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R_SITM_ OF AIR-LOAD DATA 0N SLATS AND FLAPS

By Carl J. Wenzinger and Francis M. Roga!lo

SU},[MARY

A rCsum4 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 1988 are included. The data are
given in the form of N.A.C.A. standard coefficients of
air forces and moments on the lift-increasing device and,
when available, the aerodynamic characteristics of the
combined wing and high-lift device are included. Slats of
the Handley Page type, fixed auxiliary airfoils, and flaps
of several different types are covered.

iNTRODUCTI0}[

& stpdy was made by the _.A.C.A. at the request of
the Mat4riel Division, Ar_y Air Corps, during the early
part of ]_984 to furnish information applicable to de<_ign
criterions for slots and flaps of various typos. The
present report is a rCsum6 of the _Tenerally available test
data re_'arding air loads on slats and __a_s_= and includes
data obtained up to the fall of 19_8.

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

PRESENTATI0!T OF DATA

The data are given in the form of N.A.C.A. standard
coefficients of air forces and moments on the lift-increas-
ing device and, when available, the aerodynamic character-
istics of the combined wing and hizh-lift device are in-
cluded. The data of the combination, in practically all
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of the cases, have been qorrected 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 : .,, . .. . :.

CL, total lift coefficient of the combination.

CNw, total normal-force coefficient of the combina-tion.

CD, total drag coefficient of the combination.

(c p.) w, center of pressure of wing, in percent chord.

(c.p.)f, center of pressure of flap, in percent chord.

CNaux, total normal-force coefficient of auxiliary
airfoil.

C , total chord-force coefficient of auxiliary
Caux airfoil.

CNf, total normal-force coefficient of flap.

Chf ' total hinge-m0ment coefficient of flap.

c%, section lift coefficient of combination.

Cnw, section normal-force coefficient of combination.

Cdo, section mrofile-drag coefficient of combination.

I

Cm(a'c )o section _itching-moment coefficient of ccmbina-• tion about aerodynamic center of plain wing.

cn , section normal-force coefficient of slat.
S

Cnf, section normal-force coefficient of flap.

Ccf, section chord-force coefficient of flap.

Chf, section hinge-moment coefficient of flap.

and
I
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Cw, chord of wing.

cf, chord of flap.

q, dynamic pressure.

p/q, point pressure coefficient on surface of wing,

slat, or flap.

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

_o, 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.A.F. _l wing with leading-
edge slot full open (reference 1). Figures l, 2, and 3

show repzesentative pressure-distribution diagrams for the

slotted wing with the slat completely extended. Thepres-
sures in these figures for both the slat and the main wing

are plotted normal to the chord of the main wing.

i_ormal forces nn _ _i_, The normal-force Coeffi-

• cients obtained for the slat of the slotted R.A.F. $I .wing
in terms of slat area are shown in fizUre 4. This figure

also shows the variation of the wing normal force and cen-

ter of pressure with the angle of attack of the wing. The
measured value of the slat norma_force coefficient at the

stalling an_le of attack of the wing was about 2.4.

Resultant 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. ='__z_ure 5 is a vectorial representation
of the slat forces. The vectors are drawn in their cor-

rect location and direction with respect to the slat chord

for differentangles of attack of the main wing, The mag-

nitudes of the forces maybe obtained directly from the
, lengths of the vectors. It should _o noted that these val-

ues apply only to the particular wing and slat combination

tested: separate tests will be required to obtain saris-
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factory data for other wing and slat combinations. The

aerodynamic characteristics of the slotted R.A.F. 31 air-
foil are not available. A slotted Clark Y wing has been

tested in the N.A.C.A. wind tunnels 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 taken 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 N.A.C.A.
5-foot vertical _ind 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

hi@her normal-force coefficients throughout the range of

lift coeffi_cients of the combination investigated than did

the symmetrical N.A.C.A. 0012 auxiliary airfoil, although
the characteristics of the two combinations were about the

same. Based on the total lift of the combination, the

N.A.C.A. 0012 auxiliary airfoil carried about 20 percent

of the total load throughout the range of lift coefficients

" tested, whereas the N.A.C.A. 22 auxiliary airfoil carried

about the same proportion of the total load at high lift

coefficients as the N.A.C.A. 0012 auxiliary airfoil but

carried a higher proportion at low lift coefficients. No
other load data for these devices are available.

TRAILING-EDGE DEVICES

Plain Flaps

_[easurements have been made in the N.A.C.A. 7- by 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 wingwas sealed because it has been shown (refer-
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I

,, ence 6) that even a relatively Small gap has a detrimental

effect on the llft and the drag.

Pressure-distributi0n measurements have also been made

in the 7- by 10-foot wind tunnel of an N.A.C.A. 23012 wing

with a 20-percent-chord plain flap (reference 7). A com-

parison is given in figure l0 of the pressure distribution ,

over a plain wing with that over the flapped wing at throe
different flap settings. Figures ll and 12 give the flap

normal-force and hinge-moment coefficients and centers of

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 %he normal-force coefficient

obtained at the 75 o deflection is 1.6, although the maxi-

mum lift 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

Normal forces and centers of pressure on the flaD.-

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 10-foot wind tunnel (reference 9). Clark Y wing mod-
els were used with two different sizes of full-span split

• flaps, one having a narrtw 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 18 show that the normal force on the

split flaps increases both with flap deflection and with

increase in lift 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 lift of the com-

bination with the 0.15c w flap (CLmax = 2.08). The center

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

moves forward with decrease in flap deflection and with
increase in lift of the combination from small values of

the lift up to the stall.
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_!_ moments of the fla_.- }_oments about the flap
hinge are mlotted in figures 17 and 18 as coefficients of,
hinge moment based on flap 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
similar-sizes of plain flap. A method of computing the
normal forces and the hinge moments of the flaps is given
in reference 8 for split flaps having chords other than
those mentioned.

Split Flaps at Various Chord Locations,
Including the Zap Arrangement

A Series of pressure-distribution tests was made mn
the N.A.C.A. full-scale wind tunnel over the mid-semispan
Se_ction of an N.A.C.A. 2212 wing with split flaps on a
Fairchild 22 airplane (reference I0). The data given
herein are for a flap 20 percent of the wing chord Iocabed
successively at 68, 80, and 89 percen't of the wing chord
from the leading edge. The farthest back location with

: the flap down for maximum lift corresponds to a Zap arrange- '
ment. Total normal-force coefficients and centers of pres-
sure for tile three arrangements noted are given in figures
19, 21, and. 2S. Normal-force coefficients for the flap
and centers of pressure of the air load on the flap are
glvon in figures 20, 22, and 24. These data show that the
£1ap normal-force coefficients vary both with flap deflec-
tion and with normal force of the combination; 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_ar.e 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 10-foot wind
tunnel (reVerence Ii) on a o-foot,chord N.A.C.A. 2S012 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 o down. The loads on the flap were
determined from a oressure-dist'ribution investigation of a
similar wing a,nd fla_ combination (reference 7). Diagrams
of t_le pressure distribution Over the wing and the flap are
given in figure 26 and the air _oads acting on the flap
are _iven 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 g0 ° flap deflection. The
chord-force coefficients are of appreciable magnitude and
must be considered in the Structural design of this flap.

Fowler Flaps

An investigation (reference 12) was made in the
N.A.C.A. 7- by 10-foot wind tunnel of a Clark Y wing with
Fowler flaps havin_ 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 lift
ar_ given in figure 28 together with the characteristics
of a plain Clark Y wing_ A pressure-distribution investi-
gation was made 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-, SO-, and g0-percen% chord N.A.C.A. 23012 Fowler flaps
(reference In). Comparisons of the pressure distribution
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 coefficients
of the flap and the centers of pressure are shown in fig-
ure 31 for the various arrangements mentioned. The 20-
percent-chord Clark Y Fowler flap and the g0-percent-chord
N.A.C.A. 2Z012 Fowler flap gave the highest values of the
normal-force coefficient. These coefficients have a value
of about 1.Z5 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

Ah__fl_.- Force tests have been made in the N.A.C.A. 7-
by 10-foot wind tunnel of an N.A.C.A. 83012 wing with a
2@-percent-chord N.A.C.A. 28012 external-airfoil flap
(reference Ig).Aorodynamic characteristics of the wing
and flap combination are given in figure 32 for several
flap deflections.

A pressure-distribution investigation has also been
made on the wing and flap combination (reference 15) in
which the air loads on the main wing and the flap were
measured. Pressure-distribution diagrams for the wing
with external-airfoil fl_p are given in figures 33 _nd Zg
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for several differout ,flap defle,ctions and .for both a con-
stant normal force of the combination and a-given angle

.... of attack. Normal-force coefficients' and', counters of p,res-
sure on the flap are given in figure 35 for several de-
flections covering _ range from tho high-speed setting
(-Z ° ) to beyond that for maximum lift. Tho maximum normal-
force coefficient for this type of flap has about the same
value as that of the Fowler flap.

J

Hinge moments of the fla2.-The moments about the
_lap hinge location shown are given in figure 36 as .eoef-
.ficients of hinge moment based on flap chord and area.
This type of flap lends itself easily to aerodynamic bal-
ancing and the hinge axis used ,for the present arrangement
gives probably the smallest practical hinge moments with-
out overbalance.

Langley Memorial Aeronautical Laboratory, ..
National Advisory Committee for Aeronautics,

Langley Field, Va., January 12, 1939.
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Figure 29. Comparison of the pressure distribution,
at the same lift, over the N.A.C.A, 23012

wing and 0.20cw N.A.C.A. _5012 Fowler flap with that
-6F- p over the Clark Y wing and O.20cw Clark Y Fowler flap_

h q \x_ cn(w 5'(reference 13)"
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Figure 50.- Comparison of the pressure dfstribut ion, at the same lift, over the
N.A.C.A 25012 wing with 0.20Cw, 0.g0ew & 0.40CwN.A.CA.25012 Fowler

flaps, Cn(w+f), 2.55, (reference 15).
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\ Figure 53.- Comparison of the pressure distribution over an
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