
3 1176 0Ö005L 6797 

Copy No.        4 
RM No. L7A30 

RESEARCH MEMORANDUM 

WIND-TUNNEL INVESTIGATION OF AIR LOADS OVER A DOUBLE 

SLOTTED FLAP ON THE NACA 65(216)-215, a = 0.8 AIRFOIL SECTION 

By 

Fioravante Visconti 

Langley Memorial Aeronautical Laboratory 
Langley Field, Va. 

NATIONAL ADVISORY COMMITTEE 
FOR   AERONAUTICS ^ 

WASHINGTON 

April 9, 1947    ^v^*^*^* 

V«**       

jyr •&& 

_i_ 



NACA RM No. L7A30 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

WIND-TUNNEL INVESTIGATION OF AIR LOADS OVER A DOUBLE 

SLOTTED FLAP ON TEE NACA 65(216)-215,     a = 0 .8   AIRFOIL SECTION 

3y Flora veil te Yisconti 

SUMMARY 

A low-speed high. Reynolds number inveetigation was conducted 
In the Langley two-dimensional low-turbulence pressure tunnel 
primarily to determine -the air loads over a double slotted flap on 
the NACA 65(216)-215, ä = 0.8 airfoil section. 

The results indicate that the loads on a double slotted flap 
change slowly with variation of angle of attack but increase 
rapidly as the flap Is deflected. The airfoil-flap combination and 
double slotted flap maximum air loads were realised at a flap 
deflection of 70° which appears nearly optimum for maximum section 
normal force» A maximum normal-force coefficient of 3*37 can be 
obtained by this airfoil-flap combination of which approximately 
32 percent is supported by the double slotted flap. 

INTRODUCTION 

• Up to the present time, very few high Reynolds number air-load 
data applicable to the structural design of double slotted flaps 
and their supporting and retracting mechanisms are available.. For 
this reason an NACA 65(216)-215, a - 0.8 airfoil section equipped 
with a double slotted flap 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 airfoil. 

Air loads on the airfoil-flap combination and double slotted 
flap were determined at flap deflections ranging from 0° to 70°.. Load 
distributions over the airfoil-flap combination were determined for 
several flap deflections to obtain an indication of the effect of the 
double slotted flap on the basic load distribution. The tests were 
conducted primarily at a Reynolds number of 6.3 X 10^ with some 
variation in Reynolds number included to determine any possible scale 
effect on "the air loads, 
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SYMBOIS AND COEFFICIENTS 

c airfoil chord 

Oy vane chord 

Cf flap chord 

q0 free-stream dynamic pressure 

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

n       normal force -per-janit span £>f airfoil section with 
double'slotted flap, positive when force is directed 
upward relative to the wing chord line 

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

rLy.      normal force per unit span of-vane alone, positive when 
force is directed upward relative to the vane chord line 

n,.      maximum normal force per unit span of vane alone, positive 
maz     when force Is directed upward relative to the vane chord 

line 

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

Uf uaxLmum normal force per unit span of flap alone, positive 
ffiaz     when force is directed upward relative to the flap chord 

line 

Xy chord force per unit span of vane alone, positive when 
force is directed rearward relative to the vane chord 
line 

Xp      chord force per unit span of flap alone, positive when 
force is directed rearward relative to the flap chord 
line 

my      moment per unit span of vane alone about vane reference 
point, positive when vane tends to-rotate in direction 
to increase vane deflection 
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m*      moment per unit span of flap alone afcout flap reference 
point, positive when flap tends to rotate in direction 
to increase flap deflection 

c  ..    quarter-chord pitching-moment coefficient of airfoil 

^max 

-Df 

section with double slotted flap ©) 
OJJ      normal-force coefficient of airfoil section with double 

slotted flap [ N 

maximum normal-force coefficient 

vane normal-force coefficient 

/nmsx\ 

sn      maximum vane normal-force coefficient / _l£!52E. j 
vmax \kfir j 

cn      flap normal-force coefficient /—=— \ 

Cj^ maximum flap normal-force coefficient { 
^max \^ 

c-v- vane chord-force coefficient /  ^ 

c^, flap chord-force coefficient / -_£_ \ 
^ \<locfJ 

c•      vane moment coefficient 

"m-p 
Cm-     flap moment coefficient 

Uo°f2 

p       pressure difference across the chord line at any station 
along the chord 
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P       normal-pressure coefficient (p/'lo) 

a       airfoil section angle of attack, degrees 

5f      flap deflection with respect to airfoil chord, degrees, 
positive when trailing edge of flap is deflected 
downward 

R       Reynolds number 

MODEL AMD TESTS 

The model was an NACA 65(216) -215, a = 0 .8 airfoil section 
equipped with a doxx'ble slotted flap and had a 24-inch chord with 
the double slotted flap retracted. The span of the model was 
approximately 36 inches, and it was mounted in the tunnel so that 
it completely spanned the test section. The main wing section was 
constructed of laminated mahogany while the 0 .096-chord vane and 
the 0.2^8-chord flap were made of red "brass. Ordinatos for the 
airfoil section, vane, and flap are presented in table Is The 
main wing section, vane, &ndi. flap were constructed with flush surface 
pressure orificeB located, as given in table IX, along the midspan 
for determining the air loads. The surfaces of the model were 
prepared for tests "by sanding to produce aerodynamically smooth 
surfaces. 

Sketches of - the model and the double slotted flap configurations 
are shown as figures 1 and 2. When the flap was retracted at 0°, 
the flap chord line coincided with the wing section chord line«. For 
flap deflect-ions varying from 25° to 70°, the vane remained at a 
fixed position with the leading edge located on the wing chord line 
at a point 0-795 chord from the leading edge of the wing section. 
The flap pivoted about a point 0.893 chord from the wing leading edge 
and O.O65 chord below the wing chord line. The pivot point on the 
flap was located at.0.0^3 chord from the flap leading edge and 0.010 chord 
bolow the flap chord line .  _ _ 

Tests wore conducted at flap deflections of 0°, 25°, 30°, 35°, kO°, 
50°, 55°, and 70° „ Air loads were determined from measurements of 
surface pressures over the wing section, vane, and flap primarily at a 
Reynolds number of 6.3 x 10°. The air loads were obtainod at a 
suff iciont number of angles of attack to establish the maximum normal- 
force coefficient 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 data obtained are believed relatively free of the 
effects of compressibility. 
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The test data of the airfoil-flap combination have "been corrected 
to free-air values by the following equations in which the primed 
quantities represent values measured in -tiie tunnel: 

cn = 0.975 c^ 

a0 = 1.015 a0« 

qc = 1.010 qQ' 

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

RESULTS AND DISCUSSION 

Section, characteristics.- Section characteristics at flap 
deflections of 0°, 25°,  30°,  35°, !*0°', 50°, 55°, and 70° for the 
airfoil-flap combination are presented in figure 3. The maximum 
normal-force coefficient obtained vas 3-37 which occurred at a flap 
deflection of 70°• It is belioved that slightly hißher values may 
be obtained by a shift in the vane location or pivot point but the 
configuration investigated is believed to be very near optimum for 
maximum section normal force. The section quarter-chord pitching- 
momont coefficients due to the normal and chordwise forces of the 
airfoil-flap combination are also presented in figure 3 for the same 
range of flap deflection. 

Double-slotted-flao loads.- Air loads on the vane and flap for 
flap deflections ran£ing from 25° to 70° are presented in figures It- 
and 5> These curves show that, as the angle of attack is increased, 
the loads on the double slotted flap change slowly in comparison with 
the loads on the airfoil-flap combination- Hie air loads on the double 
slotted flap increase rapidly with flap deflection and in general, 
the maximum loads for any particular flap deflection may occur at any 
section normal-force value beyond 1.4. No uniform variation of these 
air loads could be expected due to the radical changes of air flow 
through the slots as the flap is deflected. The maximum chord*Jise 
forces of the vane and flap are negative, that is, the largest forces 
are directed forward and tend to retract tho flap. Skin friction, 
which has not "be^n included in these chord forces, rould reduce their 
magnitude.. The chord forces, however, shcuJLd not be neglected when 
obtaining the resultant air load on the vane and flap. 

The variation of the normal-force loads of the airfoil-flap 
combination, vane, and flap with flap deflection are presented for 
constant angles of attack of -k.l°,  0°, and 3.1° in figure 6.    These 
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curves indicate that the normal-force loads on the double slotted flap 
"build 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 ia increased from -4*1° to 8.1°, the normal force load on the 
vane decreases at the high flap deflections while those on the flap 
decrease for most flap deflections. This is probably due to separation 
of the flow at the trailing edges of the väne and flap which causes 
the double slotted flap to partly stall as the angle of attack is 
increased beyond a range of approximately -4.1° to 0°. The partial stall 
of the double Blotted flap causes the slope of the section normal-force 
coefficient curve, at flap deflections ranging from 25° to 70°, to 
decrease as the angle of attack approaches the stall (fig. 3)« 

The maximum normal-force double-slotted-flap loads and maximum 
section normal-force loads for all flap deflections investigated are 
presented in figure 7- $ho maximum normal-force loads occur at a 
flap deflection of 70° which appears to be nearly optimum. 

Scale effect.- Scale effect data on the section force character- 
istics are presented in figure 8. A change in Reynolds number from 
2.9 X 10° to 8„9 X 10° did not affect the maximum s&ction normal-force 
characteristics to any great extent. The scale effsct data on the vane 
loads are presented in figure 9« As the Reynolds number is increased 
from 2.9 X 10° to 6.3 x 1Q6/ there appears an adverse scale effect-on 
the vane normal-force characteristics "between section normal-force coef- 
ficients values of about 2.."! and 3«0« As the Reynolds number was in- 
creased to 8.9 x 106, the values of the vane ncrmal-force coefficients 
were approximately equal to those obtained at 2.9 X 10°\ While a decrease 
in magnirude of the moment coefficients was expected, a considerable in- 
crease occurred. This decrease in normal-force coefficient and increase 
in moment coefficient as the Reynolds number is increased from 2-9 x 10^ 
to 6.3 X 106 ia due primarily to changes in pressures over the upper 
surface. The pressures over the forward part of the vane decreased while 
highor pressures resulted over the rearward part causing the center of 
pressure to move rearward which resulted in a higher pitching moment about 
the vane reference point for a lever normal-force load. The scale effect 
data obtained on the flap load characteristics are presented in figure 10. 
In comparison with -the scale effsct data obtained on the vane (fig. S), 
a smaller scale effect occurred on the flap normal and chordwiss forces 
with practically no change occurring in the moment characteristics. 

Load diBti-lbuticnB.~ Load distributions over the airfoil-flap 
combination for several flap deflections are presented in figure 11. 
A double peak-pressure region on the flap appears at a flap deflection 
of 55° • These peaks indicate that relatively high velocity regions 
exist on the flap with a lower velocity region, between them. The main 
effect of -the double slotted flap on the airfoil is its ability to 
change the flow around the airfoil in such a manner as to increase the 
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load carried by the main, wing section without causing it to stall. 
The load distributions presented are useful for showing the change 
in load distribution as th.3 flap is deflected and are applicablo to 
the structural design of ribs as well as the double slotted flap. 

CONCLUSIONS 

The results of this investigation of the air loads over a 
double slottsd flap en the NACA 65(216)-215, a = 0.8 airfoil 
Bection indicate that 

1. The air loads on the double slotted flap change slowly 
with variation of angle of attack hut increase rapidly as the flap 
is deflected % 

2. The maximum, air loads of the airfoil-flap combination and 
double slotted flap are obtained at a flap deflection of 70° which 
appears nearly optimum for maximum sec tion normal force. 

3 • A maximum normal-force coefficient of 3 >37 can be obtained 
by this airfoil-flap combination of which approximately 32 percent 
is carried "by the double slotted flap. 

k.    The chord forces obtained at high flap deflections tend to 
retract the flap. 

5« The main effect of the double slotted flap is that it 
causes the airfoil to carry a greater load without stalling. 

Langley Memorial Aeronautical laboratory *~ 
National Advisory Committee for -Aeronautics 

Langley Field, Va. 
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TABLE II.-    WING,  VANE,  AND FLAP ORIFICE LOCATIONS 
OF AN NACA 65(216)-215,    a = 0.8    AIRFOIL EQUIPPED 

WITH A DOUBLE SLOTTED FLAP 

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

Wing section Vane Flap 

Upper 
orifice 
station 

I.167 
2-275 
4.875 
7.553 
9.875 

IU.875 
2ij.958 
55.OOO 
40.OOO 
45.063 
50.083 
55.042 
65.083 
77.085 

Lower 
orifice 
station 

1.292 
2.667 
5.200 
7.708 

10.208 
15.292 
25.125 
35-085 
40.O83 
45.042 
5O.O83 
55.000 
S5.OOO 

Upper 
orifice 
station 

Lower 
orifice 
station 

1.8L8 

6!b30 
7.861 
9.360 

0.033 
3.570 
5-995 
7.710 

Upper 
orifice 

Lower 
orifice 

station station 

0 
I.2L2 
2.483 

1.242 
2.485 
6.208 

L.966 
9.952 

12.415 
6.208 16.140 
a.691 21.106 

12.415 
16,140 
21.106 
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