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RESEARCH MEMORANDUM
WIND-TUNNEL INVESTIGATION OF HORIZONTAL TAILS.
I — UNSWEPT AND 35° SWEPT-BACK PLAN FORMS
OF ASPECT RATIO 3.

‘ By Jules B. Dods, Jr.

SUMMARY

The results are presented of a wind—tunnel investigation of the
low—speed characteristics of horizontal tails of aspect ratio 3
with unswept and swept-back plan forms. Two models were tested
which had identical areas, aspect ratio, taper ratio, and airfoil
section, differing only in the angle of sweepback and elevator area
ratios. Data are presented for Reynolds numbers of 3.0 X 10° and
4.0 x 10° with the elevator sealed and for a Reynolds number of
3.0 X 10° with the seal removed and with standard roughness applied
to the leading edge.

The major effect of sweepback, as measured from the tegts of
the two models, was to increase the rate of change of hinge-moment
coefficient with angle of attack, to reduce the rate of change with
elevator deflection, and to reduce the elevator effectiveness.

INTRODUCTION

An investigation of the theoretical prediction of control-—
surface hinge moments by lifting—surface theory has been undertaken
by the NACA. The lifting—surface theory is a further refinement
to the lifting-line theory to obtain more accurate predictions. This
report presents the experimental results obtained on the first two
of a series of models to determine the validity of the theoretical
computations and the extent of aspect ratios over which they are
valid. The comparisons with the theoretical calculations are not
presented herein but will await the results of tests of models of
aspect ratios L5 and 6.
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Another equally important purpose of the investigation was to
evaluate the effects of sweepback by a comparison of the results
of tests of two models with the same area, aspect ratio, taper
ratio, and airfoil section, differing mainly in the angle of sweep—
back.

The present Investigation included the measurement of the 1lift,
hinge-moment, and pitching-moment coefficients, and the pressure
coefficients across the elevator nose seal of the semispan hori—
zontal tails of unswept and swept-back plan forms and an aspect
ratio of 3. The effects of Reynolds number, standard roughness on
the leading edge, and removal of the elevator seal were also
determined.

The NACA 64A010 airfoil section was chosen for the models. The
aft 30 percent of this section is straight sided, thus simplifying
control construction and balance.

MODELS

The two models tested in this investigation were of aspect
ratig 3, taper ratio 0.5, and the 0,25 chord lines were swept back
11.3" for the unswept model, and 35 for the swept—back model, as
ghown in figure 1.

The airfoil section was the NACA 64A010 perpendicular to the
0.70—chord line for the unswept plan form and perpendicular to the
0.25—chord line for the swept-back plan form. The airfoil coordinates
are presented in table I. The values listed as model coordinates
were used for the models, since the true coordinates were not avail—
able at the time of model construction. Slight discrepancies
between the model and the true coordinates are apparent, but they
are not large enough to produce an appreciable effect upon the data.

Both models were equipped with sealed radius—nose elevators.
For the unswept tail the elevator chord was 0.30 of the total chord
measured perpendicular to the 0.70—chord line. The elevator chord
Qf the swept-back tail was also 0.30 of the total chord; however,
the chord was measured perpendicular to the 0.25—chord line as
indicated in figure 1(b). In maintaining the same elevator chord
ratlio along the airfoil section 1line, the area ratios were of
necessity different — 30 percent for the unswept model and 25.6
percent for the swept—back model.
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The tip shape for both models was formed by rotating the tip
airfoil gection parallel to the undisturbed air stream atout a
line inboard of the tip a distance equal to the maximum tip
ordinate, necessitating a short fairing of the tip nose into the
leading edge.

Photographs showing the models mounted in the wind tunnel are
given in figures 2 and 3. The location of the balance—chamber
tubes is given in table II.

COEFFICIENTS AND SYMBOLS

The coefficients and symbols as used throughout the report are
defined as follows:

Cr, 1lift coefficient (L/qS)

Che elevator hinge-moment coefficient (H/qSeTe) (See appendix)
Cm pitching-moment coefficient (M/qS(M.A.C.))

Ap/q pressure coefficient across elevator nose seal

(pressure below seal minus pressure above seal
divided by the dynamic pressure)

A agpect ratio (2b2/9)
lo# corrected angle of attack, degrees
b gpan of the semispan models measured perpendicular to

plane of symmetry

ot span of the elevator measured along the hinge line, fest

Eé root-mean—square elevator chord aft of hirge line parallel
to the plane of symmetry, feet

Ce! root-mean—square elevator chord aft of hinge line
perpendicular to the hinge line, feet

Bg elevator deflection (positive when trailing edge of

elevator is down, measured in a plane normal to the
hinge line), degrees

H hinge moment, foot—pounds
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L 1ift, pounds
M pitching moment about the 0.25 M.A.C., foot—pounds
Ma first moment of the elevator area aft of the hinge line

about the hinge line, cubic feet

M.A.C. mean aerodynamic chord, feet

q free—stream dynamic pressure (%ﬁvz), pounds per square
foot

R Reynolds number [DV(—M“A—C—)J

p density of air, slugs per cubic foot

V) absolute viscosity in poises

v o velocity of air, feet per second

S area of semispan horizontal tail, square feet

Se area of elevator aft of hinge line, square feet

In addition, the following symbols are used:

CLg = (CL/%a)s, = 0 (measured through o = 0)
CLg = (CL/3%)y, = o (measured through 8e = 0)
Chg = (0Ch/da)se =0 (measured through a = 0)
Chg = (3Cn/d%)q = o (measured through Be = 0)
ad = — (CrLy/C1,) (elevator effectiveness parameter)

TESTS

The models were mounted on a turntable flush with the floor
of an Ames Aeronautical Laboratory T— by 1l0—foot wind tunnel.
(See figs. 2 and 3.) Tests were conducted at dynamic pressures
of 40 and 80 pounds per square foot, corresponding to Reynolds
numbers of 3.0 X 108 and 4.0 x 10®, respectively. Standard leading—
edge roughness was applied in the manner described in reference 1.
Elevator hinge moments were measured by a resistance—type torsional
strain gage.
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A1l coefficients and the angle of attack have been corrected
for the effects of the tunnel walls. No additional tunnel-wall
corrections due to sweepback have been applied.

RESULTS AND DISCUSSION

The data for the unswept tail are presented in figures 4 to 9
and those for the swept—back tall are presented in figures 10 to 15.
The variation of 1ift, hinge-moment, and pltching-moment coefficients
with angle of attack are given iIn figures 4 and 10. Hinge-moment
coefficients are also shown as a function of the elevator angle for
various angles of attack in figures 5 and 11. In addition, the
variation of the pressure coefficient across the elevator nose seal
as a function of the angle of attack is presented in figures 6 and
1:2%

Scale Effect

Data for both the unswept and the swept—back models were
obtained at a Reynolds number of 4.0 x 10°, The complete results
are not presented because the aerodynamic coefficients did not varg
significantly from those obtained at a Reynolds number of 3.0 X 10°,
as 1llustrated in the comparisons presented in figures 7 and 13.
Because of the rather sudden stall of the unswept model it was deemed
inadvisable (from structural considerations) to stall the model at
the higher Reynolds number. A slight decrease of the maximum lift
coefficient was noted for the swept—back plan form with increasing
Reynolds number at zero elevator deflection. The lift—curve slope
Cr, vremalned unchanged for both values of the Reynolds number for
both tails.

It is noted in figure 4(a) that a different type of stall was
measured for the unswept model at positive and negative angles of
attack, an unexpected result because the airfoil section was
symmetrical. The reason for this difference was investigated, and
the only apparent explanation was that the tests were conducted in
a critical Reynolds number range for this airfoil section. This
contention 1s partially substantlated by the effect of roughness on
the stall in the positive direction as shown in figure 8.
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Effect of Standard Roughness

The effect of standard leading—edge roughness upon the lift
and hinge-moment coefficients 1s shown in figure 8 for the unswept
tail and in figure 14 for the swept-back tail. In general, little
effect was found. The maximum 1ift of the unswept tail was reduced,
but the maximum 1ift of the swept—back tail remained the same. The
offect on the hinge—moment coefficients of the swept—back tall was
more pronounced than the effect measured on the unswept tail. No
significant change in Cp, was found for either tail.

Effect of Removing Elevator Seal

As would be expected for a nose—radius elevator, the change
in the 1ift and hinge—moment coefficients caused by removal of the
elevator seal was small for low elevator deflections and Increased
for the higher deflections. This is shown in figures 9 and 15.

Pitching Moments

The pitching moments measured about the one—quarter M.A.C.
indicate a stabilizing effect of sweepback. The unswept model was
slightly unstable statically while the swept-back model was neutrally
gtable. As the elevator was deflected upward (as in landings or
pull-ups) the stability of both tails was increased. (See figs.

4(c) and 10(c)). At the stall, the static longitudinal stability
of both models increased markedly, as would be predicted by the
results of reference 2.

Effectiveness and Hinge-Moment Parameters

The lift—effectiveness and hinge-moment parameters Cr,, CLg,
ad, Chy,s and Chg are listed in table III for the two tails at a
Reynolds number of 3.0 X 10%. The incremental changes due to
Reynolds number, standard roughness, and removal of the elevator
seal as discussed in the previous sections are presented for easy
reference. As shown in this table, the change in Cp, between the
unswept and the swept—back models was from —0.0010 to -0.0013, the
change in Chg was from —0.0087 to —0.0069, and the tail-effectiveness
parameter ag was changed from -0.71l to =0.53. The value of Crg
was reduced by 0.0094, but the slope of the 1lift curve remained
unchanged. As pointed out in a previous section the elevator area
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ratios differed between the two models. Although the major part of
the changes in the parameters can be attributed to sweepback, the
possibility of area ratio effects should be noted.

CONCLUSIONS

The results of tests conducted to determine the low—speed aero—
dynamic characteristics of horizontal tails of aspect ratio 3.0, of
unswept and swept—back plan forms, indicate thatg

1. No appreciable scale effect was encountered with or gith-
out sweepback for Reynolds numbers fram 3.0 X 10° to 4.0 x 10

2. The effect of standard leading—edge roughness was small
with or without sweepback.

3. Removal of the elevator seal did not affect Cp, for
either the unswept or the swept—back model.

Lk, The tail-effectiveness parameter a§ was changed from
-0,71 for the unswept model to —0.53 for the swept—back model.

5. The change in Cp, between the unswept and the swept—
back models was from —0.0010 to —0.0013, and Cpgy was changed
from —0.0087 to —0.0069.

Ames Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Moffett Field, Calif.

APPENDIX
Conversion Factors For Hinge-—Moment Coefficients

Because several methods are in use for the reduction of hinge
moments to coefficient form, particularly for swept—back lifting
surfaces, conversion factors for the various methods are presented.
To obtain the hinge-moment coefficients for one of the listed
methods, multiply the value of the hinge-moment coefficient of this
report by the corresponding conversion factor in the following table:
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Unswept tail Swept—back tail
Method of computing 3 ; 3
hinge—moment coefficients Feet™ |Conversion Feet™ |Comversion
factor factor
Che = —i 2.395 | 1.000 1.745 1.000
qSgCe
H r
Che = ——== 2.439 0.982 1.776 0.982
gbcg
ool 2.4 982 1.58 1.101
Che = qb'ge'z . 39 . . 5 .
-
Chg = By 2.439 .982 1.585 1301
NACA 7
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TABLE I
COORDINATES FOR THE NACA 64A010 AIRFOIL

(A1l Dimensions in Percent of Wing Chord]

Upper and lower surfaces
NACA 64A010 Model
Station ordinate ordinate
0 0 0
0.50 0.804 0.819
.15 .969 .987
129 1,225 1.247
2.50 1.688 1.696
.00 2.327 2.333
.50 2.805 2.780
10.00 3.199 3.202
15.00 3.813 3.816
20.00 4 272 4,280
25.00 4,606 4,610
30,00 4,837 L4 842
35.00 L. 968 4.950
40,00 4.995 4.975
45.00 L .894 L .889
50.00 4,684 4,672
55.00 4.388 4.373
60.00 4. 021 4,011
65.00 3.597 3.594
70.00 3.127 3.131.
75.00 2,623 2.637
80.00 2,103 2,320
85.00 1,582 1.595
90.00 1.062 1,071
95.00 541 .553
100.00 .021 0

L.E. Radius 0.687': T.E. Radius 0.0231

1Same for model ordinates. TNACA_
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LOCATION OF THE PRESSURE TUBES IN THE BALANCE

CHAMBER IN PERCENT OF THE SEMISPAN

Unswept Swept—back
il plan form plan form
il 2092 15.3
2 4ok 45,0
3 637 TTel
L 91.2 92.1
TABLE TIIT

EFFECT OF SCALE, STANDARD LEADING—EDGE ROUGHNESS, AND ELEVATOR
NOSE SEAL, ON THE EFFECTIVENESS AND HINGE-MOMENT PARAMETERS
OF THE UNSWEPT AND SWEPT-BACK PLAN FORMS

Increment due

Increment due

Increment due to

Para—|R = 3.0 X 10%| to increasing | to roughness |removing elevator
meter | R to 4.0 x 10® |on leading edge nose seal
Unswept plan form

Chq, -0.0010 0.0001 0.0002 0

Chg —.0087 —.0001 0] —0.0003

CLy .0370 —.0018 —.0005 —.0039

ag —-.71 .02 .01 <Off

Cly, .053 0 0 0
Swept—back plan form

Chq, —-0.0013 0.0001 0 0.0001

Chg —.0069 .0003 0.0007 0

CLg .0276 .000k4 —.0011 —-.0026

ad —53 0 .02 -.01

CLg, 2053 0 -.001 —.001




Unswept Swept-back
Aspect ratio 3 3
Taper ratio 05 3 05 %
Area semispan  /0.083f1. 10.083ft.
Elevator area  3.024 ft* 258/t
Ce 0.792ft. 0.67611.
Drawing dimensions M A.C. 268811 2.688ft
ininches
—20.736 —— 20736

of airfoil sectlon

airfoil section
along this line
G

& S S

K/
L

025 chord of /
airfoil sec tion /
hinge line, 0.70 chord / V,

/

46.668

20741

hoaaa 18662 — 2, 442ﬁ 12,163 —~——18.689 — 10620 -
e 4/472 | 4472

(a) Unswept. (b Swept-back.

Figure |- Plan forms of the horizontal tail models of aspect rotio 3.
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Three-quarter front view. (b) Three-guarter rear view.

Flgure 2.- The unswept tail mounted in the 7- by 10-foot
wind tunnel.
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(b) Three—quarter rear view.

(a) Three—quarter front view.

Figure 3,— The 35° gswept—-back tail mounted in the 7— by 10—foot wind tunnel.
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Figure 4.- Lift, hinge-momenl, and pitching-moment coefficients
of the unswept tail. Aspect ratio 3.0; R, 3.0 x 10°.




ATK24

NACA RM No.

Fig. 4b

20

/6

P77 =ersh
S mOLNQWL o ,\/MwM\ |
e“ 64202469////%2 oS 2 ¢ P
o RO IO (0N N N x>& e
SO 0RO dbA v FA Y \M .\ s =
; 28 2 |
7 7 j
/ /
gLl
AL |
Al F |
T 17 _
BN ARYay |
\A 7T 17 |
ANEEERIY.
AL ¥l P/ ]
ARV -
| LA Lo < [
A LAY 7 2
[ 2 [T 1]
S 2 8 3 § 8§ ¢ ER

e

/12

=/6

=E0

of attack, «, deg

Angle

(b) Hinge-moment coefficient.

Figure 4 —continued.




Fig. 4c¢

ATK24

NACA RM No.

e ‘uml e _\05 41
TV S R s e ST
w\ A\ \.\\H :\. ﬁoa (%W H
o] ¥ KM ISR i
L WL e 16 g 3
AEERR AR
I BRI 18 ¥ o
ol ) TR 1 - S b
M /T A llw M?/Wz IOV OoDOIBPAYNPA g
WAy LT
SUANARL W1 W )
7///\/.4// X
/W Ll _m/ \ #
L LT
KRGS E B EISAEA
AR IR T [ [ —— %
Alasd N IKEIEIGENIA| .._.J
WBLE PRI I
g A A
! VLA s PTIA
A O s PTLSE
AL «m&_m?\ |4
M. w. 2 - w. S M. X % M M__ %

- | ) ]
Wo “usioiyjs0o juswow buiysyiy

20

/16

2

12 -8 -4

-/ 6

=20

Angle of attack, «, deg

€) Pitching moment coefficient.

—concluded.

Figure. 4.



Fig. 5 NACA RM No. A7TK24

28

AN}
S\
A
L/

-4

.
¥
o
>

Che
(O)
/

24
ia
L~

/C(’
<> S EIONE
N ©

< AN

P EEEN N

3 R

308 | iﬁj{*

S } \\\;\\L

£ 04 .

S A-3

. \\L\@i&

Q0 a, de
S \ [\\f’\ o

Q
N
/54
4&
4:.
|

Q
®
%

I
=24 =20 68 -8 -4 0 4 8

Elevator deflection 5;, deg

Figure 5- Variation of hinge-moment coefficient with
elevator deflection for various angles of attack
of the unswept tail. Aspect ratio, 3; R 30x/0°.




NACA RM No. ATK24 Fig. 6a
8
- < /0.
=T e Se - 6
o <>! 3 e
< g D' 2
3 © ./
S
- A=3
8; A Sk . el A S| AN
e @
S
3 T
g 4 J Oe =0
N Z
S =
~ 0 N = e
N 5 T B
>
9
- =z
3 8=
S :
[ 4 86’ =-4
|
S
()
:: 0 S s — = /\——-A_; - e
Q o]
01
_'2 ;/R(
:NACA? -
O
-z 21000 | o[k | |
-8 -4 0 4q 8 /2 16 20 T24° SgH vi=
Angle of attack, a, deg
(a} 83: 6: 0,—4-

Figure 6- Variation of pressure coefficient across elevator nose
seal with angle of attack of the unswept tail.
R 3.0x10°

Aspect ratio

J;




Fig. 6b NAC

A RM No. A7K24

0 T — f_\_”——‘ }—A—ﬁ-——.&——é——kT

-2 Y Se =29
Voed ol
4 <
Q = ;
q o> m/j/
< Foh

~ -6
S e
A e
N
S
3
= 7
a 89 =-15 =
QS -6
< P&
S s
- _8 . %% 5’04
I : | Al
,g 1—‘% i <>! 3
S -0 %% o |2
§ E=NZ: S
- A=3
L
S
»
e 0
Qq\: T r—A_—Aﬂ_A.__ﬁ_A__ﬁLY- ey e

. &

) i de =-20

= .
6 | TNACA T —

4 o0 4 8 2 16 20 24 28 32

Angle of attack, «, deg
(b) de = -9, -15, -20.

Figure. 6. —concluded.




NACA RM No. ATK24 Fig. 7a

/4

12

/0 7l

y A Eéxg:q
6 rAW/ i
AL
4 i 4 /’C> ks>

' 0
=2 Vi e
S )4 ) 4
= i
s 0 s
2 7/ V/ Se =-15
QTZ M
; Rx10€
3 / 3 38
i Y ‘e
§ L 38
-6 , ;
&
-8
-10 : III |

|
=4 o 4 8 2 16 . 20 1295 Eiroe

Angle of attack, a, deg
(a) Lift coefficient.

Figure 7- Comparison of the liff and hinge-moment coefficients
at R=3.0x10°and 4.0 x10° for the unswept tail. Aspect
ratio 3.0.




Fig. 7b NACA RM No. A7K24
20

/6 |

o

Che
Y
1

86’ ==/5

S

®

7
Y

Q
A

Q
|
| ]
J
J
/
/3/—4

Hinge-moment coefficient,

-04 \?"Xk._,, oWl
\/\\\'\x\\ §c\‘\O
05 ﬁ\%%"\ \
AR
o 40 \\
s 2 %0 |
v 30 5
-/6 i \ b\\O\~(}~-o—-o
AN
_ | TS le
20 Se =4
-24
25 | | | |

-4 0 4 8 e /16 20 24 28 32
Angle of attack, a, deg

(b) Hinge-moment coefficient .

Figure. 7 —concluded.




NACA RM No. A7TK24 Fig. 8a

/4

12

: A= 3 N
A/ /] Oe = OEr-siazg
5 /‘/ /}:I
¥ /}f :
g A & A
A A

AV
P
N,

/
®
:l
R

Q

coefficient, C,

D

Lift
A
A

O Smooth
-6 o do
v do
O Rough
4 A dog
-8 > do
_/0 1 | | 1

-4 0 4 8. -2 16 20 224 NEEWE
Angle of attack, «, deg
(@) Lift coefficient.

Figure 8- Comparison of the liff and hinge-moment coefficients
of the smooth and rough unswep't tail. Aspect ratio
3.0.




Fig. 8b

NACA RM No. AT7TK2z24

20
L6 O Smooth,
v @
sz TR | 2!
Q &a\ e
S 08 i
= ﬁ_ge =-/5
<
S 04
b
Q
s =N NE
S 04| b s S
A 0\ = D=
& O Eiue
| Wy
§".08 \é\\'\ | \
T . J\ Se =0
/2 | \
| .
A=3
8 - 4 m\()x__o,_—&__()
D) £ =
-24
-8 | |
-4 0 & 8 /12 /16 20 249 28 JE
Angle of attack, «, deg

(b) Hinge-moment coefficient.

Figure. 8 —concluded.




NACA RM No. A7K24 Fig. 9a

/4
2
Q
e = K\
A=3 i
8 b*’\o\
EAREER
6 VA
_ /uge = 4 W
4 W A oo
= /d K
k.,'g /{ 5/ be =-/5
° )4 A
b
il :
o ) 2
(&)
= A
E / O Sealed
7] , O do
' /3 O Unsealed

73 A do

Nk

QAR

~_NACA |

LR
e o <. & 12 6. 20 24
Angle of attack, «, deg

(a) Lift coefficient.
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ficients with and without elevator seal on the unswept
tail. Aspect ratio 3; R, 3.0x/0°




Fig. 9b NACA RM No. A7K24

20
o i —
X Al
5 \O”’Q\O%ﬁ\ét\zs\
/
. N A2 Se ==/5
S K
08
3 \
S 04
S 0
O
3
0
3
§ s %gkﬂ\g\
g O~ u\\@ 86’ = 4
§ —08 \\Q *\6\‘ 'l
P
2 \ |
O Sealed l
e o do \ A=3
’ O Unsealed 2
& e UQ\O**o—'o*{)
=20
24
| | | |

-4 o, S 8 12 16 20 24 28 32
Angle of attack, «, deg

(b) Hinge-moment coefficient.

Figure. 9. —concluded.




10a

Fig.

A7TK24

NACA RM No.

T—-‘

[~
o
AL

ERs
]
The—

.

Pos:
s S
=
2=
i

/4

.40

c.:m.s.\tmoo _.:.3 _

QRERR HRRRR
R, ;
NNVNINE :
ERANARNTE
RN
RUANRNTRNVINN SN
/AVHJ,D/M// /Jr ) P
PR R
y/s/da VAR
NWRRAN
RO
R
/%% )
ARNNNRN
TN BN T 6 S
REORING NN
N K
IR R
A KR
bas SeEsstonmcy N :
<opoooabasvipd ﬂ ﬁ_
AL
) }
T
LY S
Ny 0 ® & ¥ N O & ¥ e

28

/16 20 24

2

=24 =200 /60 =28 =80 -4

728

Angle of attack, «, deg

(a) Lift coefficient.

Figure 10~ Lift, hinge-moment, and pitching-moment coefficients of the 35° swept-back tail.

Aspect ratio 3; R, 3.0x/0°
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