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STJNMARY

Wind-tunnel tests have been made of a semispan model of a hype
thetioal supersonic airplane to determine the static longitudinal–
stabilityand -oontrol Oharaoteristics of the airplane throughout the
range of subsonic Mach nmibers up to 0.95. The semispan model had a
long slender fuselage and a wing “andhorizontal tail of asyect ratio 4

A
and taper ratio 0.5. The midohord lines of the wing and of the hori–
zontal tail were normal to the @ane of symliletry.The profile of the#-.

d wing and of the tail was a sharp-edged, faired, symmetririaldouble
wedge with a thickness-ohord ratio of O.042. Tests were made with the
horizontal tail nmunted in the extended wing-chord plane and alternately
6$).6 percent of the wing mean aero-c chord above the extended wing–
chord planet At a constant Reynolds nuuiberof 2,000,000 measurements
were made with various stabilizer angles of the lift, drag, and pitching
?mxnentof the model at &ch numbers from 0.20 to 0.95. With the wing *
flaps deflected for maximum lift, similar measurements were made at a
Mach nuniberof 0.20 with Reynolds nunbers up to 10,000,000. Measurements
were made of the dynamic pressure at the two locations of the horizontal
tail and of the character and location of the wing wake for the range of
l+kchnumbers and Reynolds numibersnoted above.

At zero lift~ the Mach nuriber for drag divergence, defined as the
Mach number at which the slope of the drag coefficient with respect to
Mach number equals 0.10, waa about 0.92 for either looation of the hori-
zontal tail. The angle of attack for a constant lift coefficient
decreased slightly with increasing Mach number but no marked or abrupt
compressibility effects were evident at lift,coefficients less than 0.6.

The contribution of the horizontal tail to the static longitudinal
stability at low lift coefficients deoreased with increasing Mach nuder,
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primarily due to an increase with Mach number of the rate of change of
effective downwash angle with angle of attack. For the model with the t
horizontal tail in the extended wi&-chord plane, this decrease in the
contribution of the horizontal tail to the static longitudinal stability
was aggravated by the reduotion with increasing Mach nuniberin the
-C-pressure ratio at the tiil. With the horizontal tail mounted in
the extended wing-chord plane, static longitudinal stability existed
about the quarter point of the wing mean aerodynamic chord at all lift
coefficients for &ch nunbers less than 0.87. At ~oh numbers between
0.87 and 0.95, the model was neutrally stable or unstable at lift
coefficientsless than 0.30. With the horizontal tail mounted above the
extended wing-chord plane, the results indicated static longitudinal -
s,tibilityat all lift coefficients for all M@h nunibersfor whioh &ta
were obtained, For both positions of the tail, either an all+vable
stabilizer or a constan~hord elevator provided sufficient longitudinal
control to bahnce the airplane at all test Maoh nunibers.

INTRODUCTION
.

AS a part of a geneml program to determine the subsonio charactez=
ii3tics of wing plan forms suitable for flight at supersonic speeds, a
series of tests of a thin sha~ged wing having an aspect ratio of k
and a taper ratio of 0.5 have been conducted. .The midchord line of the
wing was normal to the air stream. Results of these tests have been A
reported in references 1 through 4. Results of tests at transonic speeds
of a wing of identical plan form and similar profile have been reported in .<
reference ~. t

The purpose of the present report is to summarize the wing data in
terms of the static longitudinal+tability and-control characteristics
throughout the subsonic speed range of a h~othetical airplane employing
this wing. The airplane was represented b$ a semispan model comprising
the wing, a slender pointed fuselage, and a horizontal tail geometrically
similar to the wing. Force and moment characteristics of the wing, of the
wing-fuselage cortibination,and of the complete model with two different
tail heights are presented forhiach numbers Up to 0.95 and a Reymolds
number of 2,000,000. With the flaps on the wing deflected for maximum
lift, simils,rdata are presented for a Mach number of 0.20 and Reynolds
numbers up to 10,000,000. The dynamic pressure at the horizontal tail
and the location of the wing wake are presented for the wi~-fuselage
conibinationfor the same ranges of Reynolds nuziberand Mach nuniber. The
tests of the wing-tail-fuselage combinations were conducted with various
horizontal+tabilizer settings to investigate the longitudinal oontrol

.—

afforded by an all+novable horizontal tail. Data for an identical hori-
zontal tail with a oonstantihord elevator (reference 6) have been used
with the wing+usel..agedata to calculate the longitudi~l+ontrol m

characteristics of the model with a fixed stabilizer and an elevator.

.

$%-‘“-””
-,-----.NFID*kNii&z



3

A

‘;

.

.

NACA RMA9101

The effective downwaah angle at the tail, the Mach number at the tail,
and the tail efficiency factor are presented herein.
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COEFFICIENTS AI’lDSYMBOLS

The following coefficients are used in this report:

lift coefficient
()
lift
($s

()drag coefficient *

pitching+noment coefficient about an axis normal to the plane of
symmetry ~ssing through the quarter point of tie wing mean

aerodynamic chord
( )
pitching moment

qsct

()Ho=total-pressure-loss coefficient —
9.

The followin& s@ols are used in this report:

8peed

twice

local

of sound, feet per second

the span of the semispanwing, feet

wing chord, feet

wing mean aerodynamic chord, chord through

f

b/2

()

c2dy
wing semispan plan form

F

b/z
C dy

o
local stagnation pressure in the region of
pounds per square foot.

centroid of the

the horizontal tail,

free+tream stagnation pressure, pounds per square foot

angle of tb stabilizer setting with respect to the wing+hord
plane, degrees

tail length, di8tance from quarter point of the wing mean
aerodynamic chord to the quarter point of the horizontal–
tail mean aerodynamic chord, feet



Mach number (V/a)

Mach number at the position c-orrespondingto
the semitail area

normal-accelerationfactor of the airplane

free-stream dyn&Lo pressure (&), pounds

N4CA RM A9101

the centroid of

per square foot

dynamic pressure at the position corresponding to the centroid
of the semitail area, pounds per sq~re foot

Reynolds nuniber
()

pvc‘

v

area of the semispan wing, square feet

area of the horizontal semitail, square feet

local airspeed in the.tunnel-floorbou@ary layer, feet per

.—

second

airspeed, feet per second

distance from the plane of

—

symmetry, feet

effective angle of attack of the horizontal tall, degrees

angle of attack of the win&chord plane, degrees

tunnel-wall boundary-layer thickness, inches

[f

5
displacement thickness of the boundary layer 1(1+/V)dy ,
inches 1

elevator deflection, measurd In a plane perpendicular to the
elevator hinge axis, positive downward, degrees

trailing%dge flap deflection, measured in a plane perpendicular
to the flap hinge axis, posi,tivedownward, degrees

leading-edge flap defle@.ion, measured in a plane perpendicular
to the flap hinge axis, positive downward, degrees

effective average angle of downwash, positive when the air is
deflected downward, degrees

efficiency of the horizontal tail

visco%ity of air, slugs per foot-second

.

n
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J-

—
.

.

.
—



NKA RMA9101 5

P mass density of air, slugs per cubic foot

MODEL AND Al?PARATUS

The tests were conducted in the Ames 12-foot pressure wind tunnel,
which is a closed-throat variabltiensity wind tunnel with a low-
turbulence level closely approximating that of free air.

The steel semispan model wing used for this investigationwas the one
used in the tests reported in reference 1 and represented a wing of asyect
ratio 4 and taper ratio O.~. The midchord line of the wing was perpe~
dicular to the plane gf symmetry. The wing profile was a faired double
wedge having a thiclmess+hord ratio of 0.042. The horizontal tail was
identical in plan fomand profile to the wing and had an area equal to
one quarter of the wing area. Dimensions of the semifusehge and its
location with res~ect to the wing are given in figure 1. The semi–
fuselage was fitted tightly to the wing and tail without fill.etsat the
intersections. For a portion of the tests, tie rear part of the fuselage
was modified as shown in figures l(h) and 2(c) to study the effects of
such a modification on the yitching+aoment characteristics of the model.

The wing was equipped with a full-span, constan+chord, leading-
edge plain flap and a 60.9-percen&~n, constantihord, trailing-edge
plain flap. The area of the leading-edge flap was 17 percent of the
total area of the semispan wing and that of the trailing-edge flq was
12 percent of the total srea of the semispan wing. The unsealed gaps
between the flaps and the wing were 0.015 inch with the flaps unreflected,

The horizontal tail was mounted in the extended wing+hord plane
(figs. l(a) and 2(a)) and alternately 13 inches (O.6g6c’) above the
extended wing-chord plane (figs. l(b) and 2(b)). To mount the tail
above the fuselage, a bracket with a fairing body to enclose the fittings
at the point of attachment of the tail surface was added to the fuselage.
With the tail mounted in either yosition, provision was made to vary the
angle of the stabilizer by pivoting it about its >percen~hord Ilne.

As shown in figure 2, the, semis-panmodel was mounted with the wing
perpendicular to the floor which served as a reflection plane. me gap
between the model and the tunnel “floorwas maintained %etween 0.010 inch
and 0.150 inch. No attempt was made to remove the tunnel-floor boundary
layer which, at the location of the model, had a displacement thickness
5* of 0.5 inch. The velocity characteristics of the wing+Flselage wake
at the longitudinal location of the horizontal tail were measured with a
relceconsisting of 61 total~ressure tubes and 3 static-pressure tubes.
The rake yas mounted from the tunnel floor with the total-pressure tubes
at a position corresponding to the centroid of the semitail area.
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CORRECTIONS TO DATA

The data have been corrected for the ef’fectsof tunnel-wall
interference, of constriction due to the tunnel walls, and of model-
support tare forces. The method of reference 7 was used in oomputdng
the corrections to the data for tunnel+rall interference. The following
corrections were added:

&l = 0.363 CL

MD = o.oo56~2 --

ACm=O

Corrections to the data for the constriction effeots of the tunnel
walls have been evaluated by the method of reference 8. The tignitudes
of these corrections as applied to Mach number and to dynamic pressure
(measuredwith the tunnel empty) are illustrated by the following table:

c

I Uncorrected Mach I q~orrected

Corrected
number quncorrected

L
Mach number Wing alone I Wing and Wing alone Wing and

fuselage I fuselage

I I
0.95

.92

.90

.85

.80 “
● 70
.50
.20

0.937
.915
;8&7

● 799
● 700
.300
.200

0.917 L 005
.896 1.003
.881 1.002
.838 1.002
●7Z

I
1.001

.696 1.001

. kgg 1.001
● 200 1.001

L 036
1.027
1.023
1.016
1.OM
1.008
1.005
1.005

The theoretical choking l.kchnuniberfor the wi~-fusel.age conibination
was 0.96.

Tare corrections due to the air foroes exerted on the turntable were
obtained
tunnel.
were not
based on
Reynolds

from foroe meam.trementsmade with the model removed from the
Possible interference effects between the model and the turntable
evaluated. !lhemagnitude of the measured tare+rag coefficient,
the wing area, was independent of Mach nuniberand varied with
nmiber as follows: . -.

.
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+

Reynolds number CD_re

2,000,000 0.0063
6,000,000 .0057
10,000,000 .0056

The rake of total-pressure tubes and static-pressure tubes used to measure
the dynamio pressure at the horizontal tail was calibrated throughout the
complete range of Mach numbers, of Reynolds numbers, and of angles of
attack of the rake.

and
(2)

TESTS

Lift, drag, and pitching+noment data have been obtained for the model
its components in the following conibinations: (1) the wing alone;
the wing and the fuselage; (3) the wing, the fus”elage,and the tail

mounted in the extended wing-chord plane; (4) the wing, the fuselage, and
the supporting bracket for mounting the tail above the fuselage; and (5)
the wing, the fuselage, and the tail mounted above the fuse-e.

At a Reynolds number of 2,000,000 the model was tested at Mach
numbers from 0.20 to 0.95. The range of angles of attack for these tests
was from -6° to beyond the stall, exce~t at the higher Mach numbbrs where
the range was reduced by the limitations of wind-tunnel power and of
model strength. At a Mach number of 0.20 the effect of l+ading+dge and
trailing-edge flap deflection (bn = 30° and bf = 50°) was investigated
at Reynolds numibersof 2,000,000, 6,000,000, and 10,000,OOO. ~S
combination of flap deflections was selected upon the basis of reference
2 wherein it waa shown to be the optimum for maximum lift of the wing
alone.

To determine the longitudinal control which would be provided by an
all+novable stabilizer, the model was tested with the angle of the
stabilizer varied in2° increments from-lo” to 4° for the m~elwfth the
tail mounted in the extended wing+hord plane and from -6° to 4° for the
model with the tail mounted above the fusekge.

The velocity distribution in the wing-fuselage wake was investigated
at a position corresponding longitudinally to the midchord of the hori-
zontal tail (3.508 wing mean-aerodynamic chord behind the quarter point of
the wing mean aero@mmic chord) and corresponding laterally to the location
of the mean aerot@amic chord of the tail (0.428 wing mean aerodynamic
chord from the plane of symmetry). The extent of the survey was sufficient
to permit the determination of the dynsmic pressure at either position of
the horizontal tail for a range of angle of attack, of Mach number, and of
Reynolds numiber.
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presenting the results of this investigation

.
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RESULl13AND DISCUSSION

Force and Moment Characteristics

The lift, drag, and pitching+mment characteristics of the nmdel
and its components are presented in figures 3 through 26. .-

Wing alone.- The effects of Reynolds number and of Mach number on
the lift, drag, and pitching+noment characteristics of the wing have been
reported in reference 1. Data from that reference for a Re~olds nuriber
of 2,000,000 at Mach numbers from 0.20 to 0.94 are reproduced herein in
figure 3. The data of this figure indicate no large or erratic effects
of compressibilityup to a Mach number of 0.94. The wing lift-curve
slope was 0.062 at a Mach nuuiierof 0.20 and.increased to 0.095 at a Mach
nuniberof 0.94. The total movement of the aerodynamic center at zero
lift was only about 7 peroeht of the wing mean aerodynamic chord over the
test Mach number range.

The force and moment characteristics of the wing with various
combinations of leading-edge and trailing+dge flap deflections have been
reported in reference 2. The data of this reference indicate that a
leading+dge flap deflection of 30° and a trailing+dge flay deflection
of 50° were optimum for maximum lift. Data obtained with this combination
of flap deflections are presented herein in figure 4 for a Mach numiberof
0.20 and Reynolds numbers from 3,000,000 to 10,000,000. These data show
that deflection of the flaps increased the msximum lift of t@e wing from
0.76 to 1.4o and that the aerodynamic characteristics of the wing with
the flaps deflected were little affected by increase of Reynolds number to ‘
10,000,000.

The variation with angle of attack of the lift coefficient of the
wing with the gaps sealed and faired is presented in figure 5 for a Reynolds
number of 1,000,000 for &ch numbers up to 0.94. Since the wing and tail
were geometrically similar and the mean aerodynamic chord of the tail was
one-half that of the wing, these data may be.considered to represent the
lift characteristics“ofthe isolated tall and may be applied as the characte~
istics of the tail on the model at a Reynolds nuuiberof 2,000,000, based
on the wing mean aerodynamic chord, if corrections are made for the down-
wash and reduction in the dynamic pressure”at the tail.

c

.-

Wing-fuselage.conibination.–The force and moment cha~cteristics of
the wing-fuselage combination with the flaps neutral are shown in figures

,

6, 7, and 8. Comparison of these data with those of figure 3 reveals that .:
addition of the fuselage caused an increase in the dragj a reduction in. ...=
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the maximum l.ift at Mach numbers less than 0.80, and a forward movement
of the aerodynamic center at low lift coefficients. The lift, drag, and
pitching+noment characteristics of the wing-fuselage combination with the
wing flap deflected are presented in figure 9. Comparison of these data
with those of figure 4 indicates that the addition of the fuselage caused
a decrease in the maximuu lift coefficient from 1.40 to 1.34 and an
increase of 1° in tie angle of attack for zero lift. The characteristics
of the winf-fusehge combination were little affected by a change in
Reynolds number from 6,000,000 to 10,000,000, but .anincrease from
2,000,000 to 6,cKK),000resulted in a sizable decrease in the *g.

wing, fuselage, and horizontal tail in the extended wing-chord plane.-
Liftj drag, and pitching+noment characteristics of the cmnplete semispan
model with the horizontal tail mounted in the extended wing-chord plane are
presented in figures 10, 11, and 12 for Mach numbers up to 0.95 and
stabilizer angle settings from 4° to —10~. At a Mach number of 0.20, the
aerodynamic center was shifted from 14 percent to 41 percent of the wing
mean aerodynamic chord due to the addition of the tail. (See fig. 12(a).)
As the Mach nurriberwas inoreased, the stabilizing effect of the horizontal
tail was diminished to the extent that at a Mach nm?iberof 0.95 the hori-
zontal tail made little or no contribution to the stability of the model
at lift coefficients between LO.3. As will be discussed later, this
decrease in the contribution of the tail to the stability was due to an
increase in &/&L and to a decrease in the dynamic-pressure ratio at the
tail as the &ch number was increased. With a stabilizer amglesetting
of 0° and in a range of lift coefficients of about kO.30, the complete
model was neutrally stable about the quarter point of the wing mean
aerodynamic chord at a Mach nuniberof about 0.87 and longitudinally unstable
at higher &ch numbers. At lift coefficients greater than 0.30 stability
existed at all test Mach numbers. The all-movable stabilizer provided
sufficient longitudinal control to balance the airplane model at all Mach
numbers up to 0.95 and at all angles of attack up to the stall. The value
of (%/~it)CL.O was approximately~.036 at a Mach number of 0.20 and
increased slightly with increasing Mach number. (See fig. X2.)

The lift, -g, and pitching+.oment characteristics of the complete
semispan model with the wing flaps deflected are presented in figures 13,
14, and 15 for a Mach number of 0.20 and Reynolds numbers of 2,000,000,
3,CO0,000, and 10,030,000. At lift coefficients from zero to the maximum
the complete model was longitudinally stable about the quarter point of
the mean aerodynamic chord.

Wing, fuselage, and horizontal tail above the extended wing-chord

J2sQs” – To investigate the improvement in longitudinal stability and control
afforded by raising the horizontal tail above the wing wake, tests were
conducted with tie-model tail mounted 13 inches
chord) above the extended wing+hord plane.

(O. 696 WinF-mean aerod~amic
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Mounting the tail above the fuselage necessitated a supporting
bracket with a streamlined body to serve as a fairing for the fittings d
by which the stabilizer was attached. The force and moment cheracteristios
of the wing and fuselage with the bracket and the fairing body are presented
in figures 16, 17, 18, and 19. These data indicate no noticeable effects
of the bracket on the characteristics of the wing-fuselage combination ‘

—

except a slight increase in the minimum hag. (See fig. 17.)

Lift, drag, and pitching+oment characteristics of’the complete
semlspan model with the horizontal tail mounted above the extended wing-
chord pkne are presented in figures 20, 21, and 22 for Mach numbers up
to 0.95 and for stabilizer settings from 4° to -@. Comparison of the drag
data of figure 21 with those of figure 11 indicates a slight increase in
the minimum dmg which maybe attributed to the addition of the tail
bracket and the fairing body and not to the raising of the horizontal tail.
The model with the high tail was longitudinally stable at all lift
ooefflcients below the stall and at all Mach numbers, as can be seen from
figure 22. At a Mach number of 0.20, addition of the horizontal tail
shifted the aerodynamic center from 14 percent to 53 percent of the wing
mean aerodynamic chord. The contribution of the horizontal tail to the
longitudinal stability decreased with increasing Mach nuniber. As will be
discussed later, this reduction in the contribution of the tail to the
st&bility was due -primarilyto an increase in &/A with increasing ldach
number. The ~ll+novable stabilizer retained effectiveness in longitudinal
control at all Mach nunibersand all lift coefficients. F

There was,a marked change in the pitching+oment coefficient at zero
lift as a result of raising the tail above the fuselage. Whereas with the
tail In the extended wing+hord plane, zero pitching moment occurred at
zero lift with a stabilizer angle of 00, with the.tail raised above the
extended wing-chord plane a stabilizer setting of approxktely 2° was
required to produce zero pitching moment at zero lift. To investigate the ,
cause of this shift in the zerc+lift pitching+noment coefficient the
Reynolds nuniberwas Increased from 2,000,000 to 12,000,000 while the Mach
ntier remained 0.20. !Thisincrease had no effect on the pitching+ncment
coefficient at zero lift. Visual observation, by means of tufts, of the
flow at the afterend of the fuselage and on the tail-supportingbracket
revealed a sizable stresm angle in the region of the tail due to the rapid
convergence of the rear end of the fuselage. This convergence was reduced
bymodifylng the afterpart of the fuselage as shown in figure l(b). The
results of tests with the modified fuselage are shown in figure 23. These
data show that, for the model with the tail mounted above the extended
wing-chord plane, modification of the fuselage caused a decrease in the
zerc+lift pitching+mne nt coefficient greater than the Increase accompanying
the raising of the tail on the otiginal fuselage.

The lift, drag, and pitching+noment characteristics of the complete
.

semfspan model with the high tail and the original fusehge and with the
—

wing flaps deflected are presented in figures 24, 25, and 26. Raising .
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the tail a%ove the fuselage had little effect on the lift and drag of tie
model with the flays deflected. However, the model with the high tail
had more nearly linear pitching+mment characteristics than the model with
the tail in the extended wing-ohord plane.

Wing Wake and Effective Downwash
at the Horizontal Tail

The dymunic pressure at we horizontal tail, tie velocitytistiibution
in the wake of the wing-~ elage cabination, the effecti~e angles~of’d~-
wash at the horizontal tail, and the tail efficiency factors are presented
in figures 27 through 36.

Looation of the wiw wake.- The location of the point of maximum total-
pressure loss and the wake boundaries have been determined from measure-
ments of the stagnation pressure behind the wiu-f uselage combination at a
position corresponding longitudinally to the midchord of the horizontal
tail (3.508 wing mean aero@namic chords behind the quarter point of the
wing mean aerodynamic chord) and laterally to the mean aerodynamic chord of
the horizontal tall semispan (O.128 wing mean aerodynamic chord from the
ylane of symmetry)s The results of these measurements are Tresented in
figures 27 and 28 where the location of the wake is presented as a function
of angle of attack for various Mach numbers and Reynolds numbers. The
location of the wake is given with respect to the wing-chord plane at 0°
angle of attack. The two alternate positions of the horizontal tail are
also identified in these figures so that the location of the tail with
respect to the wing-fuselage wake can be readily detemnined.

The tail mounted in the attended wing-chord @ane was in the wake of
the wing at all test angles of attack and at all test Mach numbers. The
high tail did not enter @e wake until the angle of attack exceeded about
70 at l&ch nuuibersbelow 0.70. As the Mach number was increased above
0.70, the high tail entered the wake at progressively lower angles of
attack. With the wing flaps deflected the high tail was above the wake at
all angles of attack. (See fig. 28. )

At moderate to large angles of attack and at Mach numbers above 0.85,
the wing-fuselage wake was characterized by two distinct regions of hrge
total-pressure loss. These are shown in figure 29 which presents the
variation of total-pressure loss across the wake at an angle of attack of
GO and a ~ch n~er of 0.85. The secondary peak of total-pressure loss
is believed to be associated with separation at the ting leading edge and
usually occurred near the amgle of attack at which the aerodynamic center
of the wing moved forward. Figure 29 also indicates ‘chatthe presence of
the fuselage influenced the msgnitude and the location of the total-pressure.
losses and the location of the wake boundaries.
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Dynamic-press~e ratio and Mach number at the tail.- To determine
the ratio of the dynamic pressure at the tail to the free-stream dynamic
pressure, measurements were made of the stagnation and static pressures
in.the region of the horizontal tail, The results of.these measurements
are presented in figure 30 for various free-stream Mach numbers as a
function of angle Qf attack. The dynamic-pressure ratia at the centroid
position of.the horizontal tail inthe extend6d wing-chord plane for 0°
angle of attack varied from 0.945 at a“free+tream Mach number of 0.20 to
0.865 at a free+t+ream Mach number of 0.95. Due to the symmetry of the
model about the wing+hord plane, the dynamic-pressure ratio at the tail_
mounted in the extended wing+hord plane increased with increasing or
decreasing angle of.attack, attaining a value of approximately 0.98 at
all Mach nunbers at angles of attack of L60.

.

r

At a Mach number of 0.95, the dynamic-pressure ratio at the centroid
position of the high horizontal tail was unity at angles of attack less
than 2.5° and less than unity at larger angles of attack, (See fig. 30(b).) .
As free+tream Mach number decreased, the minimum angle of attack for
which the dynsmic pressure remained at the free-stream value increased to

—

~ for Mach numbers less than O.~0.
,_=

With the wing flaps deflected, the dynamic-p?essure ratio at the high
tail position was unity, and at the position of we tail in the extended
wing-chord plane it varied from approximately 0.99 at 0° angle of attack
to approximately 0.84 ~t 10° angle of attack. me effect of increasing
the Reynolds number fra 2,000,000 to 10,000,000 was to increase the

6

dynamic-pressure ratio,approximately 5.5 peroent at an angle of attack of
10o with less effect as the angle of attack was reduced. .

~s

The Mach numbers at the tail have been computed from the wake-
survey data and are presented as functions of angle of attack for various
free+tream Mach numbers in figure 32.

Effective angles of dcwnwas’hat the tall.- The effective angles of
downwash at the horizontal tail have been computed from the moment data
and are presented as avemge values over the stabilizer angle range in
figures 33 and 34. The e@ression used for calculation of the effective
angle of downwash is as follows:

Pf%%)=
E —

= u+‘t - (*Jai.&

where (~q )a is the increment in pitching+uoment coefficient due to —

the addition of the tail for a constant angle of attack and (~~it)a
is the stabilizer effectiveness at a constant angle of attack. This
expression does not permit the downwash due to the wing to be sepamted

.

from the downwash due to other components of the model, and thus the
stream angle at the horizontal tail due”to convergence of the rear end

.-
._

—
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of the fuselage is Included
the data.

in the value of the

13

downwash computed from

Efficiency of the horizontal tail.- The tail efficiency factor

n(@) computed from the force and moment data is presented in figures
35 and 36. The tail efficiency factor, defined as the ratio of the lift
produced by the tail in tie presence of the fuselage to the Mft poduced
by the isolated tail operating at the same Mach nuniber,was oonqmted by
means of the following expression:

where (d~/ti)t is the lift-curve slope of the isolated horizontal tail .
operating at the free-stream Mach nuder of the horizontal tail (figs. 5
and 32). No attempt was made to separate the effects of dynsmic~ressure
ratio at the tail from the tail efficiency due to the possible large
variation of q+/q alon8 tie tail s~n. The tail efficiency factor is

-u. -
presented as a function Ef
of the tail with the flaw
than 80 percent and -
of Mch nunbers and

.

-d The effects of
and downwash of the
46.

varied
angles

Mach number in figure 35. For either position
neutral, the tail efficiency factor was less
approximately 10 percent over the test range
of attack.

The Effects of Compressibility

compressibility on the lift, dreg, pitching moment,
complete model are s~rized in figures 37 through

Lift and tiaq.- !Fhevariati~n
for a constant lift coefficient tis
nuniberusually being accompanied by
a given lift coefficieq?t.

The variation with -h nuniber
constant lift coefficients is shown

with Mach number of the angle of attack

-11 (fig. 37), increasing Mach
a decrease in the angle of attack for

of the drag coefficient for several
in figure 38. At a lift coefficient

of zero, the bag coefficient of the model with the tail in the extended
wing+hord plane started to inorease at a Mach number of about 0.80. For
the model with the high tail, the drag increase started at a Mach number
of about 0.75. The Mach nuniberfor drag divergence, defined as the l.kch
number at which (~D/&)%a = 0.10, was approximately 0.92 for the

mbdel with either tail position.

Static longitudinal stability and control.- The variation with~ch
number of the pitching-ment coefficient for several constant lift
coefficients is showr-in figure 39. h general, the pitching+umnent
coefficient inoreased with increasing Wch nuniber. The static longitudinal

.
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instability at Mach numbers above about 0.85 of the model with the tail
in the extended win&chord plane, as mentioned previously, is evident
from the data of figure 39(a).

The variation with Mach nuniberof the effeotive angle of downwash
at several oonstant values of the lift coefficient is shown in figure M,
and tie variation of ~@x wit@ Mach nuniberis shown in figure 41. For
either location of the horizontal tail, &/& increased with .increasing
Mach mmiberbut the value of ac/~ and the rate of increase with Mach
numher was much larger for the model with the tail in the extended wimg-
chord plane. The static longitudinal instability at high subsonic Mach
nuniberswith the tail in the extended wingahord plane was principally
a result of this large value of a+h.

The variation with Mach number of the lift coefficient for balance
about the quarter point of the wing mean aerodynamic chord is presented
in figure 42 for various angles of stabilizer setting. The model with
the tail in the extended wing-chord plane was neutrally stable at a Mach
nurber of 0.86 and unstable at higher Mach nuniberswhen the stabilizer
setting was Oo. With a stabilizer setting of -1° or -o the model was
longitudinally stable, but the lift coefficient for balance varied
erratically with Mach nuniberat Mach numbers above about O.~0.

With the tail mounted above the extended wing-chord plane, the
model possessed static longitudinal stability at all stabilizer settings
and all Mach nunibers. For positive values of lift coefficient, the
balanced lift coefficient for a given eJtdxLlizerangle increased as the
Mach number was increased to about 0.90 and decreased with further
increase in the Mach nuniber.

For the model with either position of the horizontal tail, the all-
movable stabilizer required only 4° to 60 of deflection to balance the
nmdel at the stall with the flaps up.

The experimental results of this investigationhave been used to ‘
predict tie static longitudinal~tability and-control characteristics of
a @pthetical airplane with a wing loading of 100 pounds per square foot
in flight at an altitude of 10,000 feet. The airplane center of gravity
has been assumed to be on an axis perpendicular to the plane of symmet~
pass,ingthrough the quarter poititof the wing mean aerodynamic chord.
The variation of airplane lift coefficient with Mach nuder for several
values of normal-accelerationfactor is presented in figure 43. The
calculated effects of fligh~th curvature on the flow at the tail were
negligible for the assuniedflight condition.

The variation with Mach nuniberof the stabilizer angle required to
balance the airplane is shown in f@ure 44 for severialvalues of nor’mal-
acceleration factor. With the horizontal tail in the extended wi~hord
plane, the airplane would be longitudinally unstable with a normal-

●

v

.-
L. -
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acceleration faotor of unity at Mach numbers above about 0.87. Below
this Maoh nuniber,the variation of stabilizer angle tith speed was stable
and a total change of stabilizer angle of 1.P would be neoessary to
balance the airplane in level flight between Mach nunbers of O.n and
0.87.

With the tail mounted above the extended.wing-ohord plane, the
airplane would possess statio longitudinal stability at all Mach numbers
but the variation of stabilizer angle with velooity would be unstable
at &oh nuxibersabove about 0.90. A change of 2.4° in the stabilizer
anglewouldbe requiredto balancethe airplanein levelfli@t between
Mach nuuibersof 0.50and 0.95.

To compare the longitudinal mntrol afforded by the all+novable
stabilizer with that whfoh oould be accomplished with a fixed stabilfzer
and an elevator, elevato~f femotivenessdata from referenoe 6 were
applied to the hypothetical airplane. The tail model of reference 6
was equipped with a 2C@percent area, constan&ohord elevator and the
plan form and profile were identical with those of the horizontal tail
investigated herein. me elevato~ff activeness data of reference 6
are reproduced herein in figure 45 and in application of “thedata it
was assumed that there was no effect of scale between Reynolds nmibers
of 2,000,000 and 1,000,000 and that the elevator efficiency factor was
100 percent.

The variation with Mach number of the elevator deflection required
to balance the airplane at the previously assumed flight conditions is
presented in figure 46.

The calculated static lon@tudinal stability and control of the
airphne with a fixed stabilizer and an elevator are similar to those
previously discussed for the airplane with the all+aovable stabilizer.
About 5&percent greater deflection would be required of the elevator
to produce the same balanoe lift coefficient as the all+ovable stabilizer.

Longitudinal Characteristics with the Flaps Defleoted

The variation with ‘Mft coefficient of the stabil.lzerangle required
to balance the model with the flaps deflected is presented in figure 47
for the model with the horizontal tail in the extended wing-ohord plane.
The corresponding &’ag ooeffioient is shown in the same figure and the
liftArag ratio as a function of lift ooefficien~ for balance is shown
in figure 48.

. These e~erimental results have been used to preallottie powe=f
gliding speed and sinking speed at sea level of a hypothetical airplane
wiiiha wing loading of 100 pounds per square foot. The effects of the
proximity of the ground and the increased drag due to landing gear have
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been neglected. The results of these calculations are presented in
figure 49. The minimum powe~ff sinking speed was k6 feet per second
and occurred at a forward speed of In miles per hour.

SDMMARY OF RESULTS

The results of wfnd-tunnel tests at Mach nunibersup to 0.95 of a
semispan model of a ~othetical supersonic airplane with the horizontal
tall mounted alternately in the extended wi~hord plaqe and 0.6g6 of
the wing mean aerodynamic chord above the extended wing+hord plane have
been presented. A summary of these results follows:

1. At a lift coefficientof zero,the Mach number for drag
. divergence was about 0.92. There was a smooth increase of lift+.cmrve

slope with increasing Mach number up to a Maoh nuniberof 0.95.

2. The contribution of the horizontal tail to the statio longi-
tudinal stability decreased with increasing Mach nuniber. lMis decrease
was due primarily to the increase with increasing Mach numiberin the
rate of change with angle of attack of the effective angle of downwash
at the tail. With the horizontal tail in the extended wh&chord plane,
a further destabilizing effect was the decrease in dynamic-pressure ratio
at the tail with increasing Mach number.

3. With the horizontal tail in the extended wing-chord plane, the ‘
model was longitudinally unstable at Mach nunibers above 0.87 at lift
coefficients less *n 0.3. With the horizontal tail 0.696 of the wing
mean aerodynamic choziiabove the extended whg-herd plane, the model
was longitudinally stable at all lift coefficients for all.Mach numbers
for which data were obtained.

4. Eitier anall~vable stabi~zer or a f~ed stabilize rwi~ a
constan-herd elevator provided sufficient longitudinal control to
balance the model throughout the test range of &ch

Ames Aeronautical Labomtory,
National Advisory Committee for Aeronautics,

Moffett Field, Calif.
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The follmd.ngtableshave

presentingthe resultsof this

APPmimX

been includedto providea convenient

investigation:
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WiwFuEelage Combination with Bracket for Mounting Tail Above Fuselage
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(a) Horizontal tall nmnted In the extended wing-chord plane.

Figure 2.- Semlsp+m model of the airplane nmnted 3n the AJIBS M-foot pressure witi tmmd.
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(C) Modified fueelage with the horizontal tail munted above the ~elage.
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Figure Z— The dreg characterisflcs of the wing und fuselage. R, 2,00~000.
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Figure 3/ .- The variution with ungle of attack of the rutio of the dynamic
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Figure 35.- The variation Wth Mach number of the tail efficiency factor.
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(b) Horizontal tail mounted above the fuselage,

Figure 38.- ?%e variation with Mach n:mber of the drag coefficient of the airplane model fir various lift

coefficients. R, 2, 000,000; ~, O.
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