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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

THE AERODYNAMIC CHARACTERISTICS AT TRANSONIC SPEEDS OF AN
ALT-MOVABLE, TAPERED, 45° SWEPTBACK, ASPECT-RATIO-k4
TAIL DEFLECTED ABOUT A SKEWED HINGE AXIS AND
EQUIPPED WITH AN INSET UNBALANCING TAB

By James M. Watson
SUMMARY

An investigation was made at transonic speeds in the Langley high-
speed T- by 10-foot tunnel to determine the hinge-moment, 1ift, and
pltching-moment characteristics of an overbalanced all-movable tall sur-
face deflected about a skewed hinge axis and equipped with an inset
unbalancing tab. The aspect-ratio-4 tail surfece had a sweepback of L45°
at the quarter-chord line, a taper ratio of 0.6, and an NACA 65A006 air-
foil section parallel to the free stream. The investigation was made
through the transonic speed range by testing in the high-velocity flow
field generated over the curved surface of a bump placed on the floor
of the tunnel. The 1ift effectiveness of the tab was positive through
the Me.ch number range investigated, but, like other flap-type controls,
its effectiveness was materially reduced through the transonic speed
range. The tab effectiveness in producing tail hinge moment changed
only slightly with Mach number and the retio of tab deflection to tail
deflection required to balance the hinge moments resulting from deflec-
tion of the tail showed a large decrease at transonic speeds as a
result of the rearward shift of the centers of pressure of the tail.
Some method by which the ratio of the tab deflection to tall deflection
could be varied with tail hinge moment would be required to provide
satisfactory balancing of the hinge moments of the tail throughout the
Mach number range.

The gep at the root-chord line of the tail caused by deflection of
the all-movable tailil decreased the lift-curve slop€ and maximim 1ift at
20° and 30° tail deflectlion but had little effect on the hinge-moment
characteristics.
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INTRODUCTION

For several years designers have been aware of the more desirable
characteristics of the all-movable control over the conventional flap-
type control (see refs. 1 and 2). The all-movable controcl is even more
desirable at transonic speed because the decrease of effectiveness of
the all-movable tall is less than that of the flap-type of control.

Both controls, howevér, show large rearward shifts in the center of
pressure in the transonic speed renge which make control balancing diffi-
cult. A recent investigation has shown (ref. 1) that the effects of the
center-~-of-pressure movement on the balancing characteristics may be
meterially reduced cfi an all-movable tall by pivoting the tail about a
skewed axis near the locus of centers of pressure. This arrangement
gives e more desirable varlatlon of hinge-moments with angle of attack
and Mach number than one in which the axis is normal to the plane of
symnetry. Although the configuration of reference 1 gave relatively low
hinge-moment coefficlents through the low 1ift coefficlent range, even
closer balancing must be obtalned in order to achieve unboosted pilot
operation of the controls.

The present investigation deals with an all-movable control surface
similar to the one described above, that is, one pivoted about a skewed
hinge axls. The skewed axis was chosen from the center-of-pressure data
presented in reference 1, such that the hinge moments of the tail would
be overbalanced at low Mach numbers and sbout balanced at transonic Mach
numbers. The hinge moments of the taill could then be balanced by
instellirig an inset unbalancing tab whose effectiveness at low Mach num-
bers 1s sufficient to balance the hinge moments of-the taill although the
effectiveness of the tab would be expected to decrease rapldly in the
transonic speed range (ref. 3). This control arrangement. has the addi-
tional advantage that the tab lift is added to the tail 1ift instead of
belng subtracted from it as with the conventional balancing tab.

The present 1nvestligation presents the 1ift and moment charecter-
istics of an aspect-ratio-4,0 tail, sweptback 450 at the quarter-chord
line and pivoted about an axls sweptback 55.5° and passing through the
leading edge of the root-chord line., The tall was equipped with a 20-
percent-chord, 50-percent-semispan inset unbalancing tab. The effect
of the gap at the root-chord line caused by deflection of the taill has
also been investigated. The Mach number renge of the tests 1s from
0.61 to 1.21, obtained by the transonic-bump technique.

SYMBOLS

The forces and moments on the tail are presented relative to the
axes shown In figure 1. .
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Twice 1ift of semispan model
(o fS]

Ct, 1ift coefficient,

Cn pitching-moment coefficient referred to leading edge of
root-chord line (see fig. 1), .
Twice pitching moment of semispan model

asST
Cn hinge-moment coefficient about hinge line (see figs. 1 and 2),
Twice hinge moment of semispan model _.
gSc
q effective dynamic pressure over span of model, %pvz,
1b/sq £t
S twice area of semispan model, 0.125 sq ft

ol

b/2 .
mean serodynamic chord, - f €24y = 0.1805 ft on model
0

S
c ) local wing chord, ft
b twice span of semispan model, 0.70T ft
¥ spanwise distance from plane of symmetry, ft
o] mass density of air, slugs/cu ft
v average free-stream velocity, fps
M effective Mach number over span of model
M, average chordwise local Mach number —
M; locai Me.ch number
R Reynolds number of model based on c
a angle of attack (measured in the plane of symmetry), deg
A aspect ratio, LI 4.0 on model
Y taper ratio, 0.6 on model
3 deflection of model about hinge axis swept back 55.5° and

passing through the leading edge of root-chord line, deg
(positive deflection shown in fig. 1)
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B¢ deflection of inset umbaslancing tab about 80-percent-chord
line, deg (positive deflection shown in fig. 1)

AHL angle of sweep of the hinge line, 55.5°

ts} COS'AEL change in angle of attack at the root-chord line caused by
change in tall deflection about the hinge line

a + 5 cos.AHL resultant change in angle of attack, deg
&
& 38 - -
chy - b
t By,
Bt 35y

MODEL AND APPARATUS

The all-movable tail used in the investigetion has an aspect ratio
of 4, a taper ratio of 0.6, a sweepback of 45° at the quarter-chord line,
and an NACA 65A006 ailrfail section parallel to the free silr stream. The
tail was mounted on the transonic bump and was the same as that investi-
gated 1n reference 1. The tall was made of steel to the plan-form
dimensions shown in figure 2. :

The hinge axils of the all-movable tail was swept back 55.5° and
passed through the leading edge of the root-chord line of the tail (see
fig. 2). At s given tail deflection, the model was restrained from
rotating about the hinge axis by an electrical strain-gage beam secured
to 8 shaft extending the hinge axis through the surface of the bump.

A 20-percent-chord, 50-percent-semispan, inset tab was made in the
talil surface by cutting a l/32—inch groove in both surfaces of the tail
along the 80-percent-chord line as shown in figure 3. Experience has
shown that the grooves facllitate setting the tab deflectlon angle and
have a negligible effect on deflection under load. The grooves were
filled and faired smoothly.
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The tall was so arranged that the gap between the root of the tail
and the bump surface was only about 1/16 inch at 0° tail deflection
(see fig. L4), and opened up as the tail waes deflected. The gap between
the butt of the model (fig. 4) and the turntable of the bump was sealed
by a thin sponge seal to eliminate air flow around the butt of the
model into the balance chamber in the bump.

Force and moment measurements were obtained on an electrical-
strain-gage balsnce system.

TESTS

The all-movable tall was tested 1n the Langley high-speed T- by
10-foot tumnel by utilizing the flow field generated over the transonic
bump to obtain Mach numbers from 0.61 to 1.21., The transonic-bump
technique is described in reference 4, Typical contours showing the
Mach number distribution over the bump in the vicinity of the model are
shown in figure 5. Effective test Mach numbers were obtained from
contour charts similar to those shown in figure 5 by the relationship

b/2
_2
M_EL/; cM, dy

For these tests a Mach number gradient outside the boundary layer
of generally less than 0.03 wase obtalned below & Mach pumber of 0.95 and
the gradient increased to sbout 0.06 at the higher test Mach numbers.
The varistion of Reynolds number with Mach number is presented in fig-
ure 6.

The angles of attack were measured in a plane perpendicular to a
normal axis through the leading edge of the root-chord line (the xz-
plane, see fig. 1), and the tall deflections were measured in a plane
perpendicular to the 55.,5° sweptback hinge line. The model was
symmetrical; therefore, in order to reduce the number of model changes
and the tunnel time, the force and moment measurements were taken
through an angle-of-attack range from -30° to 30° and at teil deflec-
tions from 0O° to 30°. These measurements could then be considered, with
due regard to sign, to be equivalent to the measurements that would be
obtained through an angle- of-attack range from o° to 30° and at teil
deflections from -30° to 30°.

The inset tab was investigated at deflections of -10° to 10° normel

to the tab hinge line through an sngle-of-attack range of -30° to 30°
at tail deflections of 0°, 10°, and 20°.
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In view of the small size of the tail relative to the tunnel test
section, Jet-boundary and blockage corrections were believed to be
insignificant and were not applied to the data.

RESULTS AND DISCUSSION

The 11ft and hinge-moment characteristics of an all-movable,
h5° sweptback tail pivoted sbout a skewed hinge axls are presented in
figures 7, 8, and 9 as a function of inset tab deflection for several
angles of attack, Mach numbers, and taill deflections. The 1ift,
pitching-moment, and hinge-moment coefficients have also been plotted
against the resultant change in angle of attack, o + B cos Agy, in

figure 10 at a tab deflection of 0°. The pitching-moment and hinge-
moment coefficients for various tab deflections have been plotted .
against 1ift coefficient at wvarious Mach numbers and tail deflections in

figures 11, 12, and 13.

The control characteristics of the all-movable tail have been
summerized in figure 14k. The 1ift and hinge-moment parameters of the
tail are based on the incremental value of the coefficients between
8=0° and ® = 10° at o = &t = 0°. The tab parameters are based
on the average slope of the coefficient curves between St = iloo at
o =8=20°

The perameter Cpg (fig. 14) indicates that the all-movable tail is

overbalsnced throughout the Mach number range, but, as was expected from

the present hinge-axis location and from the center-of-pressure movement

shown in reference 1, the overbalance was small at a Mach number of 1.00

or above. The overbalanced condition is limited to values of

a + & cos Agy of about +6° at subsonic Mach numbers but covers a greater

range of o + & cos Apy, above M = 1.00. The tab effectiveness in pro-
ducing tail hinge moments Ch8 shows only slight increase through the
t

Mach number range. The ratio of the two parameters ChG/Cth is the

amount of tab deflection per degree of tail deflection 8/8 regquired
to balance out the hinge moments resulting from deflection of the tail.
Although the tab effectiveness in producing tail hinge moment changed
only slightly with Mach number, the ratioc of St/B requlired to balance
the hinge moments resulting from deflection of the tail showed = large
decrease at transonic speeds as a result of the rearward shift of the
centers of pressure of the tail. The varistion of the ratio 8y/8 with
Mach number indicates that a spring tab, or some other method by which
the linkage or ratio of St/b could be varied with the hinge moment,
would be requlred to provide staisfactory balancing of the hinge moments
of the tail throughout the Mach number range investlgated.
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The 1ift effectiveness of the tab as given by the pasrameter CLSt

(fig. 14) is positive throughout the Mach number range and varies with
Ma.ch number much like any other flep-type control which usually shows a
large reduction in effectiveness in passing through a Mach number of
1.00. The value of CLSt at M = 1.21 is only about 45 percent of the

value obtained at M = 0.61.

The advantage of using an overbalanced control and an unbelancing
tab is apparent in figure 14 where the net 1ift parameter (CLa)ch—o

is given by the following equation:

o}
), =0+ 5a,)

and 1s greater than the tail 1ift parameter CLS' It should be remembered,

however, that these parameters apply only over the range of deflection at
which the slopes were measured, and at other values of o + & cos Agr,

(fig. 10) the tab may be required to provide balance rather than unbalance
with a resulting loss in 1ift effectiveness. S

A comparison of the variation of the hinge-moment characteristics
with Mach number of an all-mowvable tail pivoted about a normal sxis at
0.25¢ (from ref. 1), pivoted about a skewed axis on the 20-percent-chord
line (from ref. 1), end pivoted about an sxis swept back 55.5° (from the
date of this report)} is presented in figure 15. These deta show that
the hinge moments of the all-movaeble tail pivoted about an axis swept
back 55.5° were overbalanced through the Mach number range, while the
hinge moments of the all-movable tall pivoted about the other axes were
underbalanced. h

The gap at the root-chord line resulting from deflection of the
taill surface does not appear to have much effect on the hinge-moment
characteristics as 1s indlicated in figure 10. These data do show a
decrease in lift-curve slope, particularly at & = 309, and a decrease
in meximum 1ift coefficient above about 10° tail deflection.

CONCLUSIONS

An investigation was made in the Langley high-speed T- by 10-foot
tunnel to determine the effect of an inset unbalencing tab on the hinge
moments and aerodynamic characteristics of an overbalanced all-movable,
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45° gweptback, aspect-ratio-4, taper-ratio-0.6 tail deflected about a
skewed hinge axis. The following conclusions may be drswn from the
data:

1. The 1lift effectiveness of the tab was positilve through the Mach
number range investigated, but, like other flap-type controls, its
effectiveness was materially reduced through the transonic speed range.

2. Although the tab effectiveness in producing tall hinge moment
changed only slightly with Mach number, the ratioc of tab deflection to
taill deflection required to balance the hinge moments resulting from
deflection of the tall showed a large decrease at transonic speeds as a
result of the rearward shift of the centers of pressure of the tail.

3. Some method by which the ratio of the tab deflection to tail
deflection could be varied with tall hinge moment would be required to
provide satisfactory balancing of the hinge moments of the tail through-
out the Mach number range.

Langley Aeronautical ILaberatory,
Naetlonal Advisory Committee for Aeronautics,
Langley Field, Va., July 30, 1953.
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Hinge axis

' Y

Figure 1.- System of axes, tail hinge moments, and deflections. Positive
directions of forces, moments, and deflections are indlicated by arrows.
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Figure 2.- Plan form and dimensions of the aspect-ratio-k, taper-ratio-0.6,
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Figure I.- The arrangement of the sponge seal and the gap between the
root-chord lipne of the all-movable tail and the bump surface. All
dimensions in inches unless otherwise noted.
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(a) Lift coefficient.

Figure 10.- The variation of 1ift, pltching-moment, and hinge-moment
coefficients with the parameter o + ® cos Ay for the all-movable

tail at various tail deflections and Mach numbers. St = 0.
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Figure 10.- Continued.
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Flgure 10.~ Concluded.
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Figure 11.- The variation of pitching-moment and hinge-moment coefflcients
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(a) M = 0.61 and 0.81.

Figure 12.- The variation of pitching-moment and hinge-moment coefflcients
with 1ift coefficient for various Mach numbers. © = 10°,
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(b) M = 0.91 and 0.95.
Figure 12.- Continued.
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Figure 12.~ Continued.
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Figure 13.- The varistion of pitching-moment and hinge-moment coefficients
with 1ift coefficient for verious Mach numbers. & = 20°.
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