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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE -NO. 801

&

ESTS OF ROUND AND FLAT SPQILERS ON A TAPERED WING
IN THE NACA 19-FQO0T PRESSURE WIND TUNWE

By Carl J. Wenzinger and John D. Bowen

SUMMARY

Several arrangements of round a2nd flat spanvise spoil-
ers attached to the upper surface of a tapered win® were
tested in the NACA 19-foot pressure wind tunnel to deter-—
mine the most effective type, location, and size of spoil-
ek necegsary to reduce greatly tae 1ift on the wings of
lgrge flying boats when moored. The effect of the wvarious
spoilers on the 1ift, the drag, and the pitching-moment
characteristics of the tapvered wing was measured over a
range of anzles of attack *rom zero to maxinmum 1ift. The

st effective type of spoiier was found to be the flat
type with no space between it and the wing surface. The
chordwise location of such a spoiler was not critical
within the ranze investigated, from 5 to 20 percent of the
wing chord from the leadinz edze.

INTRODUCTION

Tne practice of mooring large flying boats necessi-
tates the use of some form of "spoiler" to destroy the

1ift that might be experienced by the wings of such air-
o
>

3=

eraft in hi inds anrd thus prevent them from lifting off
the water. n the pagt, spoiling action has been obtained
throush the use of "spoiler boards," which are simply flat
blanks attached normal to the upper surface of the wing.
The attachment and the transportation of such spoiler
boards is inpracticabdle on preseni-day airplanes, and a

simpler method of obtaining the desired spoiling action is
being sought.

o

Data presented in reference 1 indicate that consider-
able spoiling action might be odbtained from a protuder—
gnce on vae wing surface near the leading edsge and, on the
basis of those results, it has been suzzested that the
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wing 1ift could be partly destroved by securing a hawser
along the upper surface of the wing about 5 percent of
the wing chord back from the leading edge, A thin flat
metal strip temporarily fastened to the wing upper sur-
face and rolled up and stowed when not in use was also
considered. '

The Bureau of Aeronautics, Navv Departnrent, has re-
guested the NACA to make an investigation to determine
the size necessary, the most effective type, and the chord-
wise location of spanwise spoilers that may be used to de-
stroy the 1lift on the wings of large aircraft when moored.
The present investigation includes tests of various ar-
rangenents of round and flat spoilers attached to the up-
per surface of a tapered wing at three chord locations:
5, 10, '2and 20 percent of the chord from the leading edege
of the wing. The 1lift, the drag, and the pitching moments
of the wing were measured for the various spoiler arrange-
nents and for the wing alone. .

APPARATUS AND TESTS

Plan and eievation views of the wing model used in
thel present tests arelshown 'in flgure 1, and a typicai
section of the wing is included in figure 2., This wing
had been previously used in connection with another in-
vestization and was available for the spoiler tests. The
nodel was built of laminated mahozany with a smooth fin-
ish but was not highly polished. It has an area of 35.8
square feet, a span of 14.4 feet, and a mean aerodynanic
ehord of 2,485 feet, '

3 The various spoiler arran3ements, locations, and
: : g : 1 .
Ndized are shown ‘in’ fieure. 2. . Tne-g—, the Lg—, and the
s 5
15—1nch spodiders represent! 2.5, 3.75, and & percent lofiwhe

mean aerodvnamic chord of the wing, respectivelwv. The
spolilers were nmounted on the upper surface of the wing,
perpendicular to the .wing surface at the point of location,
and they extended along 90 percent of the span. The spoil-
ers were rigidly attached to the wing by metal brackets
that. were too small in size and .too few in numdber to have

ary appreciable spoiling effect.

nounted on the standard force-test sup-

: s
ports e test section of the NACA 19-foot pressure
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tunnel: as Shown in figure 3. - The angle of attack can Dbe
changed from outside the tunnel by a calibdrated electric
diiaress ALl forCes: acting: on bthe wing are transmlttcd o
a six-~conponent autoratic recording balance.

The investigation was conducted in the NACA 19-foot
pressure tunnel, with tunnel in the closed-throat con-
dition and operating at atmospheric pressure. Tests were
made. of the wing alohe, and alsc with spoilers attached,
through a range of ongles of attack from -2° to 18°. Each
arrangenent wos tested at 2 dynanic pressure of about 50
pounds per square foot, which gives o test Reynolds nun-
ber of approxinmately 3,000,000, The round spoiler *S
inches in dianeter was tested cnly at the 20-percent-chord
location, but all of the other spollers were tested 2t 2all

threechord locationss
RESULTS AND DISCUSSION

All the results are presented in standord nondimen-
sional coefficient form and are corrected for tares and
jet=boundary interference effects. The symbols and coef-
ficients are defined as follows:

< . £
Gy 117% coefficliant (ll i
e o
CD lrag coefficient < A
as
Cn pitching rmonment coefficient
“Cc/4

ch
wacere
k 1 <2
a dynapiyc’ pressure of air 5PV
P nags density of air
v velocity of alr streanm

S total wing area (35.8 sq ft)

c nean aercodynanic chord of wing (2.485 ft)
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The aerodynamic characteristics of the wing with the
various up0¢ler arrangenents and of the wing alone are
shown. in figures 4 to 9. The most e ffective type of spoil-
er and the best location may be obtained from the results
given in figures 10 and 11, where the anount that the spoil-
er decreased the -1if (ACL) ig plotted against the chord
location for angles of attack of B° and 12°. The two an~ ,
€les of attack are representative of the range of angles
of attack in which nost flying boats ride when moored.

This range of angles was made higher than the sum of the
angles of trim and wing setting to allow for the amount
the bealt miZat piteh.

.The results plotted

in fizures 10 and 11 indicate

that the dest type of speciler tested was a flat spoiler

ith no space between it and the wing. 'Tke location of
the flat spoiler is not very critical with regard to the
spoiling action, provided that it is located within the
range of chordwise locations tested; the best average lo-
cation is approxinantely 12 perceant of the chord back fron
the leading edge. This effect is also illustrated in fig-
ure 3(n) of reference 2 for the angle of nttack that is
applicable to the present investization.

The sisn of the pitchinz noment is changed from pos~
itive ( stalling monent) with the wing alone to negative
(éiving moment) in most cases with the flat spoiler. (See
Taesl 4, 5y and 6. Thigs effect tends to decrease the an
2le of attack of the flying boat and theredy assists in
decreasing tae 1lift.

That the round spoilers were not so effective as the
£lat spoilers iz indieated by 4the data.' The most effec~
tive type of round spoiler is also one with no space be-
tween it and the wing. The best lo cut onlifor a round
spoiler is approxinately 5 percent of the chord back fron
the leading edge, as shown in figure 1ll.

poiler necessary to obtain the
anount of spoiling ne d wonld probadbly prevent the use
on a full-scale airplane of n large hawser for this pur-
pose. Tt might he feasdble to muse & round, alrhighe.,

balloon~fabric tube and inflate it with air or carbon di- .

oxide after it had been attached to the wing. This arrange-
nent would probadly require nmore equipnent and stowage
Pace than an arrangement of a flat spoiler.
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If a full—scale wing having an averase chord of 10
feet is assumed, the flat spoiler, 2.5 percent of the chord
in width, woula be only 3 inches wide Flat spoilers for
full-scale airplanes could be nade of a fabrie webbing or
a netal strio supported by short removadble posts along the
wing span and perpendicular to the wing surface. ' This

type of spoiler wounld weigh very little, be easy to install,
Y - > .

and be quite effective for the purpose intended.
CONCLUDING REMARKS

The rost effective type of spoiler tested was the
flat svoiler with no space between it and the wing surface.
The chordwise locaticn of this type was not critical wita~
in the ranse investigated, between the 5- and the 20-
percent—-chord locations from the leading edge. A4 flat
spoiler 2.5 percent of the mean aerodynanic chord in
height would probably be sufficient to preveant a moored
flvine poat from lifting off the water.

Langley liemorial Aeronnutical Laboratory,
National Advisory Comnmittee for Aeronanutics,
Langley Field, Va,, January 2, 1941.

le Jacobs, Zastman N.; Adirfoil Section Chsracteristics
as Af:ect ed by Protuberances. Rep. No. 446, NACA,
1982

2e Shortal, J. A.: Effect of Retractable-~Spoiler Loca-
tion on Rolling—- and Yawing-Moment Coefficients.
TeNe No. 499, NACA, 1934.
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