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AT TWO VERTICAL LOCATIONS 

By Gerald Hieser and Louis Kudlacik 

SUMMARY 

An investigation has been conducted to determine the static longi­
tudinal stability contribution of a horizontal tail at two vertical 
locations behind a 4-percent-thick unswept-wing--fuselage combination 
at transonic speeds. Aerodynamic forces and moments were measured on the 
sting-supported model in the Langley 16-foot transonic tunnel at Mach 
numbers from 0.6 to 1.04 and at angles of attack from 00 to about l~. 
The test Reynolds number based on the wing mean aerodynamic chord varied 

from about 4.6 x 106 to 6.0 x 106 . 

The model is comprised of an unswept wing located in the midwing 
position on a body of revolution and a sweptback horizontal tail mounted 
on a vertical tail. 

The results of the investigation show that the stability contribu­
tion of the horizontal tail mounted at the 0.205 semispan position above 
the wing-chord plane was only about 40 percent of that for the tail 
mounted at the 0.614 semispan position above the wing-chord plane. 

INTRODUCTION 

A research program has been initiated at the Langley 16-foot tran­
sonic tunnel for the purpose of investigating the steady-state aerodyna­
mic and loading characteristics) the longitudinal aerodynamic character­
istics of the model with a horizontal tail) the fluctuating-flow properties) 
and the loading and effectiveness of lateral controls on a 4-percent-thick 
unswept-wing--fuselage combination at transonic speeds and high Reynolds 
numbers. The steady-state aerodynamic and loading characteristics are 
reported in reference 1. 

-- -- --- -~~--~~---~ 
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The present report contains the longitudinal aerodynamic character­
istics of the model with a sweptback horizontal tail . The experimental 
effective downwash is presented for two vertical locations of the tail 
behind the wing . 

The sting- supported model used for this investigation has a wing 
with zero sweep of the 0 . 50 - chord line, an aspect ratio of 4, a taper 
ratio of 0.5, and NACA 65A004 airfoil sections. The 450 sweptback hori ­
zontal tail has NACA 65A006 airfoil sections parallel to the plane of 
symmetry, an aspect ratio of 4, and a taper ratio of 0.6. The distance 
between the 0.25 mean-aerodynamic - chord points of the wing and tail was 
121 percent of the wing semispan . The two vertical locations of the 
horizontal tail were 0 . 205 and 0 . 614 wing semispan above the wing - chord 
plane. 

The model was tested at Mach numbers from 0.6 to 1.04 and angles 
of attack from 00 to about 170 • The Reynolds number, based on the wing 

mean aerodynamic chord, varied from 4 . 6 x 106 to 6.0 x 106 . 

C
IDt 

lift coefficient, 

drag coeffiCient, 

SYMBOLS 

Lift 
ClS 

pitching -moment coeffiCient, 
Pitching moment about mean aerodynamic Cluarter chord 

ClS~ 

tail contribution to pitching moment, C - C 
m(tail on) m(tail off) 

horizontal -tail normal -force coeffiCient, Normal force 
ClSt 

for wing-off tests at o 

free - stream dynamic pressure 

• 
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s 

M 

c 

y 

b 

effective dynamic pressure at tail plane 

wing area 

horizontal-tail area 

free-stream Mach number 

mean aerodynamic chord, 

mean aerodynamic chord of horizontal tail, 

wing chord at any spanwise station 

horizontal-tail chord at any spanwise station 

lateral distance measured perpendicular to plane of symmetry 

angle of attack of model (referred to fuselage center line) 

effective angle of attack of horizontal tail 

wing span 

span of horizontal tail 

height of horizontal tail above wing-chord plane 

base-pressure coefficient, Pb - Po 
'1 

static pressure at model base 

free-stream static pressure 

horizontal-tail incidence (angle with respect to fuselage 
center line) 

horizontal-tail length, distance from wing c/4 to center of 
pressure of horizontal tail, measured parallel to fuselage 
center line 
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A sweepback angle 

Ee effective downwash angle at horizontal tail 

~E increment in effective downwash angle from zero lift 
e 

MODEL AND APPARATUS 

Model and instrumentation .- Geometric details and pertinent dimen­
sions of the model are given in figure 1 and a photograph of the model 
mounted in the tunnel is shown as figure 2. The fuselage is a cylindri ­
cal body of revolution with an ogival nose and a slightly boattailed 
afterbody. A table of the fuselage ordinates is included in reference 1. 
The steel wing was mounted in a midwing position on the fuselage and has 
no geometric inCidence, twist, or dihedral . The 450 sweptback horizontal 
tail was also fabricated of steel and has no geometric twist or dihedral. 
The vertical tail is not representative of an airplane configuration but 
was designed to permit support for the horizontal tail at various posi ­
tions above the wing - chord plane. 

The model forces and moments were measured by a six- component inter­
nal strain-gage balance . The model angle of attack was obtained from the 
static angle corrected for deflections due to load . 

The model base pressures were measured by two orifices mounted flush 
with the internal surface of the fuselage and about 2 inches from the 
fuselage base . 

Tunnel and model support .- The tests were conducted in the Langley 
l6 -foot transonic tunnel which has an octagonal slotted test section 
that permits a continuous variation in speed to Mach numbers slightly 
above 1.0 . 

The sting- support system, which is described in reference 2, is 
arranged so that the model is located near the tunnel center line at all 
angles of attack. 

TESTS 

Measurements of the model forces and moments were obtained for the 
Mach numbers and angles of attack given in the following table: 
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Angle of attack, 0." deg at -

Mach number, ht 
= 0.205 ht 0. 614 

b / 2 
= 

M b/2 

it = 0 it = _20 it = _20 

0.60 0 to 14.4 0 to 14 · 7 0 to 14·7 
0 . 85 0 to 16 . 3 0 to 16.3 0 to 16.2 

. 90 0 to 16 · 5 0 to 14.4 0 to 16.4 
·92 0 to 16 . 6 0 to 14.7 0 to 16.5 
.94 0 to 17 · 0 0 to 14 . 9 0 to 16.9 
. 98 0 to 12 · 7 0 to 12 . 8 0 to 12·7 

1.00 0 to 10 · 5 0 to 10 · 5 0 to 10·5 
1.04 0 to 8 .1 0 to 9 · 5 0 to 8.2 

The tail normal force was measured through a tail - incidence range 
during tests with the wing off . These tests were conducted with the 
model at an angle of attack of 00 and with the horizontal tail mounted 
in the 0.614 semispan position . 

5 

The test Reynolds number based on wing mean aerodynamic chord varied 

from 4.6 X 106 to 6.0 X 106 over the test Mach number range . 

ACCURACY 

The measurement of Mach number in the test region is believed to be 
accurate within to.005 (ref. 3 ) , and the angles of attack presented are 
believed to be correct within t o . l o . 

The lift and drag data have been adjusted to the condition of free­
stream static pressure at the model base (base d i ameter = 6.28 inches). 
The variation of model base -pressure coefficient with angle of attack and 
Mach number is presented in figure 3 for the model with the horizontal 
tail at the 0 . 205 semispan position and an incidence of 00

. Changing the 
incidence or tail position had only a small effect on the base pressure. 

No adjustments for sting interference or aer oelasticity have been 
applied to the aerodynamic forces and moments. The maximum twist of the 
wing for the range of test conditions reported have been estimated to be 
about 0.60 • (See ref. 1.) I t is believed that the boundary-interference 
effects for wing -body combinations are generally negligible in this 
slotted test section at Mach numbers up to slightly above 1 .0. (See 

----------- - --
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ref. 4 .) The data presented at M = 1 . 04 may be affected somewhat by boundary-reflected disturbances impi ngi ng on the model ; however, no attempt has been made to evaluate these effects . The accuracy of the measured coefficients based on balance accuracy and repeatab ility of data is beli eved to be within the following limits: 

CL -to. 01 
CD at low lift coefficients -to. 001 
CD at high lift coefficients t o. 003 
Cm . . . . . . t o. 003 

RESULTS AND DISCUSSION 

Lift and drag data for the model with the horizontal tail at 
ht _20 0 ht _20 -T = 0 . 205, it and 0 , and at T = 0 . 614, it = are given b 2 b 2 
in figures 4 and 5 · 

The pitching-moment data for the model configurations given above and for the model without the horizontal and vertical tails (obtained from the data of ref . 1) are presented in figure 6. These data indicate an increase in static longitudinal stability with increasing Mach number . This increase in stability results primarily from a rearward movement of the center of pressure on the wing as the Mach number is increased through the transonic range . (See ref . 1 . ) 

A comparison of the data in figures 6(b ) and 6(c) with the data of figure 6(d) shows that the angle of attack at which a reduction in the model stability occurs is greater with the tail at the 0.614 semispan position at Mach numbers up to 0.94 . No reduction in stability is indi ­cated for either tail position at Mach numbers above 0.94 and angles of attack up to the limit of the tests. The model is more stable at all Mach numbers with the tail located in the higher position throughout the angle - of -attack range investigated . This increased stability results from the fact that the higher tail is located farther from the wing wake center at these angles of attack and, therefore, operates in a lesser downwash field . 

The tai l effectiveness parameter Cm. is presented for the model It 
with the tail at the 0 .205 semispan position in figure 7 . The effec ­tiveness generally increases with Mach number until a Mach number of about 0 . 98 is reached, after which a slight decrease in effectiveness is indicated . Apparently this characteristic is predominantly the effect of Mach number on the tail lift - curve slope . 
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In order to obtain the relative magnitude of the downwash at the 
two tail positions) the effective downwash has been calculated from the 
equation Ee = a - ~ + it . For the lower tail position) ut was 

obtained from the expression CIDt/C~t . Because the model was tested 

with the tail at only one incidence angle for the 0.614 semispan tail 
position) ut was obtained from the tail normal -force characteristics 

presented in figure 8. The expression 
-CIDt 

%St1t 
q S c 

was utilized to deter-

mine the horizontal-tail normal - force coefficient CN at each test 
t 

condition. The tail length It was determined from chordwise center-

of-pressure data given in reference 5 for a wing of the same geometry 
as the present horizontal tail. The dynamic-pressure ratio qt/q was 

extracted from reference 6 . 

In figure 9 the incremental effective downwash angle (downwash 
calculated at any angle of attack minus downwash calculated at a = 00 ) 

is presented as a function of angle of attack and Mach number. Incre­
mental values are presented because of the relatively high contribution 
of the tail empennage drag to C

IDt
. The limited dynamic-pressure-ratio 

data of reference 6 prevented calculation of downwash for the 0.614 semi­
span tail position at angles of attack beyond 100 . The downwash param-
eter O~Ee/da measured between a = 00 and a = 40 is shown as a 

function of Mach number in figure 10. This parameter for the tail at 
htfb2 = 0.614 is only about 60 percent of the value for the tail loca-

tion at htfb2 = 0.205) and the horizontal- tail contribution to stability 

for the low position is only about 40 percent of that for the tail in the 
high position. 

CONCLUSION 

Results of an investigation to determine the static longitudinal 
stability contribution of a horizontal tail located at two vertical 
positions behind a 4 -percent-thick unswept -wing--fuselage combination at 
transonic speeds lead to the following conclusion : 



--------_ ... - ------
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The downwash parameter d6Ee/aa for the tail located at 0.614 wing 

semispan above the wing-chord plane extended is only about 60 percent of 
the value for the tail located 0.205 semispan above the wing-chord plane. 
The horizontal-tail contribution to stability for the tail in the low 
position is only about 40 percent of that for the tail in the high 
position. 

Langley Aeronautical Laboratory) 
National Advisory Committee for Aeronautics) 

Langley Field) Va.) June 29, 1955. 
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1--------------104.3----------...; 

1------59.53------......, 

o.5-chord line A =0° Quarter-chord 
. line 

Pitching-moment axis 

Hinge point '. 
(50 percent of root chord) I-~~$-::=:=;-- - .614..2. 

4.375 2 

Quarter-chord 25 

point of C ~~~~05~ 

Wing Horizontal toil 

Taper ratio 0.5 0 .6 
spect ratio 4.0 4 .0 

Area 8.165 s t 
Span 68.37 in. 
Airfo il NACA 65A004 

parallel to plane 
of symmetry 

AC/4 4 .78° 45° 

Figure 1.- Geometric details of model. All dimensions are in inches . 
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L-79961 Figure 2.- Photograph of model in the Langley l6-foot transonic tunnel. 
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