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HIGH-SPEED LOAD DISTRIBUTION Oi THE WIKG OF A
3/16~SCALE 1#ODEL OF A SCOUT--BOLBER
AIRPLANE YITH FLAPS DEFLECTED
By Robert H. Barnes

SUILIARY

The tests reporited hercin were made for the purpose of
deuermining the high—gpeed load distribution on the wing of
a 3/l6~scale model of a scout-bomber airplane. Comparisons
are made between the root bsnding-noment and section
torsional—moment coefficients as obtained experimentally and
derived anglytically. The results show good correlatlon for
the bending-moment coefficients but conslderable disagreenent
for the torsional-moment coefficients, the measured moments
being greater than the analytlcal moments. The effects of
Hach number on both the bending-moment and torsiongl-moment
coefflcients were small,

INTRODUCTION

In order to determine the spanwise loading at high Egeeds
with landing flsps deflected, a series of tests of a 3/1

scale model of a scout-bomber alrplane was made in the Ames
16-foot high-speed wind tunnel at the request of the Bureau
of Aeronautics, Navy Department.

In order to compare the experimental results with those
that would be calculated gccording to curyrent design specifi-
cations, the spanwise load distrioution was calculateu by the
method of reference 1.

MODEL AND APPARATUS

A three~view drawing of the airplane is given in
figure 1., The wing of the model was equipped with plain flops
having a chord of 0.21 times the wing chord. The geometry of
the flaps is given in figure 2, Pressure orifices wers pro-
vided at seven spanwise stations as shown in figure 3. At
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each of these stations there were U5 orifices spaced at inter—
vals of 5 percent of the chord except on the forward 10 percent
vhere the spaclng was closer. .

The airfoll section at wing station 40.102, the coordi-
nates of which are given in table I, is a modified NACA £5-
series section. The section at the point of dlhedral reversal
is an NACA 65,2-2518,a = 0.5,b = 1 scetion, and at the tip -
the section is an NACA 65,225515,a = 0,5,b = 1 scction.

The model wae mounted on the three—strut support system
shown in figure 4, The front struts were 5 percent thick; tho
rear strut was 7 percent thick,

Forces were measured by automatic baolancing scales. The
pressures were measured on multiple~tube manometers, the data
being recorded photographically, Tests were made with the
Tlaps deflected 09, 10°, and 40O°, The linch number range of
the tests was 0.296 to 6.778.

COEFFICIENTS AND SYIBOLS

The following standard NACA coefficients and symbols are
used in this report;

0 B B o

CL 1ift coefficient (L/qé) ,
Oy normal-force coefficient (N/qS)
cy section 1ift coecfficient (1/qec)
en gection normsl-force coefficicnt (n/qec)
Cn sectlion pitching—moﬁent cocfficient (m/qc”)
L -1ift, pounds
N normal force, pounds
section 1ift, pounds per foot
sectlion normal forece, pounds por foot _
section pitching moment, foot-pounds per foot
wing area, square fcet
q dynamic. prossure ($pV?), -pounds. per square foot
o mass density, slugs per cubic foot
v veloelty, feet per sccond
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c i+ sectlon. chord, feet
@, .- . uncorrected angle of atfack,”degrees
a angle of-attack, degrees

dlstance along chord from leading edge feet

x

y spanvise distance from center of modsl feet

b span, feet

¥ : ﬁgch number

P . Ppressure coefficient (ngp>

Py - -local. static pressure, pgunds per squsre foot

P free—~strean statlc pressure, pounds per éauare'fdét

In addition to the standsrd MACA coefficlients and symbols the
following are used: . , -

- C e

CpuM root benﬂing—moment coeffiﬁient (BM/qb3Cg) .

Bﬁ ce Iroot behding moment (é/ﬂ .Cp CY dy) foot-pﬁunds

Cs rbot chord, feet E

Qéﬁ " oot torsional-moment'coeffiéient (TM/qEéb)

™ . 'root torsional moment (E/n§{2c2 cm Qy),:foot+poundgﬂ‘
I xmean aérodynaﬁic chord:'fget'- B

The 1ift coeffliclients used 1n this report ane those for .
the standard model less tail as’ ‘shown in figure k .

REDUCTION AND PRESEITATION OF DATA

The data were corrécdted for funnel;ﬁail effects by the
method of reference 2. Corrections were. also mede-to. account
for .the constriotion and the upflov of the air stream.

Tynical chordwlse pressure distributions which show the
effects of angle of ettack, Mach number, and landing-flap
deflection are ghown in figures‘5,-6, and 7, regpectively.

The section normal-force and pitéﬁing-moment coeffliclents
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were obtelilned by integration of the presgure distributions.
The axlis for the piltching-moment coefficlent at each station
ig a line normal to the center line of the model and passing
through the quarter-chord yolnt of the M.A.C. It should be
noted that no consideration ves taken of the chordwlse component
of the pregsure coefficlent in obtaining the pitching-moment
coefficlent. These coefficlents were then plotted against the
model 1lift coefficient existing when the data were taken as
found in figure 8. Figures 9 to 15 show the variations at
each pregsure station of the sectlion normsl-force coefficient
with model 1Aft coeffiocient, and Tigures 15 to 22 show the
variations of sectlon pliltching-moment coefficient with model
1ift coefficlent.

The product of the section normel-~force coefficlent times
the sectlon chord is an index of the section normsl-force
loading and so in order to present the spanwige varlations of
this loadlng the product ccp Wae plotted against span.
Figures 23, 24, and 25 show these varlations for the three
flap deflectlons tested. Integration of these plots ylelded
the total normel-force coefficients and the corresponding root
bending-moment coefficlents which are plotted against Lift
coefficient in figures 26 and 27, respectively.

In a slmilar manner the product of the section pitching-
moment coefficient times the square of the sectlon chord
(c®cq) 1s an index of the torsional-moment loading. From
integration of spanwlse plots of this quentity the root
torsional-moment coefflclients were obtained. They are plotted
against 1ift coefficient in figure 28,

Figures 29, 30, and 31 present comparisons of the experi-
mental and analytical values of root bending-moment coefficient
for flap deflections of 0°, 109, and L40°, respectively.

Filgures 32 33, and 3l show s gimllar conmparison for the
section pitching—moment coefficient.

Flgures 35, 36, and 37 present some typlcal spsnwise
normal~force digtributions showing effects of Mach number
and flap deflection, and a oomparison of experimental and
analytical results.,

ANALYTICAL CALGULATIONS

Calculatlong vere made by the method of reference 3 of the
chordwise pressure distributlon at gbtation 140 for the three
flap deflections tested. Station 140 was chosen since it was
on the outboard panel of the wing where the gections are

=l
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standard NACA sectlons for which necessary basic characteris—
tilcs are known. Also thls position was felt %o be the best
compromige to avold flow effects due to dihedral reversal,
support struts, and wlng tips.

Cel.eculations were also made of the spanwige normal-force
dletribtution far the three flap deflections by the method of
reference 1. In order to use this method it 1is necessary to
knovw, emong othsr things, the profile-drag coefficient and
. the angle of zero 11ft of the wing. The profile-drag .
coefficients with flapg deflected were obtalned by adding
increments of coefficlents teken from figure 66 of reference U
to the value of the profile-drag coefflcient of the wing with
flaps neutrai. The angle of attack Tor zerg 1ift was obtalined
from the force datse for Mach number of 0.296 by extrepolating
the curves of figure & %o zero 1ift coefficient.

The gpanwlse load distributions so obtasined were inte-
grated to obtain the ring normsl-force coefficient and the
corregponding root bending-moment:coefficlent.

No calculation was made of the'anslytical root torsional-
moment coefficient since i1t would involve calculating the
chordyrise pressure distrlbution at each station, and it was
felt that the comparison of the analytical and eyPerimental
characteristlics at one station indicates what can be expeeted
for the entire Hing. .

DTSGUDSION
T1nd—-.Lunnel Data Ce _
There are. no unusuel effects of angle 6f attack upon the

pressure distribution.- (Sée fig. 5.) - However, it should be
noted thst, contrary to what 1s considered normal, thé local

' pressure coefficlents over the: fortrard 10 rercent of the

wing decrezse a8 the Mach number lncreases. Data not ‘pre—
gented herein for the other pressure: stetions show the same
tendency in varylng degrees.

Figure 23 shows that with theé flpps neutral, separation
and loss of 1ift at the point of dihedral reversal begine %o
occur at% sbout 0.6 Hech number for a 1ift coefficient of" O S
the largest for. which dste are presented. ~When the Mach.
number. 1s increased “t0 ©0.73; this phenomenon 1s seen to. gccur
througnout the rehgp of lift coefficlents ‘tested. - However,’
a8 the Mach number is further incréesed to O. 778 the local
1iTE 1osses extend over the adjacent portions of the Uing
as .evidenced by the flattening*Of uhe -load distribution

L '\,_
B
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curves for constant 1ift coefficilent. (See figs. 23(f) and
23(g).) This effect is probably due to the shock occurring
on the adjacent portions of the wing.

If the flaps are deflected 10° or 40° the pattern of
events ls glmilar %to that previously described except thet at
the meximum Mach numker of the tegts there is no spreading of
the local 1ift losses. :

The following teble summerizes the.results:

- ¥ach number st which ;| Mech n}ﬁlmber g?'ifilich
ap. eparation is first . geparstion is noted
Deflection sngte§°at Cr. = O.E - Tor all positlve
~ Cr's tested -
0° 0.591 ' 0.73 "
10° .+591 .685
ho© .638 778

Figure 28 indicates that the root torsional-moment coeffi-
cient remeins practicelly congtant for all poegitive 1ift
coefficlents up %o 0.8. This is-especislly true at lMech numbers
legs then 0.685. It ig to.be noted aleo that the coefficients
for each flap deflection remain approximately constant - for all
the test Mach numbers. ,

Comparlson of-Experimental and Analytical Results

The comparigons given in figures 29, 30, and 31 show that
the calculated and experimentsl root” bending«moment coefficlients
are in good sasgreement and in gome cases in pracuioally exact
agreement. ' . : .

Figures 32, 33, and 34 ghow that the expérimental section
pitching-moment coefficilents- are more negative than the’ C
analytliecal values. That is, the anslytical method under-
estinmates the loads. It will be seen that the amount of error
is approximately consbtant at each Mach number snd tends to
increase with Mach number. Also, the percentage error based
on the sasnalyticsl value 1is greatest for the caonditlon of flaps
neutrsl or deflected 40° and leagt with flaps deflected 10°,

For example, with neutral flaps the error veries from 30 percent
at 0.296 Mach number to 100 percent at 0.778 lfach number. Also,
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at 0.296 Mach number the error is 30 percent with neutral
flaps, 19 percent with flaps deflected 10°, and 30 percent
with flaps deflected L0,

COMCLUDING REMARKS

It has been seen that the dihedral reversal of the wing
affects the spanirise normal-~force dilstribution. Therefore,
the resulits of thess tests should be considered spplicable
only to similar wings.

The correlatlion between experimental and snalytical
varlation of root bending-moment coefficient with wing
normal-forece coefficlent is good.

The root torsional-moment coefficient for each flop
deflection remsins approximately constant throughout the
1ift-cosfficient and Mach number range of the tesgts.

The experimental value of the section pitching-moment
coefficlient wes 1n all cases greater than the analytical
value. The dlgcrepancy veried from 20 to 100 percent of the
analytical value. ,

Ames Aeronautical Liaboratory,
National Advisory Committee for Aeronautlics,
lloffett Fleld, Calif.
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TABLE I

ORDINATES FOR STATTON 40.102

moror | | o
0 0 0
*1.28 2.530 -2.123
2.5 3.527 -2.874
5 4.912 -3.947
7.5 5.92 -4.72
10 6.74 -5.36
15 8.07 -6.37
20 9.05 -7.06
30 10.08 -7.68
40 10.34 -7.68
50 9.935 -7.165
60 8.67 -6.01
70 6.72 -4.355
80 4.33 -2.424
90 1.78 - .837
95 . 665 - .300
100 0 0

ALL COORDTNATES ARE IN PERCENT CHORD

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure 4.- The model mounted in the 16-foot wind
tunnel. For these tests the propeller was
replaced by a dummy spinner.
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