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TESTS OF ROULYD AND FL.4T SPOILERS ON-A TAP2?ZLED

IN TIIX NACA 19-FOOT PRIISSURE WIND TWNNEL

3y Carl J. TTenzinger and John’D. Bo’wen
,,

SUMMARY

KING ..

.—

-. -—.

..__ . . <-—:--------.5?
. . ..-

Several arran%emects of round and flat spanwi.se spoil- _
ers attached to the upper w~rface o.f a tapered WiW Were .... .u-:~=”
tested in the NACA 19-foot precsure wi~~ tunnel tQ ~~t~r: -,--- .-.-.>
mine t.ae most effective type, location, and size of sPoil- ., .~n:_.~
er necessary to reduce %reatly t’he lift on t-he win%s of
large flying boats when moored. The e~fect of t“he various

.
-.-..-

spoilers on the lift, the dra~, and. the pitchin%-~o~ent. - -.:=..=
characteristics of the tapered -ivinqwas measured over a
ranqe of angles of attack from zero to naxinum lift. The

..-,.=:

most effective type of spoi.ier TVas found to %9 the flat
type with no space between i% and the win,% surface.

----
Z!’ne---_. .:..:

chordw~se location of su@ a spoiler was not” critZcal
-

within the range, invesAigate&, ~rom” 5 to 20 perceit O+f t~e.~,j~.-j’”~j__—
w+.n~ chord from t-he leadin% e@%,e- .. .—

INTRODUCTION ‘
-,.,.,- -:-~,“-- L .. ==_=

The practice of moorin% iarqe f-lying ~oa-ts .nece.ssi- ,,. .,_-
-bates the use of some form of lrspoiler~’ to destroy the .=- - ::T-.l
lift that mi~ht be experienced h~~ the T7in~s.of SUCh airO””_ . -:+: ~-
craft in high ~inds” and thus preve@_ them from lif~i_n% of:
the water. In the past, spoiliny act50n has been obtained

—

throu~h the use of ‘tsp.oiler ‘ooards ;n-vhi~l”are _s.inpl~‘flat
---~

planks attached no,rnal”to the unner surfa_ce g?. ~._Ie~Nin%.
-..:=

!lhb attachment and t.ha transpor;;t”ion of such s?2Q$.>e~...> ........-~~~
boards is impracticable oq present-da;r a_ir~lanes~ and-a
simpler nethod of ol)tainin,< the d“esired spoiling agt~on 3S

.—

~eia~ sou~htq

—

.-

Data presented $n rg~erence 1 $pfiicate that cwnsider-—..-—-——.—
able spoilin~ action mi%ht be obtains-d fr–on a--’irotu~er- ..,____ _., .::=-=
ante on the winq surface near the Ieadln% e.d%e and, on the
basis of those results, it has 3eeh suqgested that the .“.==

-. -= —
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win% lift could be’ partly destroyed by securin% a ha\7ser
alonq the upper surface of the minq shout 5 percent of
the winq chord back from the leadinq eciqe. A, thlnr flat
metal strip te~porarily fastened to the win% upyer sur-
face and rolled up and stowed ~.7hennot in use waa also
considered. . .

The Bureau of Aeronautics, NaVv Depart~ent, has re-
quested the NACA to make an investigation t-o determine
the size necessary, the most effectivo type, and the chord--
wise location of spanwise spoilers that may be used to tLe-
st-roy the iift on the ~ings of Iarqe aircraft when moored.
The present investigation includes tests of various ar-
rangements ~f round and flat spoilers attaohed t.o thO uP-
per surface. of a tapered winq. at threo chord Iocationo:

., ~ , 10, and 20 percent of the chord fro-i–the Ieadtn% ed%e “
...

of’ ~~~ ~in~~ The lift, the draq, and the pitchinq moncnts
of the win% were measured “Yor the various spoiler arranqe--
nents and for the winq alone.

.
APPJLMLTVS AND TESTS

.

Plan and elevation views os the v;ing aodel used in
‘ the present- tests are shown in fiqure 1, anti a typical

section of the wing is included in figure 2. !L%is 17irlq

had been previously used in connection with another in-
vesti~ation and \7as a~TailabLe for the spoiler tests. The
model ~7as %uilt of laair.a~ed naho~any with a finooth fin-

.__..—

ish but ~7as not highly polished. It has an area of 35.8
square feet, a span of 14-4 feet, and a nean aerodynamic
chord of 2.485 S6et.

.- .

‘The various spoiler arran~ements, locations, and

fiizf3Sare shown in fi~llre 2. The ~-, the l+-,
4

and the

1~-inch spoilers represent 2.5, 3.’75.,
2

and 5 p“ercent of *&e __.”....

nean aerod~r.amic chord of the min~,—~espectivel?r. The
spoilers were mounted on the unper surface of the vin~,
perpendicular to the winq surf”~ce .Rt the point of location,
and they extended along 90 percent .Qf the SY.QP. The .g.poil- .- ..––
ers mere riqidly attached to the winq by metal brackets
that were too snail in size and too few in number to ha~e
any a.p.preciable sp.ot.li.n%effect... ~-. ..

The wing was nounfed on the standard force-test sup-
ports in the test section of the NACL4 19-foot pressure

v-
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tunnel as shoivn in figure 3. The anqle of attnck cm be
chanqed fron outside the tunel by a calibrated ele~t.ric
drivoc All forces actin% on the win% are transmitted to
a six-conpone~.t a,utor.atic recording bale.nce=

,..
The investigation was conducted in the NACA 19-foot.

pressure tunnel, with the tunnel in the. closed-thror.t c-on-”
dition and- operatinq at ~tnospheric pre~+sure. Tests were
nade of the vin~ alone, ,and .alsc ~i..thsg.oiler.s~.a_t.tachcd~
through a range of angles of attack fr~n -2° to_18°. Each
e.rrnnqenent was tested EL* a dyna+ic pressure of shout-”~-
pounds per square foot, which gives a test Reynolds_ nun-
ber of approximately 3,300,000. The ra-ufi”dspoiler Q

2
inches in dianeter .ivc+.gteste~ only at the 2~_percent-chord
location, ‘out all of the other spoilers me-re-tested et all

..-.

three chord locations. .—

R3SUL!IS AND DISCUSSION

All the rosults are presented in standard nondimen-
sional coefficient form and are corrected for tares and
jet-bowdary interference effects. The synbols an~ coef-
ficients

CL

whero

s

c

are ‘defined as follows : —
—.

()li-Ftlift coefficient --=-
qs . ,

draq coefficient
(’&) —.

pitching r,onent coefficient

mitchinq nosent about c/4=— ——
qcs

—
.-

dyn~nic pressuro of air
(~ p ‘2)

mass density of air

velocity of air strean .._

total win-q area (35.8 sq ft)

r.enn aerodynamic chcrd of ring (2.485 ft)



4

.—

The aerodytiami c.characteris tics of the ming with the
various spoiler arrangements and af the 17ing nlone n.re

t

s‘hoWn .fn figures 4 to 9* The most effective typ~ of spoil-
er and the best location nay be obtained fron the results
%iven in fiqures 10 and 11, Where the anount that the spoil-
er decrozsed the lift (ACL) is plotted rgatnst the chord

‘location f~r’~q~es’of nttackof 8° and 12°. The two an-
~~es Of attack” are r~pre&Ontat.iVe of– the raq~e of an%les
of.aitack in ‘which nest fl,vinq ljos.tisride” uben noored.
This ,ban~e. of afigles WAS nade hi,~her”th~n the sun of” the
~n%~es ~~ trin and win% qettinq to -10!7 for the anou~t
the bQat miqkt pitch.. N. .“

The results plotto.d in fic;ures 10 and 11 indicate
that ’the best type of ’gpoiler tested ww a flat spotler
with no space bet~eon it and the- winq~ The location of
the flat spoiler is not ver~ critical with re%ard to the
spoilin.% action, providod that it .is Iocnted within the
rzn+ge of chordl~ise Iocation$ tested; the %est average lo-
cattion is approximately 12 percent of the chor~ back from
the leading od~e. This effect .is also iliustrr.ted in fiq- . ●

ure 3(b) of reference ‘2”for the nn-:le of .nttack that i$
applicable to the present investigation.

w

That the round spoilers were not so effective ns the
flat spcilers is j.nd~cated ‘OT the d.~ta- The nest effec-
tive type .of round spOiler is aiSO one with no sp2CEY %e-
t%7een it and the wing. ‘ The best location for a round
spoiler is approxin.at~ly -5porcetit of the chord back fron
the leading edge, as shown in figure 11=

The size .ofiound spoiler necessary to obtain the
tanount of spoilihg needed would yrob.ably provont the use
on a full-scale .ai.rpl.aneof a large havser for this wr-
pose. It night le feasible to use a round, ,Zirti?ht,
%alloon-fabrtc t~~be and inflate it With air Gr carbon di-
oxide ~fte~t had been ~~tached-.to the winq- ThlS arranqe-
nent rould pro%,n%ly roquiro more c+qui.pnent and stoWa??O v
space than an .arran~enent Of & fln~ spoiler.

8J-
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If a full-scale winq ‘caving an “&vera%e chord of 10
feet is assuned, the flat spoiler, 2.5 percent of the chord
in width, would be only 3 inches Ride. Flat spoilers for
full-scale airplanes could he nade of a fabric web%in% or
a netal strip supported ‘oy shout renovable posts along the
rein% sp,an and perpendicular to the win% surface. Thts ‘“

type of spoiler would weigh very little, 3e easy to-install,
and he quite effective for the purpose intended.

CONCLUDING REMARKS

The most effective type of spoiler tested was the
flat spoiler ~ith no space between it and the win% surface.
The chordmise iocmtion of this type was not critical with-
in the ranqe investigated, between the 5- and the 20-
percent-chord locations fron the leadin% ed~e. A flat
spoiler 2.5 percent of the aean aerodynamic chord in
height would pro%ably be sufficient to prevent a moored
flying ‘ooat from liftin$ off the water.

Langley LIenorial Aeron~utical Laboratory,

1.

2.

National Advisory Committee for Aerono.utics,
Lanqley Eield, Vn., January 2, 1941.
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l’igure 3.- Wlng model mounted for test in the NAOA 19-foot pressure wind tunnel.
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