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SUMMARY

The tests reported herein were made Tor the purpose of
determining the high-speed load distributlion on the wing of
. a 3/16-scale model of the Douglas X8B2D-1 girplane. Compari-—
# sons are made between the root bendling-moment and sectlon
torsional-moment coefficients as obtsined experlmentally &nd
derived analytlically. The results show good correlation for
the bending—moment coefflcients but considerable &isagreement
for the torsionel-moment coefficients, the measured moments
being greater than “he analytical moments. The effects of
Mach number on both the bending-moment and torslonal-moment
coefficients were smail.

INTRODUGCTIONM

In order to determine the spanwlse lcading at high speeds
with landing flaps deflected, a serles of tests of a 3/16-
scale model of the Douglas X8B2D-1 airplane was made in the
Ames l6-foot high-speed wind tunnel at the request of the
Bureau of Aeronsutics, Navy Department.

In order to compare the experimental results with those
that would be calculated according to current design specifi-
cations, the spanwise load distribution was calculated by the
method of reference 1.
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MODEL AND APPARATUS

& three-view drawing of the airplans is given in figure 1.
The wing of the model was equipped with plain flaps having a
chord of 0.21 times the wing chord. The geometry of the flaps
is given in figure 2. Pressure orifices were provided at seven
spanwise statlons as shown in figure 3. A% each of these
stations there were U5 orifices spaced at intervals of §
percent of the chord except on the forward 10 percent where
the spacing was closer,

The model was mounted on the threc—-strut support system
shown in figure 4. The front struts were 5 percent thick; the
regr strut was 7 percent thlck.

dForces were measured by auvtomatlce balancing scales. The
preszsures were measured on multiple—tube manometers, the data
being recorded photogr%phically. Tests were made with the
flaps defiected 0°, 109, and 40°. The Mach number range of
the tests was 0.296 to 0.778.

COEFFICIENTS sND SYMBOLS ’

The followlng standard NaCs coefficients and symbols are
uged 1n thils report:

Cr, 1ift coefficient (L/gS)

Cy normal-force coefficient (N/gS)

ey sectlon lift coefficient (1/qe)

Cn section normal-force coefficient (n/qc)

Cy gection pitching-moment coefficient (m/qcz)
1lift, pounds
normal force, pounds

1 section 1ift, pounds per foot

n sectlion normal. force, pounds per foot

m section pitching moment, foot-pounds per foot

5 wing area, square feet

q dynamic pressure, pounds per sqguare foot .
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c section chord, feet

o uncorrected angle of attack, degrees

a engle of attack, degrees-

X distance along chord from leading edge, feet

' spanwise distance from center of model, feet

b span, feet

M Mach number

P pressure coefficient -(pb;? )

o2 : local static pressure, pounds per sguare foot

jo free-stream static pressure, pounds per sguare foot

In additlon to the standard NACA ccefficlents and symbols the
following are used:

CBx root bending-moment coefficient (BM/qbaG§]

BM root bending moment (qdfb/gcn ey dy), foot-pounds
Cs root chord, feet °

Cpy root torsional-moment coefficient (TM/go?b)

™M root torsional moment (qJbeiz op 4y}, foot-pounds
[} mean aerodynamic chord, feet

The 1ift coefficients used in this report are those for
the standard model less tall as shown in figure L.

REDUCTION ~ND PRESEXTATION OF DaTa
The data were corrected for tunnel-wall effects by the
method of reference 2. Corrections were also made to account
for the constrictlon and the upflow of the gir stream.
Typical chordwise pressure distributions which show the
effects of angle of attack, Mach number, and landing-flap
deflectlon are shown in figures 5, 6, and 7, respectively.

The section normal-force and pitching~moment coefficier .3
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were obtained by integratlion of the pressure distributions.
The axis for the piltching-moment coefficient at each station
is a line normal to the center line of the model and passing
through the quarter-chord point of the M.a.C. It should be
noted that no conslilderation was taken of the chordwlse component
of the pressure coefficient in obtaining the pitching-moment
coefficlent. These coefficients were then plotted against the
model 1ift coefficient exlsting when the data were taken as
found in figure 8. Figures 9 to 15 show the variations at
each pressure statlon of the section normal-force coeffliclent
with model 1ift coefficient, and figures 16 to 22 show the
variations of section piltching-moment coefficient with model
1ift coefficient.

The product of the seetlon normal-force coefficient tlmes
the section chord is an index of the section normal-force
loading and sc in order to present the spanwise varlations of
this loading the product cc, wase plotted against span. Flgures
23, 24, and 25 show these wvarlatlons for the three flap deflec—
tione tested. Integration of these plots ylelded the total
normal-force coefficlients and the corresponding rcot bending-
moment coefficients which are plotted agalnst 1ift coefficient
in figures 26 and 27, respectively.

In a gimilar manner the product of the section pltching-—
moment coefficient times the square of the section chord
(c®ey) 1s en index of the torsional-moment loading. From
integration of spanwise plots of this quantity the root
torsional-moment coefficients were obtained. They are plotted
against 1ift coefficient in figure 2%,

Pigures 29, 30, and 31 present comparisons of thc experli-
mental and analytlcal valyes of root bending-moment coefficlent
for flap deflections of 0%, 10%, and 40°, respectively.

Figures 32, 33, and 34 show a similar comparison for the
section pltching-moment coefficient.

Figures 35, 36, andi 37 present some typical spanwise
normal-force distributions showing effects of Mach number
and flap deflectlon, and a comparlson of experimental and
analytical results.

ANALYTICaL CALCULATIONS

Calculations were made by the method of reference 3 of the
chordwise pressure distribution at station 140 for the three
flap deflections tested. Statlon 140 was chosen since it was
on the outboard panel of the wing where the secctions are
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standard NaCi sectlons for which necessary basic characteris—
tice are known. Alsc this posltlon was felt %o be the best
compromige to avold flow effects due to dihedral reversal,
support struts, and wing tlps.

Calculatlons were glso made of the spanwlse normal-—-force
distributlion for the three flap deflectione by the methoed of
reference 1. In order to use this method it is necessary o
know, among other things, the proflle-drag coefficient and
the angle of zero 1ift of the wlng. The profile-drag
coefficients with flaps deflected were obtained by adding
increments of coefficients taken from figure 66 of reference
4 to the value of the profile-drag coefficient of the wing
with flaps neutral. The angle of attack for zero 1lift was
obtained from the force data for Mach number of 0.296 by
extrepolating the curves of figure 8 to zero 1lift coefficient.

The spanwise load distributlons so obtained were inte-
grated to obtaln the wing normal-force coefficlent and the
corresponding root bending-moment coefficient.

No calculation was made of the analytical root torsionsl-
moment coefficient since it would involve calculating the
chordwise pressure distribution at each station, and it was
felt that the comparison of the analytical and experimental
characteristics at one station lndicates what can be expected
Tfor the entire wing.

DISCUSSION
Wind-Tunnel Data,

There are no unusual effects of angle of attack upon the
pressure distribubtion. (See fig. 5.) However, it should be
noted that, contrary to what 1s considered normal, the local
pressure coefficients over the forward 10 percent of the
wing decrease as the Mach number incresses. Data not pre-—
sented hereln for the other pressure statlons show the same
tendency 1in verylng degrees.

Figure 23 shows that with the flaps neutral, separation
and loss of 1ift at the point of dihedral reversal begins to
occur at about 0.6 Mach number for a 1lift coefficient of 0.8,
the largest for which data are presented. When the Mach
number 1is increased to C.73, this phenomenon l1s sesen to occur
throughout the range of 1lift coefficients tested. However,
as the Mach number is further increassed to 0.778 the local
1lift losses extend over the adjacent portions of the wing
as evidenced by the flattening of the load distribution
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curves for constant 1ift coefficients. (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 1ls simllar to that previously described except that at
the maximum Mach number of the tests there 1s no spreading of
the local 1lift losses.

The following table summarizes the results:

Mach number ait which
Flap .ﬁgggrggﬁgiriitfgﬁégh separatlion is noted
Deflection noted at Cr = 0.8 for all positive
L : C1,'s tested

o} _

0 ] 0.59l 0.73
10° .591 .685
40° .638 778

Figure 28 indicates that the root torsional-moment coefficlent
remalns practilcally constent for all positive 1ift coefficients
up to 0.8. This is especially true at Mach numbers less than
0.685. It is to be noted also that the coefficients for each
flap deflection remain approximately constant for all the test
Mach numbers.

Comparison of Experimental and Analytical Results

The compsrisons given in figures 29, 30, and 31 show that
the calculated and experimental root bending-moment coefficlents
are in good agreement and in some cases in practically exact
agreement,

Figures 32, 33, and 34 show that the experimental secction
pitching~moment coefficients are more negative than the
analytical values. That is, the analytical method under-
estimates the loads., It will be seen that the amount of error
is approximately constant at each Mach number and tends to
increase with Mach number. Also, tThe percentage error based
on the analytical value is greatest for the condition of f%aps
neutral or deflected B0° and least with flaps deflected 10°,
For example, with neutral flaps the error varies from 30 percent
at 0.296 Mach number to 100 percent at 0.778 Mach number. Also, .
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at 0.296 Mach number the error is 30 percgnt with neutral
flaps, 19 percent with flaps deflected 10, and 30 percent
with flaps deflected 40°,

CONCLUDIRG REMARKS

It has been seen that the dlhedral revereal of the wing
affects the spenwise normel-force distribution. Therefore,
the results of these tests should be considered applicable
cnly to similer wings.,

The correlation between sxperlmental and analytical
variatlon of root bend ing-moment coefficlient with wing
norral-force coefficlent is good. -

The root torsionegl-moment coefficient for each flap
deflection remains approximately constant throughout the
lift—-coefficient and M¥ach number range of the tests.

The experlmental value of the sectlion pitching~moment
coefficient was in all cases greater than the analyticel
value. The discrepancy varied from 20 to 100 percent of the
analytical value.

hAmes asewoncutlcal Laboratory, )
National advisory Committee for seronautlcs,
Moffett Field, Cealif,

Robert H. Barnes,

Appggﬁ?d: Y /; (f Aeronautical Engineer,
A Ay Ve - f:
}-,’:}mtféiﬂ f%'ftf'vf\d

Donald H. Wood,
Aeronsutical Engineer,
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FIGURE LEGENDS

Figure 1.~ Three-view drawing of the Douglas X8B2D-1l air-
plane.,

Figure 2.—~ Geometry of the landing flaps on the X3832D~1
model.

Figure 3.~ Wing geometry and pressure orifice stations for
the XS8B2D-1 model.

Figure 4.~ The XSB2D~1 model mounted in the 16-foot wind tunnel,
For these tests the propeller was replaced by a dummy
epinner,

Figure 5.~ Effects of angle of attack on the chordwlse pressure
distribution at station 140.000 on the wing of the XSB2D-1
model., Flaps neutral, M = O,b94,

Figure 6.—- Effects of Mach number on the chordwise pressure
distribution at station 140.00Q on the wing of the XsBaD-1
model. Flapsg neutral; a = 0.2

Figure 7.~ Effects of flap deflection on the chordwise
pressure distribution at station 140.Q00 on the wing of
the XSB2D-1 model. M = C.A94; o = Q°.

Figure 8.— Varilstion of the 1lift coefficlent with angle of
attack at several Mach numbers. XSB2D-1 model; tall off.
(a2} M= 0.296, O.494, 0,591, and 0.638.

Figure &.~ Concluded. (b) M = 0.685, 0,73, and 0.778.

e — i aamL—

Figure 9.— Varlation of the section normal-force coefflclent
at station 40,102 with teil-off 1ift coefficient. XSB2D-1
model. (a) M = 0.296, 0,494, and 0.591.

Figure 2.— Concluded. (b) M = 0.638, 0,685, 0.730, and
0.778.

Figure 10,- Varlstion of the section normal-force coefflcient
at station 77.500 with tail—-off 1ift coefficient, XSB2D-L
model, (a) ¥ = 0.296, 0.494, and 0.591.

Figure éo.— Concluded. (b) M = 0.638, 0.685, 0.73, and
0.778.

Figure 1l.- Variatisn of the section normal-force coeffliclent
at station 110.000 with taill—off 1ift coefficlient, XSB2D-1
model. (a) M = 0.296, O.494%, and 0.591.



NACa RM No. &7a30

Figure 11l.-~ Concluded. (b) M = 2.638, 0.685, 0.73, and C,778.

Figure 12.~ Varistion of the section normal-Torce coefficlent
at station 140.080 with tail-off 1ift coefficient. XSB2D-1
model. (a) M = 0.296, 0.494, and 0,591,

Figure 12,.,- Concluded. (b) ¥ = 0.638, 0.685, 0.73 and 0.778.

Figure 13.~ Variatiocn of the section normsal~force coefficlent
at station 170,334 with tall-sff 1ift coefficient., X3B2D-1l
model. f{a) ¥ = 0,296, 0.494, and 0,591,

Figure 13.- Concluded. (b} M = 0,638, 0.685, 0.73, and 0,778,

Figure 1l4.-~ Variation ef the sectiosn normal-force coefflcient
at station 219.093% with tall-off 1lift coefficient. X2B2D~l
model, {a) ¥ = 0,296, 0.494, =nd 0.591.

Figure 1lk.- Continued. (b) M = 0,638, C.685, and C.T73.
Figure 14.- Concluded. (c) ¥ = 0,778.

Figure 15.-~ Variation of the section normal-force coefflclent
at station 266.33%4 with tail-eff 1ift coefficlent. X3B2D~1 -
model., (a) M = 0.296, 0.494, 0.591, and 0,638.

Figure 15.- Concluded. (b) M = 0,685, 0.730, and 0,778.

Figure 16.~ Variation of section pltching-moment coefficient
at stetimn 40.102 with tail-eff 11ft coefficient. X3B2D-1
model; moment axis at 25.75 perccnt chord. (&) ¥ = 0.296,
0.494, 0.591, 0.638, and 0.685.

Figure 16.- Concluded. (b) M = 0.73, =nd 0.778.

Figure 17.~ Varietion of the sectloxn pitching-moment coefficlefit
at station 77.500 with tail-off 1ift coefficlent, XS5SB2D-1
model; moment axis at 25.4 porcent chord, (a) M = 0.2S6,
o.4¢k, 0.591, 0,638, and 0.685.

Figure 17.— Concluded, (b) ¥ = 0,73, end 0,778,

Figure 1&.~ Variation of the sectlon pitching-moment coeffl-
cient at station 110.000 with tzil-off 1ift coefficilent,
X3B2D~1 model; moment axis at 25.1 percent chord. (a)
M= 0.296, 0.49%, 0.591, 0.638, and 0,6E5.

Figure 18.~ Concluded, (b) ¥ = 0,73, and 0.778.
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Figure 19.~ Varietion of the section pitching-moment coeffli—
cient at station 140.000 with tail~off 1ift coefficient.
X8BoD-1 model; moment axis at 24.7 percent chord.

(a) ¥ = 0.296, O0.49%, 0.591, 0.638, and 0.6%5.
Figure 19.— Concluded. (b) ¥ = 0.73 and O0.778.
Figure 20.~ Variation of thes sectlon pitching-moment coeffli-

cient at station 170.334 with tail-off 1lift coefficient.
XsB2D-1 model; moment axis at 24.3 percent chord.

(a) ¥ = 0.296, 0.494%, 0.591, 0.638, and 0.685.

Figure 20.-— Concluded. (b} ¥ = 0.73 and 0.778.

Figure 21.- Variation of the section pitching-moment coeffli-
cient &t station 219.093 with tall-—off 1ift coeffilcient.
XsB2D-1 model; moment axls at 23.5 percent chord.

Figure 22.— Variation of the section pitching-moment coeffi-
cient at statlon 266.334 with tail-off 1ift coefficient.
XsB2D-1 model; moment axis at 22.5 percent chord.

Figure 23.—~ Spanwise variatlion of the normal force on the
wing of the XSB2D~1 model with landing flaps neutrel.
(&) M = 0.296.

Pigure 23.—- GContinued. (b) M = O.hgh,

Figure 23.—~ Continued. (e¢) ¥ = 0.591.

Figure 23.— ©Oontinued. (d) H = 0.638.

Figure 23.- GContinued. (e) H = 0.685.

0.73.

Figure 23.—~ Concluded. (g} ¥ = 0.778.

Figure 23%.- Continuved. (f)} &

I

Pigure 24.- Spanwise veristion of the normal force on t%e wing
of the XSB2D-1 model with landing flaps deflected 107,
(a) ¥ = 0.296.

Figure 2.~ Continued. (b) @ = 0.4ok.

Figure 24.~ Continued. (ec) M = 0.591.

Figure 24.~ GContinued. (&) ¥ = 0.638.

Figure 24.~ Continued. (e) ¥ = 0.685.

Figure 24.~ Continued., (f) W = 0.73.
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Figure 24.- Concluded. (g) L= 0.778.

Filgure 25.- Spanwise veriation of the normal force on the wing
of the XSB2D-1 model with lending flops deflected 4o,

Figure 25.- Continued. (b} M = 0.Ugh,
Figure 25.- Ccocntinued. (e} M = 0.591.
Figure 25.~ Continued. (d) M = 0,63&.
Figure 25.- Continued. (e) ¥ = 0.685,
Figure 25.-~ Continued. (f) ¥ = 0.73.
Figure 25.—~ Concluded. (g) ¥ = 0.778.

Figure 20.- Variation »f the wing normal-force coefficlent with
the tail-off 1ift ccefficient for the XSB2D-1 nadel with
three landing.-flep deflections., (a) M = 0.296, O.494,
0.5%1, and C,634. . ' '

Figure 26.— Concluded. (b) M = 0.685, 0.73, and 0.778.

Figure 27.~ Variation of the rcot bending-—noment coefficlent
with the teil-off 1ift coefficient for the XSB2D-1 acdel
with three landing-flap deflections. (a) ¥ = 0.296, 0,494,
0.591, =nd 0.638,

Figure 27.— Concluded. (b) M = 0.685, 0.73, and 0.778.

Figure 28.- Variation of the root torsicnal-moment coefficlent
with the tzil~off 1ift coefficlent for the XSB2D-1 model
with three landing flap deflections. (a) M = 0.296, O.49lL,
0.591, and 00638.

Figure 28.- Concluded. (b) M = 0.685, 0.73, end 0.778.

Figure 2%.~ Comparison cf the variction of root bending-moment
coefficient with normal-fsrce coefficient as determined
experimentally and by method of refsronce 1., XSB2D-1
model. 1andin% flaps neutral. f(a) ii= 0.296, O.4ok,
0.591, and 0.63&.

Figure 29.-- Concluded. (b) ¥ =0.685, 0.73, and C.773.

Figure 30.-- Comperiecn of the veriation cf rcot bending-nmoment
ccefficientv with rcrmaz-forece coefficlent as deterrmined
experimenially and by method of reference 1. X8B2D-1 model;
lending fizps deilcuted 107, (a) M = 0.296, 0.4oh, 0.591,
ant 0,63,
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FPigure 30.— Concluded. (b) ¥ = 0.685, 0.73, 0.774.

Figure 31.— Comparison cf the variation of root bending-—
moment coefficlent with normal-force coefficient as
determined experimentally and by method og reference 1,
X8B2D-1 model; landing flaps deflected 40~.

(a) = 0.296, 0.4GlK] 0.591, and 0.638.

Figure 31.- Concluded. (b) ¥ = 0.685, 0.73, and 0.778.

Figure 32.—~ Comparison of the variaticn of section pitching-
moment coefficient with sectlon normal-force ccefficient
with landing flaps neutral as determzined experimentally
and by the methcd =f reference 3. XSB2D-1 model,;
station 140; moment axis 24.7 percent chord.

Figure 33.— Comparison of the verlation of section pitching-
moment coefficient with section normal-force coefficient
for & landing flap deflection of 10~ as determined
experimentally end by the method of reference 3.

XsB2D-1 model; station 140; moment axis 24,7 percent
chord, (a) ¥ = 0.296, 0.494, 0,591, and 0.638.

Figure 33%3.— Concluded. (b) ¥ = 0.685, 0.73, and 0.778.

Figure 34.- Comparison of the variction of section pitching-
moment coefficient with section nor —~force coefficient
for & landing flep deflection of HO® as determined
experimentally snd by the method of reference 3.

XsBoD-1; station 140; moment axis 24.7 percent chord.
(a) ¥ = 0.296, 0.49Lk, 0,591, and 0.638.

Figure 34.— Concluded. (b) ¥ = 0.685, 0.73, and 0.778.

Figure 35.—~ Effects of Mach number on the spahwise normal-—
force d&stribution on the XSB2D-1 model. Flaps neutral;
GL-—-O‘ -

Figure 36.~ Comparison of spanwise normal-force distribution
as determined experimentally znd by method of reference 1
for the XSB2D-1 model. ¥ = 0.296. (a) Landing flaps
neutral.

Figure 36.— Continued, (b) Landing flaps deflected 10°.
Figure 36.~ Concluded. (c) Landing flaps deflected 4o°.
Figure 37.-— Typical effects of landing-flap deflection on

the spanwise normal-force distributlon on the XsB2D-1
model, M = 0.296; Cy = 0.k,
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Figure 4.~ The XSB2D-1 liodel mounted in the 16-foot
wind tunnel. For these tests the propeller was
replaced by a dummy splnner.
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| FIGURE 23.— SPANWISE VARIATION OF THE NORMAL FORGCE ON THE WING
oF THE XSB2D-I MODEL WITH LANDING FLAPS NEUTRAL.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
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FIGURE 23.— CONTINUED

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
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FIGURE 23.— GONTINUED NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
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FIGURE 23.~ CONTINUED NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
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NACA RM No. A7A30

" FIGURE 35, EFFECTS OF MACH NUMBER ON THE SPANWISE NORMAL -
9 FCORC84DISTRIBUTION ON THE XSB2D-1 MODEL. FLAPS NEUTRAL:
L=V '

NATIONAL ADVISORY COMMITTEE FCR AERONAUTICS



NACA RM Nu. ArAau

(a) LANDING FLAPS NEUTRAL
") FIGURE 36.~ COMPARISON OF SPANWISE NORMAL-FORCE DISTRIBUTION AS

DETERMINED EXPERIMENTALLY AND BY METHOD OF REFERENCE ! FOR THE

XSB2D-1 wmopeL. M=0.296 .
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( B) L ANDING

FLAPS DEFLECTED I0°
FIGURE 36.— CONTINUED
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FIGURE 36. — CONCLUDED
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(c) LANDING FLAPS DEFLECTED 40°
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. FIGUhE“37.-TYPI6AL EFFECTS OF LANDING-FLAP DEFLECTION ON THE SPAN-
WISE NORMAL-FORCE DISTRIBUTION ON THE XSB2D-| mopeL. M=0296;

C.=04 ' NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
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