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PESEARCH MEMORANDUM

WIND-TUNNEL IKVESTIGATION OF AIR LOADS OVER A DOUBLE
SLOTTED FLAP ON TEE NACA 65(216)-215, & = 0.8 AIRFOIL SECTION

By Fioravente Visconti
SUMMARY

A low-speed high Reynolds number investigation wae conducted
in the langley two-dimensionsl low-~-turbulence pressurs tunnel
primarily to determinse -the air loads over a double slotted flap on
the NACA 65(216)-215, & = 0.8 sairfoil section.

The results indicate that the loads on a double slotted flap
change slcowly with variation of angle of atwuack but increase
rapidly as the flap is deflected. The airfoil-flap combination and
dcuble slotbed flap maximum ealr loads were realized at a flap
deflection of T0C which appears nesrly optimum for maximum section
normel force. A maxiwum normal-force coefficient of 3.37 can be
obteined by this airfoil-flap combination of which approximately
32 percent 1s supported by the dcuble slotted flap.

INTRODUCTICN '

. Up to the present time, very few high Reynolds number air-loed

data applicable to the structural design of double slotted flaps
and their supporting and retracting mechenisms are available. For
this reason en NACA 65(216)-215, & = 0.8 alrfoil section equipped

with & double slotted flep was tested in the Langley two-dimensional
low-turbulence pressure tunnel to obtain air-load data on a double
slotted flap. The double slotted flap was designed so that the vane
remained stationary while the flap pivoted about a fixed point relative
to the chord line and leading edge of the alrfoil.

Aly loads on the siyfoil-flap coxbination and double slotited
flap were determined at flap defloctions ranging from 0° to 70°., Load
distributions over the airfoil-flap combination were determined for
several flap deflections to obtain an Iindicatlon of the effect of the
double slotted flap on the basic load distribution. The tests wers
ccnducted primarily at a Reynolds number of 6.3 X 106 with some
variation in Reynolds number included to determine any possible scale
effect on the air loads.
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SYMBOLS AKD COEFFICIENTS

airfoll chord

vans chord

flap chord

fres-streem dynamic pressure

quarter-chord pitching moment per unit span of ailrfolil
section with double slotted flap, positive when moment
tends to Increame angle of atteck

normal force per_unlt span bf airfoll section with
double slotted Tlap, positive when force is directed
upward relative toc the wing chord line

maximum normal force per unit spen of airfolil section
with double slotted flap, positive when force is directed
upward relative to the wiag chord line

normel force per unit span of-vane alone, positive when
force 1s directed upward relative to the vane chord line

maximum normal force per unit span of vane alone, positive
when force 1s directed upward relative to the vane chord
line

normal force per unlt span of flsp alone, positive when
force is directed upward relative to the flap chord line

aximm noymal force per unit spen of flap alcne, positive
when force 1s directed upwerd relatlve to the flap chord
line

chord force per unit span of vane alcone, positlve when
force is directed rearwerd relative to the vans chord
line

chord force per unit span of flap slone, positive when
force ia directed rearward relative to the flap chord
line

moment per unit span of vene alone about vene reference
point, positive when veane tends to—rotate in direction
to Increase vane deflection ‘



NACA RM No. LTA30 3
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Mo /4

moment per unlt span of flap alone about flap reference
point, positive when flap tends to rotate in directiom
to Increase flap deflection

guarter-chord pltchling-moment coefficient of airfoil

m
f Tefb
section with double slotted flap (;~ /?;)
g c
o

normel ~force coefficlent of alrfoll section with double

slotted flap | ——\
“4oc/
. Dyay
maximum noymal ~force coefficient (\ })
4,¢

vane normal-force coefliclent oy j)
' doCy
. Do N
meximmm vane normal-force coefficlent (i_;EEEE\

rov

o
flap normal-force coefficlent =
8oCr

-

' o
maximum flap normal-force coefficient (J—igzﬁ

8,°f

vane chord-force ccoefficient /’x#
- \ %Sy

flap chord-force coscfficient i
%oCt

vane mament coefficient: (?Eﬁﬂh€>

9l
*

' me
Tlap moment coefficient (/ -~ P
9o°f

pressure differencs acroes the chord line at any shtation
along the chord
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P normal-pressure coefficient (P/qo)

%y girfoll section angle of attack, degrees

Bf flep deflection with respect to airfoll chord, degrees,
positive when tralling edge of flap is deflected
- downward :

R Reynolde numbexr

MODEI, AND TESTS

The model was an NACA 65{216)-215, & = 0.8 airfoil section
equipped with e double slottsd flap and had a 2k ~inch chord with
the double slotted flap retracted. The span of the model was
approximatoly 36 inches, and it vas mounted in the tunnel so that = —
it completely spanmed the test section. The main wing section was
constructed of laminated mshogsny while the 0.095-chord vene and
the 0.248-chord flap were mede of red brass. Ordinates for the
airfoll section, vane, end flap are presented in table I. The
main wing sectlon, vene, and flap wers constructed with flush surface
pressure orifices located, as given in table II, along the midspean
for determining the air loads. Ths surfaces of the model were
prepared for tests by sanding to produce aerodynamically smooth
guxfaces. _

Sketches of-the model and the double slotted flap configuraticns
are shown as figures 1 and 2. When the flap was retrected at 0°,
the flap chord line coincided with the wing section chord line. For
flap deflectioms varying from 25° to 70°, the vane remained at a
fixed position with the leading edge iocated on the wing chord line
at a point 0.795 chord frem the leading edge of the wing sectlon.
The flap pivoted about & point 0.893 chord from the wing lsading edge
and 0.065 chord below the wing chord line. The pivot point on the
flap was locsted at 0.043 chord from the flap leading edge end 0.010 chord
bolow the f£lap chord line. _ . . e
Tests wore conducted at flap defléctioms of 0°, 25°, 30°, 35°, Lo©,
50°, 550, and T0°. Air loads weore detormined from measurements of
surface pressures over the wing sectlon, veae end flap primarily at a
Reynolds number of 6.3 X'106. The alr lcaés were obtalnod at a
sufficiont numher of angles of attack to establish the maximum normal-
force coefficlent and the linear part of the section normal-force curve.
Because the investigations were conducted at a Mach number of approxi-
mately 0.12, the date obtained are believed relatively free of the
effects of compressibility.
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The test date of the alrfoil-flap combination have been corrected
to free-air values by the followilag equations in which the primed
quantities represeht values measured ;n the tunnel:

cp = 0.975 ep'
ay = 1.015 ab'
g = 1.010 qo'

A complete dilscussion of these corrections is contained in referenco 1.
In determining the chord forces of the veno and flap, skin friction
has not been included.

RESULTS AND DTSCUSSICN

Section characteristics.- Section characteristics at flap
deflections of 09, 250, 309, 35°, 40°, 50°, 55°, and 70° for the
airfoll-flap cubinatlion are presenved in figure 3. The maxirmm
normal -force coefficient obtained was 3.37 which occurred at a flap
deflection of 70°. It 1s bolioved that slightly higher values may
be obitained by a shift in the vane location or pivot polnt but the
configuration investigated is believed to he very near ophbirmum for
maximm gection normal foree. The section quarter-chord pitching-
moment coefficients dus to the normal and chordawise forces of the
alrfoll-flap combination are also presented in figure 3 for the same
range of flap deflectlion.

Double-slatted-flao 1nadsa.~ Air loads on the vans and fiap for
flap deflections vanging from 25° to T0C are presented in figuvres b
end 5. These curves shcw that, as the angle of attack 1s increased,
the loads on the double slotted flap change slowly in compariscn with
the loads on the alrfoll-flap combination. The alr loads on the double
slotted flap increase rapidly vwith flap deflectlon and in general,
the maximun loada for any pariticular fiap deflection may occur st any
section normal -force values beyend 1.4. HNo uniform variation of these
alr loads could be expocted due to the radical changes of air flow
through the slots as the flap is deflected. The maximum chordvlse
forces of the vane and flap sre negative, that 1s, the largest forces
are directed forward and tend to retract tho flap. Ekin friction,
which has not been included in these chord forces, vould reduce thelr
magnitude. The chord forces, however, should not be neglected when
obtaining the resultent eir lcsd on the vane and flap.

The varietion of the normal-Force loads of the airfoil-flap
combination, vans, and flap with flapodeflectian are preasnted for
constant angles of attack of -4.1%, 0%, end 8.1° in Pigure 6. These
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curves indicate that the normal-force loads cn the double slotted flap
puild up as rapidly, if not more so, with flap deflection than d¢o the
normal -force loads on the airfoil-flap combination. As the angle of
attack 13 increassed from ~k.1° to 8.1°, the normel force load o the
vene decresasa at the high flep deflections while those on the flap
decrease Tor mozt flap deflections. This is probably due to separatlion
of the flow at the trailirg edges of the vane and flap which causes

the double slotted flap to parily stall as the angle of attack is
increased beyond a renge of approximetely -4.1° to 0°. The partial stall
of the double slotted flap ceuses the slope of the section normal-force
coefficient curve, at flap deflsctions ranging from 25° to 709, to
docresse as the angle of attack approaches the stall (fig. 3).

The meximum normsl-force double-slotted-flap loads and maximum
pection ncrmal~force lcads for ell flap deflecticns investigated are
presented in figure 7. The maximmmm normel-force loeds occur at a
flap deflection of TQO which appears to be nearly optlmum.

Scale effect.~ Scale effect data on the section force character-
istice are prezsnted in figure 8. A change in Reynolds nuwboer from
2.9 X 100 to 8.9 X 10° aid not affect the maximmun ssction normal -force
characterictics to any great extent. The scale effsct data on the vane
loads are pressnted in figurs 9. As the Reynolds nurber is increased
from 2.9 X 10° o 6.3 X 106, thers eppsars an adversse scale effect on
the vane normal-force charecterlstics betwesn ssction normel-force coef-
ficients valuss of about 2.7 and 3.0. As the Reynolds numier was In-
creased to 8.9 X 106, the values of the vene ncrmal-force coefficlents
were approximately equal to those cbiained at 2.9 X 106. While a decrcase
in megnitude of the moment coefficients was exnmected, & conslderable in-
crease occurred. This decreass in normal-force coefficient and Increase
in moment coefficien: as the Reynolde number is incroased fram 2.9 X 10
to 6.3 X 106 i3 due primarily to changes in preasures over the wpper
surface. Tine pressures over the Iorward part of the vane dscreased while
highor precsures resulited over the rearward part ceusing the center of
pressure to move rearward whicn resulied ln a higher pritching momsnt about
the vane refevrence point for a lower nomel-force load. The scele effect
data obtained on the flap ioad characteris*ics are prssented in figure 10.
In comparison with the scale effact ¢ata obtailned on the vane (f1g. 9),
e mmaller gcals effect occurred on the flap normal and chordwiss forces
with practicelly no change occurring In the roment characteristics.

Load distribubionsg .~ Load distributions -over the ailrfoil-flep
combinatiocn for several flap deflscticvas eie preasented in figure 1l.
A double poak-pressure reglicn on the f£lap aproars at a flap deflection
of 55°, These pesks indicate that rolatively high velcclty reglons
exist cn the flap with a lover veloclty region between them. The main
effoct of the double slobted flap on the alrfoil is its abllity to
chenge the flow arcund the airfoil in such a msnner as to increase the
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load carried by the mein wing section without causing it to stall.
The load distributions presented are useful for showing tke change
in loed distribution as tho flap ie dsflected and are applicablo to
the structural design of ribs es well as the double slotted flep.

CONCLUSIONS

The results of thls investigation of the alr loads over &
doublo slotted £lap on the NACA 65{216}-215, a = 0.8 airfoil
section indicate that

1. The air loads on the douhle slotted flap change slowly
with variation of engle of a.'btaok but increase rapldly as the flap
is deflected .,

2. The maximum air locads of the eirfoil-flap com'bination and
double slotted flap are obtailned at a flap deflection of 70° which
appears nearly opbimum for meximum sectlon normal force.

3. " A maximum normal-force coefficient of 3.37 cen be obtained
by this airfoil-flap combinetion of which approximately 32 percent
is carried by the dounble slotted flap.

4, The chord farces obtained at high flap deflections tend to
retract the flap.

5. The main effect of the double slobtted flap is that 1t
causes the alrfoll to carry a greeber load without stalllng.

Langley Memorial Asronautical ILsaboratory
National Advisory Ccmittes for fercnautics
Langiey FPleld, Va.
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TABIIE II."

{

WLNG, VANE, AND FLAP ORIFICE LOCATIONS

OF AN NACA 65(216)-215, a = 0.8 AIRFOIL EQUIPPED

WITH A DOUBLE SLOTTED FLAP

[ﬁtations glven in percent of wing chord
from reference point of wing, vane, or flap]

Wing sectlon

Upper Lower
| orifice |orifice
gtatlon | station
1.16 1,292
2. 7% 2. 6%
h 75 5.2
‘7.708
ﬁ 32 | 191503
%B 25, 125
000
h0 ggg ﬁo 082
53:085 gﬁ
25.0 2 25 000
5.08% 5.000
77.08%

Vane ¥laep
Io U Lower
ogggize ori?iZa 1ce | orifice
statlon | statlon station | station
0.033 0

2 Z 3.570 1 2 2 h 8
30 | 5.995 6.20
7.861 7.710 22 9 32
9.360 6 5
16 140
8. 691 21,106

12.415

16,140

21.106
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L. 000

Maln wing seation
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Figure 1.- Wing, vans, and flap of the NAQA 65(216)-215, o = 0.8 airfoil asotlon.
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Figare 2.- Double elotted flap configurations on an NACA 65(216)-215, a = 0.0 airfoll section.
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Figure 3 .- Beotlon hormal-forae and pitching-moment oharmoteristles of an NAGA 65(216)-215, & = 0.8 airfoll scction equipped
with » double slotted flap, Rm6.3 x 106,
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