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SUMMARY

An investigation has been conducted in the Langley 4- by 4-foot
supersonic pressure tunnel to determine the effects of various vertical
positions of a wing and horizontal tail on the static longitudinal aero-
dynamic characteristics of a trapezoidal-wing airplane model at Mach
numbers of 1.41 and 2.01. The model was equipped with a wing and hori-
zontal tail having O° sweep of the 75-percent-chord line. The wing had
an aspect ratio of 3, taper ratio of 0.25, and 4-percent-thick circular-
arc airfoil sections. The unswept horizontal tail had an aspect ratio
of 4, taper ratio of 0.60, and L-percent-thick hexagonal airfoil sections.
The model was also tested with a 45° sweptback horizontal tail with an
NACA 65A006 airfoil section and aspect ratio and taper ratio identical
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 subsonic speeds. Experi-
mental 1ift and pitching-moment characteristics of the midwing tail-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 fairly well; however,
experimental pitching-moment characteristics indicated a 5-percent-
greater static margin at Mach number 1.41 and a 4-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 tail on the midwing configuration at a Mach number of
1.41 decreased the positive trim change of the high-tail configuration
but had no appreciable effect on the longitudinal characteristics of the
low-tail configuration.
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INTRODUCTION

A knowledge of the effects of wing and horizontal-tail position on
the aerodynamic characteristics of wing-body configurations is important
in the aerodynamic design of an aircraft. Experimental studies have
yielded a considerable amount of such information at subsonic speeds (for
example, see refs. 1 to 4); however, at the present only limited amounts
of such information are available in the supersonic speed range (for
example, see refs. 5 to 7).

Recently, a study at Mach numbers of 1.41 and 2.0l has been con-
ducted in the Langley 4- by 4-foot supersonic pressure tunnel to provide
additional information concerning the effects at supersonic speeds of wing
and horizontal-tail vertical position and horizontal-tail plan form on the
aerodynamic characteristics of a model having trapezoidal lifting surfaces.
The longitudinal phase of the investigation is presented herein.

SYMBOLS

The results are presented as coefficients of forces and moments and
are referred to the stability-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, lift coefficient, Lift/qS

Cﬂ drag coefficient, Drag/qS

Ch pitching-moment coefficient, Pitching moment/qSE

ACmt tail pitching-moment contribution, Cmtail o Cmtail of
q free-stream dynamic pressure, lb/sq ft

M Mach number

S wing area, sq ft

c local chord, ft

(@]

mean geometric chord, ft

b wing span, ft
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it horizontal-tail incidence angle, deg
L/D lift-drag ratio

(ot angle of attack, deg

Xep center of pressure, percent C

MODEL

The geometric characteristics of the model are given in figure 1
and table I. The wing was constructed of steel and had an aspect ratio

of 3.0, a taper ratio of 0.25, and 0° sweep at the 75-percent-chord line.

The thickness ratio of the wing was 0.04 and the airfoil section,
parallel to the plane of symmetry, is a symmetrical circular arc. The

body, composed of an ogive nose, a cylindrical midsection, and a 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 alternate horizontal tail had 45° sweepback of the quarter-chord line
and NACA 65A006 airfoil section. The horizontal tail was mounted on the

vertical fin at vertical positions of the tail referred to as "high tail"

and "low tail" located 0.382b/2 above and 0.208b/2 below the body center
line, respectively. Provisions were made for manually 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 internal strain-gage balance attached to a rotary-type sting.
The conditions of the tests were as follows:

BERERHNDCY . . o o« o o« s o o o o 8 b a5 Wl 1.41 2,01
Stagnation pressure, lb/sq in. abs . . . . . . 10 10
Stagnation temperature, °F . . . . . . . . . . 100 1
Reynolds number based oN € . « « « « o o « a o 2.89 X 100 1.8% 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
base pressure was measured and the drag force was adjusted to a base
pressure equal to the free-stream static pressure.

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

M=1.41 M = 2.0L
Cl e o = o « . .. - 10.0056 +0.0069
cD 10.0005 +£0.0006
& R +0.0022 +0.0027
ST - S 0.2 0.2
Ay GEE o o s s e el s e Qre Q.2

The Mach number variation in the test section was approximately +0.1
and the flow-angle variation in the vertical and horizontal plane did not
exceed about t0.1°.

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 primarily in a shift in the
center of pressure (fig. 4) coupled with small changes in 1ift 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 pitching moment than the midwing configuration,
whereas the converse is true for the low wing. The change in 1ift due to
wing position is associated 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 configurations had higher drag than the mid-
wing configuration at o = 0° and this amounted to an incremental drag
coefficient of approximately 0.0020. At the higher Mach number (M = 2.01)
(fig. 3), change in wing position had no effect on the 1lift or drag at low
angles of attack up to approximately 8° but did tend to alter the center
of pressure and thus resulted in changes in pitching moment similar to
those noted for M = 1.41. In the moderate and high angle-of-attack range,
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the pitching moments of the high-wing and midwing configurations are
essentially the same; whereas the low-wing configuration exhibited a
less negative pitching moment than either the midwing or the high-wing
configuration. The reason for this relative decrease in pitching moment
for the low wing is not clearly understood but it would appear to be
associated with the effects of wake interference of the low wing on the
afterbody at moderate and high angles of attack. In general the effects
of wing position at angle of attack up to approximately 8° on the longi-
tudinal stability characteristics are similar to the effects indicated
for subsonic speeds. (See ref. 1, for example.)

Theoretical predictions of the variation of 1lift and pitching-moment
characteristics of the wing-body configuration with angle of attack were
made based on the method of reference 8. This method is based on a planar
model and limited to low angles of attack. The theory (figs. 2(a) and
3(a)) indicates slightly larger values of CLa at M =1.41 and a more

negative value of Cma at both Mach numbers than obtained experimentally.

The lift-drag ratio (fig. 5) for M = 2.0L is not affected by change
in wing position within limits of the investigation; whereas, for M = 1.4l
either an increase or a decrease in wing position relative to the midwing
resulted in a decrease in lift-drag ratio particularly in the region of
maximum lift-drag ratio.

Tail-On Characteristics

Longitudinal aerodynamic characteristics of the wing-body-tail con-
figurations and body-tail configurations obtained at M=1.41 and
M = 2.01 are presented in figures 6 to 13. The effect of wing position
for a given horizontal-tail position and the effect of horizontal-tail
position for a given wing position on the longitudinal stability charac-
teristics are shown in figures 14 and 15, respectively. The effect of
the wing on the pitching-moment contribution 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 tail. The trim characteristics for
the various wing and horizontal-tail positions are given in table II.

In general, the pitching-moment characteristics obtained with a
given horizontal tail (fig. 14) indicate that the wing vertical position
had a relatively small effect on the longitudinal stability at M = 1.41
and M = 2.0l. It is of interest to note, however, that at M = 1.4l
change from high to low wing tended to increase the static margin at
moderate 1ift coefficients with the high-tail arrangement; whereas
with the low-tail arrangement a comparable change in wing vertical posi-
tion tended to decrease the static margin. A comparison of the tail
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pitching-moment contribution (fig. 16) tends to indicate that these
changes in static margin are probably associated with the wing inter-
ference flow field on the tail.

Theoretical predictions of the 1ift and pitching-moment character-
istics for the wing-body-tail configuration were based on reference 8.
As previously stated, this method is based on a planar model; conse-
quently, it does not account for the effects of vertical position of the
wing or tail. 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-
mated 1ift characteristics of the tail-on configuration agree fairly well;
however, the experimental pitching-moment characteristics indicate a
5-percent-greater static margin at Mach number 1.41 and a L-percent-lower
static margin at Mach number 2.0l than predicted.

The most significant effect of horizontal-tail position is associated
with the trim characteristics. Figure 15 indicates that a change in ver-
tical position of the tail from low to high resulted in a positive trim
change. Hence, the drag incurred with the high-tail configuration for a
given trim condition might be expected to be less than with the low-tail
configuration. The validity of this is beyond the limitation of the
present investigation since the trim characteristics were obtained for
only two tail incidence angles; however, reference T indicated that for a
swept-wing—tail arrangement, a horizontal tail located in a vertical posi-
tion comparable to that of the present high tail provided a slightly larger
lift-drag ratio than a low-tail configuration at a trimmed 1ift coefficient
of 0.20 and greater.

The primary effect at M = 1.41 of increasing the sweepback of the
horizontal tail from 16.6° at the quarter-chord line to 45° at the gquarter-
chord line (fig. 17) is to decrease the positive trim change associated
with the high tail; whereas, the effects of the change in sweep of the low
tail on the longitudinal stability characteristics were negligible. The
variation of pitching-moment coefficient with Mach number obtained at
a = 0° for the swept and unswept horizontal tail are presented in fig-
ure 18. The results for the swept tail and body were obtained in a pre-
vious investigation 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 alter 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 1.41 and 2.01
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indicated the following conclusions:

1. The high-wing configuration had slightly lower 1lift and a less
negative pitching moment than the midwing configuration for angles of
attack up to approximately 8°, whereas the converse was true for the
low wing. In general, these effects of wing vertical position are
similar to those obtained at subsonic speeds.

2. Experimental 1lift and pitching-moment characteristics of the
midwing tail-off configuration indicated a slightly lower lift-curve
slope for Mach number 1.4]1 and a less negative pitching-moment-curve
slope for both Mach numbers than predicted by theory. For the tail-on
configuration, experimental and predicted 1lift characteristics agreed
fairly well; however, experimental pitching-moment characteristics
indicated a S5-percent-greater static margin at Mach number 1.41 and a
4-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.

4. Incorporating 45° sweepback in the horizontal tail on the midwing
configuration at a Mach number of 1.41 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 Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., December 13, 1957.




8 NACA RM L58A07
REFERENCES

1. Goodman, Alex: Effects of Wing Position and Horizontal-Tail Position
on the Static Stability Characteristics of Models With Unswept and
459 Sweptback Surfaces With Some Reference to Mutual Interference.
NACA TN 2504, 1951.

2. Queijo, M. J., and Wolhart, Walter D.: Experimental Investigation of
the Effect of Vertical-Tail Size and Length and of Fuselage Shape
and Length on the Static Lateral Stability Characteristics of a
Model With h5° Sweptback Wing and Tail Surfaces. NACA Rep. 1049,
1951. (Supersedes NACA TN 2168.)

3, Morrison, William D., Jr., and Alford, William J., Jr.: Effects of
Horizontal-Tail Position and a Wing Leading-Edge Modification Con-
sisting of a Full-Span Flap and a Partial-Span Chord-Extension on
the Aerodynamic Characteristics in Pitch at High Subsonic Speeds of
a Model With a 45° Sweptback Wing. NACA TN 3952, 1957. (Supersedes
NACA RM L53E06.)

L. Furlong, G. Chester, and McHugh, James G.: A Summary and Analysis of
the Low-Speed Longitudinal Characteristics of Swept Wings at High
Reynolds Number. NACA Rep. 1339, 1957. (Supersedes NACA RM L52D16.)

5. Heitmeyer, John C.: Effect of Vertical Position of the Wing on the
Aerodynamic Characteristics of Three Wing-Body Combinations. NACA
RM A52L15%a, 1953.

6. Spearman, M. Leroy: Investigation of the Aerodynamic Characteristics
in Pitch and Sideslip of a 45° Sweptback-Wing Airplane Model With
Various Vertical Locations of the Wing and Horizontal Tail - Effect
of Wing Location and Geometric Dihedral for the Wing-Body Combina-
tion, M = 2.0l. NACA RM L55BL8, 1955

7. Spearman, M. Leroy, and Driver, Cornelius: Investigation of Aerody-
nemic Characteristics in Pitch and Sideslip of a 45° Sweptback-Wing
Airplane Model With Various Vertical Locations of Wing and Horizontal
Tail - Static Longitudinal Stability and Control, M = 2.01. NACA
RM L55L06, 1956.

8. Nielsen, Jack N., Kaattari, George E., and Anastasio, Robert F.: A
Method for Calculating the Lift and Center of Pressure of Wing-Body-
Tail Combinations at Subsonic, Transonic, and Supersonic Speeds.
NACA RM A53G08, 1953.




NACA RM L58A07

TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL

Wing:

ARea SSqiATIY 0 o o el @ e o e e e e denh SRR R PR B 192
Span, in. Slsl o e e et s 8 @ e el e e e ORI S SR R S 24
ROGEHCHOTAy N o v o o w0 o . o s e =i eI R N 2R C0)
EEDRChord i Hne o o ol o e o e e e e el et RO SN SIS S e )
MEPETPATI0 @ 6l o o 0 o o s s o @ oo e RETEEREI TR (2D
BEPECE I Tatlol L. s o o o ol e e e sl s el e R R IS O RN
Meaniigeometric chord, in. . « o o o = USRI SRIREE TR . S 0Rd0
Spanwise location of mean geometric .

chord, percent wing semispan . « o ¢ o o« o o o o o o o o o . 40
Inclidence, deg . . . <« & PR TR e T B R 0
Sweep of 75-percent-chord line, GeR o i ka S RS o)
Adrfoil section . « « « ¢ ¢ ¢« ¢« ¢ o« o o o« « « k4-percent eircular-arc

Body:
Length, in. . A R T TR T e (O
Diameter (maximum), in B e TR e L R
Bilemeer (bage), 1. o o o o o o o o o mb CHEEE NGRS MR e L O5OT
Fength=diameter ratlo « ¢ « « o ¢ o o o o ot o Felie '« Haurgh gy CERECR 1ISE0)

Horizontal Tail:
Trapezoidal -
Avesyl BA AN o« o o 6 6 @ 6 s e s aenediogs o REEIITE SIS 2B EE
Span, in. 5 o o e s sl e @ @ el Ger Ta NGRRSOECEN. U RIS e Rl IS
Root chord, in. o o ® @ & % e w e o det SRECEEC o SCEUNE SN el OR0D
Tip chord ol s sl s s s sl el e e s o e ewEuL RTINS CURTERSINSHSE RN CIE Gl
BRPET THBIO + o o o o o s o o o » s+ wets ks o SHSISEEL CSTEHEGN
Aspect ratio . . . . . v o e e e Lo et ol ECRIN ST G L
Sweep of T5-percent- chord Iine; deg . HTICERCERC < RS IRSIR Nt e 0
Adrfoil section . « « « « ¢« « « « « + « « « « « 4-percent hexagonal
Sweptback -
ATER, B8G TN e o 6 o o 5w 6 8 e e s st L 2 BIESREERES S S 0886
Span, in. G e al e @ s 18 ‘e e i & o & ueliial MERRCENCH oG EECRNSIIEC S SR A LIS
Root chord, in. o o: s ‘el s el el s lel e enbotSUNEEREL . HIEENCHEL AT RS OE- %)
Eprchord, "dnc oo o e s 5 o e o R R R SR I R S (S
Taper TALIO ¢ o o o o & o o 5 o o o o ol AR FOETREEEN Lo G260
Aspect Tatiol & o o e o e e e s o e s (elRCICRECRES O RSNSR S e 4
Sweep of! quarter-chord line, deg . 5 00 e ieiie - Fails Roietl i 45
Airfoil section + « « « « « ¢ o « o« « o + o « « « + » » NACA 65A006

Vertical tail:

iAzes to body: center line, (8q in. . o . s e o FolTROREE TR AN SEE)
Span from body center line, in. o @ e e bepielaiEs %SRRI 2
Root chord, in. S T ek Ll B S el
D chord, dl.. o « o s 5 5 o s = o e oin S s BIESE T S A
PEPET TOELO o « o o o o o & o o 5 o & o e A o INEEN L GRS
Aspect ratio . . ¢ . e o om w6 e ree e Bl ol T LA Clil . 182G
Sweep of leading edge, deg S s s e alte iRl o e REPRECHENCR S 35
Airfoil section . . . . . . . . . . Wedge nose, slab side with con-

stant thickness of 0.437 inch

Ventral fin:
Bxposed area, 89 4. <« o « o ¢ o 0 e e e ARG SRERET S R A SRS
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TABLE II.- SUMMARY OF TRIM CHARACTERISTICS
Configuration aié CL, Cp | r/p dZé Cr, cp | L/D
Unswept & -
Wing | horizontal i, =0 iy = -6
tail
M=1.41
High High 2.5 | 0.125 | o.0410{ 3.05| 7.1 1 0.367| 0.0855| 4.28
High Low Tl .050 L0365 1.37| 4.8 .250| .0582| 4.28
Mid High 2.1 .110 0370} 2.96| 6.3 | -337) O0735] b5T
Mid Low e .037 .0340| 1.06| 4.9 | .269| .0590| 4.56
Low High 1.9 110 .0380| 2.90| 5.9 .310| .0895( 3.46
Low Low 651 .025 0360 .70| 5.2 .282( .0620| 4.55
M= 2.0l

High High 1.9 | 0.070 | 0.0340| 2.06| 5.9 | 0.215| 0.0500(| 4.30
High Low 2 .020 .034k0| .60| 3.5| .130| .0380( 3.42
Mid High 2.6 .100 .0360| 2.78| 6.1 | .236| .0520| 4.42
Mid Low 5 .020 .034k0| .60 3.9| .150| .0390( 3.8k
Low High 505 .130 L0360 | 3.60| 7.9| .290| .0720| 4.00
Low Low .9 .0520| .0350| 1.50| 4.3 | .160| .04BO| 3.33
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Figure 3.- Continued.
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(a) High tail.

Figure 6.- Longitudinal aerodynamic characteristics of a complete high wing configuration with
an unswept horizontal tail. M = 1.41.

LOVGSET WM VOVN

e



S
l!llllllll i lIHIiﬂHHH!?LEIHﬂHlllliﬂﬂﬁil i
ll!lllll!IIIHII!HIIIIHI!!Iﬁﬁlﬁﬂ!RHIIHIHI!IHHIIHHIHL
7 i
z !ﬂil HlliﬂlllllllHIIIIIIHlll‘kllillﬂlllmlIiiilﬂﬂlii!ll
ﬁﬂ!ll!llmllggggglllll!l ;Iﬂlllﬂﬂlﬁl}migmd i

i A
I

xllllHmmllllﬂhlﬂ‘ﬂl!‘idﬂ

éill!!!!!l!ilimﬂlIﬂllﬁlhﬂllll
RN
gimgmummnmm*wmnm
I i !

i

i
i i

A
il Ill!Il!lllllllilmllllﬂ‘i Illhlllllﬂllll‘!!
!Iﬂl!l!d A A
it lllIlﬂlﬂﬂl!IIIHIIHIlilhllinii!!inimiu il
mlmmumuumumm!mmuum
i l ;tmmmu' i il: ““HH‘I""

ﬂ!lll!iﬂ!lllllﬂl!ll RHHHIH. ﬁlin

I
T

ﬂll!ﬂl!lﬂll l l

AR lilllillllmli xhiiiﬁl*iﬂiilﬁlllﬂl
A ﬂiiilllﬂlﬂll.m«llllli l“l!ﬂlllii! l!!%
IHI I i 'IﬂlllﬁﬁIlll!lﬁ!llllﬂl!lli
zllllﬂill!ﬂilﬁmIIH!!IH!!Ill!!tml!!l!l!iﬂilmlﬂﬂﬁiﬂ
hﬂlg i

e R i
I iﬁlﬁﬂlﬂlﬁﬂmﬂlﬁﬂﬂﬁi i
f’!liiglglglglgllgllﬂi A ﬁi i

i i A

ummtmmmmgnmlmmummm:

§§!!I ll I

i A A i

8l -ﬁﬁul*‘ilh’iﬂﬂlmﬂlﬂllBﬂlﬂi ummnmmnmuu i Hiﬂii

R e R R 'H! g
mum.izm;tm;%glmmmmlm{nhg: R

A R
i I!lﬁﬂmﬂ!lﬁlllﬂl i
ll!llﬂﬂil“!”?iuﬂlilﬂ!lgllllllll!ﬂﬂml}lﬁi‘ffﬁll

i
mmxmlmmmmma;;!mmmmmmxmm
R

!mm T

i
i i!‘!!lilil!!m!ii‘ﬂimili
i
]
R

T

il i

i
iidlimﬁk*wzi
(I

(b) Low tail.

e
mmmmmmmmmmmmmmmmm
e

i

Figure 6.- Concluded.

i

i"”ﬁﬂlilkﬂi

B
mwmmmmmmmmwmmm i
. L ﬁmmﬁmW@W}WMMMMHmMm
L L L
e

i ﬁlﬁ i
i kﬁ!mﬁ’

JE !.m i
Eiii! B 'Eiiﬁ!
i

smms&mﬁggmw

!
EIi'ﬂﬁﬁ’lit’ilﬂ,‘!I'i.,ﬁﬁf’ﬁilliillll‘

i —08

!izzﬂiﬁ‘Illﬂmuﬁli’ﬂ‘l
i ‘ B

i ﬁ!x R
i HE R A
-

i i i}
A R
i R il
i R

-2

mﬁmwﬂﬁiamﬂummnmnmuimmmmmmmuﬂmum
s n'_ -

=16
Cm

i
ls"!m!m

=20

m
i iiﬂillilﬁlﬂlﬁi
i Iﬁiiliiﬂlﬂﬂﬂﬂlﬂlﬂ

i
Eﬂi B
i Eﬁillliﬂiﬂlmﬁll‘ﬂlUIHHHIﬂilillmlmﬂliﬂ
lll ll lllﬂﬂﬂﬂl

cc

LOVgST W YOVN




im .n ﬁm;;; T i o
l, il l' | IMH@] i i :j““ " g

}liﬁmﬁ i .
mmum'ﬁ;z:uummuvHmm Horz. tail off
I i”’“‘ o 0

i
i
i
i A
!ﬁi‘iﬁMﬁl[ﬁll.ﬂMfﬂH!Hlﬂ!B!‘ g%%ﬂ!ﬂ i
i

i

_'4-8 -4 0 4 8 12 16 20 16, 20 08 04, 40 =l2: =16, =20 -24

a, deg O 04 08 2,16 20 24 28 Cm

(a) High tail.

Figure T7.- Longitudinal aerodynamic characteristics of a complete midwing configuration with an
unswept horizontal tail. M = 1.41.
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Figure 7.- Concluded.
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Figure 8.- Longitudinal aerodynamic characteristics of a complete low wing configuration with an

unswept horizontal tail. M = 1.41.
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Figure 8.- Concluded.
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Figure 9.- Longitudinal aerodynamic characteristics of a complete high-wing configuration with
an unswept horizontal tail. M = 2.01.
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Figure 10.- Longitudinal aerodynamic characteristics of a complete midwing configuration with
an unswept horizontal tail. M = 2.0l.
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Figure 10.- Concluded.

B
- i Hiliii‘ﬁhmﬂhﬁéiaq,. il
e
mmmmmmmﬁmﬁxzﬁm’aﬁmgzﬂmxmxnm i
S B R
i iiml T
i mﬂlﬂiﬁﬁilﬁ{iﬁiiﬂ,ﬂihﬁi’ii!l‘iﬂ!m'!!mllm!'!‘i R
ummmmmmwm&mmsiuﬁmmmniﬂnmmin | lixhﬁiiﬁm&iﬁﬁ‘
T R A O A R A
e Hlﬂ m&&mmmﬂmmmnummmf! o
li‘ it!i!lﬁliimﬁ%ﬁaﬁii‘ﬁi@i!ﬂlmﬂ"’#‘*’ R
A .em'mmmmmmznmmnwm
i S e R R
i A

-6

=20

T
mn
i

umnmmmuulmmmmnummmmmmmmmwmmmmmmmmmmm A mmmmmmmmmmmm

ﬁ{ i;;‘z;gl{;gﬁgﬁ%!;“?h}ﬁ"!ii"ii‘!!!kmﬂlﬂi*‘l!ﬂ!%Kﬁ%}%%ﬁﬂmﬁﬂmﬂﬂﬁﬁ@mm&ﬁ 0 e B B

Hﬂlilillliﬂmlﬁlﬂllmnihmﬁﬂl!llll'ﬁl.§.Jlﬂilﬁﬂ!!¥lﬁﬂl§ﬂiﬁmﬂ!ﬁﬁﬁlﬂﬁm%mﬂmmﬂ
ﬂl mmmmﬂmﬁmmm i

i

=24

SRR RS
g

-28

AR Rl
S
i ‘“lﬂimﬂlﬂﬂﬂﬁllﬂﬁlllillliﬂlﬂliliiﬂEHI!IIHIIHHIm!liﬂlﬂlﬂ
;;mmnmumnmnmumummm ]
R inm!lgﬂIIIIlllll!lIgllllll

i H T
o

=352

A i i
i

HW’“‘SI,HllHﬁHIHIIHiﬁ[ i

i
I

wmmmmmmmmmmmmm !

i i
wmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmnmmmmmmmmmwmmmmmmmmmmmm

W R T
mmmmmmmmm p R S
EROT iy, deg s i
O mmmmmmmmmmmmmmmmmmmmmmmmmmmm
m&mmmmmmmmmmmmmmw: O Horz tailoff bl L b Ll L L L I

ERGTE e m@m m

ﬂmmmmmmmwwm i e Y e
e o g ”mim%%%%mmmmmmmmwmmmm

i
i III

it

0%

LOVQET WY VOVN




?m Iill!l!l il!!ﬂ‘mlii

liH ii
IIIIIIH Hllll!lllll mmmm|"" s i
il Ill“ilIHIIHHIIlHiIl!mllll!I!!IIHHl!l!i'l‘!l'ﬂi!li‘im“l! i ! e “Il'*i‘llﬂl‘ﬂ‘llﬂ‘ﬂh
mmsmu [ R R R R 5! i‘!llllﬂi’,il!lllﬂilllﬂllmllm{!ﬁﬂﬁﬁ i
i Ilﬂ‘! |lmlmlnummnmmmmnmmmmmu ii‘lilﬂﬂmiﬂﬂu ﬂiill A
Iﬂll H;Iﬂilmﬂlllﬂll i ﬂﬂﬂ!l‘in R

i
B il ""l llﬂillﬁllﬂﬂLﬁlﬂmﬁﬂiliﬂ‘ilﬂ'!ﬁi i
!é!!! T i i i
i i'ml‘llﬂ“illll{"!iﬂhﬂifﬁlﬂlﬁ i i A R
i I R lﬂlimﬂiﬂilﬂlﬁfﬂ il A
i ‘ix l“il‘iﬂl i iili'ﬂﬂﬂ*ﬁHlll!!“l!ﬂilﬁﬁlﬂ i!ﬂlﬁ‘ iidilﬁﬂllﬂlﬂﬂ I ik i, ua.umumumm
’;mx!hLiﬂddﬁlﬂﬂidﬂliﬁﬁilﬁﬁim!llﬂ i H‘Hﬁﬂ"“’iﬁﬂiﬂﬁ i mli“! lﬂﬂﬂi‘!t{!’iiﬁﬁliﬁﬂii iilli it
I G e A B ﬁilﬂ!ﬂiﬂmﬂhlﬁﬂ
i ummmmmmmm ,mmz i
- .ihﬁiiiilﬁﬁﬁl I ﬂk’idlﬂ:fﬁi R i
lﬂ R !!lﬁ!lﬂi il!!i S lifﬁiI!Ii!iﬂmiﬂﬁﬁﬂilﬁﬂiii‘iiﬁilﬁﬂﬁi!‘ i
RHI i mmmmmmm *“lﬂi%ﬁinﬁ;ﬁuﬂdlﬂﬂiﬂﬁmﬁlﬂliﬂﬂll lil‘!!lllli}‘!ﬂ%‘lﬂllilﬂiiiil!iﬂ!ﬂ!ﬂ e
|2 [ Hllﬁ!ll‘ﬂ nummmnmmmmnummﬂm,l A R R R
< llmﬂlllﬁiilﬂlﬂﬂmllhiliiﬁlﬁdhﬂlﬂllﬂ!llm HﬁiﬂﬂmﬂlﬂﬂlﬂlmﬂiI!ll’flﬂi‘imln“'ﬂlliﬂﬂHﬂi!ﬂﬂ@ﬁxﬁl’ﬂggllggﬁllﬁﬂmxlﬂﬂ!imﬂlhlﬁulilﬂ*l!ﬂi’ii

T e R R A gl T
Ihlllll!lIlllﬂllllllﬂlﬂ!i!llml!lﬂ 1 o R R R u!« ‘lﬂﬁlllﬂmﬁilfﬂﬂﬂl !!!L!ﬂll HiIE
1.0 L lnmmlmnumxmum: T iﬂﬁﬂllﬂi ﬁﬁi AR il
gl 1 I R R S R R R R RS
il !izlh!llld’ilHlllIﬂlllﬂiiHﬁl!lﬁdfﬁ!Ilﬂlmﬂlﬂﬁ!ﬁlllimlﬂﬂlﬂﬂlmﬂllﬂh‘ﬁlﬂﬁ i
mmmxmu}gimmamlm ﬂlﬂilﬁ ﬁmnmmﬂmm I!ﬂllﬂ ﬂiﬂll! mn i

il
Bmm
.6
CL
A4
2
0
0 4 8 12 16 20 24 28 32 08 04 0O -04 -08 -12 -l6 . : - =32
a, deg O, b -2 e A o=b . G =
/
Cp

(a) High tail.

Figure 1l1.- Longitudinal aerodynamic characteristics of a complete low-wing configuration with
an unswept horizontal tail. M = 2.0l.

LOVQSET WY VOVN

¢



mummmmmmamlmlmﬁummmlnummmmmmmm i !lllimlﬂﬁﬂﬂllﬁﬂﬂﬂl!HEIlk!i!ﬂilmﬂﬂmﬁﬂlﬂlﬁlﬂﬂkmiﬁdlﬁi:ﬁkliﬁllﬂ!ﬁﬂﬂhﬁﬂﬁﬁ‘ R AR i"l‘iﬂlﬁil‘iiﬁl i
I ﬂﬂlﬂﬁllﬂﬂﬂﬂ'i{ﬁl!ﬁlmﬂ A W R e !‘Klllllmlilmifﬁliﬂl‘Bﬂ!lﬂlii llﬂlllmmi“Iﬁﬂllilll] nmmmnmuummxmnmmnml
ﬂlllIlillﬂllllﬂlﬂlﬂlﬂﬂlmmlﬁHIllﬂI mmmmmummmmﬂmmmummnxmmanmmumﬁmmuumm e e A
T A T mmmmmmmmmmmmmﬂmmmmmmﬂﬂmmmum!;*!lmi!mmmwmmnmnmﬂmnnmI*;yrmmmﬂmmumn'lwmnumimfummlmmmwn'ummmmum'
it R

T mmmmmmmmmmmmmmmﬂmmmmnm
TG R D iy, deg
(e mmmmmmmmm‘mmwmmmmmmmmmmmm ;
A 00 0 i A Horz. fail off
T mmmmmmmmm A A

I W
Mxmmmmmmmwmwmwmmmmmmmwmmmmmmmwmmmmmmmm e
T e

i mm lﬁ

llllllllﬂilll!lllllllllllli!%!‘illli"1‘ |!Hl mﬁmmmammummnuﬂmmﬂmmmmm ls%Eﬁﬂﬁ]EﬂlmlmlllﬂlHﬂlllﬁ‘liiﬂliﬁiﬁiliﬁm‘iﬂlilli!:!!§
ﬂmlmm';mmﬁmﬁmmmummummﬂnmmummmﬂunmmnmmﬂnummmmmlmmlnnmmwsmnmnmmmmmwa A
llﬂi!ﬂ!‘ AR R R imnmummmmualmmlmmnnu Illl!ﬁﬂl!ﬂﬂﬂﬂﬁiﬂiﬂmﬁi l!lﬂ1HMIiiﬁlHI{lﬂEIBﬂMWI§FHHiIll!l!lmli! i
HHHMHHHHHIHHHIHHH nwummmm mm S i A A A
ll i B A mm ﬂlﬂ!ﬂﬂﬂﬁmlmﬂ!IﬂiiﬂlﬂlﬁﬂﬂlﬂEﬁilﬂmﬂﬂlﬂﬂIili!l‘{ﬂ!ﬂﬂlﬂ!iH’diiiﬂiﬁ Nﬁziﬁ”:idhih
i m;mmsummm,mmnmsmmnmnma mmmmmmmm i m m B lﬂ!ﬁﬁEﬁﬂl’iﬂ!ﬁhﬁhiiﬂﬂhﬂ,ﬁxli
I it A mmmmmmmmmu mmwmuﬁimmm | !

S A e !ﬁ%lﬁiﬁﬂﬁiﬂﬂiﬁﬂi&ﬁﬂﬂl*ﬂﬁﬂﬁ!l&’
R ii‘imﬂﬁﬁﬂﬂﬂlﬂﬂiﬂﬂmmmmﬂﬂﬂ mammsmmnmmmrn A I
12 Vo ﬂﬂKﬁiﬁﬂl}llllﬂlhﬁdﬂiﬁmﬁﬁﬁxﬂiﬂﬂi§h i i
ER‘H'HIiilmallmﬂﬂllllilllﬂmlll!lkﬂlHlﬂ!ﬂﬂl!ﬂllﬂﬁﬂﬂllmﬁiﬂiﬂﬂtﬁ!ﬂ i H!llﬂﬁﬁlﬁﬁﬁﬂmmﬁi"'*|llfﬁ|§lﬂ§li! Bl AR S R R R R
AR R I R R R R e R R i H !
uﬂmmmlmmmmmm e x'r‘hiiﬁﬂﬂllﬂmmlI}!!zﬂ!ﬂk
(o) i iIllliRl‘l"i!l’ml:ﬂHilﬂlliﬂllll!llﬂ}llm!liﬁllllli mmm!mmmnmn*w* i
: mmimmmgmummum mummnnumm mmﬂmﬂm R A Ilill iSi e
i lﬁHIﬁH i
'lil!lﬁdli B Hﬂﬁimllllllllﬂﬂlmﬁﬂlﬁﬂlﬂﬂlﬂ!ﬂlﬂﬂIIHHB
e A mﬁmmmﬂummm
II!I mnmmmHmunummm I
H!h!’!mﬂllml!illlllllllIIIlHﬂﬁIililﬁilHﬂﬂIlﬁil!liimﬁf‘dxl!i
lill!ﬁ!ii!mmllllll l i llllll!ﬂlimllllﬂilh’ﬂllﬂﬂlﬂ it

i !!Ill!lll 1!!

i mi.mmwmmwmnnmmumlunmmmmxwunmmunmmnmmmnumnmmm T
i AR SR R AR G
li‘!liﬂi!ll!lﬂlil!”i mmm'mmum siiIlmliml‘lllHill'ﬂiﬁlﬂlﬂﬂlIillllﬂHHlﬂ
AR ki !§§H I
i !l!ﬁll!!‘!ﬁlmﬁ‘iilﬁ“ i ! il
T i!E!HB!Eiifﬂﬁlnﬂlﬂiﬂ i
M I‘iﬁlﬂﬁﬂﬂll i
iﬁi i A
i
!l!lluﬁl!ﬂllllllmﬂllllll
e
i xihllﬁ'!ﬂlllllllﬂmlﬂﬂlllﬂ
0 **“mmxmmmmmmm
i

it
ul!

T
lilishﬂd lilililsiisi iilillufliﬁﬂ

Imﬂlllllﬁxﬂ i i mmmmmmmmt*
mgiﬂngz ling%umllnlmi!, §¥§l‘§§¥
o i

lllﬂ [

| liiihfhHmmllll!!llllllﬂﬂ!ﬁlll
i
zm,ummmumnmmmmmmmu
A
mmmmmnnmmmnum
i

08 04 O -04 -08 -12 -6 -20 -24 -28 -32 -36 -40

(b) Low tail.

Figure 11.- Concluded.
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Figure 12.- Longitudinal aerodynamic characteristics of wing-off
configuration with the unswept horizontal tail at various vertical
positions. M = 1.41.
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Figure 13.- Longitudinal aerodynamic characteristics of wing-off con-
figuration with the unswept horizontal tail at various vertical

positions. M = 2.01.




NACA RM L58A07

Cm
EHEE
e
B
B
==
B
EERE
i
EREEE
B
R
EREE
B
a CL Emap =
e e
ERE T PR
B B
B
N B BT
e EEas
s L
i EEEEEEEERE
e B
EEEEEEEE SRR
B EEEEaE
EEEE EEEEES
EEEEEEEE EEEEEE
EE S = EEEEEE
EEESEEEEEE T EEEEE
EEEEEEEREEE. EEEREE
EEEEEEE R EEEE EEEaE
Egasﬁgﬁg i EEEE
EsEmmasmnEaE e
EEEEEET
EEEEE RS
EE=EnEEaEEE
c. EEEEEEEaEES
D EEEEEEaaTE
EEEEEEaEE
==
B
Eod

(b) Low tail.

Figure 13%.- Concluded.

3]

i}, deg

Horz. tail off

-6




-
-
&
-
-
-

ious horizontal-

NACA RM L58A0T

- H H i xy L;L HEH A
: HE i i o
H n“ s oa lnxxv . HH sasasangs & - ” - aa FHEH vv  gausasnnndsaand o
e 2 i et A RS RS S MRS R st et i)

t
T
.
T

nes
T
T

Wing position

tion on the longitudinal stability char-

g i g g N .
P . HHE SEsdcsEsassaandsne HHHH 88 uunlu”x = l
i S e et : e e i =
H H at H SaGassesds sssasnasan H xLl uL m( HHHH AA...W HEPH i H . t g 2
sumsassass s H Ssssasasas Hnwlnv e 88! - i munﬂmmn[ uWn . 4 nxx.vx sensna s J l
i ; sauat sasmsnEsa FHHH C =
8! HHH I g%
pH RaRanaand BaaEan & H H H
i : HE FHHEH T i \Ma/ 5
tH REERaREES 88! SRR HHHH sssasss >

lete configurations with var

i

b

masssaas u 8

.
+H
:
t
Y
;
T
:
:
4 High tail
T
<
pae:
:
i
i
:
i
i
:
:
;
Low tail
T
goos
f

i H tH HHEEH
HH H T \xmn.. Seas 228 HH a8 ! | I I 3 38884 o
S HE mess auELE 2N, H T eBesyseasy

- Effect of wing pos

Cm

Figure 1k.
acteristics of the comp
tail positions.

36




NACA RM L58A07 G

Al
0 Wing position
o High
m] Mid
O Low
-1
Cm
=2
High fail
=3 T
-4 B
0}
_l =
€n . -2F :
—3 o :
::: Low tail
—4t= :
-4 (0] 4q 8 1.2 1.6 20 24

(b) M = 2.0l.

Figure 14.- Concluded.



NACA RM L58A07

38

E
(&)
N — m
M m T , R
_., H
W i o
: i 5 o~
T : H L = L :
HH i : £ i i
° : i
S 8 i ©
2 BEZi e . i
AL S : S -
s L poo H H H
S » H HHHH H
- on i H H N
S : £ x A ] T =
H 2 B i i %
: HHH HH H tHH 38
— e -
e |WI
E H  ©
HH L
i gt 3
= -1 it H H H a8
= <
5 = HHH o ] t 5
3 H 2 HHHE i
H = HHH %
- yL -w a1 1 =t H u.-.u
P H o T
5 o H s H
e T HH O
i
aaa i P HHH i H
HH HH H <
(=
S S

CL

(a) M =1.4.

Figure 15.- Effect of horizontal-tail position on the longitudinal

stability of the complete configurations with various wing positions.



39

NACA RM L58A07

Cm

Cm

<
T (aV]
i 5 § § il
ol
H - ]
.2
= 0
: 52 @
= O
W. )
© oo
S o
5 } H T H
B HHH FHHHHH HHHH ! HHHH
. g FEEEE : L
1 'iivxxv._,fx.v v ¥ s
REESES BRD o EaBEaaE saaaEEaLs: H A i HH o
i 2 T 2| o2
: 1 5 H H e = H HH 3 :
H H HH H H HH 3 HE HHHH
o t <
SaRaee H £ :: 3 azs! z ’
2 o b - e o
SassEasas san H I H H = H e -4 HHH
i i i T i -
FHH 52 ;!
(@]
. - :
i i § t i
P f HH
ffaaaaigan 1 : + t T H
f H ! f o
= o N M < = = |

’ ;

M = 2.0L.

(b)

Figure 15.- Concluded.



T
i
H
T
saas:
t
H
+
+
HH
:
+
t
Baus:
T
t
t
:
H
H
+
1
.

: Wing off ¢ T T §HEHE TR

T t
T

—————— High wing r__‘;:: dEsisits iSgseind =

:
HH
a:
H
T
e

4 -—— Low wing

8

ACm, o H High 7a|lv ~

:
:
T3
| : 21
G spasneRass 2 HIHT 4
ACm 0 Low tail :
: E
t : ) e T HHHT
T ‘]\ e 1 . +
S3isssies
I23ERpE: I 1]
- =
T T s
]
T tH 1 o
HF T
;
=l i e
2
:
T ba.n
: :
: : :
i + : 2
H H B f

-4 0 4 8 2 -4 0 4 8 12

(a) M =1.41. (b) M = 2.0L.

Figure 16.- The effect of wing on the pitching-moment contribution of the unswept

I

{

r

|

} a, deg ,a' deg
|

|

\ horizontal tail.

|

|

ot

LOVQET W VOVN



mmuunmumnmmnmuymmm;mmﬂmmmlmnmummimnm*umummmmnmmmmummwmmrmp i i
0 e !ﬁﬁfiﬁiﬂmw“ﬁﬁixhx‘m
umm;lmnmummmmmmummmli,mmnlsnmunmmmnummmmmmmm I A

T R T A A
Iﬂlll i smmmma mmm llﬂlﬂ]lRl!lﬁlﬂl!ﬂl[lﬂhﬂﬂﬁﬁlmmﬂ

IlH Eﬂiﬁlﬂﬁﬂﬂﬂl“ﬂﬂ (i
!lllmilllllllllllllmlllﬂll!lH!lmlﬂmﬂllllllh!&‘iiﬂi!ﬂl!ﬂlﬂ!ﬂﬂHlﬂkﬂi!ﬁlllﬂ!lfﬂiiﬂlllﬁm!lﬂll!l!lﬂﬂllmlllﬂlllllmﬂllﬁimm%

e
i

e SR
I

At il
i i

Horizontal tail

i nhmmmnumimmnumlmwé,,mmmmﬂ,mlmummmmu: i A O  Unswept .iiﬁh A A
mﬂmn;mgmmmwmmwmmmm mmmmmm O Swept m B
i e R L e I
i mnﬁmmm!ﬁmmﬁamummmmms*mmmnmmxmxmmmmmmnmmﬂ i O

IR
!xlﬁﬁilhlllillﬂﬁHﬂ!ﬂui!ﬂﬂﬂﬁ!iﬁildl};dﬂllLlllﬂﬁﬁiﬁiﬂ!&ﬂﬂlﬂﬂlﬂ!ﬁillm‘lﬂll ] e A G

ﬁﬁ;ﬁ_ o i ;x;mmmmmnmnmnnmmummmnmmnﬂm i
A A ummmﬂmﬂnmmumm T mmmmmmmm ﬁﬁmnﬂlmﬁiﬂﬁmﬁ!ﬁﬁﬂllﬁllﬁﬂ!@mﬁﬁ‘ 0 O e
mmmmmmﬂmu I A mmmwmnmﬁmuﬂmm AR I !ﬂﬁﬁﬁllﬂiﬁﬂ!ﬂﬂl i e mt@ihi&ﬁﬁiiﬂﬁﬁﬁllhﬂﬂlﬂﬂmlﬂlI!Hlﬂﬂlﬂllllﬂﬂlﬁlll{mﬂﬂllﬂ!HIH!III

mmmmmnuummm,gszmmmmmmm [ m mmﬁmm R mmmmmmmm&mm It A T O A
lmlmxmmmmn it A R

mmmmmammmmm Bﬂiﬂ i mx@nmmmmmmmmmmm nii’i.nim: %rmﬁﬁ%Hl%B}Hﬁﬁ!Mﬂlﬂllﬁiﬂﬁ!!&iﬂlﬂﬂmﬂmﬂlﬂlllll ﬂﬂlﬂﬁ

i i i mm mmummmmnﬁmmnmmmm R A . A A unumm
i iilﬁﬁ iﬂlﬂ!lﬁlﬁ ﬂﬂ!lﬂﬂ I T ¥8ﬂ mxmxmmmnmummmmxmmuauammmm.aﬁmJmn !F fﬂlﬂﬁ m;mmtaummuﬁmmmmnmmmw

Hﬁimﬁﬁ&!’dﬂﬁi“‘!ﬁi‘ﬁu Y mmmmm L A R R Eﬁlﬁlﬂ!ﬁh{ﬁl ;xﬁ!&'ﬁgﬁxél‘l!ﬂéiﬁi!lﬁimJilllﬂll!llimiiliﬁﬂlﬂf‘

it

iﬂ ﬂﬁmmmxum Iﬂﬂﬂliﬂi mmmnmum! e T R R B mmtmms«mg
AR um "KH!!‘ A mmmmllmmwiummumnmmmmm mzmmmmmmumm 1 T T R
i§;ﬁ!§ﬁiﬂlﬂﬂﬂ!!!l'lilﬂl!iﬂ*idhﬁiliﬂﬂlllmﬂllﬂﬂlﬂlﬂlllﬂfhliHil!iﬂ!l!illl!Riﬁﬁ s R 2 u!lilﬁﬂiﬁﬁlﬁl!!lﬂlﬂﬂﬂﬁl ;
IRHN‘IHI‘! !ﬂ’i!!ﬂiﬁ HHH!; A T R mmﬁmnﬂmlximmzmmmanmnnmmﬂ';;mmmmmm Bl I
R v i o o R R S i
!iﬂ?fiﬂﬂiﬂﬁﬁ!ﬁlllﬂﬂiHﬂilﬁﬁmﬂllﬂlﬂlﬂﬂﬁmmmﬂm G R S G it
!ﬁ‘!éiiﬂﬁﬁﬂlﬁi:ﬁilHﬂllﬂl“ﬁﬂ‘liiiiilﬂlﬂﬂlﬂﬂlﬂlﬂ!ﬂilﬂﬂmﬂll!ﬁ!ﬂﬂ'iifg‘xlﬂim‘ikﬂ i Hﬁiix i‘iiiiﬂiﬁiﬁ 4
6l xihimﬂiHli!!m!!lllli!ﬂhliilﬁ!llHuﬂﬂ’!l!ﬁ'lf‘iﬁ,ﬂimﬂiﬂﬂiuiﬂ .m;ilii!ﬁﬁﬁiﬁ i
-O A iﬁiﬂﬂ!ﬂi’iﬁﬁ
A e liﬁﬂl!"!Zlﬂi'lliﬁﬂﬁﬂiﬂlaﬁ i
lll!"iﬂ'ﬂmmﬂlllilﬂlllll!!lil!!‘ﬂill‘lll’lﬂ tmm!m! i R B’ i ‘ﬁiﬁﬂlihiﬂiiil i§uxiilt

,§§§t il R!Iﬂl!{i!ll!!Eﬁil“if“‘ ﬂﬁﬁ*ii!i‘!iii!g’iiﬂﬂlﬁ!ii!!ﬁ

ﬁ xm 3 lxi!!ﬁipégﬂg

u m nux ‘ux i
i

i
i

; { i 0" 04~ -08 _ -12 =16 " =20 =24
a, deg O 04 08 12 6 20 24 28 Cm

(a) High tail.

Figure 17.- Effect of horizontal tail sweep on the longitudinal aerodynamic characteristics of

the ;:_ozlx:plete midwing configuration with the horizontal tail at various vertical positions.
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(b) Low tail.

Figure 17.- Concluded.
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Figure 18.- Effect of horizontal-tail plan form on the pitching-moment
coefficients of the wing-off and wing-on configurations at a = 0°.
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