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WIND-TUNNEL INVESTIGATION AT HIGH SUBSONIC SPEEDS OF THE
EFFECTS ON STATIC STABILITY CHARACTERISTICS OF
VARIOUS MODIFICATIONS TO A SWEPT-WING
FIGHTER-TYPE ATRPLANE MODEL

By Kenneth W. Goodson
SUMMARY

An investigation was made at high subsonic'speeds of a model of a
twin-engine swept-wing fighter-type airplane. The model was tested with
several different tail configurations and with several wing and engine
inlet modifications. The investigation was concerned primarily with
longitudinal stability at a stabilizer incidence of 0°9; however, a few
stabilizer and lateral-derivative tests also were made. The model was
tested in the Langley high-speed 7- by 10-foot tunnel at Mach numbers
from 0.60 to 0.92. '

The results-showed that a horizontal tail raised to the top of the
vertical tail and moved forward from the original position gave substan-
tial improvements in stability and delayed the angle of attack and 1lift
coefficient at which pitch-up instability occurred. Use of a fixed hori-
zontal surface, attached below the engine tail pipes, in combination
with either the original or new horizontal tail (biplane arrangement)
also provided substantial improvements in stability; however, the com-
bination that included the new horizontal tail had better characteris-
tics. Some additional but smaller improvements were obtained when wing
leading-edge chord-extensions, modified wing trailing-edge fillets, and
modified engine inlets were used.

INTRODUCTION

Many swept-wing high-speed airplanes experience abrupt changes in
longitudinal stability (pitch-up) at moderate and high 1ift coefficients.
The present investigation was undertaken to investigate various possi-
bilities of alleviating or possibly eliminating the pitch-up problem on
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a twin-engine sweépt-wing fighter-type configuration. Results of rocket-
model investigations of this configuration are published in reference 1.

The present model was tested in the Langley high-speed T- by
10-foot tunnel through a Mach number range from 0.60 to 0.92 over an
angle-of-attack range of 0° to 27° (for the lower Mach numbers.) Sev-
eral lateral derivative tests were made through the angle-of-attack
range at sideslip angles of +40, Analysis of these data has been lim-
ited in order to expedite publication.

SYMBOLS

The data are presented about the system of axes shown in figure 1.
The pitching-moment coefficients are referred to a center of gravity
at the 28.57-percent mean aerodynamic chord of the theoretical wing.

cr, 1ift coefficient, =it
. as
Cp drag coefficient, Drag
. , as
Cm pitching-moment coefficient, Pitching moment
qSc
c rolling-moment coefficient, soiling moment
qsb
Cn yawing-moment coefficient, Yawing woment
qSb
Cy side-force coefficient, Side force
aS
. Ve
q dynamic pressure, 95—,~lb/sq ft
o mass density of air, slugs/cu ft
v free-stream velocity, ft/sec
M Mach number
S wing area (theoretical area, neglects inboard wing fillets,

see fig. 2), sq ft
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Ale

local chord parallel to plane of symmetry, ft
5 b/2
wing mean aerodynamic chord, 3 ¥/‘ cgdy, ft
0

horizontal-tail mean aerodynamic chord, ft
vertical-tail mean aerodynamic chord, ft
wing span, ft

spanwise distance from plane of symmetry, ft
angle of attack of wing, deg

angle of sideslip, deg

stabilizer incidence, positive with trailing edge down, deg

dihedral angle, positive with tips up, deg

surface leading-edge sweep, deg

Subscripts:

B

denotes partial derivative of coefficient with respect to

ac
sideslip angle; for example ClB = BEl

The various components of the configurations presented herein are

designated as follows:

W

wing

fuselage

original vertical tail
new vertical tail
original horizontal tail

new horizontal tail
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H2 fixed horizontal surface attached below engine tail pipes

H5 original horizontal-tail plan form in low position

Hh » low-aspect-ratio highly swept horizontal surface

MODEL AND APPARATUS

A two-view drawing of the basic complete model (WFVOHO) is shown in
figure 2. The model wing had an aspect ratio (neglecting fillets) of
4,270, taper ratio of 0.284, 1.67-percent positive leading-edge camber,
and 41.1° leading-edge sweep. This nominal plan form had been modified

to accommodate the engines by extending the inboard portion of the trailing

edge. The original (basic) vertical- and horizontal-tail configuration

"also is shown in figure 2. The indicated difference between model and

airplane (fig. 2) is a result of the model being adapted to the sting
support.

A new vertical- and horizontal-tail combination (VlHl) was designed

(fig. 3) so that the mean aerodynamic chord of the horizontal tail was
moved forward to a higher position. In order to accomplish this, the
leading-edge sweep of the vertical tail was reduced from 52.0° to 35.0°
by shearing the original surface about the root chord. Also, the hori-
zontal tail was redesigned to move its mean aerodynamic chord forward
and upward by changing the plan form and incorporating 20° of positive
dihedral. This horizontal tail was mounted on the reduced-sweep verti-
cal tail in a T-tail arrangement with the apex of the horizontal tail
coincident with the leading edge of the tip chord of the vertical tail.
These modifications reduced the horizontal-tail length from 2.858 to '
2.47¢ and increased the horizontal-tail height from 0.97¢ to 1.22¢ when
referenced to the assumed center of gravity.

Drawings of several additional horizontal surfaces that were inves-
tigated are shown in figure 4. Horizontal tail H, was located below

the jet-exit ducts to give a tail position below the wing-chord plane.
A horizontal tail H5 having the same plan form as the original hori-
zontal tail H, was mounted in a position directly beneath the original

horizontal tail and above the wing-chord plane. This tail was given
-15.0° dihedral in order to lower the surface further. A low-aspect-
ratio, highly swept, fixed horizontal surface or strake H, was also

tested in combination with the new T-tail arrangement. This tail also
had -15° dihedral.




Two-engine inlet modifications are shown in comparison with the
original inlet in figure 5. The modified inlet areas were made equal
to that of the basic inlet and the ducts were kept open for all the
present tests. When the inlet was first modified (modified inlet l),
the accessory housing bodies located inside the ducts were removed to
facilitate model changes in the inlet region. These bodies were left
out of the model for the remaining tests, inasmuch as their effect was
believed to be negligible for the present investigation. The small
differences in configurations (accessory bodies in or out or the inlet
modification used) are indicated in table I.

Various modifications to the wing are shown in figure 6. These
modifications include leading-edge chord-extensions, wing trailing-edge
fillets or extensions, inboard-upper-surface spoilers, and fences located
on the lower surface of the inlets. The 0.35% chord-extension was

extended in the wing-chord plane, whereas the 0.652 chord-extension

(previously tested at CWT) was extended along the leading-edge camber
line. The 1/2-inch-lower surface inlet fences were constructed of
1/32-inch-thick material. For one test a l/8-inch-wide transition strip
(made with number 60 carborundum) was located at the 10-percent~chord
line of the wing upper and lower surface and a l/8-inch band was located
on the fuselage 1 inch behind the nose.

Additional information concerning the model and the various tails
is presented in table II. Photographs of the model with the new vertical-
and horizontal-tail combination (WFVlHl) are presented in figures 7 and 8.

The inlet modifications are also shown in these photographs.
TESTS

The sting-supported model was tested in the Langley high-speed T7- by
10-foot tunnel through a Mach number range of 0.60 to 0.92 and through
an angle-of-attack range that varied with Mach number because of load
limits of the balance (the maximum range being about 0° to 27°). The
Reynolds number (based on the mean aerodynamic chord) varied with Mach

number from about 1.50 x 108 to 2.0 x 106. The Mach range was limited
in some cases by temperature and tunnel power.

Longitudinal stability tests were made for the complete model with
the variocus tail, wing, and inlet modifications. Stabilizer effective-
ness tests and lateral derivative tests (B = #4°) were made for the com-
plete model with the new vertical and horizontal tails (WFVlHl).
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CORRECTIONS

Blockage corrections were applied to the results by the method of.
reference 2. Jet-boundary corrections to the angle of attack and drag
were applied in accordance with reference 3. Corrections for effects
of the longitudinal pressure gradient in the wind-tunnel test section
have been.applied to the data.

Model support tares have not been applied except for a fuselage
base-pressure correction to reduce the drag to a condition of free-
stream static pressure at the fuselage base. No corrections have been
applied for the internal drag of the duct. From past experience, it is
expected that the influence of the sting support on the model character-
istics with tails Hy, H;, and Hp is small with regard to the 1lift

and pltchlng moment; however, for configurations with tails H3 and H,
the stlng effects could be quite large.

The angle of attack has been corrected for deflection of the balance
and sting support. No attempt has been made to correct the data for
aeroelastic distortion of the steel model.

PRESENTATION OF RESULTS

The results are presented in figures 9 to 17 as follows:

Figure

Effect of several tail modifications on the longitudinal

aerodynamic characteristics of themodel . . . . . . . . . . 9 toll
Effect of duct-inlet modifications on the longitudinal

aerodynamic characteristics of the model . . . . . . . . . . 12
Effect of wing modifications and fixes on the longitudinal

aerodynamic characteristics of the model  « . . . . . . . . 13 to 15
Effect of stabilizer deflection on the longitudinal

aerodynamic characteristics of the model with the

new vertical and horizontal tails (WFViHj) « « « o & o « o o 16

Lateral stability derivatives of the model with the new
vertical and horizontal tails (WFVyHy) . . . . . . . . . .. 17
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The results are presented about a center of gravity at the 28.57-percent
mean aerodynamic chord of the nominal wing (without fillets). Small
variations in model configurations (accessory bodies in or out and duct-
inlet configuration) are shown in the tabulation of the detailed test
program given in table I.

DISCUSSION

Pitching-Moment Characteristics

Presented in figure 9 are data showing the effect of several tail
configurations on the longitudinal characteristics of the model over
the angle-of-attack and Mach number range tested. For the complete
model with the original vertical and horizontal tail (WFVoHy), there is
~a reduction in stability at o = 5° to 7° and an instability at about
.o = 15° for Mach numbers of 0.60 to 0.85. Comparison of the tail-on
and tail-off configurations shows that the initial reduction in stability
is caused by the wing-fuselage configuration and that the abrupt insta-
bility near the stall results primarily from the downwash at the tail.
Experience has shown this tail-¢n instability to be peculiar to configu-
- rations having the tail located above the wing-chord plane in such a
way that the tail traverses the wing wake and region of maximum downwash
at high angles of attack. Tuft probe studies (at very low speed) in the
vicinity of the model showed that the initial reduction in stability
may have been influenced by the lifting properties of the engine inlets
and that the instability at the higher lift was associated with the tail
entering the high downwash region. The tuft survey showed that at high
angles of attack the downwash angle at the tail approached and possibly
exceeded the angle of attack, a condition which would make the tail
ineffective in adding to the stability of the wing-body combination.

The new vertical- and horizontal-tail configuration (WFVlHl) was

designed to move the horizontal tail above the wing wake by reducing
the sweep of the vertical tail and mounting a modified horizontal tail
(with reduced sweep and increased dihedral) on the vertical-tail tip
chord in a T-tail arrangement. This combination raised the mean aero-
dynamic chord of the horizontal tail about 0.25C and moved it forward
about 0.38C¢. This configuration improved the stability at low angles
of attack (a = 5° to 7°) and delayed the occurrence of instability by
an increment of about 8° in angle of attack or 0.15 in 1ift coefficient
at M = 0.60. The improvement in lift or angle-of-attack range became
progressively smaller as the Mach number increased. Perhaps a more
realistic reference for comparison of improvements in 1ift or angle-of-
attack range would be the point where the reduction in stability is first
observed (for example, see fig. 9(a), M = 0.80), since in some type of
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meneuvers & sudden reduction in stability at moderate angles of attack
might be felt as pitch-up. From this point of view the improvement in
lift or angle-of-attack range would be larger than that previously
indicated.

‘Another, but perhaps less practical, modification was the addition
of a fixed horizontal surface to the lower surface of the engine-tail
pipes to provide a horizontal stabilizing surface below the wing wake.
This surface was tested in combination with the T-taill configuration in
a biplane tail arrangement (WFVlHl + Hy, + modified inlet 1). It will be

shown later that the change in inlet modification for this conflguratlon
had only a small effect on the results.

The biplane tail gave the best overall stability characteristics
of any of the configurations tested. Note, however, that the pitch-up
at high angles of attack still exists but is delayed to a higher angle
of attack and 1ift coefficient. When H2 was tested in combination

with the original horizontal tail (configuration WEV Hy + Hy of

fig. 10), a very substantial improvement over the original configuration
was obtained, although the results were somewhat inferior to those
obtained with the biplane tail configuration having the higher hori-
zontal tail (configuration WFV1H; + Ho of fig. 9). This condition
probably exists because the original horizontal tail encounters the
region of maximum downwash at a much lower angle of attack in such a
way that the tail nonlinearities do not cancel the wing nonlinearities.
The result of lowering the original horizontal-tail plan form to a
position just above the wing-chord plane was detrimental. (see configu-
ration WFVoHz + Hp in fig. 10. ) The configuration with only the hori-

zontal tail Hp experiences rather large losses in stability at moder-

ate angles of attack (figs. 10(a) and 10(b)). At the higher angles of
attack, however, the stability increases as the tail (Hp) emerges from

the wing wake. The addition of transition to the leading edge of the
wing did not appreciably affect the pitching-moment characteristics
(fig. 10). The effects on stability of the highly swept horizontal
tail or strake H, (fig. 11) were small.

The configuration with the new tail assembly (WFVlHl) was tested

with various wing and inlet modifications. The effects of lower-surface
inlet fences were negligible (fig. 11). The inlet modifications of
figure 5 were made in an effort to reduce the lifting efficiency of the
inlets in the hope of improving the tail-off characteristics as well as
the downwash at the tail. Some stability improvements resulted from
the modified inlets, although they were rather small. (see flg 12.)
Some improvement in the pitching-moment-curve linearity was obtained,
however, with the wing trailing-edge fillets. (See fig. 13.) No
1mprovement was obtained w1th the w1ng tralllng edge spoiler or with
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the tail assembly moved forward (fig. 14). A somewhat larger gain in
pitching-moment-curve linearity was obtained with chord-extensions
running from o.65§ to the wing tip (fig. 15); however, they provided

little change in the angle of attack at which instability occurs.

Since the new vertical- and horizontal-tail configuration (WFViHj)
showed considerable improvement in longitudinal stability characteristics,
it was thought to be desirable to determine the effect of stabilizer
deflection on the aerodynamic  characteristics. These results are shown
in figure 16. The small nonlinearity at M = 0.80 and M = 0.85 1is
magnified somewhat by the -6° stabilizer deflection; otherwise, the
results are typical of the usual stabilizer effects.

Lift and Drag Characteristics

Use of the new tail assembly ViH; did not appreciably affect the
lift characteristics; however, addition of the horizontal surface H,

below the tail pipe (figs. 9 and 10) extended the 1ift coefficients to
higher values at subcritical Mach numbers. Addition of wing trailing-
edge fillets or leading-edge chord-extensions gave small increases in
lift-coefficient. range (figs. 11(c), 13(c), and 15(c)) at some Mach
numbers.

The configuration with the new tail assembly WFV,H{ had a mini-
mum drag approximately equal to that of the basic configuration WFV,H,.
Drag values obtained for configurations having H, Dbelow the tall pipes
are regarded as unrealistic since no attempt was made to obtain a clean
installation of this tail on the model. Small changes in drag were

obtained when trailing-edge fillets and leading-edge chord-extensions
were used.

Lateral Derivatives

Lateral stability derivatives (from tests at B = +40) yere obtained
with the new tail assembly WFViH; as shown in figure 17. These results

show that the model is directionally stable through the angle-of-attack
range tested, although there is considerable reduction in stability at
the higher angles of attack. The effective dihedral increases with
angle of attack.
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SUMMARY OF RESULTS

An investigation of the stability characteristics at high subsonic
speeds (Mach numbers of 0.6 to 0.92) of a model of a twin-engine fighter-
type airplane indicate the following results:

The results showed that a new horizontal tail raised to the top of
the vertical tail and moved forward from the original position gave sub-
stantial improvements in stability and delayed the angle of attack and
1ift coefficient at which pitch-up instability occurred. Use of a fixed
horizontal surface, attached below the engine tail pipes, in combination
with either the original or new horizontal tail (biplane arrangement)
also provided substantial improvements in stability; however, the com-
bination that included the new horizontal tail had better characteris-
-tics. Some improvement was obtained when wing leading-edge chord-
extensions, modified wing trailing-edge fillets, and modified engine
inlets were used.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., January T, 1957.
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TABLE I.- MODEL CONFIGURATIONS TESTED

Accessory
Figure Configuration Duct inlet housing
bodies
WFV H, Original Out
9 WEV, Hy Original Out
WFVlHl + H2 Modification 1 Qut
WF Original In
WFV_H_ Original out
WFVOH2 Original Out
10 WFV H, + Hy Original Out
WFVOH3 + H2 Original Out
WFV H, + 0.10c transition Original Out
WFV]_Hl Original Out
1 WFVlHl + Hy Original In
WFVlHl + Hh + Lower surface inlet fences | Original In
WFVlHl + Hh + Wing fillet 2 Original In
WFV1H) Original Out
12 WFVlHl Modification 1 Out
WFVHy Modification 2 Out
WF Original In
WF + Wing fillet 2 Original In
13 WFVlHl Original Out
WFVlHl + Wing fillet 2 Original In
WFVlHl + Wing fillet 3 Modification 1 Out
WFVlHl Modification 1 Out
14 WFVlHl (Tail moved forward 2 inches) Original Out
WFVlHl + Trailing-edge spoiler Modification 1 Out
WFVyHy Original Out
15 WFVyH) + 0.652 chord-extension (CWT) Original Out
WFVlﬂl + 0.55% chord-extension Original In
X o .
16 _WFlel’ i, = 0 . Original Out
WFV,H ; i = -6 Original Qut
17 WFV Hy; i = -6; Lateral derivatives Original Out

11
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Side force

\

Pitching momeny )‘*

Rolling moment

Lift

Yawing moment

e "_ \P/’/ch/'ng moment

Rolling moment

- —

Drag

Relative wind

Figure 1l.- System of axes. (Positive values of forces, mcaments, and
angles are indicated by arrows.)
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Figure 2.- Two-view drawing of basic model (WFV.Hy). All dimensions are
in inches.
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Figure 3.- Two-view drawing of a new vertical and horizontal T-tail

arrangement (WFV1H).

All dimensions are in inches.
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(a) Cp against a.

Figure 9.- Effect of several tail configurations on the longitudinal aero-
dynamic characteristics of the model. iy = 0°.



NACA RM L5TASL 3 3 5. & ° & CONEIBENTYAL: &. 5. 3 3

/0 o WF Hy+ Orig. inlet

o WFV,H, +0rig.inlet
05 O WFV,H, + Hp+ Mod. inlet |

A WF + Orig.inlet

0 : H 258
‘05 T
-/10 1
-/5
Cr
M=80

20
25
=30
-35 \
-40
-45

o 5 10 /5 20 25
e, deg

(a) Continued.

Figure 9.- Continued.

© e——

25



e %9 o L B - LR J . Ll . eve LR
24 e e et s «oCONEIDENTIAL ¢ °* ¢ oo o ¢ NACA RM L5T7A31
..: ..: : : : ... ..Q :': ..: ... ..: ..:
O WFlp Hp+Orig. inlet
o WFV, H, +0rig.inlet
o WFV/ H/ L 2 Hz"l‘ Mod. /ﬂ/ef /
T & WF + Orig. inlet
0 ! IIH}{ Bk
-05 :
=10 \
-/5 e
M=85
20 :
]
Cm 25
30
=35
-40
-45
g |

0 5 /10 15 20 25
a,deg

(a) Continued.

Figure 9.- Continued.




o LA A - L] . .o 9 & 289 & w0 s
NACA RM L57A3L & s & * SCONPEDENTTAZ, 5 oo 5 oo &%
:.. :.. ... :.. . & o0 LR : : : :.. :..
‘6“';3}-’-‘12','}40 + Orig.inlet
o WFV,H +0rig inlet
O WFV,H, + Hp+ Mod. inlet |
A WF + Orig. inlet
o
-05
-10 '
/5 90
20
Cﬂ'l '25 \ Y
a2
-30
=35
=40
45

o 5 0o 15 20 25
a,deg

(a) Continued.

Figure 9.- Continued.

S BRI S

25



26

® 008 & 280 s e .o . . . LA R .o
e i ioprp P01 oeiil NACA RMISTASL
* Qe o L .o e & 9 See e LR J .o
O WF pHp + Orig. inlet
A WF + Orig. inlet
M=92

o 5 o 15 20 25

(a) Concluded.

Figure 9.- Continued.

| e



oo e ... . .. ... 9 & S8 & e :.
. o . . e o . 9
NACA RM L57A3L § § 3+ & ° § CONFEDHYTIAL § 3¢ § i+ &3
LR LER ] 8 900 98 & o0 . e - ® 0w oo
0 WFyH,+Orig.inlet HEEHEE
O WFV,H, + Orig.inlet
O WFV,H, + Hy+ Mod. inlet | H
A WF + ?_I,Il‘ T i”/e’ T 1117
o B e
: 1
-05 !
-10
M=60
-/15
20
25 =
Crm
=30
AR
40 Bt
45 H

Y SRR SRl L RS L e -
CL

(b) Cp against Cj.

Figure 9.- Continued.

27



e 480 & 000 o v e . . . LA R} LR ]
28 es es s ot sCOMFIBENITAL & * 3 s s s NACA RM L5TA31
..: '.: : : : ... ..I : : eee s LN} LR
o WFV, Hy +Orig. inlet
o WFV,H, + Orig.inlet
O WFV,H, + Hp+ Mod. inlet | H
a WF + Orig. inlet
0 - H- 4
0 i
-05 i
-/0
M=80
-15
=20
25
Cm
-30
=35
0
45 i
Y

0 2 4 6 8 10 12
CL

(b) Continued.

Figure 9.- Continued.

| —



29

CORIEyTIL

.
eenee

NACA RM L5TA31

M=85

2

iy |

/0

ams

113

T |

m |
H

b

CL

A& WF + Orig.inlet
(b) Continued.

T
III1']1IIIITTTIIII]IIIIT_]II—T.TTYIIlIlll]Llll
© WFVyHy+ Orig.inlet
O WFV, H, + Orig.inlet
O WFV, H, + Hy+ Mod. inlet ]

Figure 9.- Continued.

——

'

-05
-10
=15
220
25
45



NACA RM L5TA31

CQMFIDENTIAL

30

90

T T T e T T T A T T T T T T T T YT
SN NS NN NN SN EEEEENEREEEENEEERREE NN

O WFVyHy+Orig. inlet

o WFV,H, +0rig.inlet

a WF + Orig.inlet

-05

-10
=15
20
20

-45

P4

10

(b) Continued.

Figure 9.- Continued.



3l

NACA RM L5TA31

9

12

O WFpHy+Orig. inlet
A WF + Orig. inlet

-05

-10

=15

20

25

10

CL

(b) Concluded.

Figure 9.- Continued.




32

12

10

NACA RM L5T7A31

.: ..: : ..: e o0 .o . : .. ..: . :
s sals Bu bom’mm * ° o2 o0
..: ..: : : : ... e & @ 000 LN ] .
M=80
i 3
o WFl,H,+Orig.inlet 2
o WFV, H,+0rig. inlet :
O WFV,H, +Hy+ Mod. inlet /]
A WF + Orig. inlet H
H = ll o M'60
i LR
fiissiata snsaats
T uE
A

0 5

(c)

Elg

/10 /5 20 25

a,deg
C;, against a.

e _9.- Continued.

12

10



NACA RM L57A3L s & se o ° SCONPIDENTIAL 3 2o & 3¢ 3¢
M=390

O WFlpHp+ Orig.inlet

O WFV,H +0rig.inlet

O WFV, H + Hy+ Mod. inlet /
A& WF +Orig inlet

TTITTTTITTITTTT
#IIIIIIII[I!IIIIJ

12

/0 T W a

o . 10 " g 25
e, deg
(¢) Continued.

. Figure 9.- Cont




3L

P dogrmagne § oy T

NACA RM L5TA31

o WF,H,+Orig. inlet

A WF +0rig.inlet

12

10

5 /0 15 20 25

a,deg

(c¢) Concluded.

Figure 9.- Continued.




.e LER ] L] L] . .o 9 9 908 & S0 ae
* o o e o 0 ® & o \J e o e o .
NACA RM L57A31 ¢ 2 :* ¢ oCONGIDENTIM, $ 2° 2 3° ¢
.. LA R o9 200 o & 0o LR e o e eee oo
© WFpHy +0rig inlet
O WFV, H +0rig.inlet
0 WFV, H, +H2+ Mod /”/e’/
A WF+0rig. inlet
45
40 ;
30 ]
25 ‘
20
/5 ”
C /it M:'
0D 17
10
.05 S
t e A
0 EEEEHH
0 = 4 6 8 10 12

CL

(d) Cp against CL.

Figure 9,- Continued.




NACA RM L5TA31

o WFV, Hy+ Orig.inlet :
a WFV, H,+0rig.inlet
O WFV, H, + Hp + Mod. inlet |
a WF + Orig. inlet
45
40 f
35 I
30 r
25 f
20 80 |
15
Co | f
A0 I
05 Fift
| BN ﬁ;?__
O i

Q

2 g 6 8 10 12
CL

(d) Continued.

Figure 9.- Continued.

s NI ]




WoA RAISTSL § 3 0 commaypif il

O WFVpHy+ Orig. inlet

o WFV,H, +Orig. inlet

O WFV, H + Hy, + Mod. inlet |

A WF + Orig.inlet
45 1
40 4
%
30
25 SoAEts
20 e '
15 i

Co
N,
.05
—E
0 H HH

0 2 4 6 8 10
CL

(d) Continued.

Figure 9.- Continued.

-



38

s NACA RM L57A31

o8 0 & S00 ¢ soO LK} L : ... ..: ..
3 i e CoNFIDENETAL § 7 el
O WFlpHp+ Orig.inlet
O WFV,H, + Originlet
O WFV, H + Hs+ Mod. inlet /
& WF +0rig. inlet
45
40
35
30 e
25
20
A5
Cp
M=390
0 :
05 e % i
19 t

0 2 g 6 8 10 12
CL

(d) Continued.

Figure 9.- Continued.

v




39

* { colrtotaTIAL

NACA RM L5TA31

92

=
QL

.m,

. Q

S

S S

S o

+ <

uWAU

N 4+ [
WoW

B

0O 4«

AR

45

35

25

20

15

10

05

2

10

(d) Concluded.

Figure 9.- Concluded.




o9 000 & 438 o s o0 . : .. ..: ..:
Lo oo oo oo oCOMPIDENRIAL ¢ ° ¢ o2 ¢ s NACA RM L5TA31
L] e o e * 0 . o0 L] . L]
es oo o e o e ee & & Aee oo LA R J e
11 0
.. - o H -05
_ﬁ__
:ﬁ:: H H
{ : -10
: Vi M=80
: 45 ¢,
I 20
0 © WFip Hy P —
UWFVOHZ TTTTTT 11T
05 O WFV,H,+H, -30
& WFV,Hs + Hy
0 xS WFV, Hp +./10c¢ transition
-05
v, it -
c :
" g ' i M=60
20 it
25 “H-
=30 t+
—.35}} 1

0 5 0 15 20 25
e, deg

(a) Cph against «.

Figure 10.- Effect of several tail configurations on the longitudinal
aerodynamic characteristics of the model. it = 0°.



NACA RM L5TA31

Cm

e

:.. :.. ..&NF . LAd LR : :.. : :.. :.
e o L] L) MAL‘ e o8 . o0 L ]
e » 0 - . LR R ] . e o e o L]
LR ] LR R o8 o8 & LR . e o ® see o9
M=90
./0 l‘}‘}ll]lllll'
o WF VpHp
o WF,H,
05 O WFV,H,+H,
A WFV, Hy + Hy
0 N WFVpHp +./0c transition
-05
"./0 HH "
it : M=85
-5 : e
=20 git FHAHT
25 ! :
_‘304 H HEHH
o 5 10 15 20 25

(a) Continued.

Figure 10.- Continued.

41



42 38010 (evMmmigIAL: .0y 071 .t NACA RM LSTASL
o WFVyHy
10 o WFV, H,
Lo WFVoHa'l' Hz
05 A WFVy Hs+Hy
0
-05
M=92
'./0 N
Cm
) 5
20
25
-30
w0 5 w0 15 o 25
a,deg

(a) Concluded.

Figure 10.- Continued.

‘A’—



. . e o oo : :oo :..
NACA RM L5TASL '3 3. 37e conmummmEIAt. 3. 3. i3
o 05
0
1 -05
= i :M=-80
" 1
: £ ke -10 Cp
11 & HH './5
10 =20
05 B 25
0 f Féﬂ
-05 M=60
Cn -10
-/5 t :
20 5
25 o WFH, :
o WFVpH, HH
-30 © WFVyHy+H, HH
A WFVO H3+ Hz
n WFl, Hp + /Oc transition
-35

0 2 4 6 8 10 12
Ce

(b) Cp against Cr.

Figure 10.- Continued.




Ll

RM L57A31

T ol %y e maa
05
0
-05
M=90
i : -/10
! =15
Cm
20
; 25
O WFV,H),
- a WFVO Hz M
./0 0 WFVoHa"‘Hz —"30
A WF Vo HJ"' H2
WFV, Hy +. i
05 N oHp+.10c transition 35
0 2
q
¢, 90 GRS M-85
-10 \ ‘
-5 :
20 it :
25 Q
o 2 4 6 8 [0 12

(b) Continued.

Figure 10.- Continued.



NACA RM L57A31 373 §.° 3"+ i CONFDENTIAL ':
°© WFV,H,
o WFI/o/-/z
10 O WFV, Hy+ H,y
8 WFVyHs+ Hy
05
0 :
e : M=92
Cm
36 X
-15 :
-20
25 i
-30
B B i e gl SO T

CL

(b) Concluded.

Figure 10.- Continued.

pr—

45



.3 offcoMFInENTIIL P o'p Cifs"P NAcA RM ISTA3L
°© WF VpHy
a WFV, H,
A WFVWH3+ H> i :
N WFV, Hy+ .10c transition LM =80
12
1.0
8
a
6
4
i 2
AT ! 0
=2

a,¢ﬁ37

(c) C;, against a.




NACA RM L5TA31

s°, 300 .t sconfmElrel P17 23 i
o WFVyHy it ISt st ses
o wF, H, :
<o WF|/0H0¢H2
A WFVyHsg+ Hp
N WF, H:,’./OE‘transiﬁo M=90
12
1O
8
a
6
1 4
2 2
1O 0
8 it
6 l s
4 Vo
2
0
270 5 10 15 20 25

a,deg
(¢) Continued.

Figure 10.- Continued.

47



48

12

1.0

QIE‘M:Q!\L "i3 %% NACA RM L5TA31
o WFVpH,
o WFV, H,
<o WFVO Ho+ HZ
& WF VoHs + H,
M=92

o

5 10 15 20 25
a2, deg

(¢) Concluded.

Figure 10.- Continued.




49

.. E:

NACA RM L5TA31

H
A

60

|
i 88

A

12

iy |

10

8

1

17
I

-

1

N WFV, Hp+ ./0c transition

o WFlyHy
o WFVyHs
O WFV, Hy+ H,
& WFVyHs+ Hp

I EENSEENENEANSS
 SNESSEEESN SN

 SENREES]
I SEEEEEEN

I

45

15

10

05

CL

(d) Cp against Cr.
Figure 10.- Continued.



NACA RM L5TA31

50

2

10

/|

N WFlyHp+ ./10c transition

o WFY,H,
a WFV, H,

O WF VyHy+ Hy
& WFVyHy+ Hy

I EESEnN

45

35
30

Cp

P

20

15

10

05

CL

(d) Continued.

Figure 10.- Continued.



NACA RM L57A31

45

35

25

15

10

05

CL

(d) Continued.

Figure 10.- Continued.

LA LE R ] . m L] LA ee @ 008 & 00 o
e%e o ¢ CONBIRENTIM, $ 3, $3. o
e o o . . e . e ° o L LI
. LR R ee o0 o & oo L] L e o0 o
o WF,H,
o WF, H,
O WFV, H, +H, M =.
& WFV,Hz+ Hy |
& WFV,Hy + ./10c transition 3
) ¥ 4 6 8 [/« AR ¥ 4

5L



: .- IDEET;AL o“s "1 4%t NACA RM L5TA31
o WFVyH, I
o WFVoHe i M=90

O WFVyHy+ Hy

A WFV, Hs+Hy

N WFVp Hp+./0c transition 2

1

1
1

111l

LET

111l

(d) Continued.

Figure 10.- Continued.




NACA RM L57A31

45

35

25

20

15

10

05

(d) Concluded.

Figure 10.- Concluded.

s°, 3°° o CONFIDENTIAR® 3 307 3307 &%
© WFVpHy M=92
O WFW,H,
O WFVyHy+H,y
& WFV,Hs+ Hp
C 23 4 B o8 SO 12

53



®® 000 o esee o e LR ] .
. e o * o . . eee .o
2 PP i comebdnal i mos e smL
. e ®® @ o o0 oo ..: ..:
L0 WFVH,
8 0 WFV,H, + He
. & WFV, Hy+ Hq +/Lower surface/ o
" inlet fences
& WFV,H + Ma + Wing fillet 2
' 1y i + / g / -05
g I -10
i i =5 Cm
g i = M=80
: Syt H : -20
H T 1:: i _25
ol ; 1 -30
-05} 4 i
-/0 : i I
5 :
] i M=60
Cn 20 : :
:_25 :_ 1 ;i— H 7
-30 £ :{
=30, .

o 5 0 15 a0 25
2, deg

(a) Cp against a.

Figure 11.- Effect of several tail and wing modifications on the longi-
tudinal aerodynamic characteristics of the model. iy = 0°.



NACA RM I5TA3L 3%, §0° 4% ConFabEwftas” } 3773 307 8%
g o
© WFV,H, 05
H o WFV,H + Hg ]
1o WEV K+ o (Morer entese) (R
HH & WFVH,+ Hg + Wing fillet 2 :
-5
: M=90 _20
25
5 =30
05
-10
I5
M=80
20
Cm
25
=30
35 |

(a) Continued.

Figure 11l.- Continued.

Cm

25



56

Cm

-05

-10

-15

25

=30

45

NACA RM L5TA31

Sy Rt -1 M LWy N S P

$ 00 d il coNpIDEMITAL C P .3 %l

e o0 o * o o *® ¢ o oo oo see oo

Lower surfaccy
H O WFV, Hy+ Hy + inlet fences
: 1A WFV,H, + Hg + Wing Fillet 2
y H M=92

i

A‘_H;*T* T 1 %

QL

5 /0 /5 20 25
a,deg

(a) Concluded.

Figure 11l.- Continued.




NACA RM L57A31

Cm

-05

=10

=15

20

225

S

&

i ot 117 1T

: o WFV,H,
o WFV,H, + H,
i . (Lowersurfam 0
O WFV,H, + Hq +( inlet fences
A WFV, H, + Hy +Wing fillet 2
: kb . -05
: =10
§ HN = M=80
sas =15
—::— 1 ;F— | 88
20
T 25
1-30
g i mM=60
Samoass
s
HHH :
: HH i
*—‘r: 11 LT { H 85 1

2 4 6 8 10 12
CL

(b) Cp against Cr.

Figure 11l.- Continued.

o7



58

Crm

NACA RM L5TA31

(b) Continued.

Figure 11.- Continued.

®e %00 o 00e ¢ e oo
$3 el % .10 CONRIDENTIALS o3 13 &°3
*® oce o : : .0 o0 :.: ..: .e .e ..:
L 1 1 0
sEisEEE 1o WFV,H,
O WFV,H, + Hy
oo Lower surface) |-05
BHHH O WFV, Hy+ e +( inlet fences
N —; A WFV,H, + Hy + Wing fillet 2 pe
=15
} M=.90 20
1 =25
— 30
M=85
o 2 4 6 8 10 12

Cm



NACA RM L5TA31

'Lower surface
O WFEViH: +Hy +( iniet fences }

A WFV,H, + Hy + Wing Fillet 2

-10

-15

Cm .20

25

(b) Concluded.

Figure 1l.- Continued.

59



12

10

NACA RM L5T7A31

a, deg

(c) Cp against a.

Figure 11.- Continued.

e T

. . o o0 e . . L] LER ] o
::.::.::CONFEMAL:'..:::
* o e o o L] eee L ] L] e 9 0
e® oo o * e LR ] ®® % o eee LR LR LK}
T M=.6f0H
o WFVH,
o WEV,H, + Hy )
Lower surface
O WFV Hy+ Hy +( 010t fences }
A WFI{H, + Hgq + Wing fillet 2
P
M=60
0 5 /10 15 20 25

12

10



mea Rutsmst i3 i vdwmgewrt. P0G

o WFV,H,
O WFV Hy+ Hy
O WEH B« Wyl e e
& WFV,H, + Hy + Wing fillet 2
12 f
& 0
8
6 M=85
4
£
o

o 5 o 15 20 25
a,deg

(¢) Continued.

Figure 1l.- Continued.




2 FICHE B N T
O WFVHy+ Hy +(ioret fonces ) [
A WFV,H, + Hy + Wing fillet 2
/2 ANy
10
c, 8 : M =92
6t ;
4 : .
2t '
0 H

o 5 /0 15 20 25

@, deg
(c¢) Concluded.

Figure 1l.- Continued.



NACA RM L5TA31

45

S5

25

15

10

05

. . LR L .
¢t oo o CONFIBEATIAL "o & 2o o 20 o3
e o o . . LR . e & & e o o o
.o LR R ] o8 000 o 5 o0 LA . o ® 800 oo
o WFVH, i
o WFVH + Hy
O WYty Hy +{01c] ences ) | o
A WFV, H + Hg+Wing fillet 2 LT
35
Co
30
g 25
Shed i 20
H o 15
10
M=80
05
} o
M=60
o

CL
(d) Cp against Cy.

Figure 1l1l.- Continued.

63



3

45 ¢

35
30 E
25
20
15

10

05

(d) Continued.

Figure 1l.- Continued.

® 080 o oo o . L] L] LR ] e
e o L * o . . o o e o e e o
e s "0 %ttt CoNF - 8-
ee oS00 o e o LR ee & o S0 o0 LA R ] LR ]
o WFV,H, H
o WFWH/"' H4
face
H o WEV,+ Hy(L51E] S
A WFV,H + Hy+ Wing fillet 2
HHH M=90
fidsiasazacaia & M=85
e
Hidman HEH
o b4 4 6 8 10 12

NACA RM L5T7A31

45

25

25

20

A5

10

05



NACA RM L5TA31

45

I35

25

20

15

10

05

£ ol s

Lower surtace
O WEV,Hy+ Ha*("intet fences /
A WFV, H, + Hgq + Wing fillet 2
M=92
g 8 e W0

(d) Concluded.

Figure 1l.- Concluded.

65



66 tiiiociiocofmmind i moA RMISTASL
- , -
HH ,::EE% 0
- o WFVH,+ Orig. inlet g 5_05
‘o WFV,H,+ Mod. inlet | T it
# “ ”;o WFV, H, + Mod. inlet 2 B
N i 15
HH Co
10t R M-80) o
o05H N H.25
0 ~30
-05} ;
-0}
Cm
.15
20+ S
25 H
il [ M=60
30}
~35

o 5 10 /15 20 25
a,a@v

(a) Cp ageinst a.

Figure 12.- Effect of duct-inlet modifications on the longitudinal aero-
dynamic characteristics of the model. it = 0°.



NACA RM L5T7A31

10

05

-05
-10
Cm
-15
20

25

(a) Continued.

Figure 12.- Continued.

33§ chribivimar. Pl Pl P8
05
o
g © WFV,H, +0rig.inlet
| o WFVH, + Mod intet | g
H © WFV H, + Mod. inlet 2
i /0
=15
Cm
i -20
. 25
=30
M=85
0 5 10 15 20 25
a, deg

67



NACA RM L5TA31

e REH]CHE it T
10
O WFV,H, + Mod. inlet | M=92

05

5 /10 15 20 25
a,deg

(a) Concluded.

Figure 12.- Continued.

——



NACA RM L5TA31

10

05

2 4 6 8 ' SRR >4

(b) Cp against Cr.

Figure 12.- Continued.

e

. ' s ° =< ° o
s 30 edwmEgmar .. §i0 i
05
0
; -05
M=80
-10
¥ R -15
g
; : 1 220
O WFV,H, +O0rig inlet I f__ ;
o WFV, H,+Mod. inle! | iigRIH o
o WFV, Hy + Mod. inlet R
=30
:g |
M=60

Cm

69



NACA RM L5TA31

70 niuiiociieccomermd ] P oeiid
05
HEiSEd i 0
O WFV,H, + Orig. inlet 05
K o WFV,H,+ Mod. inlet | )
o WFV,H, + Mod. inlet 2
=10
St m=-90| *°
maEnE H -20
10 :qi 25
05 =30
P T
-05
Cm
-10
/5 M-85
20 i
25 R
-30
o 2 4 6 8 10 12

CL

(b) Continued.

Figure 12.- Continued.



NACA RM L5T7A31

P 3 CowmEgrhpt. 3ie 3. 3
a WFV, H, +Mod. inlet |

(b) Concluded.

Figure 12.- Continued.

10

12




T2

NACA RM L57A31

NP vHEeloodbmeirnd D viE
O WFV,H, + Orig. inlet
o WFV,H,+Mod. inlet |
O WFV,H,+Mod inlet 2 12
2 10
Y291 g
6
4
2
0
12
10
M=60
8
6
4 1
2 ::»-
O
SEcdii
S
o 5 o 15 20 25

a,deg
(¢) Cp against a.

Figure 12.- Continued.



:.. :.. ... . .. e ..0 : :.l : :.. :.
NACA RM L5TA3L  § &3+ ¢ C@NFIpgigLie, £ 2o 3 83
LA e ee o0e o & 00 o . o e 080 oo
Hi
12
g LT
§ =90
: M ] 10
Tt © WFV,H, +Orig. inlet
| O WFV,H +Mod. inlet! C,
8 1 © WFV, H, +Mod. inlet 2
4
: 2
0
12
10
M=85
8
CL
6
4
2 B
0 -
i it
ISEsEEEELL SR ERREE SRR S TR
HH ti? fasiaiEasiiasai: P

0 5 10 5 20 &5
e, deg
(c) Continued.

Figure 12.- Continued.

>



h

NACA RM L5T7A31

12

10

0 ] /10 1o &0 25
a,deg
(c¢) Concluded.

Figure 12.- Continued.

o



™

Co

. . o) ')
o T s ® R B G BQ S
ceses Q Q
enveee Q 6
n n
S S S
eecee H 1 i
cecee 1 a - = L =
1 L3 . .
“ ... HH LT UL ___“_—““*M
o e e~ N : 28
ittt ™ .
o« o S § 9
. s o HHHS S~ S
. HHHS & 8
= HHH & ,M. .M
ves O
o S ¥ ¥
m:n HH+ + t
A HEHT T X
. HHH ST ST N
oo HHW W W . aass
o0 RN e
LR HHo o ¢ H HH
. . nus
sever uss

NACA RM L5TA31
45
40
35
30
25
20
15
10
05

2

10

8

CL

(d) Cp egainst Cp.

Figure 12.- Continued.



Cop

45
25
20
15
10
05

NACA RM L5TA31
35

85

M=90

18,

TR < N
A s N N
e L e
HHH S 8 S
0 . sy O
SRR
T M M
. ¢
HH T X
B N~ N N
L L L
xR
oo
1
T
= &

45
35
30
25
20

45
10
05 1

Co

76

0 12

8

(d) Continued.
Figure 12.- Continued.




NACA RM L5TA31

45

35

25

20

15

10

05

. :ooC?N?%)EN{EI@I_%:‘ .:o E E:. E

(d) Concluded.

Figure 12.- Concluded.

e

T



: . - . e
78 $3oei i W38 o (onmENiTAL U0 .2 NACA RM L5TA31
LA . : .oo .oo :‘: Q.: o’ .:E :05
A Y i
i T : 0
7 -05
-10
i 45
; 20
g il M=85
S 25
H ; 30
A
0 = smaEy S 'os H i _35
H e
_05 A'E
10 | T
Cm m ye
5 AR ;
20 : i mM=60
25 | Ho WF H L B
o WF+Wing fillet 2\ :
3ol WFV A, HH
' & WFV,H, +Wing fillet 2 X}
gas D WFV H + Wing fillet 3% {
o 5 10 15 20 25

@, deg
(a) Cp against a.

Figure 13.- Effect of wing-trailing-edge fillets on the longitudinal aero-
dynamic characteristics of the model.
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