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RESEARCH MEMORANDUM

COMPARISON BETWEEN FLIGHT-MEASURED AND CALCULATED
' SPAN LOAD DISTRIBUTION AT HIGH MACH NUMBERS =

By L. Stewart Rolls

SUMMARY

The spanwise loading has been computed, by.two different
methods, on the wing of an airplane for which pressure—distribution
measurements were avallable from flight tests up to a Mach number of
0.866., One set of the calculations was based on a generalized
method of the 1lifting-line theory utilizing high—speed wind—tunnel ..
data, while the other set employs an approximate semielliptical
distribution. The comparison between the measured and calculated
distributions has been made on the basis of equal wing-pansl normal—
force coefficients.

To obtain a valid comparison it was necessary to consider the
upfloat of the aileron which occurred at the higher Mach numbers.
A fairly close agreemsnt was obtained by both methods for these. )
conditions, especially at the highest values of Cif considered. It
was shown that, up to 0.866 Mach number, neglect of aileron upfloat
in span load calculations might produce a more serious shift in the
span load distribution than would occur from nonconsideration of the
compressibility effects on the section lift—curve slope and anglse of
zero 1ift. : :

INTRODUCTTON

A great deal of consideration has been given to the accuracy
of computed span load distribution at high speeds dus to the change
in the distribution occurring at high Mach numbers. Recently,
measurements of the wing pressure distributions have been made on a
Jet—propelled airplane in flight up to a Mach number of 0.866
(reference 1). These data have given an opportunity for checking
the accuracy of methods of computing high—speed span load distribu--
tion. This report presents comparisons between meesured spasn load
and span load as computed by two methods.
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In the first case the comparison was made between measured spon

load distributions and calculated values, using the method of
refercnce 2, a generalized method by which the effects of coumpys s~
ibility and abrupt twist are treated by a process of successive
approximations utilizing seetion data. The high-speed section dute
nccessary for this method of calculeting span load distribution was
obtained from the results of tests in the Ames 1- by 3-1/2-foot
high—speed wind tunncl. :

The second comparison was made botween the measured distribu—
tiong and the calculated distributions based on the method. of
reference 3 which assumes an approximate semielliptical distribu—
tionloft 1ifte

SYMBOLS ‘
Az, airplane normal-acceleration factor (z./W)
ol wing spén, feeb
c wing sectioﬁ ;hord, feet S
g1 section.additional 1ift coefficient
Cn section normal«forée.COfoicient,
C '
[ e ()]

C'gM = wing-panel bending-moment coefficient, . :
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Cn .airplane norme)—force coefficient (WAz/qS)

M Mach number

B preésure cbefficiént,on lower surface of wipg
Py pressure coefficient on'upper surface of wing
a dynamic pressure, pounds per équaré foot

S wing area, square'feef

o chordwise location from leading edge, feet

y spanwisc location from plane of symmetry, feot:
W airplané gross weight, pbunds

Z aerodynsmic normal force on airplane, pounds
65 aileron control;surfacc}deflcction (positive trailing édgo

down), degrees
o angle of attack of airfoil section, degroes

g, angle of attack of airplane thrust exis, degrees

DESCRIPTION OF AIRPLANE AND INSTRUMENTATION °

The airplane. used in these flight tests was a turbo-jet-propelicd
fighter. igures 1 and 2 are photographs of the airplans as ingtru-
mented for flight. A thrse-view drawing showing the Spanwiss
locations of wing pressurs orifices is presented in figure %, The
basic dimensions of the airplane are presented in table I. The
gecmetric twist of the wing is shown in figure 4.

Standard NACA photographically recording instrumsnts were uscd
to record the wing orifice pressures and other quantities during
flight. A more complete description of the instrumentation =nd
accuracy of the experimental data may be found in reference 1.

RESULTS AND DISCUSSION

The primary comparisoh made in this report is between the measured
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distribution and the calculated distribution obtained using the
method of reference 2. These calculations are based on a generalized
method of applying lifting-line theory, using a series of successive
approximations; that is, from the fundamental downwash equations,

a spanwise distribution of downwash angle is found for some -initial
assumed loading and, from the difference betweecn the geometric and
computed downwash angles at each station of the span,. thoc effective
angles of attack are determined. When the effective angles of
attack are applied to each section lift curve, lift coefficients at
each station are obtained which, when multiplied by the ratio of the
chord at the station to the mean chord, define a new check distribu-
tion. As a second approximation, an assumed span loading is taken
between the first approximation and the check points. The yrocess
is continued until the check load*np coincides with that from which
it was derived.

To enable the comparison to bs made on the basis of equal wing-
panel normal-force coefficients, it was necessary to compute the
wing-panel normal-force coefficient variation with airplane angle of
attack. These calculations were made by the method.of reference 2,
using the two-dimensional section data obtained on the NACA
651-213(a=0.5) airfoil in the Ames l- by 3-1/2-foot high-speed
wind tunnel. (See fig. 5.) The calculated veriation of wing—pancl
normel-force coefficient with airplane angle of attack are presented
in figure 6.

The results presentéed in figure 7 show the comparison between
measured and calculated span load digtribution for several values of
Moch number and airplane normal-force cocfficients, In comparing
the chordwise loading cpnc at ecach individual spanwise otutlon,
considerable variation between the calculated and measured loading
will be noted at Mach numbers above 0.60.

An carlier report (reference l) on this same installation
attributed a portion of the inboard shift in the spanwise load
distribution measured in flight to the upfloating aileron which
occurred in flight at the higher Mach numbers. For the calculated
distribution shown in figure 7, no consideration was made for the
effect of-an vpfloating aileron. Extrapolating the section data
shown in figure 5, for M = 0.84, to the aileron angles taken from
reference 1 (shown in fig. 8) the span load distribution prescnted
in figure 9 was computed and compared with flight results

Further comparison of the sectional loading was obtained by
computing the wing-panel bending-moment coefficient based on the
bending moment about the 25-percent semispan station. To enable
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the comparison to be basced on the same wing area, it was necessary

to extend the measured data inboard from wing station 65 (27.8 percent
semispan) to the center line of the fuselage. The errors involved in
this extrapolation are thought to be small.  Figure 10 compares the
bending-moment coefficients for the measured and calculated disgtribu—
tion as a function of Mach number and airplane normal-force coeffi-
cients. This comparison indicates that the center of pressure for

the calculated distributions at values of Cy of 0.2 and 0.6 is
farther outboard than the center of. pressure for the measured
distribution. By considering the effect of aileron deflection, points
gpotted on figure 10 at M = 0.84, bvetter agresment is shown. The
best correlation was obtained for an airplane normal-—force coefficient
of 0.60 at which time the aileron was floating 4° up, At the lower
values of normal-force coefficient the effect of the upfloating
aileron is not as noticeable. One explanation for this difference

at the lower valuss of Cy ig the possibility that the results from
the small-scale model of the l- by 3-l/2-foot high-speed wind—tunnel
test indicated a lower value of control-surfacc effectivencss at the
low lift coefficients than at the higher values.

To determine the necessity for using the method based on
high-specd—tunnel data and to check the validity of using a low—
speed method, the distribution was calculated using the usual method
of reference 3. This method is based on two assumptions. First,
the additional loading coefficient (‘,gac/C{q is a mean betwean the
wing chord and a semiellipse having the same area as the wing, and,
second, the basic 1lift distribution is a mean between the spanwise
cember 1lift line and the geometric lift-coefficient distribution
due to angle of twist. The total distribution is the sum of the
additional 1ift and basic lift distribution. In this method the
aileron is treated as a case of an abrupt twist. No corrections
are made for the effects of compressibility.

In figure 11, a comparison is made between the results of the
calculations performed using the two different methods. These
comparisons indicate a fairly close correlation in all cases where
the calculations were made with an ailcron angle of 0°, However,
for the case shown in figure 11l(c), whers the calculations were
corrected for an aileron dsflection of 4° up, the bending moment
calculated by the method of reference 3 is about 20 percent lowsr

)

than the bending moment derived from refercence 2.

The data and calculations in this report  indicate that, for the
airplane under consideration, the cffect of aileron deflection is
more critical from the standpoint of spanwise distribution than
the effect of comprossibility on section lift-curve slopc and angle
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of zero lift. 'In this particular case with the aileron deflected D),
there is an inboard shift in the load thus causing a decrease if the
bending moment; end it is apparent that ncglect of the effect of
aileron upfloat ‘in design calculations of loading would be consexrv—
ative. It is conceivable, however, that in some cases wing and
aileron characteristics m:ght be such as to cause a downwaza defloc-
tion of the aileron at high Mach numbers, thus producing greater
bending moments. It is recommended, thorefore, that calculations of
spanwise loading at the higher Mach numbers include concidoration of
the c¢ffect of aileron deéflection. 1In this regsrd it is apparcnt
that research is necessary to provide methods for estimating ailcron
deflections at higher Mach numbers. ‘ '

' CONCLUDING REMARKS

Over the Mach number range for which tests were made, it was
shown in this pur*‘cal'“ cage that considerable veriation occurred
between the ssction normal-force coefficient cp as measured and as
calculated where no deflection was considered. Thlu demonstrated
the necessity of considering the aileron angle at high Mach numbers
to obtain a correlation between measured and calculated distribu~—
tions. In this case better correlation was obtained betwoen measurcd
and calculated values of gpan load distribution 2t highor airplano
normal-force coefficicnts than at lower airplahe normal-force
coefficlents. Comparison of meesured and calculated values of span
load distribution showed that the upfloating aileron had a greater
effect on the span load distribution than changes in lift—curve
slope and angle of zero lift due to compressibility. It is
recommended that calculations of spanwise loading at high Mach
numbers include the effect of aileron deflections,

The difference between the calculated distributions, us ing
either reference 2 or 3, and the measured distribution indicated
by these results arc within the accuracy of the prellminw*v design
considerations. Honco, in this particular ‘case the simple method
(rcference 3) gave as good an agreement with test results as ;
reference 2 but involved approximately one~third the time and did
not require additional tests to obtain airfoil—section data.

Ames Aeronautical Lﬂboratory,
National Advisgory Committece for Aeronautics,
Moffet _uld, Calif,
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TABLE TI.— BASIC DIMENSIONAL DATA OF TEST ATRPLANE
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Aileron
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Hinge-line location, percent chord.
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Figure 1.— Three—quarter side view of the test airplans. v
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Figure 3.~ Three-view dra wing of the test air/a/a.ne.
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