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AERODYNAMIC CHARACTERISTICS OF A TRAPEZOIDAL-WING
ATRPLANE MODEL WITH VARIOUS VERTICAL POSITIONS OF

WING AND HORIZONTAI:. TATI. AT MACH

NUMBERS OF 1l.41 AND 2.0l

By Gerald V. Foster
SUMMARY

An investigation has been conducted in the Langley k- by 4-foot
supersonic pressure tunnel to determine the effects of various vertical
positions of a wing and horizontsl teil on the statlc longitudinal sero-
dynamic cheracteristics of a trapezoidal-wing airplene model at Mach
numbers of 1.41 and 2.01. The model was equipped with a wing and hori-
zontal taill having O° sweep of the 75-percent-chord line. The wing had
an aspect ratioc of 3, teper ratio of 0.25, &nd L-percent-thick circular-
arc airfolil sections. The unswept horizontal tail had an aspect ratio
of 4, taper ratio of 0.60, end Y-percent-thick hexagonsal airfoil sections.
The model was &lso tested wilith & L45° sweptback horizontal tail with an
NACA 65A006 alrfoil section arnd aspect ratio and taper ratio ldentical
with the unswept tail.

In general, the effects of wing vertical position at Mach numbers
1.41 and 2.0l are similar to those obtained at subsonlic speeds. Experi-
mental 1ift and pitching-moment cheracteristics of the mldwing tall-off
configuration indicated a slightly lower lift-curve slope for Mach num-
ber 1.41 and a less negative pitching-moment-curve slope for both Mach
numbers than predicted by theory. For the tail-on configuration, experi-
mental and predicted 1ift characteristics agreed falrly well; however,
experimental pitching-moment cherecteristics indicated a S-percent-
greater static margin at Mach number 1.4l and a b-percent-lower static
margin at Mach number 2.01 than predicted. A change in vertical position
of the unswept horizontal tail from low to high resulted in a positive
trim change with and without the wing. Incorporating 45° sweepback in
the horizontal tall on the midwing configuration st a Mach number of
1.4l decreased the positive trim change of the high-tail configuration
but had no appreciable effect on the longitudinsl characteristice of the
low-tall configuration. \
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INTRODUCTION

A knowledge of the effects of wing and horizontal-teil position on
the aerodynamic charscteristics of wing-body configuraetions is important
in the aserodynamic design of an asircraft. Experlmental studies have
yielded a conslderable amount of such informetion at subsonic speeds (for
example, see refs. 1 to L4); however, at the present only limited amounts
of such informstion are available in the supersonlic speed range (for
example, see refs. 5 to T).

Recently, a study at Mach numbers of 1.4l and 2.0l has been con-
ducted in the langley 4- by 4-foot supersonic pressure tunnel to provide
additional information concerming the effects at supersonic speeds of wing
and horizontal-tall vertical positlor and horizontal-tall plan form on the
serodynemic chsracterlistics of & model having trapezoidal lifting surfaces.
The longitudinal phase of the investigation is presented herein.

SYMBOLS

The results are presented as coefficlents of forces and moments and
are referred to the stabllity-axis system with the reference center of
moments located at 25 percent of the wing mean geometric chord.

The symbols used herein are defined as follows:

Cr, 1ift coefficient, Lift/qS

Cﬁ drag coefficient, Drag/qS

Cry pitching-moment coefficient, Pitching moment/qSE

Acmt tall pitching-moment contribution, Cmtail on " qmtail of f
q free-gtream dynamic pressure, lb/sq ft

M Mach number

S5 wing area, sq ft

c local chord, ft

¢ mean geametric chord, ft

b wing span, £t

)
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ig horizontal-taeil Incidence angle, deg
L/D 1ift-drag ratio
a angle of attack, deg
Xep center of pressure, percent €
MODEL

The geametric characteristics of the model are given in figure 1
and teble I. The wing was constructed of steel and had en aspect ratlo
of 3.0, a taper ratio of 0.25, and O° sweep at the 75-percent-chord line.
The thickness ratio of the wing was 0.04 and the alrfoil section,
parallel to the plane of symmetry, is a symmetrical circular arc. The
body, composed of an ogive nose, a cylindricsal midsection, and & slightly
boattailed afterbody, had a fineness ratio of 11. The wing was attached
to the body in either a high, mid, or low position. The unswept hori-
zontal tail had 16.6° sweepback of the quarter-chord line, an aspect
ratio of 4, a taper ratio of 0.6, and 4-percent-thick hexagonal sections.
An slternate horizontal tail had L45° sweepback of the quarter-chord line
and NACA 65AQ006 airfoil section. The horizontal tall was mounted on the
vertical fin at vertical positions of the tail referred to as "high tail"
end "low tail" located 0.382b/2 above and 0.208b/2 below the body center
line, respectively. Provisions were made for manuslly varying the inci-
dence angle of the horizontal tail from 0° to -6°.

TESTS, CORRECTIONS, AND ACCURACY

Force and moment measurements were made through the use of a six-
component internsl strain-gage balance attached to a rotary-type sting.
The conditions of the tests were as follows:

Mach number .+ o « « o « o o « s o« s o o o o o = L.kl 2.0L
Stagnation pressure lb/sq in. abs . . . . . . 10 10
Stagnation temperature, ®°F . . . . . . . . . . lg% 1
Reynolds number based o € .+ « « « « « « « » « 2.253 X1 1.84 x 10

The stagnation dewpoint was maintained sufficiently low (-25° F or
less) so that no significant condensation effects were encountered in
the test section.
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The sting angle was corrected for the deflection under load. The
bage pressure whs measured and the drag force was adjusted to a base
pressure equal to the free-stream ststic pressure.

The estimated errors in the individual measured quentities are as
follows:

M=1.41 M=2.01
CL # » » o o o s o o o o o o« +0.0056 +0.0069
Cf) +0.0005 +0.0006
Co ¢ o o o o o o « « o« o o o o +0.0022 +0.0027
i, deg .« o o o o0 e - e to.2 +0.2
T - - 0.2 0.2

The Mach number variation in the test section was approximately 0.1
end the flow-angle varistion in the vertical and horizontal plane did not
exceed about *0.1°.

RESULTS AND DISCUSSION

Effect of Wing Vertical Position

The longitudinal aerodynamic characteristics of wing-body configu-
rations presented in figures 2 to 4 show the effects of wing vertical
position at M = 1.41 and M = 2.0L. At a Mach number of 1.41, the
effect of wing position appears to result primerily in a shift in the
center of pressure (fig. 4) coupled with small changes in 11ft and drag
(fig. 2). For example, at a constant angle of attack the high-wing con-
figuration has a slightly lower 1lift and a more forward center of pressure
and thus a less negative pltching mcement than the midwing configuration,
whereas the converse is true for the low wing. The change in 1ift due to
wing position 1s assoclated with body induced negative pressure on the
lower surface of the high wing and on the upper surface of the low wing.
Both the high- and low-wing configurstions had higher drag than the mid-
wing configuration at o = 0° and this amounted to an incremental drag
coefficient of approximestely 0.0020. At the higher Mach number (M = 2.01)
(fig. 3), change in wing position had no effect on the lift or drag at low
angles of attack up to approximately 8° but did tend to alter the center
of pressure &nd thus resulted in changes in piltching moment similar to
those noted for M = 1.41. In the moderate and high angle-of-attack range,

Y
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the pitching moments of the high-wing and midwing configurations are
essentially the same; whereas the low-wing configuration exhiblted a
less negative plitching moment than either the midwing or the high-wing
configuration. The reason for this relative decrease in pltching moment
for the low wing is not clearly understood but it would appear to be
agsoclated with the effects of waeke Interference of the low wing on the
afterbody at moderaste and high engles of attack. In general the effects
of wing position at angle of attack up to epproximately 8° on the longi-
tudinel stabllity characteristics are similar to the effects indicated
for subsonic speeds. (See ref. 1, for example.)

Theoretical predictions of the variastion of 1ift and pltching-moment
characteristics of the wing-body configuration with angle of attack were
made based on the method of reference 8. This method 1s based on a planar
model and limited to low angles of attack. The theory (figs. 2(a) and
3(a)) indicates slightly larger velues of CLm at M = 1.41 and a more

negative value of Cma &t both Mach numbers than obtained experimentally.

The 1lift-drag ratio (fig. 5) for M = 2.0l 1is not effected by change
in wing position within limite of the investigation; whereas, for M = 1.kl
either an increase or a decrease in wing position relative to the midwing
resulted in a decrease ln lift-drag ratio particularly in the region of
meximum 1ift-drag ratio.

Tail-On Characteristics

Longitudinal serodynemic characteristics of the wing-body-tall con-
figurations and body-talil configurations obtained at M = 1.4l and
M = 2.01 are presented in figures 6 to 13. The effect of wing position
for a glven horizontal-tail poslition and the effect of horizontal-tail
position for a given wing poslition on the longitudinal stebility charec-
teristics are shown in figures 1h4 and 15, respectively. The effect of
the wing on the pitching-moment contrlibutlon of the unswept horizontal
tail is shown in figure 16. The data presented in figures 17 and 18 show
the effect of sweep of the horizontal tall. The trim characteristics for
the various wing and horizontal-tall positions are glven in table II.

In general, the pltching-moment characteristics obtelned with a
given horizontal tail (fig. 14) indicate that the wing vertlcal position
had a relatively small effect on the longitudinel stebility at M = 1.41
and M = 2.0l. It is of interest to note, however, that at M = 1.41
change from high to low wing tended to increase the stetic margin at
moderate 1ift coefficlents with the high-tall arrangement; whereas
with the low-tall arrangement a comparable change in wing vertical posi-
tion tended to decrease the static margin. A comparison of the tail

o
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pltching-moment contribution (fig. 16) tends to indicete that these
changes in static margin are probably assoclated with the wing inter-
ference flow field on the tall.

Theoretical predictions of the 1ift and pitching-moment character-
istics for the wing-body-tall configuration were based on reference 8.
As previously stated, this method is based on & planar model; conse-
quently, it does not account for the effects of vertical position of the
wing or tall. Interferences resulting from downwash in the region of the
tail caused by the wing vortices have been included in these predictions.
It may be noted in figures 7(a) and 10(a) that the experimental and esti-
maeted 11ft characteristics of the tail-on configuration agree failrly well;
however, the experimental pitching-moment characteristics indicate &
5-percent-greater static mergin at Mach number 1.41 and a 4-percent-lower
static margin at Mach number 2.01 than predicted.

The most significant effect of horlzontal-tall poslition 1s associsted
with the trim characteristles. Flgure 15 lndicetes that a change in ver-
tical position of the tall from low to high resulted in a positive trim
change. Hence, the drag incurred with the high-teill configuration for =
given trim condition might be expected to be less than with the low-tail
configuration. The valldity of this is beyond the limitation of the
present lnvestigation since the trim characteristics were obtained for
only two tall incidence angles; however, reference T indicated that for a
swept-wing—tall arrangement, a horizontel tall located in a wvertical posi-
tlon comparable to that of the present high tall provided a slightly larger
lift-drag ratloc than a low-tall conflguration at a trimmed lift coefficient
of 0.20 and greater.

The primary effect at M = 1.41 of increasing the sweepback of the
horizontael tall from 16.6° at the quarter-chord line to 45° at the quarter-
chord line (fig. 17) is to decrease the positive trim change assoclated
wlth the high tail; whereas, the effects of the change in sweep of the low
tail on the longltudinal stebility characteristlics were negligible. The
variation of pltching-moment coefficient with Mach number obtained at
o = 0° for the swept and unswept horizontal tall are presented in fig-
ure 18. The results for the swept talil and body were obtalned in a pre-
vious lInvestigation of which a portion is reported in reference 7. It
may be noted that at M = 1.41 the presence of the wing in the mid-
position does not slter the effect of tail sweep on Cp at a = 0°.

CONCLUSIONS

An investigation of the effects of various vertical positions of a
wing and horizontal tail on the static longitudinal aerodynamic charac-
teristics of a trapezoidal-wing model at Mach numbers of 1.4l and 2.0l
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indicated the following conclusions:

1. The high-wing configuration had slightly lower Lift and & less
negstive pitching moment then the midwing configurstion for angles of
attack up to epproximately 8°, whereas the converse was true for the
low wing. In general, these effects of wlng vertical position are
gimiler to those obtained at subsonlc speeds.

2. Experimentel lift and pitching-moment charscteristics of the
midwing tail-off configuration indicated & slightly lower lift-curve
slope for Mach number 1.41 and a less negstive piltching-moment-curve
slope for both Mach numbers than predicted by theory. For the tail-on
configuration, experimental and predicted 1ift characteristics agreed
fairly well; however, experimental pitching-moment characteristics
indicated a 5-percent-greater static margin at Mach number 1.4t1 and a
L _percent-lower static margin at Mach number 2.01 than predicted.

3. Change in vertical position of the unswept horizontal tail from
low to high resulted in a positive trim change with or without the wing.

L, Incorporating 45° sweepback in the horizontal tail on the midwing
configuration at & Mach number of 1.4kl decreased the positive trim change
of the high-tail configuration but had no appreciable effect on the
longitudinal characteristics of the low-tail configuration.

Langley Aeronsutical Laboratory,
National Advisory Committee for Aeronsutics,
Langley Field, Va., December 13, 1957.
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TABLE I.- GEQMETRIC

Wing:
Aresa, 8q in. . .

Span, in. e 4 e a a s
Root chord, in. « e e oe
Tip chord, in. . . . . .
Taper ratio . . « « « & &
Aspect retio . . . . . .

Mean geometric chord, in.

Spenwise location of mean
chord, percent wing semi

Incidence, deg . .

Sweep of 75-percent-chord

Alrfoil section . . . . .

Body:
Length, in. . « « « .+ .
Diameter Emaximum), in.
Diameter (base), in. . .
Length-diasmeter ratioc . .

Horizontal Tail:

Trapezoidal -
Ares, sq in. . . .
Span, in. « o e« o
Root chord, in. .
Tip chord « e e 0.
Taper ratlo . . . .
Aspect ratio . . .
Sweep of T5-percent-chor
Alrfoll section . . . .

Sweptback -

Spen, in. .« o e
Root chord, in.

Tip chord, in. .
Taper ratio . . .
Aspect ratio . . .

4 u & & a8

CHARACTERISTICS

geometrlc

Span . . .
line, deg .
d line, deg

Sweep of qparter-chord.line, deg

Airfoil section . . . .«

Verticel tail:
Aresa to body center line,
Span from body center line
Root chord, in.
Tip chord, in. .
Taper ratio . . .
Agpect ratio . . . . . .
Sweep of leading edge, deg
Alrfoil section . . . . .

Ventral fin:
BExposed area, sq in. . .

sq in.
y In

ﬁ..'....
§
:

OF MODEL

h-percent

« ¢ e o @
e o & s =
e & o o =
e e« & + @
e & ¢ o =
a s s s =
« & & o 4
= e 8 =

« & o = =
*« & o e a
s e« &« @ @
e & s & a
¢« a s e @
e @ s e &
¢« e & a =

slab side

192

. . 24
. . 12.80
. . 3.20
.. 0.25
.. 3
.. 8.96
. . ko
. . 0

0

k-percent circular-arc

36.64
3.33
2.67

11.00

W
L]
\S|
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TABLE II.- SUMMARY OF TRIM CHARACTERISTICS
Configuration d:é L L/D cr, ¢p | L/D
Unswept o
Wing | horizontal 1y = iy = -6
tail
M =
High High 2.5 | 0.125 3.05| 7.1} 0.367} 0.0855| L.28
High Tow 1.1 .050 1.37t 4.8 .250| .0582| 4.28
Mid High 2.1 .110 2.96} 6.3 .337t .0735! 4.57
Mid Low T 037 1.06) k.9| .269| .0590} 4.56
Low High 1.9 .110 2.90| 5.9 .310| .0895| 3.46
Low Low 65| .025 70| 5.2 .282| .0620] 4.55
M

High High . 1.9 | 0.070 2.06| 5.9]0.215{ 0.0500| &.3%0
High Low .2 .020 .60} 3.5 .130] .0380| 3.42
Mid High 2.6 100 2.781 6.1 .236{ .0520| L.42
Mid Low .5 .020 60| 3.9 .150| .0390| 3.84
Low High 3.5 .130 3.60{ 7.9| .290| .0720{ 4.00
Low Low .9 .0520 1.50| 4.3} .160| .0k80| 3.33
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(a) Details of complete model.

Figure l.- Geometry of complete model. All dimensions in inches except aas noted.
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(b) Horizontal tails.

Figure 1.- Concluded.
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Wing position

Mid
Low

Cm i ; UL B el High
——— Theory

0 4 8 12 6 20 24 28 32 36
a, deg
(a) Variation of longitudinal characteristics with angle of attack.

Figure 2.- Effect of wing vertical position on the longitudinal aerody-
nemic characteristics of the wing-body configuration. M = 1l.41.
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Wing positlon

Mid
Low
High

a, deg

(b) Variation of longitudinal characteristics with 1ift.

Figure 2.- Concluded.
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position

Mid
Low

Cm

deg
(a) Variation of longitudinal characteristics with angle of attack.

Figure 3.- Effect of wing vertical position on the longitudinal aerody-
namic characteristics of the wing-body configuration. M = 2.0l.
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Flgure 3,- Contlnued.
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(b) Variation of longitudinsl characteristics with 1ift.

Figure 3.~ Continued.
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Wing position
(o] High
[m] Mid
< Low
""" 2 4 6 8 10 12
CL

(b) Concluded.

Figure 3.- Concluded.
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Figure k.- Effect of wing vertical posiﬂon on the variation of center of pressure with angle
of attack for the wing-body configuration.
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Figure 5.- Effect of wing vertical position on the varlation of lift-drag ratio with angle

of attack for the wing-body configuration.
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(a) High tail.

Figure 6.- Longltudinal serodynamic characteristlics of & complete high wing configuration with
an unswept horizontal tail. M = L.4l.
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(b) Low tail.

Figure 6.- Concluded.
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(a) High tail.

Figure 7.- Longitudinal aerodynamic cheracteristics of a complete midwing configuration with an
unswept horizontal tail. M = 1.hl.
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(b) Low tail.
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Figure T.- Concluded.
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(a) High tail.

Flgure 8.- Longltudinal aerodynsmic cbaracteristics of & complete low wing configuration with an
wswept horizontal tail. M = 1.41.
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Figure 8.- Coneluded.
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Flgure 9.- Longitudinal mserodynemic characteristics of a complete high-wing configuration with
an unswept borizontal tail. M = 2,0l.
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Figure 10.- Longlitudinal aserodynamic characteristice of e complete midwing configureticn with
an unswept horizontal tail. M = 2.01.
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Figure 10.- Concluded,
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Flgure 11.- Longitudinael aerodynamic charscterlstics of a camplete low-wing configuration with
an unswept horizontal tall. M = 2.0L.
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Flgure 11.- Concluded.
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Figure 12.- Longitudinal aerodyhamic characteristics of wing-off
configuration with the unswept horizontal tail at various vertical
positions. M = 1.h41. '
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Figure 13.- Longitudinal aerodynamic characteristics of wing-off con-
figuration with the unswept horizontal tail at various vertical
positlions. M = 2.01.
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Figure.1l3.- Concluded.
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Figure 1h.-~ Effect of wing position on the longitudinal stability char-
scteristice of the complete configuretions with various horizontal-~
teil positions.
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Figure 1lk.- Concluded.
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Figure 15.- Effect of horizontal-tail position on the longitudinal
stability of the complete configuretions with various wing positions.
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Figure 15.- Concluded.
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Figure 16.- The effect of wing on the pitching-moment contribution of the unswept
horlzontal tall.
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Flgure 17.- Effect of horizontal tell sweep on the longitudinal serodynamic cheracteristics of
the complete midwing configuration with the horizontal tsil at various vertical poditions,
M= 1.k,
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(b) Low tail.

Figure 17.- Concluded.
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Figure 18.- Effect of horizontal-tail plan form on the piltching-moment
coefficlents of the wing-off and wing-on configurations at o = 0°.
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