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RESUKE OF AIR-LOAD DATA ON SLATS AND FLAPS

By Carl J. Wenzinger and Francis M. Rogallo
SUMMARY

A résumé of the generally available test data regard—
ing air loads on slats and flaps is presented and data ob-
tained up to the fall of 1938 are included. The data are
given in the form of N.A.C.A. standard coefficlents of
alr forces and moments on the lift-increasing device and,
when avallable, the acrodynamic characteristics of the
coumvined wing and high~lif% device are included. Slats of
the Hendley Pago type, fixed auxiliary airfoils, and flaps
of seoveral different types are covered.

INTRODUCTION

4 study was made by the ¥.A.C.A. at the request of
the Matdriol Division, Army Air Corps, during the early
bart of 1934 to furnish information applicable to design
eriterions for slots and flaps of various types. The
present report is a résumé of the gencerally available test
data regarding air loads on slats and flaps and includes
data ovbtained up to the fall of 1938. :

The material includes data on slats of the Handley
Page type of slotted wing; fixed anuxiliary airfoils; and
plain flaps, simple split flaps, split flaps at different
chord locations, Zap flaps, ¥.A.C.A. slotted flaps, Fowler
flaps, and external-airfoil flavs.

PRESENTATION OF DATA

The data are given in the form of W.A.C.A. standard
coefficlents of air forces and moments on the lift-increas-
ing device and, when avoilable, the aerodynamic character-—
istics of the combined wing and high-lift device are in-
cluded. Tho data of the combination, in practically all
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of the cases, have been corrected for the effects of the
Jet boundaries.

The coefficients used in this report were taken di-
rectly from the warious references and are 1i§ted ag fol-

lows:

and

a4

total 1ift coefficient of ths combination.

total normal-forece coefficient of the combina-
tion.

total drag coefficient of the combination.
center of pressure of wing, in percent chord.
center of pressure of flap, in percent chord.

total normal-~force coefficloent of auxiliary
airfoil.

total chord~force coefficient of auxiliary
ailrfoil.

total norpa;eforce coefficient of flap. _ .
tota;'hinge~mdmeﬁt coefficiént of flap.

gection 1i1ft coeffilcient of combination.

section normal-force coefficient of combination.

gsection profile~drag coefficient of combination.

section pitching-moment coefficient of combina-
tion about aercdynamic center of plain wing.

sectlon normal-~force cosefficient of slat.
section normgl-force coefficient of flap.
section chord-forca ccefflcient of flap,

sectlon -hinge-moment coefflcien} of flap. o
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Cy» chord-of wing.- '
¢g, chord of flap. - . . -
g, dynamic pressure. ]
p/q, point pressure coefficient on surface of wing,

slat, or flap.
a, angle of attaék of wing, finite =z2spect ratio.

o) @angle of attack of wing, infinite aspect ratio.

LEADING-EDGE DEVICES

Slots

Yeagurements have been made in the W.A.C.A. varigble-
density wind tunnel to determine the pressure distribution
over the midspan section of an R.A.F., 31 wing wilth leading-
edge slot full open (reference 1). TFizures 1, 2, and 3
show representative pressure—~distribution diagrams for the
glotted wing with the slat completely extended. The pres—
sures .in these figures for both the §lat and the main wing
are plotted normal to¢ the chord of the main wing.

Hormal forces on the slat.~ The normal-force coeffi-
clents obtained for the slat of the slotted R.A.F. 31 wing
in terms of slat area are shown in figure 4. This figure
also shows the varigbtion of the wing normal force and cen-
ter of pressure with the angle of attack of the wing. The
measured value of the slat normal-force coefficisnt at the
stalling angle of attack of the wing was about 2.4.

Resultant force on slat.- Several investigations have
been made to determine the direction and the magnitudse of
the resultant force on the slat, mainly for the purposs of
designing the automatic operating mechanism and the sup-
rorting linkaze. Figure 5 1s a vectorial representation
of the slat forces. The veciors are drswn ir their cor-
rect location .and diroction with rospcct to the slat chord
for different angles of attack of the main wing. The mag-
nitudes of the forces may be obtained .directly from tho
lengths of the veectors. It should be noted that these val-
uves aoply only to the particular wing and slat combination
toested; separate tosts will be 'required to obtain satis-
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factory data for other wing and slat comblnations. The
aerodynamic characteristics of the slotted R.A.F. 31 air-
foll are not available. A slotted Clark Y wing has been
tested in the N.4.C.A. wind tunnels and the effects of
slat position (reference 2) and of Reynolds Number (refer-
ence 3) upon the charascteristics have been determined.

Auxiliary Airfoils (Fixed)

Aerodynamic characteristics obtained in the N.A.C.A.
7« by 10-~foot wind tunnel for a Clark ¥ wing with an
N.A.C.A. 22 auxiliary airfoil are given in figure 6. These
data were tgken from reference 4 and are directly compar-
able with similar data on wings with slots and flaps ob-
tained in the sgme tunnel, Tests were made in the N.A.C.A,
5-foot vertical wind tunnel to determine the division of
air load between a Clark Y main wing and fixed .auxiliary
airfoils of the N.A.C.A, 22 and the N.A.C.A. 0012 sec~
tione (reference 5). The arrangements tested and the re-
gsults of these tests are shown in figures 7 and 8.

The highly cambered N.A.C.A. 22 auxiliary airfoil had .
higher normal—-force coefficients throughout the range of
lift coefficients of the combination investigated than did
the symmetrical N.A.C.A. 00l2 auxiliary airfoil, although
the characteristics of the two combinations were about the
same. Based 3n the total 1ift of the combination, the
N.,A.C.A. 0012 auxiliary airfoill carried about 20 percent
of the total load throughout the range -of 1ift coefflclents
tested, whereas the N.A.C.A. 22 guxiliary airfoil carried
about the game proportion of the total load -at high 1ift
coefficients as the ¥W.A.C.A. 0012 auxiliary airfoil dbut
carried a higher proportion at low 1lift cecefflcients. No
other load dats for these devices are available. :

TRAILING-EDGE. DEVICES

Plain Flaps

Measurements have been made in the N.A.C.A. 7~ Dby 10~
foot wind tunnel to determine the aerodynamic effecte of
plain flaps on an N.A.C.A. 23012 wing (reference 6). The
resultant characteristics shown in figure 9 were deter- -
mined ‘for an arrangement in which the gap between the flap
and 'the wing was sealed because 1t has been shown (refer-
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ence 6) that even a relatively small gap has a detrimental
effect on the 1ift and the drag.

Pressure~digtribution measurements have also been made
in the 7~ Dby 1l0-foot wind tunnel of an N.A.C.A. 23012 wing
with a 20-percent-chord plain flap (reference 7). 4 com-
parison is given in figure 10 of the pressure distribution
over a plain wing with that over the flapped wing at three
differont flap settings. Figures 11 and 12 give the flap
normal-force and hinge-moment coefficients and centers of
pressure for various flap deflsctions from 45° up to 75°
down. It will be noted that deflections of the flap to
the limits tested produce a progressive Increase in the
normal force on the flap up to the stalling angle of the
wing. The maximum value of the normal-force coefflcient
obtained at the 75° deflection is 1.6, although the maxi-
mum 1ift of the wing was not reached at this point. For
flaps of other chord lengths and for serially hinged flaps,
a method of computing the flap loads and the hinge moments
is given in reference 8. '

Simple Split Flaps

Normgl forces and centers of pressure on the flap.-

Direct measurements of the forces acting on split flaps
and on the complete wing have been made in the N.A.C.A. 7-
by 1l0-foot wind tunnel (reference 9). OClark Y wing mod~
els were used with two different sizes of full-span split
flaps, one having a narrow chord (15 percent of the.wing
echord) and the other a medium chord (25 percent of the-
wing chord). The aserodynamic characteristics of the wing
end flap comblnations tested are given in figures 13 and .
14.

Figures 15 and 16 show that the normsl force on the
split flaps increases both with flap deflectlon and with
increase In 1if% of the combination. Below the stall,
the maximum valde of thé normal-force cosfficient (based
on flap area) is about 1,4 and occurs at the angle of at-
tack and the flap deflection for maxiium 1ift of the com-
bination with the 0.15c¢, flap (O __ = 2.06). The center

of pressure of the load on the split flaps, in gensral,

moves forward with decrease in flap deflection and with

increase in 1i1ft of the combination from small wvalues of
the 1if% up to the stall.
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Hinge moments of the flap.—~ Moments adbout the flap
hinge are .plotted in figures 17 .and .18 as coefficients of
hinge moment baged on flav chord and area. The magnitudes
of these moments are practically the same for the two sizes
of split flap tested and are about the same as those for
gimilar simes of -plain flap. ‘A method of computing the
normal forces and the hinge moments of the flapg is given
in refeérence 8 for splist flaps havlng chords other than
thoso mentioned.

Split Flaps at Various Chord Locations,
Including the Zap Arrangement

A series of. pressure—distribution tests was made in
the N.A.C.A. full-scale wind tunnel over the mid-gemispan
gsection of an N.A.C.A. 2212 wing with split flaps on &
Fairchild 22 dirplans (reference 10). The date given
herein are for a flap 2Q percent of the wing chord located
successively at 68, 80, and 89 percent of the wlng chord”
from the leading edge. The farthest back locatlon with
the flap down for maximum 1lift corresponds to a Zap arrange-—
ment., Total normel-force céefficients and centers of pres-
gsure for the three arrangements noted are given in figures
18y 21, and 23. Normal-force cocefficientsg for the flap
and centers of pressure of the air load on the flap are
given in. figures 20, 22, and 24. These data show that tho
flap normal-force coefficients vary both with flap doflec—
tion and with normal force of the combination; they ars
relabively independent: of hinge—-axig location. The centers
of presgure on.the flap cover about the same range for the
three arrangements considered and are practically unaffect-
ed by flap deflection, flap location, and normal force of
the combination. ' '

Slotted Flaps

Force tests have been .made in the 7~ by 1l0~foot wind
tunnel (reference 11) on a 3-foot—chord N.A.C.A. 23012 wing
with an N.A.C.A. slotted flap., Section characteristics
from the forcée tests are given in figure 25 for flap de-
flections from 0° to 60° down. The.loads on the flap were
determined from a pressure-— ~distribution investigation of a
similar wing and flap combination (reference 7). Diagrams
of the pressure distribution over the wing and the flap are
given in figure 26 and the air loads acting on the flap
are given in figure 27 in tlhe form of normal~ and chord-
force coefficients and centers of pressure of the load act-
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-ing on the flap. -The. maximum value of the normal-force
coefficlent for this type of flap has a value of about
L.8, which is obtained with the 40° flap -deflection. The
chord~force coefficients are of appreciable magnitude and
mugt. be considerocd in the: structural design of this flap.

Fowler Flaps

4n investigation (reference 12) was made in the
HN.A.C.A. 7. by 10~foot wind %tunnel of a Clark Y wing with
Fowler flaps havine chords 20, 30, and 40 percont of the
maln wing chord. Aerodynamic characteristics of the wing
with each of the three sizes of flap set for maximum 1ift
are given in figure 28 together with the characteristics
of a plain Clark Y wing. A pressure-~distribution investi-
gation was mads of a Clark Y wing with a 20-percent~chord
Clark Y Fowler flap and of an N.A.C.A., 23012 wing with
20-, 30-, and 40-percent chord N.A.C.A. 23012 Fowler flaps
(reference '18), Comparisons of the pressure distribution
over the wing and flap combinations for both the Glark Y
and the N.A.C.A. 23012 Fowler flaps are given in figures
29 and 30, The normal-— and the chord-force coefficients
of the flap and the centers of pressure are shown in fig-
ure 31 for the various arrangements mentionsd. The 20-
percent—chord Clark Y Fowler flap and the 40-percent-chord
N.A.C.A. 23012 Fowler flap gave the highest values of the
normnl-force coefficient. These coerfficients have a value
of adbout 1.35 and are the same for both sizes of flap.
The chord-force coefficients of the Fowler flaps are con-
siderably smallor than those of the N.A.C.A. gslotted flap.

External-Ailrfoll Flaps

Hormal and chord forces and centers of pressure on
the flap.— Force tests have been made in the N.A.C.A. 7-

by 10~foot wind tunnel of an N.A.C.A. 23012 wing with a
28-percent—-chord N.A.C.A. 23012 cxtornal-airfoil flap
(reference 14}, Aercdynamic characteristics of the wing
and flap combination are given in figure 32 for several

flap deflections.

A pressure—-digtribution investigation has also been
made on the wing and flap combination {(refecrence 15) in
which the air loads on the main wing and the flap were
measured. Pressure—distribution diagrams for the wing
with external-airfoll flap are given in figures 33 and 34
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for several different flap doflectiong and for both o con-
stant normal foreo of the combination and a given angle

of attack. Normal-force coeffilcients and:conters of pros~
suro on. the flap are given in flgure '35 for soveral do--
floctions covering o range from the high-spoed setting
(=3°) to becyond that for maximum 1ift. The maximum normal-
force coofficient for this type of flap has about the samo
value ag that of the Fowler flap.,

Hinge moments qof the flap.-~ The momentes adbout the
flap hinge location shown are given in figure 36 ag cdef-
ficients of hinge moment based on flap chord and area.
Thig type of flap lends itself easily to aerodynamic bal-
- ancing and the hinge axis used for the present arrangement
gives probadly the smallest practical hlnge moments w1th—
ocut overbalance.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for doronautics,
Langley Field, Va., January 12, 1939,
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_6_

————— NACA 2302
—————— Clark Y

Figure 29. Comparison of the pressure distribuiion,
at the same lift, over the N.A.C.A. 23012

wing and 0.20c, N.A.C.A. 23012 Fowler flap with that
over the Clark Y wing and 0.20qy Clark Y Fowler flap;
A\ Cr(wasf) »R-35; (reference 13).
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Figure 30.- Comparison of the pressure distiribution, at the same lift, over the
N.A.C.A.2301% wing with 0.R0¢y, 0.30cy & 0.40c,NACA. 23012 Fowler
flaps, Cn(y.f) » 2.35; (reference 13).
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\ Figure 33.- Comparison of the pressure disiribution over an
- N.ACA.23012 wing with a 0.20cy, external-airfoil flap with
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