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SILOTTED FLAP ON TEE NACA 65(216)-215, & = 0.8 AIRFOIL SECTION

By Fioravente Visconti
SUMMARY

A low-gpeed high Reynolds nunber investigation was conducted
in the Langley two-dimensional low-turbulence pressurs tunnel
primarily to determins -the air loads over a double slotted flap on
the NACA 65(216)-215, & = 0.8 airfoll section.

The results indicate that the loads on a double slotted flap
change slcwly with variation of angle of atmack but increase
rapldly as the flap is deflected. The airfoil-flap combination end
dcuble slctted flap maximum air loads were realired at a flap
deflection of T0° which appears nesrly optimum for maximum section
normsl force. A maxiwum normal-force coefficient of 3.37 can be
cbtained by this airfoll-flap combination of which approximately
32 percent is supported by the double slotted flap.

INTRODUCTICN '

. Up to the present time, very few high Reynolds number air-loed
date applicable to the structural design of double slotted flaps
and thelr supporting and retracting mechenisms are available. For
this reason en NACA 65(216)-215, & = 0.8 airfoll section egquipped
with & double slotted flap wes tested in the Langley two-dimensional
low-turbulence pressure tunnel to obtain air-load date on a double
slotted flap. The double slotted flap was designed so that the vane
remained stationary while the flap plvoted about a fixed point relative
to the chord.line and leading edge of the alrfoil.

Air loeds on the eirfoil-flap combination end double slotted
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 obtein an Indicatlon of the effect of the
double slotted flap on the baslc load distribution. The tests were
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

alrfoil chord

vane chord

flap chord

free-streem dynamlc pressure

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

normal force per.unlt span Hf alrfolil section with
double glotted Tlap, positive when force 1s directed
upward relative to the wing chord line

maximum normal force per unit spen of airfoil section

with double slotted flap, positive when force is directed

upward relative to the wiang chord line

normel force per unit span of-vane alone, positive when

force is 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 alone, positive
when force is directed upwerd relative to the flap chord

line

chord force per unit span of vane alcne, positive when
force is directed rearwerd relative to the vane chord
line

chord force per unit span of flap slone, positive when
force 1s directed rearward relative to the flap chord
line

moment per unit span of vene alone about vene reference
point, positive when vane tends to—rotate in direction
to increase vane deflection ‘
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monent per unlt span of flap alone about flap referencs
point, positive when flap tends to rotate in direction
to Increase flap deflection

quarter-chord pitchaing-moment coefficlent of airfoil

: m
{ Te/b
section with double slotted flap ( /2)
qg.c
o

noymael ~force coafficient of alirfoil section withn double

slotted flap | 0
“dec/ .
. Dyay
maximm noxmal ~forece cosfficlent ( )
4,C

vans normal-force coeflicient oy )
' 95Cy
o B N
maximm vane normal-force coefficlent (.._"Eﬂ_%ﬁ A

C.!.ocv

2l
flap normael-force coefficient =
8pCr

-

. np
meximm flap normal-force coefficient (i._c_}.
o~ f

vane chord-force coefficient 1/ s
' 9%+

flep chord-force coefficient I
9oCf

2

vane mauent coefficlent: (—If-';a-)
qoc"rr

' me
‘Tlap moment coefficient ~ >
%°f

preseure difference across the chord line at any ghtation
along the chord
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P normal -pressure coefficient (P/qo)

%, airfoll section angle of attack, degrees

Bf flap deflection with respect to airfoll chord, degrees,
ponitive when trailing edge of f£lep 1s deflected
- downward

R Reynolde numhexr

MCDEI, AND TESTS

The model was an NACA 65{216)-215, a = 0.8 airfoll section
equipped with a double slottsd flep aad had a 2h-inch chord with
the double slotted flap retracted. Thoe span of the model was
approximatoly 36 inches, and it vas mounted in the tumnel so that = —
it completely spanmed the lest section. The main wing section wes
constructed of laminated mshogsny while the 0.095~chord vene and
the 0.248-chord flep were meie of red brass. Ordinates for the
sirfoll section, vane, end flap are presented in table I. The
malin wing section, vene, and flap wors constructed with flush surface
pressure orifices located, as given in table IT, along the midspan
for determining the air loads. Ths surfaces of the model were
prepared for tests by sanding to produce asrodynamicelly smooth
suxfaces.

Sketches of-the model and the double slotted flap configuraticns
are shown as figures 1 and 2. Whon the flap was retrected at 00,
the flap chord line coincided with the wing section chord line. For
flap deflections varying from 25° to T0°, the vane remained at a
fixed position with the leading edge located on the wing chord line
st &8 point 0.795 chord froem the leadling edge of the wing section.
The flap pivoted about & point ©.893 chord from the wing lsading edge
and 0.065 chord below the wing chord line. The pivot point on the
flep was locsted at 0.043 chord from the flap leading edge and 0.010 chord
bolow the flap chord line. _ el

Tests wore conducted at flap deflections of 09, 25°, 30°, 35°, Lo°,
50°, 559, and 70°, Air loads were detormined frqm.measurements of
surface pressures over the wing sectlon, veae and flap primarily at e
Reynolds number of 6.3 X_106. The air lcaés were obtalnod at &
sufficiont numher of angles of attack to establish the maximum normal=~
force coefficient and the linesr part of the section normal-force curve.
Because the investigations were conducted at a Mach number of approxi-
mately 0.12, the date obiained are belisved relatively free of the
effects of compressibility.
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The test date of the airfoil-flap combination have been corrected
to free-air values by the following equations in which the primed
quantities represeht values measured in the tunnel:

cy = 0.975 cp'
1.015 oy

09
]

g = 1.010 qo'

A complete discussion of thess corrections is contalined in referenco 1.
In determining the chord forces of the vano and flap, skin friction
has not been included.

RESULTS ANT DISCUSSICN

Section charscteristics .- Section characteristics st flap
deflections of 09, 250, 309, 35°, 409, 50°, 55°, and T0° for the
airfoil-flep curibination are presenved in figure 3. The maximum
normal ~-force coefficlent obtained was 3.37 which occurred at a flap
deflection of 70°. It i1s bolioved thet slightly higher values may
be obtained by a shift in the vane location or pivot point but the
configuration investigated is bellieved to be very near optirum for
maximim section normel force. The section quarter-chord pitching-
moment coefficients due to the normal and chordwise forces of the
alrfoll-flap combination are also presented in figure 3 for the ssme
renge of flap deflsction.

Double-slatted-flao lnads .~ Air loads on the vans and fliap for
flap deflectiong vanging from 25° to 70° are presented in figures b
end 5. These curves shcw that, as the angle of attack is increesed,
the loads on the dcuble slotted flap changse slowly in compariscn with
the loads on the airfoil-flap combination. The air loads cn the double
slotted flap increase rapidly with flap deflectlor and in general,
the maximm loads for any particular fiep deflection may occur at any
section normal-force velue beycnd 1l.4. Ho uniform veriation of these
alr loads could be expocted due to the ralical changes of air flow
through the slots as the flap is deflected. The maximum chordwise
forces of the vane and flap are negative, that 1s, the largest forces
are directed forward and tend to retrect tho flap. Skin friction,
which has not been included in these chord forces, vould reduce their
magnitude. The chord forces, however, should not be neglected when
obtaining the resultent eir losd on the vane and flap.

The varietion of the normal-force losds of the eirfoil-flap
corbination, vans, and flap with .glapodeflec‘tion ars preasnted for
constant angles of attack of -4.1%, 0, end 8.1° in figure 6. These
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curves indicate that the normel-force loads on the double slotted flap
Puild up as rapidly, if not more so, with flap deflection than do the
normal-~force loads on the airfoil-flap combination. As the angle of
attack 13 increased from ~k.1° to 8.1°, the normael force load o the
vene decressed at the high flap dsflections while those on the flap
decrease for mozt flap deflectioms. This 1s probably due to separation
of the flow at the trallirng edges of s veaie and flep which causes

the doubls slotted flap to parily stall as the angle of attack is
increased boyond & range of approximetely -%.1° to 0°. The partial stall
of the double slotted flap ceuses the slope of the section normal-force
coefficient curve, at flap deflections ranging from 25° to T0°, to
docrease a8 the angle of attack approaches the stall (fig. 3).

The meximwm normal-force double-slotted-flap loads and maximum
section normali-force lcads for all flap dsflecticns investligated are
presented in figure 7. Tho maxirme normel-force loeds occur at a
flap deflection of 70° which appears to be nesrly optimum.

SBeale effact.- Scale effect data on the section force character-
istics ars pressnted in figure 8. A change in Reynolds numbor from
2.9 X 100 to 8.9 X 10° d1d not affect the maximin ssction normal-force
characterictics to any great extent. The scale effzct data on the vane
loads are pregented in figure 9. As the Reynolds nuiber is lncreased
from 2.9 X 109 o 6.3 X 106, thers eppsars an adverss scale effect on
the vane normal-force characteristics beitwesn ssction normal-force coef=-
ficients values of about 2.7 and 3.0. As the Reynoclds number wasg in-
creased to 8.9 X 106, the values of the vene ncrmel-force coefficients
wore aprroximately equal to those obtained at 2.9 X 106. While a decrecase
in megnitude of the moment cosfficienis was exmected, & considerable in-
creage occurred. Thia dscreass in normal-force coefficisnt and incresse
in mement cgefficien as the Reynolde numiber is incroased fram 2.9 X 10
to 6.3 X 106 i3 due primarily to changes in prsnsures over the upper .
surface. Tane pressures over the Iorward part of the vane decreased while
highor pressurss resulted over the rearward part causing the center of
pressure to move rearward which resulted in a higher pitching moment about
the vane refvrence point for a lower normel-forcoe load. The scele effect
data obtained c¢n the flep load characterisiics are presented in figure 10,
In compariscon with .the scale effact ¢ata obtained on the vame (fig.'9),
e smaller gcals effect occurred on the flap normal and chordwiss forces
with practically no change occurring in the moment characteristics.

Load distribvutions.~ Load distridutiohs -over the airfoil-flep
combinatica for several flap deflscticvns ere proaented in figure 1l.
A double poak-pregssure regicn on the f£lap aprours at & flep deoflection
of 55°, These pesks indicate that rolatively high velccity regions
oxist cn the flap with a lover velocity region between them. The main
offect of the double slotted flap on the airfoll is 1te ability to
change the flow arcund the airfoil In such a memmer as to increase the
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load carried by the mein wing section without causing it to stall.
The load distributioms presented are useful for showing the change
in loed distribution as tha flep is dsflected and are appliceblo to
the structural design of ribs eas well as the double slotted flep.

CONCLUSIONS

The results of this investigation of the &ir loads over &
doublo slottzd flap on the NACA 65{216)}-215, a = 0.8 airfoil
section indicate that

1. The air loads on the docuble slotted £lap change slowly
with variation of angle of a.tta.ok but increase rapldly as the flap
is deflected .

2. The mazimum alr loads of the alrfoll-flap ccmbination and
double slotted £lap are cbtained at a f£lap deflection of 70° which
appears nearly optimum for meximum section normel force.

3.' A maximum normal-force coerficient of 3.37 cen be obtalned
by this airfoil-flap cambination of which approximately 32 percent
1s carried by the donble slotted flap.

i, The chord forces obteined at high flap deflections temd to
retract the flup.

5. The main effect of the double slotted flsp is thet it
causes the airfoil to carry a greeter load without stalling.

Langley Memorial Aeronautical Laboratory
National Advisory Ccmmittes for fLercmautics
Langliey Pleld, Va.
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TABIIE II."

{

WING, VANE, ARD FLAP ORIFICE LOCATIONS

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

WLTH A DOUBLE SLOTTED FLAP

[Etations>given in percent of wing chord
from reference point of wing, vane, or flap]

Wing sectlon

Upper Lower
| oriflce |orifice
statlon | station
1.167 1.292
2.375 2.66
L.875 5e2
T+3353 7.708
375 10.208
1E.8g3 15.292
2.9 25,125
5.000 35.085
0.000 0.083
L,5.063 | L5.o42
50.08% | 50.083
25.0 2 5.000
5.08% 5.000
T7.08%

Vane Flap
Upper Iower Upper Lower
orifice | orifice orifice | orifice
station | statlon atation | station
1.8L8 0.033% g » %.ﬁ
* . 0 [ '
2.258 2.355 2.483% 6;208
7.861 T.710 %-72 9.932
9.360 .96 12.415
208 | 16.140
8.691 | 21.106
12,415
16.140
21.106
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Figurs 1.= Wing, vans, and flap of the NAQA #5(2164)=215, a = 0,8 airfolil ssotlon.
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Flgure 2.- Double elotted flsp oonfigurations on an NAGA 65(216)-215, a = 0.8 airfoll section.
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Lov opocd, high Roynolds Dunmbar invostigaticn was canducted in two-dircmoicmal, lou-
turdbnlcnco prosouro tunmol, Tho rooults shov that tho loads over o ‘doudlo-clottcd flop
{chango olovly with variotica of englo of attack, but inorcaso ropldly ag tho flop io Go-
flootcd. Tho airfoil .flap ocodinntion and doublo-slotted flap oz odr 16040 3o
roaliscd at a flap doflocticn of 70°, which appcarcd ncarly optinrn for rxirm ocoticn
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