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=t SPLIT FLAPS FOR

WIND-TUNNEL INVESTIGATION OF PERFORATED

USE AS DIVE BRAKES ON

A RECIATGTLAR NACA 23012 AIRJ OLL

By Paul E. Purser and Thomas R. Turner

SUMMARY

Aerodynamic
23012 airfoil with single and double
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were investigated.
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arnd rendered useless behind double
tests are recommended to develop a
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fram tests previously made for the
. This study indicated that perforat
would give the desired charactericti
trol devices. The present invegtigat
rmine in more detail the aesrodynanic
rectangular NACA 23012 airfoil, and t
ke characteristics of these devices i
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APPARATUS AND TESTS
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that dynamic pressure could be recorded at l-inch inter
vals along a vertical line 27 inches long which was located
30 inches (%,0c¢c) berind the quarte;—caora point of the air-
foll and 5 inches (0.5c) to the right of the plane of sym~
metny, | Thid p0sit*on was believed to be representative of
the location of fthe hinge line and midpoint of the senm
span of the horizontal tail surfaces of airplanes on w
dive-control devices would be used. The ratio of %he
namic pressures in the wake to the dynanic pressures -at the
same points with the model removed (support strut in place)
were detcrmined from readings of an inclined-tube alcohol
manoneter,

Ps 157 e (.l

3 a

Figure 2 is a three~quarter rear vicw of the model
mounted in the wind tuancl.,

8 nditions.~ The dynamic pressure maintained for
all tests was 16.37 nounds per square foot, which corre-
sponds t velocity of about 80 miles per hour uander
stardard a-level conditions and to an average test
Reynolds number of 609,000 based on the chord of the model

Lest procedure.~ The tests consisted of the determina~
tion of the 1lift, drag, and pitching-moment coefficients

and of the wake characteristics for various deflections
and locations of the flaps. Double snlit flaps were lo-
cated 60 and 80 percent of the chord from tae airfoil lead-
ing edge, and single split flaps (lower-surface) were lo-
cated 10, 20, 30, 40, 380, and 80 percent of the chord from
the airfoil leading edge., n addition, several tests were
made with the full-gpan 20-percent-chord plain flap de-
flected *20° to determinmc the effects of bhae various split-
flap arrangements on aileron control. The forces and mo-
ments were determined at intervals of 2° thro oNE nout tae
anglec-of-attack range from bolow zero 1ift fo 2bove moxi-
(il A0G) *t. The wake surveys were nade at intervals of 4°
throughout the same range

RESULTS AND DISCUSSION

ne following syabols
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Ly refers to the characteristics at zero -
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Since the support-strut interference and htares were
relatively small, these corrections were applied only to
the plala-airfoil data. The standard jet-boundary correc-
tions which were applied .to all the force-test data, are:

¥, g 5
:l‘T Aoy =.8 § O 57.3
=
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acy." ™
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where C is the jet cross-sectional area. 4 value of

5§ = 0,112 for the closed-throat wind tuzrel was used in
correcting the results. It should be noted that, owing to
the various span-load distridutions of the airfoil with
the various sﬁlit-flap arrangements, these corrections are
not strictly applicable to 21l of the data. No correction
for tunnel effect has bvecn applied to the wake location.
This correction is small because of the relablve‘“ small

~

model wused.

Doudble Split Flaps

~

The aerodyrnanic and wake characteristics of a rectan-

sular TACA 23012 airfoil with doudble split flaps located
0.80c from the airfoil leading edge are presented in fig-
ures 3a to 7b. The aerodynamic characteristics are pre-
sentcd as curves plotted against 1ift coefficient; and tae

. wake caaracteristics are shown as curves of dyramlic pres-
gure ratlio, q/qo. plotted against distance above and Dde-
Tow the ozterded chord lire of the airfoil.

The results presentcd in figures 4a and 4b show the
effect of thc airfoil trailing cdge and of the flap perfo-
rations on full-span and partial-span double split Tlaps
Renoving tho airfoil trailing ecdge from behind the full-

7 span perforated flaps had practically zo effect on the
wake or on the acrodynamic characteristics at zero 1ifg
but did appreciadly increcase the availadle maxinmunm-lift
coefficient, Covering the perforuulonﬁ in both full-span
and partial-span flaps increased the drag coefficient dut

e
used an unsteady corndition. of

the model waich was indi-
catod b» the amplitude of the scale deflections, and which
. was not encountered with the perforated flaps. Perfora-
tions which remove an arca of about 30 percent of the orig-
| inal area of full-span double split flaps reduce the lancre-
[ ¢ nent of drag coefficient at zero 1lift by about 15 percent.
These dats agree with the previous data merntioned in the




Intiroductilon . Bebx
creneant of drag ecoef
a0 doublie’ aplats tla
cted by the fornule

sebistofs datia indicate alsp. thatb, the in-
ficio“t caused Dy u:aerforﬂtod full-
Ps A nay 1

@

b gero 1lift mey dbe reasonabdbly pre-

ACp = 0.0031 E''3°

wnere H, in perccrnt wing:chord, is the total projected
frontal height of the airfoil and fleps.

Various partial-span arraniements of the doudle split
flaps (figs. 5a through 7b) were tested in an attempt to
increase the total drag by utilizing induced drag, to in-
credse the maximum-1ift coefficient available for the puil-
out, and to lower the wake in order to keep the horizontal
tail' surface out of the disturbed air flow. The drag and
naximum-1ift coefficients were not appreciabdbly affected

buit the wake characteristics were definitely improved.

Since the aerodynamic cgaract ristics at and near
zoro 1ift were considered of particular interest to the de-
signer, the results from'iiuures da and 7a were replotted
against flap span in figure -8a. The partial-span center-
gection flaps gave higher drag and nic gher maximum-1ift co-
e it 101nft~ than the tip-section flaps at the same angle of
attack and pitching-moment coeifficient The incremeat of
ic ent was approximately ploportlonwl Hios ths

flap span. The center-secction flaps naturally produced a

larger whike in the region o? the tail surfaces than did

thel tip=cectiontiflaps. . Ik effect can be seen in figure

8b, which is a seriecs oavclopes, tronm the angle of attack
o) iy oY maxinunm 1if

)
t tiol near b
G £

15’
he angle of attack T
urves of fig

dreg 'ld, le, 6b, and 7hs

The acrodynanic and wake CAurncto"isti's of the rec-
tangular uACA 23012 ‘airfoil with full-span and partial-
span perforated double split flaps located 0.50c fron the
airfoil leading edge are presented in figures 9a and 9b.
These results show that moving the flaps forward dncre ased
the drag coefficient, due to'the increased frontal .projec—~
bieng ‘but that the u"allaole noximum-1ift coefficient was

4.

cofsideradly reduced. Because of the large reduction in

maxinun 1ift with the movement of the flap forward, no

furtier tests were made with an upper-surface flap forward E
of the 0.80c locations.
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Single Split Flaps
The aerodynamic and wake characteristics of .2 rectan-
gular TWACA 23012 airfoil with lower-surface perforated
apd it flaps located at 0.)l0e, 0.,20e, and 0.%0¢c fron She
airfoil leading edge are presented irn figures 10a: to 13b,
The use of these flaps produced a large change in- the an-
gle of attack for zero 1lift.

An attenmpt was made to decrease the change in. angle
of attack for zero 1licft br introducing a gap between the
airfoll surface and tze flap (fig. 1 1e presonce of
the gap decreased the anglo- of-attack and hadino
ect orn the
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bthroucgh 20b. Sinece itheolcaszacthoristies at and rear zero
1ift were considercd of partiecular interest to the de~
signer, the rosnults fron figures 19a and 202 were -replot-~
teod against f£lap gpan din £dgure 2lai,. and. the walko-ecunvo

&
envelopes are preseated in figure 2lb. The single split
flap was ginilax to the double split flaps, iz that the
increment of drag cocfficient duc to the flaps was approx-
izately proportional %o flap epan and in tiaat the tip-
section flap gave nuch sm“ll r wakes in . the region of the
biad il Unild e e uOublb split Il”ﬁu, tiac tip-section
singlo split flap gave slightly better aerodynanic charac—
teristics than did the center-section flaps.

, he resulbta in figures 10a through 2la indicated that
the formula developed £f6r the predictien: of d oo e oor s
cients due to the doudle split flaps was not directly ap-
Rlicable to the' sizngle split £lapsa.

The relationship bet"een drag coefficient, wing load-~
ing, andtindicafed wvelocltx for axn airpla:e in a wvertical
dive is shown. in fi.ure 22. For other-diwling angles, the
velocity given on the chart should be multiplied by the
sguare rooil of ' the sire of the diviag uL;le, referred to
the 1 zontal. From this chart and.the data in figures
3a throuuA 2la, it mgry De shoun that. the use of full-span
perforated double split fiaps would probably limit to 200
miles per hour the indicated diwing speed of an airplane
with a wing loading of 35 pounds per square foot, and linm-
it to 250 miles per hour the diV‘ﬂg epo.d of ‘an sirplane

"with a wing loading of 55 pounds per square foot, Corre-

sponding values obtained with the use .of perforated single
split flaps arel 200 miles per hour for a wing loading ‘of
30 ooundﬂ per sguare foot, and 250 niles per hour for &
wing loading 0¥ 45 pounds per squarec root.

Ailcron Control

b”

Tests were made to detormine the effect of the per-
forated doubloc ®plit flaps on the 'lateral contrel availabl
from la plain aileron sbridefleching o full-span: plain flap
behind the double -split-filapg.. The results of thesc legts
waen conpared hwitlh theo ‘resul s of ‘tests of the DpDisin zlisp
o the tplain nirtoil Sindieateds gttt he "doubl splitl £1laps
would effectively blaorket s plnin alleron ard render it

(@]
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double split flaps located 0.80c from the airfoil leading edge. 6fy,60°;6f;,60°.
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10-by 60-inch rectangular NACA 230123 airfeil with 0.20c full-gpan perforated double split flaps
located 0.80c from the airfoil leading edge. Bg;,80°; b¢;,60°.
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aerodynamic characteristics of a 10- by 60-inch rectangular
NACA 23012 airfoil with 0.20c full-span perforated double split
flaps located 0.60c from the airfoil leading edge. 5fU, 60°;

o » 60°.
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Figure 25.- Effect of a 0.20c full-span trailing-edge plain flap on the
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. Figure 26a.- Effect of a 0.20c full-span trailing-edge plain flap on the

aerodynamic characteristics of a 10- by 60-inch rectangular
NACA 23012 airfoil with a 0.20c full-span perforated single split
flap located 0.60c from the airfoil leading edge. Gap between
airfoil surface and split flap, 0.10c; GfL’ 9009,
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Figure 37.- Effect of 0.30c fill-spam traili plain and upper-surface perforated split flaps on the
asrodynemic characteristics of a 10-by 80-inch rectangular NACA 233012 airfoil with & 0.230¢
full-span perfowated lower-surface split flap located 0.40c from the airfeil leadimg edge. Gap
between airfoil surface and lower-surface split n.p,o.m.;sq,ooo.




