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PRELIMINARY REPORT OM WIND-TUNNEL TESTS OF THE
ONR SWEPT-WINC RESEARCH MODEL

SUMMARY

Test results for a semispan, reflection-plane,
quarter-scale model of the Douglias F3D-3 swept wing
(CNR R¥-4) are presented as tuft studles, three component
curves and pressure dlstributions. A complete angls of
attack range from -4 degrees to +30 degrees was used on the
36-degree swept wing for the plain configuration and also
with the 25 percent chord, slotted flapr deflected at angles
to 45 degrees,

The information given herein 18 routine in nature
far a8 sweprt wing and 1s the nrimary step in a detalled
analysis of the wing pressure distribution, boundary layer
and circulation as affected by outboard dlowing slots.. A
rmaximum 1ift coefficlent of 1,00 was measured for zZero Tlap
deflection at an attack angle of 2C degrees and 1.28 for 45—

dagree flap deflectlion at ll-degree angle of atiack. Inte-

gration of the pressure profilcs over the wing surface checked

very closely the 1ift and drag curves as measured directly by
the tunnel balance system, Also, close correlaticn was fTound
between the tuft plctures, the feorce dsta and the pressure
d1istributions, which indicated that stuparated areas were di-
rectly related to the force and pressurclaeviatlons. The
static longitudinal instability associated with the tip stall

caused by spanwise boundary-layer growth was rronounced and
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proved to be the main area for concern regarding high lift

iy

techniques from boundary-layer and clrculation control,

f ; LIST OF FIGURES

1) HModel planform sketch wilth pressure tap stations and

2 typleal wing seotion.

2a} Front vicw cf the model mownted in the tumnel,
2b) Completed model mounted on the end-plate rigging.,
2c) External balansce rigging, angle—of-attack mechanism,

and presssure tubes,
2d4) Close-up view showing flap Juncture and brackets and
the preassure tap buttons,
Tuft pictures of the plain wing sonfiguration, Bf = 0°,

Tuft pietures of the flapped wing conIlguration, bp = 45~
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Three—component forse ourves for the various flap angles,

Lifrt-drag polar ourves for the various flap angles;

~

LifY% inerement as a function of fiap angie,
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Comparison of measured force—coefflolent curves with the
integrated pressure distrilbution force coefficients,

9 ) Genter of 1ift as a funcllon of test angle of attack,

10a) Spanwise 1ift distribution.

10b) Spanwise drag distribution,

11 } Varlation of the integrated local-normal-forse coufficient

with angle of attiuck and spanwise position.
12 ) Variation of local-normal~force eneificlent profiles along
the semispan at an angle of atisgk with zoroe flap de-
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Variation of local-normal-ierce coefficient profiles

along the semlspan at an angle of attack with fToriy-

Tive degrees flap deflection.

Isobars on the wing upper surface with Bp = 0°.
Igobars on the wing upper surface with &p = 15%.
{sobars on the wing upper surface with Sp = 306°,
Tgobars on the wing upper surface with &p = 450

Pressure-coefficient Yalues for 0° flap deflection.
Pressure-coefficient values for 159 flap deflection,
Pressure—coefficlent values for 30° flap deflection,
Pressure-coefficient values for 43° flap deflection.

Centers of pressure for the local normal force profiles.
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Appendix 4, Coordinates of the eairfolls and flap nose
and location of the flap hinge polnts,
Avvendix B, Discussion of the locatlon of the aero-

dynamic centzr.




IITRODUCTION

As a basis for compaslonn with 2 elmllar wing having
a system of boundary-laver and ¢ feulation countrol (herein-
after called Li—v control) the 5eecr1bed test program was
conducted to galin information about the 38-degres swept
wing with 6-series seotlions. The tcets gave an inslight to
the importance of controlling the spanwlise boundary-layer
growth for the dual purpose of improving the longitudinale
stabllity and the tip-flow or stall charuacteristlcs, It is
well to note here that swept-wing boundary layer theory is
well established and proved experimentaliy for swept wings .
(nefs. 1 and 2},

Since good success has been achieved both experi-
mentally and practically with boundary-layer and circulation
control of thick-stralght wings, the prcposal was made for
similar application to thin-swvept wings (Refs, 3 and 4),

This required adequate knowledge of swept wing boundary-
layer characteristlics or more Aimportantly the pressure distri-
butions., The art of theoretically predicting pressure distri-
butions, 11ft distrlbutlions, etec., 18 not adequate to date

for analyzing in detall the effects of flcow discontinulties
due to suction or pressure elots on a finlte span swept wing,
Therefore, these resulte were desired for direct compariscn
wilth exactly the same wlng equlpped with an outboard hinged-
leadlng edge and an alleron-plowing slot on the trailling edge.
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Also, they shall gerve to check th* theoreotical work con-

ducted in an effort to understand the measured aerodynamic

characteristics with the aim of predicting ldealized limits of

BL-C control for a swept wlng.

These tests are concerned only with the two forces l1lift

and drag and the pritching moment.

G

NOMENCLATURE
wing area, rguare feet

wing span measured perpendioularly to the plane of
gymmetry, feet

wing chord measured parallel tuv the plane of symmetry,
Teet

wing root chord, feet
wing tip chord, feet

wing mean aerodynamic chord, feet
taper ratio, tip chord divided by root shord, °t/éo

sweep angle of quarter-chord line,posltive for
sweepback, degrees,

wing 11ft coafficient, total 1ift/q8 _
section 1ift coefficlent, section 11ft/qS
wing drag coefficient, total drag/qS

sectlon proflle drag coefficlent, section profile
drag/qs

wing pitching moment about ©/4, total moment/qSe
sectlon pitehing moment, section moment/qSe
section normal force coefficient, normal force/qS

pection chordwise force coefficlent, chordwilse
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q = free-stream dynamie pressure (%pvg},pounde per square

fool
[y = air density, slugs per csubic foot
= free alr stream veloclity, feet per second
= gtatiec pressure, pounds peir ajuare foot
Py, = Tfree-stream static pressure, pounds per square foot
P = pressure coefficlent, (p~-py)/q

£ = longitmdinzl coordinate in the wing plane positive
forward, feet

v = 1lateral coordlnate in the wing plane positive to the
right, feet

SF = angle of flap deflectlion measured from the chord line
a, = %test angle of attack based on the root sectzon

>
0

incremental change in the indicated symbol value
max = subscript denoting maximum value for the configuratinn

CORRECTIONS

In this data no corrections have been applied for angle
cf flow, 1mape, downwash, etc. This was not done for two
reasons. First, for the balance data to be checked by the
pressure distributions, the uncorrected data mmst be used,
Also, since the tests ultimately are to be compared to ad-
ditional wind-tunnel tests, the correctlons would be
gsuperfluous in the lmmediate problem., BSecond, the time was
not avalliable to go through the usual lifting-line theory

correction comnutations using an infinite array of images,
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It 18 contemplated that the force data willl be corrected for

Ced L

the tunnel walls in the final report, although ae men%ioned

btsfore the corrections were not important here,

APPARATUS

tested in the University of Wichita V-
which 1s described in reference 5. Ths model was construoted
of laminated mahogany and finlshed with sanding sealer to
produce an aerodynamically smocth surface, The pressure taps
were in plastic buttons imbedded in the model surface wlth
plastic tubing connected as lead-outs to the manometer board.
Details of the model ani 1ts rigging are shown in “he phnoto-
graphs of figure 2.

A straight taper was used from the root alrfolil seetion
NACA 63-011.,64 to ths thecretiecal tip section NATA &3-008,
The root section thickness came as the result of the fuselage-
wing Juncturc at that point., Thus, the tested wing was the
wing outside of the fusclage, 1l.e., the true aerodynanic Lift-
ing surfaoce. Neither twlst nor dihedral was used in building
or mounting the modei. The sweep angle was 36 degrees
measured through the root and tip sections quarter—chord
poinise.

'Phe slotted flap was 48 percent of the model span in
length and was rotated about a point 8 percent of the local

arsrd belew the shord line and 80,6 percent of the local
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chord aft of the leading edge. Coordinates of the basioc
airfoil sections, flap nose and *the wing tilp are given in
Aprendix A. The flap was moved in 15-degree luorements to

45 degrees maximum deflection by changlng the steel brackets,
The model nad no aileron,

The model was mousited cn two rfittings, with the center
of rotation located 24.37 inches s5ft of the root-sestion
leading edge, On the end plate a ring mount was used and in
the wind stream a single strut was attached in a submerged
trunnion fitting.

A sumnmary of the moiel physical dimensions is glven in

figure 1 and the pertinent datz as follows:

¥ing semlspan = 65.75" {Root 9.25" from center-
line fuselage)

Root chord = 36,70%

Tip chord = 13, 25"

Wing area = 11.36 !t.z

Agpeot ratio = 5.28

Sraep angle of root-to-fip quarter-chord line = 238°
Root section NACA 63-011.64

Tip section NACA 63--008

Centeriine fuselage sectlion NACA 63-012

Flap span = 46 o/o model span

Model socale = one—-quarter full scale




T -
TWT A .
J[fxtéﬁ?_ ; ‘ - i 10
NPy e
PESTS T e [N
The wind=tunnel tests of thc swapl wiig model were ai
run at a dynanle pressuare of 26,3 povnds per sjguare foot
which corresponded to an alrspeed of 90,6 knots or 104 mph.
anG an effective Reynolds numbcer of 2.70::106 based on the

wing-mean-aerodynamie chord. The wlnd-tunnel turbulenoce

Tests for 1if%t, drag and pltching moment and all the
pressure distributlon data werd run’ through an attack angle
range of -4 to +30 degrees with flap settings in l5-degree
increments to 45 degrees., Tuft studlcs of the stall develop-
nment were condusted at the same dynamic pressure, but the
sngles of attack were limited to a runge of 6 to 18 degrees

for the two fiap settings of 0 and 45 degrees,

DISCUSSION OF TEST RESULTS

To obptaln & pictorial exposition of the surfacs flc;
conditions on the wing near and at the stall point & series
of photographs were taken for zero and forty-five degrec
flap deflections, As cutlined previously, the photogrannsg
were taken at oune degree iniervaisg betv- 6 and 16 degree
angles of attack and also at 18 degrees, The results are
rresented as figures 3 and 4.

‘The slean configuration, l.e., no tlap deflection,

started a noticeable spanwise flow at an attack angle of
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9 degrees which developed into a tip separation at 10 degrees.

Farther increascs in angle of attaok extended the separated
arca inboard in a gradual manaer so thet the flow on one-
third of the wing separated at 11 degrees, half at 14 de~

egreecs. later in the dls-

N

grees and three—juarters at 16
cussion the correiation of the forse curves t¢ the pressure
distributions is noted,

With a full flap deflection of 45 degrees the flap
renained unstalled throughout the depicted range of attack
angles, Stall or separction of the wing surface flow in
this configuration started at 7 degrecs angle of attack and
progressed to one-third of the area at 8 degrees, half ati 10
degrees and three—quarters at 15 degrees, (Note the delay °
in the stall progressicn in the zrea ahead of the slotted
flap from 2 to 13 degreee angle of attack.) The flapped
wiag started 1ts stall at a lower ungle of attack then the
wnflapped wing so that the area ahead osf the flap was
s8lightly more stable. It would appear that 'dams' :night
prove beneficigl in increasing the eifectiveness of an
aileron on such a wing. This is because the sparwilse thilck-
ening of the boundary layer induces separation cf the flow
at a lowv angle-of-attacl,

Forcs curves for the wing are presented in figures
5 and 3, These data were not corrected for wind-tunnel
wall effects, strut interference, or the tunnel wall boun-

dary-layer as previously noted. Ths pitching moments were
l‘(;{'\s
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transferred from the model pivot noint to the calculated
aerodynamle center quarter—-chord point, Losation of the
aerodynanmic center ls dilscussed in appendix B, It was as~
sunied that the remaining piltching-noment curve slope could
be erased by appropriate correciions Gue to the tunnel walls,

The force curvas show the typlical types of aero-
drnamio osharacterlistics for a tapered swept

stall was started at a low angle of attack vith the drag

wing, A gradual

rise quickly assuming a linear relation to the angle of attack,
I:. every case with the flaps deflected the drag rise was co-
incident with the break in the 1lift curve, Similcr correlsation
was evident in the tuft studles and the pressure distribution
profiles along the semispan, .

The curves show that the drag increment caused by flap
deflection was not proportiocnal tc the deflectlon angle at
the lower angles of attack, but became linesrly related to
the flap deflection aft:r the stall started and had caused
the force curves to break, The 1ift curve inocremenie show
exactly the opprosite cffucts, being linearly relatcd to the

flap deflection below thie force curve breaks, Inorements

f=n

n the pitchling-morent curves due to the flap were inde-
pendent of the force curve brecks. This was surprising be-
cauee of the diifference in the pressure distributions for
the various flap settings =nd the manner in which the center
of 11rt noved along the wing span, especizlly after the stall,

Longitudinal instability at the stall was not too severe, but
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amounted to about A4Cy = +0.10 over a ten degree angle of

attack range beyord the stall, Such a shift in the moment
curve appeared for all flap angles.

Slopee of the 1ift ocurves decreased slightly with in-
creased flap deflections frow 00,0678 with zero flap deflection
to 0,0623 per degree with & full flap deflection of 45 de-
grees, The slcocpe of tihe pltching moment curves was nearly
scnstant o> all flap angles at a value of 0,0053 per degree,

A comparison of the flap effectiveness at a low angle
of attack with that at maximum 1ift coefficient is presented
as figure 7. The increments of 1ift at chax are about 0.4 |
of those at the low angles of attack, i.e,, up to eight de-
grees, Also, the curve for the maximum 1ift coefficient
increment is slightly curved wlth‘deoraaslng slope for the
higher flap defleoctlons while the other 1s a stre:zht line,

The next figure, 8, demonstrated a comparison of the
measursd results from the wind-tunnel balances {uncorreeted)
to the Aintegrated values from the pressure distributions, At
the low angles of attack the behavicr of the two curves is
mucl as would be expected with the 1ift curves identical and
the drag curves dAffering by the amount of viscous drag.

evond the stall angle-of-attack the 1ift curve from the

,a

ntegrated data 1s somewhat higher than the measured-value
curve, Some of the difference could have been caused by ac-
cumulated experimecntal error, but thls would seem unlikely
since the trend 1s conslsient for the last three pcints,
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The 4rag curves differ by an amount due to the viscous drag
wnioh plays a less important part of the total drag as the
angle of attack 1s increased. In general, 1% was felt that
the correlation between the two methods was satlsfactory.

Variations of the center of 1ift on the semls;an model
are presented in figure 9, As an average value over the use-
able flight range of attack angles, it anpears reasonable to
ugse the value of 0.525 for 2y/b as compared to the mean aero—
dynamlc center locatlon of 0,416,

Figures 10a to 104 show thse integrated results nf the
normal force coefficlent profile plots for the case of zero
flap deflection., They demonstrate boih the section and
weighted values of 1lift and drag coefficlents as distributed
across the semispan. 'The drag curves show the high drag near
tke tip and also the lower drag area inboard, These extremes
may he directly traced back to the tuft studies as baing re-
lated to the separated areas.

A more graphic pleture of the 1i1ft distribution is
presented in figures lla to 114, These tlhree-~dimensional

csomposlte graphs show the spanwlse normal-force coefficient

as a function of the angle of attack. Here again is shown

inboard section and then stall so that the center of 1ift
shifts toward the wing root, Such a procedure may be seen
in all four of the flgures with the different flap de-

flections, For increasing flap deflections another trend
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may be noted in the & ea shift caused by the flap, which in
turn was accompanie . by & higher 11f¢ value on the tip.,

These ocurv/.s were plotted on a spanwise axis correspoiid-
ing to the entire semlispar lncluding the fuselage area., Whlle
the spanwlice staticn 1ines are the same as in the remsinder of
the figures, their values on the scale have different values,
Also, the indicated uncorrected vslues determined from the
balances are for the outboard 87.f percent of the semlspan, 1.8,
the area outside of the fuselage,

The next serles of figures, 12 and 13, show the span-
wise variation of the normal force coefflcient profiles.

These sre the profiles which were integrated to give the
section normal force coefficients of figure 11. Due to the
physical limitation on the number of pressure taps on the

g of the model, the maximum pressure coefficlent as indi-
ceted does not in all cases actually represent the true peak
pressure coefficient value,

Here also may be noted the essen%tial characterilstics
of n tapered swept wing, At the root of the wing the prorile
is weaker and grows stronger as the tlp ls approached. 7To
the poilnt of stall all the profiles are similsr, but at the
stall the shift of the peak pressure coefficients is towards
the root of the wing., The highest pressure coefficlent
maasured was near the root of the wilng at an angle of attack

of 16 degrees, 1ts value being ~7.0. Xo noticeable dif-
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in these twe figures that was not basleally evident from the

+

other presentations, However the stall progression, flap
nst stalling through the useable angle of attack range, and
shift of the center of 1ift inboard are again all clearly
shown

~vase

Figures 14 through 17 present the lsobars on the wing

upper surface for the renge of flap defleciions at the indi-
cated attsck angles, These few plots show essentially the
same information as the normal-force profiles of [jgsures 12
and 13, The most noticeable cﬁaracterietic in these Tigures
is the distinet lose of linearity of the lines toward the
tip as separation occurs., Thils 15 especlally well defined

in the series of sketches for zero flap deflectlion and %the

angles of attack 8, 12 and 16 degrees.,

CONCLUSIONS

A reflectlion-plane Qquarter—scale model of the Déuglas
F3D-3 swept vwing was tested to obtaln 1ts basic traits. These
test results, presented §a force and pressurc-distribution
data, showed thc tip stall from spanwise boundary-laver flew
to be the orimary area for concern. The tuft study, forece
data and pressure distributions all agreed very closely on
the separatlon or stall phenomenon of thils wing., While a
certaln degree of control could be excrted on the boundary
growth by fences, the deslire for such éontrol only at high
11ft coefficients lends itself more approp~iately to BL-C
control whieh is the second phase of the test program,
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FLAP NOSE COORDINATES

“AL g
1l

Note: These ccordinates are refercsnced to the 80 percent
points of the leeal chords as the origin,

PERCENT CHORD

ABSCISSA (X in.)

CRDINATE (Z in,)

Wing Sta. 0.7%

75,00 +1,822
75.80 +1,.164
76,00 +1.457
77.50 +0.911
80,00 0.000
82.50 -0,911
83.58 -1.304

85 “ CO _1. 822
Tangenoy Point -2,120
20,00 -3.643
95,00 -5.465
100,00 -7.287
L.E. Radlus Center +1,521

Wing Sta. 33.50

75.00 +1,238
75.50 +1.114
76.0C +0,590
77.50 +0,619
80,00 0.C00
82.50 -0,619
83.58 -0,.886
85,00 -1.238
Tangensy Point -1,638
50,00 -1,238

QF .06 -34 713
100,00 -4.951
L.E. Radius Center +1.080

-0,59%5 and -0,899
~0,065
+0,215
+0.432 and ~-0,673
+0,492
+0,484
10,455
+0,421
« 259
30,101
0.000
-0,.585

-0,376 and ~0.568
-0,140 '
-0,038

+0N_1720

40,267 and -0.425
+0, 300
+0.296
+0,248
+0,.167
+0,069
0.000
-0.375

The flap was hinged about a point 8 percent of the

local chord below the chord 1line and 80,6 wercent of the

local chord aft of the section leading edge.
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WING-TIP COORDINATES

Note: These coordinates are referred tc the trelling
edge of the tip chord at statlon 63,10.

X -~ distance from the Y - distence normal
tip chord trailing- to the tip~-chord
edge, inches plane, inches

0,000 ' 1,326

0,313 1,750

0.625 1,980

1.250 2.175

2.500 4,450

5,000 2,850

7.500 2,570

{ 10,060 2,250
12,500 1,400

This curve was fair>d to the leading and tralling

edges of the wing.
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The equation in reference 6 on page 19 was used 1n

calculating the aerodynamic center of this swept wing as’

follows:
xa.c. = HA tan B
S/b
where
X

a.c. = longitudinal distance between the
aercdynamic center of the root sectlion
and aerodynamzic center of the wing,
positive to the rear.

S = wing area
b = wing apan
H = factor presented in grapnical form in
the reference test = 0,208
LA = wing aspeet ratlo
s' = augle of sweepback

From the model constants this gives:

Xa,e. = Hb tan 8

= 0.208 x 2 x 65,75 x tan 35,89

Xa . = 19.72 in. benind the root section
o aercdynemic chord

Thus the wing aerodynamic center becomes
9.62 + 19.72 = 29.34 inches behind the root chorl lezding
edge, corresponding to a span station of 27.33 inches with
a section chord cf 26.94 inches.

.
il

a

aerodynamlc center data on

o~

In these caleuwlations
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line=nr interpolation, It was on thls basis that the sweep-
back angle of 35,80 was calculated for the line between the
root and tip chord aerodynamic centers,

In more recent calculaticne it appeared that this

value 1s slightly smell, 1.e.,, the wing aerodynamle center

distance xa c.® Reference 7 vses the ¢,
5 1 . 'zlw.;x\z
Q.80 = = T - _1+2) AR tan/\c
i FTEz) L‘°P° 31+x)] /a

= distance of thec wing aeroiynamie center behind

the leading edge of the eentroid-oi-srca chord.

This equation results in X, ¢ 20,70 inches which

1s essentially an ineh behind the previous value, Such g
csorrection would reduce the slope of the transferred pltch—
ing moments to about half its presented value, Therefore,
the tunnel data would still not quite check the aerodynamiec

center calculations, As assumed in the text, the remainder

(]

can possibly be avtributed to tunnel wall interference,
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AERODYNAMICS LABORATORY

Tesy:__ONR RM-4 TEST NO: 5
FOR:__ Office of Ncoval Besearch REYNOLDE NO:_2.70 x 10
BY: llace DATE:_Qctober 1852




UNIVERSITY OF WICHITA

SCHOOL OF ENGINEERING C(}NFI{DE* YTIAI« 25
AEROTGYNAMICS LABORATORY
TesT: ONR BM-l4 JEST NO: 6
fOR.__Office of Naval Hasearch _ REYNOLDS LWO
By:__ Richard E, Viallace DATE: _O

Pigure 2c.- External balance rigging, angle-cf-attack
mechanism, and pressure tubes,

Pigure 2d.- Clorse-up view snowing flap Juncture and brackets
and the pressure tap buttons,
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TesT: (QNE -4 . TEST NO_ o mm = W5
For  Offlce of Naval Rescrrckh REYNOLDS NO. 2. 70 % 10

BY oaTE: Cctober 1952
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Figurs 3,- Continued; ag = 107,
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