45 Y= o570 Y= 50
0229 «Ju9 «GB7
«dud «d43 e Gl
070 el UYL
o143 v525 es23
-] e 232 ez
o2 ] AR E LA
221 « 119 vuld?2
o222 L0 « 313
witl? «J1L0 « 304
¥ 2% LTI wdid
w023 «Jil e21J
32} il 13
i3 373 (D F)
IS 18 «J21
it 339 « 022
0«12 e ILD 1t
e d #3120 «Q12
Paa ) » Yo eUh
«JJY «din L)
37 [N w0
e33 e JUT iih

¢ UCCURRING AT I

IOAND

LI

Y==eld

«355
18
«ULZ
ed12
«213
D)
«3d3
[Rtiv]-]
eO15
e D37
. C13
0isl2
RN
0732
124
«023
3a7
«N23%
«0l4
«(:10

031

Yz 59

073
LR
« 393
.02%
<323
PR
o135
sU11
EHEBY R
LA AT S
«INT7
L0093
.04
023
W31
. 018
D11
ISIBE]
N3
.0303
PRONVE)

Y=-.36

« L34
020
«i7
<013
evil
L8009
LY
R
«0U8
«CNY
e 0L
il d
ULy
0ld
L1
G211
P4
Sl kR
«0L13
U135
. 022

Y= 75

PR

i 2
PRLY)
067
el24
.Cl2
PREPE]
oL
wwekak

«LU5

« 525

«002

*“ ¢ e s o o o e
TS DO LY
PEg T E LU U
L Tl CH G AN LV}

=R

PEREN S

Y= 0,

ed1D
ls‘.—
«ULL
U7
caid
0009
1
NTItT:
rreTy

R
[N TR

¢ o »
3O

-
u

.
-3 =
U A%4

[ SR SUN TR LI

G
L
vty
333
]
515
vl
32?2
ciz

U311
LY
0d32
2323
evl3
«0L3
«Ul4
bbb ey
rhkyed
«0G7
Ry
237
wlud
«JL0
JL7
vdid
il
«209
«0u3
«02%
45



124

4

- bt
~ oW

-
0

20

N
[ I o

ol L XN L S L R

(ol
BN O 8@ O W

« 050
130

. w203

«300
[1qe
¥-F1%
732
3L

X
0.0u0

022

ot

o 1t

150
iy
2k
30U
ol
0 5C0
NN
7LD
900
AL
«100
o208
305
200
X-F1%
o 780G
«9C0

o 21
PRUE ¥:3
e 224
«217
N1
12
0CE
o 203
308
G2
FHEE &

0G4
o M4
32

G25
. {1"37

Ye 12

133
eU42
eGho
023
« 219
«11B
WlE
il
S P¥]
g pnd
widh
s V%
A S
W61
P
0317
v0l1
LEX R4
L)
L2

Phe-a¥)
WJld
Srbved
AL RN
v-Jl'}
013
#5303
77
vJol
G27
o 2
sul?
PEER
«J39
U7

THE MAX STANDAID DEVIATIOM IS

TABLE A.4.- CONTINUED

RJIN 83

. .
subS
Ve
034
ol 25 .
euid
$017
et 7

P
*Jded

it OCCURRING AT I =

STANDARD DEVIATIONS

Y==45)

<333
e 393
.fi)
U2y
« 7R3
ST
R
3Ly
« 233
P NEY
PRAE)
333
D4l
o2
W23
#J11
0203
«00%

oY

Y= e43

ruFENE
o243
o054
o729
030
23
17
e 017
« N1
Yk k
095
lJ\is
0 2ih
o 337
«J33
<029
e 31h
o3y
o212
PRURE:}
004

Yreodls

PXEFEE
ed92
333
eJ22
055
l-)eé
«213
Vi
«i13
W 210
« 173
8907
0354

58

939
.32
ed2]
«J038
I3l
309
Vi3

Y2 %3

Y]
«JBi
333
e2d?
24
vle2
FPFY-)
W0l2
3o
XX 12YS
(RO
RURY )
«dZy
w1345
REE]
e2l8
e N7
PR
« 208
o257
$ 205

1 AND

Yu=425

.« 364
eL37
«J4b
J23
021
«t18
w25
«Ulb
eLd2
«C11
«3l3
e 205
305
eubl
ev5l
eclo
e 201
«l17
206
el

Y= .53

« 22
e bl
v+J32
w29
021
LA X R
» 310
«vl2
UG
';."Jf)
(Rl
sl d
(232
vod3d
* ‘;“;
«J23
« 017
1D
« 004
«JG7
e 004

= 1.

Y==o10,

9':’59
<033
«03%
202%
«023
PR
+ 013
#0195
«d1)
0303
S48
a270
004
« 095
.05
«333
215
%DLE
ldb
«UG3
« 005

Y= 460

eJ1d
¢ 353
« 037
0235
«013
013
ently
o1l
Teship
wEdrkg
235
004
«329
037
«021
«G14
w12
003
D08
#3034

oCid
LEX L L ¥
«Jub
s
<005

Y= 075

032

«0v3

$U31
022
«022
oLl
PRANAN]
CeUl)
(2 AR
LA
<045
«023
Ud4
«C39
oL 23
JOLlé
«003
b
«C37
03
o323

Y=

b

Lo

13
w23
023
PRe-}
017
«Jlo
15
wHEK

X AT LS

g
«C03
eud3

«D19
U2
322
«C31
N
212
003
0303
PO
oL ®
U0 3
2022
$ 202
«0C3
2

2 >
swil

o012,

022
303
003
003

w222

i
:
92

1
edlb
«0uB

EeNorE

LYY
PR
«3313
005
edJ3
320
)20
«udS
«207
vwd3d
« 033
«002
«$33

¢ s 9 e 8
(SRS RV o
rr~NOVe o

]
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TABLE A.4.- CONTINUED

wYn 67 STANDARD DEVIATIONS

I X YaeeQY Y=ol Ya=,72 Y==e5D Y3=-etd Y==425 Ys~ol3d Yemo3b Y= 0o
1 B R0 ah2s U2l LA R « 252 LA AL «d83 372 o147 «Ji8
2 ejit Ten32 132 e’25 U2 ¢ 320 «U37 «333 «G39 «Glo
3 «350 522 033 «333 « 733 «233 vu3y 2o sU21 «ClS
4 il e 2 22 e 227 fJ19 .027 027 «032 « (12 017
5 1l 213 o o223 e g2 B A 022 323 - el «3J15
6 200 033 eill2 sJio « 013 322 Y oeill RY/2L.) (L3 «dil
7 250 PRAY «il2 AP 022 011 o U17 s 015 sull «CU?
8 ¢ 300 o7 112 el o2l o313 W13 G130 J023 LA A
a s L0 33 o1l <012 «U13 WCLU « 3736 «CO8 (AL A
10 SO0 e 4 h o7 e Ml 7 e03 0T L 007 «U05 005
11 «550 ¥ABSER 327 $J03 3.7 wiiid alidh s )b PRE-} o203
12. o 750 703 o7 2235 «00h «0J5 « 304 +003 e U5 320
13 T - « 303 '3 DX Peer} L6 euth 2353 G223
14 «J50 325 «14% e Dy 047 263 U306 <39 W18
15 il o2 13l ei132 o J%2 eibl e 052 o D%% UL
15 - 200 «014 [E0 vl 27 iz 122 vul s 217 eL30
17 s UL 07 <011 J17 e 219 eol? «D1li s w23 eWll
i8 500 1Y 30 volld «N32 215 «S39 1335 FET 4 kg
15 - #0205 e JC3 « 010 <003 <OL0 007 o V39 WLltd
28 sTEL e d oY PR ] o7 PR « 08 «003 e
21 90U ol3 «23 7 AR eoud LU AR o017
I X Y= 419 Y= 429 Y= .43 Yz 445 Y= o585 Y= 455 Y= .53 Y= .75 Y= 83 Y= .35
i 4500 ¢e143 157 L %37 R AR K 0354 s 29 e 224 UL 7 Qb4 «035
3 vy ; «232 V37 024 <385 )75 « 059 261 937 oLas ~133
3 2800 325 e 3% 033 LU56 374 038 ~031 <033 « 042 w021
4 +1C0 « 030 °it%3 -2 o539 231 w23 T PR 2l «dik
5 o 150G n13 i 32 et 39 J052 w227 «523 ~C19 SOLT «032 U3l
& Celuil i3 ) end) eJ3) o 320 LEL ALY 201% $ 013 CL) .012
7 « 250 e 212 «J13 032 327 37 el w132 Wi o edlu
3 o 30 a2 w21 32 325 Y] « 217 200y i35 007 Fhokes
9 40 C 09 BYVERE L3 s 247 3t 224 VEE R A g LA LAY
1t 530 «UN7 LA XX 2] 027 et LTI 323 Adtdkd AT G0 IAEIA
11 wbHJ AR AR A S 3 217 P18 321 U2 «013 057 «J03 ok
12 s T80 P} O Wiz R ES] oo 19 223 WLU4 062 «JJ4
13 fOU 0 0 1) L] .03 «J17 V23 .01t o003 J02 2333
14 OB «.33 o279 L85 « 339 A7 « 029 +011 023 N ES
15 <100 suni? 003 e Job o 338 e 320 iz «D1Y i3
16 200 v3%3 e 242 235 221 012 027 312 0038
17 «3LY vJdél es2% WJ1l6 Ul «01% « 008 L) « 025
18 50U WUly sUL5 «J13 VU8 « 007 oLL5 [LNE-) «Ji
19 PP SR L L] viiad o203 «JL0 L] 037 $ 004 « 003 003
20 o780 PI-L} e d oY PREIN) WJl1 #3313 09 «002 #0035 «024
21 e GC0 el «327 [ RF] L A07 o1 wil2 013 «3d3 <303 223

© THE MAX STAMDARD DEVIATIUN I3 o244 UCCURRING AT I = 1 AN 4 = 124



9¢1

R el L N o T R TUR LS o

s et b
FON UL\~

15

ey
~ o

NN
oo

—~

Voo wmpduwho-

19
20
2l

" THE MAX

24000
vul25
1Sy
100
Lot
'Zbc
o3l L
PRI
oS
e H5Y
e760
wGlw

Ju0
«100
03:-;‘
«300
23\
050

<o 160

500

k]
e 303

Y= 417

FUupb ey
w321
«232
«273
w223
« 202
046

IEL L]
eI
«108

Y==e83

P ol

o o & @ o o
3 [

L\ SR TN

N e

KR SR

Y3 .25

«029
223
WUl
PRAEE.]
221
L7
'iﬁll'
el
AFTACE
BER W
e ly
2y
147
o didh
w125
ewii
(301
‘lz?
0223
L] l;é

130

STANDARD DEVIATIOHN IS

TABLE A.4.~ CONTINUED

RUN 03 STANDARD

Y==e7) Y=s=i3)

LR R
a2 «J3d
e 23 “U33
17 21
322 L0197
vl PRLY-N]
«517 « 17
W19 « 215

e3li
«JU3
MEY
353
.07
PRE-¥4
o233
« 013
WJi8
«312
M7
IR T4
« 308 « 004

Y= %) Y= 445
+33% ok ek
+J20 e 057
LS 97
«U%3 e T3
LD <097
vidd « 372
323 o7
w20 9e
«ED eav?
sld LR LX)
o023 «d35
23 wwdi
D42 «N37
el « 439
e 304 e23%
0122 70
i34 « 333
371 e 142
139 133
o129 119
132 <128

o546 OQCCURRIAG AT I =

Ys-,40

LR T I L)
«337
«J33
«D39
023
217
eJi2
i
«329
R
«026
N
«Ju?

e 39y -

037
«Jd22
«J13
«J09
Mo
o‘)"-b
«005

Ya o590

0 234%
PY-I
159
elid
W10
«JF L
105
W8
Y
T
073
s
«42
«19%
377
'ij
e 394
elbb
135
Ol:‘\)
o111

DEVIATIAONS

Yu=,25

o a s e
MR CREEX
[AVEL I VR N

.
«©
-
[ VRN SV AR SR Sl

. o
LA
-
4+~

Ya .56

v183

$ 2G5

«103-

PREY
viod
L X R 1
w63
«101
$.62
.61
« 5067
« 387
055
«J9l
37
«050
087
'{367
£ 083
b2
052

1 And J = 11.

Ya=.10

«N63
« 325
«Ul3
029
213
007

812

«007
U355
«313
«038
» J24
oD
0248
31
«212
«J23
313
312
0 W15
U1l

Y= «60

«239
e 237
. 123
JH72
$026
«017
22
« 041
BRRERE
T Y]
032
B3
DY4]
093
37
Y3
«J39
« 135
055
e 023
237

Ye=o3b

+UB2
s ULy
. 021
el
eUl2
«009
379
« 007
bd
(35
«035
<005
«UUb
« 016
0271
s U790
L4
REREF K
LUy
PR

« GO39

Y= W75

U
o
G

[ (IR

ORI AN N RVENET Wy V)

e & 8 2 ¢ e a s
> F ey

%
-
[ N

o

o

« 335
o lfed
V1)
o025
<339

&>
[

O

«003
«Tid
Ol
Gl

-y
tuds

DS

U3
P X3
ko
0324
«000
«07

072
«Jad
« 341
a3
P IR)
«011

038

0217

012
«312
PRV |
+0U5
348
012
313
«s1l
003
ey
U5
003
e JV3

Y= .95

« 044
230
«2J30
el
Fsls
«0J8
o4
Thuskn
wdeddknw
3?7
«J33
Jd7?
« 2T
«J14%
«VL3
2l
«035
«d33
U4
204
WJ4



LTT

TABLE A.4.- CONTINUED

W 77 STAMUARD DEVIATIONS

1 X Ya=e95 Yz=e3d3 Y==o71 Y=o 50 Yaeoebd Yzwelh Yz=412 Ya=yud 12 3.

1 Jesh LT MR U223 wrrEek £L13 . 935 524 «Tik

2 D2Y e C2% 72 £ 032 J136 SO41 0043 095 W335

3 PR A P eaq? R o ¥8d 2062 043 « 040 «023

4 PREvH] 2% il e N21 PR s 20 Lelhh w2l T eUi3

5 PRSI « 010 edll « 003 a2d v 209 oin o7 S8 1

& 201 7 vl 327 1) D20 «D15 $U1h 013

7 Y419 PRo: PR IE] 2023 «J138 « V08 « 33 el5 330

8 «30¢ « 325 PRI 314 14 o000 «025% Ul G gk

9 o1l PRefiad « 7 PRYR 337 sul7 P21 JONG PEk e

10 «J11 $ 0% +012 e212 eld1ll Tl « 330 «O0%

11 LEEXET Tebw v 332 303 ewisd «Di2 PR «307

12 <023 e 33 Q32 U4 ()] (S 2 Py s U2

13 eia . 2 PR «J07 2004 «332 JsUU3

14 o028 133 o P2 TR «J15 022 327

15 005 «Ul6 w214 328 eJ31 +024 037

16 $UL3 ol 023 .23 020 «J13 .02¢4

17 o 008 53 025 e J00 o B0E ol PR

138 R ey 2 « 005 « 010 PRV e I3 LA L

19 « N2 0 s2d o 20 #J12 2 HT <033 «OUY

20 s 0C3 G 7 #3205 .« 237 w4 eSS o2

21 A1 FREE . 063 ) UGl 009 PR

1 X Y= o1y Y= 429 Y= o4l Y= .45 Y= 51 Y3 .53 Y= .60 Y= .75 Y= o83 Yx 498
1 T L0 erad RIS § 027 SRk 314 WUl4 +335 D11 «20% 008
2 0325 045 303 75 <270 . 2378 L] 058 21 2435 %8
3 o NED 39 .33 238 « 3020 229 e U379 L3 $109 eJ55 w227
4 e lud W12 e o379 RLY] «d22 «063 2023 022 e223 022
13 «150 2028 «d13 324 « 334 0321 « 219 025 ) «JiH LiS
6 w2{ i W27 ev2) G22 025 el LALER LS «Ol% «013 o337 07
7 v 250 «Ui9 esld Dl o7 « 338 7 e 320 0lg vl «ULY
8 «3L D 010 WOLlo 003 Tl «Jih ellJ oL13 % PBL ek
9 4T 1Y EEA TR e 1% <01 . eJ08 PRvIs AL A LA R AR #0203 LA )
10 500 P ANEEE I3 Akvnke Iy ) IE2R 2T . G158 L3ui 0 Wd02
11 1 Fhraerd vI05 DO VT «028 «00% 205 U3 e J03 <032
12 789 [RRERK val3d PR PR RG] it Y] o C02 «003 U2
13 o I0C W3 e 2 ed1 «N33 wile oL X7 «Oud 32 e323
14 e US0 : 9yl 5403 PRIEY «J33 o047 «D15 L0023 o013 030 <325
15 PRI il ein? 23 £ 025 39 bl <034 fUed o3 )
16 2t 26 Dl PRVES WC19 « 01 e 907 017 PR ec03- w37
17 o 30 0% 1.2 o iy o T2 «013 «018 223 «OLlY D23 «UJ3
18 . W50 PRALS: T eald 0D RS PRIEp) .37 « 005 PRV «Oud
19 «350. LA &R ALY « 22 ¢ 21D » 03 V339 125 o037 PRAIN [RUME] « )%
& o 787 er "5 « 23 e300 «Jl3 IS » V3 VY3 sl ) +003
21 «G00¢ 410 « 03 I O3 04 e utid GO (57 R P RNy

THE MAX éTANDAQD DEVIATION IS o1l UCCURRING AT I = 3 AND J = 17,



8¢1

v

I X
1 0.9¢0
2 28
3 Wbl
4 120
] o190
[ » 200
7 «25¢
8 30
3 400
1¢ 50U
11 «650
12 754
13 9y
14 w20
135 (A
1¢ £ 200
17 #3230
18 WUl
19 +»550
2G «78C
21 v 9240
I X
1 Je000
2 029
3 w30
& o LU
5 130
6 0240
7 239
[ v 300
9 400
10 500
11 ¥
12 o 75C
13 2300
14 .50
15 w100
14 o204
17 30y
18 ' 9500
19 s 650
20 « 780
21 v e 9C0

Yu=, 93

« 047
27
«023
o 19
wisll
«017
W10
05
«ClC
o207
Rk
o115
DL

o0

1]
«072
061
iy
$037
o021
G213
IS
T
«00§
TTITY
o0l
03
2
D27
WOiE
084
]
¥Ry eny
[ o]
a1

e TbG
us7

0,8
LRt

o ll
euld
l:.l:‘s
«Ji3
A EER Y
EELAN 33
w93
oy
« G5
)24
“G23
013
33
L]
PRLCE]
PN
o133

THE MAX STANDARD DEVIATIOM I3

10

TABLE A.4.- CONTINUED

RulN 71 STANOARD DJEVIATIONS

Y==410 Ya=eid Y==e40 Ya=425
(A2 TR <038 EREEEA s 051
)75 292 b5 » 042
023 0263 432 0435
226 «D435 211 « 034
45 el db 25 o028
«009 005 «J11 208
R +010 007 «021
PR «J1i2 «J15 e2l6
«013 104 w211 o7
«ull e U7 «J0% «C0%
273 «333 <333 el
002 » 305 «003 « 004
e «323 03 005
223 )25 eUld

« 17 D29 «eD22

e 3Ll 239 iwt

0312 1D NOME]

eN2% PRAY, 225

e 237 202 204

VU4 22 «002

e I3 - 033 o GLiF

Y= o4 Yo .45 Y= .50 Y= ¢535
352 AEER KR 32 ew 3l
0l aG7 «J368 «236
049 <033 «050 e 049
52 <057 «328 0344
011 013 o211 029
e 27 PR W31 LA R
«N23 eIl 9.2 oG
012 «510 «JJ5 0325
37 L0009 - 024 $ 035
RES yreEE ke LT X « (03
02 «004% «003 « U005
ey o103 «233 el3
022 «005 «333 e 003
27 211 <313 «3J1Y
2] 131 L7 322
525 1Y + 213 7
eI [ L) «Ji8 e 067
«VIT7 « 304 « 337 o004
v 133 « 000 903 » 005
FAOME} o 103 IGT7 ed3
«R33 0% ) 0G5

JOCURRING AT I = 2

A\ll) J = 13,

Yo 569

«37%
PREY]
<033
« 059
225
«012
227
025
ok by
XL T Y
« 25
<003
«23
027
«323
«Ul%
«013
«203
«038
325
074

Yo-aib

« 033
«073
eG42
017
W J24
«013
«0L0
23
«005
W97
eJ03
<03
22
013
27
AEAVE K
Cerl
«303

«533

Y= .75

028

D22
070
«U33
«027
<014
R
334
[ Y]
"2
<033
002
D4
« 0%
«L37
«Ull
005
«008
«ClU0
«003
G4

e i

«J11

el

Sk
« 026

1l

T WD27
Er T
Fpaknr

« 207
Ul
303

Y= .95

<01t
«331
3J
~0J9
«3J4
3L
«013
(2 EY T
Pustsy
«J135
)3
«J03
«3d4
«J13
PTUS Y
«JJ)9
2029
«Ud3
.023
«022
303



621

TABLE A.4.- CONTINUZID

U 72 STANDARD DEV; aTIONS
I X Y3=e5h V==e85 Ya=,712 Y==e3J Yavgbt Y==e23 Y==e1) Ye=-eib Ya 0.
1 Jel? o Sab e s7TC B KW « 232 Bk »i02 012D st3 ul3
2 ¢ 228 o030 ede3 U047 « 063 P Jb4G «C8) «12% «C78 43
3 ] vaal o 13} o307 272 «N3d «J0Y «231 o4 335
4 el D15 e 3% 023 232 e J59 <037 0023 2y 717
5 o150 e 2? i P ER] RIS «018 <021 Ol OE] «UL7
6 «220 o (it ENRE « 312 «J1l o ib «J1lY PRVRE: WOLL V1)
7 250 U014 « 307 «304 «223 ¢ 2 « G037 039 «Lud «237
8 £330 w27 LT 204 «G1H W52 005 L3265 IRETS antked
9 P 400 08 PYepet.} 02 <037 « 239 PR o ¥ o4 FrpTdR
v eSLT N et ) 0201 D02 0232 e 004 333 090 JOC7
11 A LR X PRETE] ¢ P2 w3l eJ2 ewlid - 005 PR «003
12 A 04 et 32 v 202 PR E) «3J4 Ut e ?s3 ev 2l VIR
13 144 il h 4 [RUEDY eJCh e333 $0CL 03 0U7
14 W02C 012 27 « 313 edl2 o118 o231 e 020
15 «llZ e} el en13 «J2% U203 e 015 evd?
16 o 20U -] )33 e 237 «dlo 029 « 017 2022
17 ¢ 3GC o33 «M17 IS 33 e U3 313 JILE
18 U 03 WJ28 204 006 . 005 « 003 LEA RS X
19 e 550 02 03 + 302 « 327 331 b3 o031 RAE
20 787 P S 062 «333 02 «JJ8 L2 e 302 2
21 00 01 v 33 33 303 ¢35 «001 « 002 <033
I X Y= o1l Y= 2% Y= 442 Yz o435 Y= .50 Yz <55 Y= o663 Y= o753 Y= +83 Y= 35
1 YT «ibh vib3 18 oAk ok e1u2 PRUY:) PRI e G3Y e 350 042
2 25 269 e 0353 b 334 . b4 «238 «1GL 125 W53 PR ) 323
-3 o Tl s 37 ewil 125 - 059 e 356 es43 - 364 059 071 «037
4 «1C0 21 222 17 «45 . 317 «U13 o239 SUld e 32y o33
5 LV et i3 : e 23 «N14 . LT «0D1% sy 2 OLG «2L7 .vJ3
[ e 220 oY L % P Py LRLEX L) eJ13 .o COY U2 «0J3
7 250 o307 oLl 314 312 euill ¢ 419 o123 eud8 evll
] 330 AR .13 «3L3 s05L9 3L SULQ 311 «I09H <002 eXFPEX
9 VGO0 232 EIXIL VIRE;  Vuh S e dus o LT LYY GauNga Uda ETTI2)
16 D 112 VRN VI GEERbE GHEEnE D0 LR L33 33 I3
11 EY LR PRERY- «h .3 e 32 004 «001 $2723 PR 032 o33
12 o« 780 PRSIk 393 [RER « 353 PRLY o o33 «33 (U2 U2 334
13 L0 o0l A o202 203 02 . 002 .33 002 005 032
14 e J0L LY L 227 o« 122 TR au2n a2 «Gl1 013 «024
15 100 ey ] IR 212 v 3ET b e 32Y #5419 Pre evld
16 e 200 - e Jl4 o121 « 020 «N1l2 328 011 014 e Ub JiT eU23
17 300 FRAAY] « 237 [y IP «3%5 357 sl 20 PREH -] 2L13 RPL
1% -1 4) DL VI L] « 004 «NG2 « 03 e 00D « 004 L7 el eUJ3
19 L ¥rtute o anl o342 et vJ09 « 003 2003 OB 203 «034
20 «7AT [ i [PRE o v2 PRIRE PRevE) PR 4 W23 203 « 003
21 « 700 s JU6 N3 V353 oGO3 «JU3 I 333 « 332 e 222 p 201

THE MAX STANDARD DEVIATION IS 26 OCCURRING AV I 3 L AND J = 8o



O€T

VONCWLM SN

10

—
TRV Wie-

- . =
W Ny

I N e R e
LR RN RNE RO

“THE MAX

03104
€303
650
2788
500

X

Jeliis
Rres
e 220
«139
o130
2200
250
PRy
«%30
IS
NP1V
o 768
e FL
e
o bl
200
« 300
e 920
56Ul
o THO

e 900

STANDARD DEVIATIUN

TR

Y
L0322
«054
V237

b
. 2ith
« 304
(YR E]
o33
002
o014
«Oll
$0L7
S
« 002
201
03
«902

.o

e G U 4 D
Lol IR TSI VRN OV a3 K )

-
CTITCCYTI LS

-
~

W05
ol b
LRSS
D02
o'l
019
ed21
ce X4
D19
e
rERNTE
003

o 10E

LA

OQC 2O

7
9
3
2
2
3
2

(o S

Y=

-
n
o

«U39
[AREE}
«o37
AG-1)
«13
« 012
e

PRI )

R 2

LR RS
D)
RS
PR
221
e iy
e 115
w11
DR
« 003
003
2l

18

TABLE A.4.- CONTINUED

UK
Yeee 7Y

PR LR 2
72
. £33
$021
011
015
W51
0223
N2
e 332
002
92
L0003
«Jdad
«335
21

U3
139
053
$217
el
«JLl4
PRS-
PN
o St
203
03
NEE
324
P24
e 321
330
o237
o053
002
e113

73

STANDARD DZVIATIOJNS

A
« 047
133
«J32
s 321
«31%
«013
P
$JUD

vk kUK
e di2
£ 092
PR
« 211
.14
2%
e 0G7
$ 353
NG
D00
RIS

ei7 UCCURRIANG AT I

Ya=e40

SR Ed
123
0 J7Q
237

D O L D

-
o
o
sl

LA I O P

<
-
-

.
V033
D04
«133
223

Y= «50

1 A4ND J

UL b O (U R O Y

Ye=e25

« 066
0395
WU33

2017

e32%
316
]
U7
U5
PRvILr)

« 00

<003 .

eni2
«J1l4
el
« 008
« 004
Wiy
PRI
evitl

03

23

«J33
74
«331
eU3Y

w23

LR RS 2

" b,

« 01
.337
« U220
PN
oLfid
002
PR R K]
o017
s Ul

Y==e1)

2243
« 331
G345
«315
i)
U132
« 007
2013
004
333
37279
002
PRRE]
2012
«017
e012
£ 235
« 25
.03
w333
313

Y= .53

«197
083
«05%
016

123

I
#0005
«J239
RIS
ISy
-3
«2U%
PRANE |
«1]
JU2)
« 23
0221
« 003
PREDVE
«223
«202

Y3=426

2« 202
2011
04
019
28
013
«0JG
olidh
«U1l 8
et 39
« 013
i
e 23
<009
vil
«03)
«227
XEnp ey
e 302
LUs
eu27

Ym W75

el55
«Cay
D355
38
A
L1l
WGlo
297
L2 X X
«0J1
L3
wuid
«353
o3
oTL3
012
sy
023
o2
PRIEY
e 002

Ye

')

e

0325
«033
332
«032
«3303
234
«205
(2 X3

KEqEUE
50343
2332

«007




TET

TABLE A.4.- CONCLUDED

RUf 74 STANDARD DEVIATIONS

I X Y==49y Y==4B3 Y==o 77 Ya=,u} Ya=e 4l Y==u23 Y3=410 Ye~,iib Ye O

1 26250 kA ek HE « 39 373 W 121 «333

2 o De5 e132 . 347 1440 <313 RUERY] G2

3 v 190 els « 382 U3 2013 #0053 «023

4 100 o237 «3.3 » 126 .13 .37 e Ti

) iul <315 2022 «310 505 U211 WJ1l

6 o Eid et PRRE] 13 DD «Lud e 0

7 «250 333 « )0 euwd 7 « 313 «li2 «2038

3 30U .23 « 303 eJS5 PRARV I «012 D25 tebtgw

9 4l P e D2 32 L5219 25 R FEEE

1g e : U2 UIVES « 393 20 «$39 P

11 N * PRRIAE «233 e 33 « 007 - C33 «30%

< W 130 «ITh 1 335 PRI « 319 032 « 807

N 2] »D3E 2 T e 02 £ 017 U233

14 330 314 4 odel «du s o317 W1

15 ol 010 K} 13 D10 - 313 o1l
16 e 230 e ) el «Jl4 217 s 0135

17 . 300 G035 3 Woi2 PR BLS <023 o013

1y oL TO2 3 . 023 « 004 LARE RN

19 OB « 223 2 . Sl e i3 LSl

20 788 « 003 3 . «TJ22 e IL3 e U032

21 PRI o2 2 . ol 33 2011

I X Y= &1% Y= o237 Y= 442 Y= .43 Y= 50 Y= o565 Yz o062 Yz 75 Y= .45 Y= .95
1 Vet ezl «3%5 LA 153 132 2137 W72 w123 L114
Z ek 033 «032 L05% 334 «132 «593 (LS $273 [9¢74
3 by .33 31D SRS L6 «531 W23 MY V] 2343
4 «100 uly w13 o JL7 0229 eUid a2l PRARY 325 =)L
5 155 NS red «208 309 215 325 sLid 2013 $ 500
b » 250 PR s34 313 «I.3 PR 007 .01l «I07 330
7 e200 o213 03 RS- Cedld 508 PEDE L35 PP RL} 37
8 o303 «L1l4 30k [N UV « 308 «309 053 +333 «31) TEravse
G Ul N7 ERT RS PRI L3 0335 ek LA RS AN LEXE T (RS AR LRSS
in 330 W0l RNk 335 33242 e ok A sufts LX) TR W33 P RY-)
11 B8 2] o3 «313 o2 [k » 203 « 004 «0D4 «234 o rrs
2 o700 oo1d e V2 AR R} 202 o2 22 Ry 052 034
13 2500 oJdls a7 b33 v 202 $031 «J0% <333 PR «JJ3 c 302
14 PN a7 R [ WUL3 037 U 017 w005 <013 313
13 <1060 P22 307 «N2Y e322 2312 eJ13 PR «023 e2ll o313
16 200 319 DL MR <21 D24 v 324 «014% O] 323 wiv
17 g WiLG oo d I3 DS DT i3 307 « 338 RvE «JJ0b
18 Y14 + 303 003 G733 PRVRF] D07 « 05 PDRE PR o533 .i)78
19 05" LEL AR e 03 s 005 +303 W03 034 «0327 0L PBE]
20 e 760 et lo vm? e dd e 02 232 W D2 092 « 002 £ 002 022
21 S 1119 00 P «Iub $ 273 V32 o GO4 2 3d oY w32 23

THE MAXK STANDARQ OEVIATION IS Led4 OZCUIREING AT I = 2 44D J 3 6o



CceT

TABLE A.5.- TARE RUN (RUN 69) -

J Y
1 =.9uy
2 ~e3y0
3 T
4 ~- Gurty
2 -4l
€ -. 285
7 =e 1GO
o e ik
9 Tet )™

% el

12

13

14

15

lo

17

is

19

LEFT WIAC
RICHIT WIMG
TOTAL

FROM ALPHASUBS

QAVE = 374097 PSF

TEMP = 26, OLG. CENT.

(a)

RUL 89 SECTLION 03
LIFT ALP4A3IES
VI o170
o7 lls
ool o L2§
oo « )88
B 162
TR 83
NVED) « 2938
PR «h080
v 338 EeRHE LT
EN 0476
eua PELY
PR o 1&7

0458
o 22 «4h5
£ 137 «h%7
37 « 374
R 317
«C24 «355
«UL9 + 409

(STAR

Barls

LOAD COEFFICIENTS

ROLLING MIMENT
.C017

=a(1330

-e 3320

=140

DA<y CEVIATION =

PRESSURE » 29.91 IM.

PRESSURE MODEL

Integrated results,

LIFT FKOY ALPHAZUSS

HG‘

057 POF)

LR
L2
«Gl4
o LLY
$ 017
olin
PRV 4
52
XEHERPE
«Gil
et t?
I
o 0nd
<050
. C33
LDl
U4
<042
N E-N.

CL LDnwv



CO@RNOU S WM

el
fARTUF RS

R el
0~ A

nN
- - o

-
PRSIV, W RN L P RY TR S

-
W N

-
oo

fe

(oY
& -

£ET
NP
- 00

TABLE A.5.= COlyreNUED, -

(b) ‘Surface pressure coefficients.
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(e} Standard deviations for pressure coefficients.
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APPENDIX B

SLENDER~-BCDY ESTIMATE OF THE CONTRIBUTIONS TO
SURFACT. PRESSURE OF VORTEX BENDING AND
NONLINEAR VELOCITY TERMS

Consider a general planar wing at zero angle of attack under the
influence of a potential vortex at Yy 2y in a free stream of velocity

V,. In general, the velocity potential on the wing will have the func-

tional form
by = b, (¥. ¥, 85, Yy, 2) (B.1)

The velocity components are

T I L -
ox o0s dx  dy. dax dz_ dx A
v v

L)

= ¥
v ay (B.3)

LI
w = Pz (B.4)

4

* The condition w = 0 Hepresents the boundary condition for the planar
lifting surface. The derivatives dyv/dx and dzv/dx in equation (B.2)

can be written

dyv dyv dt vv

dx 4t dx =V,

(B.5)
2y _ 22y oae Yy
dx dt dax Vg,

where Vo and w, are the components of the velocity of the vortex in the

¢rossflow plane. For a rectangular wing, eguation (B.2) becomes
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= W
wo= st Uy {B.6)
where
<
u = O¢‘V _YX + aq,)"v ZY_ (B 7)
v 0y, Ve 0z, Vg .

The pressure coefficient can be calculated from these velocity components
using either the linearized relation

2
Cp = - v—u' (B.8)
[ee)
or the Bernoulli relation
2u (v + w2)
Cp = - —\—7; -_ V2 (B.g)

In the following, the contribution to either pressure coefficient of u
{vortex bending) and the contribution of the nonlinear terms in equation
(B.9) are evaluated, using a slender-body solution for $w. It is shown
that these contributions are of the same order. Thus, if either contri-
bution is included in an analysis, both should be. Note that this conclu~
sion cannot be assumed to hold if the presence of the wing appreciably
modifies the vortex structure from that used here; that is, if the point

vortex becomes a cloud of distributed vorticity.

The potential ¢w is solved for by application of the methods of
conformal transformation. In the crossflow plane, we have the lifting
surface lying along the y-axis on the interval -s { vy £ s with a vortex
of strength T at (yv,zv). We will transform the lifting surface from

a line into a circle with the flow undistorted at infinity.
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V/D B ,
"V = yv+lZV

o)
Y -s = >
¢ Y
. ie .
o= ¢ + in = re T =y + iz (B.10)
The equations of the transformations are (ref. 19)
s = 2I’O \
-
o)
T =0 + = > (B.11)
g T T=
—— = = ~ - 1
T, S s s
The vortex at pem’ in the o plane is related to that in the =«
plane as follows:
2
, i , "o -i9
v, + iz pe 5 e (B.12)
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=3
v <p + 77) cos ¢

y =
(B.13)
o
Yo
z, = <p ——p—)sin(i)
A point on the lifting surface is related to one on the circle
through the relationship
v o= 2rocos €] (3.14)

It is simple to write down the complex potential in the o plane.
The vortex at o in the ¢ plane has an _image wortex at rg/Ev, of
opposite sign with a vortex at the center of the c¢ircle to preserve the

circulation at infinity. The entire complex potential is thus

, re
w(o) = - 4L {ln(c ~6,) - 1n <c - §g> + 1n 0] (B.15)
- v
and
r g
®(c) = 5= |arg(c - ¢_) - arglc - = )+ arg o (B.16)
2T v UV
On the wing
o =r ei@
o

so that
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it

arg{g - o_) arg roela - pel¢>

r sin & - p sin ¢
= tan™" (=2 .>
r,cos 6 - p cos ¢

2 2
arg (? - 29> = arg <% et - EQ-el¢>
g, P
= arg r_ + arg(pe o roelw\

o sin & - r_sin ¢
-1 ’ [e]
= tan
<p cos 6 - rocos o}
On the wing the potential is thus
o = T n -1 rosin € - p sin ¢
w 2T n r,cos 6 -~ p cos ¢

i

- p sin 6 rosin o)
- tan p cos 6 - r,cos ¢ + @

(B.17)

(B.18)

(B.19)

After a considerable amount of algebra, the derivatives 3®w/ay§ and

5¢W/Bzv appearing in equation (B.7) are

0%, _ (L p(p? - x2) [Zrop sin(6 - p)cos * - (p? + r2)sin 9]

5Yv 2T [rg + p2 - 2rop cos (6 - ¢ﬂ (rg + pé _ 2rgpgcos 2®)
5¢w B (JL> P[Zrop(pQ + ré)sin(@ ~ P)sin ¢ + (p? - rg)ecos ¢]
Bzv 27 2¢)

2 2 _ _ ~4 4 _ 2.2
[ro + p 2rop cos (0 ¢ﬂ (10 ) 2rop cos
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Tf the conjugate of the complex velocity of the vortex in the ¢

plane is denoted V_ - iWV, then

V. - iW_ = ——,[W(o) + g—% In(o - ov)] (B.21)

The vortex velocity in the 1 plane is not related to that in the o
plane by the usual conformal transformation, but is given by the following

expression from reference 19.

. _ . do il d2¢/dx%
Vy 7 W, T vy le) dr| __ 4am  do/dT S
v v

or

2
., /il do & _lo £ﬂ>620>
vy T A, ‘{m dr do [ln <G 5v> - In 0} - a7 \ao/\a<2 (B.22)
T_)Tv

=0
v

It can be shown that

— 2 4 4 2.2 Ay 2
10)(p + xé 2r p=cos 2¢)

(p2-+r§)sin¢

2 . : Tp
+ r2p2(p% + r*ﬂ sin ¢ ~ 2r%p%sin 39) - 5=
¢} e} (o] 27 (pé._*_rg_erZ)QZCOS 20)

(B.23)
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and

= 2 4 4
(p® + ro)(p + ro)

=T
W= p cos ¢
v 2 4 4 pa .~ 2pBa2 r-)e

(p Frl 2rop cos 29
2 _ L2 :

LI (p% - xg)cos ¢ 5.0

T (.4 4 _ 92,2 - ) T
(p +rg 2rop cos 2¢
Substituting equations (B.20), (B.23) and (B.24) into the definition of

U, equation (B.7), we find

.= ( - >2 p2[4rgp35in(€-¢)sin¢>cos¢.-(pz + ri)(p4 + rg - 2rgp2cosg¢ﬂ
2TV,

5l

{pg + rg - 2r_p cos(@-—@ﬂ <p4~+r§—-2rgp2cos2¢)2

pE(p® =~ x7)

2
* <27ro > -
w [pg + rg - 2r_p cos{6 - @ﬂ (p4 + s - 2rZp®cos 2@)

(B.25)

- To allow calculation of the contribution to pressure of the sqguared

terms, we need v. Now,

4 ™~
v = ng — o¢w o8 _ 1 5¢w (B.26)
= 3y 56 oy - 2r sin 8 06
o o
so
2 2
v I 1 ) (p~ - ro)
- 1 ‘ -1 (B.27)
v, <2uVm/2roSln ° {irg + p? - 2r_p cos(f - @ﬁ

The relations just derived were used in an illustrative calculation.
The case considered was for yv/s = 0.5, zv/c = 0.25. This choice of
zv/c eliminates complications brought about by the use of the potential

vortex model, for it removes the vortex core from contact with the wing.
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The surface pressure distribution due to vortex bending has been calcu-
lated by means of eqguations (B.25) and the relation

\Y
c = - = B.28

The surface pressure distribution associated with -vZ/V2 as calculated

from equations (B.9) and (B.27) has also been determined, The results
are shown in figure 19.

It is noted that the surface pressure distribution for vortex bending
produces uniformly positive pressure on the upper surface of the right
half of the wing with a peak at the lateral vortex position. The distri-
bution due to -vZ/VZ is negative everywhere; the negative pressure peak
is about twice the magnitude of the positive pressure peak, but it is

about half the breadth. Thus, these effects are of comparable order.
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