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Summary For each of the wings, differential deflections of the
trailing-edge flaps provided small levels of roll control
A wind-tunnel investigation was conducted in the that were relatively invariant with angle of attack, and
Langley 12-Foot Low-Speed Tunnel to study the low- split deflections of these flaps produced small yawing
speed stability and control characteristics of a series ofmoments on some of the configurations. On the forward-
four flying wings over an extended range of angle of swept outboard flaps, the side force produced a yawing-
attack (8° to 48). Because of the current emphasis on moment increment that opposed the yawing moment pro-
reducing the radar cross section (RCS) of new military duced by the drag on the flap. In contrast, the side force
aircraft, the planform of each wing was composed of generated by split deflection of the rearward-swept mid-
lines swept at a relatively high angle of°’7&nd all the dle flaps produced yawing-moment increments in the
trailing edges and control surface hinge lines were same direction as the drag, and the middle flaps therefore
aligned with one of the two leading edges. Three arrowprovided more effective yaw control than the outboard
planforms with different aspect ratios and one diamondflaps. Supplemental yaw control could be obtained from
planform were tested. The models incorporated leading-deflections of the twin vertical tails.
edge flaps for improved longitudinal characteristics and
lateral stability and had three sets of trailing-edge flaps|ntroduction
that were deflected differentially for roll control, sym-
metrically for pitch control, and in a split fashion for yaw Recent advances in low-observables technology,
control. Three top body widths and two sizes of twin ver- which increase the effectiveness and survivability of mil-
tical tails were also tested on each model. A large aeroitary aircraft, have strongly influenced most new designs.
dynamic database was compiled that could be used tayhen attempting to achieve low observability, some or
evaluate some of the trade-offs involved in the design ofall of the aircraft signatures (radar, infrared, visual, or
a configuration with a reduced RCS and good flight acoustic)y may be considered, depending on mission
dynamic characteristics. requirements. One primary method of reducing radar
observability is to decrease the radar cross section (RCS)
The results of the investigation indicate that the of the aircraft by appropriately tailoring the external con-
arrow wings experienced a pitch-up that became moretours of the configuration. However, when these
severe as aspect ratio was increased. This pitch-up wageduced-RCS shaping constraints are emphasized, the
reduced or delayed by deflecting the leading-edge flapsresulting aircraft may have an unconventional forebody
When deflected symmetrically, the inboard and middle shape, wing planform, or tail geometry. Each of these
trailing-edge flaps produced small increments in pitching design features can have a large influence on the stability
moment, especially in the nose-down direction. Despiteand control characteristics of the configuration; thus, a
this limited control, each of the wings could be statically potential conflict exists between achieving a reduced
trimmed over a large angle-of-attack range, but addi-RCS and achieving good flight dynamic characteristics.
tional pitch control power would likely be needed to pro- |f the aircraft is a fighter, the goal to maneuver effec-
vide these wings with sufficient control margin for tively during close-in engagements will require good sta-
dynamic situations such as maneuvering or counteringpility and control characteristics for angles of attack up to
turbulence. An additional limit on the pitch control pro- and beyond maximum lift. As a result, designers will be
vided by the flaps may be imposed by the need to budgetequired to balance the attributes of maneuverability and
the amount of flap deflection available for each type of Jow observability to create a fighter that will be success-
control (pitch, roll, or yaw). For these reasons, thesefy| in both close-in and beyond-visual-range engage-
wings would probably require redesigned flaps or addi- ments. For other types of aircraft, the stability and
tional pitch control devices to achieve desired levels of control requirements may be less stringent, and the
pitch control. designs may be more strongly influenced by low-

observability considerations.
When the vertical tails were not used, each of the

wings exhibited neutral or unstable directional stability This study consists of an investigation of flying wing
and was laterally stable for angles of attack below maxi- candidates for aircraft with reduced RCS. The wing
mum lift. However, directional and lateral stability were planforms have highly swept leading and trailing edges,
significantly reduced near maximum lift on each of the with the trailing edges and control surface hinge lines
wings. Increases in aspect ratio reduced lateral stabilityaligned with one of the two leading edges. The wings
throughout the test angle-of-attack range. Lateral andwere divided into three groups corresponding to the
directional stability were reduced by adding top bodies or sweep angles of the leading and trailing edge$, &0,
deflecting the leading-edge flaps. Directional stability and 70). Each group consisted of a diamond planform
was improved by adding twin vertical tails. and three arrow planforms of different aspect ratio. As a



result of the high sweep angles, some of the planformsX, Y, Z
were somewhat unconventional in appearance.

This report presents the results of a static low-speeda
wind-tunnel investigation of the group of flying wings
with sweep angles of 70The results for the wings with
sweep angles of 8and 50 are reported in references 1
and 2, respectively. Tests were conducted to determine
the low-speed stability and control characteristics of the
basic wing planforms over a wide range of angle of AC,
attack and angle of sideslip. In addition, several control
concepts, a broad matrix of control settings, differences
in top body width, and two sizes of twin vertical tails ACy
were also tested. The data obtained on these wing plan-
forms contribute to an aerodynamic database that coul
be used in defining some of the trade-offs associated with als
designing for both reduced RCS and good stability and
control characteristics.

Symbols
. 3, MID

All longitudinal forces and moments are referred
to the stability-axis system, and all lateral-directional
forces and moments are referred to the body-axis system
(fig. 1). The longitudinal location of the moment refer-
ence center (MRC) varied among the different wings. %208
This position was chosen such that each configuration
would have neutral longitudinal stability at angles of
attack near Owhen all the controls were undeflected
(table ). The MRC vertical position was fixed at 1.87 in.
(2.51 percent of root chord) below the wing horizontal
plane on all the configurations. The total planform area °f
(table I) was used to nondimensionalize the force and
moment data.

O 1B
b wingspan, ft ’
Co drag coefficient Drag%e
. Ot MID
C. lift coefficient, M
. .. Rolling moment

C rolling-moment coefficient———=———

I ? ~ asb % 0B
Cm pitching-moment coefficieng?mhm,gﬂnt

gSc
Ch yawing-moment coefficien TaW|n98n;0ment O EF
Cy side-force coefficientéﬁj—g—g—)ﬁe
c mean aerodynamic chord (based on entire plan-9d,
form), ft

q free-stream dynamic pressure, [b/ft Os MID

S reference area (based on entire planforrﬁ), ft

longitudinal, lateral, and vertical body axis,
respectively

angle of attack, deg
angle of sideslip, deg

incremental rolling-moment coefficient,
Cl,control deflected” Cl,control undeflected

incremental yawing-moment coefficient,
Cn,control deflected” Cn,control undeflected

incremental side-force coefficient,
CY,control deflected” CY,control undeflected

differential deflection angle of inboard
trailing-edge flaps based on equal and oppo-
site deflection, positive with trailing edge
down on right wing, measured normal to
hinge line, deg

differential deflection angle of middle trailing-
edge flaps based on equal and opposite deflec-
tion, positive with trailing edge down on right
wing, measured normal to hinge line, deg

differential deflection angle of outboard
trailing-edge flaps based on equal and oppo-
site deflection, positive with trailing edge
down on right wing, measured normal to
hinge line, deg

symmetric deflection angle of body flaps, pos-
itive with trailing edge down, measured nor-
mal to hinge line, deg

symmetric deflection angle of inboard
trailing-edge flaps, positive with trailing edge
down, measured normal to hinge line, deg

symmetric deflection angle of middle trailing-
edge flaps, positive with trailing edge down,
measured normal to hinge line, deg

symmetric deflection angle of outboard
trailing-edge flaps, positive with trailing edge
down, measured normal to hinge line, deg

leading-edge flap deflection angle, positive
with leading edge down, measured normal to
hinge line, deg

symmetric vertical tail deflection angle, posi-
tive with trailing edge left, deg

split deflection angle of middle trailing-edge
flaps, positive when deployed on left wing,
measured normal to hinge line, deg



ds0B split deflection angle of outboard trailing-edge mond wing (fig. 6) were dictated by the overall length
flaps, positive when deployed on left wing, and the leading- and trailing-edge sweep angles and
measured normal to hinge line, deg resulted in an aspect ratio of 0.73. From a geometric

point of view, the arrow planforms can be considered to

Derivatives: be built up from the diamond planform by the addition of
ac outboard panels having the same sweep angles as the dia-
o I mond planform (fig. 2). Flat plate models of the basic
C'g lateral stability parameteib—B ' planforms were constructed from 3/4-in. plywood, and
(C,) - (C) the leading and trailing edges were beveled atdal-
I’B=5 ! =5 per deg angle. Table | shows the geometric characteristics for
10° each wing.
oC, All four wings incorporated leading-edge flaps for
C, directional stability paramete% improved longitudinal characteristics and increased roll
b stability at high angles of attack. The chord length of
(Cy) B=5_ (Cy) B=-5 these flaps was the same on all the wings, and the hinge
10° , per deg line was located along the wing leading-edge bevel line

(fig. 2). These flaps were tested at deflection angles of

aC 15°, 3(%, 45, and 60. There were three sets of trailing-
Cy side-force paramete% , edge flaps, designated inboard (IB), middle (MID), and
6 B outboard (OB), on each wing for roll, pitch, and yaw
(CY)st_ (CY)B=—5 control (figs. 3 to 6). For the arrow wings, the chord
10° , per deg length of the trailing-edge flaps was 30 percent of the
distance between the leading and trailing edges on the
Abbreviations: outboard section of the wing. For the diamond wing, the

trailing-edge flaps had the same chord length as those on
the low-aspect-ratio arrow wing (Wing 7). The trailing-
edge flaps were deflected symmetricalb3@°, —15°,

15°, and 30) for pitch control and differentially—30°)

for roll control. Split deflection of these flaps (to be dis-
cussed subsequently) was tested as a means to provide
yaw control.

MRC moment reference center

RCS radar cross section

Model Description

Four flying-wing models (three arrow-wing plan-
forms and one diamond planform) that each hz_;td Ieading To provide supplemental nose-down pitch control,
edges, trailing edges, and control surface hinge linesyqqy flaps were tested by using model parts constructed
swept at 70 (fig. 2) were tested. Given the relatively of sheet metal (fig. 7). The body flaps were mounted on
high sweep angle, initial sizing analysis indicated that the ynderside of the wing inboard of the trailing-edge
arrow wings with aspect ratios between 2.0 and 3.0 couldfaps. The inboard corners of the undeflected body flaps
produce viable configurations. As a result, aspect ratios,ere positioned on the centerline with their hinge line
of 3.0 (Wing 5), 2.5 (Wing 6), and 2.0 (Wing 7) were cqinciding with the hinge line of the trailing-edge flaps
chosen for the arrow planforms (figs. 3 to 5). A set of (fig. 7). Symmetric downward deflections of*5énd 73
arrow wings swept 80(Wings 1, 2, and 3) and a set of \gre tested on each wing. The sheet metal part modeled
arrow wings swept SO(Wings 9, 10, and 11) with these {he pottom surface of a beveled body flap (fig. 8).
same aspect ratios were tested previously (refs. 1 and Zgecause these models had a trailing-edge bevel half-
respectively). Unlike the aerodynamic data that were angle of 18, the 60 bend in the sheet metal part repre-

nondimensionalized with the entire planform area, theseganted a 73 deflection of the simulated beveled flap
aspect ratios were computed by using the trapezoidal(ﬁg_ 8).

areas shown in figure 2(b). For Wing 5, the three aftmost

points on the planform extended back the same distance As noted previously, to provide yaw control split
(fig. 3). During formulation of the remaining planforms, deflections of the trailing-edge flaps were tested. This
the overall length was held constant, and the trapezoidatoncept involves a given flap separating into top and bot-
areas of Wings 6 and 7 were made approximately equatom halves such that the top half deflects upward and the
to that of Wing 5. Consequently, as aspect ratio wasbottom half deflects downward. These deflections would
decreased on the arrow wings, the span was reduced arlte made on the right or left wing only, thereby creating
the tip chord was increased to maintain approximatelyan unbalanced drag force and an associated yawing
the same trapezoidal area. The dimensions of the diamoment. During these tests, sheet metal pieces were
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mounted on the underside of the wing beneath the middleesponds to a test Reynolds number of %.26° for

or outboard trailing-edge flaps to represent the lower Wing 5, 1.29x 10 for Wing 6, 1.34x 10° for Wing 7,

half of a split deflection. The upper half was simulated and 1.52< 10° for Wing 8 based on the mean aero-
by deflecting the trailing-edge flap upward at the same dynamic chord of each wing. A six-component, inter-
angle (fig. 9). The tested deflections {48d 73) were nally mounted strain gauge balance was used to measure
measured similar to the body flap deflections. For thesethe aerodynamic loads. The static force and moment data
tests, the split trailing-edge flaps were tested on the rightwere measured over an angle-of-attack range8bfto

wing. 48° and over a sideslip range €f5° to 15. The data at
sideslip angles of5° and 5 were used to calculate the
Three top body shapes were tested on the upper sUfyieral-directional stability derivativesC( Cn. , and

face of each wing in conjunctio_n with a single b_ottom Cy.) by means of a linear fit between these two angles.
body that covered the balance (fig. 10). Some testing was|qy upwash corrections were included during the angle-
done without a top body, but the bottom body was o atiack calibration, but no corrections for flow side-

always on the wing to shield the balance from the air-\yash were needed. Corrections for wall effects or test
flow. The length and height of the top bodies were kept sgction blockage were not included.

constant, but the width was varied to obtain the three top

shapes (wide, medium, and narrow). The resulting CrossResults and Discussion
sectional shapes were semielliptical for the wide and
narrow bodies and semicircular for the medium body
(fig. 10). When installed, the front tip of the top bodies
was 5 in. (6.7 percent of root chord) aft of the leading The longitudinal stability characteristics of the four
edge of the wing, and the rear tip was the same distancélying wings are presented in the following figures.
forward of the wing trailing edge. The front tip of the

Longitudinal Stability Characteristics

bottom body was also 5 in. behind the leading edge, anc{N. ] Figure
the rear tip was 22.43 in. (30.1 percent of root chord) for- ing planform: .
ward of the ng trailing edge. TOp bOdy Off,BLEF =00 15
Top body off, & gp=45" . . ... .. 16
Two sets of vertical tails (small and medium) were  Wide top body ond; gg=0° . ................ 17
tested (fig. 11). The planform of the tails was &-80°- Wide top body ond| gp =45 . ....... ... ... 18
90° triangle with the leading edge swept°Gfig. 12). .
The tails were sized such that the medium tail had twiceT°P bOd'ei'_
the area of the small tail (table I). They were mounted in LEF = 0°:
a twin tail configuration with zero cant and toe angle and WINgS ..o 19
were deflected as all-moving tails for directional control WIng6 ... 20
about a vertical axis located at one-half the vertical tail WINg 7 .o 21
root chord. On many existing reduced-RCS aircraft Wing8 ... 22
(F-117, YF-22, and YF-23), the tails are canted to reduce O gr =45
their contributions to the total aircraft RCS from certain Wing5 ... 23
aspects. However, during this study, the tails were Wing6 .......... 24
uncanted so that the maximum levels of directional sta- Wing 7 ... 25
bility and control available from the triangular planforms WIiNng8 ... 26
could be determined. The vertical tails were longitudi- Leadi dae flap deflections:
nally positioned on the wing so that the aftmost points of eading-edge .ap etlections:
the undeflected tails were at the wing trailing edge Top bOdy off:
(flg 13) Wlng LS J 27
WINg6 ... 28
. . Wing 7 ... 29
Test Techniques and Conditions WING 8 .ottt 30
The aerodynamic testing was performed in the Wide top body on:
Langley 12-Foot Low-Speed Tunnel. The model and Wing5 ... 31
balance were mounted in the test section on a stingand Wing6 ............... ... ... ... .. ... 32
C-strut arrangement (fig. 14). The tests were conducted WING 7 ..o 33
at a free-stream dynamic pressure of 43pifthich cor- Wing8 ... 34



Vertical tails: increased when the wide top body was used. Adding of

Narrow top body onj gg = 45° the wide top body resulted in a nose down increment in
WING 5. o oot et e 35 pitching moment for each of the wings. As a result, the
WING 6. .ottt 36 onset of the pitch-up of the arrow wings was delayed,
WING 7 v et e e e e 37 and the magnitude of the resulting pitching moment was
WING 8.« oo oo 3g decreased.

_ _ o With the leading-edge flaps deflected® 4the mod-

Wing planform.Comparisons of the longitudinal e|s were tested with the top body removed and with each
characteristics of the four wings with the leading-edge of the three top bodies (figs. 23 to 26). In general, the
flaps deflected and undeflected with the wide top body effect of the bodies on lift and pitching moment were
on and off are presented in figures 15 to 18. In generalsimilar to, but smaller in magnitude than, the effects that
th_e maximum lift coefficient was about 11 for the ar_rOW occurred when the |eading_edge ﬂaps were undeflected.
wings (@ =36°) and about 1.0 for the diamond wing As the body width was increased, the magnitude of the
(o = 40°). The lift curve slopes of the arrow wings (trap- npse-down pitching-moment increment increased.
ezoidal aspect ratios of 3.0, 2.5, and 2.0, which corre-
spond to Wings 5, 6, and 7, respectively) were fairly  |eading-edge flap deflectionghe effect of deflec-
similar. However, the lift curve slope of the diamond tions of the leading-edge flaps on the longitudinal char-
wing (aspect ratio of 0.73, Wing 8) was considerably acteristics of the different wings is shown in figures 27
lower at angles of attack below.8Therefore, the dia-  to 34. Data are shown for the four planforms with the top
mond wing yielded a lower lift coefficient at a given body removed in figures 27 to 36, £ =0° and 458)
angle of attack than the arrow wings for angles of attackand with the wide top body on in figures 31 to 34
below maximum lift. (OLeg = 0°, 17, 3C%, 45, and 60). The data show a typ-

As mentioned previously, the moment reference Cen_ical effect of leading-edge flap deflections on very highly

ters (figs. 3 to 6 and table 1) were chosen so that eacHSWept wings (ref. 4). For most of the configurations,

configuration with the wide top body on (fig. 17) would deflecting these flaps reduc_ed the . lift coefficient at
have neutral longitudinal stability at angles of attack a_ngle_s of attack_below maximum I'ft'. A nos_e—down
near @ when all the controls were undeflected. The pitching-moment increment was associated with these

arrow wings experienced a pitch-up for angles of attack:ﬁgugﬁgcvs\;\zr:'fg rﬁﬂ?scmﬁlcmﬁ e-:Le(;:r;se?:[ tit;(e:rglrgfgrﬁglzg
between 10 and 18 (depending on planform and gs. P 9

- . . increased the angle of attack at which the arrow wings
leading-edge flap deflection), and the effects of pitch-up . .
became larger as the aspect ratio increased. For theslt)-:fe}g"",:1 tof Iexpdeirr:e?c; pl?l:h—ug ﬁffet(i:ti bynagd’tlgme nd
planforms, larger aspect ratios were obtained by addinge ects of leading-edge Tlap detiections on bo a

outboard wing panels of increasing size to the basic dia_p:)tﬁh;r;glrensoment were increased by using larger deflec-
mond shape. Previous studies have shown that the onséY gies.
of separation on the outboard portions of swept wings

contributes to a reduction in longitudinal stability that is twin vertical tails (figs. 11 to 13) on the longitudinal

fﬁ?ﬁgisﬁﬂiﬂgﬁghﬁ gg;séci ?2304;)'V\'/:;r;”:]'qsoiassgg_bharacteristics of the four configurations with the narrow
ceptible to pitch-up effects because the outboard portionstolo body on and the leading-edge flaps deflected 45

of the wings were larger and farther aft (behind the Adding the vertical tails reduced lift coefficient near
MRC). In contrast, the diamond wing, which did not maximum lift for each of the wings. This lift reduction

. . was possibly due to the tails interfering with the leading-
he_lve th_ese outboard wing panels, actually experienced %dge vortical flow on the upper surfaces of the wings
slight pitch-down at comparable angles of attack. '

causing these vortices to burst prematurely at the higher
angles of attack. A flow field investigation (flow visual-

. T L : ization, laser Doppler velocimeter, pressure measure-
(fig. 10) on the longitudinal characteristics of the differ- ments, etc.) would be required to make this determi-

ent wings is shown in figures 19 to 26. With the leading- __. . '
edge flaps undeflected, the models were tested with thenatlon. The lift was further reduced as the size of the

top body off and with the wide body on (figs. 19 to 22). vertical tails was increased.
Adding the wide top body generally reduced lift at angles
of attack below and near maximum lift. Above maximum
lift, lift was increased by adding the wide top body. The The longitudinal control characteristics of the four
angle of attack for maximum lift was also slightly flying wings are presented in the following figures.

Vertical tails. Figures 35 to 38 show the effect of the

Top bodiesThe effect of the various top bodies

Longitudinal Control Characteristics



Figure

Inboard trailing-edge flaps:
Wide top body ond, gg = 45°:

Middle trailing-edge flaps:
Wide top body ond, gg = 45°:

control increments were smaller than those produced by
the marginally effective inboard flaps on the arrow
wings, despite the fact that the middle flaps were larger
39than the inboard flaps and had a longer longitudinal
40 moment arm. For the diamond wing, the middle flaps
41 produced slightly more lift than the inboard flaps, but
42 there was less longitudinal control because the longitudi-
nal moment arm of the middle flaps was shorter than that
of the inboard flaps.

W!ng 5 --------------------------------- 43 Inboard and middle trailing_edge flapghe Iongi_
Wing6............coie 44 tudinal control effectiveness produced when the inboard
W!ng [ EEE TR S and middle trailing-edge flaps were deflected symmetri-
WINg8. ... 46 cally is shown in figures 47 to 53. As with the individual

Inboard and middle trailing-edge flaps:

Wide top body on:

deflections, these combined flap deflections produced
minimal effectiveness at the lower angles of attack and
moderate nose-up control effectiveness at the higher

Wlng 5’6LEF =00 . 47 .

WING 5,8 Er = 45« .o e oo 48 gngles o_f attack. Nose-up control effeqtlven(_ass at the
WING 6,8 EE =45 . oo eeeee e 49 intermediate deflections tested was relat|_vely linear over
WING 7,806 = 0° - oot 50 Mostof the angle-of-attack range. For Wings 5, 7, and 8,
WING 7,8 EE =45 . o oo e 51 multiple _tralllng-edge flap deflections were tested with
WING 8,8 EE= 0% e eveeee e 52 the leading-edge flaps undeflected and deflected 45

Deflecting the leading-edge flaps °48id not signifi-

Wing 8,8 gr =457 - 53 cantly affect the control effectiveness produced by multi-
Maximum nose-down control: ple deflections of the inboard and middle trailing-edge
Wide top body ond, gg = 45°: flaps.
Wing 5. ... ) ) ) )
WING 6. v e v e e e e 55 Multiple symmetric deflections of the inboard and
WING 7. v e oo e e g Middle trailing-edge flaps involved moving a significant
WING 8.+« e e e e portion of the total wing area allocated for control.

Despite this large area, the longitudinal control effective-
Inboard trailing-edge flapsThe longitudinal con-  N€ss was very small, especially in the nos_e-down direc-
trol effectiveness of symmetric deflections of the inboard tion. It should be noted that each of the wings could be
trailing-edge flaps is shown in figures 39 to 42. At angles Statically trimmed over a large angle-of-attack range
of attack below 8 these flaps were essentially ineffec- When the effect of the pitch-up was reduced by leading-
tive for longitudinal control. Above this angle of attack, €dge flap deflections. However, additional pitch control
these flaps produced small nose-up control increments oPower would likely be needed to provide these wings
the arrow wings and small amounts of nose-up and noseWith sufflqlent control margin for situations such as
down control on the diamond wing. These results indi- Maneuvering or countering turbulenc_e (ref. 5). An addi-
cated a potential pitch-up problem for these configura-tional limit on the pitch control provided by the flaps
tions. The lack of nose-down control effectiveness could May be imposed by the need to budget the amount of flap
limit the maximum trim angle of attack if nose-down deflection available for each type of control (pitch, roll,
control was required for trim at the higher angles of OF Yaw). If some portion of the total flap travel must be
attack, depending on the longitudinal stability level of reserved for roll or yaw control, the remaining amount
the final design. The aforementioned insufficient control available for pitch control will be less than the maxi-

power combined with a stable, deep stall trim condition Mum. For these reasons, these configurations would
could result in a hung stall (fig. 41). probably require redesigned flaps or additional pitch con-

trol devices to achieve desired levels of pitch control.

Middle trailing-edge flapsFigures 43 to 46 show
the longitudinal control effectiveness of symmetric Maximum nose-down controlln addition to the
deflections of the middle trailing-edge flaps. As with the trailing-edge flaps, each configuration also had body
inboard flaps, the middle flaps were essentially ineffec- flaps on the bottom surface of the wing (fig. 8) that were
tive for longitudinal control at low angles of attack, but intended to provide supplemental nose-down pitch con-
small amounts of nose-up control were produced by neg-rol. The body flaps were deflected in combination with
ative deflections at the higher angles of attack. Thesenose-down deflections of the trailing-edge flaps, and the
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data are presented in figures 54 to 57. Deflections ofLeading-edge flap deflections:

the body flaps provided a small nose-down pitching
increment that was relatively constant throughout the
angle-of-attack range. Deflecting the body flaps frorh 58

to 73 did not produce any additional nose-down control.
Symmetric deflections of the relatively small outboard

trailing-edge flaps did not significantly increase the over-
all level of longitudinal control.

Lateral-Directional Stability Characteristics

The lateral-directional aerodynamics and stability
characteristics of the four flying wings are presented in
the following figures.

Figure
Sideslip:
Wing 5, wide top body on:
O g =0° low angles of attack . . . . .......... 58
O gg=0° high anglesofattack . ............ 59
O g = 45°, low angles of attack . .. .......... 60
O gg = 45°, high angles of attack .. .......... 61
Wing 6, wide top body on:
O gg=0° low angles of attack . . . . .......... 62
O gg=0° high anglesofattack . ............ 63
O g = 45°, low angles of attack . .. .......... 64
O gg = 45°, high angles of attack .. .......... 65
Wing 7, wide top body on:
O gg=0° low angles of attack . . . . .......... 66
O gg=0° high anglesofattack . ............ 67
O g = 45°, low angles of attack. . . .......... 68
O gg = 45°, high angles of attack .. .......... 69
Wing 8, wide top body on:
O gg=0° low angles of attack . . . . .......... 70
O gg=0° high anglesofattack ............. 71
O g = 45°, low angles of attack. .. .......... 72
O gg = 45°, high angles of attack .. .......... 73
Wing planform:;
Top body off & gg=0°. .. ... ... ... Ll 74
Top body off & gp=45". . ... ... 75
Wide top body on® gp=0°. ... ....... . ... ... 76
Wide top body ond| gg=45". . ... ... ... .. 77
Top bodies:
O g = 0
Wing 5. ... 78
Wing6......... 79
Wing 7. ... 80
Wing8......... 81
6LEF =45°;
Wing 5. ... 82
Wing6.......... 83
WiNng 7. ... 84
Wing 8. ... 85

Top body off:

Wing5 ... . 86
WINg6 ... 87
WiNg 7 ... 88
Wing8 ... 89
Wide top body on:
Wing5 ... 90
Wing6 ......... 91
Wing 7 ... 92
WINg8 ... 93
Vertical tails:
Narrow top body ond gg = 45°:
Wing5 ... 94
Wing6 ... 95
WING 7 ..o 96
Wing8 ... 97

Sideslip.The lateral-directional force and moment
coefficients of the four wings with the wide top body on
are presented in figures 58 to 73 as a function of sideslip
at various angles of attack and leading-edge flap deflec-
tions. In general, for each of the wings the coefficients
varied linearly with sideslip for angles betwees®
and 5. At sideslip angles outside of this range, the varia-
tion in the lateral-directional coefficients became less lin-
ear on many of the configurations, especially at the
higher angles of attack where some portion of the wings
was most likely experiencing extensive flow separation.
These trends were not significantly affected by leading-
edge flap deflections.

Wing planform. Comparisons of the lateral-
directional stability characteristics (computed between
sideslip angles of5° and 5) of the four wings with the
leading-edge flaps deflected and undeflected with the
wide top body on and off are presented in figures 74
to 77. Note that the data are for the configurations
without vertical tails, and therefore each of these wings
possessed unstable or essentially neutral values of direc-
tional stability C,_ ) at angles of attack below maximum
lift. At angles of attack near maximum lift, a region of
directional instability of larger magnitude occurred on
each of the wings.

Each of these wings was laterally stable (negative
C, ) for most of the angles of attack tested. However, the
lateral stability was reduced at angles of attack near max-
imum lift, and configurations with leading-edge flap
deflections of 45 were laterally unstable for part of this
range of angle of attack. This phenomenon is a well-
documented characteristic of highly swept wings that
is due primarily to asymmetric breakdown of the wing
leading-edge vortices at sideslip (ref. 6). Changes in



wing planform had a significant effect on the magnitude leading-edge flap deflections generally reduced direc-
of lateral stability throughout the test angle-of-attack tional stability. For the 60swept and 50swept wings
range. In general, increases in aspect ratio reduced lateraliscussed in references 1 and 2, leading-edge flap deflec-
stability, and the diamond wing was typically more later- tions significantly improved lateral stability, especially
ally stable than the arrow wings. These results indicatenear maximum lift. But for the ?0swept wings dis-
that the outboard panels added to the basic diamond plarcussed in this report, leading-edge flap deflections gener-
form caused the resulting arrow wings to experienceally reduced lateral stability throughout the angle-of-
reduced lateral stability. attack range.

Top bodiesThe effect of the various top bodies Vertical tails. The effect of the small and medium
(fig. 10) on the lateral-directional stability characteristics wyin vertical tails (figs. 11 to 13) on the lateral-
of the four wings is shown in figures 78 to 85. With the directional stability characteristics of the four wings with
Ie_adlng—edge flaps undeflect_ed, the wings were testedthe narrow top body on and the leading-edge flaps
with the top body off and with the wide top body on geflected 45is shown in figures 94 to 97. Use of the nar-
(figs. 78 to 81). Each of the top bodies (wide, medium, v\ top body for the tails-on testing enabled the tails to

and narrow) was tested on the wings when the leadinghe deflected through larger angles before they interfered
edge flaps were deflected*48igs. 82 to 85). with the body.

Adding the top bodies caused small reductions in
directional stability on all of the wings at the lower

angles of attack, with the largest reduction occurring on attack below maximum lift, with the medium tails pro-

the diamond wing. Reduction of directional stability due viding the laraer increments. At anales of attack above
to addition of the bodies was not unexpected, because the 9 9 ' 9

. ; aximum lift, the tails were located in the low-energy
majority of the body side area was ahead of the momen ; .
ake above the wings and thus became less effective.
reference center. At angles of attack near and beyon

: ; . ) .~ . Despite these improvements in directional stability, some
maximum lift, adding the top bodies caused more signifi- . . ! . A
. LD o of the higher-aspect-ratio configurations were direction-
cant reductions in directional stability on each of the Al .
i . . ally unstable for a significant portion of the test angle-of-
wings, especially when the leading-edge flaps were

undeflected. In general, the wide and medium bodiesattack range.
caused larger reductions in directional stability than the
narrow body.

Adding the tails produced expected increases in
directional stability for each of the wings at angles of

The effects of the tails on lateral stability were more
varied. Even though they produced side forces and yaw-

Adding the top bodies also reduced lateral stability "9 moments, adding the tails did not significantly
for each of the wings. When the leading-edge flaps werechange the lateral s_tablllty of the arrow wings at angles
undeflected, the reductions in lateral stability for the Of attack below 12(figs. 94 to 96). The presence of the
arrow wings occurred at two ranges of angle of attack vertical tails caused an induced load on the aft sections of
(0 =16° to 28 anda =36 to 48). For the diamond the wing (ref. 7). This induced load resulted in a rolling
wing, adding the top bodies decreased lateral stability™oment in the opposite direction to the rolling moment
throughout the test angle-of-attack range. When thegenerated by the vertical tails in sideslip. Because these
leading-edge flaps were deflected®4fhe results were WO rolling moments are typically of S|m|Iar_ magnltudes,_
less consistent. In general, the reductions in lateralthey tend to cancel each other, and adding of the tails
stability occurred at similar angles of attack, but the therefore had minimal effect on the lateral stability of the
magnitudes of these reductions were lower on many ofaffow wings at the lower angles of attack. For the dia-

deflected. increase in lateral stability at these angles of attack. The

tails produced a different change in lateral stability for

this wing because the induced loads were most likely
smaller. The tails decreased lateral stability at angles of
attack between 24and 36 but improved lateral stability

at angles of attack above maximum lift.

Leading-edge flapsThe effect of leading-edge flap
deflections on the lateral-directional stability characteris-
tics of the four wings is shown in figures 86 to 93. Data
are shown for the four planforms without a top body in
figures 86 to 89 and with the wide top body in figures 90
to 93. Without a top body, leading-edge flap deflections Lateral Control Characteristics
caused small changes in directional stability for each of
the wings that varied between stabilizing and destabiliz-  The lateral control characteristics of the four flying
ing increments. When the wide top body was added,wings are presented in the following figures.
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Figure Figure

Inboard, middle, and outboard trailing-edge flaps: Split trailing-edge flaps:
Wide top body ond, g = 45°: Wide top body ond, gg = 45°:
WING 5. e 98 Outboard flaps:
WING 6. o v oo e e 99 Wing5.....ooov 102
WING 7. oo oo 100 ng g ----------------------------- 182
WIing 8. ... . 101 Middle flaps:

The lateral controls tested consisted of differential Wing5......... ... . 105
deflections of the inboard, middle, and outboard trailing- Wing6 .............. .. . . . . 106
edge flaps. On each of the wings, the middle and Wing7 ... . . . . . 107
outboard flaps were tested deflected separately and in Wing8 ............. i 108

combination. The inboard flaps were deflected separatelyS " ical tails:
on Wings 5 and 8, and deflected with the middle flaps on>M2 vertica f'j' o
Wings 5, 6, and 7. Figures 98 to 101 show the lateral Narrow top body onj gg = 45

control effectiveness of various differential flap deflec- WIngS ..o 109
tions on each of the wings with the leading-edge flaps WINg6 ... 110
deflected 45 and the wide top body on. W!ng 2 111

Wing8 ... 112

Differential deflections of the trailing-edge flaps on ) , -
each of the wings produced small rolling-moment incre- Medium vertical tails: .
ments that were fairly invariant with changes in angle of ~ Narrow top body onj, gp = 45™

attack. Comparison of the control effectiveness gener- WIngS ..o 113
ated by the various flaps showed that the roll-control WIng6 ... 114
effectiveness did not vary significantly among the flaps, WIng 7 ..o 115
despite the relatively large differences in flap area and Wing8 ... 116

lateral moment arm. In general, for high angles of attack
the total roll control available from multiple flap deflec-

tions was equal to or less than that required to trim out
the adverse rolling moments induced by vertical tail
deflections. As a result, the lateral-directional maneuver-
ing capability of these wings could possibly be limited 4,14 deflect upward and a bottom half that would

by this relatively low level of total roll-control effective-  yafiect downward at the same angle, and they would be
ness. More in-depth dynamic analysis, which Was gefiected on only one wing at a time. The resulting

beyond the scope of this study, would be required 104e0metry would result in an unbalanced incremental drag
make this determination. force on the wing that would produce an associated yaw-

For the arrow wings, differential deflections of the g moment. The all-moving twin vertical tails were
inboard and outboard trailing-edge flaps yielded negligi- deflected about an unswept hinge post located at the mid-
ble yawing moments. But beginning at an angle of attackPoint of the tail root chord.
of approximately 2, deflections of the middle flaps

produced adverse yawing moments that became quite . SPlit railing-edge flapsThe control effectiveness
large at the higher angles of attack. For the diamond®f split deflections of the right outboard trailing-edge

wing, all the differential deflections produced small f1aps for Wings 5, 6, and 8 with the wide top body on
proverse yawing moments. These results show that théNd @ léading-edge flap deflection of 45 shown in fig-
flaps with a forward-swept hinge line (inboard and out- Ures 102 to 104. Sp'|l'[ deflections of the outboard flaps
board flaps on the arrow wings and all the flaps on theProduced small yawing moments that were opposite to
diamond wing) produced predominantly small proverse those that' would be .expected to be generated by the drgg
yawing moments, but flaps with a rearward-swept hinge " the split flaps. This result was due to the strong contri-

line (middle flaps on the arrow wings) produced signifi- Pution of side force to the net yawing moments produced
cant adverse yawing moments. by these deflections (fig. 117). The forward sweep of the

hinge lines on the outboard flaps and their location aft of
the moment reference center caused these surfaces to
function as a left rudder deflection when deflected on the
The directional control characteristics of the four fly- right wing. For this reason, split deflections of a surface
ing wings are presented in the following figures. with a forward-swept hinge line produced rudder-like

Two types of directional controls, split trailing-edge
flaps (figs. 7 and 9) and vertical tail deflections (figs. 12
and 13), were tested on these models. As discussed in the
section “Model Description” (p. 3), the split trailing-
edge flaps were designed to separate into a top half that

Directional Control Characteristics
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side forces that generated yawing moments in the oppodetermine whether these configurations could obtain ade-
site direction to the yawing moments generated by thequate yaw control from split deflections of the trailing-
drag on the device, resulting in the observed yawingedge flaps.

moments (fig. 117). The data for different deflection
angles showed that ther3° deflection produced larger
yawing moments than the43° deflection, but this con-
trol effectiveness was not linear with deflection angle.
For the highest-aspect-ratio wing (Wing 5), split deflec-
tions of the outboard flaps produced negligible rolling
moments. For the other wings, these deflections pro-
duced rolling moments towards the wing on which the
flap was split that were due to a spoiler-like loss of lift on
the wing containing the split flap.

Vertical tails.Figures 109 to 112 show the control
effectiveness of the small twin vertical tails for each of
the wings when the narrow top body was used and the
leading-edge flaps were deflected°45or each of the
wings, deflections of the small tails produced yaw-
control effectiveness that was relatively invariant at
angles of attack below maximum lift. Above maximum
lift, the yaw-control effectiveness decreased with
increasing angle of attack as the tails became located in

Figures 105 to 108 show the control effectiveness ofthe low-energy wake behind the stalled wing. H3€°
split deflections of the middle trailing-edge flaps for each deflection of the small tails produced approximately
of the wings with the wide top body on and a leading- twice the yaw-control effectiveness of th&0° deflec-
edge flap deflection of 45As with the outboard flaps, tion on many of the configurations. This shows that the
the middle flaps were deflected on the right wing. Split yaw-control effectiveness of the small tails was not linear
deflections of the middle flaps on the arrow wings pro- with deflection angle for deflections between °10
duced yawing moments in the opposite direction to thoseand 30. The rolling moments produced by deflections of
produced by split deflections of the outboard flaps the small tails were negligible at low angles of attack on
because of the difference in the sweep of the hinge lineghe arrow wings, but adverse rolling moments were gen-
between the middle and outboard flaps. In contrast to theerated at these same angles of attack on the diamond
forward sweep on the outboard flaps, the rearward sweepving. For each of the wings, larger adverse rolling
of the middle flaps on the arrow wings caused split moments occurred near maximum lift.
deflections of these flaps to produce side forces in the
opposite direction to those produced by comparable  The control effectiveness of deflections of the
deflections of the outboard flaps. These side forces pro-medium twin vertical tails for each of the wings with the
duced yawing moments in the same direction as the yawnarrow top body on and the leading-edge flaps deflected
ing moments produced by the drag forces, resulting in45° is shown in figures 113 to 116. The yaw-control
higher net yawing moments for many of the angles of effectiveness produced by deflections of the medium
attack (fig. 117). tails was generally larger than that generated by the small
tails. As with the small tails, the level of effectiveness
generated on a given arrow wing was relatively invariant

t angles of attack below maximum lift, and this effec-

Iveness decayed at angles of attack above maximum lift.
For the diamond wing, the medium tails began to lose
effectiveness at a lower angle of attack (approximately
20°) than the small tails. The data for deflection angles

For the diamond wing, the forward-swept middle
flaps produced larger yawing moments than those pro-
duced by the outboard flaps because the middle flaps ha
a longer side-force moment arm. As with the outboard
flaps, the data for different deflection angles showed that
the =73 deflection produced larger yawing moments
than the-43° deflection at some of the angles of attack o . .
tested, but this control effectiveness was not linear with of ~10° and _.21 (th_e lower maximum defle.ctlon angle

for the medium tails resulted from body interference)

deflection angle. Also, these deflections produced prov-.~ . . )
erse rolling moments towards the wing on which the flap indicate that the yaw-control effectiveness of the medium

was split because of a spoiler-like loss of lift on that tails was linear W'th. deflection angle_ for_deflection
wing. angles below approximately 21The rolling moments

produced by deflections of the medium tails were also
Despite the improved effectiveness relative to the similar in character to, but larger in magnitude than, the
outboard flaps, the levels of yaw control produced by rolling moments produced by deflections of the small
split deflections of the middle flaps were relatively small, tails. For the arrow wings, negligible rolling moments
especially at the lower angles of attack. Because of thiswere produced at the lower angles of attack, and signifi-
low level of yaw-control effectiveness, the lateral- cant adverse rolling moments were produced near maxi-
directional maneuvering potential of these configurations mum lift. For the diamond wing, adverse rolling
could be limited. More in-depth dynamic analysis, which moments were produced throughout the angle-of-attack
was beyond the scope of this study, would be required tarange with larger moments occurring near maximum lift.

10



Conclusions ing or delaying the pitch-up but reduced lift coefficient

over most of the angle-of-attack range. One reason for
including leading-edge flaps in these designs was to
improve lateral stability, but deflections of these flaps
actually degraded the lateral stability.

A wind-tunnel investigation was conducted in the
Langley 12-Foot Low-Speed Tunnel to study the low-
speed stability and control characteristics of a series 0
four flying wings over an extended range of angle of
attack. Because of the current emphasis on reducing the 6. The addition of vertical tails provided expected
radar cross section (RCS) of new military aircraft, the increases in directional stability.
planform of each wing was composed of lines swept at a

relatively high angle of 70 and all the trailing edges and /- The inboard and middle trailing-edge flaps were
control surface hinge lines were aligned with one of the deflected symmetrically for pitch control on each wing.

two leading edges. Three arrow planforms with different The longitudinal control effectiveness produced was very

aspect ratios and one diamond planform were tested. ThéMall, especially in the nose-down direction. Despite this
models incorporated leading-edge flaps for improved I|r_n|ted control, each of the wings could be statlcally_
longitudinal characteristics and lateral stability and had {fimmed over a large angle-of-attack range, but addi-

three sets of trailing-edge flaps that were deflected sym-tional pitch control power would likely be needed to
metrically for pitch control, differentially for roll control,  Provide these wings with sufficient control margin for

and in a split fashion for yaw control. Three top body dynamic situations such as maneuvering or countering
widths and two sizes of twin vertical tails were also turbulence. An additional limit on the pitch control pro-

tested on each model. A large aerodynamic database wadded by the flaps may be imposed by the need to budget
compiled that could be used to evaluate some of thethe amount of flap deflection available for each type of

trade-offs involved in the design of a configuration with control (pitch, roll, or yaw). For these reasons, these
a reduced RCS and good flight dynamic characteristics.configurations would probably require redesigned flaps

The results of this investigation may be summarized as®" additional pitch control devices to achieve the desired
follows: levels of pitch control.

1. The maximum lift coefficient was approxima‘[ely 8. Differential deflections of the trailing'edge flapS for
1.1 for the three arrow wings and about 1.0 for the dia-oll control produced rolling moments that were rela-
mond W|ng This value occurred at an angle of attack Oftlvely invariant with angle of attack. The total levels of

36° for the arrow wings and 4dor the diamond wing. roll control generated by multiple deflections of more
than one set of flaps were small, and this ineffectiveness

2. Without vertical tails, the configurations exhibited 3y |imit the lateral-directional maneuvering capabilities
neutral or unstable directional stability at most of the f these wings.

angles of attack tested. Each of these wings was laterally
stable for most of the angles of attack tested. However, 9. Split deflections of the middle and outboard
the lateral stability was reduced at angles of attack neatrailing-edge flaps were tested for yaw control. The
maximum lift, and some of the configurations were later- forward-swept outboard trailing-edge flaps were not
ally unstable for part of this range of angle of attack. In effective at providing yaw control when split. This is
general, the diamond wing was the most laterally stablebecause the yawing moment developed by the drag on
of the four wings. these flaps was in the opposite direction to the yawing
: . moment developed by the side force. For the arrow
3. The onset of separation on the outboard wingyingg the middle trailing-edge flaps were swept aft, and
panels that were add?d to the basic diamond pla_nform Qhe yawing moment due to side force on these flaps acted
creatg the arrow wings caused the arrow wings toin the same direction as the drag force. Therefore, the
experience a pitch-up. These .p_Ianform additions alsosummation of the yawing moments due to the drag and
significantly reduced lateral stability. side forces on these flaps resulted in larger net yawing
4. Adding top bodies to the wings resulted in a nose- moments. Despite this effect, the levels of yaw control
down pitching-moment increment that increased as topproduced by split deflections of the middle flaps were
body width increased. The top bodies reduced directionalsmall, especially at the lower angles of attack. Because of
stability over most of the test angle-of-attack range. a spoiler-like loss of lift, these deflections caused rolling
When the leading-edge flaps were not deflected, lateramoments towards the wing on which the flap was spilit.
stability was decreased by adding the wide body. These
reductions in lateral-directional stability were largest for
the diamond wing.

10. Deflection of all-moving twin vertical tails was
effective for yaw control below maximum lift but inef-
fective at angles of attack above maximum lift, where
5. For the arrow wings, leading-edge flap deflections they became immersed in the low-energy wake of the
improved the pitching-moment characteristics by reduc- stalled wing. Significant adverse rolling moments were

11



created near maximum lift by deflection of the vertical
tail.

NASA Langley Research Center
Hampton, VA 23681-0001
May 26, 1995
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Table I. Model Geometric Characteristics

Wing 5 wing 6

Wing:

Area (reference), M .. ... 1366.03 1327.09
Area (trapezoidal), M. . ... ..o 766.20 767.50
SpaNn, iN. . .. 48.00 43.82
Mean aerodynamic chord,in. ..................... 41.15 42.30
Rootchord,in......... ... .. ... 74.48 74.48
Tipchord,in. ....... ... .. . . . 0 0
Aspect ratio (based on total planform) .............. 1.69 1.45
Aspect ratio (based on trapezoidalarea) ............. 3.00 2.50
Leading-edge sweep,deg. . ... ... ... 70 70
Trailing-edge sweep,deg. . ........... L. +70 +70
Dihedral,deg . ......... ... .. .. ... 0 0
Incidence,deg . ........ 0 0

Moment reference centers:

Longitudinal K-axis), percent ................... 39.71 40.00
Longitudinal K-axis, back from nose), in. ........... 37.88 36.90
Vertical (Z-axis, below wing centerline), in........... 1.87 1.87

Leading-edge flaps:

Area (perside), M .. ... 88.57 78.80
Span (perside), in. ....... .. 19.92 17.82
Chord, in. . . ..o 4.64 4.64

Trailing-edge flaps:

Inboard:
Area (perside), M. ... 33.16 36.48
Span (perside), in. .......... . . .. 7.42 7.44
Chord, in. ... ... . 5.11 5.69
Middle:
Area (perside), M. ... 53.40 47.58
Span (perside), in. .......... ... 11.37 9.40
Chord, in. . ... 5.11 5.69
Outboard:
Area (perside), M. . ..., 11.14 13.81
Span (perside),in. ....... .. ... 3.11 3.46
Chord, in. ... . 5.11 5.69
Body flaps:
Area (perside), M . . ... 13.99 17.14
Span (perside), in. ......... .. . . . 3.96 3.69
Chord, in. ... ... .. 5.11 5.69
Split trailing-edge flaps:
Middle:
Area (perside), M. . ... 53.40 47.58
Span (perside),in. ......... ... 11.37 9.40
Chord, in. . ... e 5.11 5.69
Outboard:
Area (perside), M. . ..., 11.14 13.81
Span (perside), in. ......... ... 3.11 3.46
Chord, in. . ... 5.11 5.69

Wwing 7

1272.63
768.91
39.18
43.88
74.48
0
1.21
2.00
70
+70
0
0

37.97
34.82
1.87

67.35
15.35
4.64

35.41
6.59
6.58

39.66
7.24
6.58

18.27
3.97
6.58

19.80
4.19
6.58

39.66
7.24
6.58

18.27
3.97
6.58

Wing 8

1009.20
1009.20
27.10
49.65
74.48
0
73
73
70
+70
0
0

36.48
28.48
1.87

39.40
9.33
4.64

20.84
4.37
6.58

20.84
4.37
6.58

20.84
4.37
6.58

18.53
4.01
6.58

20.84
4.37
6.58

20.84

4.37
6.58
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Table I. Concluded

Wide Top  Medium Top Narrow Top

Bodies:
Length,in. ... ... . 64.40 64.40
Width, in.. ... 9.50 6.40
Height,in. ......... ... .. . .. . . . . 3.20 3.20
Medium
Vertical tails:
Area, T2 28R 47,
Root chord, in. . ... 15.27
TipChord, IN. ... 0

14

Height, in. ... e 6.61
Aspect ratio
Leading-edge SWeep, deg. . . . . oottt
Hinge line location, percent chord

64.40

4.60
3.20

50

Bottom

Small

25.27
10.80

4.68
.87

47.05
9.50
3.00

60
50



wind B>  —————

Figure 1. System of axes and angular notation.
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Wing 5 Wing 6

Aspect ratio = 3.00 Aspect ratio = 2.50

Aspect ratio = 0.73

(a) Control surfaces (shaded areas) and bevel lines (dashed lines).

Figure 2. Wing planforms.



Wing 5

Aspect ratio = 3.00

Wing 7

Aspect ratio = 2.00

Wing 6

Wing 8

(b) Trapezoidal wing areas (shaded areas).

Figure 2. Concluded.

Aspect ratio = 2.50

Aspect ratio = 0.73
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Wing 5

A

(7.2|38) (70°%) ‘

34.09
37.88
45.78
Lead}?g-edge 60.30
w A (74.48)
$

(0 /} \\ |

(
(2.47) T "\

' (4.69)

A J

(2-47)/:/ x 10.88 8.54
Outboard (4.69) | i i .
trailing-edge y
flap 2.72 <10.45
Middle Inboard ~—20.89
trailing-edge trailing-edge <~ 2400
flap flap

Figure 3. Wing 5. Linear dimensions are in inches. Dimensions in parentheses are common for all wings. Shaded areas
indicate control surfaces.
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Wing 6

31.20
36.90
46.75
. 54.52
Leading-edge
flap T 60.20
$

( N\
3.03 \'f\ ‘ \ / v |
Outboard T

iling-ed
- I?Igpe * 3_03‘\/ 10.13 S

< 10.09—
Middle Inboard «— 1845——
trailing-edge trailing-edge «——2191— >

flap flap

Figure 4. Wing 6. All dimensions are in inches. Shaded areas indicate control surfaces.

19



wing 7

27.81
34.82
47.74
Leading-edge
flap v 48.19
$

53.84
Y
0 \\J ,
3.50 !f 3.50 ‘
\ —1
Outboard 1092
trailing-edge T i

flap ‘\ B
350V
11.50
< 9.58—*
Middle Inboard 1562~
trailing-edge trailing-edge  ~—— 19.59———
flap flap

Figure 5. Wing 7. All dimensions are in inches. Shaded areas indicate control surfaces.



Wing 8

Leading-edge

flap 31.20

37.24

3.50
Y

Outboard
trailing-edge ——
flap

8.50
Middle
trailing-edge
flap

Inboard
trailing-edge
flap

<~ 13.55—»

Figure 6. Wing 8. All dimensions are in inches. Shaded areas indicate control surfaces.
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Wwing 5 :: :: Wing 6 :: :
. Wing 8
Wing 7
B Body flaps (bottom surface)

[ 1 split trailing-edge flaps (bottom surface)

Figure 7. Top view showing locations of undeflected body flaps and split trailing-edge flaps on bottom surfaces of
wings.
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Top view

Side view

/

-
o

Body flap piece

Wind E== >

Section A-A

(a) Typical body flap location and mounting for deflection angle 6f 3Baded area represents simulated flap.

Figure 8. Body flap locations, dimensions, and deflection angles.
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2N i P n 4
D 2.72 Wing 5 2.72 Right
Left < 9 VY 5
— 8.00

et

-
|

7 4
M40

-~ 880>

1
°3. Wing 7 3.50" ;
N Yy
880

I -~

‘i 77
S
n 8.26 > «~——g26—*

(b) Planforms of body flaps. All dimensions are in inches.

Figure 8. Concluded.
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Top view

Side view

Trailing-edge flap

Split trailing-edge flap piece

A
A
Trailing-edge flap -
73°
Wind |::> ——————— '_/"_'_* _________
73°
60°

Split trailing-edge flap piece ——_\

Section A-A

(a) Typical split trailing-edge flap location and mounting for deflection angle “ofStgaded areas represent simulated
upper and lower halves of split flaps.

Figure 9. Split trailing-edge flap locations, dimensions, and deflection angles.
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Outboard

AN Middle 200N%2 Wing 5 2-

26

- 30.54 ~ - 6.37 >
Outboard
< TR wee S
- 24.43 - ~—7.09*

Outboard
-~ 1763 <812
«——9.29—
3'% f il / !
> 40° Middle Wing 8 3.%400 outboard/
«——9.29 >

(b) Planforms of split trailing-edge flaps. All dimensions are in inches.

Figure 9. Concluded.
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23.40
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Figure 10. Top bodies and bottom balance cover. All dimensions are in inches.

Wide body

70° Ny
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-

0 0
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T\ 320
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Section A-A

(a) Wide top body.
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8.80

23.

“A

32.

40

Medium body

23.40

—-

:

</ )

5.00

Bl
[\ 320

|
6.40

Section A-A
(b) Medium top body.

Figure 10. Continued.
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23.40

—

32.20

Narrow body

i
,5.00
A
~ ‘/ \ 8.80
A
23.40
L[
i
(0 0
32.20
‘ )
V—r1
y 5:00

Y
[\ 320
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4.60

Section A-A
(c) Narrow top body.

Figure 10. Continued.

29



30

Balance cover
(Bottom body)

i 2.75
1 5.00 ¢
A -
70° 17‘
B B 13.05 10.30
Y
i 1
5.50 7‘,7
Bottom ‘
view 20.90
15.40
13.10

v
O\ 300

E— Y
9.50

Section A-A

9.50
Section B-B

(d) Bottom balance cover.

Figure 10. Concluded.
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Small

Figure 11. Vertical tails.

Medium
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Small tail

Hinge

location
Wind B>

I

v
1

}«1.17»‘
0.375
Section A-A
Medium tail
i
Wind == > ‘
6.61

- .
Hinge
Iocz?tion

|

-« 763>

- 1527

Figure 12. Medium and small vertical tails. All dimensions are in inches. Dashed lines indicate bevel lines.



Wing 5

10.25

Figure 13. Vertical tail locations. All dimensions are in inches.

49.88

Small tail

1025

(&) Small and medium tails on Wing 5.

Medium tail
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Wing 6

10.25

49.30

Small tail

-

e

(b) Small and medium tails on Wing 6.

Figure 13. Continued.

10.25

Medium tail



Wing 7

1025

48.42

Small tail

(c) Small and medium tails on Wing 7.

Figure 13. Continued.

10.25

Medium tail
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Wing 8

Small tail

Wing 8

1025
46.56

Medium tail

1025
(d) Small and medium tails on Wing 8.

Figure 13. Concluded.



Wind

Balance

Figure 14. Typical configuration mounted on sting and C-strut arrangement in wind-tunnel test section. Not to scale.
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0.2

1.6

1.2

0.8

0.0

-8 0 8 16 24 32 40 48
a, deg

Wing

epD> OO
o~ o

Body: off
Tail: off

O g = 0°
All other controls = 0°

-0.2 -0.1 0.0

m

Figure 15. Longitudinal characteristics of wing planforms with top body off.
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0.2

Wing
O 5
0.1 O 6
_c E A 7
| ® g
Cm 0.0 2
e Body: off
-0.1
Tail: off
Pe) = 45°
-0.2 LEF
All other controls = 0°
1.6
1.2
0.8
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

o, deg

Figure 16. Longitudinal characteristics of wing planforms with top body off and leading-edge flaps deflected.
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0.2

Wing
O 5
0.1 O 6
¥ A 7
0.0 — — ® s
Body: wide
-0.1
Tail: off
SLEF = O°
-0.2 LEF
All other controls = 0°
1.6
1.2
0.8
0.4
0.0
-0.4
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

a, deg
m

Figure 17. Longitudinal characteristics of wing planforms with wide top body on.



0.2

Wing
O 5
0.1 O 6
A 7
® 3
Body: wide
Tail: off
o = 45°
-0.2 LEF

All other controls = 0°

1.6

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2
a, deg

Figure 18. Longitudinal characteristics of wing planforms with wide top body on and leading-edge flaps deflected.
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0.2

Body

O Off

0.1 O wide
\I—c
Eaass =

0.0 p

Wing: 5
0.1 Tail: off

OLEF = 0°
-0.2 All other controls = 0°
1.6
1.2

[\
- Vi
0.8
p
0.4 %/ #
0.0 E///
-0.4
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1

a, deg
m

Figure 19. Effect of wide top body on longitudinal characteristics of Wing 5.
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0.2

Body
O Off
0.1 — O Wide
o= L e
—E—H T 1|
c o.om—aﬂﬂ% )
m wing: 6
0.1 Tail: off
OLEF = 0°
0.2 All other controls = 0°
1.6
1.2
2 :
0.8 5
0.4 K
k Z
0.0
-04
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

a, deg
Cm

Figure 20. Effect of wide top body on longitudinal characteristics of Wing 6.
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0.2

Body
O Off
0.1 O Wide
o—0—=©
3/.--| m m | ‘Sﬂ
C OOE Eii i Ii EE == == == L=l I-]
m \) Wing: 7
0.1 Tail: off
OLEF = 0°
-0.2 All other controls = 0°
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1.6

12

0.0
o m
-0.4
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

a, deg
m

Figure 21. Effect of wide top body on longitudinal characteristics of Wing 7.



0.2

Body
O Off
0.1 O wide
m ¢ wing: 8
-0.1 D Tail: off
OLEF = 0°
0.2 All other controls = 0°

1.6

1.2

9\ 1
0.8

i
% 4 ¥

0.0

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2
a, deg
m

Figure 22. Effect of wide top body on longitudinal characteristics of Wing 8.
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0.2

Body
O Off
0.1 O Wide
P A Medium
(]
0.0 Narrow
Wing: 5
-0.1 g
Tail: off
o = 45°
02 LEF
All other controls = 0°
1.6
1.2
0.8
0.4
0.0
[ ¢
-0.4
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

a, deg
m

Figure 23. Effect of top body on longitudinal characteristics of Wing 5 with leading-edge flaps deflected.



0.2

Body

o Off
0.1 O Wide

A Medium

@ Narrow

Wing: 6
-0.1 g

Tail: off

o = 45°
-0.2 LEF

All other controls = 0°
1.6
1.2
0.8

L
0.0
-0.4
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2
a, deg
m

Figure 24. Effect of top body width on longitudinal characteristics of Wing 6 with leading-edge flaps deflected.
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0.2

Body

O Off
0.1 O Wide

A Medium

@® Narrow

m

Wing: 7
-0.1 g

Tail: off

Pe) = 45°
0.2 LEF

All other controls = 0°
1.6
1.2

0.8

C L 04
0.0
%

-0.4

-0.8

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

a, deg
m

Figure 25. Effect of top body width on longitudinal characteristics of Wing 7 with leading-edge flaps deflected.
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0.2

Body
O Off
0.1 O Wide
A Medium
0.0 @® Narrow
m
T Wing: 8
-0.1 J
Tail: off
be) = 45°
02 LEF
All other controls = 0°
1.6
1.2
0.8 O
0.4
L
0.0
-0.4
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

a, deg
m

Figure 26. Effect of top body width on longitudinal characteristics of Wing 8 with leading-edge flaps deflected.

49



O F . deg
o 0
0.1 O 45
L L & &
c O.OH-Q—E-—I%&:'/E ,
m Wing: 5
01 Body: off
Tail: off
0.2 All other controls = 0°
1.6
1.2
~N 0
P
/’ ‘
0.8 A
4 [
)’

0.0
& 4
-0.4
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2
a, deg
m

Figure 27. Effect of leading-edge flap deflection on longitudinal characteristics of Wing 5 with top body off.



S g deg

o 0

01 —6 O 45

o5 iR
C OOG—E-EI-M,_' )
m T wing: 6

01 Body: off
Tail: off
All other controls = 0°

-0.2

1.6

1.2

Q
N

0.0

o ; f}{?
;

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2
a, deg

Figure 28. Effect of leading-edge flap deflection on longitudinal characteristics of Wing 6 with top body off.

51



52

0.2

SLgr deg

o 0

0.1 O 45

o—0—O
}/ea/ - m s
0.0 = = 0 :
= " Wing: 7

01 Body: off
Tail: off
All other controls = 0°

-0.2

1.6

1.2

0.8

N
ef4

E Qr

S\Ei\

0.0

R
=

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2
o, deg

Figure 29. Effect of leading-edge flap deflection on longitudinal characteristics of Wing 7 with top body off.



0.2

SLg- deg
O 0
0.1 O 45
C. 0.0 gt e —
m O ‘Eh% Wing: 8
01 ; Body: off
Tail: off
All other controls = 0°
-0.2
1.6
1.2

4 \3 f

—F—
—c

) >
o 4 %ki
0.0 ;
-0.4
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2
a, de
g (o m

Figure 30. Effect of leading-edge flap deflection on longitudinal characteristics of Wing 8 with top body off.
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0.2

S g deg
o 0
O 15
A 30
® 45
C
m W 60
0.1 Wlng 5
Body: wide
-0.2 Tail: off
All other controls = 0°
1.6
1.2
0.8
0.4
CL
0.0
-0.4
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

a, deg
m

Figure 31. Effect of leading-edge flap deflections on longitudinal characteristics of Wing 5 with wide top body on.
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0.2

SLgr- deg
0
15
30
45
60

mep0OoO

Wing: 6

Body: wide
Tail: off
All other controls = 0°

1.6

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

o, deg
m

Figure 32. Effect of leading-edge flap deflections on longitudinal characteristics of Wing 6 with wide top body on.
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0.2

S g deg
o 0
0.1 O 15
A 30
® 45
B 60
wing: 7
Body: wide
-0.2 Tail: off
All other controls = 0°
1.6
1.2
0.8
0.4
CL
0.0
-0.4
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

a, deg
m

Figure 33. Effect of leading-edge flap deflections on longitudinal characteristics of Wing 7 with wide top body on.
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0.2

O gr- deg
o 0
0.1 O 15
A 30
® 45
B 60
Wing: 8
Body: wide
-0.2 Tail: off
All other controls = 0°
1.6
1.2
0.8
G
0.4
CL
0.0
-0.4
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

a, deg

Figure 34. Effect of leading-edge flap deflections on longitudinal characteristics of Wing 8 with wide top body on.
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0.2

Vertical tail
O Off
01 O Small
= ! A Medium
Cm
Wwing: 5
0.1 Body: narrow
OLgr = 45°
-0.2 All other controls = 0°
1.6
1.2
0.8 ﬁ
0.4
CL
0.0
-4 . |
-0.4
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

a, deg
m

Figure 35. Effect of vertical tail size on longitudinal characteristics of Wing 5 with narrow top body on and leading-
edge flaps deflected.
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0.2

Vertical tail
O Off
0.1 O Small
A Medium
Cm
Wing: 6
-0.1 Body: narrow
O g = 45°
-0.2 All other controls = 0°
1.6
1.2
&
0.8
0.4
CL
0.0
-0.4
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

a, deg
m

Figure 36. Effect of vertical tail size on longitudinal characteristics of Wing 6 with narrow top body on and leading-
edge flaps deflected.

59



0.2

Vertical tail
O Off
0.1 O Small
A Medium
Cm 0.0
Wing: 7
-0.1 Body: narrow
OLgF = 45°
-0.2 All other controls = 0°
1.6
1.2
—6
0.8

0.0

E\
=

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

a, deg
m

Figure 37. Effect of vertical tail size on longitudinal characteristics of Wing 7 with narrow top body on and leading-
edge flaps deflected.
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0.2

Vertical tall
O Off
0.1 O Small
A Medium

wing: 8

Body: narrow
O g = 45°
-0.2 All other controls = 0°

1.6

1.2

0.8

0.0

ﬁ:h.n.a..kﬂﬂ_

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

a, deg
m

Figure 38. Effect of vertical tail size on longitudinal characteristics of Wing 8 with narrow top body on and leading-
edge flaps deflected.
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0.2

O | deg
o 0
0.1 O -30
= A -15
® 15
C 0.0
m H 30
-0.1 Wing: 5 Tail: off
Body: wide  OLgp =45°
0.2 All other controls = 0°
1.6
1.2
0.8
0.4
CL
0.0
-0.4
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

a, deg
m

Figure 39. Control effectiveness of symmetric deflections of inboard trailing-edge flaps on Wing 5 with wide top body
on and leading-edge flaps deflected.
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0.2

6“8, deg
O 0
0.1 O -30
= [ (| A _15
® 15
C 0.0
m H 30
-0.1 Wing: 6 Tail: off
Body: wide O gp =45°
-0.2 All other controls = 0°
1.6
1.2
0.8 gl
g:
0.4
CL
0.0
-0.4
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2
o, deg

m

Figure 40. Control effectiveness of symmetric deflections of inboard trailing-edge flaps on Wing 6 with wide top body
on and leading-edge flaps deflected.
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0.2

S 1 deg
(o] 0
0.1 O -30
fmn | | A -15
3 [ . 15
C 0.0
m m 30
-0.1 Wing: 7 Tail: off
Body: wide O pp =45°
02 All other controls = 0°
1.6
1.2
0.8 A
0.4 A
CL
0.0
-0.4
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

a, deg
m

Figure 41. Control effectiveness of symmetric deflections of inboard trailing-edge flaps on Wing 7 with wide top body
on and leading-edge flaps deflected.
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0.2

S 15 deg
o 0
0.1 O -30
A -15
® 15
C 0.0
m B 30
-0.1 Wing: 8 Tail: off
Body: wide OLpp =45°
0.2 All other controls = 0°
1.6
1.2

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2
o, deg

Figure 42. Control effectiveness of symmetric deflections of inboard trailing-edge flaps on Wing 8 with wide top body
on and leading-edge flaps deflected.
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0.2

O mip: deg
0.1 © 0
m m O -30
A -15
Ch 0.0 ® 15
B 30
-0.1
Wing: 5 Tail: off
. : 6 = 45°
0.2 Body: wide LEE
All other controls = 0°
1.6
1.2
0.8
0.4
CL
0.0
w
-0.4
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

a, deg
m

Figure 43. Control effectiveness of symmetric deflections of middle trailing-edge flaps on Wing 5 with wide top body
on and leading-edge flaps deflected.
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0.2

O mip: deg
0.1 °© 0
O -30
m A _15
Cm 0.0 ® 15
B 30
-0.1
Wing: 6 Tail: off
© Wi 0 = 45°
0.2 Body: wide LEF
All other controls = 0°
1.6
1.2
0.8
0.4
CL
0.0
-0.4
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

a, deg
m

Figure 44. Control effectiveness of symmetric deflections of middle trailing-edge flaps on Wing 6 with wide top body
on and leading-edge flaps deflected.
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0.2

6f,MID' deg
0.1 © 0
O -30
A -15
Cm ® 15
B 30
-0.1
Wing: 7 Tail: off
Wi e} = 45°
0.2 Body: wide LEF
All other controls = 0°
1.6
1.2

-0.8

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

a, deg
m

Figure 45. Control effectiveness of symmetric deflections of middle trailing-edge flaps on Wing 7 with wide top body
on and leading-edge flaps deflected.
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0.2

O mip- deg
01 o 0
' O -30
A -15
Cm 0.0 — ® 15
B 30
-0.1
Wing: 8 Tail: off
L Wi ¢ = 45°
02 Body: wide LEE
All other controls = 0°
1.6
1.2

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

a, deg
m

Figure 46. Control effectiveness of symmetric deflections of middle trailing-edge flaps on Wing 8 with wide top body
on and leading-edge flaps deflected.
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0.2

0.1

L
]

1.6

12

0.8

0.0

Figure 47. Control effectiveness of symmetric deflections of inboard and middle trailing-edge flaps on Wing 5 with

wide top body on.
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16
a,

24 32
deg

40 48

O g deg & yp: deg
o 0 0
O -30 -30
A -15 -15
® 15 15
H 30 30
Wing: 5 Tail: off
Body: wide OLgp = 0°

All other controls = 0°
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0.2

O |g. deg O mip- deg
(o) 0 0
01 O -30 -30
?’E}_{:}H—E”E A -15 -15
c 0.0 ® 15 15
m H 30 30
-0.1 Wing: 5 Tail: off
Body: wide O gp = 45°
0.2 All other controls = 0°
1.6
1.2
0.8 //2
a(/Q
c 04 /E
L
0.0
-0.4
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

a, deg

Figure 48. Control effectiveness of symmetric deflections of inboard and middle trailing-edge flaps on Wing 5 with
wide top body on and leading-edge flaps deflected.
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0.2

O g deg O mip- deg
o 0 0
0.1 1 O -30 30
o —E A -15 15
c 0.0 ® 15 15
m H 30 30
-0.1 Wing: 6 Tail: off
Body: wide OLgp = 45°
0.2 All other controls = 0°
1.6
1.2
0.8 ﬁ
CL 0.4 A
0.0
0.4
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

o, de
g Cm

Figure 49. Control effectiveness of symmetric deflections of inboard and middle trailing-edge flaps on Wing 6 with
wide top body on and leading-edge flaps deflected.
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0.2

O g deg O mip: deg
o 0 0
01 O -30 -30
na] A -15 -15
c_ 00 ® 15 15
m m 30 30
-0.1 Wing: 7 Tail: off
Body: wide 6LEF = 0°
02 All other controls = 0°
1.6
1.2
0.8
0.4
CL
0.0
-0.4
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

a, deg
m

Figure 50. Control effectiveness of symmetric deflections of inboard and middle trailing-edge flaps on Wing 7 with
wide top body on.
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0.2

6f,IB' deg 5f,MID' deg
(o] 0 0
0.1 O -30 -30
A -15 -15
c. 00 ; ® 15 15
m m 30 30
-0.1 Wing: 7 Tail: off
Body: wide OLgp = 45°
0.2 All other controls = 0°
1.6
1.2
0.8 . /EE/E
%
g
0.4 A
CL
0.0
-0.4
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2
a, deg
m

Figure 51. Control effectiveness of symmetric deflections of inboard and middle trailing-edge flaps on Wing 7 with
wide top body on and leading-edge flaps deflected.

74



0.2

O |, deg O pip» deg
(o] 0 0
01 O -30 -30
A -15 -15
® 15 15
H 30 30
Wing: 8 Tail: off
Body: wide OLgp = 0°
-0.2 All other controls = 0°
1.6
1.2
/ r‘}
0.8 / /E

e
AN

(@)
o
B
=y s

L 1
0.0
2|
-0.4
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2
a, deg
m

Figure 52. Control effectiveness of symmetric deflections of inboard and middle trailing-edge flaps on Wing 8 with
wide top body on.
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0.2

6f,IB’ deg af,MID' deg
(o] 0 0
01 O -30 -30
A -15 -15
n H | ® 15 15
C 0.0
m ~—~—H]
x ] m 30 30
-0.1 Wing: 8 Tail: off
Body: wide OLgg = 45°
-0.2 All other controls = 0°
1.6
1.2
(oIH X
0.8 i/zr’a
c L
-0.4
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

a, deg
m

Figure 53. Control effectiveness of symmetric deflections of inboard and middle trailing-edge flaps on Wing 8 with
wide top body on and leading-edge flaps deflected.
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0.2 6f,IB’ 6f,MID’ 6f,OB’ 6bf’

deg deg deg deg
o 0 0 0 0
01 O 30 30 0 0
A 30 30 0 58
c 00 ® 30 30 0 73
m H 30 30 30 73
-0.1 R
Wwing: 5 OLEr =45
Body: wide Tail: off
-0.2
All other controls = 0°
1.6
1.2

0.8

%

0.0 !/-,
&
-0.4
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2
a, de
g C m

Figure 54. Control effectiveness of symmetric deflections of trailing-edge flaps and body flaps on Wing 5 with wide top
body on and leading-edge flaps deflected.
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0.2 6f,IB’ 6f,MID’ 6f,OB' 6bf’

deg deg deg deg
(o] 0 0 0 0
0.1 O 30 30 0 0
A 30 30 0 58
C 0.0 G—& ® 30 30 0 73
m H 30 30 30 73
-0.1 .
Wing: 6 OLgf =45
Body: wide Tail: off
-0.2
All other controls = 0°
1.6
1.2
0.8
0.4
CL 3/
/ (
0.0 ' Y
. 1l
el d
-04
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2
a, deg
m

Figure 55. Control effectiveness of symmetric deflections of trailing-edge flaps and body flaps on Wing 6 with wide top
body on and leading-edge flaps deflected.
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0.2 6f,IB’ 6f,MID’ 6f,OB’ 6bf’

deg deg deg deg
o 0 0 0 0
0.1 O 30 30 0 0
A 30 30 0 58
c 00a ® 30 30 0 73
m —O H 30 30 30 73
-0.1 .
wing: 7 O g =45
Body: wide Tail: off
-0.2
All other controls = 0°
1.6
1.2
0.8
0.4
CL
0.0
&
-04
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

a, deg

Figure 56. Control effectiveness of symmetric deflections of trailing-edge flaps and body flaps on Wing 7 with wide top
body on and leading-edge flaps deflected.
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c 04

Figure 57. Control effectiveness of symmetric deflections of trailing-edge flaps and body flaps on Wing 8 with wide top
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0.2

0.1

0.0

D
L/

-0.1

-0.2

1.6

1.2

0.8

0.0

-8 0 8 16 24
a, deg

body on and leading-edge flaps deflected.

32

40

48

6f,IB' 6f,MID’ 6f,OB’
deg deg deg

o 0 0 0

O 30 30 0

A 30 30 0

® 30 30 0

H 30 30 30

Wing: 8 OLEF =45°

Body: wide Tail: off

All other controls = 0°

6bf'
deg

58
73
73

A4

-0.2 -0.1 0.0 0.1

m

0.2



0.1 o, deg

o 0
Cy 0-Oﬂ=ﬂ—9—i—ﬂ—u—a=u=g=g__n o 12

A 16

-0.1

0.04 Wing: 5
Body: wide

0.02 Tail: off
OLgr = ©°

All other controls = 0°

Cn

-0.02

-0.04

0.04

0.02 \m\ﬂ
I-J\
c, 000 = 9—&3 —
T A4 )

-0.02
\\EJ

7

P

-0.04

-15 -10 5 0 5 10 15
B, deg

Figure 58. Variation of lateral-directional coefficients with sideslip at low angles of attack for Wing 5 with wide top
body on.
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0.1 o deg
o 20
4 £
Cy 0.0R% = ? O 32
L) A 48
-0.1
.04
0.0 Wing: 5
Body: wide
0.02 Tail: off
OLgr = ©O°
A ___i} T Al other controls = 0°
Cnh 0.00 ;55
S 1]
—
-0.02
-0.04
0.04
.
~

J
0.02 \

c, 000 %?K
S g
\\
-0.02 N <
AN

-0.04

-15 -10 -5 0 5 10 15
B, deg

Figure 59. Variation of lateral-directional coefficients with sideslip at high angles of attack for Wing 5 with wide top
body on.

82



a, deg
o 0
0.0 2
Cy s  — =é O 12
A 16
-0.1
0.04 Wing: 5
Body: wide
0.02 Tail: off
OLgF = 45°
Ab— a8 - All other controls = 0°
Cnh 0.00 =
-0.02
-0.04
0.04
0.02 2~

[/

a

.
c, 000 \% i i

-0.02

-0.04

-15 -10 -5 0 5 10 15
B, deg

Figure 60. Variation of lateral-directional coefficients with sideslip at low angles of attack for Wing 5 with wide top
body on and leading-edge flaps deflected.
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0.1 a, deg
3 g o 2
C Y O O LY s’ ’:‘ '-3 D 320
B —E Y A—A | A 48
-0.1
0.04 Wing: 5
Body: wide
0.02 Tail: off
BB —A— A OLEr = 45°
0.00 N All other controls = 0°
\A\A_As/
-0.02
-0.04
0.04
0.02 NN
N
C| 0.00 =

-0.02 \\%g
X

-0.04

-15 -10 -5 0 5 10 15
B . deg

Figure 61. Variation of lateral-directional coefficients with sideslip at high angles of attack for Wing 5 with wide top
body on and leading-edge flaps deflected.
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a, deg
o 0
A 16
-0.1
.04
0.0 wing: 6
Body: wide
0.02 Tail: off
OLgr = 0°
All other controls = 0°
Cnh
-0.02
-0.04
0.04A\
E §
0.02 \E
(¢} —O A
0.00 —
i © )
-0.02
AN
-0.04 \%
-15 -10 -5 0 5 10 15

B . deg

Figure 62. Variation of lateral-directional coefficients with sideslip at low angles of attack for Wing 6 with wide top
body on.
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a, deg
?Q A = o 20
Cy 0.0 : ",& O 32
A 48
-0.1
0.04 Wing: 6
Body: wide
0.02 Tail: off
N OLgr = 0°
All other controls = 0°
Cnh 0.00 &= =
— SN
-0.02
-0.04
0.04
\\5
0
0.02 ;\\\‘
N

C 0.00 N

-0.02 AN
\EJ
A
-0.04 ©
-15 -10 5 0 5 10 15
B, deg

Figure 63. Variation of lateral-directional coefficients with sideslip at high angles of attack for Wing 6 with wide top
body on.

86



a, deg
. o 0
Cy 0.0 & T O 12
A 16
-0.1
.04
0.0 Wwing: 6
Body: wide
0.02 Tail: off
OLgr = 45°
By ,. All other controls = 0°
Cnh 0.0
-0.02
-0.04
0.04

0.02 =~ %\A

’,\% 2

C| 0.00F——a—o
Ei
-0.02 N
~Sa
-0.04
15 110 5 0 5 10 15

B, deg

Figure 64. Variation of lateral-directional coefficients with sideslip at low angles of attack for Wing 6 with wide top
body on and leading-edge flaps deflected.
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0.1 a, deg
A— 5 2 © 20
C 0.0 = #‘é\"ﬁ A O 32
Y 3 ——&r
A 48
-0.1
0.04 Wing: 6
Body: wide
0.02 Tail: off
3 OLEfF = 45°
% All other controls = 0°
Cnh 0.00 EK/
-0.02
-0.04
0.04 g
0.02 -
C 0.00
-0.02
AN
o
-0.04
-15 -10 -5 0 5 10 15

B, deg

Figure 65. Variation of lateral-directional coefficients with sideslip at high angles of attack for Wing 6 with wide top
body on and leading-edge flaps deflected.
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a, deg
o 0
=" .
Cy 0.0 E_Hﬂ—wg o 12
A 16
-0.1
0.04 Wwing: 7
Body: wide
0.02 Tail: off
c Ogr = 0°
> T —5—o All other controls = 0°
Ch OO TR g
—~o—1 o
-0.02
-0.04
0.04 2
EQ\L\E
0.02 \
Na
G—_@_e ¢
—O
\\g
-0.02 -
\3
-0.04 A
-15 -10 -5 0 5 10 15
B, deg

Figure 66. Variation of lateral-directional coefficients with sideslip at low angles of attack for Wing 7 with wide top
body on.
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0.1 a. deg
B— O 20
c, 00—l O 32
A 48
-0.1
.04
0.0 Wing: 7
Body: wide
0.02 Tail: off
B—" g O gr = 0°
All other controls = 0°
Ch  0.00 b———p==tr >§~\ P
"
-0.02
-0.04
0.06
[¢
0.04 \\
002t
: ~A
I
c, 0.0 —
~
-0.02 EA\& N
3.
-0.04
e
-0.06
-15 -10 -5 0 5 10 15

B, deg

Figure 67. Variation of lateral-directional coefficients with sideslip at high angles of attack for Wing 7 with wide top
body on.
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o 0
0 —
Cy 0.0 o 12
A 16
-0.1
.04
0.0 wing: 7
Body: wide
0.02 Tail: off
OLEr = 45°
- — All other controls = 0°
Cnh 0.00 =
——#
-0.02
-0.04
0.04
A\
G
0.02 ;\\ —a
.
N~
B
Cl 0.00G S0 Fany S Tass - )
-0.02 T\E;\
S8
A
-0.04
-15 -10 -5 0 5 10 15

B . deg

Figure 68. Variation of lateral-directional coefficients with sideslip at low angles of attack for Wing 7 with wide top
body on and leading-edge flaps deflected.
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0.1 o deg
il o 20
oy 00—t == o
Y B— —A—
A 48
0.1
0.04 wing: 7
Body: wide
0.02 Tail: off
o OLEr = 45°

Kigg ~5
CH,% All other controls = 0°
C, 000 :ﬂ;% A

-0.02

-0.04

0.04

e
0.02 -

C 0.00

Wi
a

-0.02
A
-0.04 \\9
-15 -10 5 0 5 10 15

B, deg

Figure 69. Variation of lateral-directional coefficients with sideslip at high angles of attack for Wing 7 with wide top
body on and leading-edge flaps deflected.
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a, deg
o 0
cy o_obﬁw—uﬁ O 12
A 16
-0.1
0.04 Wing: 8
Body: wide
0.02 Tail: off
OLgr = 0°
E All other controls = 0°
Cn, 000 B
-0.02
-0.04
0.04 2
22 y
0.02 \E;\s,
\\
¢ O0—O o ~
c, 0.0 = — -
M
-0.02 \\S\t'l
A\s\\\]
-0.04 A
-15 -10 -5 0 5 10 15

B, deg

Figure 70. Variation of lateral-directional coefficients with sideslip at low angles of attack for Wing 8 with wide top
body on.
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0.1 a, deg

A— | —A— —eE—a——_ o 20
C 0.0 tﬁ‘—‘ﬁﬁ-ﬂ% ';,,sa-g:-;@ O 32
Y L= = “_t H_t&

A 48
-0.1
.04
0.0 Wing: 8
Body: wide
0.02 Tail: off
ET/’I\EQ\EL 6LEF o
c 0.00 B—g’%\ All other controls = 0°
n O BERSNEE
A
-0.02
-0.04
0.06
¢
\
0.04
RN
oY
0.02 k‘&s
C| 0.00 R
-0.02
S\\E —A
-0.04 R
~¢
-0.06
-15 -10 -5 0 5 10 15

B . deg

Figure 71. Variation of lateral-directional coefficients with sideslip at high angles of attack for Wing 8 with wide top
body on.

94



0.1 a, deg

o 0
Cy O 12

A 16

-0.1

0.04 Wing: 8
Body: wide

0.02 Tail: off
OLgr = 45°

:hﬁ All other controls = 0°
C n 0.00 M

-0.02
-0.04
0.04
IL\
Eg\\[\
0.02 \Eg\é
C | 0.00 . & ~ o ~ ~ o LD £)
\ﬂ\k
-0.02 A B
S
~~
A
-0.04
-15 -10 -5 0 5 10 15

B, deg

Figure 72. Variation of lateral-directional coefficients with sideslip at low angles of attack for Wing 8 with wide top
body on and leading-edge flaps deflected.
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0.1 a, deg
!u:_ .:‘ = o 20
A— =§"’—'@:’H
CY O.OE_"_:_;H = ‘Mi 1 A -\ O 32
A 48
-0.1
.04
0.0 Wing: 8
Body: wide
0.02 Tail: off
H— = = 45°
B O gp = 45
¢ o Py All other controls = 0°
C,,  0.00 A —
—© D
\__ —Q
n\t‘t ; 1
-0.02
-0.04
0.06
¢
0.04 ;\
0.02 "\X\\s\
C, 0.00
-0.02
\\
) ]
0.04 <5
-0.06
-15 -10 -5 0 5 10 15
B, deg

Figure 73. Variation of lateral-directional coefficients with sideslip at high angles of attack for Wing 8 with wide top
body on and leading-edge flaps deflected.
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Cnh

C

0.01

Wing

O 5
0.00 A

A 7
-0.01 "
0.004

Body: off

Tail: off
0.002 6LEF o

StablTe All other controls = 0°

0.000 4%

-0.002 T Unstable

-0.004

0.003

0.001 k

-0.001

-0.003

-0.005

Figure 74. Lateral-directional stability characteristics of wing planforms with top body off.
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Wing

O 5
O 6
A7

-0.01 ¢ 8

0.004
Body: off
Tail: off

Stable

0.002 A» 6LEF = 45°

All other controls = 0°
Cp_ 0.000%
B

-0.002
Unstable
-0.004
0.003
Unstable
0.001 N
A
AR\
C -0.001
| 5
B 3 N
Stable
-0.003
-0.005
-8 0 8 16 24 32 40 48

a, deg

Figure 75. Lateral-directional stability characteristics of wing planforms with top body off and leading-edge flaps
deflected.
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Wing
O 5
CY 0.00 O 6
B A 7
-0.01 ¢ 8
0.004 .
Body: wide
Tail: off
0.002 6LEF =0°
StablTe All other controls = 0°
Cp_ 0.000
B
\%\ Unstab,
-0.002 )\E
-0.004
0.004
Unstable
0.002 k
C| 0.000d PN
P SRR
W ‘
-0.002 N
N H—¢
ﬂ Stable
-0.004
-8 0 8 16 24 32 40 48
a, deg

Figure 76. Lateral-directional stability characteristics of wing planforms with wide top body on.



0.01

Wing
O b5
CY 0.00 A
B
A7
-0.01 "
0.004
Body: wide
Tail: off
0.002 6LEF o
Stab'Te All other controls = 0°
0.000 r A
Ch ; d ‘L
A
Unstable
-0.002 \
-0.004
0.003
Unstable
0.001 “g T
\ i’:\s&
e
C 0001 ; ‘EW !
Stable
-0.003 \ &\t
-0.005 \\-T
8 0 8 16 24 32 #0 0

a, deg

Figure 77. Lateral-directional stability characteristics of wing planforms with wide top body on and leading-edge flaps
deflected.
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Cn

C

0.01

Body
O Off
0.00 m%—# oo O Wide
N/ '\-]
-0.01
0.004 Wing: 5
Tail: off
0.002 Ol g = 0°
Stable All other controls = 0°

0.000 T
aGnstabl
-0.002 :

]
4

j_{
._\

-0.004
0.004
Unstable
0.002 A»
0.000 8\
N
4 BH—E \ \
. N / y 9\%]
0.002 N ]
Stable
-0.004
-8 0 8 16 24 32 40 48

a, deg

Figure 78. Effect of wide top body on lateral-directional stability characteristics of Wing 5.
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0.01

Body
H/E O Off
C 000 TS 7 O—€ B wide
YB 3’ A4 E)
-0.01
0.004 Wing: 6
Tail: off
0.002 O g = 0°
Stable All other controls = 0°
Ch o.oooE = )T()
B =T AR :@3\\ /@/t
\ 5Gnstablq;:]
-0.002
\a\ /
af
-0.004
0.004
0.002
Unstable

Q
[: T
C, ~0.000

E&\_ Jr StaBIe\
-0.002 2
RN =

-8 0 8 16 24 32 40 48
a, deg

-0.004

Figure 79. Effect of wide top body on lateral-directional stability characteristics of Wing 6.
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0.01 Body
O Off
5 .
c 0.00 ngs O Wide
Y[3 Em LJ—E—{ y«—é)ﬁ
B
-0.01
0.004 Wing: 7
Tail: off
0.002 O g = 0°
Stable All other controls = 0°
C, 0.000 w:ﬁ £ 'T(
B = N j
&t
\ Unstable
-0.002
N
7,
-0.004
0.004
0.002
a Unstable
A A
CI 0.000

-0.002 \N N 3

o Stable
o
-0.004
-8 0 8 16 24 32 40 48
a, deg

Figure 80. Effect of wide top body on lateral-directional stability characteristics of Wing 7.
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104

Y )
B ~—%
"
-0.01
0.004
0.002
StabITe
Cn[3 O.OOOc ———0 50 ﬂ\(
B Y.
Unstable
-0.002 L\ [
b
S~
-0.004
0.003
Unstable
ODOlK k
C, -0.001 \i\

0.01

0.00 gr—pr—gi—> =a=5=-5=53£

¢
\ 3

-0.003 K OVt Y
\cg\ q E&’/E Stable
s
o—o
-0.005
-8 0 8 16 24 32 40 48
a, deg

Body

O Off
O Wwide

Wing: 8

Tail: off

OLgr = 0°

All other controls = 0°

Figure 81. Effect of wide top body on lateral-directional stability characteristics of Wing 8.



0.01

Body
I O Off
CY 0.00 O Wide
5 .
A Medium
ool ® Narrow
0.004 Wing: 5
Tail: off
0.002 O Ef = 45°
StalKE_ All other controls = 0°
Ch
B D
DK
-0.002
1]
Unstable
-0.004
0.004
Unstable
0.002 A
C| 0.000 N
B \9\ N
NN\A
-0.002 )
Stable
-0.004
-8 0 8 16 24 32 40 48

o, deg

Figure 82. Effect of top body width on lateral-directional stability characteristics of Wing 5 with leading-edge flaps
deflected.
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0.01

CYB 0.00 )
-0.01
0.004
0.002
Stablke
C, 0.000 %
B K
;-"3/
-0.002
0.004 Unstable
0.004
Unstable
0.002 N
A
CI 0.000
g 2/ \\\
y \'
-0.002 Ei ﬁ Y
Stable
-0.004
-8 16 24 32 40 48
a, deg

Figure 83. Effect of top body width on lateral-directional stability characteristics of Wing 6 with leading-edge flaps

deflected.
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Body
Off
Wide
Medium
Narrow

ep> OO

Wing: 6
Tail: off
OLgf = 45°

All other controls = 0°



Body
O Off
CY 0.00 O Wide
B A Medium
ool ® Narrow
0.004 Wing: 7
Tail: off
0.002 O gp = 45°
Stablke All other controls = 0°
C, 0000 oo ;\@\
: N
3§ /
\E}/@’
-0.002 /
‘ﬁ/V»
|
0,004 Unstable
0.004
Unstable
0.002 A
C, 0.000 B
: V/ i\
\1\ B
-0.002 )
Stable
-0.004
8 0 8 16 24 32 40 48

a, deg

Figure 84. Effect of top body width on lateral-directional stability characteristics of Wing 7 with leading-edge flaps
deflected.
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0.01

Body
O Off
C 0.00 O Wide
YB D
4 A Medium
0.01 \E ® Narrow
0.004 Wing: 8
Tail: off
0.002 BLEF = 45°
All other controls = 0°

i
-0.004 yy

0.003
Unstable
0.001 T
C| -0.001
: //
b A
Stable)
-0.003 A\
N
-0.005
-8 0 8 16 24 32 40 48
a, deg

Figure 85. Effect of top body width on lateral-directional stability characteristics of Wing 8 with leading-edge flaps
deflected.
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O\ gf . deg
— F o]
s 5 = o 0
0.00
Cvp Vg o 0 4
-0.01
0.004 Wing: 5
Body: off
Stable Tail: off
0.002 k ail- o

All other controls = 0°

Cp,, 0.000 ppegp—pz—=l —=
P E 5—6}\@::5?! Qi&sz /EB/):]
T

-0.002 Y
Unstable
-0.004
0.004
Unstable
0.002
B'—E\

e I\ AZ/’\\:\
10.002 J\E:>E,AB7{ \69\%3

-0.004

-8 0 8 16 24 32 40 48
a, deg

Figure 86. Effect of leading-edge flap deflection on lateral-directional stability characteristics of Wing 5 with top body
off.
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l"_l {'1
C 0.00 'F*'Aa/aﬂ
YB Ea:E D A\ A "2 A 7 T i
-0.01
0.004
Stable
0.002 k
Cn gy 0000 g —o——e=Er v
i Ny
'y
-0.002
Unstable
-0.004
0.004
Unstable
0.002
B
C 8 0.000 ‘% {/E A
\Z:/E;K } DO~ l:\
-0.002 ;\ —E LﬁJ/ e g
\GD\ | },/'E Stable
A
-0.004
-8 8 16 24 32 40 48
a, deg

Figure 87. Effect of leading-edge flap deflection on lateral-directional stability characteristics of Wing 6 with top body

off.
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OLEF deg
o0
O 45

Wing: 6
Body: off
Tail: off

All other controls = 0°



S gf - deg
¢ o 0
CY 000 A\ A4 \% ,EQ D 45
B bt i : o
-0.01
0.004 Wing: 7
Body: off
Stable
0.002 k Tail: off

All other controls =0

Ch 5 0.000 @maﬁzg-éiﬂﬁi

/a/
p /
A
-0.002 Y
Unstable
-0.004
0.004
Unstable
0.002 A

C,  0.000 \gvm 2N

-0.002 k 2{ \a \L
\G\ \ A~ \s?abf

¢
\C\‘ €3/
-0.004 /E
-8 0 8 16 24 32 40 48
o, deg

Figure 88. Effect of leading-edge flap deflection on lateral-directional stability characteristics of Wing 7 with top body
off.
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0.01

0.00 ,,qEFEQ;EEQE:f N
CYB = 7 3
-0.01
0.004
0.002
Stable
+—E
Cp, . 0.000 ;\
B € S
> H
-0.002 Unstable
-0.004
0.003
Unstable
0.001 & T
N
C|B-0001 ¥§§ ‘¢
Stable
k\iﬂ {/£}\Tii)l
-0.003 X K k\*
Y
L
¢
-0.005
-8 8 16 24 32 40 48
a, deg

Figure 89. Effect of leading-edge flap deflection on lateral-directional stability characteristics of Wing 8 with top body

off.
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S\ gr - deg
o0
O 45

Wing: 8
Body: off
Tail: off

All other controls = 0°



0.01

O\ g deg
o 0
c, 0.0 A o
B
A 30
® 45
-0.01
B 60
0.004 wing: 5
Body: wide
0.002 Tail: off
Stable All other controls = 0°
C,  0.000
B c
-0.002
-0.004
0.004
Unstable
0.002 k
c, 0.000k
B
-0.002
Stable
-0.004
8 0 8 24 32 40 48

a, deg

Figure 90. Effect of leading-edge flap deflections on lateral-directional stability characteristics of Wing 5 with wide top
body on.
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0.01

S| gf - deg
o 0
Sy, 0.00 A 2
A 30
-0.01 . o
H 60
0.004 Wing: 6
Body: wide
00 Tail: off
Stable All other controls = 0°
C,_ 0.000
B
-0.002
-0.004
0.004
Unstable
0.002
c . 0.000
-0.002 ;
Stable
-0.004
40 48

a, deg

Figure 91. Effect of leading-edge flap deflections on lateral-directional stability characteristics of Wing 6 with wide top
body on.
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0.01
S| g deg
o 0
c, 000 A o
B
A 30
-0.01 .
H 60
0.004 Wing: 7
Body: wide
- Tail: off
Stablke All other controls = 0°
C,  0.000
; F

-0.002

Unstable
-0.004
0.004
Unstable
0.002 A
(3 | 0.000 -
B
RN
-0.002 )N
q Stable
C
-0.004
-8 0 8 16 24 32 40 48

a, deg

Figure 92. Effect of leading-edge flap deflections on lateral-directional stability characteristics of Wing 7 with wide top
body on.
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0.01
S| gf . deg
o 0
c, 000 A o
B
A 30
-0.01 . o
B 60
0.004 Wing: 8
Body: wide
o0 Tail: off
Stable All other controls = 0°
Cp,_ 0.000
B
-0.002
-0.004
0.003
Unstable
0.001 T
C | B-O.OOl
R\
i\ Stable
-0.003 N
-0.005
-8 0 8 16 24 32 40 48

a, deg

Figure 93. Effect of leading-edge flap deflections on lateral-directional stability characteristics of Wing 8 with wide top
body on.
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p Vertical tail
\&\ O Off
CY 0.00 O Small
B s o — A Medium
-0.01
0.004 .
Wing: 5
Body: narrow
0.002 O EF = 45°
Stable All other controls = 0°
Cp_ 0.000 =
[3 )
3. N k
o~ \ Unstable
-0.002
-0.004
0.004
0.002
Unstable
C, 0.000 /ﬂéﬁf\\
b /
il
"
-0.002
Stable
-0.004
-8 0 8 16 24 32 40 48

a, deg

Figure 94. Effect of vertical tails on lateral-directional stability characteristics of Wing 5 with narrow top body on and
leading-edge flaps deflected.
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Vertical tail
O Off
CY 0.00 = O Small
B = A Medium
-0.01
0.004 .
Wing: 6
Body: narrow
0.002 O EF = 45°
Stable All other controls = 0°
Unstabl
-0.002
-0.004
0.004
0.002
R
C 0.000
B
-0.002
-0.004
-8 0 8 16 24 32 40 48

a, deg

Figure 95. Effect of vertical tails on lateral-directional stability characteristics of Wing 6 with narrow top body on and
leading-edge flaps deflected.

118



H\ Vertical tail
S_\A\ O Off
Cy 0.00 O Small
B § 2 A Medium
-0.01
0.004
Wing: 7
Body: narrow
0.002 O EF = 45°
Statie_ All other controls = 0°
Cp, 0.000f e
B
-0.002 \Ew
Unstable
-0.004
0.004
Unstable
0.002 k
of ; 0.000 =
VR

-0.002 H
| \ o e

-0.004 \?/

-8 0 8 16 24 32 40 48
a, deg

Figure 96. Effect of vertical tails on lateral-directional stability characteristics of Wing 7 with narrow top body on and
leading-edge flaps deflected.
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Vertical tail
O
3 A— O Off
Cy, 000 =\ O Small
B ~—2x n— A Medium
-0.01
0.004
Wwing: 8
Body: narrow
0.002 6LEF = 45°
:;11* s . Stablke All other controls = 0°
y N
HHE"’EQ\E \
Cn_ 0.000C ;\F >
[3 LD LD Fan Vai
o0—O _J)— A\ A4 A4 tH; F;\ﬁ‘ \E\
10,002 is\ g
]
Unstable
-0.004
0.003
Unstable
0.001 k

C,| -0.001 Vin -
B | /// Ve

Stable
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Figure 97. Effect of vertical tails on lateral-directional stability characteristics of Wing 8 with narrow top body on and
leading-edge flaps deflected.
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Figure 98. Control effectiveness of differential deflections of trailing-edge flaps on Wing 5 with wide top body on and
leading-edge flaps deflected.
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Figure 99. Control effectiveness of differential deflections of trailing-edge flaps on Wing 6 with wide top body on and
leading-edge flaps deflected.
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Figure 100. Control effectiveness of differential deflections of trailing-edge flaps on Wing 7 with wide top body on and
leading-edge flaps deflected.
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Figure 101. Control effectiveness of differential deflections of trailing-edge flaps on Wing 8 with wide top body on and
leading-edge flaps deflected.
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Figure 102. Control effectiveness of split deflections of right outboard trailing-edge flap on Wing 5 with wide top body
on and leading-edge flaps deflected.
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Figure 103. Control effectiveness of split deflections of right outboard trailing-edge flap on Wing 6 with wide top body
on and leading-edge flaps deflected.
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Figure 104. Control effectiveness of split deflections of right outboard trailing-edge flap on Wing 8 with wide top body
on and leading-edge flaps deflected.
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Figure 105. Control effectiveness of split deflections of right middle trailing-edge flap on Wing 5 with wide top body on
and leading-edge flaps deflected.
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Figure 106. Control effectiveness of split deflections of right middle trailing-edge flap on Wing 6 with wide top body on
and leading-edge flaps deflected.
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Figure 107. Control effectiveness of split deflections of right middle trailing-edge flap on Wing 7 with wide top body on
and leading-edge flaps deflected.
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Figure 108. Control effectiveness of split deflections of right middle trailing-edge flap on Wing 8 with wide top body on
and leading-edge flaps deflected.
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Figure 109. Control effectiveness of deflections of small vertical tails on Wing 5 with narrow top body on and leading-
edge flaps deflected.
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Figure 110. Control effectiveness of deflections of small vertical tails on Wing 6 with narrow top body on and leading-
edge flaps deflected.
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Figure 111. Control effectiveness of deflections of small vertical tails on Wing 7 with narrow top body on and leading-
edge flaps deflected.
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Figure 112. Control effectiveness of deflections of small vertical tails on Wing 8 with narrow top body on and leading-
edge flaps deflected.
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Figure 113. Control effectiveness of deflections of medium vertical tails on Wing 5 with narrow top body on and
leading-edge flaps deflected.
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Figure 114. Control effectiveness of deflections of medium vertical tails on Wing 6 with narrow top body on and

leading-edge flaps deflected.
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Figure 115. Control effectiveness of deflections of medium vertical tails on Wing 7 with narrow top body on and

leading-edge flaps deflected.
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Figure 116. Control effectiveness of deflections of medium vertical tails on Wing 8 with narrow top body on and
leading-edge flaps deflected.
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(a) Forward-swept drag-generating surface.
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(b) Backward-swept drag-generating surface.

Figure 117. Effect of hinge line sweep of drag-generating yaw control on side force and associated yawing moment
generated by control deflection.
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