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SUMMARY

Additional results on the static longitudinal and lateral stability
characteristics of a 0.05-scale model of the Convair F2Y-1 water-based
fighter airplane were obtained in the Langley high-speed T7- by 10-foot
tunnel over a Mach number range of 0.50 to 0.92. The maximum angle-of-
attack range (obtained at the lower Mach numbers) was from -2°0 to 259,
The sideslip-angle range investigated was from -4° to 12°. The inves-
tigation included effects of various arrangements of wing fences,
leading-edge chord-extensions, and leading-edge notches. Various fuse-
lage fences, spoilers, and a dive brake also were investigated.

From overall considerations of 1lift, drag, and pitching moments, it
appears that there were two modifications somewhat superior to any of the
others investigated: One was a configuration that employed a full-chord
fence and a partial-chord fence located at 0.63 semispan and 0.55 semi-
span, respectively. The second was a leading-edge chord-extension that
extended from 0.68 semispan to 0.85 semispan in combination with a
leading-edge notch located at 0.68 semispan.

With t10° aileron, the estimated wing-tip helix angle was reduced
from 0.125 at a Mach number of 0.50 to 0.088 at a Mach number of 0.92,
with corresponding rates of roll of 4.0 and 5.2 radians per second. The
upper aft fuselage dive brake, when deflected 30° and 60°, reduced the
rudder effectiveness about 10 to 20 percent and about 35 to 50 percent,
respectively.
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INTRODUCTION

A preliminary investigation at high subsonic speeds of the longitu-
dinal and lateral stability characteristics of a 0.05-scale model of the
Convair F2Y-1 water-based fighter airplane was conducted by the National
Advisory Committee for Aeronautics and has been reported in reference 1.

At the request of the Bureau of Aeronautics, Department of the Navy,
the NACA has conducted an additional series of tests at high subsoniec
speeds of the static longitudinal and lateral stability characteristics
of this model. The principal purpose of this investigation was to estab-
lish a wing or fuselage fix that would eliminate or at least delay the
longitudinal instability encountered at high subsonic speeds and high
angles of attack by this model. The investigation included the effects
of various arrangements of wing fences, leading-edge chord-extensions,
and leading-edge notches. Various fuselage fences, spoilers, and dive
brakes were also tested.

The tests were conducted in the langley high-speed T- by 1lO-foot
tunnel over a Mach number range of 0.50 to 0.92, with corresponding
Reynolds numbers, based on the wing mean aerodynamic chord, from

3.3 x 100 to 4.3 x 100.
COEFFICIENTS AND SYMBOLS

The stability system of axes used for the presentation of the data,
together with an indication of the positive directions of forces, moments,
and angles, is shown in figure 1. All moments are referred to the
30-percent-chord point of the mean aerodynamic chord.

CrL 1ift coefficient, —ois
gs

s s Drag

Cp drag coefficient,
Pitchi %
Cm pitching-moment coefficient, ———em—e 10T
asS¢e

Cy rolling-moment coefficient, Rolling moment

gsSb



Yawing moment

Cp yawing-moment coefficient,
gSb

Cy lateral-force coefficient, Lateral force
as

q dynamic pressure, pV2/2, lb/sq ft

S wing area, 1.42 sq ft

0t

b /2
mean aerodynamic chord of wing, gk/n cldy, 1.069 ft

0

c local wing chord, parallel to plane of symmetry, ft
b wing span, 1.76 ft
o} air density, slugs/cu ft
\ free-stream velocity, ft/sec
M Mach number
R Reynolds number of wing based on ¢
a angle of attack of fuselage reference line, deg
B -angle of sideslip, deg
o) control surface deflection, deg
pb/2V "wing-tip helix angle, radians
D rolling velocity, radians/sec
Cy = égl, per radian

PR

2v

L/D lift-drag ratio
Subscripts:
b base of model fuselage
e elevon



r rudder
max maxinmm
min minimum
MODEL DESIGNATIONS
B fuselage
c canopy
v fin
W wing; W also used with following subscripts:
Fy fence 1
F5 fence 3
F) fence k4
F5 fence 5
Fg fence 6
F7 fence 7 ‘
Ny notch 1
No notech 2

MODEL AND APPARATUS

A drawing of the 0.05-scale model of the Convair F2Y-1 airplane
employed in this investigation is presented in figure 2. Details of the
various fences, chord-extensions, notches, and spoilers employed on the
model are shown in figures 3 to 7. Included in figure 7 is a sketch of
the fuselage fairing at the aft end of the model. Figure 8 shows the
faired duct inlet plugs employed on the model. Details of the upper aft
fuselage dive brake are shown in figure 9. Photographs of the model are

shown in figure 10.



The model was tested on the sting-type support system shown in fig-
ure 10(ec). With this system, the model was remotely operated through
ranges of either angle of attack or sideslip. A strain-gage balance
mounted inside the fuselage was used to measure the forces and moments
on the model.

TESTS AND CORRECTIONS

The investigation was made in the langley high-speed T- by 10-foot
tunnel over a Mach number range from 0.50 to 0.92 at angles of attack
ranging from about -2° to 25° and through a sideslip range from -4°
to 12°.

The blockage, Jjet-boundary, buoyancy, and base pressure corrections
are the same as those discussed in reference 1. Values of base-pressure-
drag coefficient CDb for average test conditions are presented in fig-

ure 11. The corrected model drag data were obtained by adding the base-
pressure-drag coefficient to the drag coefficient determined from the
strain-gage measurements.

The variation of mean Reynolds number with Mach number for the model
of this investigation is presented in figure 12.

RESULTS AND DISCUSSION

The -bulk of the data obtained in this investigation is presented
in figures 135 to 35; an index of the figures is given in table I. Addi-
tional data that are not presented in figures 13 to 35 are tabulated in
tables II to VII. Data presented as configuration 1A in figures 13 and 1k
were taken from figure 8 in reference 1 to facilitate evaluation of the
flexibility of the elevator restraining members. Data presented for con-
figuration 1B (basic model, no fixes of any nature) in figures 15, 17,
and 20 were also taken from figure 8 in reference 1. Note that fences 1
and 3 are the same as fences 1 and 3 of reference 1; fence 2 of refer-
ence 1 was not used in this investigation. The slopes presented in fig-
ure 35 have been averaged over a lift-coefficient range of about O to 0.k.
In order to expedite the publication of these data, only a brief analysis
is included herein.

Lift

The 1ift characteristics of the model were not greatly altered by
any change in wing fences, leading-edge chord-extensions, and notches,
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except that in the higher 1lift range the fixes generally resulted in
somewhat more linear characteristics. (See parts (a) of figs. 15, 17,
and 20.) The lift-curve slopes of configurations 10 and 20 presented

in figure 35 are fairly representative of all configurations. The reduc-
tions in BCL/aa (about 10 to 15 percent) for the trimmed condition are

in reasonably good agreement with values obtained in reference 1 for
configuration 1A.

Drag

Any alteration to the basic model (configuration 1B, parts (b) of
figs. 15, 17, and 20) usually increased the minimum drag coefficient
except for configuration 21, wherein the jet inlets were plugged with a
smooth fairing - which resulted in reductions of CDmin of about 0.003

to 0.00k. (See fig. 20(b).) In the medium lift-coefficient range, how-
ever, addition of fences, leading-edge chord-extensions, or notches
usually gave some reductions in drag. The leading-edge chord-extension
alone (configuration 4, fig. 15) appeared to be the most effective modi-
fication in this respect.

Compared with the basic model (configuration 1B, fig. 35) the drag
due to 1lift BCD/BCLE was reduced about 10 to 20 percent by fences 1
plus 3 (configuration 10) and the leading-edge chord-extension plus
notch 1 (configuration 20). 1In the trimmed condition, BCD/bCLg was
increased about 15 to 45 percent relative to the condition for B = Q°,

Lift-Drag Ratios

The addition of fences 1 and 3 (configuration 10) or the leading-
edge chord-extension and notch 1 (configuration 20) resulted in a very
slight increase in (L/D)max over that of the basic model (configura-

tion 1B). (See fig. 35.) Trimming the model at the assumed center-of-
gravity location (0.308) generally reduced the lift-drag ratios about
10 to 20 percent. (See figs. 3k and 35.) These values check very
closely those obtained with configuration 1A in reference 1, indicating
that trimming the model would result in a loss of about 10 to 20 percent
in lift-drag ratios for any of the configurations tested.

Pitching Moment

As previously pointed out in reference 1, for the basic model (con-
figuration 1B, parts (c) and (d) of fig. 15), regions of longitudinal
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instability were found to exist at a 1ift coefficient of about 0.40
throughout the Mach number range investigated. All the combinations of
wing fences, leading-edge chord-extensions, and notches delayed the
instability to considerably higher 1ift coefficients and angles of attack
(usually to values of Cp, of 0.6 to 0.8 or angles of attack of 14°

to 16°; see parts (c) and (d) of figs. 15, 17, and 20). However, the
departures from linearity in the medium 1ift and angle-of-attack renge
still are probably undesirable on the basis of pitching-motion consider-
ations. (See ref. 2 for a detailed discussion of the pitch-up problem.)
Inverting the model appeared to give small improvements in the pitch
characteristics at the lower Mach numbers but at a Mach number of 0.92
the characteristics of the model appeared to be slightly worse when
inverted than when in the normal position. (See parts (c) and (d) of
fig. 15.) The addition of the fuselage fences and spoilers gave little
change in the pitching-moment characteristics of the model. (See

fig. 26(b).)

Fences 1 and 3, and the leading-edge chord-extension plus notch 1
(configurations 10 and 20, respectively), provided a slight forward shift
in the aerodynamic-center location (about 1 to 2 percent at Mach numbers
of 0.85 and 0.92). (See fig. 35.)

From overall considerations of 1ift, drag, and pitching moments, it
appears that configurations 10 and 20 were the most desirable; conse-
quently, all analysis and summary figures are based on these two
configurations.

Flevator Effectiveness

The results obtained for various elevator settings (parts (d) of
figs. 22 and 23) indicate that the elevator effectiveness for small
settings and the lower Mach numbers held up well throughout the lift-
coefficient range; however, at a Mach number of 0.92 some appreciable
losses were incurred at the higher 1ift coefficients. At zero 1lift,
small elevator deflections gave gradual increases with Mach number in
the effectiveness parameter §EE> , (from about -0.0052 at M = 0.50

% /o -0
L

to -0.006 at M = 0.90). (See fig. 32.) These values are in good agree-
ment with those obtained in reference 1 for configuration 1A.

In assessing the elevator effectiveness it should be noted that
some flexibility in the elevator restraining members did exist. How-
ever, comparisons with-a heavier dummy gage and with the elevator
securely locked by soldering the elevon actuators to the actuator
fairings indicated that the effects of flexibility were small. (See



parts (c) and (d) of figs. 1% and 1L4.) A slight variation in the eleva-
tor setting introduced by changes in the elevator restraining members may
account for the small shift in the pitching moments at zero 1ift and in
the 1lift coefficients at zero angle of attack.

Aileron Effectiveness

The results of deflecting the ailerons to +5° and t10° are presented
in figure 29. From these data and using values of CZP from reference 3

for a 60° delta wing-body combination, the wing-tip helix angle and rate
of roll were calculated for trim conditions at an altitude of 10,000 feet
and a wing loading of 32 pounds per square foot. The results of these
calculations, presented in figure 33, indicate that with t10° aileron

the wing-tip helix angle was reduced from 0.125 at a Mach number of 0.50
to 0.088 at a Mach number of 0.92, with corresponding rates of roll of
4,0 and 5.2 radians per second.

Effect of Dive Brake on Rudder Effectiveness
/

Results for a rudder deflection of 10°, with upper aft fuselage dive-
brake deflections of 30° and 600, are presented in figure 30. From these
data and data published in reference 1 without dive brakes, it appears that
the 30° setting reduced the rudder effectiveness about 10 to 20 percent;
whereas the 60° setting reduced this parameter about 35 to 50 percent.

Additional tests to determine the static longitudinal and lateral
stability characteristices of various wing and fuselage modifications on
a 0.095-scale model of the Convair F2Y-1 water-based fighter airplane at
high subsonic speeds indicate the following conclusions:

1. The 1lift characteristics of the model were not greatly altered
by any change in wing fences, leading-edge chord-extensions, and notches.

2. From overall considerations of drag and pitching moments, it
appears that there were two modifications somewhat superior to any of
the others investigated: first, a configuration that employed a full-
chord fence and a partial-chord fence located at 0.63 semispan and
0.55 semispan, respectively; and, second, a leading-edge chord-extension
that extended from 0.68 semispan to 0.85 semispan in combination with a
leading-edge notch located at 0.68 semispan.



3. With T10° aileron, the estimated wing-tip helix angle was reduced
from 0.125 at a Mach number of 0.50 to 0.088 at a Mach number of 0.92,
with corresponding rates of roll of 4.0 and 5.2 radians per second.

k. The upper aft fuselage dive brake, when deflected 30° and 60°,
reduced the rudder effectiveness about 10 to 20 percent and about 35 to
50 percent, respectively.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., July 21, 195k.
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TABLE I.- INDEX OF FIGURES PRESENTING DATA

Dive Be, deg br Actuator
Figure |Configuration PFences Chord-extension Notch orake de’ and Remarks Tabulated data
Right |Lest| %8| fairing
13 1A 1 at 0.6%30/2 None None None 0o o o] On Original elevon strain gage
2 1 at 0.6%b/2 None None None | O [0 {O| On Dunmy elevon strain gage
3 1 at 0.63b/2 None None Hone |} 0 JO O] On Durmy elevon strain gage
plus loek
14 1A 1 at 0.63b/2 None None None -5 1-510 On Original elevon strain gage
2 1 at 0.63v/2 None None None 51510 on Dummy elevon strain gage
3 1 at 0.63v/2 None None None S51{-5|0f om Dummy elevon strain gage
plus lock
15 1B TNone None None None [ 0 [} On
4 None 0.60b /2 to 0.TTb/2 None Nome | O [0 [O] On
5 None 0.600/2 to 0.77b/2 None None { O [0 | O Om Actustor fairing on lower
wing surface
6 None 0.600/2 to 0.770/2 None None | 0 jO | O] On Inverted model
16 7 L et 0.6%/2, 3 at 0.25%/2 None None Nome | 0 [0 o oOn = 0.50 (table II)
8 h at 0.65b/2, 3 at 0.35b/2 None None Nove | 0 fo [0} on = 0.50 and 0.92
{table IT)
9 D at 0.63/2, 3 at 0.45b/2 None None None | © [0 | O oOn
10 h et 0.6%/2, 3 at 0.55/2 None None None o {0 0| om
17 1B None None Kone None (] o o On
10 h et 0.6%0/2, 3 at 0.55:/2 None None None | © {0 |O] oOn
18 11 L at 0.58/2 None None None 0 oo Off
12 L at 0.63b/2 None None None [} 0 [} Off
13 4 at 0.68p/2 None None None | 0 o | o] ofe
% 5 at 0.680/2 None None Nome } 0 jo | o] off
19 15 4 at 0.680/2 None None None ] 0 0 on C1, Cp, M= 0.50 and 0.92
(table ITT)
16 3 at 0.55b/2 None None None | © {0 | O} On cp, and Cp ({%teble III)
17 ’1 at 0.6%b/2, 6 at 0.45n/2 None None None { 0 |0 0] On ¢, and Cp (table IIT)
18 h at 0.63b/2, 7 at 0.55p/2 None None None 0 [} [} on C;, and Cp (table III)
20 1B None None None None 0 [} Q On
19 None None i at 0.680/2{None o o |o]| om
20 None 0.68b/2 to 0.850/2 fL at 0.68b/2|None o |lo o} On
21 None 0.68b/2 to 0.85b/2 L at 0.68b/2[None o {o jo| on Inlets plugged with
smooth fairing
21 22 None 0.68b/2 to 0.850/2 1 None ] 0 0 Ooff |Notch 1 st 0.68v/2
23 None lo.68b/2 to 0.85b/2| 1 plus 2 |Nome ] 0 [ off |Notch 1 at 0.680/2,
noteh 2 at 0.17b/2
22 10 ﬁ at 0.63b/2, 3 at 0.55v/2 None None Nome | -5 |-5]0] On
10 1 at 0.63b/2, 3 at 0.5%/2 None None None | -10 }-10 | O | On
25 20 None 0.680/2 to 0.85b/211 at 0.68b/2{None | O |0 fO| On
20 None 0.680/2 to 0.85b/211 at 0.685/2|None | -2 { -2 | 0] On
20 None 0.68b/2 to 0.850/2 [+ at 0.68b/2[None | -5 [-5| 0| On
20 None l0.68b/2 to 0.85b/2 |1 at 0.68b/2[None | -10 |-10 [ O | On
24 20 None 0.68b/2 to 0.85b/2 1 None { G {0 [0 On Notch 1 at 0.68v/2
22 None 0.68b/2 to 0.85b/2 1 None | O [0 | 0| Off [Noteh 1 at 0.68b/2
2k TNone 10.680 /2 to 0.85b/2 1 300 o [o {0} On Notch 1 at 0.68b/2
25 None 0.68b /2 to 0.85b/2 1 300 0 {0 {0 off |Noteh 1 at 0.68/2
26 None 0.68b/2 to 0.850/2| 1 plus 2 |30° [ o] [ ofe Notch 1 at 0.680/2, M = 0.92 (table IV)
notch 2 at 0.17b/2




TABLE TI.- TNDEX

OF FIGURES PRESENTING DATA - Concluded

Dive Ba, deg 5p Actuator
Flgure|Configuration Fences Chord-extension Notch brake deé and, Remarks Tabulated data
Right|Left fairing
25 20 None 0.68b/2 to 0.85b/2(1 at 0.68n/2| 0° o |0 |0 On
2k None 0.68b/2 to 0.85b/2|1 at 0.68v/2| 300 | © |0 |0 | On
27 None 0.68b/2 to 0.850/2|1 at 0.680/2| 60° [ 0 | 0 |0 | On
26 20 None 0.680/2 to 0.85b/2(1 at 0.68b/2|None | © [0 O | Om
28 None 0.680/2 to 0.85b/2{1 at 0.68b/2|None o |o 0| On Upper 1/h-inch fuselsge [Cr, Cp, at M = 0.85
spoiler 8.6 inches and 0.92 (table V)
from duct exit
29 None 0.68b/2 to 0.85b/2|1 at 0.68b/2[None | 0 |0 [ O | On Upper 1/h-inch fuselage|C;, snd Cp (table V)
spoiler 3.25 inches
from duct exit
30 None 0.68b/2 to 0.850/2(1 at 0.68b/2{None { 0 O |0 | On Upper 1/8-inch fuselege|C; and Cp \table V)
spoiler 3.25 inches
from duct exit
31 None 0.68b/2 to 0.850/2|1 at 0.68b/2iNone o |o ol on Lower 1/8-inch fuselage{Cr, and Cp (teble V)
spoiler 2.5 inches
from duet exit
32 None None None None o ] 0 On Fuselage faired at aft |Cp, Cp, M= 0.50
’ end to sting exit and 0.92 (table V)
23 None 0.68b/2 to 0.85b/2]1 at 0.68b/2}None 0 o ]o on Upper 1/h-inch fuselage|C; end Cp (table V)
fence O inch from
duct exit
3 None 0.680/2 to 0.85b/21 at 0.68v/2{None | 0 | 0 | O | On Upper 1/h-inch fuselsge|C; and Cp (table V)
fence 3.25 inches
from duet exit
Trengition strip
27 35 None None None None o] 0 o] On at 0.058
28 36 None None None None | == [~we |=- - Body-canopy alone
29 20 None 0.680/2 to 0.85b/2|1 at 0.68b/2|None | 0 |0 [ O | On Lateral data
: 20 None 0.68v/2 to 0.850 /21 at 0.68b/2None | 5 } -5} 0| oOn Lateral data Cr, Cps Cp (table VI)
20 None 0.68b/2 to 0.858/2|1 at 0.68v/2|Nome | 10 {-10| 0 [ On Lateral data Cr, Cp, Cp (table VI)
30 27 None 0.68b/2 to 0.85b/2|1 at 0.68v/2{ 60° | 0 [0 | 0| On Lateral date
27 None 0.68b/2 to 0.85b/2|1 at 0.68b/2| 60° | 0 [0 [10 | On Lateral data CL, Cp, Cm (%tsble VIT)
= None 0.68b/2 to 0.85p/211 at 0.68b/2{ 30° | o o0 | O | Om Lateral data Cr, Cp, Cp (table VII)
31 20 None 0.68b/2 to 0.85b/2|1 at 0.68b/2iNone | 0 |0 | O On Lateral date, o= 0%
20 None 0.68b/2 to 0.85b/2|1 at 0.68b/2|None | © | 0 | O [ On Latersl data, a = 4°
20 None 0.68b/2 to 0.85b/2|1 at 0.68b/2|None o |o o| On lateral data, o = 69
20 None 0.68b/2 to 0.85b/2|1 at 0.68b/2 None | 0 [0 | 0| om lateral date, o = 12°
32 10 1 at 0.630/2, 3 at 0.550/2 None None None | == |we= | O | On Elevator effectiveness
20 None 0.68b/2 to 0.85b/2]|1.at 0.68b/2|None | =~ [---| O | On Elevator effectiveness
Helix angle and rate
33 20 None 0.68b/2 to 0.85b/2|1 at 0.68b/2|None | -- |---} O | On of Toll
34 10 L at 0.63b/2, 3 at 0.55/2 None None None | == |w-- [ 0| Om Lift-drag ratios
20 None 0.68b/2 to 0.85b/2{1 at 0.68v/2|Nome | == |=== [ O | On Lift-drag ratios
35 10 1 at 0.63'b/2, 3 at 0.55b/2 None None None | == |=-=1 0O On Suwmary
20 None 0.68b/2 to 0.85b/2{1 at 0.68b/2|None | == |=== | O] On Surmary

GOHH®GTIS W VOVN
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TABLE II.- ADDITIONAL DATA SUPPLEMENTING FIGURE 16

Configuration 7T
M= 0.50
o, deg CL Cp Cm
-2.11 -0.091 | 0.0199 | -0.0062
-.06 -.019 . 0168 -.0098
2.01 .065 .O17h ~. 01k
4.08 .155 . 0227 -.0204
6.17 .256 . 0348 -.0256
8.24 «350 .0538 -.0291
10.33 L3 L0786 -.0322
12.43 .543 L1123 -.0%63%
14.5% 646 .1559 -.0373
16.61 .T16 .1982 -.0365
18.68 .T60 .2420 -.0352
20.70 .818 .2911 -.0lh2
22.75 .886 . 3537 -.0543
24 .68 .827 . 3695 -. 0637
Configuration 8
= 0.50 M= 0.92
o, deg CL, Cp Cm o, deg C1, Cp Cnm
-2.11 -0.074 | 0.0193 | -0.0078 | -2.31 -0.126 | 0.0231 | -0.0028
-.05 -.001 L0167 -.0118 | -1.24 -.076 . 0200 -.0076
2.05 .109 .0188 -.0164 -.16 -.023% .0183 -.0123
k.09 176 . 0237 -.0226 .90 .027 .0180 -.0177
6.17 271 .0%61 -.0281 1.97 .083% .0190 -.0226
8.25 .368 . 0556 -.0321 3,06 L1433 .0219 -.0283%
10.33 156 .0803 -.0%58 k.13 .202 . 0267 -. 0345
12.43 .550 .1138 -.0381 5.21 .261 . 0334 -.03%99
1h.52 .648 . 1556 -.0%92 6.31 .319 L0432 -.0k29
16.61 .732 .2015 -.0Lk06 7.40 .372 . 0547 -. 046k
18.72 . 797 L2527 -.0331 8.46 Lot . 0686 -. 0526
20.75 .840 L3013 -.0L07 9.57 476 .0843 -.0541
22.78 . 883 L3531 ~-.0k52 | 10.62 .52l L1024 -.0587
2h. 71 .851 .3807 -.0607 | 11.69 .57h .1216 -. 0649
12.79 .625 <1433 -.0680
13.85 .666 .1649 -.0710
14.85 .T62 .1992 -.0958
15.97 . 786 .2207 -.0895
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TABLE ITTY.- ADDITIONAL DATA SUPPLEMENTING FIGURE 19

Configuretion 15

M= 0.50 M= 0.85 M= 0.92
a, deg CL Cp Cm @, deg CrL, Cp a, deg CL Cp Cm
-2,11 -0.086 | 0.0160 | -0.0048 | -2.28 -0.118 | 0.0187 | -2.20 -0,12% | 0.0198 | -0.0016
-. -.019 .0126 -.0093 | -1.21 -.066 L0157 | -1.23 -.076 L0166 -.0066
2.02 . 066 L0136 ~.013h [ -0.14 -.023 L0141 -1k -.021 L0151 -.0113
4.08 .162 .0185 -.0190 .93 .032 .0138 .91 .027 L0146 -.0163
6.18 .269 .032% -.0241 2.00 .078 L0146 1.99 .081 L0159 ~.0206
8.27 .358 .0508 -.026M4 3.08 134 .0176 3.07 L143 .0191 -.0267
10.36 463 .0789 -.0282 4,16 .189 .0216 k5 .20% . 0240 -.0324
12.46 .561 L1134 ~.0320 5.2% 2L . 0283 5.25 .265 .0313 -.0370
14,54 .648 L1533 -, 0343 6.32 .30k L0370 6.35 .323 o6 -.0399
16.63 .T36 .2006 ~.0359 7.h2 .354 .ok81 7.4 .386 L0535 -.0bT72
18.73 .829 L2567 ~.0394 8.52 410 . 0610 8.50 Ly .0688 ~.052}
20.81 .908 .3163 -. 043k 9.61 62 L0761 9.58 .502 L0856 -.0583
22,87 967 3773 =.0k77 | 10.73 .514 L0936 | 10.65 .563 L1053 -, 0654
24,85 .952 L4140 -.0513 | 11.84 569 L1141 | 13.62 .630 .1282 -.0869
12.93 .626 1367 | 12.71 .68l .1521 -.0899
14.03% .666 L1584 | 13.73 .54 .1819 ~.1061
15.11 .69k L1793 | k.77 .801 . 2077 -, 1132
16.1k% LT3k . 2040
17.21 .781 2322
18.26 .83%1 . 2638
19.28 845 . 2855
20.28 .86k .3110
21,25 .852 .32%8
22,16 .8h1 L3423

Configuration 16
M= 0.85

a, deg CL Cp
-2.28 -0.111 | 0.0212
-1.21 -.065 .0189
-1k -.016 L0175
.92 .033 L0172
1.99 .083 .0183
3,07 .135 .0206
4,15 .188 L0246
5.22 .246 L0317
6.31 305 . 0406
T.39 360 .0511
8.51 ho6 . 0643
9.59 461 0797
10.69 .513 . 0963
11.79 .560 L1145
12.88 .61k .1359
13.95 .682 L1636
15.04 721 L1866
16.11 .63 .2130
17.17 .T96 L2363
18.23 .82 .2689
19.28 .86 .2879
20.30 .849 307k
21.14 .808 L3134
22,15 .817 L3346
23,05 .T81 L3404

Configuration 17

M= 0.85

a, deg CL Cp
-2.29 -0.11% | 0.0215
-1.22 ~. 06l .0187
-.15 -.020 .0L70
.91 .029 .0168
1.98 .081 .0179
3.06 .138 . 0207
hoak .192 .0249
5.22 .251 L0315
6.30 304 .0k0o0
7-39 349 . 0501
8.41 o2 L0631
9.55 455 .0775
10.65 .507 .09kl
11.73 .551 L1132
12.79 .601 L1345
13.87 .655 -1577
1k, 9% .T10 .1840
16.03 761 L2111
17.10 792 .2356
18.17 . 800 .2562
19.20 .80k . 2749
20.21 811 .2955
21,12 . 788 L30Tk
22.07 LT15 .3199
23,05 . 789 L3443

Configuration 18

M= 0.85

o, deg C1, Cp
-2.28 -0.109 | 0.0209
~1.22 -.063 .0187
-1k -.013 L0170
.92 .035 .0168
1.99 .083 L0181
3,07 .139 . 0206
b1k .195 .0249
5.22 .256 .0319
6.31 .303 . 0395
T.40 +350 .0498
8.49 Lhol .0628
9.58 455 LOTTL
10.69 531 .0988
11.77 .569 L117h
12.86 .625 L1392
13.93 671 L1613
15.01 .TL9 .1875
16.08 .T49 .2106
17.17 .84 .2358
18.21 .800 .2572
19.2k4 .820 .2807
20.27 .8k0 .3055
21.22 .828 .3193
22,14 .813 .3338
23,04 .801 .3485
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TABLE IV.- ADDITIONAL DATA SUPPLEMENTING FIGURE

NACA RM SL5LHO5

2k

Configuration 26

M= 0.92

a, deg CL, CD Cm
-2.26 ~-0.137 0.0252 0.0042
-1.20 -.083 L0214 -.002k4
-.13 -.031 .0195 -.0073
.93 .020 .0187 -.0123
2.01 .078 .0198 -.0175
3.09 RN .02%2 -.023%8
I .206 . 0284 -.0%18
5.24 271 .0%65 -.0388
6.30 334 .0k75 -. 0470
7.43 .382 .05Th -.0L57
8.51 4o .0713 -.0512
9.60 492 . 0864 -.0538
10.62 .568 .1087 -.0698
11.65 634 .1307 -.0846
12.69 .T00 .1555 ~. 0961
13%.68 .T70 .1859 -.11h7
14.83 .T798 . 2067 -.1054
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TABLE V.- ADDITIONAL DATA SUPPLEMENTING FIGURE 26

Configuration 28

Configuration 29

M= 0.85

a, deg C, Cp
-2.28 -0.130 | 0.0274
-1.21 -.08k L0243
-.13 -.031 .0223
.92 .012 .0213
2,00 .06k .0222
3.08 .119 .0242
k.15 1Th .0280
5.25 .233 .0348
6.3h .284 .0428
T4 340 . 055k
8.54 =393 . 0666
9.65 i .0815
10.75 .501 .0998
11.85 557 .1196
12.92 .618 21422
1%.02 661 .1643
15.12 . 720 .192h
16.16 .36 .2120
17.24 -799 2453
18.29 .839 2737

= 0.85 M= 0.92
a, deg CL Cp a, deg Cr, Cp Cm

-2.33 ~0,117 | 0.0245 | -2.37 -0.122 | 0.0279 | -0.0107
-1.26 -. 069 .0216 | «1.32 -.072 .02kg -.0173
-.19 -.021 .0200 -.25. -.019 .0236 -.0225
.87 .024 .0196 .81 .028 L Q2% -. 0264
1.93 .075 .0212 1.88 Moy L0271 -.0299
3.02 .130 .02%6 2,96 136 .0289 -.0370
k.09 .183 L0275 .04 .191 . 0335 -.0425
5.17 243 L0341 5.11 .251 . 0393 -.0482
6.26 .295 .okak 6.21 .31% L0483 -.0516
7.35 .351 L0531 7.32 .369 .0588 ~.054)
8.46 oo | L0653 8.4 g .0T18 -.0539
9.56 150 .0798 9.54 478 .0878 -.0576
10.66 ot .0953 | 10.58 .551 .1096 -.0712
11.78 .555 L1162 | 11.63 607 .301 -.0799
12.87 .610 .1380 | 12.66 679 .1595 -.0951
13.98 .653 L1601 | 13.73 <730 .1819 -.0997
15.08 .680 L1807 | 1k.76 . 788 2113 ~.110%

16.11 .718 L2061

17.17 .T66 L2344

18.22 .807 . 2623

Configuration 30
M= 0.85

e B l [ ]

r




16 NACA RM SL5L4HO5

TABLE V.- ADDITIONAL DATA SUPPLEMENTING FIGURE 26 - Concluded

Configuration 32
M= 0.85 M= 0.50 M= 0.92
a, deg CL Cp a, deg CL Cp Cm a, deg Cr, Cp Cn
-2.29 -0.106 | 0.0211 | -2.13 -0.089 | 0.0220 | -0.0099 | -2.33 ~0.125 | 0.0239 | -0.0060
-1.23 -.060 L0183 -.07 -.010 .0175 -.0145 | -1.26 -.073 . 0204 -.0111
-.16 -.013 .0169 1.99 .073 L0183 -.0193 ~-.19 -.02% .0187 -.0157
.90 .037 .0170 L.06 .164 L0240 -.0260 .87 .029 .0185 -.0210
1.96 .087 L0182 | 6.15 .273 .0380 -.0319 1.9% .083 . 0200 -.0265
3.04 o L1h .0213 8.2k .37k .0582 -.0362 3,02 .1%6 .0235 ~. 0326
k.11 .198 .0256 | 10.34 459 .08h41 -.0329 k.09 .207 .0283 -. 0395
5.19 <255 L0327 | 12.44 .536 L1162 -.0301 5.18 .269 . 0354 -.0450
6.26 2311 L0419 | 14.53 .633 .1569 -.0337 6.27 2331 .0l50 ~-.0506
T.37 .366 L0532 | 16.61 727 . 2054 ~.0388 T7.35 2384 .0568 -.0537
8.46 .389 L0641 | 16.68 811 2564 -.04l3 8.46 428 .0698 -.0529
9.56 436 L0785 | 20.73 .860 .3051 - OUTT 9.55 L2 .0852 -.05%6
10.67 486 L0945 | 22,83 .965 . 3824 -.0561 | 10.59 .551 .1080 -.069)
11.76 .558 173 | 24.8% .982 L4325 -.0612 | 11.58 624 .131% -.088Mk
12.84 .61h .1383 12.6k .688 L1554 -.0978
13.92 .688 L1663 13,71 T35 1787 -.1010
15.00 .T29 .1891 1,74 .788 .2058 -.1120
16.09 780 L2173
17.15 .801 .2398
18.20 .826 2632
19.22 .861 .292}4
20.22 879 3172
21.22 .884 «3390
22.05 .856 .3401
23.00 .824 3557

Configuration 33 Configuration 34
M= 0.85 M= 0.85

a, deg Cn Cp a, deg CL Cp
-2.29 -0.115 | 0.0210 -2.29 «0.111. | 0.0208
-1.23 -, 066 .0182 -1.22 -.065 .0181
-.15 ~.020 L0167 -.15 =017 .0165
.91 .029 .0162 9L .029 .0162
1.99 .080 Roki 1.99 .082 LOLTT
3.07 .13k4 .0200 3.07 2137 . 0201
ka5 .19% .0246 .k 2191 L0245
5.2% 247 L0314 5.2% - 247 L0312
6.33 .298 .0391 6.32 +300 .0398
T.42 354 . 0504 T.43 «358 .0511
8.52 o7 L0632 8.53 410 .0638
9.62 459 .078% 9.62 1459 .0787
10.73 505 0945 10.7% .512 .0962
11.82 .585 .1188 11.82 <579 .1180
12.90 .636 .1108 12.90 640 Sk
14.01 675 .1620 14.01 676 .1624
15.08 T3 .1892 15.09 .01 .1830
16.1% LT 2077 16.15 «TH .2092
17.18 ST 1 .2313 17.21 »811 | .1795
18.25 .822 .2616 18.26 .840 .2681
19.27 .852 .2882 19.28 .862 .2935
20.29 .876 .3153 20.30 .881 .3185
21.13 .818 .3159 | 21.19 .848 .%282
22,17 .82 L3hhh 22,1k 845 . 3454
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TABLE VI.~- ADDITIONAL DATA SUPPLEMENTING FIGURE 29

) _

Configuration 20, &g = t5°
M = 0.50 M= 0.85 = 0.92
@, deg CL Cp C a, deg CL Cp Cm o, deg | Cp Cp Cm
-3.4% | -0.149 } 0.0264 | -0.0050 | ~3.56 |-0.185 | 0.0299 |-0.00%1| -3.61 |-0.203 | 0.0320 0.0023
-1.37 -.069 ] .0193 | -.0099 | -2.46 -.133 | .02k2 | -.0068| -2.50 -.149 | .0263 | -.0009
.82 013 L0172 | -.0145| -1.38 -.085| .0208 { -.0108] -1.ko -.099 | .0231 | -.0061
2,90 .098 | .0203 ] -.0196) -.29 -.035 | .0188 | -.0149) .32 -.0k6 | L0200 | ~-.0120
k.99 L9k 1 L0277 [ -.0245 .79 .013 | .0181 | -.0179 .78 .00k | .0203 | -.0163
7.08 .290 | .ok27 | -.027h| 1.88 .063 | .0188 | -.0214] 1.88 .063 | .0215 | -.0218
9.17 .385 | .0638 | -.0284%| 2.98 L117 | L0206 | -.0256 | 2.99 L123 | .0235 | -.0277
11.28 A48 | L0935 -.0298 | h.06 A72 1 L0245 [ -.0297] k.11 L1921 .0289 | -.0%361
13.37 .582 | 1313 -.03%31| 5.17 228 L0309 | -.03k1| .21 246 1 L0349 | -.0397
15.47 B77 | 1753 | -.03TL ] 6.27 .282 | .0390 | -.0%362| 6.33 2309 | .OlhL | -.0b51
17.57 764 | 2249 1 -.0k05 | T7.38 2336 | .okok | -.0%3851 7.5 371 | L0562 | -.0517
19.67 865 | L2877 | -.0450| 8.51 .ho3 | L0643 | -.0403] 8.55 29 | L0702 | -.0588
21.76 940 | .3505| -.0k92| 9.58 A3 [ o773 | -.0kOT] 9.67 Aok | .0885 | ~.0650
23,78 .95k .3950 | -.0508 | 10.69 2871 L0927 | -.0h00] 10.76 .568 | .1127 | -.0846
2h.68 873 | .3853 | -.0663 | 11.82 .550 | .11h0 | -.0428 ] 11.87 624 | ,1337 | -.0886
12.91 609 | L1366 | -.0486 [ 12.97 OTT | 1569 | -.0940
14,01 669 | .1615 | -.0552 | k.07 739 | .1858 | -.1055
15.1% LT15 ] .1862 | -.0535
16.18 727 .2052 | -.0%70
17.26 764 | L2310 | -.0502
18.34 W81k | 262k | -.0587
19.38 .838 | .2873 | -.0628
20.41 L8485 | J307h | -.0636
21.43 L8611 .3330 | -.0679
22.35 .825 1 .3hk25 | -.0782
Configuration 20, B®e = ¥10°
M = 0.50 M= 0.85 M= 0.92
o, deg C1, Cp Cm o, deg CrL, Cp Cm o, deg Cy, Cp Cm
-2.13 1-0.117 | 0.0292 | -0.007% | -2.30 | -0.141 | 0.0315 | -0.0027 | ~2.33 |-0.155 | 0.0327 | -0.0015
-.07 -.043 | L0246 | -.0119] -1.22 -.0951 .0285| -.0078| ~1l.2k4 -.102 | .0292| -.00k9
2.01 -.038{ .o2k7 | -.0165] -.1h -.086 | .0265( -.0120{ -.15 -.051} .0270| -.0112
4,09 129 | .0282 ] -.0219 .95 .003| .0261| -.0158 .9k W005 | L0276 -.0169
6.19 228 | ,0396 | -.0258| 2.05 L0571 .0269 | -.0207| 2.06 L065 | .0292| -.0234
8.29 3231 .0575 | -.0274 | 3.1k A17f L0292 f -.0266] 3.17 132 [ .0%321| -.0%1%
10.39 Je3 | 0839 | -.0290| L4.23 169 .0319 | -.0294| L.28 L1961 L0365 -.0385
12.48 .513 1153 | -.0312 | 5.3k 224 [ ,0383 | -.0334| 5.39 .250 | .ohk21| -.0k19
14%.59 .616 1567 | -.0348 | 6.45 .282| .ok0| -.0%69| 6.50 V316 | L0520 -.0486
16.68 715 | .2056 | -.0386| 7.55 .3%6 | 0577 | -.0383| 17.61 BTk | L0656 -.0B49
18.81 .82k | 2660 | -.olk2| B.64 .38h [ L0697 | -.0388| 8.72 A36 | L0786 -.0635
20.86 8181 3180 | -.0456 | 9.75 2 o8kl | -.0379| 9.84 495 | L0960 ~.0666
22,93 934 | 3770 | ~.0h92 | 10.86 77| .0998 | -.0372] 10.96 552 1 L1157 -.0689
24,84 .866 | 3917 | -.0678{ 11.97 .538 | .1209 | -.ohkok| 12,21 618 | 13| -.0850
13.10 621 | ,1u88 | -.0531] 13.35 688 .17k} -.1010
14.19 L66h | 1698 [ -.0527| k.45 STHR ] L1990 -.1120
15.29 707 .1940 | -.0518] 15.56 .T90 | .22k0| -.1160
16.38 LTU5 [ L2206 | -.0509
17.44 LT68 | L2434 | ~.0500
18.50 .803 | .2699 | -.0539
19.56 826 | .2945| -.0589
20.59 L8h1 | L3176 | -.0617
21.60 LBu6 [ L3390 [ -.06k0
22,52 LB11 | L3455 -.068L
23.46 S8BT 3577 -.0TT3

17
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TABLE VII.- ADDITIONAL DATA SUPPLEMENTING FIGURE 30
Configuration 27, &y = 10°
M = 0.50 M= 0.85 M= 0.92
o, deg Cr, Cp Cn o, deg C1, Cp Cm a, deg CL Cpn Cm
-2,10 |-0.10T {0.0287 [0.001% { -2.26 | -0.138 | 0.0300 | 0.00kk [ ~2.31L | -0.157 { 0.0320 | 0.0078
~.04 -.037 | .0240 | ~.0026 | -1.18 -.089 1 .0265 000k | -1.21 -.100{ .0251L| .0031
2.05 .05h | L0247 | -.007L| -.09 ~.038 | .0245]-.0036| -.12 -.049 | .0246 | -.0022
.13 L1431 1 L0286 | ~.0124( 1.00 L0l [ L0235 | -.0075 .98 .00k | .0235 ] ~.0070
6.21 .24h0 | L0kO5 [ ~.0161| 2.08 .060 | .0239 | ~.0113 | 2.09 L062 ( .024k | -.0121
8.32 L3371 L0596 | ~.0174 | 3.19 2120 | .026h4 | -.0161| 3.21 128 1 .0273 | -.0187
10.42 L33 | ,0868 [ ~.0179 ] k.30 L179 | L0306 | -.0206 | k.33 195 | .0325| -.0265
12.51 534 | ,1209 | ~.0209 | 5.38 .226 | .0361 | ~.0229) 5.43 .2561 .0ko9 | -.03L43
14.63 LOh1 | L1649 [ ~.0o8h ] 6.18 .276 | .ob38 ) -.02k1 ) 6.55 L3151 L0509 | -.0358
16.75 Th5 | 216k | ~.0307| T7.58 L3271 .o542 | -.0262| 7.66 375 | L0626 | -.0k28
18.84 .839 1 .2726 | ~.0364k | 8.69 387 0684 | ~.0287] 8.77 4331 L0773 | -.0k01
20.92 .918 | .3%%6 | ~.0411| 9.80 4351 L0834 | ~.0287| 9.89 L4971 095k | -.0568
22.95 L9466 | ,3818 | ~.0b47 ] 10.91 489 | .101% | -.0287] 11.00 .558 | L1155 | -.0638
2k.99 967 | 4328 | ~.0484 | 12.01 543 | .1205 | -.0320 | 12.08 .623 | ,1379 | -.0810
13,12 L606 | L1kh1 | -,0388] 13.19 .686 | L1636 | -.0909
1k,22 662 | .1695 | ~.0438 | 14.28 758 | 1953 | -.1090
15,35 L7248 .1983 | ~.0480 | 15.37 .809 | .2233| -.11%2
16.43 LT5h | L2216 | ~.0L63
17.49 L7891 .2W7h | ~.0488
18.56 823 L2781 | -.0539
19.59 Bh5 ] 2989 [ ~.0598
20.65 L8701 .3267 | ~.0640
21.66 .882| .3510 | ~.067Tk
22,60 859 | .3%639 | ~.0759
23.54 .823 | .3601| -.0811
Configuration 24, &y = 10°
M = 0.50 M= 0.85 M= 0,92
a, deg [ Cp Cp Cm o, deg | Cf, Cp Cp |, deg | CL Cp Cm
~2,09 |-0.09% | 0.0246 | -0.0015 | -2.25 [~0.119 |0.0255 | 0.0001 |-2.28 {-0.131 | 0.0266 | 0.0032
~-.02 -.0l2 | ,0212| -.0060 | -1.15 -.070 | .022% | -.0040 |-1.18 -.078 | .0234 | -.0016
2.05 066 0219 | -.0098( -.07 -.022 { ,0206 | -.0076 [ -.08 -.029 | .0212 [ -.0063
k.13 160 | L0272 -.015% | 1.02 .033 | .0202 ] -.0115 | 1.00 .024 | .oz207 | -.0115
6.24 2551 0403 | -.0104| 2.11 077 L0213 | -.0148 | 2.12 L0811 .0223 | -.016h
8.%33 3551 L0595 | -.0208| 3.20 32| L0235 | -.0191 | 3.23 JAb51 0258 | -.0228
10.43 sk L0866 | -.0220( k.30 189 | L0279 ( -.0235 | L4.35 2131 .0%313 | -.0316
12.55 L5631 1236 | -.0253 | 5.39 22 1 L0345 | -.0267 | 5.46 279 .okok | -.0k05
14,64 662 .1668 | -.0301| 6.52 .302 | .oy | -.0287 | 6.57 2333 .0k92 | -.0k%6
16.76 TTT| .2225 ¢ -.0352 T.61 .351 | 05451 -.0%10 | 7.70 .398 | .0626 | -.0k90
18.85 .867}) .2791] -.okok| 8.73 Lbo8 | .06821 -.0313 | 8.79 Ju531 0768 | -.0537
20.95 946 ] L3415 -.okk2| 9.81 U561 L0827 -.0325 | 9.90 .519| .0960 | -.0623
23.00 .988 | .3967] -.0478( 10.9% .513 | L1019 | -.0337 |11.00 5791 L1163 | - 0724
24,93 .928| W75 | -.0610{ 12.07 578 | L1241 | -.0362 |12.11 W6hg | L1413 | -.0865
13.16 630 | L1451 | -.0413 | 13.20 .698 | .1639 | -.0934
14,27 690 | 1724 | -.046k | 1L,32 7681 L1950 [ -.107h
15.37 .36 | .1978 | -.obkT2
16,44 769 | L2225 | -.0485
17.50 LT91 | L2453 | -.okoT
18.58 WBh1 | L2767 -.0581
19.62 .861 1 .3012 | -.0615
20.64 BTk [ L3ek5 | -, 0649
21.65 878 1 3445 [ -.0687
22,61 .863 | .3628( -.0767
23,54 .828 | .3688] -.0810
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Figure 1.- System of axes used. Positive direction of forces, moments,
and angles are indicated by arrows.



Fuselage reference line

Physical Characteristics

Wing
Leadding -edge sweep,deg 60
Area,sq ff 42
Aspect ratio a8
Span,ft 76
Mean gerodynaomic chord, ft 1069
Incidence, deg o
Dihedral, deg 5
Airfoil section parallel fo free stream
Root NACA 65 - 0033
Tip NAc4 65 -004
Vertical taif
Leading -edge sweep,deg 56
Area,sqft 20
Aspect ratio 12}
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Figure 2.~ General arrangement of test model.
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Figure 3.- Details of various wing fence configurations. (All dimensions
in inches.)
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Figure 3.- Concluded.
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at origins of 0.60% and 0.68%.

Figure 4.- Details of leading-edge chord-extensions originating at O,60b/2
and 0.68b/2. (All dimensions in inches.)
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Figure 9.- Details of upper aft fuselage dive brake. (A11 dimensions in
inches.)
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Figure 10.- Continued.
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Figure 20.- Basic longitudinal characteristics of configuration BCWV,
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Figure 21.- Basic longitudinal characteristics of configuration BCWV,
Op = 0° with a leading-edge chord-extension from O.68b/2

to O.85b/2 and with the elevon actuator and fairing removed showing
the effects of two leading-edge notch arrangements.
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Figure 29.- Aerodynamic characteristics in pitch to determine lateral-
control effectiveness of configuration BCWNlV, Oy = 0° with leading-

edge chord-extension from 0.68b/2 to 0.85b/2.
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Figure 30.- Aerodynamic characteristics in pitch to determine directional-
control effectiveness of configuration BCWNlV, Be = 0° with leading-

edge chord-extension from 0.68b/2 to 0.85b/2.
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Figure 31l.- Variation of lateral coefficients with angle of sideslip for
configuration BCWNlV, B = 0°, Op = 0° with leading-edge chord-

extension from 0.68b/2 to 0.85b/2.
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and rate of roll p with *10° aileron of configuration 20 (leading-
edge chord-extension from 0.68b/2 to 0.85b/2 and notch at 0.68b/2),
&, = 0°. (Altitude of 10,000 feet and wing loading of 32 pounds per
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