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TESTS OF ROUND AND FLAT SPOILERS ON-4 TAPERED WING
IN THE NAGA 19-POOT PRESSURE WIND TUNWEL . o

By Carl J. Wenzinger and John "D. Bowen

SUMMARY : e

TETWTR v oS

Several arrangements of round and flat ppanwise spoil-
ers attached to the upver surfacde of a tapered wing were . -
tested in the NACA 19-foot preusure wind tuanel to deter-— {- 1 o
mine tae most effective type, location, and size of spoil- . . ..
er necessary to reduce 3Ireatly the 1ift on tae wings of - '
large flying boats when moored. The effect of thae wvarious
spoilers on the 1lift, the dras, and the pitching-moment
characteristics of the tanered win® was measured over a
range of angles of attack from zero to maxipum 1ift. ffhe
most effective type of spoiler was found to be the flat =
type with no space between it and the wirV_surface __ine _
chordwise location of such a spoiler was not crisical

within the range invesiigated, from 5 to 20 percert of tne T
wing chord from the leading sd3e.

INTRODUGTION . = . .. .. .0 L LrwTiim

The practice of moorin3 large flying boats necessi- e
tates tke use of some Form of "snozler“ to destroy the = = T =
1ift that mizht be experienced bv the wings of such air- .
craft in high winds and thus prevent them from lifting off =~ 0

the water. 1In the past, spoiling action has been obtained e
throuzh the use of "spoiler bvoards;" vhioca are simply flat L
planks attached normal to the upper surface of the 'wing. s
The attachment and ths transportation of such spoilsr - -

boards is impracticable on preseni—day airplanes, and a = T

-sinmpler method of obtaining the Gesired snoillnv'action is ’ =

being sought, . e

Data presented in reference 1 indicate that consider- o
able spoiling action mizght be obtalned fron a protuber—_m. L i
ance on the wing surface near the leading edge and, on the
basis of thHose results, it has beehr suzgésted that the
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wing 1ift conld be' partly destroved by securing a hawser
alonsg the upper surface of the wing about & percent of
the wing chord back from the lesading edge. 4 thim flat
metal strip temporarily fastened to the wing upper sur-—
face and rolled wup and stowed when not in use was also
considered.

The Bureau of Aeronautics, Navy Devariment, has re-—
guested tne NACA tq make an investication 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 1ift on the wings of large aircraft when moored.
The present investigation includes tosts of wverious ar-—
rangenents of round and flat spoilers attached to the up~
per surface of a tapered wing at threc chord locations:
5, 10, and 20 percent of the chord from the leading edge
of the wing. The 1ift, the draz, and the pitching momecnts
of the wing were measured Ffor the various spoller arrange-~
nents and for the wing alone.

APPARATTS AND TESTS

Plan and eilevation views of the wing model used in
the present tests are shown in figure 1, and a typrlcal
section of the wing ig included in figure 2. This wing
had been previously used in connection with another in-—
vestization and was available for tiae spoiler tests. The
nodel was buillt of laninated mahozany with a amooth fin-~
ish bdut was not nizkhly polished. It has an area of 35.8
square feet, a span of 14.4 feet, and a nean aerodynanic
chord of 2.485 féet. T '

The wvarious spoiler arresngements, locations, and
sizes are shown in fisgure 2. The-%—, the L%-, and the

1%—inch spoilerg represent 2.5, 2.75, and 5 percent of the

nean aercdvnanic chord of the win®,respectivelr. The
spoilers were mounted 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-~
erg were rigidly attached to the wing by metal brackets
that were too small in sigze and too few in number to have
any aopreciable svoiling effect. e —

The wing was mounted on the standard force-~test sup-
ports in the test section of the NACA 19~foot pressure

rxd



HACA Techniecel FZote ¥No. 801 3

tunnel as shown in figure 3. The angle of attack can be
changed from outside the tunnel by a calidbrated electric
drives All forces acting on the wing ere transnmitted to
a six-~conponent autormatic recording bvalance. -

The investigation was conducted in the NACA 19-foot,
pressure tunnel, with the tunnel in the. closed~thront con-
dition and operating a2t atrnospheric pressure. Tests were
nade of the wing alone, and alsc with sno*lers attached
through a range of angles of attack fron ~2° to 18 Each
arrangenent wos tested at a dvynanic pressure of about 50
pounds per square foot, which gives a2 test Reynolds nun-
ber of approximabely 1'300 000. The round spoiler l%

inches in dianeter wos tested only at the 90~porcent -chord
location, Dut all of the other spoilers were tested ot all
three chord locations.

RESULTS AWD DISCUSSION

All the results are presented in standard nondinen-
slonal coefficient form end are corrected for tares and
jet~boundary interfercnce effects. The symbols and coef-
ficients are defined as follows: T '

1ift _
qS - ,

I+

€1, 1ift coefficient

GD drag coefficient <§£§5>
; as

C,_:1 pitching ronent coefficient
c/4
pitehing moment aboubt ¢4
ges L
where )
q dynanic pressure of air <% p Va>
P mass density of air
'V velocity of air strean .
8 total wing area (35.8 sqg ft)
c nean aerodynamic cherd of wing (2.485 %)
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The aerodynamic -characteristics of the wing wita the '
various spoller arransements and of the wing nlone nre .-
shown in figures 4 to 9., The most effective type of spoil-~
er and the best location may be obtained from tke results
given in flgures 10 end 11, where the anount that the spoll-
er decreased the 1ift (ACy) 1is plotted ecgainst the chord

"location for angles of attack of 8% and 12°. The two an-

gles of attack are represontative of the range of angles

of attack in which nost flying boats ride when nmoored. L
This tansge, of angles was nade hiZher than the sum of the

angles of trlm and wing sgetting to a%low ?or the anount

the baat miﬂat piteh. .

.The vresults plotted in Ffizures 10 and 11 indicate
that the bvest type of spoiler tested tvas a flat spoller
wvith no space between it and the wings The location of
the flat spoiler is not very critical with regard to the
spoiling action, provided that it is locoted within the
range of chordwise locations tested;. the best average lo-—
catlion is avproxinmately 12 vercent of the chord back from
the leading edge. Thig effect is also illustrated in fiz~ | .
ure 3(b) of reference 2 for the aAnjle of attack that is
applicadble to the present 1nvestization.

The sisn of the pitchinzg roment is changed fron Dog~
itive (stalling non ent) with the winsg alone to negative
(diving roment) in nmost cases with the flat spoiler. (See
figs. 455, and 6.) This effect tends to decrease the an-—
gle of attack of the flying bont and theredy assists in
decreasing tae 1ift.

That the round spoilers were not so effective as the
flat gpocilers is indicated by the data. The nmnost effec—
tive type of round spoiler is also one with no space be-
tween it and the wing.  The best location for a round
spoiler is approxinately 5 percent of the chord back fron
the leading edge, as shown in figure 1l.

The size . of-round spoiler necessary to obtaln the
anount of spoiling needed would probadbly vrovent the use -
on a full-sgcale airplane of o lar<e hawsor for thls pur-
posgse. It might be feasible to use a round, airtight,
balloon~fabric tube and inflate it with air or carhon dl—
oxide after it had been attached to the wing This arrange-
nent would probadly require more equlpnent and stowazge >
space than an arranecement of a flat SU01ler.
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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, would be only 3 inches wide. Flat spoilers for
full—-scale airplanes could be made of a fabric webbing or

n nmetal strip supported by short removable posts along the

wing span and perpendicular to the wing surface. This
tvype of svoiler would weigh very little, be easy to install,
and be gquite effective for the purpose intended.

CONCLUDING REMARKS

The most effective type of spoiler tested was the
flat spoiler with no space between it and the wing surface.
The chordwise location of this type was not critical with-
in the ranse investigated, between the 5~ and the 20-
vpercent—-chord locations from the leading edge. A flat
spoiler 2.5 percent of the mean aerocdynamic chord in _
heizht would probably be sufficient to prevent a noored
flying voat from lifting off the water.

Langley lemorial Aeronautical Leboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., Joanuary 2, 1941.
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Figure 3.- Wing model mounted for test in the NACA 18-foot pressure wind tumnel.
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