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THEE AERODYNAMIC CHARACTERISTICS THROUGHOUT THE SUBSONIC SPEED
RANGE OF A THIN, SHARP-EDGED HORIZONTAL TATI. OF ASPECT
RATIO 4 EQUIPPED WITH A CORSTANT-CHORD ELEVATOR

By Angelo Bandettini and Verlim D. Reed

SUMMARY

Wind—tunnel tests have been made of a semlspan model of a horl-—
zontal tail of aspect ratio 4 and taper ratio 0.5 equipped with a
full-span constent—chord elevator having an area equal to 20 percent
of the total semlispan—tail area. - The horizontal tall wes not swept
and the profile was a sharp-edged, faired double wedge with a
thickness—chord ratio of 0,042, Iift, drag, and pitching-moment
date are presented for a Reynolds number of 2,000,000 at Mach numbers
from 0.20 to 0.9k,

At emall angles of attack and small elevator deflectilons, the
offect of compressibllity on the effectivensess of the elevator in
producing 1ift was small at Mach numbers less than 0.60. There was
a gradual increase 1n effectiveness between Mach mumbers of 0.60 and
0.90 to a valus equal to 146 percent of the low—speed value. At higher
Mech numbers the effectiveress dscreased slightly to a value &t a Mach
number of 0.9% equal to 127 percent of the low—speed value. The
varlation of 1ift coefflcient with elevator deflection was not linsear,
the effectiveness being lower for deflections from 0° to 2° than for
deflsctions fram 2° to 4°, Neither the magnitude nor extent of this
nonlinearity in effectiveness at small elevator deflections was
aggravated by compressibility.

INTRODUCTION

Recent 1nvestligations have Indlcated several wing plean forms,
wing sectlons, and wing-body—tell combinations sultable for f£light
at supersonic gspeeds. Ome such lifting surface, a thin, sharp-edged
wing without sweep of aspect ratio 4 and taper ratio 0.5, has been
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the subjeot of an investigation in the Ames 12-foot pressure wind
tunnel. The aim of the investigation was to determine the aero—
dynamic characteristics of such a wing plan form throughout the range
of subsonic Mach numbers up to 0.94. Various phases of the investi—
gation have been reported in references 1, 2, 3, and 4. Application
of the data of these references to a wing-body—tall combination
indloated the possibllity of obtaining adequate longitudinal control
throughout the speed range by using elther an all-movable stabllizer
or an adjustable stabilizer with an elevator. To provide data on the
effeotiveress of an elevator applied to such a plan form, the model
previously tested as a wing has been tested as a horlzontal tail with
a full-apan elevator. The tests were conducted at a constant Reynolds
number of 2,000,000 at Mach numbers from 0.20 to 0.9%.

COEFFICIENTS AND SYMBOLS
The following coefficlents are used in thie report:

CL 11t coefficient (li!l-gi)
Cp drag coefficient (i:gﬂ)
Cm pltohing-moment coefficlent about quarter—chord point

of the mean aerodynamic chord pitohingé;oment)

The following symbols are used in thls report:

a speed of sound, feet per second
b twlice model semispan, feet
c local chord, feet
) mean aerodynamic chord, chord through centroid of
Rl e

semlspan plan-form area —1-:7;;;— sy feet
M Mach number <§>
q fr;e—:tream dynamic pressure (g) s Dpounds per square

(T}
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R Reynolds number p_f:_o_)
S8 area of semispan tall, square feet:
v airspeed, feet per second
y distance from plane of symmetry to any spanwise station,

feet -
o angle of attack of tell-chord plane, degrees
8o elevator deflection, positive to inoreese 1lift, degrees
B visoosity of ailr, slugs per foot—-second
o] mass density of alr, slugs per oubic foot
CL, (?G__L. , measured at oa=0°

9a /g.00

. CLgy0 ~ CLaugo
Crg L
a=00
o (&)
CLg Cr.=0

(The subsoripts outside the parenthesis indicate the
factor held constant during the measurement of the

parameters. )

MODEL: AND APPARATUS

The tests were conduoted in the Ames 12-foot pressure wind tunnel.
The horizontal tail with full-span elevator used in thls Investigation
wes the seme model as that used in the tests reported ln reference 1.
The semispan model represented a tell of aspect ratio 4 and taper
ratio 0.5. The S50-percent—~chord line of the tall wae normal to the
plane of symmetry and the airfoll proflle was a sharp-edged, symmetrical,
feired double wedge with a thickness—chord ratio of 0.042, The constant~
chord elevator had an area equal to 20 percent of the total semispan
tall area. The unsealed gap between the elevator and the tall was 0.015
inch. Dimensions of the modéel are glven in figure 1. The semlspan
model wes mounted vertically in the tunnel as shown in figure 2. The
leading—edge flap with which the model was equlpped remsined undeflected
throughout the present series of tests and all surface roughness

= —— . 2

B 1_1
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associated with the leading-edge flap and. lts angle brackets was
minimized by sealing the gap and smoothing the surface. The elevator
was attached to the tail by hinges and rigidly held in position by
steel angle plates. Angular distortion of the elevator due to aero—

dynamic loads wae negligible.

CORRECTIORS TO DATA

The data of this investigation have been corrested for tunnel-
wall interference, constriction due to the tumnel walls, and model-
support tere foroes. The method of reference 5 was used in correcting
the data for tunnel-well interference. The followlng ocorrectlions were
added: -

&0y = 0.0056 012
Moy = 0

Corrections- to the data for constriction effects of the tummel
walls have been evaluated by the method of reference 6. The magni—
tude of these corrections as applied to Mach nunber and to dynamio
pressure (measured with the tumnnel empty) 1s illustrated by the
following table:

Corrected Uncorrected Ygorrected®
Mach number Maoh number Quncorrected
0.94 0.931 1.004
.92 .915 1.003
.90 .897 = 1.002
.87 .868 1.002
.85 .848 1.002
.80 - T99 o 1.001
.70 . TO0 1.001
.50 «500 1.001
«20 «200 1.001

e values of Qaorrected /q-uncorrected. which were presented in
references 1, 3,a.ndeﬁ, were erroneously tabulated and were not the
values used in the reduction of the data. The correoct velues are
presented herein and are the values whioch were sotually applied to
all test data on this model. -
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Tare corrections due to the alr forces exerted on the exposed
area of the turnteble were obtained from foroe measurements made with
the model removed from the tunnel. Posslible interference effects
between the model and the turnteble were not evaluated but they are
believed to be small. The magnitude of the measured tare dreg coef—
ficient was 0.0063.

TESTS

1i1ft, drag, and pitching-moment date have been obtained for a
range of angle of atteck at a constant Reynolds number of 2,000,000
and. Mech numbers from 0.20 to 0.94. For each anglé of attaock and
Mach number, tests were made with elevator deflectioms of 09, 20, 4°,
6°, 10°, 20, and 30° except at & Mach mmber of 0.9% where the
maximum elevator deflection was limited to 20°. At low speeds, the

1e—of-attack range was from —15° to 159, but at Mach numbers above
%5 the renge was limited by tunnel power and model strength.

RESULTS AND DISCUSSION

Lift, drag, and pitching-moment characteristics as a functlon
of angle of attack are presented 1n figures 3 to 11, inclusive, for
elevetor deflections of 09, 29, L%, 6°, 10°, 20°, and 30° at Mach
mmbers of 0.20, 0.50, 0.70, 0.80, 0.8%, 0.87, 0.90, 0.92, and 0.9k.
Since the tall profile 1s symmetricel, the data presented 1n these
figures for positive elevator deflectlons can be used to indicate
the effect of negetive elevator deflections by eimply reversing
the algebralc signs of the coordinate axes. The variation of 1ift
coefficlent with elevator defleotion for various Mach numbers is
shown 1n figure 12 and the 1lift data are plotted in figures 13 and
14 as a function of Mach number.

Lift Characteristiocs

Stabilizer effectiveness.— The aerodynamic characteristios of
the horizontel tail with the elevator neutral (figs. 3 to 11, inolusive)
have been fully reported 1n reference 1. Despite the symmetry of the
profile, the character of the stall with the elevator neutrsl was
dependent on the algebraic sign of the angle of attack. This 1s
especially noticesble at a Mach number of 0.80 (fig. 6) where the
tall staelled sbruptly with a sizable loss of 1ift at 8° angle of
attack, but had a gentle stall with a relatively small loss of 1ift
at about =12° angle of attack. This asymmetry may be due in part to
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a small inadvertent deflection of the leading—edge flap or 'to
differences in the surface roughness of the upper and lower surfaces
as a result of the flap angle brackets. Except at the Mach number
of 0.80, the variation of 1lift coefficient with engle of attack with
the elevator neutral was nearly symmetrical about the angle of zero
11ft. At Mach numbers of 0.80 and 0.85 with the elevator neutral,
the taill stalled abruptly with a sizable loss of 1ift; whereas at
Mach numbers less than 0.80 the 1ift curve was rounded at the stall.
The Mach number at which the type of stall changed was affected to
some extent by the Reynolds number as can be seen from the data of

reference 1.

The effect of compressibility on the lift—~curve slope with the
elevator neutral 1s shown in figure 15. The lift—curve slope increased
from 0.0 to 0.095 as the Mach number increased fraom 0.20 to 0.9k.

Elevator effectiveness.— The variation of 1ift coefficient with
elevator deflectlon for various Mach numbers i1s shown in figure 12.
At deflections between 0° and 2°, the elevator effectiveness was
generally lower than for deflections between 2° and 4°. Reither the
magnitude nor the extent of this reduced effeotivensess at deflections
near zero was aggraveted by compressibility. At a Mach mmber of 0 20,
the elevator effectiveness was approximately linear from 2° to 15°
with e value of slope oCL/0B of 0.034%. The value of OCL/d8
predicted from thin-airfoll theory (reference 7), assuming the experi—
mental value of tall lift-curve slope, was 0,035.

The effects of compressibility on the elevator effectiveness
parameters are presented in figure 15 where GLB* and of are shown
as funotions of Mach number. Due to the nonlinearlity of the variation
of the 1lift coefficlent with elevator deflection for small elevator
defleotlons, the effectiveness parameter CI'B* wag obtalned as the

difference in the 1lift coeffiocient due to 4° of elevator deflection
divided by 4. The value of GLB* wes 0.030 and was not affected by

compressibility at Mach numbers less than 0.60. As the Mach number
was inoreased to 0.90, CLg* inoreased to 0.04k, subsequently deoreas—

ing-to 0.038 at a Mach nmnber of 0.9%4.

To demonstrate more olearly the effects of compressibility on the
elevator effectiveness, the variation of 1ift coeffioclent with Msch
number for various angles of attack of the tail with oconstant elevator
deflections 1s presented in figure 13, and the variation of 1lift coef—
flcient with Mach number for various elevator deflections at constant
angles of attack is presented in figure 1&. In figure 1%, the date
obtalned with a positive elevator deflection and a nega.tive angle of

il
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attack are presented es data for negative elevator defleotions at a
positive angle of attaock.

Drag Characteristics

The effeocts of elevator deflectlon on the drag characteristics
of the horizontal tall are shown in figures 3 to 11, Inclusive. A%
Mach numbers less than 0.80 the minimum drag coeffioient was little
affected by elevator deflection for deflectlons up to 6°. At elevator
deflections grester than 6°, the minimm drag coefficlent inoreased
wlth inoreasing elevator d.eflection at all Mach numbers. At all Mach
numbers less than 0.92, the maximm lift-drag ratlio was 1ncrea.sed.
elightly by small deflections of the elsvator.

Pitching-Moment Characteristics

The effects of elevator deflection on the pitching-moment charao—~
teristics of the horizontal tall are presented in figure 3 to 11,
inolusive. At a Mach number of 0.20, there was & marked rearward
movement of the aerodynamic center starting at an angle of attack of
approximately 6°. The angle of attack at which this movement started
was not affected by elevator deflection. As the Mach number Increased,
the extent of the rearward movement was reduced and oocurred at
slightly smaller angles of attack. The effect of elevator deflection
on the pltching-moment coefficlent wes strongly affected by compressi—
bility. At a Mach number of 0.20, the pltching-moment coefflclent at
zero 1ift due to 6° of elevator defleotion was ~0.056. With this
same elevator deflection and at a Mach mmber of 0.94%, the pitching—
moment coefficient at zero 1lift was ~0.120, an inorease of 114 percent.
Similar increases in pltching-moment coefficlent with Ilnoreasing Mach
number are apparent for all elevator deflections.

Ames Aeronautical Laborsastory,
Kational Advisory Committee for Aeronautlcs,
Moffett .Field, Calif.
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Figure [— Semispan mode!/ of a horizonfal tall of aspect ratio 4
tested in the Ames [2— fool pressure wind tunnel
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Mgure 2.~ Semispan model of a horizontal tall of aspect ratio 4 mounted
in the Ames 12~foot pressure wind tumnel,

WCQRETIENTTIAL






TV IEOTS

2
A
0 N .
raft At |
y-
P <«
31.6'
g fd { AU R. ®
-&"4 -
iA 3‘
£ 7 (deg)
°© 0
g L/ a 2 A4
N ( . [ 04 >_§71
n6‘ y
.2 vég 4’4
-4
-d i 4?’ 30
T ;T)f £y
-6 ‘ . HAAT
- |
%0 % £ 8 4 0 4 &8 12 16 |
Angle of dlfack, o, deg /2 08 04 0O -04 08 -2 f6-20 -24 -£8

Pitching-moment codfficien Gy
(@G vse,C vs On.

Figure 3 — The offecl of afevalor deflecion on Ihe aerodmamic choracleristics of the foll of a

Mach number of 020

GOEEY W VOVH

p—

g ==

r




NACA EM AQEO0S

1y

}
o $ONTLORY

S
SonoodbAv

kO
R

16

N Wy

24 28 J2 J6

20

.08 /4

.04

lL2

lO0

Y ° N
Y ‘uyy900 Yri

Drag coefficient , G,
(b) C;_ vs Cp.
S CONFIDENTTAL

Figure 3. — Concluded .



NACA R AGEO3 OTETERTTAL —-

-6

N
- 24

11

9
/
7
d
-~ - -20
e

coefllici,

08 o 0 -04 -08

@) G vse, G vs Gy.

Figore 4. — The dffec! of slevalor deflacion on Ne oerodnamic charxierisiics of Be lofl of a Mach mumber
of 050.

JE

aa..m.o.za.smmw
Sopnpd4pav

2 I8

=L
8

/
¥g
4

)
-4

o
Angls of oftock, o, deg

/4

@ % N S N % 9w 9

Y quera 09 7 .

%”r ;.

12,
o
g



NACA RM ASEO5

16

/
&M.aec.smmaou

2 oOoataAY

PFERN%

N
©
N
v
Y
¢
,' .
XY
b
CL
©
/.Mm
Y
S
v
Q

lLé

10

v & o

w4000 417

.36

Figure 4, — Concluded .



RACA BM AQE0S
—
t — W
|
&4, B Y
v M
| [0 b—d—00]
| o
|
~
«BRONTEO ®
aE PO
N
1)
3 »
:
o
> 3
el
P .4
¥
: §
W 4§ % N O 4 © £w

Y ‘ Jumo1py903 )17

7



18

Lift coefficient, G

GRNEIDERTIAL - NACA RM AQEO5
L2
1 T
147 Dr—iep;
¥
/ A A =
.8 .
O£
“OTo—+—=<
.6
4
O
£ (deg)
¥
a
4 k . o 4
a 6
vz/a
- »20
2 a30
-4
w
-6 =25 x W —_—
-8
o 04 12 /6 20 24 28 J€ 36

Drag coéfficient ,Gy,
(b) G vs Gy .




NACA FM ASECS ShroENTIAL

VWAL 4902 LT

@| .”.

€ % iy 9 © 9 w N QO y %

T %
W 8
{ — - ﬂ
i - 8
ia X
- - &
e 3
- AT §
e a o
3
]
1 SEOTTONRR ey
\ﬁ mr E
3 - @
-4 =
N o
N ﬁﬂy Ty
S p_.m
Y
o

]
0

)G vse,G vsGn.

Figure 6. — The eoffect of elevolor defleclion on e aerodynamic chorocteristics of Me lol of o

of 080.

Mach




20 NACA RM AQEOS -
16
14 — |
é:‘: i
/.2 'Mfu ‘I
A : =
L0 vy —
/ . nid
4 - A Aﬁ —o‘ﬂ
-8 = Ot
U
S
K]
S f
s 4
3 f
3
. AaE. 5
(deg)
o0
o o2
) o 4
a6
v /0
-2 > 20
430
\Y
-4
] s
-6 W
-8

o o4 08 /2 /6 20 24 28 32 36 40
Drag cosfficient,C,
(b) G, vs Cp.
Figure 6. — Concluded.,

- ey



it ' g
19 - [
= ¥ i % A =
o :
o L‘d(/ﬁﬂ“‘r 1 ‘l 1
. 715 3 :
* .0 2 dnmn DA
2 ”* 3 i A+ E
0 n 2 = A

, §{asansi; : :
-2 £ v 10 i it i I
o B |
-5 4 o od

A

-8

W 6 8 2 0 4 6 12 6
Angle of attack c,dog 6 12 D8 04 O -04 08 -2 J6 .20 -5 ~28 -32
Pifching-moment coefficient, Gy

Flwwa 7 T affant nf alewntnr sdeaflantinn nn tha nsavacdkeenin phevnelarioline of ha ndl o o
gy LR i) YIS wr MNFySrww W TR wrnar e wor w"“" WY AV W T WY I wr wre 7T -y L]

B




22 ¢ AL - NACA RM AGEOS

L4 :
.4"&4
1.2
. 7z T 1
/0 Q 0 V) /
il o
L~ :
8 O
O |
6 > /
& 4
1.
8 %
(deg)
§ o0
0 o 2
© 4
! 8
> L4
\ & 4 30
]
LN
AN
-6 ' \ . A [V~
' o | g
-8 o -
W —
- i i ] L
/'00 04 08 12 16 20 294 28 32
Drag coefficient ,Gy
(NC,_ ve Cp.
Figwe 7 — Concluded.
F

=CONFIDERTIAL



14 C E
74 P;‘-‘ a
N . -
{0
- 8
-8 '_J'llr — S of T p -
oW 4 3
1{y
g AT il
g 4
"g 4 H ' —g *\ r f
§ ¢ 2 A b
3 (dogy) ?
0 o0 ; .
n 2 IR i
o 17 X X T N g
/ 4 6 7 :
-.4 :ég A, V I.JI
o T P47, *39 My
EE
-8 W'J
-.I'g
5 -2 -8 4 0 ¢4 g 2 B
Angile of atfack, o, dog 12 08 04 0O 04 08 -J2 .I6 -20 - M .28
_ « Pifching-moment codfficien, Gy,
(@G vse,C vs Om.
Fige 8. — The effeci of olevaior deffeciion on e W‘""‘_—“ GiiGrocionsics of e Toll
at a Mach mumber of 087 &




NACA RM AQEO5

2

./
4“0246MM”

3
T oDodD AV

R\

/ AV ;\\\\
./f#; \D\Ly\ 1\\K /4o
- ¥
» £
\\L\\ﬁ.\
IEEE @ Y. N o % w8 9 9
0 poy2144903 447

28

16 .20 24

12
(b)C,_ vs 0,.

Orag coefficlent, Gy

.08

04

Figure 8. — Concluded.



12 E
10 ZLgl ol A dep el LA
Y _ "% AV 2
B £ é
F 4y
e J
S 4 : ¥
Ez 5, 1 1% 113
= [ (deg) -
S (dey. } _\{
§o gf
5 ¥ -
-2 L v /O
‘ ~20 i )4
-4 v "!f“',!/
-5 ,iL‘ | _ e LA/ _
/]
i re <A ]
1) ) HREN
-8 -4 0 4 & 2 08 04 0 -04 -08 -I2 -K -20 -24 -28
Angle of attoch, &, degroes Pitching-moment coefiicions, Ge




NACA RM AQEQS

26 -

_ 10{01;:_:_'4._-'__.) AL
1.2
o>
P
I.a . . ﬂ
.8 Z -
aj y /
6 W4
VI
Y. A
S 1
Ik :
& . (deg)
- o0
g 0 1 b a f
3 i | \# S
-2} v /0
' >20
D <430
TR
g \‘
-6 C \‘
-3 \\\
A
v
1.0 :
o .04 .08 N/ 4 A6 20
Drag coéfficient ,Gp
(b) q vs Cp.
Figure 9. — Concluded.
SEONFTOENTTAY,

e, T



o3

T IVLLNEITH

74
“ 27> T
FVFXPE o 4 /
ol v 7T 7 |
5 47 %
1 1
4
' 3, ]
s 2 y (*ﬂ) A
g | 0 4
- a f o 2 — ‘\ 7
§ Al ¥ o ; R r/’
> A -
-2 v
s 7 E
-4 3 <30
f ool |~
-6 p}
i _ |
-8 p T{@?w
ol ]
-2 -8 4 O 4 8 [Pl 08 04 0O 04 -08 - /6 20 -2 28 .32 -I6
Angle of affock, o, dog Pliciing-moment coefficient, Gy
(@e vsa,G vsCn.

Figure 10.— The effect! of elevalor deflection on Ihe aerodynamdc charocterisfics of e 1ol of ¢

Moach number of 092

COHEY Wi VOVE

v NLLAHTLIN0D.

1]
s

3

L




RACA RM AQEO05

NFIDENTTAT

28

-

a..woesoa
.u4/m3
Son0oodpAy

4

l2

lo

Y

Y “queyay1909 117

<

N

Q

N

° 2
L .
“mnn
S ®

v §
FE

©Q

Q

A

Q

Q

Figure /0. — Concluded.



~
COTOY WE YOV

8 / Fbg - | Plal ¥ (’
L7
Z -
Ay T Y ¥
5 . TAF
. 7

—
=

L

P

.l
)

B
b
-

F—
IVITAZCTINGg
Lift coefficlent, G
) S N
\ P
‘\ —

.
vdDbOOOD \
BiSQihbg'h

k=X ¢
-
K\
T
\
N
N
TV 00y

51
< |
.o _ i _ & i i <~ dira 2 _|
A P ~in-
" s 4 0 4+ & = 08 0f O -0f 08 AP -6 20 -2f -8 .32

Angle of attock, e, dog Piicting-moment cosfficiant, Ge

@ & vse, G vs Gy.
Fipre || — The offec! of elevalor deflaciion on lhe oerodynamic cherocierlsiics of e Ioil ot a Moch number
of 094,

62




30 (Hosenns e ra XACA T ASEO5
1.0
: P
/|
.8 29 P/
.6
. r/
4 - J J
Iy [
S (v | [
§‘ 4 y L ,
S ' (deg)
LSk : ¥
: T ¥
35 ' ' V10
~ - \ >20
-2 (
R
[ N
-4 ]
AN
. %P ~ws
-8 V\\o
0 .04 .08 12 .16 .20
Drag coefficient, Cp
(b) G, vs G,.

' Figure /.- Concluded.



RACA RM A9EOS &= FYTDENTIAL, = 31

L2
‘o I g
’//,//?/, ""H
8 //////‘/é/
o
& | = ///// - —
« ‘[z % e Bl
PRAEarar aparsannuns
§ | ] : ..l/// ,//T,
§ Lyl /'l//‘/
:.3 a_ z: H . //T/ L~ - ‘#
_2l | T // //
-2° T : 7 7
- yd
.2 -4?. = ‘/Y
l. /
-4 --7 J/A/ ~m
- g
-6‘ |

-4 o 4 8 2 /6 20 24 28 32
Elevalor deflection, 8, , deg
(a) M,020 .

Figure /2. —The variation of [ift coefficlent with elevator dsf/ection for
various angles of attack of the tall .

™



i
p
3

32

32

NS A REEN
jima N :
WA VRN .
\ \ HA
i 3
Y VAR s
\\ NINAEN £9
VRS NAA WA EA RE
Jyv ymﬁx N
MAVA Mﬂ )
am.la - .srl._M.T.ln...z ) 215_.. - .8.0
v v oo v S Wy

% quataty1909 4417

Figwre /2. — Continued .

ONFIDENT



33

e

Y

-

28

A\

20 24

6

-5

TATL -

= =]

(c) M,070.

/

g

/4
Elevalor deflection, 8, , deg

T

Qopprox.

.
|4J

|

i_
| —-g®
[
-6°

RACA RM AQEQS

L2

1.0

" 4819144909 1417

(/)
Figure /2. — Continved .



npin

34 OO IDENTIAL ™ NACA RM AQEOS

[6
14 : ;ﬁ
et
L2 e —
: = -
10 e l // s
aopmx / / '
& / P L]
8° s 4.,4, —
o B v
o w/(/r// < -1
- s . -
.§ 6. //Elj/ - )/
LT
S 4 . | ] —
3 e A LA L :
L~ L~
§ 2 . 4w & I
il - | T B
ol oA 1A | -
g O T = oy
oL
| . A
S A - o
-4 { /f/ /
__5'1 '
-6|--8" ~
8 W
-8 '
-4 (4] 4 & 2 16 20 24 28 32
Elevafor deflection, 8, , deg
(d) M,080.

Figure /2. — Continued .



NACA RM AQEOS

35

47 J
/‘
12 =l S —
/, LT
LO <
Qopprox. |
1
Eas A —
! =] x%_' |
L5 )
1y
S - T
f\: 4 r 4° < j'/ L1
3 g
8 2 o /[ /C v 1 /sr"/ -
~ ! ] ~ |
Baszanas
2 AT
2 / // | ] _—
> el ]
ol
V4
/]
- -e° i
6 IG ~E
L8
- 0 g 4 . 12 /6 20 24 28 32
Elevalor deflection, 8, , deg

(e) M,085.



RACA RM AQE0S

36

/4

9 “yue12144909 1417

TR .,.
\L AN \ h

/ / / / %

\ / \ / .

Al YR v
) / / % 68.%
S EAEVAER \ “ g3
VA AV R WAV / B
/ NN % \ 3
, \ L3
NN

N Y TN N i N

- 4 S

b I I P i P



NACA RM A9EOS ONEF LUENTTAL .- 37
LO - '
a
Tm. //?
8 8. / / // ‘//
f— 60 /1
"]
. )/
Ny = |0
! o /ﬁ( L] L1
.2 22— 2 or g /<
S =
§ oo iR AT
s L =8
X | - —
~ -2+ -2. ’/ ,//
”
-4 __40
-6 -6°4 <TE
-8
-4 o 4 4 /2 /6 20 24 28 32
Elevafor deflection, 8, , deg
(g) M,0.90.

Figure /2. — Conlinued .

LORTTIRRTTAL



g
8
<
5

38

o

| }—

o
&
—

=

/
e

=

/4

A
INENEN \
A ANGAENER \
NENEMNENEYEN \
/AV//. /J ;. Ier/JM/ /
NOSTN TR X
m . ) . 02 . ) Md.\ o. .
N N N A

Y ‘yueroiye09 1417

20 24 28 J2

12
Elevator deflection, 8, , deg

/6

(h) M,0.92 .

8

Figure /2. — Confinued .



NACA ¢ A5R05 PRt 39

LO
g Qqoprox. A
_® .
o /
61— 6 ' =~ '
Y~ ( | ?L P
= =
4 - 4° O/?/ ’IIJ/ = S /lﬁ
¢ /r- < /
T . - é /,
S 2k 2o Vol = .
§ . [~ J Wt
S | -
S O o° h I/ 4;/
3 -
5 :
-2l -2~ % A
> ,Z/
-4 - ) /J . /
-4 %
-6} -g* ' e vl
-8
> 0 4 8 /2 6 20 24
Elevator deflectlon, &, , deg
(/) M,094.
Figure [2.— Concluded .



for various angles of attack of the Toll .

) Foommimdies HACA RM AGECS

Ny
R WI g _ % NJW
B — : $

A
| / 5“. .m
A 48
_ i AM_MHM..
o m
LBouraery _ , 8
IR T
D
@ ¥ N O & ® © 3° 2
Ty « Ju912144 903 u ' _ _m_

ge—



NACA RM A9EOS

o

51

Q
i W g o
M N B :
N HIEHM .
TIL.. N,
REb i .
/ N L7 m..
! SHESEN b
< W o
s 8
| ;
w > mrl. ipr|f o n . .
BN bbb
Q ® © w © v ﬂnv B
"0 “ usyas44902 t.a_ M




4o NACA RM AOEQS
1.2
10 tapprox. ; i
/i/*ﬂ B
g 8° 1 .
6'.,‘ T » PO
6 ' T
» . -
G:‘ vl — 1 Yoo
- e —
S “ £ 3= ——
S 0°- = 7 [0
§ -2 _é.I _F',_ e B Y -
5 o K &> S
) ' i
_5' \Q
1 E:N‘f\t LY
-2 -8‘**
J’\
P N,
<J&A
6, 2 3 4 5 6 7 &8 9 10

Mach ;lamba;,M
(c) 8, ,10°




13

14
12 2gpprox. “
8° <
/
(s, 5 —— »
. O
o T
3 iyl
= -2
3 g - \“%=Lm;‘5ﬂ—
& ' —
.J -6. i T
2 1 = R e
-8.‘#"“; -
0 [ —
\\\
-2
~%EE N
-4 - | S R A ‘T
o J 2 J 4 S 6 7 8 9
Mach number, M
(d) 8,,20°
Figure /3, — Continved . '

L0



NACA RM AOQEO5
/6
(4 X
‘m. NF
12 a!‘ - Z
6"—%—— = >
P’
10 + ]
4° ¢
31 8 ;. _(l.‘_ — -——'JJ"’
8 | u
V 5
Jyuus S
8 -’ 4
3 4 T =
- . °
2 e
C J
-G —
0 —
-2 1 t%
<E
0 1 2 3 4 5 6 7 8 10

Mach n}lmbar, M
(e) &,,30°
Figure /3. — Concluded .

[ e



(-
COT6Y W VOV

& ‘ & L
I o g hiss
30 — |
6 20. [ i —l— . | o [y
L gl B
43
¥ ¢ _—
o o _‘#__ —5 ’V\Y 1
é 8 10°— (v é
§ _ I ) __.,._l_\..—-—'mA e
g “.z f s\-* ' n E
T i
S, £ % g e e e 0 0 001 A
- e | |
R
o L1
o J 2 i 4 s ' 7 8 9 10

Moch number , M

(@) Goporar . 0°.
T W,

Figure |4.—The variation of lift coefficlent with Mach number for various elevaior deflections.

&h



~——CONFIDENTTALY NACA RM AGEO5

I
L

A e

|l ]

o o e R

Iy

Qo bl l.m_w ..m.w _»

(A7

© N 9 % w @

J
Figurs | 4— Confinued.

Y “ quoy9144903 J17

ORI TOERTTAT,



NACA RM AQRO5

===CONFIIENTTAL -7

0

6

5

4

-

&y
30
20°

12
Lo
&8

© A N © N * °

%/ quejoiye00 317

-

CORFIDENTTALT

Moch number , M

() Copprns,, 4

W

Figurs |4— Continuved.



g
=]
3
:

T

o]
|

R
¥

|
opb

0164202¢¢

I
-10°

4

% © A N

Y “yue12144902 1417

[0

6

5
Mach number, M
(d) Gappror., 6°.

4

Figure 14— Continued.

——t

xC

[ e



WACA FM AQECS b9

(2) Coppren., 8°.

- LI LN \
©—8T R—oruOH ._..4. .

Q
® . @ % N ° N

s
/4
12
10

2
|
-10°
.._;g'
-20"
A
) .
Figure 14.—Conchkided.

Y que1o141000 M7

CORFIDESTIALY



12 i 3

G s
| e
Le nel \ L~

v v ______’i—--“""_-l
and
c"" 04 ] T—T — I"L\‘

I D e D e GL E ]
F |
0 | .

a, W i
~4 -
-6 :
0 A 2 J K 9 .6 7 8 .9 10
Moch number , M

Figure 15.— Variation of Kft paramefers

COI6Y W VOVN

, C;_", and a, mith Moch number.




