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SUMMARY

An i1nvestigation was undertaken to deterrine the effectiveness of four ana-
lyticel methods (empirical, modified empirical, vortex-lattice, and an inviscig,
three-dimensional, potential-flow, wing-body program) to estimate the lateral and

longitudinal ctatic stability craracteristics of an isolated V-tail wind-tunnel
model. The experimental tests were conducted in the Langley V/STOL tunnel at

& Mach number of 0.18. Angle-of-attack data were obtained from -12% to 8© at
00 siderlip. Sideslip sweeps fram -5° to 10° were made at angles of attack of
4°, 09, znd -4°. The V-tail dihedral angles were 459, 509, 550, and 60°. oOf
the methods used, a combination of the modified empirical and vortex-lattice
methods correlated with the experimental results best except for predicting
static directional stability contributions at high dihedral angles. The
inviscid, three-dimensional, potential-flow, wing-body program correlated bet-
ter at high dihedral angles.

INTRODUCTION

Conventionally powered, single-rotor helicopters have experienced direc-
tional control problems while operating in low-velocity, left-rear—quartering
vinds in ground effect and during low-speed sideward flight in ground effect
{tefs. 1 and 2). 1Investigations have been conducted to determine the source
of these directional control problems and possible means of alleviating them
{refs. 3 to 5). Reference 4 shows that a V-type empennage can present signif-
icant advantages over conventicnal horizontal-vertical control surfaces for

helicopter directional control at low speeds. The principal advantages are
smaller adverse fin forces and increased tail-rctor efficiency.

An important aspect of designing a V-type empennage is the ability to pre-
dict :its aerodynamic characteristics in terms of longitudinal and directional
static stability. Previous work in this area, such as references 6 and 7, used
a sirplified method to predict the aerodynamic characteristics of lifting sur-

faces with increasing dihedral angle. The accuracy of this method was found to

be deficient for V-tails with dihedral angles greater than 40°.

An investigation was conducted to evaluate the effectiveness of the simpli-

fied method of references 6 and 7 and of more sophisticated vortex-lattice and
inviscid-flow paneling methods in determining the effects of dihedral on the
static stability characteristics of an isolated V-tail. Wind-tunnel tests of a
helicopter V-type empennage were conducted and the results were used as a bacis
for camparison with the analytical methods.

SYMBOLS

Units used for physical quantities defined in this paper are given in the
International System of Units (SI) and parenthetically in U.S. Customary Units.
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Measurements and calculations were made in U.S. Customary Urite. Conversion
factors are presented in reference 8. The positive directions of forces are
shown in figure 1.

c- section lift coefficient

CL total lift coefficient (stability axis), Fp/q s
CQ& lift-curve clope, dCy,/da, per deg

Cy side-force coefficient (body axisj, Fy/qas
Cy- slope of side-force curve, dCy/d:, per deg
Fy lift force, N (1bf)

Fy side force, N (1bf)

iy incidence angle, deg

K correction factor for Cyg (ref. 6)

q. dynamic pressure, Pa (1bf/ft2)

s total V-tail area, 0.244 m2 (2.625 ft2)

o] angle of attack, deg

B anglevof sideslip, deg

-

dihedral angle, deg
Subscript:

N norral to surface

APPARATUS AND EXPERIMENTAL TEST PROCEDURES

The experimental data presented in this report were obtained on the tail-
alone configquration shown in figure 2. Dimensions and geometric data are given
in fiqure 1. The model was mounted on & six-component strain-gage balance. A
oluff forebody was attached to the strut to close off the tail cone. Transition
grit was applied to the tail sur faces.

The tests were conducteé in the Langley V/STOL tunnel, which is an atmo~
spheric, clcsed~circuit wind tunnel. The test section measures 4.2 m (14.50 f¢t)
by 6.63 m (21.75 ft). Data were obtained at a free-stream dynamic pressure of
2.30 kPa (48 1bf/ft<), which corresponds !5 a Mach number of 0.18. Model angle-
of-azttack sweeps were made from -120 to 80 at B = (00, Sideslip sweeps were
made from -50 to 100 at a = 49, 0°, and -4°. Pitch measurements were made
using an internal pitch accelerometer. Yaw angle was measured externally.

2
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The strut 8upport was held parallel to the test-section center line for the
sideslip sweepe to minimize strut interference on the model. No wall orrec-
tions were made.

The incidence angle and dihedral angle of each tail surface of the model
could be independently varied. For this investigation the incidence angle of
both tail surfaces was fixed at 5°, as shown in figure 1. Four “ihedral angles
were tested: 450, 500, 550, ang 60C. The experimental data presented in this
report are the result of subtracting tail-cone data from data for the tail cone
Flus the tail surfaces to obtain data for the tai] surfaces.

ANALYTICAL METHODS

Experimental data were compared with results from four 2analytical me thods
to determine the ability of these methods to predict the effects of dihedral
angle on the static stability characteristics of an isolated V-tail. The four
analytical methode used were (1) the simplified analysis of reference 6, the
Purser—-Campbell Rethod; (2) a2 modified version of the Purser-Campbell me thod;
(3) the vortex-lattice method of reference 9; and (4) the inviscid, three-
dimensional (3-D), potential-flow Progras of reference 10.

The assumptions made by the Pur ser-Campbell method are basically there is
no interference between the tail surfaces with dihedral, and lift and side force
are simple geometric functions of dihedral; and the lift-curve slope normal to
the tail surface with dihedral is equal to the lift-curve slope of the tail sur~
faces at 0° dihedral. These assumptions simplify the expressions for the tail
contribution to longitudinal and directional stability o

cl(! = (Cxo) cos2 T (1)
Cyg = X (c,,a) sin2 T 2)

The modified Pur ser-Campbell method makes use of equations (1) and (2) and uses
the same value of K uysed in the Purcer-Campbell method, but (CLQ) is

N
obtained by using the vortex-lattice method of reference 9.

The vortex-lattice method of reference 9 used 6 chordwise and 10 spanwise
rows of panels to model the V-tail. The left surface of the V-tail was nodeled
from the dihedral hinge line to the tip; the right surface was modeled from the
dihedral hinge line to the widpoint of the tail-rotor gearbox fairing. The
spanvise loads were susmed from the point 6.25 cm (2.46 in.) frowm the dihedral
hinge line to the outboard end of each respective surface. This inboard point
repreeents the juncture of the tail surfaces and the t2il cone. The vortex-
lattice method has a potential deficiency in its ability to model this V-tail
configuration. This potential deficiency may arise because the experimental
V-tail model uses a relatively thick (15 percent) airfoil section, whereas the
vortex-lattice method is based on thin-ajrfoil assumpt jone.



The inviscid, three-dimensional, potential-flow program utilizes source
panels to represent nonlifting surfaces and doublet panels on source panels
to represent lifting rfaces. Neumann boundary conditions of tangential flow
are assumed. The V-tail configuration as modeled for this prograr is shown in
f qure 3. Discrete components were used for the modeling to allow for easier
alterations in the paneling scheme when dihedral angle was changed. A total of
860 panels was used to model the lifting surface and three chordwise panels
behind each lifting surface were used to model the wake. A cosine distribution
of panels was used on the lifting surfaces. Doublet panels alone were extended
2.54 om (1.0 in.) into the body, and loads were summed for the tail surfaces
only.

RESULTS AND DISCUSSION

Experimental data from the wind-tunnel test of the isolated V-tail ace pre-
sented in figures 4 to 7. 1In figure 4 longitudinal aerodynamic data are pre-
sented in the form of Cp as a function of @ for dihedral angles of 45°, sg°,
55, and 60°. As expected, the lift-curve slope decreases with increasing dihe-
dral because of the reduction in projected horizontal surface area. Also, as
dihedral angle increases, the 1lift curves become nonlinear over the angle-of-
attack range tasted.

In figure 5 longitudinal aerodynamic data are presented for three tail con-
figurations: right and left surfaces together at I = 559, left surface only at
I' = 550, and right surface only at T = 550, Algo shown in figure S (as the
dashed line) is the sum of the lift coefficients of the individual surfaces.
This figure indicates that a benefic.al interference occurs between the two tail
surfaces, since CLG of the total configuration is greater than that of the sum

of the individual tail surfaces. In addition, the interference between the tail
surfaces appears to be nonlinear with changes in angle of attack.

Figures 6 and 7 present lateral stability data in the form of Cy as a
function of B. 1In figure 6 the data are presented for three angles of attack
at each of the four dihedral angles tested. For the three values of angle of
attack, the value of CYB became more negative as dihedral angle was increased.

In contrast to the lift curves, the side~force curves became more linear with
increasing dihedral angle over the range of sideslip angles tested.

In figure 7 are presented the lateral stability data for three tail con-
figurations: right and left surfaces together at I = 550, left surface only
at T = 550, and right surface only at T = 55°. Also shown is the sum of the
side-force coefficients of the individual surfaces (dashed line). In contrast
to the longitndinal aerodynamic data, a nonbeneficial interference occurred
between the two tail surfaces, since the value of CYB is less negative for

the total configuration than for the sum of the individual tail surfaces.
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The primary results of this investigation are summarized in figure 8 as a
camparison of calculated values of cLo and -CYB with values of these deriv-

atives determined from the wind-tunnel data shown in figures 4 and 6(b). The
values of Cr, Wwere cobtained at B = 0° between a = -5° and 5°, and the

values of -CyB were obtained at a = 0° between B = -5° and 5°. The four
analytical methods were described earlier.

As shown in figure 8, the best correlations with the experimental values
of CLu were obtained with the modified Purser-Campbell and vortex-lattice

methods. The other two methods gave values of CLu higher than the measured

values; the least satisfactory correlation was ocbtained with the Purser-Campbell
method.

Pigure 8 also shows the variation of 'C!B with increasing dihedral angle.
Two of the distributions of -CyB (Purser-Campbell and modified Purser-Campoell

methods) were predicted by use of equation (2). As previously shown in equa-
tion (2), the value of -cyB predicted is dependent on K and (c"u) for any
N
given dihedral angle. The value of K (0.65) was determined from figure 2 of
reierence 6, and (qu) was determined as previously described. Por the
N

Purser-Campbell method, the results 4o not correlate well with the experimental
data; for the modified Purser-Campbell method, the correlation with the experi-
mental data is much better. However, neither of the two methods using equa-

tion (2) predict: the reduction in the slope of -CYB versus ' shown by the

experimental data at the higher dihedral angles. Both the vortex-lattice and
3-D potential flow methods correlate the experimental data better, particularly
in predicting the reduction in .CYB as [ approaches the value where the two

surfaces would converge into one, as described in reference 6. This reduction in
-CYB at the higher dihedral angles is due to increased interference between the

two V-tail surfaces, which is more accurately predicted by these more sophisti-
cated methods. Changing the value of K or (Clu) in equation (2) will still
N

not enable the modified Purser-Campbell method to accurately predict the reduc-
tion in -CYB indicated by the experimental results, since the results from

equation (2) will still foliow a sine-squared distribution of dihedral angle.



cal methods to accurately predict the lateral and longitudinal static stability
characteristics of an isolated V-tail model. Tt was determined fram this inves-
tigation that a simplified prediction method used in conjunction with a vortex-
lattice method gave adequate results for the longitudinal static stability
characteristics at moderate dihedral angles. This combination of methods was
deficient in the prediction of tail contribution to static directional stabjl-
ity at high dihedral angles. A more sophisticated method based on an inviscig,
three-dimensional, wing-body, potential~flow Program sufficiently predicted the
tail contributions to static directional stability at the higher dihedral angles.
However, this method was deficient in the Prediction cof longitudinal static sta-
bility characteristics.

Langley Research Center

Mational Aeronautics and Space Administration
Hampton, VA 23665

July 20, 1978
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Pigure 3.~ v-tail paneling geometry.
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Figure 7.- Concluded.

18



Il S ——

| T
. ! N + - -~ N

ov
. i '

'
|

| Purser-Campbell (ref, 6) 5 g
0 . Modified Purser-Campbei| :
—— - — Vortex-Lattice (ref. 9

—— --— 3D Potential Flow (ref, 10)

I" deg

Figure 8.- Compar ison of e€xperimentally determined V-tail CL and
with values Predicted by tour analytical methods.

O Experimental e e

-CYB

19



. ‘
.
, ,
N * . -
-
- N . ”
.
t - -—
. . Y
R -’
.
13
- h M
) .
« L)
- - . >|
" : - 0

. L3 B

L -

P
*
. _
’ E .
k4
- .
.
AW ‘
.
-
N 9
. \



