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CHARACTERISTICS OF A 15-PERCENT-CHORD AND A 35-PERCENT—
CHORD PLAIN FIAP ON THE NACA 0006 ATIRFOIL
SECTTIOX AT HEIGH SUBSONIC SPEEDS

By Richard J. Ilk

SUMMARY

Wind—tunnel tests have been mads to determine the aerodyndmic
characteristics of & 15~percent— and a 35-percent—chord plain
trailing-edge flap on the NACA 0006 airfoil section. Simulteneous
measurements of section 1ift, drag, and pitching moment were made -
over & range of Mach numbers from 0.3 to approximately 0.9 at angles
of attack ranging from -8° to 12° for flap deflections of 0°, 5°, and
109, Increments of section 1ift cocefficient and changes in airfoil
angle of attack necessary to maintain constant 1ift with unit changes
in flap deflectlon are presented o= a measure of the effectiveness at
high subsonic speeds of a plain flap employed on & very thin profile,

An enalysis of the test results shows that, for small flap
deflections, the increment of lift coefficlent produced by & plain
flap on the NACA 0006 airfoil at 0.875 Mech number is substantially
the same as or greater than that realized at low speeds. A study
of the relative effectiveness of two flap sizes indicates that, on thin
airfoils, the loss in flap effectiveness at high subsonic speeds is
conslderably less for a large—chord than for a small-chord flap.

The effectiveness of the flaps of the present Investigation
has been compared with that of a 20-percent~chord plain flap on
both & modified NACA 65,3-01G and the NACA 65-210 airfoils. From
this comparison 1t appears that, at high subsonic speeds, the
rate of decorease in eﬁ‘ectivenass of a plain flap on these three
airfolls is the least severe for the airfoll with the amallest
thickness—chord ratio,
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INTRODUCTION

Various high—speed investigations of lift—control devices have
indlcated that & pronounced decrease in the effectivensess of such
devices occurs at high subsonic speeds, A comparison is made in
reference 1 of the effectiveness of three types of lift controls:

a plain trailing-edge flap, & dive-recovery flap, and a spoiler.
Although the experimentel results presented for these controls show
that each remains effective at Mach numbers between thoge for airfoil
1lift divergence and 0.875, 1t appears that the plain tralling—edge
flap exhibits the least variation in lift—control effectiveness for
Mech numbers from 0.3 to 0.875, The date of reference 1 also
indlcate that a reduction in airfoil thickness-whord ratio delays the
onset of the abrupt loss in the plain—flap effectiveness to higher
Mech numbers.

The present investigation was undertaken to provide informetion
on the respectlve oharacteristics of relatively smell-chord and large—
chord flaps on a very thin profile at high subsonic speeds, Velues
of control effectiveness for two sizes of plain flap are obtained
from lift-coefficient date. These values are compared to show the
influence of a variation in flap-chord ratio on the flap effective—
ness &t high speeds., The change in the rate of decrease in :
effectlveness that can be expected to acocmpany a reduction in .
airfoll thickness—chord ratio is indicated by a camparison of the
Present data with the characteristios of a plain flap on two NACA
eirfolls of greater thicknesses., For airfoils having & design 1ift
coefficient of 0.2 or less, it is believed thet the airfoll camber
has 1little effect on the characteristics of a plain flap at high

subsonic speeds,

- SYMBOLS
1) gsectlon 1ift coefficient
Y3} increment of section lift coefficient
od. soectlon drag coefficlent

Cme /4 section pltching-moment coefficient about quarter—chord point
M free—~stream Mach number

o section angle of attack, degrees )
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Sp flap deflection, degrees

D/ ABe section flap-effectiveness parameter, absolute value of
the ratio of equivalent change in section angle of attack
to chenge in flap deflection angle at a constant 1ift
coefflcient

APPARATUS AND TESTS

The tests were conducted in the Ames 1- by 3%--—foot high—speed
wind—tunnel, a low—turbulence closed—throat tunnel. For this
investigation, five 6~inch~chord models were constructed of duralumin
to represent the unflapped RACA 0006 airfoil section and the NACA
0006 section with a l5-percent— and a 35—percent—chord plain flap
deflected approximately 5° and 10°, Measurements of the flap
deflections on the models revealed that the deflection angles were
actually 5.5° and 10,5° for the l5-percent-chord flap and L4.9° and
10.2° for the 35-percent—chord flap. Ordinates for the NACA 0006
alrfoll are given in teble I and sketches of the models of the
Present investigation are shown in figure 1,

The models were mounted so as to completely span the 1-foot
dimension of the tunnel test section. Sponge—rubber gaskets were
canmpressed between the tunnel walls and the ends of the models to
prevent end leakage, thus preserving two—dimensicnal flow and
agsuring the measurement of section characteristics.

Lift, dreg, and pitching-moment data for the NACA 0006 eirfoil
were obtained at Mach numbers from 0.3 to approximately 0.9 for
angles of attack ranging from —2° to 12° by 2° increments.
Corresponding measurements were made at angles of attack from —6°
to 6° for the airfoil with & 15-percent—chord flap and from —8° to
4° for the eirfoil with e 35-percent~chord flap. The Reynolds
numbers of the tests ranged from 1 X 10€ to nearly 2 x 106,
respectively, for Mach numbers from 0.3 to approximately C.9.

Alrfoll 1ift and pltching moment were obteined by integrating .
the pressure distribution elong the ceiling and floor of the
tunnel. Drag forces were measured by the wake—survey method
employlng a rake of total-head tubes.

TEST RESULTS

Sectlon characteristics of 1lift, drag, and pltching moment for
each of the models tested are presented es a function of Mech number
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in figures 2 to 10, inclusive. Cross plots (figs. 11, 12, and 13)
at constant Mech numbers illustrate the respective varlations of
section 1lift coefficlent with angle of attack, sectlon drag coeffli-
cient with 1lift coefficlent and section moment coefficient with lift
cocefficlent for the NACA 0006 aixfoil. Deshed lines at the high—
speed extremities of the curves of figures 2 to 13 serve to indicate
that some uncertainty exists regarding the validity of data observed
at speeds in the vicinity of the tunnel choking velocity. All data
have been corrected for tunnel-well interference by the methods of
reference 2, Increments of section 1lift coefficlent at constant
Mach numbers are presented as a function of flap deflectlion In
figures 14 and 15 for several angles of attack of the NACA 0006
airfoil with a l5-percent— and a 35-percent—chord flap, respectively.
These .increments, for the airfoil with a 1l5-percent—chord flap, were
determined for airfoll angles of attack corresponding to 1ift coeffli-
cients of 0, 0,2, and O.k at zero flap deflection., Foxr the airfolil
with a 35-percent—chord flap, lift—coefficlent increments were
determined for angles of attack corresponding to 1lift coefficlents
of 0 and 0,2 at zero flap deflection, The increments of section
1ift coefficlent of figures 14 and 15 are ciross—plotted against
Mach number in figures 16 and 17 for constant flap deflections and
for the same angles of attack as those of figures 14 and 15.

In figures 18 and 19 values of the flap-effectiveness perameter
Mau/ASe are given as a function of Mach number for the NACA 0006
alrfoil with a l15-percent— and a 35-percent—chord flap, respectlvely,
at constant 1ift coefficients. To determine the value of Aw/ASs
for a particular Mach number, a curve of engle of attack versus
flap deflection, at a constent 1ift coefficient, was prepared for
the. same Mech number., The absolute value of the average slope of
this curve over & deflection range from 0° to 10° wae taken as the
value of Ax/Adp.

In figure 20, the effectiveness of the plain flaps on the
airfoll of the present report is shown with that of a plain flap
on both & l9-percent— and a l0—percent~thick NACA €5-series airfoil
gection.

DISCUSSION

Dreg end mqment characteristics of the NACA 0006 airfoil with
and without flaps, as given in figures 5 through 10 and figures 12
and 13, have been included in the present report solely to meke this
information avallable to the reader and will not be disoussed here.
The following remarks are concerned with the lift—control effective—
ness of plain flaps as determined from an analysis of the 1lift
coefficient data presented in figures 2, 3, 4, and 11.
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Examination of the curves of figures 1k through 17 indicates
thet, in the subcritical-speed range, the magnitude of the 1lift-
coefficient Increments produced by the deflected flaps increases
steadily with an increase in Mach number, Maximum values of the
1if+ increments occur at Mach numbers approximately equal to those
for lift divergence of the airfoil-flap combinatlon., As the speeds
increase above those &t which the maximm increments occcur for a .
constent flap deflectlion, the magnitudes of the 1ift increments
decrease in varying amounts. At 0,875 Mach number, the highest
Mach nunmber for which data is presented, the lift—increment value
for a given flap deflection 1s substantlally the same as or greater
than that exhibited at the lowest speeds.

A more significant measure of lift-control effectiveness than
the lift-producing capacity of the flap is the change in alrfoil
angle of atback necessary to meintain constant 1ift with a unit
change in flap deflection. The parameter Ax/ASe therefore, is
used Iin the present report to indicate flap effectiveness.

The date of figures 18 and 19 show that, at low Mach numbers,
the change in magnitude of- the flap-effectiveness perameter
MafABe with change in Mech number or lift coefficient is small.
At the highest Mach numbers, en appreciable decrease in the value
of As/Abe 1s shown for an increase in Mach number but the rate of
this decrease 1s not great. The reduction in Ax/ASp  due to an
increase in 1ift coefficient iIs smell, except for the alrfoil with
the 35-percent—chord flap (fig. 19), for a change in 1ift coeffi-—
clent from 0,2 to O.k. At zero 1ift coefficient, the effectiveness
of the 15-percent~chord flap at & Mach number of 0.875 is
epproximately 58 percent of the low—speed velue; whereas, for the
35-percent—chord flap at the same Mach number, the effectiveness
18 nearly 80 percent of that at low speeds. Since both the
15-percent~ and the 35-percent—chord fleps retain high values of
effectiveness at this Mach number, the data indicate that a plain
flap on the NACA. 0006 alrfoil is adequate for control applications
wp to a Mach number of 0.875. It ie also evident that, at high
subsonlc speeds, large~chord flaps lose a smaller percentage of
the low-speed effectiveness than do small-chord flaps., Thus,
gatisfactory control effectiveness mey be maintained to higher
speeds by the use of large-chord small—span flapsa.

The severity of the loss in effectiveness of a plaln flap at
high subsonic speeds appears to be appreciably influenced by the
thickness—chord ratio of the airfoill on which the flap 1s employed.
(See £ig. 20.) The data presented for the 19-percent~thick airfoil
were obtailned from a report of the investigetlion of & 20-percent-
chord flap on a modified NACA 65,3-019 airfoil., (See reference 3.)
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Neglecting the small influence of camber on the characteristics of
alrfoils having & design 1lift coeffieclent of 0.2 or less, the curves
of figure 20 would indicate that considereble improvement in control
effectiveness may be reallized by decreasing the airfoil thickness—
chord ratlio from 0.19 to 0.10., A simllar comparison of the datae for
the 20-percent—chord flep on the NACA 65-210 airfoil with that for
the 15—percent— and 35-percent-chord flaps on the NACA 0006 airfoil -
indicates that the rate of decrease in flap effectiveness at super—
critical speeds becomes smaller with & reduction in thickness-chord
ratio from 0.10 to 0,06.

CONCLUSIONS

From an analysis of the high-speed characteristics of a plain
flep employed on a very thin profile, as determined from wind—tunnel
tests of a 15-~percent- and a 35-percent—chord plaln flap on the
NACA 0006 airfoil section, the following comclusions can be made:

l, The data indicate that both the 15—percent— and the
35-percent—chord plein flaps on the NACA 0006 airfoll are adequate,
insofear as control effectlveneas is concerned, for control applica—
tione up to & Mach number of at least 0.875.

2., The loss in effectiveness of a plain flap on a thin ailrfoil
at Mach numbers up to 0.875 1s less severe for & large—chord than for
a small—chord flap.

Ames Aeronsutlcal Leboratory,
Netional Advisory Committee For Aeronautics, .
Moffett Field, Calif.
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TABLE I
NACA 0006 ATRFOIL

[Stations and ordinates given in
percent of airfoil chord]

.| Upper surface ‘Lower surface
Station |Ordinate |Station |Ordinate
0 0 0 o
1025 195 1025 -.95
2.5 131 2.5 ~1,31
5.0 1.78 5.0 -1,78
Te5 2,10 | 7.5 2,10
10 2.34 10 ~2,34
15 2,67 15 —2,67
20 2,87 20 2,87
25 2.97 25 41 —2.97
Lo 2.90 4o —2.90
50 2,65 50" —2.65
60 2,28 60 2,28
70 1.83 70 -~1.83
8o 1.31 80 ~1.31
g0 T2 90 -T2
5 L0 5 =40
100 (,06) |100 - (—.06)
100 0 100 0

L. E. Radius: 0.40

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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NO FLAP

O.I5¢c FLAP, §,=5.5°

O.I5¢c FLAP, 8,=10.5°

0.35¢Cc FLAP, §,=4.9°

i

0.35¢c FLAP, §,=10.2°

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

FIGURE .- THE NACA COO6 AIRFOIL SECTION WITH PLAIN

TRAILING-EDGE FLAPS OF TRUE AIRFOIL CONTOUR.
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