L=
View metadata, citation and similar papers at core.ac.uk brought to you by ,i CORE

provided by NASA Technical Reports Server

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

1:-‘h.-d
NACA TN 3220 T 1!

NN G4V AHVHEN HOAL
] ‘
i

LT

TECHNICAL NOTE 3220

AERODYNAMIC LOADS ON A LEADING-EDGE FLAP AND A LEADING-
EDGE SLAT ON THE NACA 64A010 AIRFOIL SECTION
By John A. Kelly and George B. McCullough

Ames Aeronautical Laboratory
Moffett Field, Calif,

Washington
June 1954

TR A PLE
Ul 2
{

: AFMD
TECHR!IC..

!’l?‘l

i


https://core.ac.uk/display/42802025?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

1v

TECH LIBRARY KAFB, NM

dHTLITITT

NATIONAIL, ADVISORY COMMITTEE FOR AERONAUTIC. 00kLDS3

TECHNICAL NOTE 3220

AERODYNAMTC LOADS ON A LEADING-EDGE FLAP AND A LEADING=-
EDGE SLAT ON THE NACA 64A010 ATIRFOIL. SECTION

By John A. Kelly and George B. McCullough

SUMMARY

A previous report, NACA TN 3007, gave force and moment data for the
NACA 64A010 airfoll sectlon equipped alternately with a flap and a slat
at the leading edge, snd wilth a split flep and a double=slotted flap at
the trelling edge. The present report presents the chordwise distribu-
tions of pressure measured concurrently wlth the force and moment daeta of
NACA TN 3007T. The pressure deta for the leading-edge flap end slat have
been converted into coefficlents of normel force, chord force, and moment
based on the geometry of the leading-edge device.

INTRODUCTION

Considersble informetion on the aerodynemic characteristics of wings
equipped with leadling-edge flaps or slats 1s available, but there are
relatively few date on the loads acting on these devices. A previous
report, reference 1, gave 11ft and pltching-moment date for the NACA
64A010 eirfoll section equipped alternately with e flap end & slat st
the leading edge, and with a split flap and a double-slotted flap at the
tralling edge. Optimum settings, from the standpoint of maximum 1ift,
were determined for the leadlng-edge devices. Additionael data for the
same alrfoll sectlon equipped with a leading-edge slaet are given in ref-
erence 2 for a wilde range of subsonlic Mach numbers. The present report
presents loads deta derlived from the chordwise distributions of pressure
measured concurrently with the force and moment deate reported in refer-
ence 1. Most of the pressure dats are presented hereln in tebuler form.

The tests were conducted in the Ames T~ by 10=foot wind tunnel No. 1
at a Reynolds mumber of 6 million (Mach number 0.1T7).

NOTATTION

The sign conventlon and reference axes for the various force and
moment coefficlents are shown in figure 1.
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ey alrfoll section 1lift coefficilentl
cn leading-edge-flap or -slat normal-force coefficient®
Co leading-edge-flep or -slat chord-force coefficient® e

chN leading-edge-flap hinge-moment coefficient®

Cmg leading-edge-slat moment coefficient® — - - : -

P pressure coefficlent, E%ifg T - T
Py local static pressure on model surface, 1b/sq £

Py free-stream static pressure, 1lb/sq ft-._

4 free-stream dynemic pressure, 1lb/sq ft.

R Reynolds numberl

Xg5,¥g coordinates of slat reference point, percent airfoil chord

Qo section angle of attack, deg _ ;' . S

3] angular deflection of high-1lift device, deg .
Subscripts

N leading-edge flap -

8 leading-edge slat S . -

sf 8plit flap at the tralling edge o o o

dsf double-slotted flep at the trailing edge
MODEL Z . . L e W

The model was & 5-foot-chord NACA 64A010 &irfoll equipped with either
e flap or & slat at the leading edge, and with a split or a double-slotted
flap at the tralling edge. Sketches of the high-1ift devices are shown in
figure 2. Flush pressure orifices were built: into the various components.
A more complete description of the model and coordinates of its components
1s given 1ln reference 1.

1Based on total airfoil chord.
2Based on chord of leading-edge flap or slat. _
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TESTS AND RESULTS

The measurtments made during the tests lnclude the alrfoll 1ift coef-
flclent, as ascertained from the wind-tunnel balence system, and the pres-
sures 1lndicated by the orifices bullt into the varlous components of the
model. The pressure date for the leading-edge flep or slat were converted
into normel-force, chord-force, and moment coefficlents based on the geom-

etry of the leading-edge device.

Loads data were computed for seversl arrangements of the model,
including 0° and 30° deflections of the leading-edge flep and the three
optimum loceatlions of the leeding-edge slat corresponding to the three
trailing-edge arrengements. (A 30° deflection of the leading-edge flap
was ebout optimum for all trailing-edge arrangements.) The loads date
ere presented 1n figures 3 to 5, and the pressure date, In tebles II to
VIII. The orifice stetlons for the leading-edge flap were proJjected on
the alrfoil chord line for all nose-flap deflections because of the addi-
tional orifices uncovered as the flap deflection was increased.® The
orifice stations for all other components of the model were projected on
the chord line of the respective component for both the retracted and
deflected cases. A summary of the model arrangements investlgated is
glven in table I.

Pressure data for additionel deflections (15° and 45°) of the leading-
edge flap are gilven in tables IT to IV, and for Ilntermedlate positions of
the leading-edge slst, in table VIII. The latter data are included to
asslst with analyses concerned with automatic operatlon of the slat.

DISCUSSION

Inspection of figure 3 shows that the varlations of the flap normel-
force and hinge-moment coefficients with alrfoll 1ift coefficlent were
nearly linear. Deflecting the leading-edge flap or either of the tralling-
edge flaps shifted the curves, so that for a glven velue of the airfoll
1ift coefficient, the loads acting on the leading-~edge flap were less than
wlth the flap undeflected. The maximum load on the leading-edge flap
occurred with the leading-edge flap deflected in combination with the
split flap at the tralling edge, although greater maximum 1ift for the
alrfoll was attained with the double-slotted flap.

The varlations of normal-force and moment coeffilcients with 1ift
coefficient for the leading-edge slet (figs. 4 and 5) were not radically
different from those for the leading-edge flap. The variations were,
however, less linear, and the signs of the moment coefficients were
reversed because of the different moment centers employed in the two

SThe statlc pressure coefficlent In the interlor of the leading-edge
flap was essentlally zero.
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ceses. A comparison of the normel-force coefficlents for the leading-
edge slat extended and for the leading-edge flap deflected 30° shows that
‘the load acting on the leading-edge flap was greater than the load acting
on the leading-edge slat for the seme trailing-edge arrangement and value
qf airfoll 1lift coefficient.

Ames Aeronauticel Laboratory
Natlonal Advisory Committee for Aeronautics
Moffett Fleld, Calif., Apr. 23, 1954
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TABLE I.- MODEL ARRANGEMENTS
Loads
Leading-edge Teading-edge Trailing-edge |data Preg:i;e
lat fla fig.
tlep s P o |table nol
B=0°, 30° - - None 3 1T
By=0°, 30° - - - Split flap, 8gp=60° | 3 III
8y=0° 30° - - - Double-slotted f£lap,| 3 v
’ Basr=TR.7°
. Nonel o 4,5 \4
Split flap, Bgp=60 4 VI
"o Retracted Double-slotted flap,| 5 VII
adsf’.‘52°7°
Optimum for no None L v
--- trailing-edge Split flap, 8ge=60° | 1 - - -
--- flep, x8=9.2, Double-slotted flap,| 5 ---
--- Ys=-8.T, 8g=25.6° 8dsp=7R.T°
Optimum for split None 4 - - -
--- flap deflected 60°
--- xg=8.2, yg=-9.3, |Split flap, 55p=60° | L VI
85=29.1° P Ps Pef
Optimum for double- None 5 .
--- :1gtted fiap deflec-|poupie-slotted flap, VII
ai ed 2.7 *a=T.9 Base=32.7° 5

ye=-8.1, 5g=26.1°

1Data denoted as being for the model with leading-edge slat retracted
and no trelling-edge flap were actually obtalned with the double-

slotted flap retracted.

(See ref. 1.)
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TABLE II,- PRESSURE DISTRIBUTICN FOR THE NACA 64AO10 ATRFOIL SECTION WITH A LEADING-EDGE FLAP
AND NO TRATLING-EDGE FLAP ~ Continued
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TABLE ITI.- PRESSURE DISTRIBUTION FCOR THE NACA 64A010 ATRFOIL SECTION WITH A LEADING-EDGE FLAP

. pewm & e ——er LA _____ .’

AND NO TRATLING-EDGE FLAFP - Continued

(c) &g = 30°

o097 1.2 1.3 1. 1.28 1.

i
]
{
]
{
]
i
i
i
]
i
i
{
]
i
]

N
2
I
-]
s
B
b
Y. ]
b
.3
b
2
b
]
b
P
Y
3%
e
b
4
N
r
8
e
= |
14
8
e
.4
o
)
o
)
i
B

rrEEPE
¥ EX

o

-3

§

=

i

]

i

B

= b

&
A
5%
&
&
5

L'}
Y
[

ERPTT YR
B
E
R
)

258
2
3
i
i
&
k

34
1
B
3
L
i..
E
bb'
B8R, &
t..
2
X
-
&
x

BEEmo
SzgR
b
4B,
B. K
ey !
a4,
g9
B R

D\ﬂ'ﬂ.ﬂi_ﬂ.ﬂt\lu»l,lﬂ
Hinkal Ak s R L

. . . 90 |26 | .91 |-a.ke K- -e.tg 50
ame | R |---]|138|---] 229 |--~]|300|---]-3. N YN T T [y e ---
--- -1.1’3 --- i.gh - -3."8 - 00 |~-- :;:11 am-|m0]--- :55-17 -——- -_:953 ---
10, bl -y Dol o8 Il o 4t el - = Dol b~ (ol v Dol e+l e
10, cme |21 |ee-|-%00 [--- M {--a |80 |- 50 |-on|66y|---]|680|au-|588].--
1. e o2 |- |31 |--- ] 2w |-~ |52 ]- LR |--- |6 eS| --- :E.m N
12. rme |13 |- |05 |- |0 === |-3.89 - -b.;z - | b .= | R -
e e B el bl B e b e R b | R e
e | LG e [RR Jmmm [T [me- T e [5G - &j---[ 5~~~ X j---
va- (@ ]|--- o |--- |30k |---[-3.88]---] %3 ]|--- B |.--|db0]|--- [hoR|[---
P e =iy -e. e 2.0 |- -11-. 283 |- -13 -e.s; " 3.256 --- _-:.a._ e
- - 120 | - -1, <0 | . 2.3 | . -. . . . .
-T2 -.Z -.98 ..:g -1.33 25 1 -1.80 A aw .66 | -1.58 68 -1, .R
-6f ] - - - x| e |- g 1.3 g an| .»|-1%8 -1.%8 ﬁ
-63 | =65 [ - =27 | =108 53 | -1.21 .3’ =1,%3 . -1. =135 =121

"
‘:'s‘-'!
ia
By
REARAN
bikbk

i
ks
ks
BB
L
)
B
2
B
5

e TEIIGBURS YT BACLE
J

%

&

)

n

8

&
k
2
E
5
kkk
B

YREFBIISTBTHIS ERER B
i
.'Eé
BiEBRRBRRA
L
Bhhbhbuyx
:"l_é
Bishhbuikryh
AL VT T ER £ ERT
é.‘
FETA LT

X
Biss
:

f
k
i

3
&
&
5
E
i
b
2
2
3
kt
o

3

ocet NI VOVN




TABLE IT.- PRESSURE DISTRIBUTION FOR THE NACA 6RAOLO ATRFOIT, SECTION WITH A LEADING-EDGE FLAP
AND KO TRAILING-EDGE FLAP - Concluded
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(a) &g = O°

AND SPLIT FLAP DFFLECTED 60°

TABLE III.- PRESSURE DISTRIBUTION FOR THE NACA 64AO10 ATRFOTL. SECTION WITH A LEADTNG-EDGE FLAP
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TABLE III.~ PRESSURE DISTRIBUTION FOR THE NACA 64AC10 ATRFOIL SECTION WITH A LEADING-EDGE FLAP
AND SPLIT FLAP DEFLECTED 60° - Continued
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TABLE IIT.- PRESSURE DISTRIBUTION FOR THE NACA 6LAC1O ATRFOIY, SECTION WITH A LEADING-EDGE FLAP
AND SPLIT FLAP DEFLECTED 60° - Continued
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TABLE IV.- PRESSURE DISTRIBUTION FOR THE NACA 644010 ATRFOIL SECTION WITH A LEADING-EDGE FLAP
AND A DOUBLE-SLOTTED FIAP DEFLECTED 52.7°
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7° - Continued
(b) 8y = 15°

~SLOTTED FLAP DEFLECTED 2.

AND A DOUBLE

TARLE IV.- PRESSURE DISTRIBUTION FOR THE NACA 6LA010 ATRFOIL SECTION WITH A LEADING-EDGE FLAP
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AND A DOURLE-STOTTED FIAP DEFLEOTED 52.7° -
(¢) By = 30°

TABLE IV.- PRE3SURE DISTRIBUTION FOR THE NACA 6LACIO ATRFOIY. SECTION WITH A LEADING-EDGE FLAP
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TABLE VI.- PRESSURE DISTRIBUTION FOR THE NACA 6MA010 ATRFOIL SECTION WITH A LEADING-EDGE SLAT
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TABLE VI.- PRESSURE DISTRIBUTION FOR THE NACA 64A010 ATRFOIL SECTION WITHE A LEADTNG-EDGE SLAT
ARD A BPLIT FLAP DEFLECTED 60° - Concluded
(b) Slat extended (optimum position for the model with split flap deflected 60°;
Bg = 29.1, xg = 8.2, y5 = 9.3, gap = 1.25)
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(a) S1at retracted

TABLE VII.- PRESSURE DISTRIBUTION FOR THE NACA 64A010 AIRFOIT, SECTION WITH A LEADING-EDGE SLAT
ARD A DOUBLE-SLOTTED FLAP DEFLECTED 5¢.7°
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AND A DOUBLE-SLOTTED FLAP DEFLECTED 52.TY - Concluded
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TABLE VIII.- PRESSURE DISTRIBUTION FOR THE NACA 644010 ATRFOIL SECTION WITH A LEADIRG-EDGE SLAT
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TABLE VITT.- PRESSURE DISTRIBUTION FOR THE NACA 644010 ATRFOIT SRCTION WITH A LEADING-EDGE SLAT
ARD NO TRAILING-EDGE FLAP. INTERMEDIATE SLAT POSITIONS BETWEEN RETRACTED AND EXTEKDED T0

D = R 7 AAD _ 1 £n @ _ nE F VN - |
Xg = Jecy Fg = =Ua{y Wil = 1L,0U, Og = 25,0 = Contimued

(c) 85 = 15.4°, x5 = 6.0, yg = =L.8, gap = 0.30

Mrfoll
e l""‘h -0.08 0.36 0.80 118 113 LMo 1.3 1.3
a
Chordwise
Blution
(perosnt Upgar | Lowss | Upper | Lower | Upper | Loyer | Upper | Lower | Upper | Lower | Uppes | Jower | Opper | Lowsr | Upper | Lower
. \ .
Bt
o, 18 |---| 0B |a--] 0@]---|B|---|aw]|---|D@]|---|6®|---|-10]|---
-53 55 [ -0k 65 | 0.5 S8 ] 0.T9 | 3.4k | 0.9 RT | 0.68 | 5.9% | O | ~B.B0 | G.53 | =T.30 | ~0.08
.01 | -2.%8 -0 --ﬂ -L.@ 64 | -3, 1.00 | -h.08 93 A1 | -6.58 T 9 63
LT .08 | -L36 S| - -.87 . -2, 98 | -3.27 o 08 | 1.00 | A | L00 | -h.&2 | 1.00
!-E: gk | 123 JA7 | =37 | =86 96 | 2.2 B1 -E-E E -5.48 99 |-%.76 | L0 |-3.89 | 1.0
. 66 | -L.00 0| e -8 80 | -1.96 & | 2. =3.01, 'ﬁ =925 3 ~3.% -1
i-ﬂ --- -:'g R - M| --- 'ﬁ --- M| --- . - - .67
29 n=] = mmm| -28]--- .:z --- . -=- 59| --- JO |- - - . --- 1A
3.1 M ->| - ENT- RIS . -L.76 . -£.18 5 | =.60 46 | 2.18 . -e.; T3
6.8 3 -3 | -3 ]| -2 | -8 . B -u.g o2 | 2. .6 | .50 2. g
0.2 . -l e8] sl vl eslaml 2lalk] Slenl plewm! miearl &
13.6 -03 | = | & | ~83| - =90 | <15 | -1.01 | 199 | -8 | 2.0 |-2.99 | @21 | -1 | a7 | -alhe
13.3 -20 | -7 | - | 108 | =2,00°} <1.86 | =33 | -2.88 | -3.71 | 2.9 | 409 | 2,15 | -h27 | B3
15.%8 s l---] -R|--- |- |---]|LB]|---|R2MO|-~--]|w0[---]-0. - |20 | ==

2 % |---]-05 |-~-|-0.80 |---| 08B |---|0M}|---]|D006]---]|]020 |---[-017]---
s === |-008 |---|02|---|0Rb]|---]0&B|---]0O]|--~]0909|+--]08]---]| 00ok],
6 N S N T - R B - e e N N N 0N SO - B YR [ N PR
T-3 --a -0 | -.99 =3 | -1.99 .59 | -3.31 97 -3 96 | 13 B -’hﬁ ST | = .98
10 - -~ | -T2 | -.0L | 185 19 | -1.88 B | -1 86 | 2. .08 | -e. 90 | 2. g1
1.5 =3 e | a3 e | L] e |AO |- |} ---]n |-~-]|RI9|---~ 4.111 -
L) -.E -8 | - 3 | 127 38 |-l 8 | -1.B 10 | .09 3| =28 7 | R .18
20 - -1 | -.05 22 | -1.26 0| -L6 | -l a1 | -1.86 AL | -1.; .83 | -L.93 «&
29 =00 -.R -89 10 | -1.03 &7 | -L% . -1.ho 50 | -LhS o | -1k 2B | 1» o5
X -9 - -.S 01 - R0 | =11k «36 | ~l.21 2| =183 . =196 0 a7
E -3 | -=0 | - -0k | - Ik | -Las 3| -Lor .36 | -1.08 Je | -1.08 | -l07 5
-3 | -as --z =09 | -3 0| -9 s | -9 30 | -5% 35 | =9 I | -5 .
3 01 -3 1 o.M 10 | .66 orl _; S P § 261 _m TR o )
] - |-ea]| | -w0|-8| ]| -] 20]|-&8|] a|-&] ;r|-&] W] - 3
»” 27 | -2 | =37 | - -.ag «Oh -.g JAF | -6 2, -.g 2 | - 26 | - £28
60 86 | -80 | -3 | -.08 | -. O | - . -.h6 a8 | - oa | -9 2 | -.37 £k
63 -2 | -a5 ]| o7 | -06| -1 Ok | -8 A5 | -3 JQ1 | -m 20 | -.% 2| -3 L3
T° 17 -ad3 -l - - ] -5 ik =T At =it .18 o] A5 =i oL
L =13 | =09 | =35 | -0 | -R1 o - ‘ -2 A6 | -.23 W18 -ﬂ JA6 | -2T «JB8
fo -8 | -07 | -10] 0 -1k 06 | -5 a3 | -7 dh | - Ak | -k k| -26 13
;] -0 | -08 | - 0| -.08 06 | -20 2| - 2R | -20 Je | -2k 1 'ﬂ 1R
50 -l /] oh | .08 £05 | -8 a0 | -ap .| | -.20 .08 | -o8 .o | - o
9 Ok O 03 06 Q1 | -.27 08 | 08 03 | -.20 A -3 ) ~a] -2k | o
975 08 07 .09 . -.06 O ) - | -.00 | =20 | -8 | -=3} -0F | -2k | -

92

022t NI VOVN




PABLE VITI.- PRESSURE DISTRIBUTION FOR THE NACA 644010 ATRFOIL SECTION WITH A LEADING-EDGE SLAT
AND NO TRATLING-EDGE FLAP. INTERMEDIATE SLAT POSITIONS RETWEEN RETRACTED AND EXTENDED TO
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