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EFFECTIVERESS AND HINGE MOMENTS OF A
SKEWED WING—TIP FTAP

. By Carl D. Eolbe and Bruce E. Tinling

SUMMARY

A semispan modsl of a triangular wing equipped with a skewed
wing—tip flap wes tested to evaluate the effectiveness and hinge—
moment characteristics of this form of conirol surface up to a
Mach number of 0.95.

Lift, drag, pltching-momsnt, snd hinge—moment data are presented
for Mach numbers from 0.30 to 0.95 at a constent Reynolds number of
3,200,000. Similar data are presented for a Mach nunber of 0.18 at
& Reynolds number of 5,000,000.

The data indicate that the effectiveness of the flap was low
at all speeds. An increase in Mach number from 0.30 to 0.95 improved
the 1ift effectiveness of the flap by 20 percent and the pitching—
moment effectiveness by 40 percent.

The rate of change of the hinge-moment coefficient with angle
of attack was large and negative and changed from ~0.029 to ~0.0L4O
as the Mach number was increased from 0.30 to 0.95. For the same
rangs of Mach numbers, the rate of change of the hinge-moment coeffi-
cient with flap deflection increased negatively from -0.008 to —0.010.

When applied to a hypothetical airplane, the skewed wing-tip
flap is shown to require £lap deflections and hinge moments several
times greater to maintain level flight than does a constant—chord
flap.

UNCLASSIFIED
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INTRODUCTION

Wings of triangular plan form, combining the structural
advantages of low aspect ratio and high taper ratio with the aesro—
dynamic benefits of a highly swept leading edge, have been shown
to be sultable for flight at moderate supersonic speeds. As a part
of systematic remearch on supersonic airplane configurations at the
Ames Aeronautlical Laboratory, tests are being conducted to evaluate .
the relative merits of flaps of various plan forms for use as iongi—-
tudinal controls on triangular wings.

The dsta presented in reference 1 show adverse compressibility
effects on the hinge-moment charscteristics of a constant—chord flap
having an unswept hinge line. The present series of tests was
conducted in the Ames 12—foot pressure wind tumnel to determine if
sweeping of the control-surface hinge line would alleviate these
compressibllity effects. A wing—tip flap with the hinge line swept

63.43° was tested on a semispan model of & triangular wing of aspect
ratio 2. Flap effectiveness and hinge moments were measured at

Mach numbers up to 0.95.

: ' drag
CD drag coefficient ( qS)

hings gpmsnt)
Chn  hinge-moment coefficient qbpa?

Cp  1ift coefficient '<-1-%§3>

Cm pitching—moment coefficient about the quarter—chord point of
the wing mean aerodynamic chord pitching ot

qSc?
v
M Mech number -

t
R Reynolds number EEE->

s wing area, square feet

V  airspeed, feet per second

W gross welght of alrplane, pounds
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W/S wing loading, pounds per sgdere foot -
a speed of sound, feet per second
bp gpan of the flap measured slong the hinge lins, feet

Ef root-mean—-square chord of the flap aft of the hinge line
mesasured perpendicular to the hinge lins, feet

c! wing mean serodynamic chord, M.A.C. (chord through centroid of
semigpan wing plan form), feet

q dynamic pressure (% pV2), pounds per sguare foot
a angle of attack of wlng chord line, degrees

5 flap deflection measured in a plane perpendicular +to the hinge
line, degrees

i viscosity of air, slugs per foot—second

p mass density of alr, slugs per cubic foot

MODEL

Except for the change in control-surface plan form, the modsl
wing used in this reseerch was the same as that used in the investi-—
gations reported in references 1 and 2. The profile was an uncambered
double wedge modifled by rounding the ridge and the leading edge.
This modification changed the aspect ratio slightly as may be seen in
figure 1, the value for the complete triangular wing represented by
this model being 2.036 instead of 2 as stated by the title of this
series of reports. The control surface was triangular in plan form,
the hinge line being swept at an angle of 63.43°, The area of the
flap aft of the hinge line was 20.45 percent of the wing area. The
control surface was attached to the wing by three hinges and was
restrained Just aft of the point of maximum wing thilckness by &
flap-angle indexing bracket and straln-gage unit. The flap had a
radius nose and an unsealed gap of approximately 0.04% inch,

The semispan model was mounted wvertically on & turntable in the
flat section of the tunnel floor as shown 1n figure 2.
CORRECTIORS TO DATA

Corrections have been applisd to the data for the effects of
tare forces, tunnel-wall interference and constriction. These
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corrections are the seme as those applieci %o the data for the wing
alone 1n reference 1.

Anguler deflection of the flap—angle indsexing head under load
was known to be appreclable due to the low rigidity of the restraining
bracket, The magnitude of this deflection was ascertained from a
statlc loading test of the flap. Since the no-load flap angle was '
set by means of the indexing head, each test run represents a emall
range of flap dsflectiomns. Data for consgtant flap angles and constant -
angles of attack were obtalined by interpolating graphically between
the test points, Cere was taken to preserve any lrregularities, so
thet the uniformity of the test points for any one curve is typical
of the uncorrected data., Angular distortion of the flap itself as
‘& result of aerodynamic loading was negligible.

Test data at polnts where the hinge moment passed through zero
may be in error, as the flap was free to move approximately one-half
of & degree in either directlon from the desired flap setiting without
the application of load. This freedom wes due to the difficulties
encountered 1n the construction of an indexing bracket and strain—
gage unit amall enough to be contalned within the wing.

TESTS

Lift, drag, and pliching-moment characteristice of the model
and the hinge-moment characteristics of the flap were measured over
an angle—of-etteck range for various flap deflections., The data i
were obtalned at a constant Reynolds number of 3,200,000 for Mach
numbers ranging from 0.30 to 0.95 and at a constant Reynolds number
of 5,000,000 for a Mach number of 0.18. The angle of attack of the
model was varied from —10° through 30° for flap deflections from 4°
to —26°, At Mach numbers greater than 0.3, the angle—of-attack range
was limited by vibration of the flap or by stress limitetlons of the
strain gage. '

Data for a range of angles of attack and various flap deflectioms
are presented 1n figures 3 through 1C. In these filgures, angle of
attack, pitching-moment, hinge-moment, and drag coefficient are
presented as a function of 1ift coefficlent for flap angles ranging
from 4° to —26°, The data presented in figure 3 were obtained at
‘& constant Reynolds number of 5,000,000 for & Mach number of 0.18,

- : £
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The data of figures 4 through 10 were obtalned at a constant Reynolds
number of 3,200,000 for Mach numbers of 0.300, 0.600, 0.800, 0.850,

0.900, 0.925, and 0.950.
DISCUSSIOR

The date presented in figures 3 through 10 indicate the flap %o
be effective in producing changes in 11ft and plitching moment at Mach
numbers up to 0.95 for the range of flap deflections. A forward move—
ment of the aerodynsmic center occurs at positive angles of attack as
the flap is deflected in the direction to decrease the 1lift, This-
change in longitudinal stabllity results in greater varlation of
pitching-moment coefficient with flap deflection as the angle of
attack 1s increased. The rate of change of hinge—mament coefficlent
with 1ift coefficient is & maximum for small values of 1ift coeffi-
clent.

Figure 11 presents the veriation of lift—drag ratio with 1lift
coefficient at three Mach numbers, 0.300, 0.800, and 0.925. Since
the modsl was symmetrical about the chord plane, positlve flap
settings may be represented by reversing the signs of the axes.
Reference 1 has shown that small positive deflectlons of a constant—
chord flap resulted in an Increase in the lift-—drag ratio for Mach
numbers less than 0.93; whereas data for the skewed wilng-tip flap
Indicate & reductlon in lift—drag ratlo when the flap 1s deflected.

Figure 12 presents -the varietion of 1lift, pitoching-moment, and
hinge-moment coefficient with flap deflection for O° angle of attack
at geveral Mach numberas. Flep effectiveness and hinge moment are
approximately linear at 0° angle of attack for the range of flap
deflections. An increase in Mach number c¢zused an increase in the
absolute values of the slopes of these curves. The 1lift effective—
ness OCL/0% and the pitching-moment effectiveness OCp/d8 measured
through 0° flap deflection at 0° angle of attack are Tresented in
Pilgure 13 ag a Tunction of Mach number. The effectiveness of the
constent-chord flap on the same wing (reference 1) is included for
comparison, The effectlveness of the skewed wing-tip flap is
approximately one—fourth that of the comstant—chord £lap., The
effectiveness of elther flap increases with increasing Mach number.

The hinge-moment perameters OChL/da For undeflected flap
measured through O° angle of attack, and JCL/d5 at O° angle of attack
measured through 0° flap deflection are presented in figure 1k as a
functlon of Mach number, Simllsr data for the comstant-chord flep
(reference 1) are presented for comparison, The value of OCL/d8 for
the skewed wing—tip flap is about one—half the value for the constant—
chord flep; whereas the value of OCh/da 1s more than three times as
large for the skewed wing~tip flap as for the constant—chord flap,
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The control-surface deflectlion and the corresponding hinge—
moment coefficlent required to balance ths triangulsr wing about
the 0.25 point of the M.,A.C. at various 1lift coefficlents are shown
in figure 15 for meveral Mach numbers. Data are presented for both
the skewed wing-tlp flap and the constant—chord flap., The compars—
tively low effectivenesa of the skewed wing—~tip flap 1s clearly
shown in this figure. It is seen that, for a glven control-surface
deflection, the constant—chord flap will produce four times as large
a balanced 1ift coefficient as will the skewed wing—tip flap.

In comparing the hinge-moment coefficlents of figure 15, it
should be noted that the hinge-moment dimensional constant bpceZ
is 1.825 times asg great for the skewed wing—tip flap as for the
constant-chord flap. The hinge-moment c¢oefficlents of the skewed
wing—tlp flap are little affected by Mach number, while the hinge

moments of the constant—chord flap reverse at the higher Mach numbers.

At all Mach numbers, the magnitude of the hinge momente is meny times
greator for the skewed wing—tip flap than for the constant—chord flap.
The large valuss of hinge-moment coefficient required to balance the
trisngular wing with the skewed wing-—tip flap are always negative and
are primarily the result of the large negative valus of JdChL/dCL. It
is thus indicated that the hinge moments could be reduced in magnitude
if the moment center of the wing were shifted forward. The skewed
wing—tip flap deflectlon and hinge-moment coefficient required to
balance the triangular wing about the 0.25 point of the M.A.C. and

the 0.10 point of the M.A.C. are compared in figure 16. The forward
location of the center of maments results 1n a large reduction of

the hinge moments required for balance; however, due to the large '
static stebility the flap would be ineffective in balancigg the
ailrplane to even a modsrate lift coefficient.

APPLICATION OF DATA - ,

The data of thias report have been applied to the calculation of
the level—flight charscteristics of & hypothetical taillless alrplane
equipped with a triangulsr wing geometrically similar to the model
wing. The dimensions of the airplans were assumed to be as follows:

Wing are8 . ¢ ¢« o o ¢ ¢ ¢ 6 o ¢ o o 6 o o ¢ o o ¢ ¢ o s 500 aq £t
WIng BDAIL & & o o ¢ o o ¢ o o o o« 6 ¢ o s o o o o o o ¢ o 3L9L L
Control—surface Ares . . o ¢« « ¢ o« ¢ ¢ o ¢ o o » « o 102.25 8g Tt
Control-hinge moment . . o+ o o o ¢ ¢ ¢ ¢ ¢ o o o o 612.6Chq £t—-1b

Conter of g@ravity o ¢ « ¢ o o ¢ ¢ o ¢ o o s s o ¢ o « 0.32 M.A.C.

With the exception of the type of control surface and the absence of
a fuselasge, the hypothetical eirplane 1a identical with that employed
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in the calculetions of reference 1., Since the data of reference 1
indicate that the addition of the body catsed only minor changes in
the wing characteristics, the results of these calculations can be
compared directly with figure 29 of reference l.

The 1ift coefficient, f£flap deflection, and hinge moment required
for level £light at an altitude of 30,000 feet are presented in
figure 17 for wing loadings of L0, 60, and 80 pounds per square foob.
Stick—Lfixed stability is seen to exist at all Mach numbers but the
control forces are extremsly large and, If tabs are used to trim
the eirplane, stick—free instability will exist at all subsonic
Mach numbers. Calculetions Indicate the stick—free neutral point
to be at about 0.07 M.A.C. but, as previously explained, excessive
flap deflections would be required to balance or maneuver the
airplane with this center—of—gravity position.

The following table compares the values of the untrimmed hinge
moments of a skewed wing—tip £flep and the constant—chord f£lap for
level f£light with & wing loading of 60 pounds per square foot:

Mach nunber Hinge moment
Skewed wing—tip flap | Constant—chord flep
0.60 —16,000 ft—1b —2,000 £t-1b
.80 ~19,000 ft-1b —2,400 £t—1b
.90 —19,000 f£t—1b —2,000 £t-1b
.95 —21,000 £t~1b —1,000 £t-1b

At these Mach numbers, the superi%rity of the constant—chord f£lap
is clearly demonstrated.

CONCTLUSIONS

The following conclusions have been drawn from the results of
tests of a triangular wing with a skewed wing—tlp flap and from the
comparison of a skewed wing—tip flap with a constant—chord flap of

the same area on a triangular wing.

1. The flap was effectlve in producing changes In 1ift and
pitching moment at Mach numbers up t0 0.95.

2, Increasing the Mach number from 0.30 to 0.95 resulted in
increagses 1n the 1i1Pt effectlveness and the pltching-moment effective—
ness of 20 percent and 4O percemt, respectively.
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3. The rate of change of hinge—moment coefficient with angle e
of attack was —0.029 at low speeds and increased negatively to
—0.040 Bt a Mach mumber of 0.55.

4. The rate of change of hinge—moment coefficient with flap,
deflection was -0.008 at low speeds and increased negatively to
—=0.010 at a Mach number of 0.95.

5. The skewed wing-tlp flap wag less affected by compressibility
than the conetant—chord flap.

6. The effectiveness of the skewed wing—tip flap as a longl-
tudingl control was indicated to be sbout one—quarter as great as
the effectivensess of the constant—chord flap. L

LI |

Te The control forces for level flight or accelerated flight ‘-"
with the skewed wing-tlp flap and the center of gravity at 32 percent '
of the measn aserodynamic chord would be many times greater than the -
control forces with the constant—chord flap. S

8. At low speeds, the stick-free neutral point with the skewed
wing—tip flap was about 18 percent of the mean aerodymnawmic chord
ahead of the stick—free neutral point wlth the constant—chord flap.

Ames Aeronautical Isboratory,
Natlonal Advisory Committee for Asronautics, ' '9
Moffett Fleld, Celif.
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Figure 2—~ The semispan triangular wing, with a deflected skewed
wing-1ip flap mounted in the Ames [2-foot pressure wind tunnel,
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for various flap angles. M,0.950; R, 3,200,000.
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Figure I1- The varigtion of lift-drag ratio with lift coefficient for a friangular wing haw‘ng a
skewed wing-tip flap af several Mach rumbers. R, 3200000.
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Figure /3—-The variation of the effectiveness of a skewed wing-
lip flap and a constant-chord flap with Mach number
on a lriangular wing model. o, O°



. NACA RM Fo. ABE21

-.040
-.as6 GG/ Ocx #
Measured through o= 0° —-\ ///
-032 at &= 0° e
—-’—‘—‘/
-.028
e G‘,, Ve B
024 Skewed wing-tip flap
’ Constant -chord flap (ref]) ————
and
-.020 . 4
Measured through &= 0° - /
36,/85 | bl -—\t T 4

-.016 — =11 [ 26,786 —

) -.0/2 — Measured through o= 0° —— —

/7
/ at 8= 0° _9G/%a
~008 |—% "fj" IR — T 56,705
Ll Measured through™ &=0°
"0_04 ate=0° _
NACA ]
fo) : [ [ |
.3 4 5 6 7 8 .9 10

Mach number

Figure /4~ The variation of the hinge-~moment characteristics
, of a skewed wing-tip flap and a constant-chord flap
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and hinge-moment coefficient for a skewad wing-tip flap on a [Iriangular wing
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Figure I7— The variations of [lift coefficienf, hinge moment, and
flap deflection with Mach number for level flight of a
friangular winged aircraft af 30,000 feet altifude. Wing
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