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COMPARISON OF PITCHING MOMENTS PRODUCED 5Y PLAIN FLAPS AND
BY SPOILERS AND SOME AERODYNAMIC CHARACTERISTICS
OF AN NACA 23012-AIRFOIL WITH
VARIOUS TYPES OF AIIERON
By Paul E. Purser end Ellzabeth G. McKinney

SUMMARY

An enalysis and comparison has been mede of the
pltching-moment characteristics of airfoils with plain
flaps and spollers. Aerodynamic section characteristics
of an NACA 23012 alrfoll having a retracted slotted flap
with a plsin, & slot-1llp, end a retractsble aileron are
elso presented for s lsrge renge of elleron deflectiona,

The analysls indicated thet the pitching moments
produced by spollers were less positive then those pro-
duced by plain flaps of equal effectiveness. The data
from two lisolated eeses 1ndicsted that the pltching
moments created by the spoller 1ncrscsed less with liach
number then the pltching momsnts produced by the plain
flap. The positive velues of ths pitching moments produced
by both the plain fleps end the spoilers decrsased as
the devices were located nesrer the eirfoll leedirg edge.

INTRODUCTION

The NA4CA hes underteken a brief Investigatlion of the
pitching-moment cherscteristics caused by verious lateral-
control devices for gpnlication to wing-twlst problems in
high-speed flight. Pitoching-moment data for plsin-flap
controls have been published previously (see references 1
to 5, for example) end some dats for spoiller-type controls
have been published in references 5 to 7. The effects of
tralling-edge modifications on the pltching-moment
cherecterlstics of eirfoils wlth plaln flesps have been
discussed in reference 8.
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Tests in two-dimensionsl flow of an NACA 23012 alrfoll
with a plaln sileron and with two spoller-type ellerons
(a slot=1lip and a retractebls alleron) were reported in
reference 9, but the pltching-moment deta were not presented.
The present report glves the section pltchlng-moment
characteristics end other ssction data for these three
arrengements. A brief anslysis 1s also 1ncluded of varicus
dats on the pltching-moment cheracterlstlics of airfolls
with plain fleps and with svollers,

COEFFICIENTS AND SYMBOLS

The coefficlents end the symbols used herein are
defined as folilows:

ey airfoll section 1lift coefficlent (1/gc)

cd, airfoil section profile-drag coefficlent (d,/qc)

Chm alrfoll sectlion pltching-moment coefflicient about
quarter~-chord point of sairfoll (m/qgc<)

Chg elleron ssction hinge-moment coefficlent (ha/qcaa)

where

[/ airfoll section 1lift

do alrfoll ssction profile drag

m alrfoll sectlion pnltching moment about querter-
chord ooint

hg alleron sectien hinge momsnt

q dynesmlic prescsure (%pV%)

c chord of besic sirfoil with flsp neutral

Cg chord of eileron
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V| Votmae oL,

and

veloclty of-fres .stream

mass denslity of air

engle of attsck for alrfoll .of infinite asvect
ratio, degrees

alleron deflection, degrees; positive when
tralling edge moves down

slotted-flap deflectlion, degrees; positive when
tralling edge moves down

chord of spoiler or retractable alleron

nrojJectlon from sirfoll surfece of spoller or
retractable alleron

distance from alrfoil leading edge to flep hinge
line or to outer edge of svoller

rate of change of pltching-moment coefficlent with
control deflectlion at constent 11ft

rete of chenge of angles of attsck wlth control
deflectlon et constent 1ift

rate of change of pltchline-momer.t coefficlent
with effective angle of attack at constant 1lift

da/35) ;;

.
.

Mach number (V/a)

veloclty of sound in free stream
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APPARMMTS, MODEL, AND TESTS

The apparatus, model, and tests are described in
reference 9. In brierf, the 3~ by T=foot mndel wes bullt
to the NACA 23012 sirfoil orofile snd, whea mounted in
the Langley 7- by 1l0-foot tunnel (described in reference 3),
completely spenned the test sectlon. The tests wers made
at a dynamic pressure of 156.37 pounds per sguere foot,
which corresponds to a velonity of ebout 80 mileg per hour
and to e test Reynolds number of about 2.19 x 10, based
on the chord of the baslc airfoll. The effective Reynoldg
number (for meximum 1lift coefficients) was sbout 3.5 x 109,
based on a turbulence factor of l.6 for the Lengley 7- by
10~foot tunnel. .

The slrfoll profile, the slot and flep dimensions,
anc the srrangements of the plain-flap and spoiler-type
allerons are given in flgure 1. The chords of the plain
and slot-=1llp eilarons and the chord of the retractable
aileron 1n its most extended positlion were 10 percent of
thie basic elirfoll chord. The slotted-flsp installstion.
wae thet deslgnated 2-h in reference 3. All testz reportad
herein were mede with the slottaed flep retracted (éf =.0°).

MNETHODS OF AN ALYSIS

The primsry eerodynsmlc factor contributing to wing
twist Auring rolling in high-spsed flight 1s the pjtching
moment produced by the letarsl-control cevice. For normal
wings and allerons, the pitching rioment produced by
alleron deflectlon twlsts the wing ln such a wey thet the
11ft Induced by the twist osnoses the 1lift iInduced by the
glleron deflection end thus effectively reduces the lateral
control eveileble. The piltching momsnt (or the wing twist)
produced by & glven ellcron deflection incrassss epprox-
Imately es the square of the speed and ot some voln:t tho
1ift Inducad by the wing twlst balences ths 1lift Induced
by the ellsron deflection and th2 eirplrne does not roll
when the esllerons esre deflscted., The spoad at which the
latersl control becomses zero is xnown as the reverssl
sneed.

In order to Jjudge ithe reletive merits of various

latersl-control devices with respect to wing twist, the
pitching-moment cherecteristics must be compared on the
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basis of equal effectiveness, The pltching-moment
- paremeter used should therefore be based on the change
in rolling moment, 1lift, or effective angle of attack
produced by the alleron rather than on the alleron

dc

deflection or spoller projection. The slope -—£€>

_ 0ag c1
was therefore used to compare gll the plain flaps and
spollers on en equal-effectiveness basls, since this
parameter indicates the chenge in pltching-moment coef-
ficlent resulting from a unit change in the effectlve
an%le of attack of the portion of the wing covered by the
alleron,

The slope of the pltching-moment-coefficient curve
was tesken at constent 1lift (cz =~ 0.1) because, when the
airplaene 1s rolled by the sllerons, the alleron section
of the wing operstes at neerly constant 1ift. Although
spoller-type sllerons, since they are used on only one
wing at s tilme, opersete ferther from condltions of constemnt
lift than the plaln-flap ellerons, the perameter at
constant 1lift 1s still believed to be more neerly repre-
sentatlive of actual condltions than a pasrameter at constemnt
angle of attack. / :

m

oc
A loglcal gbclssa ageinst which to plot \\———

day ey
for plain flaeps would be the flep chord but, when spoller
data must aslso be presented on 8 comparable basis, such
an abelsse is no longer loglicel beceuse spoller chord
(or projection) 1s snalogous to flap deflection rather
than to flap chord. The data were therefore plotted
egainst the chordwise location of the plsin-flap hinge
line or of the outer edge of the spoller. For devices
such as the slot-lip allerons, which were considered to
be spollers, the locatlon used was the average location
of the alleron tralling edge over the deflection range
consldered.,

All the finlte-span data (references 5 and 6) were
converted to section cheracteristics by use of refer-
ences 10 gnd 1l. The vslues of aspect ratlo used wilth
the charts of reference 10 in computing section character-
istics from the data of refarence 6 were corrected for Mach
number effects by the method of reference 12, At each
value of Mach number, the geometrlc aspect ratlo was

multlipllied by the factor 41 - ¥2. This procedure gilves
en oeffective reductlion in asnect ratlio as the Mech number
1s Increased.



6 USRS NACA ACR No. L5C24a
RESTLI TS AND DISCUSSION

Test deta.- The serodynemic section cheracteristica
of e KACK 23012 eirfoll heving a retrected slotted flap
with e plain, a slot-llp, and a retractsble alleron are
presented in figure 2. The 1lift end dreg (or rolling-
moment end yswing-moment) cheracteristics end the hinge-
moment charecterlstice have besn emoly discussed 1in refer-
ence 9. The vpitching-moment date oresented in flgure 2,
tcgether with other published and unpublished data for
Mach numbers up to about 0.3, have been summeaerized and &re
presented in figure 3.

Pltching moments vroduced by plain flaps.- The
experimental date on. the pltening moments produced by
plein flaps shown In figure 3 agree very well with values
computed from Glauert'e thin-airfoil theory (references.l
end 2) both in megnitude and in varlation with x/c.
These dete Indicate thst, for squel cheanges In effactive
engle of attack (equal rolling mom=nts), wide-chiord flsps
produced smailer pltching moments them nsrrcw-chord flaps
ar.d, consequantly, that ths use of wilde-chord fiens would
allow the attairment of higher velues of the ravsrsal
spead. The use of wlde-chord flavs, however, wiil be
limited by whethar their hinge moments cen be well snough
balenced to nroduce rsasonable values of stick forcs.

It should be noted thet ths deta of reference 5
Indicate thet the pitching momsnts »oroduced by nisin
flens may be rseduced by increesing the engle betwsan the
uppar end lowar surfaces of the flep et the trselling edgs.

Pltchirz moments »roduced by spollers.- The
experimsntal date on the »lfcnlng moments produced by
spollers form a reletlvsly smooth curve (fig. 3) and
Indicate thet, for equel effectiveness, the spoiler
locatecd nearest thas eirfoil lead}ng edge nroduces the

smellest positive veluss of /ch) e TWith e spoiller
\'P'u'.. ooy

located ehesd of about 0.45c¢c, ths wing twist might
augmont rether then reduce the rolling effectiveness.

The use of spollers located so nsar ths airfoil leading
edga, however, 1s not recommended since many pravious
wind-tunrel end flight investigsetions heve Indicated that
the tendencies towerd 1lrg And errstic ection lncreese as
the svoilor 1s nlaced noaer3r the firfoll leedlng edgs.
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The locations of the spoller Installetlions found acceptable

- have 'veried from about 0.60c.to.about. 0.85¢c.

Comparison of pltching moments produced b{;g;ain flaps
end snollers.- The data presented In flgure % dlcate

that the pitching moments produced by plain flaps and
spollers have about equal varietions with flap or spoller

chordwlse locetion and thet the values of (g;%) are
c:

less positive for the spoilers than for the plaln flaps.
When a comparison 1s made at chordwise locatlons normally
used - that is, 0.70c to 0.75c¢ for spoilers and 0.80c to
0.85¢ for plain flans, the pitching moments produced by
spollers sre about one-half or less of the pitching
moments produced by nlaln flaps of the seme effectiveness.

Mach number effects.~ Data on the effects of Mach
number on the pltchlrg moments »roduced by control
surfeces are relatively scarce. A comparison 1s presented
in figure l}, however, of the effects of Mach number on
the pltchling moments produced by a spoller alleron on the
wing of reference 6 and on the pltching moments produced
by a nlain flep on an NACA 66,1-115 airfoll tested in the
Langley 8~foot high-speed tunnel. The pltching moments
produced by the plsesin flap, in addition to being larger
then those osroduced by the spoller, also increase wlth

Mach number at a rate greater thar. that indicated by the

Glauert-Prendtl factor 47= 1 5 . The vltching moments
- N

produced by the snoller, howaver, increaselat a rate
slightly less then that indicated by e over
A1 -

most of the Mach number range tested. Although the data
shown in figure l sre not strictly comparable end ars

for two l1solated cases, there appears to be a possibllity
thet Mach number effects may be smeller on piltching
moments produced by spollers than on pitchling moments
produced by plain flaps.

CONCLUSIONS

A anaelysis of data on the pitchling-momsnt character-
1stics of alrfolls wlth plain flaos and svollers Indicated
the following conclusions:
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1. The pltching moments produced by spollers were
leas positive then those produced by plaln flaps of equal

effectlveness.

2., The posltive values of the pitching moments
produced by both the plain flaps &nd the spollers decreased
as the devices were located nearer the eirfoll leading edge.

3« The date from two i1solated cases indicated that
en Increase in Mach number caused less 1ncrease 1n the
pltching moments produced by the spoller than 1In those
produced by the plalin flap.

Langley Memorial Aeronsutical Lrboratory
National Advisory Committee for Aeronautics
Langley Field, Ve.
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Plain sealed flap CEEREES  Spojler
Airfoil Reference Airfoil Reference
o NACA 0009 o MACA 0009 Unpublished

""" Thin (Glavert) / and &

v NACA 23012 Sand present repor?

a9 NACA230/2 "3 and pgescni repor? v NACA 66(2/5)-2/6 (/n%ub//s/;ed

¢ NACA 66 (2/5)-0/4

4 NACA 66 ser/es

N NACAB6(2/5)2I6 Unpublished s ClarkyY
03
.-
=H—if &
- A
.02 Plain flaps ; = R Pl
eorelical gnd experimental > +-~ 5 ;LS
Cm 0/ /J./f T
a, /|’ 4T T v Spoilers;
°/¢ —-1" Experi) al
4 _’_’9——" { //,//
o= ¥ T Y
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~ol ATIONAL ADYISORY
COMMITTEE | FOR AERONAUTICS
C
'.020 Az 2 3 4 S ¥e) 7 8 .9 10

Locatjon of flap hinge or of spoileredge,*/c from arrfoil leading edge

Figure 3.~Effect of chordwise /ocalion on the pitching moments
produced by plain sealed flaps ard by sporlers. M=0./ ¢o O.3.
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