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SULMARY

A résumé of the generally available test data regard-
ing air loads on slats and flaps is presented and data obd-
tained up to the fall of 1938 are included. The data are
given in the form of N.A.C.A. standard coefficients of
alr forces and moments on the lift-increasing device and,
when avallable, the acrodynamic characteristics of the
combined wing and high-1ift device are included. Slats of
the Handley Page tyve, fixed auxiliary airfoils, and flaps
of scveral different typcs are covered.

INTRODUCTION

A study was made by the Y.A.C.A. at the request of
the Matdériel Division, Army Air Corps, during the early
part of 1934 to furnish information applicadblec to design
criterions for slots and flaps of various types. The
present report is a rédsumé of the generally availadle test
data regarding air loads on slats and flaps and lncludes
data obtained up to the fall of 1938,

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

PRESENTATION CF DATA

The data are given in the form of W.A.C.A. standard
coefficients of alr forces and moments on the lift-increag-
ing device and, when avallable, the aerodynamic character—
istics of the combined wing and high-1ift device are in-
cluded. The 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 various references and are listed as fol-
lows: ' ;

4

Cy, total 1ift coefficient of the combination.

Cy » « total normal-force coefficient of the combina-

w tion.

Cp, total drag coefficient of the combination.
(c.p,)w, center of pressure of .wing, in - ‘percent chord.
(Coeps ¢» center of pressure of flap, in percent chord.

C , total normal-force coefficient of auxiliary
Noux X . ; ,

v airfoil.

Ca , total chord~force coefficient of auxiliary
aux airfoil.
CNf’ total normal-force coefficient of flap.

Chf’ total hinge-moment coefficient of flap.

Cy gection 1ift coefficient of combination.
¢, » section normal-force coefficient of combination.
W
cq » section profile-drag coefficient of combinatiocn,
o)
Cn , section pitching-moment coefficient of combina-
(a.c.)o tion about aerodynamic center of plain wing.

Cp o gsection normal-force coefficient of slat.
Cnf’ sectinn normal-«force coefficient of flap.
¢, , section chord-force coefficient of flap.

Chf’ sectlon hinge-moment coefficient of flap.

and
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chord of wing.
¢p, chord of flap.
g, dynamic pressure.

p/q, point pressure coefficient on surface of wing,
gslat, or flap.

a, angle of attack of wing, finite aspect ratio.

a,y, angle of attack of wing, infinite aspect ratio.

LEADING-EDGE DEVICES

Slots

Measurements have been made in the N.A.C.A. variable~
density wind tunnel to determine the pressure distribution
over the midspan section of an R.AF. 31 wing with leading-
edge slot full ovmen (reference 1). Fisures 1, 2, and 3
"show representative pressure~distridbution diagrams for the
slotted wing with the slat completely extended. The pres-
sures in these figures for both the slat and the main wing
are plotted normal to the chord of.the malin wing.

Normal forces-on the slat.- The normal-force coeffi-
cients obtained for the slat of the slotted R.A.F. 3L .wing
in terms of slat area are shown in figure 4. This figure
also shows the wvariation of the wing normal force and cen-
ter of vpressure with the angle of attack of the wing. The
measured value of the slat normal-force coefficient at the
stalling angle of attack of the wing was about 2.4.

Regultant force on slat.-~ Several investigations have
been made to determine the direction and the magnitude of
the resultant force on the slat, mainly for the purpose of
designing the automatic operating mechanism and the sup-
porting linkage. Figure 5 is a vectorial representation
of the slat forces. The veetors are drawn in their cor-
rect location and dircection with respoct to the slat chord
for different .angles of attack of the main wing. The nmag-
nitudes of the forces may be obtained directly from the
lengths of the vectors. It should be .noted that these val-
ues anply only to the particular wing and slat combination
tested; separate tosts will be required to obtain satis-
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factory data for cther wing and slat combinations. The
aerodynamic characteristics of the slotted R.A.F. 31 air- ,
folil are not available. A slotted Clark Y wing has been
tested in the N.,A,C.A. wind tunnelsg and the effects of
slat position (reference 2) and of Reynolds Number (refer-—
ence 3) upon the characteristics have been determined.

Auxiliary Airfoils (Fixed)

Aerodynamic characteristics obtained in the N.A.C.A.
7~ by 10-foot wind tunnel for a Clark Y 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 same tunnel. Tests were made in the W.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~
tions (reference 5). The arrangements tested and the re-
sults 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
1ift coefficients of the combination investigated than did
the gymmetrical N.ALC.A. 0012 auxiliary airfoil, although
the characteristics of the two combinations were about the
same. Basged on the total 1ift of the combination, the
N.A.C.A. 0012 auxiliary airfoil carrzied about 20 percent
of the total load throughout the range of 1ift coefficlents
tested, whereas the N.A.C.A., 22 auxiliary airfoil carried
about the same proportion of the total load at high 1ift
coefficients as the N.A.C.A. 0012 asuxiliary airfoil but
carried a higher proportion at low Lift coefficients. No
other load data for these devices are available.

TRAILING-EDGE DEVICES

Plain Flaps

Measurements have been made in the W.A.C.A. 7- Dy 10-
foot wind tunnel to determine the aerodynamic effects 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 it has bpeen shown (refer-
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ence 6) that even a relatively small gab has a detrimental
effect on the 1lift and the drag. - ’ P
.Pressure~distribution measurements have also been made
in the 7- by l0-foot wind tuanel of an NA.C.LA, 23012 wing
with a 20-percent~chord plain flap (reference 7). A com-
parison is given in figure 10 of the pressure distribution
over a plain wing with that over the flapped wing at three
different flap settings. TFigures 11 and 12 give the flap
normal-force and hinge-moment coefficients and centers gf
pressure for various flap deflections 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 coefficilent
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

VWormal 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 L0-foot wind tunnel (reference 9). Clark 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
‘chord) and the other a medium chord (25 percent of the
wing chord). The aerodynamic characteristics of the wing
and flap combinations tested are given in figures 13 and
14, '

Figures 15 and 16 ghow that the normal force on the
split flaps increases both with flap deflection and with
increase in 1ift of the combination. Below the stall,
the maximum value of the normal-force coefficient (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 conm-
bination with the 0.15c, flap (Of = 2,06), The center

: max
of pressure of the load on the split flaps, in general,
"moves forward with decrease in flap deflection and with
increase in 1lift of the combination from small values of
the 1ift uwo to the stall,
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‘Hinge moments of the flap.-~ Moments about the flap
hinge are plotted in figures 17 and 18 ‘ag coefficients of,
hinge moment based on flav chord and area., The magnitudes
.0f these moments are practically the same for the two sizes
of split flap tested and are abdout the same as those for
similar -sizes of plain flap. ‘A method of computing the
normal forces and the hinge moments of the flapg is given
in reference 8 for split flaps nav1ng chor&v other than
those mentloned. :

Split Flaps at Various Chord Locations,
Including the Zap Arrangement

A series of pressure-distribution tests was made in
the W.A.C.A., full-scale wind tunnel over the mid-semispan
section of an N.A.C.A., 2212 wing with gplit flaps on a
Fairchild 22 airplane (reference 10).  The data given
herein are for a flap 20 percent of the wing chord located
successively at 68, 80, and 89 percent of the wing chord
from the leading edge. The farthest back location with
the Ilap down for maximum 1ift corresponds to a Zap arrange-
ment., Total normal-force coefficients and centers of pres-
sure for the three arrangements noted are given in figures
19, 21, and 23. Normal-force .coefficients 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 the
flap normal-force coefficients vary both with flap deflec-
tion and with normal force of the combdbination; they are
relatively independent of hinge-axis location. The centers
of pressure 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 nhave 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 force tests are given in figure 25 for flap de-
flections from 0° to 60° down. The loads on the flap were
determined from a brevsure ~digtribution investigation of a
gsimilar wing and flap combination (refecrence 7). Diagrams
of the pressure distribution over the wing and the flap are
given in figure 26 and the alr loads acting on the flap
arc gilven in figure 27 in the 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
coefficient for this type of flap has a value of about ,
1.8, which is obtained with the 40° flap deflection. The
chord~force coefficients are of appreciable magnitude and
must be considered in the siructural design of this flap.

FPowler Flaps

An investigation (reference 12) was made in the
N.A.C.A. 7=~ Dy 10-foot wind tunnel of & Clark Y wing with
Fowler flaps havineg chords 20, 30, and 40 percent of the
main 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 made of a Clark ¥ wing with a 20~percent-chord
Clark Y Fowler flap and of an N.A.C.A. 23012 wing with
20~, %0~, and 40-percent chord N.A.C.A,., 23012 Fowler flaps
(reference 18). Comparisons of the pressure distridbution
over the wing and flap combinations for both the Clark Y
and the N,A.C.A., 23012 Fowler flaps are given in figures
29 and 30. The normal-~ and the chord-force coefficilents
of the flap and the centers of vressure are shown in fig-
ure 31 for the various arrangements mentioned. The 20-
percent—~chord Clark Y Fowler flap and the 40~percent-chord
N.AJC.Ahe 23012 Fowler flap gave the highest valucs of the

normnl-force coefficient. These coefficiente have o value
of avbout 1.35 and are the same for both sizes of flap.

The chord-~force coefficients of the Fowler flaps are con-
siderably smaller than those of the N.A.C.A. slotted flap.

External-Airfoil Flaps

Normal and chord forces and centers of presgure_on
the flap.~ Force tests have been made in the N.A.C.A., 7-
by 10-foot wind tunnel of an N.A.0.A. 23012 wing with a
20=percent-chord N.A.C.A. 23012 cxternal-airfoil flap
(reference 14), Acrodynamic characteristics of the wing
and flap combination are given in fisure 32 for several
flap deflections.

A pressure~-distribution investigation has also been
made on the wing and flap combination (reforence 15) in
which the air loads on the nmaian 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 deflections and for both a con-
stant normal force of the combination and a given angle |
of attack. Normal-force cocfficients and- conters of pres-
sure on the flap are given in figure 35 for several de-
flections covering a range from the high-speced setting
(=3°) to beyond that for maximum 1ift. The maximum normal-
force coefficient for this type of flap has about the same
value as that of the Fowler flap.

Hinge moments of the flap.—- The moments about the
flap hinge location shown are given in figure 36 as coef-
ficients of hinge moment based on flap chord and area.
This type of flap lends itself easily to aerodynamic bal-
ancing and the hinge axig used for the present arrangement
gives probadbly the smallest practical hinge moments with-
out overbalance.

Langley Memorial Aeronautlca] Laboratory,
National Advisory Committee for Aeronautlcs,
Langley Field, Va., January 12, 1939,
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Figure 5. Vector diagram representing forces on elat with slot fully open (reference 1)
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