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EXPLORATORY INVESTIGATION AT MACH NUMBER 4.06 

OF AN AIRPLANE CONFIGURATION HAVING 

A WING OF TRAPEZOIDAL PLAN FORM 

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS 

By Robert W. Dunning and Edward F. Ulmann 

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 50 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 00 up to 120 

at angles of sideslip from 00 up to 80 • The incidence angles of the all
movable tails were varied from 60 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 

, satisfactory low-speed characteristics and satisfactory transonic char
acteristics. 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 
~onsiderably 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 insp£ficient at the Mach number of 
the present tests. Several types of t ail 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 tail 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). 

C n 

normal-force coefficient, -ZB/qS 

lateral-force coefficient, Y/qS 

pitching-moment coefficient about center of gravity, M'/qSC 

yawing-moment coefficient about center of gravity, N/qSb 

rolling-moment coefficient, 

force along ~ axis 
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force along Y-axis 

moment about Y-axis 

moment about ~-axis 

moment about ~-axis 

free-stream dynamic pressure 

total wing area, including area submerged in fuselage 

wing chord 

wing mean aerodynamic chord 

tail root chord 

wing span 

-Reynolds number based on c 

Mach number 

angle of attack of fuselage center line, deg 

angle of sideslip, deg 

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

angle of incidence of vertical tail relative to fuselage 
center line, deg 

effective angle of downwash, deg 

increment of pitching-moment coefficient provided by the tail 

neutral-point location, percent of body length 

rate of change of pitching-moment coefficient with normal
force coefficient 
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rate of change of pitching-moment coefficient with horizontal
tail incidence angle 

rate of change of effective downwash angle with angle of 
attack 

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

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

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

designations: 

body 

wing 

horizontal tail 

upper vertical tail 

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

5 

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 290 • The 
tails have a trapezoidal plan form, 50 seroiangle wedge section, and 
O.007-inch leading-edge radius. The all-movable tails pivot about axes 

through the 5~ percent root-chord station of the tail (fig. 3). A 
2 

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

TESTS 

The settling-chamber stagnation temperature during any single run 
varied from approximately 800 to 400 F, and the settling-chamber stagna
tion pressure was held at approximately 186 I b /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 10-6 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 00 up to 120 at angles of sideslip from 00 up to 80 • The 
tail incidence angle was varied from 60 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 t he 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 relat ive 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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cN . . . . . . . . . . . . . to.OOl 

cy to.OOO3 

Cm to.ooo4 

Cn ~O.OOOO5 

C1 to.OOO9 

~, deg to.l 
0, deg to.l 

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. E~uations 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 

C~ 

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 s ome lateral stability parameters. The variations of the la.t~ral 
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: 

Cy == Cy 
S B 

C7, C7, cos a. + Cn sin a. 
S B B 

Cn C~ cos a. - C7, sin 0-
S B 

Cms == C~ 

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

Wing: 
Area (including area submerged in fuselage), sq in. 6.24 

4.33 
1.716 

2·53 

Span, in. . . . . . . 
Mean aerodynamic chord, in. 
Root chord, in. 
Tip chord, in. 
Airfoil section 
Taper ratio 
Aspect ratio . . 

deg 

. . . . . . . 0.354 
Hexagonal with round leading edge 

0.140 
3·00 

38.83 Sweep of leading edge, deg 
Sweep of quarter-chord line, 
Incidence at fuselage center 
Dihedral, deg 

line, deg 
29 
o 
o 
o Geometric twist, deg . . . . 

Horizontal and vertical tails: 
Area (including area submerged in 
Span, in. . . . . . . 
Mean aerodynamic chord, in. 
Root chord, in. . . . . 
Tip chord, in. . . • . 
Airfoil section . • • . 
Taper ratio 
Aspect ratio . . 
Sweep of leading edge, deg . 
Dihedral, deg . . . . 

Fuselage: 

fuselage), sq in. 

Length, . in . •.... 
Maximum diameter, in. 
Fineness ratio . . 
Base diameter, in. 
Distance from nose 
Ogive nose length, 
Ogive radius, in. 

to moment reference . 
in. . . • . . 

50 seroiangle 

2.06 
2.69 

0.853 
1.214 
0·317 
wedge 
0.261 
3·52 

22.63 
o 

7·50 
0·790 
9·50 

0·790 
3·950 
2.29 
6.85 
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TABLE II 

LONGITUDlNAL AND LATERAL CONTROL CHARACTERISTICS OF 

a 

0 

1 
2 

1 
4 

t 
a 

2 

1 

MODELS BWTHI'vuTVLJ BWTHI'VUJ AND BWTltl'VL 

[BOdy-axiS data; M = 4.06; R = 2. 7 x 106J 

p CN Cm Cy Crt 

(a) BIITHTVUTVL 

0 0.0115 -0.0219 -D. 0007 -0.0001 
1 00162 -.0231 -.0117 .0025 
2 00151 -.023,1 -.0231 .0050 
3 .0142 -.0230 -.0344 .0075 
4 .0127 -.0228 -.0460 .0099 
5 .0129 -.0230 -.0573 .0122 

0 .0599 -.0367 .0002 -.0002 
1 .0673 -.0389 -.0111 .0024 
2 .0674 -.0387 -.0226 .0050 
3 .0654 -.0388 -.0336 .0073 
4 .0656 -.0387 -.0453 .0098 
5 .0657 -.0388 -.0564 .0120 

a .1189 -.0526 .0011 -.0002 
1 .1205 -.0532 -.0103 .0021 
2 .12 20 -.0533 -.0220 .0047 

a .0068 -.0106 -.0001 0 
0 . 0094 -.0104 -.0001 -.0001 
1 .0092 -.0104 -.0107 .0025 
1 .0084 -.0103 -.0118 .0025 
2 .0081 -.0104 -.0225 .0049 
2 .0062 -.0098 -.0232 .0051 
3 .0075 -.0107 -.0344 .0074 
3 .0052 -.0100 -.0347 .0075 
4 .0075 -.0110 -.0456 .0099 
4 .0058 -.0105 -.0467 .0100 
5 .0075 -.0113 -.0574 .0122 
5 .0030 -.0104 -.0589 .0123 

a .0568 -.0252 .0006 -.0001 
1 .0581 -.0250 -.0103 .0023 
2 .0582 -.0251 -.0217 .0049 
3 .0585 -.0257 -.0336 .0074 
4 .0593 -.0259 -.0449 .0097 
5 .0595 -.0262 -.0566 .0120 
5 .0573 -.0259 -.0580 .0121 

CL 
-

0.0006 
.0012 
.0012 
.0009 

a 
-.0001 

.0006 

.0010 

.0011 

.0010 
-.0001 

• COOl 

.0008 
.0007 
.0008 

.0002 

.0004 
-.OOOS 

.0004 
-.0005 

.0006 
-.0005 

.0006 
-.0004 

.0008 
-.0002 

.0007 

.0004 
0 

.0001 
-.0001 

.0002 
0 

.0009 

& 
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TABLE II. - Continued 

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF 

MODElS BWTIlvtlVL' BWTIlvu' AND BWTIlVL 

~Ody-ax1S data; M = 4.06; R = 2.7 X 106J 

~ CN em Cy Cn 

(a) BWTIlvJTVL - Continued 

0 0.llU3 -0.0394 O.OOlU -0.0002 
1 .1125 -.0386 -.0093 .0021 
2 .1125 -.0387 -.0216 .~8 
3 .1127 -.0386 -.0328 .0071 
4 .1127 -.0388 -.0L49 .0097 

0 .1677 -.0530 .0024 -.0002 
1 .1675 -.0526 -.0091 .0021 
2 .1678 -.0523 -.0211 .~7 

0 -.0032 .0025 .0174 -.OllU 
0 -.0007 .0011 .0177 -.0118 
1 -.0027 .0022 .0055 -.0087 
1 -.0007 .0012 .0060 -.0091 
2 -.0005 .0016 -.0058 -.0061 
2 -.0001 .0012 -.0054 -.0064 
3 -.0016 .00lU -.0176 -.0036 
3 -.0012 .0011 -.0173 -.0039 
4 -.0011 .0011 -.0283 -.001l~ 
5 -.0016 .0010 -.~01 .00lU 
6 -.0021 .0011 -.0527 .0036 
7 -.0021 .0012 -.0663 .0062 
8 -.0005 .0012 -.0798 .0086 

1 .~87 -.0120 .0060 -.0089 
2 .0505 -.0122 -.0053 -.0063 
3 .0484 -.0118 -.0170 -.0037 
h .0515 -.0127 -.0286 -.0012 
5 .~87 -.0128 -.0416 .0016 
6 .0511 -.0128 -.o5h6 .0039 
7 .0516 -.0130 -.0684 .0066 

----- ---- - ---

11 

CL 

0.0003 
.0003 
.0003 
.0001 
.0001 

.0005 

.0003 

.0004 

.0002 

.0011 

.0001 

.0010' 

.0001 

.0007 

.0001 

.0005 

.0002 

.0001 

.0000 
-.O~ 
-.0004 

.0008 

.0008 

.0005 

.0003 

.0006 

.00,02 

.0004 
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TABLE II.- Continued 

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF 

MODELS BWTHTVUTVL' BWTHTVU' AND BWTHTVL 

[BOdy-axiS data; M = 4.06; R = 2. 7 X 106J 

~ CN Cm Cy Cn 

(a) BWTHTVUTVL - Continued 

1 0.1050 ~.0247 0.0075 -0.0091 
2 -.1054 -.0245 -.0045 .0064 
3 .1044 -.0245 -.0163 -.0039 
4 .1043 -.0242 -.0284 -.0014 
5 .1036 -.0248 -.04lh .oolh 
6 .1058 -.0250 -.0554 .0039 
7 .1087 -.0254 -.0693 .0066 

2 .1596 -.0376 -.0039 .-.0068 
3 .1588 -.0366 -.0161 -.0042 
4 .1588 -.0366 -.0293 - '.0014 
5 .1570 -.0364 -.0426 .0013 
6 .1618 -.0366 -.0565 .0039 
7 .1610 -.0364 -.0699 .0067 
8 .1609 -.0359 -.0837 .0090 

4 .2192 -.C497 -.0291 -.0017 
5 .2188 -.0497 -.0440 .0014 

0 -.0033 .0018 .0081 -.0056 
1 -.0034 .0017 -.0033 -.0029 
2 -.0023 .oolh -.olh6 -.0005 
3 -.0018 .00ll -.0262 .0018 
4 -.0029 .0012 -.0380 .~ 
5 -.0023 .0012 -.0499 .0069 
6 -.0012 .0013 -.0626 .0093 
7 -.0012 .0013 -.0764 .0nB 
8 -.0012 .0013 -.0887 .0139 

0 .0513 -.0124 .0093 -.0057 
1 .0513 -.0125 -.0020 -.0032 
2 .0514 -.0128 -.0136 -.0004 
3 .0512 -.0133 -.0249 .0017 
4 .0515 -.0133 -.0367 .0042 
5 .0519 -.0134 -.0491 .0066 
6 .0522 -.0136 -.0619 .0091 
7 .0526 -.0138 -.0757 .on8 

CL 

0.0005 
.0005 
.0003 
.0001 
.0002 
.00C4 
.0000 

.0002 

.0000 
-.0003 
.0003 
.0003 

-.0003 
-.0009 

-.0006 
-.0006 

.0011 

.oolh 

.0013 

.0012 

.0014 

.0013 

.0010 

.0007 

.0006 

.0003 

.0005 

.0006 

.0006 

.0005 

.0005 

.0004 

.0008 
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iH iV 
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TABLE II. - Continued 

LONGITUDmAL AND LATERAL CONTROL CHARACTERISTICS OF 

a 

4 

6 

1 
8 

t 

MODELS BWTHTVUTVL' BWTHTVU' AND BWTWVL 

r0dy- axiB data; M = 4.06; R = 2.7 x 106J 

f3 CN em Cy Cn 

(a) BWTWVUTVL - Continued 

0 0.1039 -0.0246 0.0100 -0.0059 
1 .1039 -.0248 -.0015 -.0034 
2 .1039 - .. 0247 -.0136 -.0007 
3 .1044 -.0249 -.0250 .0017 
4 .1~9 -.0250 -.0377 .0042 
5 .1049 -.0252 -.0495 .0067 
6 .1054 -.0254 -.0633 .0093 
7 .1064 -.0253 -.0771 .0120 

0 .1553 -.0371 .0109 -.0059 
1 .1553 -.0369 -.0010 -.0034 
2 .1587 -.0374 -.0130 -.0010 
3 .1592 -.0371 -.0255 .0016 
4 .1594 -.0371 -.0381 .0042 
5 .1589 -.0367 -.0506 .0068 
6 .1596 -.0366 -.0635 .0094 

2 .2157 -.0501 -.0130 -.001l 
3 .2148 -.~96 -.0251 .001.4 
4 .2150 -.~93 -.0379 .~1 

Table II (a) ref. 2 

0 0 -.0018 .001.4 -.0100 .0058 

J 
1 -.0002 .0011 -.0211 .0084 
2 -.0002 .0009 -.0325 .0108 
3 -.0007 .0006 -.0443 .0133 
3 -.0037 .0013 -.0440 .0133 

2 0 .0499 -.0127 -.0087 .0058 

~ 
1 .0525 -.0130 -.0197 .0082 
2 .0527 -.0131 -.0313 .0107 
3 .~95 -.0131 -.0433 .0132 

13 

Cz. 

-0.0001 
.0000 
.0000 
.0000 
.0000 
.0000 

-.0001 
-.0001 

-.0005 
-.0005 
-.0007 
-.0005 
-.0006 
-.0006 
-.0005 

-.0017 
-.001.4 
-.0012 

.001l 

.0013 

.0012 

.0013 

.0003 

.0013 

.0005 

.0006 

.0005 



14 NACA RM L55B28 

TABLE II. - Continued 

LONGITUD:lliAL AND LATERAL CONTROL CHARACTERISTICS OF 

[BOdy-axiS data; M = 4.06; R = 2. 7 X 106J 

iH iV a ~ eN em Cy en CL 

(a) BWTHTVUTVL - Continued 

0 -2 4 0 0.1050 -0.0258 -0.0078 0.0057 0.0010 

~ 
1 .1057 -.0257 -.0188 .0081 .0005 
2 .1053 -.0255 -.0308 .0107 .0005 
3 .1034 -.0255 -.0429 .0130 .0005 

6 0 .1584 -.0387 -.0073 .0057 .00ll 

\ t 1 .1586 -.0387 -.0187 .0082 .0007 
2 .1585 -.0380 -.0305 .0106 .0005 

0 -4 0 0 -.0037 .0019 -.0192 .0120 .0003 

! J 
2 0 .0507 -.0125 -.0181 .0120 •. 0006 

4 0 .1074 -.0261 -.0172 .0119 .0008 

-2 0 0 0 -.0065 .0114 -.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 -.0340 .0073 .0005 
3 -.0080 .0115 -.0343 .0074 0 
4 -.0106 .0114 -.~72 .0100 .0007 
4 -.0085 .0113 -.0461 .0100 -.0001 
5 -.0085 .Oll8 -.0576 .0123 .0001 

2 0 .~36 -.0010 .0003 .0001 .0009 

1 
1 .0430 -.0016 ~.0112 .0025 .0010 
2 .~28 -.0011 -.0222 .0050 .0007 
3 .0400 -.0006 -.0336 .0072 .0004 

\ 
4 .0410 -.0016 -.0464 .0099 .0008 
5 .0435 -.0016 -.0575 .0121 . O. 
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TABLE II. - Continued 

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF 

[BOdy-axiS data; M = 4. 06 ; R = 2 .7 X 10~ 

iH iV a P eN em Cy en Cz 

(a) BWTHTVUTVL - Continued 

-2 0 4 0 0.0979 -D.0131 0.0009 0 0.0011 

J 
1 .0958 -.0132 -.0099 .0023 .0011 
2 .0974 -.0131 -.0217 .0050 .0006 
3 .0964 -.0126 -.0327 .0070 .0004 
4 .0968 -.0134 -.0463 .0099 .0010 
5 .0979 -.0133 -.0573 .0123 .0005 

6 0 .1518 -.0257 .0018 -.0001 .0010 

1 

1 .lh91 -.0257 -.0095 .0023 .0009 
2 .1507 -.0254 -.0219 .0048 .0004 
3 .1501 -.0241 -.0327 .0070 .0004 
4 .1507 -. 0250 -.0474 .0100 .0010 
5 .1496 -.0241 -.0592 .0125 .0005 

8 0 .2078 -.0381 .0035 -.0002 . 0005 

i 1 .2085 -.0394 -.0090 .0024 .0009 
2 .2083 -.0383 -.0219 .0050 .0006 
3 .2062 -.0372 -.0331 .0071 0 

-4 0 0 0 -.0138 .0240 -.0007 0 .0010 

1 
1 -.0101 .0229 -.0120 .0026 .0009 
2 -.0128 .0238 -.0234 .0051 .0011 
3 -.0149 .0248 -.0347 .0076 .0009 
4 -.0160 .0252 -.0467 .0100 .0009 
5 -.0160 .0264 - . 0579 .0123 .0010 

2 0 .0330 .0117 -.0003 -.0001 .0011 

J 
1 .0365 .0114 -.0108 .0024 .0006 
2 .0365 .0112 -.0226 .0050 .0005 
3 .0359 .0114 -.0339 .0074 .0006 
4 .0348 .0120 -.0456 .0099 .0008 
5 .0348 .0123 -.0574 .0122 .0008 

--~'---
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TABLE 11.- Continued 

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF 

C1 

4 

1 
6 

1 
8 

J 
10 
t 
0 

MODELS BWTHTVUTVLJ BWTHTVU ' AND BWTHTVL 

rEOdy-axiS data; M = 4.06; R = 2.7 x 106] 

~ CN em Cy 

(a) BWTHTVUTVL - Continued 

0 0.0888 -0.0005 0.0007 
1 .0894 -.0003 -.0099 
2 .0896 -.0004 -.0219 
3 .0899 -.0001 -.0332 
4 .0876 .0004 -.0454 
5 .0878 .0006 -.0569 

0 .11115 -.0123 .0017 
1 .~22 -.0125 -.0097 
2 .1416 -.0123 -.0223 
3 .11110 -.01~ -.0344 
4 .11112 -.0109 -.0473 
5 .1417 -.0104 -.0597 

0 .1986 -.0260 .0027 
1 .1994 -.0259 -.0090 
2 .1994 -.0253 -.0224 
3 .2001 -.0250 -.0348 
4 .2006 -.0245 -.0479 
5 .2008 -.0240 -.0609 

0 .2693 -.0455 .0038 
1 .2669 -.0445 -.0101 

0 -.0237 .0380 -.0010 
1 -.0180 .0365 -.0113 
1 -.0209 .0372 -.0113 
2 -.0206 .0372 -.0226 
2 -.0214 .0374 -.0231 
3 -.0207 .0373 -.0338 
3 -.0223 .0374 -.0344 
4 -.0207 .0378 -.0453 
4 -.0227 .0374 -.0462 
5 -.0213 .0382 -.0567 
5 -.0209 .0375 -.0579 
6 -.0211 .0376 -.0659 

Cn CL 

-0.0001 0.0014 
.0022 .0003 
.0049 .0004 
.0073 .0002 
.0098 .0003 
.0121 .0003 

-.0001 .0016 
.0023 .0004 
.0048 .0006 
.0073 .0010 
.0100 .0010 
.0124 .0013 

-.0002 .00lL 
.0023 -.0001 
.0051 .0002 
.0075 .0006 
.0102 .0008 
.0128 .0011 

-.0002 .0017 
.0026 .0002 

0 .0006 
.0027 .0003 
.0025 .0003 
.0051 -.0001 
.0051 .0002 
.0076 -.0002 
.0075 .0003 
.0100 -.0003 
.0100 .0003 
.0123 -.0005 
.0123 .0003 
.0133 -.0008 

- -- - -------
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TABLE II.- Continued 

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF 

(1 

2 

1 
4 

1 
6 

1 
8 

! 
10 

~ 

MODELS BWTHTVUTVL' BWTHTVU' AND BWTHTVL 

[BOdy-axiS data; M = 4.06; R = 2.7 X 10
6J 

~ CN em Cy 

(a) BWTHTVUTVL - Continued 

0 0.0240 0.0245 -0.0002 
1 .0272 .0240 -.0115 
2 .0268 .0248 -.0228 
3 .0269 .0248 -.0342 
lJ .0287 .0248 -.0448 
5 .0253 .0250 -.0576 

0 .0793 .0132 .0007 
1 .0803 .0127 -.0103 
2 .0811 .0132 -.0224 
3 .0806 .0137 -.0336 
4 .0806 .0143 -.0446 
5 .0786 .0140 -.0577 

0 .1.325 .0017 .0016 
1 .1329 .0010 -.0101 
2 .1352 .0017 -.0221 
3 .1339 .0027 -.0335 
4 .1330 .0036 -.0462 
5 .1318 .0036 -.0593 

0 .1868 -.0121 .0027 
1 .1876 -.012u -.0096 
2 .1905 -.0118 -.0226 
3 .1898 -.0110 -.0342 
u .1937 -.0110 -.ct68 
5 .1908 -.0107 -.0610 

0 .2588 -.0320 .0039 
1 .2561 -.0316 -.0106 
2 .2589 -.0309 -.0232 
3 .2608 -.0306 -.0352 

Cn 

0.0001 
.0026 
.0052 
.0076 
.0097 
.0123 

0 
.0024 
.0051 
.0074 
.0097 
.0123 

-.0001 
.0024 
.0049 
.0074 
.0098 
.0125 

-.0002 
.0025 
.0052 
.0076 
.0101 
.0129 

-.0003 
.0028 
.0053 
.0076 

17 

CL 

0.0008 
.0003 
.0002 
.0001 

-.0004 
.0005 

.0008 

.0005 

.0004 

.0002 

.0001 

.0009 

.0007 

.0004 

.0003 

.0001 
-.0002 

.0009 

.0007 

.0005 

.0005 
0 

.0001 

.0012 

.0002 
-.0002 

.0003 
-.0001 



18 NACA RM L55B28 

TABLE II.- Continued 

LONGITUDlNAL AND LATERAL CONTROL CHARACTERISTICS OF 

MODELS BWTHTVUTVLJ BWTHTVUJ AND BWTHTVL 

[BOdy-axiS data; M = 4. 06; R = 2.7 X lO6J 

ip' iV a f3 CN Cm Cy Cn CL 

(a) BWTHTVUTVL - Continued 

-8 0 0 0 -0.0332 0.0514 -0.0011 0.0001 0.0003 
1 -.0316 .0513 -.0122 .0026 -.0001 
2 -.0279 .0503 -.0236 .0052 -.0002 
3 -.0290 .0508 -.0350 .0076 -.0002 
3 -.0330 .0509 -.0353 .0078 .0012 
4 -.0290 .0513 -.0468 .0102 -.0005 

, 5 -.0279 .0486 -.0559 .0114 -.0008 
6 -.0259 .0453 -.0641 .0118 -.0007 

2 0 .0184 .0368 -.0005 .0002 .0001 

J 
1 .0168 .0371 -. 0114 .0026 .0003 
2 • (5188 .0377 -.0227 .0051 -.0001 
3 .0161 .0373 -.0349 .0077 .0012 
4 .0178 .0384 -.0464 .0lOl .0008 
5 .0168 .03 90 -.0575 .0124 .0006 

4 0 .0721 .0264 .0007 0 .0002 

J 

1 .0720 . 0259 -.0105 .0025 .0002 
2 .0721 . 0268 -.0223 .0051 -.0002 
3 .0692 .0268 -.0344 .0075 .0016 
4 .0722 .0279 -.0465 .0100 .0012 
5 .0724 .0281 -.0579 .0124 .0010 

6 0 .1247 . OlL7 .0013 0 . 0001 

1 
1 .1253 .olL4 -.0103 .0024 .0002 
2 .1261 .0155 -.0219 .0050 -.0002 
3 .1231 .0159 -.0348 .0075 .0017 
4 .1254 .0171 -.0472 .0101 .0014 
5 .1238 .0182 -.0586 .0126 .0012 

8 0 .1869 -. 0021 .0024 0 0 

1 
1 .1808 -. 0003 -.0095 .0025 .0001 
2 .1831 .0008 -.0222 .0052 .0002 
3 .1811 .0012 -.0354 .0077 .0017 
4 .1840 .0022 -.0485 .0103 .0014 
5 .1837 .0033 -.0607 .0130 .0014 

-- ------
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TABLE 11.- Continued 

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF 

a 

10 

t 
12 

t 

0 

I 
2 

1 
4 

1 

MODELS BWTHTVUTVL' BWTHTVU'.AND BWTHTVL 

~Ody-axiS data; M = 4.06; R = 2.7 X 106J 

f3 CN em Cy Cn 

(a) BWTHTVUTVL - Concluded 

0 0.2532 -0.0206 0.0035 -0.0001 
1 .2519 -.0200 -.0107 .0028 
2 .2530 -.0194 -.0226 .0053 
3 .2522 -.0185 -.0363 .0078 
4 .2521 -.0172 -.0502 .0107 

0 .J185 -.0352 .0052 -.0003 
1 .3162 -.0349 -.0099 .0028 
2 .3177 -.0342 -.0232 .0053 

(b) BWTHTVU 

0 -.0041 .0081 .0129 -.0088 
1 -.0035 .0079 .0049 -.0082 
2 -.0034 .0076 -.0033 -.0077 
3 -.0061 .0080 -.0115 -.0073 
4 -.0065 .0081 -.0209 -.0069 
6 -.0063 .0082 -.0399 -.0053 
8 -.0061 .0085 -.0620 -.0034 

0 .0479 -.0051 .0126 -.0080 
1 .0466 -.0040 .0048 -.0078 
2 .0480 -.0052 -.0032 -.0076 
3 .0462 -.0040 -.0107 -.0073 
4 .0462 -.0054 -.0203 -.0071 
6 .0465 -.0047 -.0385 -.0059 
8 .0478 -.0046 -.0611 -.0040 

0 .1027 -.0177 .0126 -.0074 
1 .1020 -.0174 .0051 -.0075 
2 .1020 -.0173 -.0029 -.0075 
3 .1004 -.0167 -.0105 -.0074 
4 .0993 -.0165 -.0194 -.0074 
6 .1008 -.0162 -.0382 -.0064 
8 .1022 -.0152 -.0607 -.0045 

19 

CL 

-0.0001 
.0001 

-.0003 
.0020 
.0017 

-.0001 
-.0001 
-.0001 

.0027 

.0019 

.0012 

.0002 

.0010 
-.0003 
-.0013 

.0025 

.0016 

.0005 
-.0003 

.0006 
-.0009 
-.0019 

.0021 

.0012 

.0005 
-.0007 

.0001 
-.0010 
-.0025 
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TABLE 11.- Continued 

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTI CS OF 

MODELS BWTHTmFVL' BWTHTVU' AND BWTHTVL 

~Ody-axiS data; M = 4.06; R = 2.7 X 106J 

iH iv a ~ CN Cm Cy Cn Cz 

(b) BWTHTVU - Continued 

0 6 6 0 0.1553 -0.0303 0.0127 -0.0069 0.0016 

1 

1 .1572 -.0303 .0052 -.0071 .0010 
2 .1556 -.0295 -.0025 -.007u -.0002 
3 • 15h3 -.0286 -.0107 -.0075 -.0012 
4 .1540 -.0283 -.0201 -.0076 .0000 
6 .1537 -.0265 -.0391 -.0067 -.0018 
8 .1554 -.0255 -.0612 -.0049 -.0037 

+ 
8 6 .2112 -.0383 -.OU04 -.0068 -.0023 
l' 8 .2115 -.0363 -.0626 -.0053 -.0039 

0 u 0 0 -.0009 .0066 .0080 -.0058 .0024 

1 
1 -.0029 .0069 .0002 -.0052 .0016 
2 -.003h .0071 -.0077 -.0048 .0011 
.3 -.0088 .0087 -.0159 -.0044 .0000 
4 -.OOu1 .0072 -.0251 -.oouo -.0006 
6 -.0066 .0085 -.0440 -.0025 -.0016 
8 -.0065 . 0091 -.0668 -.0005 -.0026 

2 0 .ou53 -. 0041 .0080 -.0053 .0022 

1 

1 .0474 -.0042 .0007 -.0051 .0012 
2 .0476 -.0042 -.0069 -.0049 .0005 
3 .0452 -.004h -.01h7 -.0047 -.0004 
4 .0465 -. 0041 -.0243 -.0045 . -.0010 
6 .0495 -.0038 -.Ou28 -.0035 -.0020 
8 .0497 -. 0034 -.0656 -.0015 -.0033 

u 0 .1038 -.0180 .0085 -.0050 .0018 

1 

1 .1019 -.0174 .0015 -.0050 .0012 
2 .1012 -.0174 -.0062 -.0051 .0006 
3 .0997 -.0173 -.01h3 -.0050 -.0006 
4 .1020 -.0164 -.0229 -.0050 -.0010 
6 .1035 -.0164 -.0425 -.0041 -.0020 
8 .1060 -.0153 -.06u6 -.0023 -.0038 

L 
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TABLE II. - Continued 

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF 

MODELS BWTHTVUTVL' BWTHTVU' AND BWTHTVL 

[BOdy-axiS data; M = 4.06; R = 2.7 X 10
6J 

iH iV Cl ~ CN Cm Cy Cn C~ 

(b) BWTHTVU - Continued 

0 4 6 0 0.1588 -0.0310 0.0092 -o.0<:l46 0.0017 

1 
1 .1556 -.0301 .0014 -.0049 .0008 
2 .1559 -.0297 -.0057 -.0052 -.0001 
3 .1538 -.0284 -.0142 -.0054 -.0011 
4 .1$65 -.0287 -.0235 -.005u -.0016 
6 .1563 -.0269 -.0425 -.OOu6 -.0028 
8 .1581 -.0257 -.0650 -.0029 -.00u3 

8 2 .2117 -.0416 -.0069 -.0053 -.0008 

J 
3 .2114 -.0410 -.0161 -.0056 -.0014 
4 .2135 -.0407 -.0241 -.0056 -.·0018 

II 6 .2145 -.0389 -.·0436 -.oct9 -.0028 
8 .2159 -.0367 -.0655 -.0034 -.0048 

0 2 0 0 -.0038 .0073 .0036 -.0029 .0010 
1 -.0038 .007) -.0043 -.002U .0005 
2 -.0<:l42 .0073 -.0123 -.0021 -.0002 
3 -.0063 .0081 -.0139 -.0017 -.0003 
4 -.0061 .0082 -.0293 -.0013 -.OOil 
5 -.0066 .0085 -.0384 -.0006 -.0016 
6 -.0070 .0089 -.0486 .0001 -.0022 
7 -.0064 .0094 -.0599 .0011 -.0028 
7 -.0049 .0087 -.0597 .0008 -.002u 
8 -.0058 .0096 -.0709 .0021 -.0034 
8 -.ocM .0090 -.0710 .0020 -.0028 

2 0 .0496 -.0057 .0046 -.0027 .0005 
1 .0451 -.003u -.0032 -.0026 .0007 
2 .047u -.0040 -.oloB -.0024 .0001 
3 .0476 -.0040 -.0190 -.0023 -.0006 
u .0468 -.0038 -.0267 -.0020 -.0014 
5 .0466 -.0038 -.0361 -.0016 -.0020 
6 .0467 -.0041 -.0467 -.0010 -.0022 

~ 7 .eM5 -.0038 -.0574 -.0002 -.0028 
8 .0508 -.0043 -.0688 .0007 -.0033 
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TABLE II.- Continued 

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF 

~Ody-axiS data; M = 4.06; R = 2.7 X 106J 

iH iV a j3 CN Cut Cy Cn CL 

(b) BWTHTVU - Continued 

0 2 4 0 0.1016 -0.0175 0.0053 -0.0025 0.0002 
1 .1002 -.0173 -.0024 -.0027 .()()Q4 
2 .1023 - . 0176 -.0101 -.0028 -.0002 
3 .1005 -.0168 - .0177 -.0028 -.0008 
4 .1006 -.0164 -.0259 -.0027 -.0016 
5 .1014 -.0159 -.0348 -.0024 -.0024 
6 .1004 -.0157 -. ~58 -.0018 -.0024 
7 .1028 -. 0150 -.0563 -.0012 -.0029 
8 .1~0 -.0147 -.0678 -.0001 -.0036 

6 0 .1577 -.0307 .0058 -.0024 -.0004 
1 .1555 -.0302 -.0016 -.0027 .0000 
2 .1550 -.0295 -.0091 -.0030 -.0007 
3 .1560 -.0291 -.0175 -.0033 -.0015 
4 .1545 -.0279 -.0260 -.0033 -.0020 
5 .1545 -.0273 -.0343 -.0030 -.0027 
6 ~1558 -.0264 -.0456 -.0026 -.0029 
7 .1545 -.0256 -.0561 -.0019 -.0034 
8 .1557 -.0252 -.0672 -.0010 -.0041 

8 0 .2l55 -.0448 .0069 -.0022 -.0008 
1 .2119 -.0427 -.0009 -.0027 .0001 
2 .2118 -.0417 -.0097 -.0033 -.0007 
3 .2109 -.0407 -.0172 -.0036 -.0014 
4 .2114 -.0399 -.0260 -.0037 -.0022 
5 .2124 -.0392 -.0350 -.0035 -.0030 
6 .2127 -.0382 -.0463 -.0030 -.0031 
7 .2110 -.0364 -.0571 -.0024 -.0037 
8 .2134 -.0358 -.0682 -.0016 -.0048 
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TABLE II.- Continued 

LONGITUDINAL .AND LATERAL CONTROL CHARACTERISTICS OF 

Cl 

0 

II 

2 

\1 

4 

\ 

MODELS BWTHTVUTVL' BWTHTVU1.AND BWTHTVL 

[BOdy -axis data; M = 4.06; R = 2.7 x 10~ 

~ CN em Cy Cn 

(b) BWTHTVU - Continued 

0 -0.0016 0.0063 -0.0009 0.0000 
1 -.0052 .0073 -.0088 .0004 
2 -.0051 .0075 -.0170 .0008 
3 -.0056 .0077 -.0253 .0012 
4 -.0065 .0081 -.0337 .0017 
5 -.0075 .0085 -.0428 .0023 
6 -.0069 .0092 -.0534 .0031 
7 -.0062 .0097 -.0649 .0040 
8 -.0062 .0102 -.0760 .0051 

0 .0488 -.0056 .0003 .0000 
1 .0486 -.0057 -.0072 .0001 
2 .0476 -.0057 -.0149 .0003 
3 .0476 -.0058 -.0231 .0004 
4 .0477 -.0056 -.0313 .0006 
5 .0477 -.0051 -.0402 .0011 
6 .0477 -.0038 -.0504 .0016 
7 .0483 -.0037 -.0619 .0026 
8 .0489 -.0034 -.0733 .0036 

0 .1023 -.0181 .0013 .0000 
1 .1018 -.0181 -.0062 -.0003 
2 .1007 -.0178 -.0140 -.0003 
3 .1008 -.0174 -.0218 -.0003 
4 .1019 -.0170 -.0301 -.000) 
5 .1020 -.0166 -.0393 .0001 
6 .1005 -.0158 -.0497 .0006 
7 .1017 -.0149 -.0611 .0014 
8 .1022 -.0141 -.0722 .0023 

23 

CL 

-0.0001 
-.0006 
-.0010 
-.0014 
-.0019 
-.0025 
-.0033 
-.0039 
-.0043 

-.0008 
-.0011 
-.0016 
-.0022 
-.0027 
-.0032 
-.0038 
-.0043 
-.0047 

.0012 

.0007 
-.0001 
-.0005 
-.0009 
-.0015 
-.0020 
-.0029 
-.0037 
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TABLE 11.- Continued 

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF 

ct 

6 

8 

~ 

0 

MODELS BWTHTVUTVL' BWTHTVUJ AND BWTHTVL 

[sOdy-axiS data; M = 4.06; R = 2;7 x 1061 

~ CN Cm Cy 

(b) BWTHTVU - Continued 

Cn 

0 0.1580 -0. OJ 14 0.0022 -0.0001 
1 .1582 -.0311 -.0051 -.0005 
2 .1579 -.oJ05 -.0126 -.0008 
3 .1559 -.0292 -.0207 -.0010 
4 .1562 -.0287 -.0293 -.0010 
5 .1549 -.0273 -.0383 -.0008 
6 .1563 -.0263 -.0483 -.0004 
7 .1570 -.0257 -.0591 .0003 
8 .1580 -.0245 -.0700 .0011 

0 .2104 -.0424 .0037 -.0001 
1 .2107 -.0421 -.00J5 -.0006 
2 .2103 -.0414 -.0120 -.0013 
3 .2097 -.0403 -.0199 -.0017 
4 .2108 -.0396 -.0282 -.0019 
5 .2121 -.0387 -.0372 -.0017 
6 .2108 -.0375 -.eM3 -.0012 
7 .2124 -.0364 -.0596 -.0005 
8 .2144 -.0355 -.0710 .0002 

0 -.0037 .0071 -.0051 .0029 
1 -.0036 .0072 -.0132 .0033 
2 -.0046 .0077 -.0217 .0037 
3 -.0061 .0082 -.0298 .0041 
4 -.0060 .0084 -.0382 .0046 
5 -.0059 .0088 -.0473 .0051 
6 -.0058 .0095 -.0577 .0059 
7 -.0063 .0104 -.0688 .0069 
8 -.0062 .0126 -.0805 .0081 

CL 

0.0004 
-.0003 
-.0007 
-.0013 
-.0017 
-.0024 
-.0031 
-.0044 
-.0051 

-.0003 
-.0008 
-.0013 
-.0020 
-.0024 
-.0028 
-.0035 
-.0041 
-.0049 

.0002 
-.0003 
-.0008 
-.0014 
-.0019 
-.0025 
-.0033 
-.0037 
-.0043 
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TABLE II. - Continued 

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF 

a. 

2 

4 

If 

6 

8 

.., 

MODELS BWTHI'WVL' BWTHI'vu, AND BWTHI'VL 

[BOdy-aXiS data; M = 4.06; R = 2.7 X 106J 

~ CN Cm Cy 

(b) BWT~VU - Continued 

0 0.0474 -0.0054 -0.0035 
1 .0475 -.0054 -.0122 
2 .0475 -.0054 -.0192 
3 .0469 -.0054 -.0272 
4 .0469 -.0046 -.0358 
5 .0470 -.0044 -.0445 
6 .0475 -.0036 -.0546 
7 .0481 -.0034 -.0655 
8 .0482 -.0028 -.0768 

0 .1013 -.0179 -.0024 
1 .1022 -.0178 -.0095 
2 .1017 -.0175 -.0173 
3 .1019 -.0169 -.0251 
4 .1010 -.0163 -.0335 
5 .1003 -.0154 -.0427 
6 .1010 -.0146 -.0533 
7 .1017 -.0137 -.0640 
8 .1025 -.0127 -.0755 

0 .1559 -.0304 -.0010 
1 .1557 -.0300 -.0084 
2 .1553 -.0295 -.0160 
3 .1552 -.0286 -.0243 
4 .1554 -.0279 -.0333 
5 .1545 -.0266 -.0418 
6 .1551 -.0257 -.0522 
7 .1557 -.0252 -.0629 
8 .1563 -.023h -.0742 

0 .2108 -.0425 .0002 
1 .2134 -.0426 -.0071 
2 .2130 -.0417 -.0153 
3 .2121 -.0410 -.0238 
4 .2122 -.0399 -.0321 
5 .2129 -.0390 -.0416 
6 .2138 -.0381 -.0524 
7 .2113 -.0361 -.0629 
8 .2114 -.0348 -.0748 

Cn 

0.0026 
.0028 
.0029 
.0030 
.0033 
.0037 
.0042 
.0051 
.0062 

.0024 

.0022 

.0022 

.0021 

.0022 

.0025 

.0030 

.0037 

.0047 

.0021 

.0018 

.0011 

.0012 

.0011 

.0014 

.0018 

.0025 

.0034 

.0019 

.0015 

.0009 

.0001 

.0004 

.0006 

.0010 

.0017 

.0024 

25 

Cz 

-0.0002 
-.0011 
-.0017 
-.0020 
-.0025 
-.0031 
-.0037 
-.0041 
-.0045 

-.0003 
-.(\012 
-.0018 
-.0026 
-.0030 
-.0034 
-.oe40 
-.0046 
-.0053 

-.0005 
-.0008 
-.0016 
-.0024 
-.0036 
-.0042 
-.0048 
-.0053 
-.0057 

-.0005 
-.0014 
-.0021 
-.0026 
-. 0032 
-.0038 
-.0046 
-.0054 
-.0060 
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TABLE 11.- Cont inued 

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF 

a 

0 

j 
2 

! 
4 

1 
6 

1 
8 

j 

MODELS BWTffIvuTVL' BWTHTVU ' AND BWTHTVL 

[BOdy-axiS dat a; M = 4.06 ; R = 2. 7 X 10~ 

~ CN Cm Cy 

(b) BWTffTvu - Cont inued 
-

0 -0.0046 0.0017 -0.0097 
1 -.0056 .0082 -.0179 
2 -.0055 .0085 -.0259 
3 -.0054 .0086 -.0340 
4 -.0053 .0079 -.0l!21 
6 -.0077 .0126 -.0625 
8 -.0060 .0133 -.0853 

0 .0460 -.0043 -.0085 
1 .0473 -.0041 -.0158 
2 .0486 -.0047 -.0238 
3 .0462 -.0043 -.0311 
4 .0460 -.0042 -.0404 
6 .0459 -.0028 -.0597 
8 .0484 -.0013 -.0810 

0 .1014 -.0177 -.0063 
1 .1028 -.0177 -.0134 
2 .1017 -.0174 -.0220 
3 .1017 -.0164 -.0287 
4 .1010 -.0156 -.0372 
6 .1018 -.0148 -.0577 
8 .1019 -.0121 -.0796 

0 .1579 -.0309 -.0050 
1 .1568 -.0303 -.0124 
2 .1575 -.0298 -.0201 
3 .1554 -.0283 -.0272 
4 .1545 -.0271 -.0360 
6 .1552 -.0257 -.0563 
8 .1548 -.023u -.0777 

0 .2123 -.0419 -.0036 
1 .2098 -.0421 -.0113 
2 .2148 -.0421 -.0189 
3 .2120 -.0403 -.0266 
4 .2137 -.0394 -.0345 
6 .2142 -.0377 -.0562 
8 .2137 -.0346 -.0783 

en CL 

0.0058 -0.0006 
.0063 -.0014 
.0066 -.0021 
.0069 -.0034 
.0074 -.0038 
.0089 -.0043 
.0110 -.0055 

.0052 -.0007 

.0053 -.0011 

.0055 -.0020 

.0058 -.0033 

.0059 -.0039 

.0069 -.0042 

.0087 -.0056 

• oeM -.0007 
.0046 -.0009 
.0046 -.0022 
. 0046 -.0035 
.0046 -.0045 
.0054 -.0045 
.0071 -.0062 

.0043 -.0006 

.0041 -.0011 

.0037 -.0030 

.0035 -.0035 

.0033 -.0044 

.0041 -. 0049 

.0057 -.0061 

.cxto -.0008 

.0037 -.0014 

.0030 -.0024 

.0025 -.0033 

.0020 -.0044 

.0030 -.0045 

.0041 -.0061 
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0 -6 

TABLE II. - Continued 

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF 

11 

0 

1 
2 

1 
4 

1 
6 

1 

MODELS BWTHI'WVL' BWTHI'VU' AND BWTHI'VL 

~Od.y-axiS data; M = 4.06; R = 2.7 X l06] 

13 CN Cm Cy 

(b) BWTffTvu - Continued 

0 -0.0050 0.0081 -0.0142 
1 -.0~9 .0085 -.0224 
2 -.0048 .0090 -.0303 
3 -.0040 .0094 -.0387 
4 -.0067 .0101 -.0481 
6 -.0075 .0130 -.0669 
8 -.0063 .0129 -.0874 

" .0471 -.0051 -.0123 
1 .~90 -.0050 -.0191 
2 .0466 -.0043 -.0277 
3 .0451 -.0035 -.0356 
4 .0454 -.0032 -.d.lSl 
6 .0474 -.0019 -.063u 
8 .0467 -.0003 -.0854 

0 .1019 -.0178 -.0104 
1 .1015 -.0171 -.0179 
2 .1034 -.0175 -.0257 
3 .1010 -.0158 -.0333 
4 .1002 -.0150 -.0424 
6 .1017 -.0134 -.0611 
8 .1014 -.0113 -.0825 

0 .1551 -.0304 -.0088 
1 .1547 -.0296 -.0161 
2 .1570 -.0292 -.0241 
3 .1546 -.0276 -.0313 
4 .1544 -.0266 -.0409 
6 .1554 -.0253 -.0598 
8 .1547 -.0225 -.0802 

en 

0.0088 
.0092 
.0097 
.0101 
.0107 
.0119 
.0133 

.0080 

.0081 

.0084 

.0086 

.0089 

.0097 

.0117 

.0073 

.0072 

.0072 

.0073 

.0074 

.0081 

.0097 

.0067 

.0065 

.0061 

.0059 

.0059 

.0066 

.0079 

27 

cl 

-0.0016 
-.0025 
-.0030 
-.0042 
-.0043 
-.0059 
-.0069 

-.0014 
-.0020 
-.0031 
-.0040 
-.0044 
-.0059 
-.0071 

-.0012 
-.0024 
-.0035 
-.~3 
-.0047 
-.0055 
-.0073 

-.0012 
-.0026 
-.0033 
-.0040 
-.0043 
-.0059 
-.0071 
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TABLE II. - Continued 

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF 

MODELS BWTHTVUTVLJ BWTHTVU J AND BWTHTVL 

~Ody-axiS data; M = 4.06; R = 2 .7 x 10~ 

iH iV a ~ CN em Cy cn CL 

(b) BWTffTvu - Concluded 

0 -6 8 0 0.2157 -0.0451 -0.0066 0.0063 -0.0010 

1 1 1 
1 .2132 -.0426 -.0141 .0058 -.0016 
2 .2117 -.0411 -.0223 .0052 -.0034 
3 .2111 -.0400 -.0295 .0047 -.0041 
4 .2097 -.0382 -.0391 .0046 -.0044 
6 .2128 -.0361 -.0586 .0052 -.0059 
8 .2135 -.0334 -.0806 .0064 -.0074 

(c) BWTHTVL 

0 6 0 0 .0050 -.0068 .0139 -.0093 -.0019 
1 .0016 -.0052 .0051 -.0086 -.0036 
1 .0049 -.0064 .0055 -.0088 -.0010 
2 .0039 -.0048 -.0029 -.0080 -.0013 
3 .0028 -.0054 -.0112 -.0076 -.0006 
4 .0031 -.0050 -.0202 -.0072 .0007 
6 .0046 -.0061 -.0380 -.0059 .0009 
8 .0051 -.0064 -.0603 -.0040 .0015 

, 
2 0 .0540 -.0206 .0152 -.0101 -.0021 

1 .0543 -.0196 .0068 -.0093 -.0019 
1 .0530 -.0195 .0067 -.0094 -.0010 
2 .0532 -.0188 -.0019 -.0086 -.0015 
3 .0512 -.0184 -.0100 -.0079 -.0015 
4 .0560 -.0198 -.0194 -.0074 .0000 

, 6 .0557 -.0191 -.0385 -.0058 .0003 
8 .0565 -.0187 -.0605 -.0038 .0007 

4 1 .1068 -.0320 .0091 -.0100 -.0012 

t 
2 .1086 -.0316 -.0004 -.0090 -.0023 
3 .1055 -.0306 -.0095 -.0081 -.0022 
4 .1072 -.0307 -.0193 -.0074 -.0004 
6 .1092 -.0306 -.0397 -.0054 -.0001 
8 .1106 -.0295 -.0619 -.0033 -.0001 
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iH iV 

0 6 

t t 
0 4 

\ 

TABLE II.- Continued 

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF 

ct 

6 

t 
0 

1 
2 

1 
4 

6 

! 

MODELS BWTHTVUTVL' BWTHTVUJ AND BWTHTVL 

GOdy-axiS data; M = 4.06; R = 2.7 X 10~ 

~ CN Cm Cy 

(c) BWTHTVL - Continued 

Cn 

4 0.1612 -0.0425 -0.0202 -0.0075 
6 .1611 -.0411 -.c409 -.0053 
8 .1625 -.0394 -.0631 -.0029 

0 .0034 -.0062 .0090 -.0061 
1 .0044 -.0060 .0010 -.0056 
2 .0043 -.0060 -.0071 -.0050 
3 .0033 -.0055 -.0154 -.od!7 
4 .0034 -.0064 -.0246 -.0043 
6 .0018 -.0064 -.0437 -.0029 
8 .0021 -.0070 -.0659 -.0009 

0 .0513 -.0190 .0101 -.0066 
1 .0526 -.0189 .0021 -.0060 
2 .0520 -.0187 -.0066 -.0053 
3 .0517 -.0186 -.0149 -.0047 
4 .0511 -.0192 -.0244 -.0041 
6 .0552 -.0197 -.0443 -.0025 
8 .0552 -.0198 -.0670 -.0005 

0 .1076 -.0318 .0122 -.0071 
1 .1060 -.0313 .0018 -.0062 
1 .1060 -.0313 .0029 -.0062 
2 .1084 -.0315 -.0061 -.0055 
3 .1067 -.0313 -.0145 -.0~6 
4 .1071 -.0315 -.0246' -.0038 
6 .1082 -.0315 -.0461 -.0018 
8 .1104 -.0320 -.0691 .0005 

2 .1615 -.0437 -.0052 -.0058 
3 .1613 -.0429 -.0151 -.0047 
4 .1605 -.0427 -.0259 -.0036 
6 .1623 -.0427 -.~77 -.0013 
8 .1626 -.OU22 -.0715 .0013 

29 

C~ 

-0.0010 
-.0008 
-.0007 

-.0012 
-.0008 
-.0003 
-.0002 
.0016 
.0022 
.0032 

-.0014 
-.0008 
-.0006 
-.0005 
.0011 
.0018 
.0026 

-.0018 
-.0016 
-.0016 
-.0012 
-.0008 
.0007 
.0015 
.0020 

-.0018 
-.0020 
.0003 
.0006 
.0014 

J 
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TABLE II.- Continued 

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF 

MODELS BWTHTVUTVV BWTHTVU ' AND BWTHTVL 

~Ody-axiS data; M = 4.06; R = 2.7 x 10~ 

a ~ CN em Cy 

(c) BWTHTVL '- Continued 

0 0 0.0010 -0.0050 0.0041 
1 .0025 -.0054 -.0037 
2 .0024 -.0054 -.0122 
3 .0008 -.0053 -.0198 
4 .0007 -.0058 -.0279 
4 .0019 -.0066 -.0283 
6 .0001 -.0062 -.0458 
6 .0028 -.0073 -.0475 
8 .002l -.0017 -.0703 

2 0 .~73 -.0178 .0052 

1 
1 .0542 -.0194 -.0029 
2 .0522 -.0189 -.0114 
3 .0518 -.0190 -.0199 
4 .0540 -.0195 -.0281 
6 .0536 -.0195 -.0471 
8 .0556 -.0208 -.0716 

4 0 .1064 -.0313 .0068 

1 
1 .1059 -.0314 -.0022 
2 .1072 -.0315 -.0108 
3 .1080 -.0315 -.0202 
4 .1075 -.0314 -.0289 
6 .1063 -.0307 -.~91 
8 .1107 -.0324 -.0737 

6 0 .1612 -.~O .0083 

1 

1 .1588 -.0434 -.0013 
2 .1601 -.0435 -.0110 
3 .1608 -.0434 -.0207 
4 .1602 -.0422 -.0306 
6 .1608 -.0418 -.0511 
8 .1638 -.0433 -.0765 

Cn Ct 

·-0.0032 0.0005 
-.0028 .0011 
-.0023 .0016 
-.0021 .0016 
-.0017 .002l 
-.0016 .0015 
-.0006 .0028 
-.0003 .0026 
.0016 .0037 

-.0035 .0004 
-.0028 .0010 
-.0023 .0012 
-.0018 .0015 
-.0013 .0017 

.0002 .0022 

.0025 .0031 

-.0038 0 
-.0030 .0008 
-.0023 .0010 
-.0015 .0012 
-.0008 .0015 
.0011 .0020 
.0038 .0025 

-.0042 -.0001 
-.0032 -.0003 
-.0023 .0007 
-.0013 .0010 
-.0004 .0005 
.0018 .0017 
.~9 .0024 
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iH iV 

0 0 

TABLE 1I.- Continued 

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF 

MODELS BWTHTVUTVL' BWTHTVU' AND BWTHTVL 

[BOdy-axiS dat a; M = 4.06; R = 2.7 X 10~ 

a ~ CN Cm Cy 

(c) BWTHTVL - Continued 

0 0 0.0026 -0.0054 -0.0003 
0 .0021 - .. 0051 .0002 
1 .0046 -.0059 -.0082 
1 .0021 -.0054 -.0076 
2 .0050 -.0060 -.0163 
2 .0025 -.0060 -.0161 
3 .0019 -.0060 -.0240 
3 .0023 -.0066 -.0245 
4 .0018 -.0066 -.0319 
4 .0022 -.0072 -.0324 
5 .0022 -.0076 -.0418 
6 .0029 -.0069 -.0502 
6 .0021 -.0080 -.0518 
7 .0025 -.0084 -.063) 
8 .0014 -.0088 -.0749 

2 0 .0527 -.0189 .0005 

1 

1 .0538 -.0191 -.0075 
2 .0559 -.0196 -.016) 
3 .0539 -.0193 -.0240 
4 .0525 -.0194 -.0325 
6 .0540 -.0192 -.0517 
8 .0561 -.0218 -.0768 

4 0 .1061 -.0)17 .0014 

1 
1 .1073 -.0315 -.0072 
2 .1078 -.0312 -.0163 
3 .1070 -.0310 -.0246 
4 .1057 -.0305 -.0335 
6 .1099 -.0303 -.0546 
8 .1113 -.0331 -.0796 
-

Cn 

-0.0004 
-.0004 

.0001 
-.0001 

.0004 

.0004 

.0007 

.0007 

.0011 

.0011 

.0017 

.0023 

.0024 

.00)) 

.0044 

-.0004 
.0002 
.0007 
.0012 
.0018 
.0034 
.0056 

-.0004 
.0003 
.0009 
.0016 
.0025 
.0047 
.0073 

-

31 

CL 

0.0005 
.0001 
.0012 
.0007 
.0017 
.0014 
.0014 
.0021 
.0019 
.0027 
.0032 
.0024 
.00)3 
.0041 
.0C47 

.0004 

.0012 

.0014 

.0014 

.0016 

.0019 

.0043 

.0003 

.0010 

.0013 

.0014 

.0014 

.0019 

.0039 



32 

iH iv 

0 0 

J ! 
0 -2 

\ \~ 

NACA RM L55B28 

TABLE 11.- Cont i nued 

LONGITUDINAL AND LATERAL CONTROL CHARACTERI STI CS OF 

Cl 

6 

! 
0 

1 
2 

1 
4 

1 
6 

t 

MODELS BWTHTVUTVL ' BWTHTVU ' AND BWTHTVL 

&Ody-axiS dat a ; M = 4. 06; R = 2 .7 X 10~ 

~ CN em Cy 

(c) BWTHTVL - Continued 

Cn 

0 0.1610 -0.0439 0.0024 -0.0005 
1 .1617 -.~3 -.0074 .0004 
2 .1638 -.diliO -.0164 .0011 
3 .1590 -.0427 -.0259 .0021 
4 .1630 -.0422 -.0361 .0033 
6 .1607 -.0408 -.0564 .0056 

0 .0023 -.0059 -.0051 .0026 
1 .0022 -.0058 -.0127 .0030 
2 .0027 -.0063 -.0209 .0034 
3 .0022 -.0072 -.02 91 .0038 
4 .0010 -.0073 -.0373 .0041 
6 .0015 -.0081 -.05L7 .0050 
8 .0018 -.0099 -.07 95 .0074 

0 .0502 -.0186 -.0042 .0029 
1 .0550 -.0198 -.0132 .0035 
2 .0544 -.0200 -.0209 .0041 
3 .0535 -.0201 -.0296 .0047 
4 .0535 -.0206 -.0382 .0051 
6 .0530 -.0210 -.0583 .0064 
8 .0564 -.0234 -.0817 .0090 

0 .1076 -.0318 -.0038 .0028 
1 .1067 -.0318 -.0131 .0037 
2 .1066 -.0319 -.0217 .0046 
3 .1090 -.0324 -.0307 .0054 
4 .1073 -.0323 -.oLOO .0061 
6 .1095 -.0329 -.0602 .0080 
8 .1101 -.0347 -.0858 .0110 

0 .1575 -.0435 -.0038 .0034 
1 .1603 -.0442 -.0141 .0042 
2 .1636 -.dili5 -.0222 .0051 
3 ,.1623 -.0553 -.0319 .0060 
4 .1617 -.0439 -.OL26 .0071 

CL 

0.0003 
.0007 
.0007 
.0009 
.0009 
.0036 

.0019 

.0026 

. 0031 

.0030 

.0038 

.0041 

.0055 

.0017 

.0024 

.0029 

.0029 

.0033 

.0039 

.0052 

.0016 

.0024 

.0028 

.0030 

.0033 

.0022 

.0053 

.0017 

.0020 

.002u 

.0023 

.0031 



NACA RM L55B28 33 

TABLE 11.- Continued 

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTICS OF 

MODELS BWTHTVUTVL' BWTHTVU' AND BWTHTVL 

~Ody-axiS data; M = 4.06; R = 2.7 X 10~ 

iH iV a. ~ CN Cm Cy Cn CL 

(c) BWTHTVT. - Continued 

0 -4 0 0 0.0022 -0.0076 -0.0093 0.0055 0.0028 
1 .0037 -.0085 -.0172 .0060 .0034 
2 .0015 -.0081 -.0256 .0064 .0040 
3 .OO~ -.0085 -.0329 .0067 .0041 
4 .0003 -.0092 -.0417 .0071 .0045 
6 .0029 -.0101 -.0610 .0083 .0050 
7 .0035 -.0100 -.0715 .0091 .0054 
8 .0035 -.0106 -.0827 .0103 .0054 

2 0 .0500 -.0200 -.0091 .0060 .0026 
1 .0539 -.0212 -.0180 .0067 .0033 
2 .0539 -.0223 -.0261 .0072 .0037 
3 .0540 -.0221 -.0347 .0079 .0038 
4 .0536 -.0226 -.0436 .0086 .0045 
6 .0547 -.0228 -.0634 .0099 .0051 
7 .0557 -.0236 -.0746 .0111 .0053 
8 .0559 -.0241 -.0850 .0123 .0057 

4 0 .1075 -.0332 -.0090 .0065 .0027 

J 

1 .1072 -.0334 -.0179 .0072 .0034 
2 .1063 -.0335 -.0267 .0080 .0036 
3 .1069 -.0337 -.0366 .0088 .0040 
4 .1081 -.0342 -.0453 .0096 .0041 
6 .1094 -.0345 -.0667 .0117 .0048 

6 0 .1605 -.~56 -.0092 .0070 .0026 , t 1 .1614 -.~61 -.0188 .0079 .0036 
2 .1629 -.0462 -.0278 .0089 .0035 

0 -6 0 0 .0016 -.0055 -.0140 .0086 .0029 

1 t t 
1 .0053 -.0078 -.0219 .0090 .0036 
2 .0052 -.0079 -.0301 .0094 • ext 1 
3 .0~2 -.0081 -.0378 .0098 .0039 
4 .0041 -.0087 -.0460 .0102 • ext 2 
5 .0025 -.0087 -.0544 .0107 .0046 
6 .0062 -.0102 -.0640 .0114 .0050 
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TABLE II. - Continued 

LONGITUDINAL AND LATERAL CONTROL CHARACTERISTI CS OF 

iv 

-6 

\ 

MODELS BWTHTVUTVV BWTHTVU' AND BWTHTVL 

~Ody-aXiS data; M = 4.06; R = 2.7 X 10~ 

a. ~ CN Cm Cy 

(c) BWTHTVL - Concluded 

2 0 0.0534 -0.0206 -0.0142 

~ 
1 .0556 -.0210 -.0226 
2 .0565 -.0216 -.0312 
3 .0535 -.0211 -.0389 
4 .0537 -.0218 -.0479 

4 0 .1089 -.0330 -.0147 

t 1 .1100 -.0335 -.0233 
2 .1096 -.0331 -.0324 

6 0 .1644 -.0461 -.0152 

Cn C~ 

0.0093 0.0032 
.0099 .0036 
.01~ .0039 
.0109 .0041 
.0116 .0043 

.0100 .0032 

.0108 .0037 

.0114 .0042 

.0109 .0036 

• 



Figure 1 .- Photograph of complete model . iH 80. 00 - ; lV = . L-8804o 
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Figure 2.- Systems of reference axes; arrows indicate positive direction. 
Subscript B indicates body axes; subscript S indicates stability 
axes. 
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""" .01 c radius [ ·04 Q .02 c 
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~ .20 c 

.80 c 

c 

(a) Wing. 

Hinge line. 

(b) Horizontal and vertical tails. 

Figure 4.- Wing and tail airfoil sections used on model. 
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Figure 5.- Model designations. 



L-87425 
Figure 6.- Installation of the complete model in the Langley 9- by 9-inch 

Mach number 4 blowdown jet. 
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Figure 7.- Variation of the pitching-moment coefficient and angle of 
attack with normal-force coefficient at various horizontal-tail inci
dence angles for models BWTHTVUTVL' BWTHTVU' and BWTHTVL • M = 4.06; 
R = 2.7 x 106. 
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Figure 8 .- Variation of pitching-moment coefficient with horizontal-tail 
incidence angle at various angles of attack for model BWTnTVUTVL. 
M = 4 .06; R = 2.7 X 106. 
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Figure 9.- Variation with angle of attack of the downwash angle and the 
stabilizer effectiveness parameter dCm/diH for model BWTHTvuTvL at 

trim conditions. M = 4.06; R = 2.7 X 106. 
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Figure 10.- Variat i on wi th normal-force coeffici ent of the downwash angl e 
and t he longit ud i nal stabi l i t y par ameters CCm /CCNJ CCm/ CiHJ 
and c€/ea f or model BWTffTvuTvL at trim condi t ions . M = 4.06 ; 

6 R = 2 .7 x 10 • 
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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 106. 
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(a) Lateral characteristics . 

Figure 12 .- Variation with s i deslip angle of the lateral and l ongitudinal 
characteristics of model BWTHTVUTVL at various vertical-tail i ncidence 

angles. 
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Fi gure 13 . - Variat ion with s i deslip angle of t he l atera l and longi t udi nal 
charact eristics of model BWTHTVU at various vertical-ta il inc i dence 

angle s . 
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(a ) Lateral characteristics. 

Figure 14.- Variation with sideslip angle of the lateral and longitudinal 
characteristics of model BWTHTVL at various vertical-tail incidence 
angles . 
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(b) Longitudinal characteristics. 

Figure 14.- Concluded. 
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Figure 15.- Variation with normal-force coefficient of t he lateral sta
bility parameters Cn~' C2~' and Cy~ for models BWTHTVUTVL' 

BWTHTVU' BWTHTVL' and BW. M = 4.06; R = 2.7 X 106• 
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Figure 16.- Variation with normal-force coefficient of the lateral charac
teristics of models BWTHTVUTVL' BWTHTVU' BWTHTVL' and BW at various 

vertical-tail incidence angles. M = 4.04; R = 2.7 x 106. 
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Figure 16. - Continued. 
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Figure 16.- Concluded. 
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Figure 17.- Variation of yawing-moment coefficient with vertical-tail 
incidence angle for models BWTHTVUTVL' BWTHTVU' and BWTHTVL ' 

M ~ 4.06; R ~ 2.7 X 106. 
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