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WIND-TUNNEL INVESTICATION OF AN FACA 66-SERIES
16~-PERCENT-THICK LOW~DRAG TAPERED WIHG
TITH FOVLER AXD SPLIT FLAPS
By Robert H., Neely and Gerald Y. Foster

STKARY

Tests were made to determine the asrodynamic char-
scteristics of an WACA 66-seriss 1l6-percent-thick low~drag
tavored wing with Ttorler and split flesps. The wing had
a8 stralght tralling edge and a constent-chord center sec-
tion, The 1ift, drsg, piteching-momert, and stalling
characteristics of the wing are prasented.

The meximur 11ft coefflicients obtained at a Reynolds

nurber of 3.5 X 10° were 2.149 and 3.27 with oartial-span
and full-span Towler flaps, respesctively, and 2.07 and
2,43 with partial-spen and full~-span split flaps. The
values of maximum 1ift coefficiernt for the low-drag wing
vith split flaps were somevhat lower than the values
obtained for comparatle wings with conventional airfoil
sections. Trimrming the large pitching moments due to
t'laps anpreclably reduced the meximum 11ift available,
narticularly for the wing wita Fowlsr flaps. For all
confisurations investigated the wing stalled suddanly,
and in wost cases completely, for a very small increase
In angle nf attack beyond maximum 1lift.

The data gliven supersede all previous data on the
subject wing.

INTRODUCTIOW

in 1nvestigation was undertsken several years ago
in the Lanpley 19-foot »ressure tunnel to obtain informa-
tion regarding the aerodynemic charscteristics in three-
dimersionel flow of representative wings with NACA low-
arag sirfolls snd various high-1ift devices. Preliminary
tosts were mede of a low-drsg tepered wing of 15-foot
sran with o stralght trailing edge ond several arrangements
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of tralling-edge flans. A great deal of difficulty was
encountered in obtalining valld measurements of the char-
acteristics primarily because of errors in corrections
for model-support tare and interference and because of
inaccuracies of the tunnel balances. Some of the data
for the wing with split flaps were published in refer-
ence 1. ILeter testas of the same wing (15-foot span) and
a swaller but geometrically similar wing (1l2-foot span)
indiceated that these data were in error for the afore-
mentioned reasons. :

Recently the investigatlion wss continued with tests
of the small (1l2-foot-span) wing to obtain data under mora
favoreble test conditions, namsly, improved tunnel balancos
and testing technlques. The wing was tested with partial-~
and full-spen arrangerents of 0.50-chord Towler flaps
ard 0.20-chord aspllt flaps.

Lift, dreg, oltching-moment, and stalling character-

istics ars given in the present report. The results
suparsede the data of refercnce 1,

COEFFICIERTS ArD SY¥BOLS

The date presented in this report are given as
standard nondimensional coefficients based on the mean
chord and area of the wing with flaps retracted.

»
CL 11t coefficlent 655

ch maxirum 1ift coefficlent
ax

ACy 'increment of meximum 11ft coefficient msasured
from maximmm 1ift coefficient of wing with
flaps retracted

6,  drag coefficient (g3)

Cm pltching-moment coefficient E%E)
where

L 1ift

D drag

— = - ™~ g IR T
T =T, AR [T
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M pitching moment about gquarter-chord point of plain-
ving root asection

S iog ares

c mean chord (S/b)

q free-stream dynamic pressure (%—pv2>

and '

[¢] mass denslity of eir

v free-stream velocity

b wing cpean

c wing-section chord

6p flan deflection

a sngle of atteck measured frow chord line of root
section

R Reynolds nuuber (pVe/p)

M Yach number (V/a)

v coafficient of viscosity

8 speed of sound

APPARATUS AYD TESTS
Models

The general arrangement of the wihg equipped with
Fowlsr flaps is shown in figure 1.

The plain wing was constructed to NAGA 66(215)-116,
a = 0.6 sections at the root snd to NACA 66(215)-215,
a = 0,6 ssctions at the tin. Ordinates for these airfolls
are given in tables T and ITI. Streight-line falrings were
used between egqual-percentage-chord stetions st the root
and. tip. The wing plan form consists of a square center
cectlon, outboard sections having a taper ratio of 2:1,
and elliptical tips. The trziling edge is straisht and
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the lecding edge 1s sweps back 12.5°. The wing has a
geometric washout of 1.5° betwsen the outbosrd end of

the center section andé the extrewe tip; this angle o
corresponds to an aerodynamic washout of spproximately 0.3
The maximim ordinate of each sectlon along the svan lies

in the same horizontael plane, so that a small amount of
dlhedral is present. The span, area, and aspect ratio

are 12 feet, 20.57 squere feet, and 7.0, respectively.

The chord of the Fowler flap 1s 30 percent of the
corresponding wing chord. The flap was constructed to
a Gottingen 532 eirfoll section modified on the lower
surface to fit the wing contour. The ordinstes for this
flap are given 1n table ITII. The lower surface of the
wing near the tralling edge was cut to the shape of the
flep to serve as a retracting well (figs. 2 and 3). The
nose of the flap was set in the optimum position for
mexirmun 11ft as detsrmlned in an esrlier part of the
mein investigation. (See fig. 2.) Flap deflection is
the angle between the wing chord line and a line through
the flap trailing egge tangent to the lower surface. The
designation 8p = 0 means that the Fowler flep is fully

extended and parallel to the wiang chord line. The partisl-
span and full-snan flas arrangements extended over 53 per-
cent and 90 percent of tha total wing span, respectively.

The chord of the split flap is 20 percent of the
local wing chord. These fleps were attached directly to
the under surface of the wing with the Fowler flaps
retracted. Flap deflection 1s the sngle between the
under suriace of the wing and the flap.

The wing and Fowler flaps were constructed of
lerinsted mahogany. Smooth surfaces were obtained by
spraying the wing snd flaps with lacquer and then rubbing
in the chordwise direction with Fo. 500 carborundum paper.

Tests

The method of mounting the ving In the test section
of the tunnel is shown in figure L. 1easurements of
1ift, drag, and nltching moment were made over a range
of emgle of attack from -L° to beyond the stall. Tests
were mede to determine the tere and interference effects
of the model-sunporting strnts on ths wing. The stall
characteristics of the wing-flap combinetions wers deter-
mired from visual observations of the behavior of tufts



http://www.abbottaerospace.com/technical-library

NACA ACR No. I5F28  JEEEeARNESD 5

attached to the upper surface of the wing and flap. No
tufts wers placed anesd of the 20-psrcent-chord station.

The asrodynamlc characteristlics of the wing were
obtained for the most gart at a Reynolds number of

approximately 3.5 x 10 and a Mach number of 0.13%.
Meximum 11ft Zas measured at Reynolds numbers ranging

from 2.0 %X 10° to L.l x 10° for some configurations.
For all tests, the air in the tunnel was compressed to
an absolute pressure of apprroximately 35 pounds per
square inch.

RESTLTS A¥D DISCUSSION

The data pressnted herein have been corrected for
offectas of model~-support tare and interference and for .
glr-stream misalinement. Jet-boundary corrections have
been applied to tha drag coefficlent and angle of attack.

The basic force-test data for the wing with Fowler
flaps are given in figuras 5 and 6. The data for the
flaps~-retracted conditlion are also given in figure 5.
Data for the wing with split flaps are presented 1n
figures 7 and 8. The effects of Reynolds number, flap
deflection, and flap span on maximum 1li1ft are shown in
fizures 9, 10, and 11, respectively. The effects of
Reynolds number on the 1lift and piltching-moment character-
1stics of the wing with flaps retracted are shown in
figure 12, The stall progressions are presented in fig-
ure 13.

Lift and pitching-moment characteristics.- The
oeffects of Reynolds number on maximum 1lift coefficlent
are appreciable as shovn in figure 9. The iIncrement
of ch due to Fowler flaps generally increased wlth

ax
Peynolds number but the increment duwe to spliit flaps
changed very little,

The variations of increment of meximum 1ift with
flep deflectlion shown in figure 10 indicate that the
optimun de 1ectiog for the full-span Fowler flap 1s
batween 30" and 35°. For split flans it appears that
little gain in maximum 1iift would be obtained for
deflections greater than 60°,

eem e e tm R — wm  mmey  aemmmm s mmeewm & - SR —mms e = s b SRy S n ey ¢ 5 pma e = - mm—— == = s
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The variation of AC with flap span 1is 1ndicated

ax
in figure 1ll. The increment of maximum 11ft due to Fowler
flaps was almost directly proportional to the flap span.
For soullt flaps the increment in 1lift going from pertiul-
span to full-span flaps was less than that which would
be obtained with s linear increase in 1ift.

Thus far the effectiveness of the flans has been
considered for the wing with the pitching moments
untrimred. There are large changes in pitching moment
due to flaps, particularly with the Fowler flaps. Trim-
mirg the pitching moment would apprsciably reduce the
maximum 1ift avallable. The rsductions in maxiwum 1ift
coefficient due to trimming the pitching wmoments can be
seen in the followving teble, which prasents untrimmed
values of chax and valuss of chax for trim about

the aerodynsmic certer of the wing with flaps retracted:

Fowler flaps; Snlit flaps; I
8e = 30 8f = €0 i
£ £
Flaos
Full Partial | Frll | Partial retracted
span span span span
Tntrimmed | 3.27 2.9 2.3 | 2.07 1.23
Trimmedt |3.01 | 2.32 |2.32| 2.01 1.28

Lyalues based unon tail length of 2.75c; serodynamic
center located 2.1L5¢ behind quarter-chord noint of
root sectlion.

The values of maximum 1i1ft coefficient for the wing
vith {flaps are large but it should be remewberad that
these velues are for a wing alone with smooth surfaces.
The addition of a fuselege and surface roughness would
be exmected to reduce the meximum lift esvallable and
these addaitions would also be excected to have a greater
offoct on the wing with Fowler flaps then with split
flaps. The maximuwm 1lift coefficierts for the low-drag
wing with spllt fleps are ap:orozimately 5 percent lower
than those obtalned on comparables wings with conventlonal
airfoil sections. (See reforencss 2 and 3.)
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Attention 18 celled to the psculiar changes in
Slope of the 1ift end piltehing-moment curves for the
flaps~ratracted condition at low 1lift coefficients.

(See fig. 5.) It is significant that the portion of the
curve with incresased slope 1s in the region in which
lowest profile drag is obtained, Outside this region

e reduction in the slope of the 1ift curve occurs. As
shown in figure 12, the 1lift end pitching-moment curves
tend to straighten out with incressing Reynolds number.

Stalling characteristica.~ Diagrams that show the
nrogression of flow separation are presented in figure 13.
Por all configurations, the wing stalled suddenly, and
in most cases comnletely, for e swall increase in angle
of attack beyond maximum 1ift. Tith flaps retracted or
with partial-span snlit flavs there was some indication
of the swnroaching wing stell; with TFowlsr fleps, however,
there was no such indication.

with flaps retracted, tralling-edge separation
began along the entire span at moderate lifts and svread
forward to the 7O0-percent chord line at maxilmum 1lift.
Tith partial-span split flans, the complete stall was
praceded by intermittent separation nn the center half
of the wing. The flow over the wlng outer panels near
the trailing adge was very rougzh for most angles of
attack.

COFCLUSIONS

Tests 1n the Langley 19-fuot pressure tunnal of an
NACA 66-series lbé-percent-thick low-drag tapered wing of
12-foot span wlth 0.30-chord Fowler and 0.20-chord split
flans led to the following conclusions:

1. The maximum 1lift coefficlents obtalned with full-
span end nartisl-soan Fowler flaps wsre 3.27 and 2.L9 at

8 Reynolds number of 3.5 X 10°. For the same conditions,
the meximum 11ft coefficients obtained with split flaps
wers 2.L43 and 2.07. The values of maximun 1ift coeffi-
clent for the wing with split flsps were somevhat lower
(approximately 5 percent) than the values obtained for
comnarchle vings with conveuntional airfoil sections.
Trimeling the large vifching woments Gue to flaps would
apzrecishbly reduce the meximun 1ift avallable, particularly
for the Towler flaps.
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2. For all configurations investigated, the wing
stalled suddenly, and in most cases completely, for a
very small lncreass in sngle of attack beyond maximum
lift. wWith flaps retracted or with partial-span split
fleps, there was some indication of the approaching wing
stall; but with pertial-span or full-span Fowler flaps
there was no such indication.

Langley Memorial Aeronautical ILaboratory
National Advisory Committes for Aeronautics
Langley Fleld, Va.
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TABLE I
ORDIWATES FOR NACA 66(215)-116, a = 0.6 AIRFOIL SECTION

[Stations and ordinates in perzent of wing choré.]

Upper surface Lower surface
Station Ordinate Station Ordinate
®lss | T 1, % o6 1
L '5 1-2 !. ] -1-1 0
.%72 1.%62 . ag -1.220
1.170 1. zg 1.3%0 -1.
2.g08 2.h49 2.592 -2.2
h.597 Z.hqs 5.10 -3.0
T.392 .236 7.€0C -3.726
¢.890 2.969 10.110 -lL.281
1l.. 89 .05, 15.106 -5.15L
19.903 6.892 20.097 -2.822
2l1.916 5.55- 25.0 -6.3l
29.931 .052 50.069 -6.738
3&.9§2 8.201 5.051 -7.009
?9.9 3 c.63 0.032 - =7.185
1J,.989 8.733 L15.011 -7.260
50.011 8.69 1.9.989 -7.220
5.037 3.502 5f.963 -2.058
0.070 8.113 9.030 -6.737
65.095 T.459 h .0l -6.203
70.099 6.519 - 69.901 -Z.h19
5.091 Z. g 7h.909 --.Ep
0.07h 1.21 gq.926 -3.L7
85.053 2.995 L.9L7 ~2.451
90.030 1.265 89.970 ~1.411
95.011 679 94.9:9 -.515
100.00 077 100.009 -.077
L.E. radius: 1.575
Slope of redius: 0.055

NATTONWAL ADVISORY
COMMITTEE FOR AERONATTICS
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NACA
LMAL 38781

Figure 3.- Fowler flap in extended position.
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Figure 4.,- Low-drag wing mounted in test section of Langley
19-foot pressure tunnel.
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NACA ACR No. L5F28 Fig.
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Fig. 10a ‘ NACA ACR No. L5F28
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NACA ACR No. L5F28 ) Fig. 10b
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Fig. 11 . NACA ACR No. L5F28
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