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SUMMARY

An investigation to determine the longitudinal and lateral control
characteristics of an airplane configuration having a trapezoidal wing
with modified hexagonal airfoil section and a cruciform tail with 5° semi-
angle wedge section has been carried out in the Langley 9- by 9-inch Mach

- number 4 blowdown jet. Tests on the complete model and on the model with
either the upper or lower vertical tail removed were made at a Mach num-

ber of 4.06 and a Reynolds number of 2.7 X 106, based on wing mean aero-
dynamic chord. Data were obtained for angles of attack from 0° up to 12°
at angles of sideslip from 0° up to 8°. The incidence angles of the all-
movable tails were varied from 6° to —80, which permitted obtaining effec-
tive downwash angle as well as control effectiveness. The data are pre-
sented with respect to the body axes.

INTRODUCTION

The aircraft configurations previously investigated experimentally
at high supersonic and hypersonic speeds have been restricted to missile
types which were not required to land, and which therefore had relatively
small wings or wings of very low aspect ratio. The purpose of the present
investigation was to determine the characteristics of a configuration
conforming more closely to a piloted aircraft having a wing area suffi-
cient for conventional landing. Of the various possible configurations,
one was selected for this exploratory study which was expected to have

3 satisfactory low-speed characteristics and satisfactory transonic char-
acteristies. This configuration (fig. 1) employs a trapezoidal wing and
the arrangement, in general, is similar to conventional airplanes. Two
particular features were incorporated which are believed to be desirable
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for high supersonic and hypersonic operation - relatively large leading-
edge radii for both wing and tails, and wedge-shaped sections for the
tails. The wing and tail sections were designed with large leading-edge
radii because of heat-transfer considerations at high Mach numbers. The
wing leading-edge radius, for example, would be approximately 1.5 inches
at the wing-fuselage intersection for a full-size airplane having a wing
span of about 28 feet. Inasmuch as the effectiveness of lifting surfaces
having flat-plate or conventional supersonic airfoil sections decreases
considerably with Mach number at high supersonic speeds (ref. 1), the
effectiveness of tail surfaces of conventional size utilizing these air-
foil sections would be marginal or insufficient at the Mach number of
the present tests. Several types of tail airfoil sections therefore are
being considered and the present results were obtained with a 50 semi-
angle wedge section.

In references 2, 3, and 4, longitudinal and lateral stability data
were presented for this airplane configuration and various combinations
of its components at Mach numbers of 4.06 and 6.86. Reference 5 presents
longitudinal and lateral control data at Mach number 6.86. This report
presents the longitudinal and lateral control characteristics at Mach
number 4.06 of the complete configuration and of the configuration with
either the upper or lower vertical tall removed. The data have been
analyzed only to the extent that effective downwash angle and some sta-
bility determinants have been obtained.

SYMBOLS

The results of the tests are presented as standard NACA coefficients
of forces and moments. The data are referred to the body axes (fig. 2)
with the reference center of gravity at 54 percent of the wing mean aero-
dynamic chord (52.66 percent of the body length from the body nose).

CN normal-force coefficient, -ZB/qS

CY lateral-force coefficient, Y/qS

Cm pitching-moment coefficient about center of gravity, M'/qSE
Cn yawing-moment coefficient about center of gravity, N/qu

c. rolling-moment coefficient, L/qu

ZB force along ZB axis
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Y. force along Y-axis

M’ moment about Y-axis

N moment about ZB—axis

L moment about XB—axis

q free-stream dynamic pressure

S total wing area, including area submerged in fuselage

C wing chord

e wing mean gerodynamic chord

Cy tail root chord

b wing span

R Reynolds number based on ¢

M Mach number

a angle of attack of fuselage center line, deg

B angle of sideslip, deg

ig angle of incidence of horizontal tail relative to fuselage
center line, deg

iV angle of incidence of vertical tail relative to fuselage

center line, deg

m

effective angle of downwash, deg

Cmt increment of pitching-moment coefficient provided by the tail
np neutral-point location, percent of body length

aCm

— = rate of change of pitching-moment coefficient with normal-

oC force coefficient

=
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oc

=L rate of change of pitching-moment coefficient with horizontal-
dig tail incidence angle

de

— rate of change of effective downwash angle with angle of
O attack

Cy rate of change of lateral-force coefficient with angle of
B sideslip

Cn rate of change of yawing-moment coefficient with angle of
B sideslip

Cl rate of change of rolling-moment coefficient with angle of
P of sideslip

Model designations:

B body

W wing

TH horizontal tail
TVU upper vertical tail
‘I‘VL lower vertical tail

APPARATUS

The tests were conducted in the Langley 9- by 9-inch Mach num-
ber 4 blowdown jet, which is described and for which a calibration is
given in reference 6. The settling-chamber pressure, which was held
constant by a pressure-regulating valve, and the corresponding air
temperature were continuously recorded during each run. A sting-mounted
internal strain-gage balance which measured normal force, pitching

moment, side force, yawing moment, and rolling moment was used to obtain
the data.

MODELS

The model configurations used for the present tests consisted of a
complete model (figs. 1 and 3) and the model with either the upper or
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lower vertical tail removed. Details concerning the geometric charac-
teristics of the model and the wing and tail sections are given in

teble I and figures 3 and 4. The model designations used throughout

the report are graphically illustrated in figure 5. The wing has a
trapezoidal plan form with a hexagonal section that has been modified by
rounding the leading edge to a l-percent-chord radius and blunting the
trailing edge to a 2-percent-chord thickness. The wing has a maximum
thickness of 4 percent, and the quarter chord is swept back 29°. The
tails have a trapezoidal plan form, 5° semiangle wedge section, and
0.007-inch leading-edge radius. The all-movable tails pivot about axes

through the 53% percent root-chord station of the tail (fig. 3). A

photograph of the complete airplane configuration installed in the
Langley 9- by 9-inch Mach number 4 blowdown jet is presented in figure 6.

TESTS

The settling-chamber stagnation temperature during any single run
varied from approximately 80° to 40° F, and the settling-chamber stagna-
tion pressure was held at approximately 186 1lb/sq in. abs. These condi-

tions correspond approximately to a Reynolds number of 2.7 X 106, based
on the wing mean aerodynamic chord. The tests were run at humidities

below 5 X lO'6 pounds of water vapor per pound of dry air, which is
believed to be low enough to eliminate water-condensation effects. The
test-section static temperature and pressure did not reach the point
where liquefaction of air would take place. Data were obtained for angles
of attack from 0° up to 12° at angles of sideslip from 0° up to 8°. The
tail incidence angle was varied from 6° to -8°. The tests with varying
horizontal-tail incidence were made only at zero vertical-tail incidence
and the tests with varying vertical-tail incidence were made only at zero
horizontal-tail incidence.

PRECISION OF DATA

The probable uncertainties in the test data due to the accuracy
limitations of the balances and the recording equipment and the ability
of the system to repeat data points are listed in the table below. The
accuracy of the rolling-moment coefficients is low relative to the maxi-
mum rolling moment encountered. This is because rolling-moment gages
were added to an existing balance which was not originally designed to
measure rolling moment.
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I I 10.001
O T 10.0003
O T T R S I R +0.0004
O T 10.00005
O 10.0009
Qy BEE = ¢ o o o o o o o o s o e e o s @ o e 4 s 6 e o o & = *O. 1
Bl dEZ o n en e o e e e e R e e e e e 10.1
RESULTS

The experimental longitudinal and lateral control characteristics
of the configurations are given for all angles of attack and sideslip
tested in table II, and representative portions of the data are pre-
sented in the figures. Equations for transferring these coefficients
from the body axes to the stability axes are presented in the appendix.

The longitudinal control characteristics of the models are presented
in figures 7 and 8. Trim longitudinal stability determinants and trim
longitudinal characteristics for the complete model are presented in
figures 9 to 11. The effective downwash angle was obtained by means of
the relation

Oy

€e=qa+ i; - ——
T o oty

The effects of sideslip angle on the lateral and longitudinal char-
acteristics of the models are presented in figures 12 to 14. Figure 15
presents some lateral stability parameters. The variations of the lateral
characteristics with normal-force coefficient are presented in figure 16,
and in figure 17 the effect on the yawing-moment coefficient of varying
the vertical tail incidence angle is presented.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., February 16, 1955.
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APPENDIX

The equations for the transfer of force and moment coefficients from
the body-axis system to the stability-axis system are as follows:

Cl = ClB cos a + CnB sint o
C =@ cos a - C sin o
n, nB ZB

Cng = Cmp

Inasmuch as longitudinal forces were not measured, the axis-transfer
equations for 1lift and drag coefficients are not given here.
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TABLE I.- GEOMETRIC CHARACTERISTICS OF COMPLETE MODEL

Wing:
Area (including area submerged in fuselage), sq in. . . . . . 6.2k
SpaR; i0: L.« . R . el el e A BE
Mean aerodynamic chord in. 2 5 Tl B o R e T T SRR OO e PABME R ok |
Reotichord, in. . . .. S G e o S BRSNS S o s 29D
Tip chord, in. MO Tl - ) SRS ot & @nE
iNiefodlsseetiion o o o b oK Hexagonal with round leading edge
U e e e s R e R A s T o)
Aspeet ratio . i - S B a8 B0 o oo dalEs B oG e 3.00
Sweep of leading edge, deg e L B e o A il SE o iehe. . SONEBD
Sweep of quarter-chord ldne, deg : . o o o o o & o o o o o o o 29
Incidence at fuselage center line, deg . . . . « « ¢ ¢« ¢ ¢ « & 0
DiRednaliaNdeg MR i e o e f e e o e sl e sl el s s e e @ e 0
Geomefrdcitwilist i deg o oT o e 5 i e o e e e vie e e e e e e e 0

Horizontal and vertical tails:
Area (including area submerged in fuselage), Sq IR 2.06
Spab;, in. . | Ik A A B P A - v o o)
Mean aerodynamic chord in e ol st boSm s sl L . 0855
B T " e s . 5 o s 5w e s ags e #e e s e s o LOLH
Tip chord, in. 6 o 0.0lo O o b 66 G 0 oDl o C e O ST
Nilinfod ISectIOont . .« ¢ ol e o & o el o @ s oaf e e e 50 semiangle wedge
e AT "R ¢ - 5 |
Aspect ratio . . . 5 6 0 6 580G b oo o0 o a6 o DD
Sweep of leading edge, deg D T A i s
Dibedral s deg . . . . e T TP T RIS SRS B S C e S 0

Fuselage:
liengithyisin . s o . sile ol 6et O o Ao oo 5G G 6 o oG 0D T-50
Maximum diameter, in Rl el LTl (e S S et O 790
PINEeneE s Mra bl ON. L tlhe = o @ 5 o o 5 % o6 sa e e s s el e s e e 9.50
Bagerdiameter,nin. . o . ¢ o ¢ o o - e P e R 08 [0
Distance from nose to moment reference el L 950
Ogive nose length, in. Y hao o s 0o 66 00D 808 08 2.29

I i T R . 5 . e % S cmmes v ik oss s suen 685
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TABLE IT

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF

MODELS BWIgTyyTyr, BWIgTyy, AND BWTHTyr

[Body-a.xis data; M = 4.06; R = 2.7 X 106]

c
1o a B Cy (o5 Cy Ch i
(a) BiTyTyyTyy,
I 0 0 0 0.0115 -0.0219 | -0.0007 -0.0001 0.0006
1 00162 -.0231 —[ertaly/ .0025 .0012
2 20151 -.0231 —.0231 .0050 .0012
3 .01L2 ~. 0230 -.03lk .0075 . 0009
L .0127 -.0228 -.0L60 0099 0
( S .0129 =20230 -.0573 L0122 —:0001
2 0 .0599 -.0367 .0002 ~20002 .0006
1 .0673 -.0389 -.0111 .002) .0010
2 L0670 -.0387 -.0226 .0050 .0011
3 065 -.0388 -.0336 .0073 .0010 b
L L0656 -.0387 -.0L453 .0098 -.0001
\ 5 .0657 -.0388 -.056) .0120 .0001
L 0 .1189 -.0526 .0011 -.0002 . 0008 =
i il .1205 -.0532 —.0103 .0021 .0007
Y \ 2 .1220 -.0533 -.0220 .00L7 .0008
2 0 0 0 .0068 -.0106 -.0001 0 .0002
0 L0090 -.0104 -.0001 -.0001 .000L
L .0092 -.010l -.0107 .0025 -.0005
1 .008l -.0103 =018 .0025 .000L
2 .0081 -.0104L -.0225 .00L9 -.0005
2 .0062 -.0098 -.0232 .0051 .0006
3 .0075 -.0107 -.03lL .007L -.0005
3 .0052 -.0100 -.0347 .0075 .0006
L .0075 -.0110 -.0l56 .0099 -.000L
i 0058 -.0105 | -.0L67 .0100 0008
5] .0075 -.0113 -.0574 L0122 -.0002
g .0030 -.010} -.0589 .0123 .0007
2 0 .0568 -.0252 | .,0006 -.0001 000k
1 .0581 -.0250 | -.0103 .0023 0
2 .0582 —:0251 | =.0217 .00L9 .0001
3 .0585 -.0257 -.0336 .007L -.0001
L .0593 -.0259 -.0ll9 . 0097 .0002 ~
5 .0595 -.0262 -.0566 .0120 0
( \ 5 L0573 -.0259 | -.0580 .0121 .0009
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TABLE II.- Continued
LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF
MODELS BWT.T. T, BWI T ., AND BWI.T -
[Body-axis data; M = 4.06; R = 2.7 X 106]
(a) BWIT T, - Continued
2 0 L 0 0.1143 -0.0394 0.001 | =0.0002 0.0003
1 .1125 ~,0386 -.0093 .0021 .0003
2 .1125 e 0387 - 0216 .OdJB o(m3
3 .1127 -,0386 -.0328 .0071 »0001
Ll -1127 ".0388 -oohh9 00097 .0001
6 0 L1677 ~.0530 .002) -.0002 . 0005
L ¢ l -1675 ve 0526 -.0091 .0021 .0003
¥ 3 2 1678 -.0523 - 0211 0047 .000}
0 ,J. O O e 0032 .0025 0017,.‘ - Ollh 00002
0 -, 0007 .0011 .0177 -.0118 .0011
1 -.0027 .0022 .0055 -.0087 .0001
1 “e 0007 . 0012 00060 "00091 . 0010‘
2 -.0005 .0016 -.0058 -.0061 .0001
2 -.0001 .0012 -. 005 -.0068Y .0007
3 =9 0016 ooon‘ et} 0176 e 0036 .0001
3 -.0012 .0011 -.0173 -.0039 .0005
L -.0011 .0011 -.0283 -.001; .0002
5 -.0016 .0010 -.0,401 .001L .0001
6 -.0021 .0011 -.0527 .0036 .0000
7 -,0021 .0012 -,0663 . 0062 -.0004
\ 8 | -.0005 .0012 -.0798 .0086 -.000l
2 1 -d‘a? ".0120 00%0 "00089 .0008
2 .0505 -.0122 -.0053 -.0063 .0008
3 .0L8L ~.0118 -.0170 -.0037 .0005
h 00515 -00127 "00286 -‘0012 ‘OCDB
5 .0u87 -.0128 -.0416 .0016 . 0006
6 .0511 -.0128 -.0546 .0039 .0002
] + Y 7 .0516 -.0130 -.068L .0066 000k
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TABLE II.- Continued

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF

MODELS BWTyTyyTyr, BWIgTyy, AND BWIyTyp

[Body-axis data; M = 4.06; R = 2.7 X 1o§]

iy | iy | @ P Cy Cn Cy Cn Cy
(a) BWTHTyTyr, - Continued
0 L L il 0.1050 ~0.021,7 0.0075 -0.0091 0.0005
2 -.105L -.02L5 -.0045 +006), .0005
3 .10L4L -.0245 -,0163 -.0039 .0003
L .10L3 -.02)42 -.028) -.001Y .0001
S -1036 "002,48 '-0’4111 omlll 00002
6 01058 -90250 -.055'4 00039 ooodl
i/ .1087 -.025) -.0693 .0066 .0000
6 2 .1596 -.0376 -.0039 -, 0068 .0002
3 .1588 =.0366 -.0161 -.00L2 +0000 k
,J 01588 e 0366 = 02 93 =0 001).1 = 0003
5 .1570 -,036l -,0L426 .0013 .0003
7 01610 _0036)-1 "00699 om67 -00003 =
\ 8 .1609 -.0359 -.0837 .0090 -.0009
8 Ly .2192 -.0497 -.0291 -.0017 -.0006
LY | v | s .2188 -.0L97 -.0LLO .001l -.0006
0 2 0 0 -.0033 .0018 .0081 -.0056 ,0011
il -,003L .0017 -.0033 -,0029 .001Y
2 -.0023 .001l -.0046 -, 0005 .0013
3 -.0018 .0011 -.0262 .0018 ,0012
L -.0029 .0012 -.0380 .00kl .001h
5 -.0023 .0012 -.0499 . 0069 .0013
6 -.0012 .0013 -.0626 .0093 .0010
7 -.0012 .0013 -.076L .0118 .0007
8 e 0012 00013 ’.0887 00139 . OO%
2 0 .0513 -.012} .0093 -.0057 .0003
1 .0513 -.0125 -.0020 -.0032 .0005
2 . 0511‘ 2'e 0128 e 0136 e wd-l .0006
3 .0512 -.0133 -.0249 +0017 .0006
L .0515 -.0133 -.0367 .00l2 .0005
5 00519 e 013’4 =) d-‘9l QCD66 .0005 n
Y 6 .0522 -.0136 -,0619 .0091 .000L
\Y 7 .0526 -.0138 -.0757 .0118 .0008
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TABLE II.- Continued

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF

MODELS  BWTHTyyTyr,

BWTgTyy, AND BWTgTyp,

I:Body-a.xis data; M = 4.06; R = 2.7 X 106]
e LB CN C Cy Cn G
(a) BWIgTyyTyy, - Continued
0 2 L 0 0.1039 -0.0246 0.0100 | =-0.0059 |=0.0001
1 .1039 -,0248 -.0015 -.003L .0000
2 .1039 =-.02U7 -.0136 -,0007 » 0000
3 old-lh '~02h9 -00250 00017 OOOOO
L .10L9 -.0250 -.0377 .00h2 .0000
5 .10L49 -,0252 -.0495 . 0067 .0000
6 .1054 -,0254 -.0633 .0093 -.0001
( 7 106l -.0253 -.0771 .0120 | =-.0001
6 0 01553 -00371 ‘0109 -00059 -.OOOS
il 1553 -.0369 -.0010 -.003L -.0005
2 .1587 -.037L -.0130 -.0010 -.0007
3 01592 -00371 “00255 00016 -.0005
h cls% -|0371 -00381 .Oohz -.0006
S 01589 -00367 _00506 oWéB ‘.10006
Y 6 .1596 -.0366 | =-.0635 .00%, -.0005
8 2 .2157 -.0501 -.0130 -.0011 -.0017
3 ozms "od496 ’00251 000124 -noolh
r W * )4 02150 -od-l93 -00379 -OQJ]- -00012
0 0 Table II (a) ref, 2
0 =2 0 0 -.0018 .001Y -.0100 .0058 .0011
1 "50002 00011 ’00211 .008)4 00013
2 -00002 .0009 -00325 00108 00012
3 -.0007 .0006 -.04L3 .0133 .0013
3 =g 003 7 . 0013 o Ohllo B 0133 . 0003
2 0 0499 -.0127 | =-.0087 .0058 .0013
l 00525 -00130 "00197 00082 .OCX)S
2 .0527 -.0131 -.0313 .0107 .0006
Y Y 3 L0495 -.0131 | -.0u33 .0132 .0005

13
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TABLE II.- Continued

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF

MODELS BWTHTVUTVL’ BWTH$VU, AND BWTHQVL

[Body~axis data; M = 4.06; R = 2.7 X lOé

iy iy | @ P Cxn Cp Gy Cn 1
(a) BWT, T Typ, - Continued
0 -2 L 0 0.1050 -0.0258 [-0.0078 |0.0057 |0.0010
1 .1057 -.0257 -.0188 .0081 .0005
2 .1053 -.0255 -.0308 .0107 .0005
6 0 .158) -.0387 -.0073 .0057 .0011
r & 1 .1586 -.0387 -.0187 .0082 .0007
\ 2 .1585 -.0380 | -.0305 | .0106 | .0005
0 -y 0 0 -.0037 .0019 -.0192 .0120 .0003
2 0 .0507 -.0125 -.0181 .0120 0006
# \ L 0 .107h -.0261 | -.0172 | .0119 | .0008
-2 0 0 0 -.0065 .011) -.0006 .0001 .0008
0 -.0075 .0116 0 0 0
1 -.0039 .0112 -.0120 . 0026 ,0015
1 -.0080 .0116 -.0113 .0025 | -.0002
2 -.0059 .0115 -.0228 .0050 .0003
2 -.0080 .0117 -.0231 .0050 .0001
3 -.0080 .0120 -.03L0 .0073 . 0005
3 -.0080 .0115 -.03L3 .007L |0
L -.0106 .011L -.0472 .0100 .0007
L -.0085 .0113 -.0L461 .0100 | -.0001
\ 5 -.0085 .0118 -.0576 .0123 .0001
2 O . d.536 =e 0010 . 0003 . 0001 . 0009
1 L0430 -.0016 -,0112 .0025 .0010
2 .0428 -.0011 -.0222 .0050 .0007
3 .0L00 -.0006 -.0336 .0072 .000L
L .0L410 -.0016 -.0L6L .0099 .0008
Y YIY | 5| .ou3s -.0016 | -.0575 | .0121 |o.
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TABLE II.- Continued

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF

MODELS BWIgTyyTyr, BWIgTyy, AND BWTgTyr,

[Body-a.xis data; M = 4.06; R = 2.7 X 106:|

iH iy a ﬁ CN Cm CY Cn CZ
(a) BWTHTyyTyy, - Continued

-2 0 L 0 0.0979 -0.0131 0.0009 |0 0.0011
l 00958 = 0132 -00099 t0023 00011
2 00971-1 -00131 ".0217 00050 00006

3 .096L -.0126 -.0327 .0070 | .000L
L .0968 -.013L -.0u63 .0099 | .0010

5 .0979 -.0133 -.0573 .0123 | .0005
6 0 .1518 -.0257 ,0018 |~-.0001 | .0010
il L1191 ~.0257 -.0095 .0023 | .0009

- 2 .1507 -.025) -.0219 .0048 | .000L
3 . 1501 b O2hl e 0327 00070 .Oooh
N .1507 -.0250 -.0LT7h .0100 | .0010

/ 5 .1496 -.02L1 -.0592 .0125 | .0005
8 0 .2078 ~-.0381 .0035 |=~.0002 | .0005
il .2085 -.0394 -.00%0 .002 | .0009
l 2 .2083 -.0383 -.0219 .0050 | .0006

Y Y 3 .2062 ~.0372 -.0331 | .0071 |0

- 0 0 0 -.0138 .02L0 -.0007 O . 0010
] -,0101 .0229 -.0120 .0026 | .0009
2 -.0128 .0238 -.023) .0051 | .0011
3 =e 01)49 002).18 s 031.]»7 00076 00w9
r h -00160 00252 --0,-‘67 .0100 .0009
5 -00160 0026,-‘ e 0579 00123 .0010
2 0 .0330 -0117 -.0003 | =.0001 | .0011
1 00365 oolnl e 0108 .002)-1 00006
2 .0365 <0122 -.0226 .0050 | .0005
3 00359 .01114 e 0339 .00714 '0006

Y 5 .0348 .0123 -.057% | .0122 | .0008
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TABLE II.- Continued

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF

MODELS BWTyTyyTyr, BWIgTyy, AND BWIyTyr

[ﬁody-axis data; M = 4.06; R = 2.7 x 105]

ig iy a B Cn Cn Cy Cn Cy
(a) BWTgTyyTyy, - Continued
-l 0 L 0 0.0888 -0.0005 0.0007 -0.0001 0,001}
1 .08%4, -.0003 -.0099 .0022 ,0003
2 00896 = Oooh e 0219 00%9 0000)4
3 .0899 -,0001 -.0332 .0073 .0002
L .0876 . 0004 -.0L5L .0098 .0003
5 .0878 . 0006 -.0569 .0121 .0003
6 0 L1415 -.0123 .0017 -.0001 .0016
1 J122 -.0125 -.0097 .0023 .0004
2 L1416 -.0123 -.0223 .00L8 . 0006
3 .110 -.011) -.03LL .0073 .0010
L 112 -.0109 -.0L73 .0100 .0010
\ 5 L1417 -.0104 | -.0597 012 .0013
8 0 ,1986 -.0260 .0027 -.0002 .001h
1 .199L -.0259 -.0090 .0023 -.0001
2 <199, -.0253 -.022) .0051 .0002
3 .2001 -.0250 -.0348 .0075 .0006
’ N .2006 -.0245 -.0479 .0102 .0008
! 5 .2008 -.02L0 | -.0609 .0128 .0011
10 0 .2693 -.0L55 .0038 -.0002 .0017
[ Y | ¥ 1 2669 -.0LLk5 | -.0101 0026 .0002
-6 0 0 0 -.0237 .0380 -.0010 0 .0006
]! -.0180 .0365 -.0113 .0027 .0003
1 -.0209 .0372 -.0113 .0025 .0003
2 -.0206 .0372 -.0226 .0051 -.0001
2 -.021) .037L -.0231 .0051 .0002
3 ~-.0207 .0373 -.0338 .0076 -.0002
3 -.0223 .037L -.03LL .0075 .0003
L -.0207 .0378 -.0lL53 .0100 -.0003
L -.0227 L0374 -.0L62 .0100 .0003
3 -.0213 .0382 -, 0567 .0123 -.0005
5 -.0209 .0375 -.0579 .0123 .0003
Y v iY | 6 | -.0o11 .0376 | -.0659 .0133 | -.0008
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TABLE II.- Continued

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF

MODELS BWIgTyyfTyy, BWTyTyy, AND BWTHT L

[Body-axis data; M= 4.06; R = 2.7 x 1oé]

17

iy iy a B CN Cm Cy Cn Cy
(a) BWTHTVUTVL - Continued
-6 0 2 0 0.02440 0.02L5 -0.0002 0.0001 | 0.0008
a1 .0272 .0240 -.0115 .0026 .0003
2 . 0268 .0248 -.0228 .0052 . 0002
3 00269 002h8 -003)42 00076 Q(X)Ol
, I .0287 .02L8 -.0LL8 .0097 | =.000)
\ 5 .0253 .0250 -.0576 .0123 .0005
L 0 .0793 .0132 .0007 0 .0008
). .0803 .0127 -.0103 .002 0005
2 .0811 .0132 -.022) .0051 000l
3 .0806 <0137 -.0336 .007k .0002
).‘ . 0806 . 011.13 e (11,.‘6 00097 . OOOl
-1 5 .0786 .011,0 -.0577 .0123 | .0009
6 0 .1325 .0017 .0016 -.0001 .0007
it .1329 .0010 -.0101 .002Y 000
2 .1352 .0017 -.0221 .0049 .0003
3 1339 .0027 -.0335 .007k .0001
Y 5 .1318 .0036 -.0593 .0125 .0009
8 0 .1868 -.0121 <0027 -.0002 .0007
l . 1876 = Olzh e 0096 0 0025 . 0005
2 .1905 -.0118 -.0226 .0052 .0005
3 .1898 -.0110 -.0342 .0076 |0

L +1937 -.0110 -.0L68 .0101 .0001
\ S .1908 -.0107 -.0610 .0129 .0012
10 0 .2588 -.0320 .0039 -.0003 .0002
1 .2561 -.0316 -.0106 .0028 | -.0002
y 2 .2589 -.0309 -.0232 .0053 .0003
) Y 3 2608 -.0306 -.0352 .0076 | -.0001




18 NACA RM L55B28

TABLE IT.- Continued

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF

MODELS BWIgTyyTyr, BWIgTyy, AND BWTgTyr

[ﬁody-axis data; M = 4.065 R = 2.7 X 106}

ip iy a B CN Cn Cy Cn C1
(a) BWIHTyyTyr, - Continued
-8 0 0 0 -0.0332 0.051l =0,0011 0.0001 0.0003
1 -.0316 .0513 -,0122 .0026 -.0001
2 e 0279 00503 _00236 00052 ".0002
3 -.0290 .0508 -.0350 .0076 -.0002
3 -.0330 .0509 -.0353 .0078 .0012
I -.0290 .0513 -. 0468 .0102 -.0005
5 -.0279 .0L86 -.0559 .011) -.0008
6 -.0259 oO!JSB -006)-11 10118 ".0007
2 0 .018L .0368 -.0005 »0002 .0001
7, 0168 L0371 -.,011l .0026 .0003
2 c0188 00377 e 0227 00051 -.0001
3 .0161 .0373 -.03L9 L0077 .0012
L .0178 .038L -.0L6L .0101 .0008
5 .0168 .0390 -.0575 .012L .0006
I 0 .0721 .0264 .0007 0 . 0002
1 .0720 .0259 -.0105 .0025 .0002
2 .0721 .0268 -.0223 .0051 -.0002
3 .0692 .0268 -.03LL .0075 .0016
N .0722 L0279 -.0465 .0100 .0012
5 .072L .0281 -.0579 .012 .0010
6 0 L1247 L0147 .0013 0 .0001
1 .1253 .01k -.0103 .002) .0002
2 L1261 .0155 -.0219 .0050 -.0002
3 .1231 .0159 -.03L8 .0075 .0017
Ll- 0125!-‘ 00171 e dl72 .0101 ooolh
{ | 5 .1238 .0182 -.0586 .0126 .0012
8 0 .1869 -.0021 .002Y 0 0
1 .1808 -,0003 -.0095 .0025 .0001
2 ,1831 .0008 -.0222 .0052 .0002
3 .1811 .0012 -.035L .0077 .0017
L .18L0 .0022 -.0L85 .0103 .001L
Y YIY | ® .1837 .0033 -.0607 .0130 .001L4
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TABLE II.- Continued
LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF
MODELS BWTgTyTyr s BWTToys AND BWT T
Eody;axis data; M = 4.06; R = 2.7 x 1oé]
iy iy a B CN Cm Cy Cn Cy
(a) BWT T yTyr, - Concluded
-8 01 10 0 0.2532 -0.0206 0.0035 -0.0001  }0,0001
1 .2519 -.0200 -.0107 .0028 .0001
2 .2530 -.019Y -.0226 .0053 -.0003
3 .2522 -.0185 -.0363 .0078 .0020
,4 02521 -00172 -00502 00107 00017
1 0 .3185 -.0352 ,0052 -.0003 -~.0001
1 .3162 -.03L9 -.0099 .0028 -, 0001
4 ¢[ 2 23177 -.0342 -.0232 .0053 -.0001
(b) BWT T\
0 6 0 0 -.0041 . 0081 .0129 -.0088 .0027
1 -.0035 .0079 .00L49 -.0082 .0019
2 -.003 .0076 -.0033 -.0077 .0012
3 e 0061 .0080 o 0115 '-0073 . 0002
).l ‘.O%s 00081 e 0209 e 0%9 .0010
6 -.0063 .0082 -.0399 -.0053 -.0003
Y |8 -.0061 .0085 | -.0620 | -.003L | -.0013
2 0 0479 -.0051 .0126 -.0080 .0025
i . 0466 -.00L40 .00L8 -.0078 .0016
2 .0L80 -.0052 -,0032 ~-.0076 .0005
3 . dJ62 -9 00,.10 bt} 0107 e 0073 e 0003
L .0L62 -.005L -.0203 -.0071 .0006
¢ 6 .0L65 -.0047 | -.0385 | -.0059 | -.0009
8 odl?a s 00116 --0611 e Ooho "00019
L 0 1027 -,0177 .0126 -.007L .0021
i) .1020 -.017Y4 .0051 -.0075 .0012
2 .1020 -.0173 -.0029 -.0075 .0005
3 » 100k -.0167 -.0105 -.007L -.0007
b .0993 -, 0165 -.019, -.007L .0001
2 v 6 .1008 -.0162 | -,0382 -.006L4 | -.0010
Y' 8 .1022 -.0152 -.0607 -.00l45 -.0025
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TABLE II.- Continued

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF

MODELS BWTyTyyTyr,» BWTgTyys AND  BWT Ty,

E30dy—a.xis data; M = 4.06; R = 2.7 x 106]

iy iy e | B Cn Cm Cy Cn Cy
(b) BWTyTyy - Continued
0 6 6 0 0.1553 -0.0303 0.0127 -0.0069 | 0.0016
1 .1572 -,0303 .0052 -,0071 .0010
2 .1556 -.0295 -.0025 -.007L4 | ~.0002
3 .15L3 -.0286 -,0107 -.0075 | ~.0012
L .1540 -.0283 -.0201 -.0076 . 0000
6 01537 e 0265 -00391 -00067 e, 0018
8 .155L -.0255 -.0612 -.0049 | ~-.0037
8 6 +20412 -.0383 -.0L0okL -,0068 | ~.0023
/ { | v | 8 .2115 -.0363 -.0626 -.0053 | -.0039
0 N 0 0 -.0009 . 0066 .0080 -,0058 .002L
1 -.0029 .0069 .0002 -,0052 .0016
2 e 003)-1 00071 e 0077 -Omhe .0011
3 -.0088 .0087 -,0159 -.00Lk .0000
L -.0041 .0072 -.0251 -.0040 | =.0006
L | 6 -.0066 .0085 -.0LLO -.0025 | =.0016
Y | 8 -.0065 .0091 -.0668 -.0005 | -.0026
2 0 .0L53 -.0041 .0080 -.0053 .0022
il .0L7h -.00)2 .0007 -.0051 .0012
2 .0h76 ‘.Od.lz e 0%9 - oohg ° 0005
3 .0L52 -.00LL -.01L7 -.0047 | -.000L
h . Ohés S OOhl e 02).1.3 -e OOhS e 0010
T 6 .0L95 -.0038 -.0428 -,0035 | -.0020
\ 8 .0L97 -.0034 -.0656 -.0015 | -.0033
L 0 .1038 -.0180 .0085 -.0050 .0018
1 .1019 -.017hL .0015 -.0050 .0012
2 .1012 -.017k -:0062 -,0051 .0006
3 .0997 -.0173 -.01l3 -.0050 | -.0006
L .1020 -.016l -,0229 -.0050 { -.0010
\’ 6 01035 -0016’4 ’odlzs '.00)41 - 0020
Y | Y |8 .1060 -.0153 -.0646 -.0023 |} -.0038
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TABLE II.- Continued

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF

MODELS BWTyTyyTyr, BWIgTyy, AND BWTgTyp

[Bod,v—a.xis data; M = 4.06; R = 2.7 X 100

iH iV a B CN Cm CY Cn Cl
(b) BWTgIyy - Continued
0 L 6 0 0.1588 -0.0310 0.0092 -0.0046 | 0,0017
1 .1556 -.0301 .001L -.00L49 .0008
2 -1559 _10297 -00057 --0052 -.0001
3 . 1538 -y 028h =9 01’42 - 005)4 e 0011
L .1565 -.0287 -.0235 -. 005y | -.0016
6 01563 e 0269 e %25 e 00!46 e 0028
8 .1581 -.0257 -.0650 -.0029 | -.00L43
8 2 22197 -.0L416 -.0069 -.0053 | =,0008
3 .211h -.0410 -.0161 -,0056 | =.,001h
)-1 . 2135 ) 01107 e 02&1 e 0056 v 0018
\’ ( 6 021,-15 - 0389 'c-0h36 - 0d-l9 r 0028
8 .2159 e 0367 -00655 —QOOB,J -.OQ.AB
0 2 0 0 -.0038 .0073 .0036 -,0029 .0010
1 -~ 0038 . 0073 = 00,43 by 00211 . 0005
2 -.0042 .0073 -.0123 -.0021 | -.0002
3 -.0063 .0081 -.0139 -.0017 | -.0003
L -.0061 .0082 -.0293 -,0013 | -.0011
5 e 0%6 .0085 = o38h s 0006 e 0016
6 -.0070 .0089 -.0,86 .0001 | -.0022
7 -.008L .009) -.0599 .0011 | -,0028
7 -, 0049 .0087 -.0597 .0008 | -.0024
8 -.0058 .0096 -.0709 .0021 | =.0034
¥ dag -.0048 .0090 | =-.0710 .0020 | -.0028
2 0 .0L96 -.0057 .00L46 -.0027 +0005
1 . dl;l e th -e 0032 =S m26 . Om?
2 0%7‘-‘ o 00’.10 s 0108 £229 002,4 00001
3 odl?é o | OOLLO = 0190 ) (X)23 = 0006
h . d.;68 = 0038 bt} 0267 e 0020 e 00124
5 0466 -.0038 -.0361 -.0016 | -.0020
6 odlé'? ) oohl e d-lé? bt 0010 o-e 0022
: { ! 7 .0485 -.0038 -.0574 -.0002 | -.0028
\' \{ 8 00508 'oOOhB '00688 .0007 e 0033

2I
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TABLE II.- Continued

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF

MODELS BWTgTyyTyr, BWIgTyy, AND BWTHTyp,

andy_axis data; M = 4.06; R = 2.7 X 10*5]

iy iy | e | B Cn Cn Cy Cn Cy
(b) BWTgTyyy - Continued
0 2 L 0 0.1016 -0.0175 0.0053 -0.0025 0.0002
1 ° 1002 - 0173 bt} 002).1 e 0027 . 000h
2 .1023 -.0176 -,0101 -.0028 -,0002
3 .1005 -.0168 -, 0177 -.0028 -,0008
L .1006 -, 0164 -.0259 -.0027 -,0016
S .101 -.0159 -.0348 -,002 -,002
6 .1004 -.0157 -.0u458 -.0018 -.002L
Y | 8 .1040 -.0147 -.0678 -.0001 | -.0036
6 0 <A57i -.0307 .0058 -.002Y -, 000k
1 .1555 -.0302 -.0016 -.0027 »0000
2 .1550 -.0295 -.0091 -.0030 -.0007
3 .1560 -.0291 -,0175 -,0033 -.0015
’.L . 15115 "o 0279 el 0260 =9 0033 e 0020
5 .15L5 -.0273 -.03U3 -.0030 -,0027
6 «1558 -.026l -.0456 -.0026 -,0029
7 +1545 -.0256 -.0561 -.,0019 -.003L
\ 8 +1557 -.0252 -.0672 -.0010 -.0041
8 0 +2155 -.0LL48 « 0069 -.0022 -.0008
1 .2119 -.0L27 -.0009 -.0027 .0001
2 .2118 -.0417 -.0097 -.0033 -.0007
3 . 2109 = d.tO? e 0172 =e 0036 -o Oolh
L .211) -.0399 -.0260 -.0037 -.0022
5 .212Y -.0392 -,0350 -.0035 -.0030
6 .2127 =9, 0382 =9 0'.163 St ) 0030 ~e 0031
Y Yy |7 .2110 -.036L | =-.0571 | =-.002, | -.0037
8 . 213’-1 =0 0358 = 0682 e 0016 -te 00h8
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TABLE II.- Continued

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF

MODELS BWTyTyyTyr, BWTgTyy, AND BWTgTyr

[Body-axis data; M = 4.06; R = 2.7 x 106J

iy iy | ¢ B Cn Cm Cy Cn Cy
(b) BWTHTyy - Continued
0 0 0 0 -0.0016 0.0063 -0.0009 0.0000 |-0.0001
1 ~e 0052 00073 e 0088 .00011 e 0006
2 -.0051 .0075 -.0170 .0008 -.0010
3 -.0056 .0077 -.0253 .0012 -.001L
,.1 e 0065 00081 "00337 00017 e 0019
5 -.0075 .0085 -.0428 .0023 -,0025
6 ’00069 om92 ‘0053h o0031 -00033
7 -.0062 .0097 -.06L9 .00L0 -.0039
Y | s -.0062 .0102 -.0760 .0051 | -.00L3
2 0 .0L488 -.0056 .0003 . 0000 -, 0008
il . 0486 -.0057 -.0072 .0001 -,0011
2 L0476 -.0057 -.01L49 .0003 -.0016
3 L0476 -.0058 -.0231 .000L -.0022
L .0L77 -.0056 -.0313 . 0006 -.0027
5 00’477 -ooosl = 0!.].02 .OOll “.0032
6 LOuT77 -.0038 -.050L .0016 -.0038
V7 7 .0483 -.0037 -.0619 .0026 -,00L43
8 .Oh89 T 003).1 e 0733 00036 ~e OO’J?
N 0 .1023 -.0181 .0013 0000 .0012
1 .1018 -.0181 -.0062 -.0003 .0007
2 .1007 -.0178 -.0140 -.0003 -.0001
3 .1008 -.017L -.0218 -.0003 -. 0005
L .1019 -.0170 -.0301 -.0003 -.0009
5 .1020 -,0166 -.0393 .0001 -,0015
6 .1005 -.0158 =.0L97 . 0006 -,0020
\ 7 01017 e 01,19 —-0611 .00111 e 0029
; ¥ 8 .1022 — ol -.0722 .0023 | -.0037

25
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TABLE II.- Continued

LONGTTUDINAL AND LATERAL CONTROL CHARACTERISTICS OF

MODELS BWTH¢VUTVL’ BWTH$VU, AND BW'I‘H'I‘VL

[éody-axis data; M = 4.06; R = 2.7 x 100

ig iy a B Cn (b Cy ch Cy
(b) BWT, T, - Continued

0 0 6 0 0.1580 -0.031L 0.0022 -0.0001 | 0.000L
1 .1582 -.0311 -.0051 -.0005 | -.0003

2 .1579 -.0305 -,0126 -,0008 | =.0007

3 .1559 -.0292 -.0207 -.0010 | -.0013

b .1562 -.0287 -.0293 -,0010 | -.0017

S .15L9 -.0273 -.0383 -.0008 | -.0024

6 .1563 -.0263 -.0L483 -.0004 | =.0031

7 .1570 -.0257 -,0591 .0003 | =.00LL

Y | 8 .1580 -.0245 | =-.0700 .0011 | -.0051

8 0 .210L -.0h2h .0037 -.0001 | =-.0003

1 .2107 -.0421 -.0035 -,0006 | =.0008

2 .2103 -.0L1l -.0120 -.0013 | =-.0013

3 .2097 -.0403 -.0199 -.0017 | =-.0020

L .2108 -.03%6 -.0282 -.0019 | -.0024

5 <2121 -.0387 -.0372 -.0017 | =-.0028

6 .2108 -.0375 -.0483 -.0012 | -.0035

7 .212) -.036L -.0596 -.0005 | =.00L41

Y YIY |8 21h) -.0355 | -.0710 .0002 | -.0049
0 -2 0 0 -.0037 .0071 -.0051 .0029 .0002
1 -.0036 .0072 -.0132 .0033 | =-.0003

2 -.00L46 .0077 -.0217 .0037 | =-.0008

3 -.0061 .0082 -.0298 L0041 | -.001k

L -.0060 .008L -.0382 .00L6 | -.0019

5 -.0059 .0088 -.0L473 .0051 | =.0025

6 -.0058 .0095 -.0577 .0059 { -.0033

7 -.0063 .010L -.0688 .0069 | -.0037

¥ YI{Y |8 -.0062 .0126 | -.0805 0081 | -.00L3

k
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TABLE II.- Continued

MODELS = BWTHTyyTyr,»

[ﬁody_axis data; M = 4.06; R = 2.7 x lOé]

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF

BWTHTyyy, AND BWTyTyr,

iH iV a B CN Cm CY Cn Cl
(o) BWT,T.., - Continued
0 -2 2 0 0.0L47hL -0, 005 -0.0035 0.0026 | =0.0002
1 .0L75 -.0054 -.0122 .0028 -.0011
2 20475 -.005L -.0192 .0029 -.0017
3 .0L69 -.005) -.0272 .0030 -.0020
L L0469 -, 0046 -.0358 .0033 -.0025
5 .0L470 -, 00Lk -.0LL5S .0037 -.0031
6 voh?S o) 0036 LY 051‘6 .00}.12 ~e 0037
7 od-lal e 003).1 '.0655 .0051 e Oohl
[ 18 .0Lu82 -.0028 -.0768 L0062 | -.0045
L 0 .1013 -.0179 -.0024 .002) -.0003
- 1 .1022 -.0178 -.0095 .0022 -.0012
2 ,1017 -.0175 -.0173 .0022 -.0018
3 .1019 -, 0169 -.0251 .0021 -.0026
X N .1010 -.0163 -.0335 .0022 -.0030
S .1003 -.015) -.0427 .0025 -.003L
6 .1010 -.01L46 -.0533 .0030 -.0040
7 .1017 -.0137 -.0640 .0037 -.00L6
8 '1025 o 0127 e 0755 .00137 e 0053
6 0 .1559 -.C304 -.0010 .0021 -.0005
1 01557 e 0300 - 008,4 00018 - 0008
2 .1553 -.0295 -.0160 . 001 -.0016
3 .1552 -.0286 -.02L3 .0012 -, 002
L .155) -.0279 -.0333 .0011 -.0036
5 .1545 -.0266 -.0418 .001) -.00L2
6 » 1551, -.0257 -.0522 .0018 -.00L8
\’ 7 +1557 -.0252 -.0629 .0025 -.0053
8 .1563 -.023) -.0742 .003) -.0057
8 0 .2108 -.0l25 .0002 .0019 -.0005
1 .213L -.0426 -.0071 .0015 -.001L
2 .2130 -.0417 -.0153 .0009 -.0021
3 2l -.0410 -.0238 .0001 -.0026
L <2190 -.0399 -.0321 . 0004 -.0032
S 02129 =e 0390 -.Ohlé .0006 e, 0038
¥ 6 .2138 -.0381 -.052L .0010 -.00L6
*! ‘Y ¥ 7 «2123 -.0361 -.0629 .0017 -,005L
8 .211) -.03L8 -.07L8 .002) -.0060
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TABLE II.- Continued

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF

MODELS BWTgTyyTyr, BWIHTyy, AND BWIgTyy,

[ﬁody-axis data; M = 4.06; R = 2.7 X 10%

(b) BWT Ty - Continued
0 - 0 0 -0.00L6 0.0077 -0.0097 0.0058 |[-0.0006
1 -.0056 .0082 -.0179 .0063 -.001L
2 -.OOSS 00085 ‘00259 ‘0066 “00021
3 -.005L .0086 -.03L0 . 0069 -.003L
,.1 -00053 00079 =te 0)421 .007h -00038
\r 6 -.0077 .0126 -.0625 .0089 -.00L3
8 -.0060 .0133 -.0853 .0110 -.0055
2 0 . 060 -.0043 -.0085 .0052 -.0007
1 ooh73 e OO)J)J ‘00158 10053 e 0011
2 0%86 "oOO’J? = 0238 .OOSS —00020
3 00u62 -0O0h3 "00311 00058 ’.0033 -
Ly .0L60 -.00l42 -.0L0oL .0059 -.0039
6 .0L59 -.0028 -.0597 0069 -.0042
L -0LBL -.0013 -.0810 0087 | -.0056 L
L 0 .10l -.0177 -.0063 .00L8 -.0007
1 .1028 -.0177 -.013L .00L6 -.0009
2 01017 "0017)4 “00220 .Ooh6 - 0022
3 .1017 -.016} -.0287 .00L6 -.0035
L .1010 -.0156 -.0372 .00L6 -.0045
\Y 6 .1018 -.0118 -.0577 .005L -.00L5
8 .1019 -.0121 -.0796 .0071 -.0062
6 0 <1579 -.0309 -.0050 .00L3 -, 0006
1 .1568 -.0303 -.012} .00L1 -.0011
2 +1575 -.0298 -.0201 .0037 -.0030
3 .1550 -.0283 -.0272 .0035 -.0035
h . 15,-15 T e 0271 e 0360 . 0033 e oohh
\ 6 01552 -00257 ’00563 .00'41 ~e 00)49
[ | 8 1548 | =.023L -.0777 | .0057 | -.0061
8 0 <2123 -.0LL9 -.0036 .00L40 -.0008
1 .2098 -.0421 -.0113 .0037 -.001)
2 .21L8 -.0421 -.0189 .0030 -.002
3 .2120 -.0403 -.0266 .0025 -.0033
h 02137 —003914 e 03)-15 -0020 e (x}hh 4
‘Y Y v, 6 L2142 -.0377 -.0562 .0030 -.0045
8 22137 -.03L46 -.0783 .00LL -.0061
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TABLE II.- Continued

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF

MODELS BWTgIyyTyr, BWIgTyy, AND BWTHTyr,

ESOdy-axiS data; M = 4.06; R = 2.7 x 106}

iH lv a ﬁ CN Cm CY Cn Cz
(b) BWTgIyy - Continued
0 -6 0 0 -0.0050 0.0081 [-0.0142 0.0088 |-0.0016
il -.0049 .0085 -.022) +0092 -.0025
2 -.0048 .0090 -.0303 .0097 -,0030
3 -coobo .OOQJ. ==e 0387 .0101 -0001‘2
L -.0067 .0101 -.0481 .0107 -.0043
6 - 0075 00130 e 0&9 00119 e 0059
Yy -.0063 .0129 | -.0874 L0133 | -.0069
2 Cl od.l?l e 0051 e 0123 00080 e 00111
1 .0490 -.0050 -.0191 .0081 -.0020
2 0466 -.00L3 -.0277 .008L -.0031
3 . 0).151 - sz = 0356 . 0086 e OO)JO
h 00)45!4 'ow32 -.d.lSl 00089 "oooul
6 00117,-‘ -.0019 = 06324 00097 -00059
N .0L67 -.0003 | -.085L .0117 | -.0071
L 0 .1019 -,0178 -.010L .0073 -.0012
1 .1015 -.0171 -,0179 .0072 -,002}
2 .103L -.0175 -.0257 .0072 -.0035
3 .1010 -.0158 -.0333 .0073 -,0043
h ) 1002 =l 0150 e 0112’4 . 00714 ) w.l?
6 . 1017 bt OlBh e %ll . 0081 e 0055
Y |8 01 | -.0113 | -.0825 .0097 | -.0073
6 0 «1551 -.030L -.0088 .0067 -.0012
1 . 15]-17 e 02 96 e 0161 . Ms - 0026
2 .1570 -.0292 -.0241 .0061 -.0033
3 .1546 -.0276 -.0313 .0059 -.0040
b ;lshh = 0266 e d-lo9 .0059 b= 00}43
¢ Y 6 +155L -.0253 -.0598 « 0066 -.0059
Y 8 1547 -.0225 | -.0802 .0079 | -.0071
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TABLE II.- Continued

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF

MODELS BWTgTyyTyr, BWTgTyy, AND BWTHTyp

IjBody-a.xis data; M = 4.06; R = 2.7 X 106}

iy iy Q B Cn Cm Cy Cn Cy
(b) BW'I‘HTVU - Concluded
0 -6 8 0 0.2157 -0.0451 -0.0066 0,0063 | -0.0010
1 .2132 -.0l26 -.0141 .0058 -.0016
2 «2117 -.0411 -.0223 .0052 -,003L
3 200 -.0400 -.0295 .00L7 -,0041
h -2097 o 0382 "003 91 .00,-16 "noalh
6 .2128 -,0361 -.0586 .0052 -.0059
8 .2135 -.033L -.0806 . 006l -.007L
(c) BWT T, -

0 6 0 0 .0050 -,0068 .0139 -.0093 -.0019
1 .0016 -.0052 .0051 -,0086 -.0036
1 .00L9 -.006L .0055 -.0088 -.0010
2 .0039 -.0048 -.0029 -.0080 -,0013
3 .0028 ’.OOS)J -.0112 -.0076 = ) 0006
L .0031 -.0050 -.0202 -.0072 .0007
6 ° 00,46 e 0061 “e 03 80 e 0059 . 0009
[ | 8 .0051 - -.0603 -.00L0 .0015
2 0 .05L0 -.0206 .0152 -,0101 -.0021
1L .0543 -.0196 .0068 -.0093 -.0019
1l .0530 -.0195 .0067 -.009L -.0010
2 .0532 -.0188 -.0019 -.0086 -.0015
3 .0512 -.018L -.0100 -.0079 -.0015
h . 0560 e 0198 “e Ol 9h == w?h 0 0000
6 .0557 -.0191 -.0385 -.0058 .0003
Y | 8 0565 | -.0187 -.0605 | -.0038 | .0007
L 1 .1068 -.0320 .0091 -.0100 -.0012
2 .1086 -,0316 -.000} -.0090 -.0023
3 .1055 -.0306 -.0095 -.0081 -.0022
L .1072 -.0307 -.0193 -.007L -,000L
6 .1092 -.0306 -.0397 -,005L -.0001
Y [ 1Y 8 .1106 -.0295 -.0619 -.0033 -.0001
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TABLE II.- Continued

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF

MODELS ~BWTgTyyTyy.,

EBody-axis data; M = 4.06; R = 2.7 X 106]

BWTTyy, AND BWTgTyr,

29

(¢) BWTHTyr, - Continued
0 6 6 N 0.1612 -0.0L25 -0,0202 -0.0075 |=0.0010
+ # ¢ 6 .1611 -.0L11 -.0409 -.0053 -.0008
8 «1625 =.03%L -.0631 -.0029 -,0007
0 L 0 0 .003L -.0062 .0090 -.0061 -.0012
1 loohh "10060 .0010 = 0056 --0008
2 .00oL3 -,0060 -,0071 -,0050 -.0003
3 '0033 = OOSS ol 015,4 = w-l? --0002
).l . 003,4 e _—e 021.16 e OO)JB 3 0016
6 .0018 -.006l -.0437 -.0029 .0022
8 .0021 -.0070 -.0659 -.0009 .0032
2 0 .0513 -.0190 .0101 -, 0066 -.001L
1 -0526 e 0189 00021 ‘00%0 e 0008
2 .0520 -,0187 -.0066 -.0053 -.0006
3 .0517 -.0186 -.0149 -.0047 -.0005
,-1 00511 = 0192 —~e Ozhh -.OOhl 00011
6 .0552 -.0197 -.0Lk3 -. 0025 .0018
8 .0552 -00198 -00670 "QOOOS .0026
Ll O . 1076 =9 03 18 . 0122 = 0071 bl 0018
1) .1060 -.0313 .0018 -.0062 -.0016
1 .1060 -.0313 .0029 -, 0062 -.0016
2 .108L -.0315 -.0061 -.0055 -.0012
3 01067 "00313 b 01115 -codl6 —.0008
L .1071 -.0315 -.026 -.0038 . 0007
6 .1082 -.0315 -.0L61 -.0018 .0015
¥ | %g 1104 -.0320 -.0691 .0005 .0020
6 2 .1615 -.0437 -.0052 -.0058 -.0018
3 .1613 -, 0429 -.0151 -,0047 -.0020
h .1605 e Oh27 '00259 “0036 .0003
Y 6 .1623 -.0427 -.0477 -.0013 . 0006
) %1 Y1 8 .1626 -.0422 -.0715 .0013 .0014
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TABLE II.- Continued

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF

MODELS BWIyTyyTyr, BWIgTyy, AND BWTHTy,

Eody—axis data; M = 4.06; R = 2.7 x 10%

ig iy a B CN Cm Cy Cn Cy
(¢) BWTyTyy, - Continued
0 2 0 0 0.0010 -0,0050 0.00L41 ~0.0032 0.0005
il .0025 -.005L -.0037 -,0028 .0011
2 .002L -.005L -,0122 -.,0023 .0016
3 .0008 -.0053 -.0198 -.0021 .0016
N .0007 -.0058 -,0279 -.0017 .0021
L .0019 -. 0066 -,0283 -,0016 .0015
6 .0001 e ) 0062 o) 01158 ’00006 00028
Y 6 .0028 -.0073 -.0L75 -.0003 .0026
8 .0021 -.0077 -.0703 .0016 .0037
2 0 L0473 -.0178 .0052 -.0035 . 000k
]! .0542 -.0194 -,0029 -.0028 .0010
2 .0522 -.0189 -.011} -.0023 .0012
3 .0518 -.0190 -.0199 -.0018 .0015
L .0540 -.0195 -.0281 -.0013 . 0017
6 .0536 -.0195 =471 0002 .0022
8 .0556 -.0208 -.0716 .0025 .0031
)J. 0 . 10&4 e 03 13 . 0068 e 0038 0
2 01072 - 0315 =e 0108 e 0023 .0010
3 .1080 -.0315 -.0202 -,0015 ,0012
L .1075 -.031L -.0289 -.0008 .0015
: 6 .1063 -.0307 -.0491 .0011 .0020
8 .1107 -.0324 -.0737 .0038 .0025
6 0 .1612 -. 0440 .0083 -, 0042 -,0001
1 .1588 =.0L3L -.0013 -.0032 -.0003
2 .1601 -.0l35 -.0110 -.0023 .0007
3 . 1608 9 0)-13,1 = 02 07 - 0013 . 0010
L .1602 -.0l22 -.0306 -.000L ,0005
‘r \( 6 c1608 e dlls -00511 00018 00017
Y |8 .1638 -.0u33 | -.0765 0049 002l
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‘ TABLE II.- Continued

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF

. MODELS BWTgTyyTyr, BWIgTyy, AND BWIpTyy

[Body—a.xis data; M = 4.06; R = 2.7 X 106]

iy iy | a | B CN Cn Cy Cn Cy
(c) BWT{Tyy, - Continued
0 0 0 0 0.0026 =0.0054 -0.,0003 -0,000 |0,0005
0 .0021 -.0051 .0002 -.0004 .0001
1 0046 -.0059 -.0082 .0001 .0012
l -0021 e 005,4 e 0076 o 0001 .0007
2 .0050 -.0060 -.0163 .0004 .0017
2 .0025 -.0060 -.0161 . 000l . 001
3 .0019 -.0060 -.021,0 .0007 .001l
3 .0023 -.0066 -.02l5 .0007 .0021
L .0018 -.0066 -.0319 .0011 .0019
L .0022 -.0072 -.032) .0011 .0027
5 .0022 -.0076 -.0418 .0017 .0032
6 .0029 -. 0069 -.0502 .0023 .002L
n/ 6 00021 -00080 e 0518 OOOZ’J .0033
Y 7 . 0025 -,008l -.0633 .0033 .0041
8 .001) -.0088 -.0749 .00l L0047
2 0 .0527 -.0189 .0005 -.0004 .0004
i .0538 -,0191 -.0075 »0002 .0012
2 .0559 -.0196 -.0163 .0007 .001Y
3 .0539 -.0193 -.0240 .0012 .001
L .0525 -.019) -.0325 .0018 .0016
6 .05L0 -.0192 -.0517 .003L .0019
| .0561 -.0218 -.0768 .0056 | .0O0L3
h 0 . 1061 - 03 17 . 001).1 e mh o 0003
1 .1073 -.0315 -.0072 .0003 .0010
2 . 1078 b | 0312 -~ 0163 . 0009 . 0013
3 .1070 -.0310 -.0246 .0016 .001}
N .1057 -.0305 -.0335 .0025 .001)
Y |V 8 .1113 -.0331 -.07% .0073 | .0039
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TABLE II.- Continued

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF

MODELS BWTyTyyTyr, BWIRTyy, AND BWTHTyp

[;ody—axis data; M = 4.06; R = 2.7 x 10%)

iy iy| @ B CN Cm Cy Cn Cy
(c) BWIgTyy, - Continued
0 0 6 0 0,1610 -0,0439 0.0024 -0.0005 |0.0003
1 .1617 -.04h3 -.007L . 000k .0007
2 01638 -Odd-lo -'0016,4 .0011 .0007
3 .15%0 -.0L27 -.0259 .0021 »0009
Y F I .1630 -.0422 —.0361 .0033 .0009
Y |6 21607 -.0408 | -.056k 0056 | .0036
0 -2 0 0 .0023 -.0059 -.0051 .0026 ,0019
1\ .0022 -.0058 -.0127 .0030 . 0026
2 .0027 -.0063 -.0209 .003L ,0031
3 .0022 -.0072 -.0291 .0038 .0030
L .0010 -.0073 -.0373 .00L1 .0038
6 .0015 -.0081 -.05L7 .0050 .ool1
y 8 00018 -00099 e 07 95 .00711 » OOSS
2 0 .0502 -.0186 -.00l2 .0029 .0017
]! .0550 -.0198 -.0132 .0035 .0024
2 .05LL -.0200 -.0209 L0041 ,0029
3 .0535 -.0201 -.02%96 .00L7 .0029
N .0535 -.0206 -.0382 .0051 .0033
| 6 .0530 -.0210 -.0583 . 006l .0039
8 . 056l -.023L -.0817 .0090 .0052
L 0 .1076 -.0318 -.0038 .0028 .0016
1 .1067 -.0318 -.0131 .0037 .002y
2 .1066 -00319 '00217 .OOhé 00028
3 .1090 -.032L -.0307 .005 .0030
h 51073 -o0323 -.O)Joo 00061 00033
6 .1095 -.0329 -.0602 .0080 .0022
8 1201 -.03L7 -.0858 .0110 .0053
6 0 +1575 -.0435 -.0038 .003L ,0017
1l .1603 -.0L4l2 -.0141 .00L2 .0020
2 . 1636 =e mhs e 0222 . 0051 . 002h
y ! ! 3 .1623 -.0553 -.0319 . 0060 .0023
\ Y TG 11617 -.0i39 | -.0u26 0071 | .0031
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TABLE II.- Continued

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF

MODELS BWTyTyyTyr, BWIFTyy, AND BWIgTyp

léody-axis data; M = 4.06; R = 2.7 x 10@

iy iy |a | B Cn Cn Cy Cn C;
(c) BWIgTyy, - Continued
0 -4 |0 0 0.0022 -0.0076 |=-0.0093 0.0055 0.0028
l . 0037 e 0085 e 0172 ° 0060 . 003,4
2 .0015 -.0081 -.0256 .006L .00L40
3 .O()d.l "00085 e 0329 .0067 Ooohl
b .0003 -.0092 -.0417 .0071 .0045
6 .0029 -.0101 -.0610 .0083 .0050
7 . 0035 =) 0100 = 0715 . 0091 .005)-1
\ 8 .0035 -.0106 | =-.0827 .0103 005
2 0 .0500 -.0200 -.0091 .0060 .0026
1 .0539 -.0212 -.0180 .0067 .0033
2 .0539 -.0223 -.0261 .0072 .0037
3 .0540 -.0221 -.03L47 .0079 .0038
L .0536 -.0226 -.0436 .0086 .00L5
6 .05L7 -.0228 -. 0634 .0099 .0051
\ 8 .0559 -.0241 | -.0850 .0123 .0057
L 0 .1075 -.0332 -.00%0 .0065 .0027
il .1072 -.0334 -.0179 .0072 .003kL
2 .1063 -.0335 -.0267 .0080 .0036
3 01069 "00337 -00366 .0088 .OOIJO
L .1081 -.0342 -.0L53 .0096 .0041
6 .1094 -.03L5 -.0667 .0117 .0048
6 0 «1605 -.0456 -.0092 .0070 .0026
2 01629 e 0)462 -.0278 00089 00035
0 -6 0 0 .0016 -.0055 -.0140 .0086 .0029
i .0053 -.0078 -.0219 .00%0 .0036
2 .0052 -.0079 -.0301 . 009 .00L1
3 .00‘-&2 -e 0081 e 03 78 00098 00039
L .0041 -.0087 -.0L60 .0102 .0042
5 .0025 -.0087 -.05LL .0107 .0046
6 . 0062 e 0102 “e 06)40 . Ollh ) OOSO
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TABLE II.- Continued

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF

MODELS BWTgTyyTyr, BWIglyy, AND BWIgTyy,

Eody-axis data; M = 4.06; R = 2.7 X lO%]

iy iy | a g CN Cn Cy Cn Cy

(¢) BWTHTyy, - Concluded

0 6|2 0 0.053Y4 -0.0206 -0,0142 0.0093 0.0032
1 .0556 -.0210 -.0226 .0099 .0036

2 .0565 -.0216 -.0312 L0104 .0039

3 .0535 -.0211 -.0389 .0109 .00L41

h . 0537 =e 0218 - 0!4,79 ) 0116 oth

L 0 .1089 -.0330 -.01L47 .0100 .0032

¢ 1 .1100 -.0335 -.0233 .0108 .0037

2 01096 "00331 -.032h oollh .00!-12

Y [ 6 0 .16Lh -. 0461 -.0152 .0109 .0036
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Relative wind

S

Yo~ Xs

X -
: Relative wind

Figure 2.- Systems of reference axes; arrows indicate positive directlon.
Subseript B 1indicates body axes; subscript S indicates stability
axes.
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Figure 5.~ Wind-tunnel model; all dimensions in inches.
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.01 c radius {* 04 ¢ 02 ¢
; —

B 208c

e

(a) Wing.

.007 in. radius. Hinge line.

< 535 c /\L
|
10°
| ﬁ\
R

(b) Horizontal and vertical tails.

Figure 4.- Wing and tail airfoil sections used on model.
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BWTHTyuTyL,

> i
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BWTYTyy

- S

BWTTy L \\—/h
= —

BW

Figure 5.~ Model designations.
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Figure 6.- Installation of the complete model in the Langley 9- by 9-inch
Mach number 4 blowdown Jet.
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.06 b :
p=0 iy=0
Z\ iy Model
o
.0l N <|:|> -2 BWTHT vy Ty, H
A | -8
S R o BWTEFEI |
02 5 VL
B O] - |5W (vef, 2
%
°
&
£y Y
1
:
~4i02 -
I
o RN
G .
5 M
B .ol \B\B
&
b e
-.06
12 A
g
- A
. 8 _ —aAGK]
g AR
3
e LR
o AGED
foli]
&
0 ASHD
=< 0 .1 2 43 A o5

Normal-force coefficient, Cy

Figure T.- Variation of the pitching-moment coefficient and angle of
attack with normal-force coefficient at various horizontal-tail inci-
dence angles for models BWIyTyyTyr, BWIgTyy, and BWIyTyr. M = 4.06;

R = 2.7 x 106.
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.06 T
BWT Ty TyL
=0 ig. = 0
h a
.0 O 0
- O 8
(&) 5
.ozu\ N
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_,Oh > o

Pitching-moment coefficient,

o -

-.06
-8 -6 =4 -2 0 2

Horizontal-tail incidence angle, iH’ deg

Figure 8.- Variation of pitching-moment coefficient with horizontal-tail
incidence angle at various angles of attack for model BWTHTVUTVL'

M= 4.06; R = 2.7 x 10P.
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a I
BWTHTVUTVL
.(g:ﬁ ﬁ =0 iv =0
o w00l
<2
\\__ S
-.008
o 0
'UqJ \
. g S
Sw 2 \\
¢ "8'('5
) 3 \
o) @
% -4
0 2 L 6 8 10

Angle of attack, & , deg

Figure 9.- Variation with angle of attack of the downwash angle and the
stabilizer effectiveness parameter BCm/BiH for model BWL,T\ Ty &t

trim conditions. M = 4.06; R = 2.7 x 10.
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Normal-force coefficient, Cy

Figure 10.- Variation with normal-force coefficient of the downwash angle \
and the longitudinal stability parameters dCp [dCy, acm/aiH,
and Oe¢/da for model BWIHTyylyr at trim conditions. M = 4.06;
RE=12 SO XFNIO2
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5 90
. ~ 80
é‘ﬁ BTy TyyTyL
% p:o iso
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£y
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Horizontal-tail
incidence angle,
s deg

e ¥IE0
b =12
12
M
O
3 8
a5
o
%% /
q)'\

‘ 0 o .08 .12 .16 «20

Normal-force coefficient, Oy

Figure 11.- Variation with normal-force coefficient of the neutral point,
= horizontal-tail incidence angle, and angle of attack for model BWTHTVUTVL

at trim conditions. M = 4.06; R = 2.7 x 10°.
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Rolling-moment coefficient, Cg

~.00L
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Model
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Lateral-force coefficient, Cy
1 1
=3 ]
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I
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(es]

=53

=g 2 L 7 8 10

Angle of sideslip, B , deg

(a) Lateral characteristics.

Figure 12.- Variation with sideslip angle of the lateral and longitudinal ;. \
characteristics of model BWTHTVUTVL at various vertical-tail incidence

angles.
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C
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Pitching-moment coefficient,

Normmal-force coefficient,
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a =0 iH = 0
iV Model
02 O —h
¥ O 0 BWTHTVUTVL
O | L
Al - BW (ref. 2)

&

—~e 02

-0l

ol

8

Angle of sideslip, B , deg

(b) Longitudinal characteristics.

Figure 12.- Concluded.
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coefficient, Cj

Yawing-moment

Cy

Rolling-moment coefficient,

-.008

| 1
a=0 :LH=O

i Model
o [-k |
[m] 0 b
sl in
20 BW (ref. 2)

-.0L _ \\y

Y

2
o

Lateral-force coefficient, Cy

=10 2 k 6 8 10

Angle of sideslip, P , deg

(a) Lateral characteristics.

Figure 15.- Variation with sideslip angle of the lateral and longitudinal
characteristics of model BWTHTVU at various vertical-tail incidence

angles.
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(b) Longitudinal characteristics.

Figure 13%.- Concluded.
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coefficient, C,

Yawing-moment

Rolling-moment coefficient, Cy
N
£

0 BWTHTVL

NRLNNE
EEAN
AL

-.10

Cy

R
b |[oOo
1=

L

Tateral-force coefficient,

0 2 L 6 8 10

Angle of sideslip, B , deg

(a) Lateral characteristics.

Figure 1h4.- Variation with sideslip angle of the lateral and longitudinal
characteristics of model BWTHTVL at various vertical-tail incidence

angles.
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Pitching-moment coefficient,
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Normal-force coefficient,
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Angle of sideslip, B , deg

(b) Longitudinal characteristics.

Figure 1k4.- Concluded.
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.01
| 1l
CnB 0 = =
— (ol =0, ip=0, iy ==t
Model
BWTHTVUTVL
——————— BWTyTyyy
— | BOTHTyT,
.001 == 0%
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p ‘?g____\ “\\‘\
\\‘ | [P - ‘\\
—.001
0
= 4 1
_____________ L \
= __‘4“\
Cyg -.01 Ee=—r
-.02
. | 0 ol P o3 ol

Normal-force coefficient,

Cn

Figure 15.- Variation with normal-force coefficient of the lateral sta-
for models BWIyTyyTyr,

BWIgTyy, BWIGTyr, and BW. M = 4.06; R = 2.7 x 100,

bility parameters CnB, CZB, and CYB
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(a) Model BWI T Ty, e

Figure 16.- Variation with normal-force coefficient of the lateral charac-
teristics of models BWIyTyyTyr,, BWTHTVU, BWIyTyp, and BW at various

vertical-tail incidence angles. M = L.Ok; R = 2.7 X 106.
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Normal-force coefficient, Cy

(b) Model BWI Ty

Figure 16.- Continued.
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Figure 16.- Concluded.
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< | BWTyTyy,
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Yawing-moment, coefficient,
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Figure 17.- Variation of yawing-moment coefficient with vertical-tail
incidence angle for models BWTHTVUTVL, BWTHTVU, and BWTpTyy .

M = 4.06; R = 2.7 x 100,
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