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THE EFFECTIVENESS AT HIGH SUBSONIC MACH NUM9ERS OF A

20-PERCENT-CHORD PLAIN TRAILING-EWE FLAP

ON THE NACA 65-210 AIRFOIL SECTION

By Louis S. Stivers, Jr.

EwMMA.m

An analysis has been made of the effectiveness of a 20-percent-chord
-plaintrailing-edge flap on the NACA 65-210 airfoil section from section
lift-coefficient data obtained at Mach nunibersfrom 0.30 to 0.875. The
analysis also includes a comparison of the effectiveness of this flap with
that of a spoiler and a dive-recovery flap on the same airfoil section.

The analysis indicates that the plain trailing-edge flap employed
on the 10-percent-thick airfoil section at Mach numbers as high as 0.875

. retains at least ~0 percent of the effectiveness exhibited at low Mach
numbers. The plain trailing-edge flap, as compared to the spoiler and
the dive-recovery flap, appears to afford the most favorable character-

s istics as a device for controlling lift continuously throughout the range
of Mach numbers from 0.30 to 0.875. At Mach numbers above those for lift
divergence of the airfoil section, either a plain flap or a dive-recovery
flap is effective in providing auxiliary lift.

INTRODUCTION

Among many effects of compressibility which have been found in flight
and in the wind tunnel is a reduction in the effectiveness of conventional
airplane control surfaces at Mach numbers considerably above the critical
for the airfoil. Extremely large reductions in effectiveness accompany
the use of the control surfaces on re~tively thick airfoil sections at
high subsonic Mach numbers. The effectiveness of spoilers and of dive-
recovery flaps on 10-percent-thick airfoil sections has been reported in
references 1 and 2, respectively. The spoilers became decreasingly effec-
tive with increasing projection at high subsonic Mach numbers and exhib-
ited characteristics which were such as to promote erratic lift control
for a wide range of Mach numbers. The dive-recovery flaps also showed

. generally unfavorable characteristics for use, other than emergency, as
lift-control devices over an extensive range of subsonic Wch numbers.
Wind-tunnel data presented in reference 3 for a plain trailing-edge flap

o on a modified NACA 65-series airfoil section 19 percent thick indicated
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b
that the effectiveness of a plain flap on this thick airfoil section
rapidly decreases as the Mach number is increased above the critical Mach
number of the section. ●

In the present paper, an anal~is of the effectiveness of a plain
flap on a 10-percent-thickNACA 6~-series airfoil section has been made
for Mach nudbers from 0.30 to 0.875 using data from reference h. A com-
parison of the effectiveness of the plain flap, a spoiler, and a dive-
recovery flap has also been included.

c1

Ac z

ACd

-CA

M

%

%

A~

A?5f

NOTATION

section lift coefficient

increment or decrement in section lift coefficient

increment in section drag coefficient

increment in section moment coefficient about quarter-
chord point

free-stream Mach number

section angle of attack, deg

flap deflection, deg

section flap-effectivenessparameter, absolute value of the
ratio of equivalent change in section angle of attack to
change in flap-deflection angle at a constant section lift
coefficient

ANALYSIS AND RESULTS

The present analysis of flap effectiveness was made using aerodynamic
data obtained in the Ames 1- by 3-1/2-foot high-speed wind tunnel from
tests of the NACA 65-210 airfoil section equipped with a 20-percent-chord
plain flap. These data, reported in reference 4, were obtained for Mach
numbers ranging from 0.30 to approximately 0.90 (with a corresponding
range in Reynolds numbers from approximately 1 x 106 to 2 X 10s) for air-
foil angles of attack from -2°to @and flap deflections from about -6°
to 6°. More precisely, the flap deflections in degrees were found to be
-6.3, -4.9, -2.6, 0, 1.9, 4.6, and 6.3. The lift-coefficient data for
a Mach number of approximately 0.9 were not obtained at a sufficient
number of angles of attack to permit their use in the present analysis.
For this reason, only data for Mach numbers as high as 0.875 appear in
the figures.

—
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In order to indicate the effectiveness of the plain flap as a lift-
producing device, increments of section lift coefficient for each angle
of flap deflection have been determined. These increments were obtained
throughout the Mach number range at angles of attack corresponding to
lift coefficients of O, 0.2, 0.4, 0.6, and 0.8 at zero flap deflection.
Faired curves showing these increments for constant Mach numbers are _pre-
sented in figure 1 as a function of flap deflection. The same increments
for constant flap deflection cross-plotted at each angle of attack given
in figure 1 are presented in figure 2 as a function of Mach number.

For some applications it is desirable to evaluate the effectiveness
of a Hft-control device by some parameter which includes the changes in
airfoil section lift-curve slope with deflection of the control. The ccm-
monl.yused flap-effectiveness parameter &/&f, defined as the ratio of
the change in section angle of attack to the change in.flap deflection
necessary to maintain a constant ltft coefficient, has been adopted for
this use in the present analysis. The variation of this parameter with
Mach number for the plain flap of the present report is given in figure 3
for several moderate lift coefficients. For comparison, the variation of
the flap-effectiveness parsmeter with Mach number for a 20-percent-chord
plain flap on a 19-percent-thick modified NACA 65-series airfoil section
is also shown in figure 3. The curve for the latter airfoil and flap was
obtained from figure 43 of reference 3. For the present report, values of
&o/ZN3f were taken as the absolute value of the average slopes of the
curve of section angle of attack versus flap deflection over a range of
flap deflections from -6° to @, for a constant section lift coefficient.

A graph (fig. 4) has been prepared which illustrates the respective
variations with Mach nmiber of increments in section lift coefficient with
flap deflection for the plain flap and for the dive-recovery flap, and of
decrements in section lift Coefficient with projection for a spoiler.
From the high-speed investigation of a spoiler located at several posi-
tions on the upper surface of the NACA 65-210 airfoil section (ref. 1),
it appeared that the 70-percent-chord location was the most suitable
investigated. Decrements of lift coefficient for various spoiler projec-
tions at this location are shown in figure 4 for an angle of attack cor-
responding to a lift coefficient of 0.2 at zero spoiler projection.
Similarly, the increments of lift coefficient for several dive-recovery
flap deflections are also shown in figure 4 for a corresponding angle of
attack, and for the dive-recovery flap located at the 50-percent-chord
position. The high-speed investigation of dive-recovery flaps (ref. 2)
indicated that, of three flap locations on the lower surface of the NACA
65-210 airfoil section, the 50-percent-chord position was the most
desirable location.

The changes in section drag and pitching-moment coefficients corre-
smondiw to the increments (or decrements) of lift coefficient shown in.
&ure ~ are presented in figures 5 and 6Y respectively,
three lift-~ontrol devices.

n

for the same
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The dotted portions of certain curves appearing in figures 1 and 2
and of the curve of figure 3 for the 19-percent-thick airfoil section
are used to indicate that some uncertainty exists regarding the validity
of these data obtained in the vicinity of the wind-tunnel choking Mach
nuber (0.90 at zero angle of attack for the NAC!A65-210 airfoil model,
and approximately 0.74 at zero angle of attack for the 19-percent-thick
airfoil model).

DISCUSSION

A desirable lift-control device for use on
surfaces is one which has uniform effectiveness
Mach nunibersat which the device is emected to

aircraft wings or tail
throughout the range of
be employed. Further-

more, if an airplane Is to maintain controlled flight at Mach numbers
above those for lift divergence of the wing, it must be possible to com-
pensate for the lift deficiency of the wing at these Mach numbers. These
two particulars are considered In the succeeding discussion both in regard
to the plain flap of the present analysis and in regard to the comparison
that follows.

Effectivenesss

The increments

of the Plain Flap as a Lift-Producing Device

of section lift coefficient given in figures 1 and 2,—
which indicate the effectiveness of the flap as a lift-producing device,

.

show that the effectiveness increases somewhat with an increase in Mach
number above 0.30 reaching a maximum at a Mach nwber apparently depend-
ing on the magnitude of the flap deflection and the airfoil angle of
attack. The Mach numbers for which the increments of lift coefficient
- ~eatest cOrreS??Ond approximately, in most cases, to the airfoil lift-
divergence Mach numbers given in figure 8 of reference 4. As the Mach
number is increased above those at which the maximum increments occur,
the effectiveness decreases in varying degree. The minimum effectiveness
indicated for Mach numbers up to 0.875, however, is never less than 70
percent of that at low Mach numbers. Although the data of figures 1 and
2 indicate appreciable variations in the effectiveness of the plain flap
for Mach numbers between 0.30 and 0.875, it is believed that these vari-
ations will not too seriously limit the application of this control device
on a 10-percent-thick rigid airfoil in the said Mach number range.

In figure 3, it is observed that the flap-effectiveness parameter
~/Abf for the plain flap on the NACA 65-210 airfoil section varies
appreciably over a range of moderate lift coefficients at high Mach num-
bers. The only marked decreases in effectiveness, however, appear to
begin at Mach numbers near 0.83 for low lift coefficients. The largest .

decrease in effectiveness, for Mach numbers up to 0.875, is indicated for
zero lift coefficient where the effectiveness has reduced to a value which
is approximately 50 percent of that shown for the low Mach numbers.

v
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A comparison of the curves of figure 3 for the two airfoil sections
emplo~ng 20-percent-chord flaps shows that the effectiveness exhibited
by the flap on the 19-percent-thick section at high Mach numbers is quite
different from that for the 10-percent-thick section. The curve for the
19-percent-thick section shows a marked decrease in the effectiveness of
the flap at a Mach number near 0.70 which is approximately 0.13 Mch num-
ber less than that corresponding to the abrupt decrease in effectiveness
of the flap on the 10-percent-thick section at low lift coefficients.

Comparison of the Effectiveness of a Spoiler, a
Dive-Recovery Flap, and a Plain Flap

The relative merits of a spoiler, a dive-recovery flap, and a plain
flap for providing lift control on an airfoil can be evaluated from the
lift-coefficient data presented in figure 4. It can be seen readily from
the data that the variations tith Mach number of the effectiveness of the
spoiler and the dive-recovery flap between Mach nmibers of 0.30 and 0.875
are considerably larger than the corresponding variations for the plain
flap. Because of these large variations in effectiveness for the dive-
recovery flap, smd especially for the spoiler, an airplane control system
employing either of these devices would tend to provide at high subsonic
Mach numbers too rapid airplane response to control movements if satis-
factory control characteristics were maintained at low Mach numbers. For
producing Mft continuously throughout a wide range of Mach numbers, the
plain trailing-edge flap, accordingly, appears to possess the most favor-

. able characteristics.

It is apparent in figure 4 that each of the lift-control devices is
capable of providing auxiliary increments (or decrements) of lift coef-
ficient in the range of Mach numbers between 0.75 and 0.875. These incre-
ments, however, vary differently for each lift device with changes in
Mach number, and decrease with increase in Mach nuniberat the highest
Mach numbers shown, except for the 100 deflection of the dive-recovery
flap and for positive deflections of the plain flap. The plain flap
appears to have no particular advantage over the dive-recovery flap for
providing positive increments of lift at Mach numbers between 0.75 and
0.875 on a 10-percent-thick dirfoil section unless it be at the highest
Mach numbers.

The increments of drag coefficient corresponding to constant incre-
ments of lift coefficient, as shown in figure 5, are seen to be quite
different for the three lift-control devices. The characteristics for
the plain flap appear to be the most desirable, since the data indicate
that the increments in drag accompanying a given increment in lift are
the least for the plaln flap at any Mach number from 0.30 to 0.875.
Between 0.75 and 0.875 Wch numbers, the increments in drag coefficientb
for constant increments of lift coefficient of the dive-recovery flap”
increase very rapidly with increase in Mach number. In the case where

“ a lift-control device is used on an airplane wing as a purely emergency
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implement for aid in recovery from high-speed dives, however, a substan-
tial increase in drag, such as noted for the dive-recovery flap, maybe
desirable in order to limit the diving speed of the airplane.

At constut increments of lift coefficient, the increments of
pitching-moment coefficient presented in figure 6 do not vary a great
deal with change inhiach nuniberexcept, for the most part, at the highest
Mach numbers. For negative increments of lift at Mach numbers between
0.30 and 0.875, the plain flap and the spoiler exhibit, in general, posi-
tive increments of pitching moment which tend to increase at the highest
Mach numbers for the larger negative increments of lift. The pitching-
moment increments for positive increments of lift are negative for the
plain flap and positive for the dive-recovery flap except for the larger
increments of lift at high Mach numbers. The data show that the increm-
ents of pitching moment are always more positive for the dive-recovery
flap than are the corresponding pitching-moment increments for the plain
flap. For positive increments of lift in the range of Mach numbers from
0.75 to 0.875, the pitching-moment coefficients for the plain flap are
always negative (not in the direction to oppose the diving tendency);
whereas for the dive-recovery flap they appear to be either positive or
negative, depending on the Mach number and the increment of lift
coefficient.

.
CONCLUSIONS

9

The analysis of the lift-control characteristics of a 20-percent-
chord plain trailing-edge flap on the NACA 65-210 airfoil section and a -_
comparison of the effectiveness of this device with that of the spoiler
and the dive-recovery flap indicate the following:

.-

1. At Mach numbers as high as 0.875, the plain flap on the 10-
percent-thick airfoil section retains at least 50 percent of the effec-
tiveness afforded at low Mach numbers.

2. As compared to the spoiler and the dive-recovery flapJ the plain
trailing-edge flap_would appear to afford the most favorable characteris-
tics as a device for controlling lift continuously throughout a range of
Mach rnmibersfrom 0.30 to 0.875.

3* Either a plain flap or a dive-recovery flap is capable of pro-
viding auxiliary lift at Mach numbers above those for lift divergence of
the airfoil section.

Ames Aeronautical Laboratory
National Advisory Ccmmittee for Aeronautics

Moffett Field, C!alif.,Jan. 17, lgk7
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