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AND LATERAL CONTROL CHARACTERISTICS OF A TRIANGULAR-
WING MODEL OF ASPECT RATIO 2.31 HAVING
CONSTANT-CHORD CONTROL SURFACES

By Walter D. Wolhart and William H. Michael, Jr.
SUMMARY

A wind-tunnel investigation has been made to determine the low-
speed longitudinal and lateral control characteristics of a model with
a triangular wing having NACA 65(06)-006.5 airfoil sections and aspect
ratio 2.31 and equipped with constant-chord control surfaces.

The results indicate that the hinge moments of such a model are of
somewhat larger magnitude than would be expected for unswept wings of
comparable aspect ratio. Modifications to the plan form of the control
surface near the wing tips had a rather critical effect on the hinge-
moment parameters but had a smaller effect on the control effectiveness.
Addition of the fuselage to the wing tended to increase both the effec-
tiveness and the hinge moments of the control surfaces. The hinge-
moment parameters were approximately the same whether the control sur-
faces were deflected symmetrically or asymmetrically.

Small effects were obtained by sealing the gap at the nose of the
control surface, adding transition strips at the wing leading edge, or
varying the Reynolds number over a limited range.

INTRODUCTION

Low-aspect-ratio wings of triangular plan form have been proposed
in reference 1 and elsewhere as aerodynamically and structurally suit-
able for high-speed flight. One means of control for such wings has

been supplied by some type of trailing-edge control surface. Theoretical

analyses of the characteristics of such control surfaces at supersonic
speeds are given in references 2 and 3. No suitable theory is available
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for subsonic speeds, although some experimental results on the hinge-
moments and effectiveness of constant-chord trailing-edge controls on a
triangular wing of aspect ratio 2 are given in reference 4 for 5-percent-
thick, double-wedge airfoil sections and in reference 5 for modified
NACA 0005 airfoil sections. Some additional data on the effectiveness

of such controls on triangular wings are given in reference 6 for a

wing of aspect ratio 2.31 having 1O0-percent-thick biconvex airfoil
sections, and in reference T for a wing of aspect ratio 2 having
S5-percent-thick double-wedge airfoil sections and equipped with split
flaps.

The present investigation was conducted in order to extend the
available information on the factors contributing to the low-speed
control characteristics of triangular wings. The investigation included
determination of the effects on the longitudinal and lateral control
characteristics of adding a fuselage and vertical tail to a wing,
modifying the plan form of the control surfaces near the wing tips,
adding transition strips, varying the Reynolds number over a limited
range, and sealing the gap at the nose of the control surface.

SYMBOLS .

The data presented herein are in the form of standard NACA coeffi- o
cients of forces and moments which are referred to the stability system
of axes with the origin at the quarter-chord point of the mean aero-
dynamic chord. The positive direction of forces, moments, and angular
displacements are shown in figure 1. The coefficients and symbols are
defined as follows:

C1s 1ift coefficient (L/qS)

Cx longitudinal-force coefficient (X/qS); Cx = -Cp at V¥ = 0°
Cy lateral-force coefficient (Y/qS)

) rolling-moment coefficient (L'/qSb)

25 pitching-moment coefficient (M/qSc)

Cn yawing-moment coefficient (N/qu)

Ch hinge-moment coefficient (H/qbe’ceg>

L 1lift, pounds

X longitudinal force, pounds
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Ll

ol

lateral force due to deflection of right control surface
(elevon) relative to the trim deflection 6etrim’ pounds

rolling moment due to deflection of right control surface
(elevon) relative to trim deflection Setrims foot-pounds

pitching moment, foot-pounds

yvawing moment due to deflection of right control surface
(elevon) relative to trim deflection Setpip, foot-pounds

hinge moment, foot-pounds
aspect ratio (be/S)
span, feet

wing area, square feet

chord parallel to plane of symmetry, feet

3 b/2
mean aerodynamic chord, feet §k/ﬂ cgdy
0

elevon span measured along trailing edge, feet

root-mean-square chord of elevon aft of hinge line, feet
Ve
Reynolds number —;—

dynamic pressure (pVe/2)

mass density of air, slugs per cubic foot

free-stream velocity, feet per second

coefficient of viscosity of air, slugs per foot-second
angle of attack measured in plane of symmetry, degrees

deflection of control surface (elevon) from wing-chord line,
degrees

deflection of right control surface (elevon) from wing-chord
el degrees
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aetrim symmetrical deflection of both control surfaces (elevons),

degrees
Mg angle of sweepback of wing leading edge, degrees
Ac/h angle of sweepback of wing quarter-chord line, degrees
oCr,
o
Cm
e T &
oCh
“ha = 3
L,
‘s = 55
Gy = Cny
- 5
i
: aCh
%ns = %
oCy
CLS
@a—c—ji——q

APPARATUS, MODEL, AND TESTS

The tests were made in the 6- by 6-foot test section of the Langley
stability tumnel. The model was mounted on a conventional six-component
balance system with the pivot point located at the quarter-chord point
of the mean aerodynamic chord.

\ All of the component parts of the model were constructed of lami-
nated mahogany and were given highly polished surfaces. The principal
dimensions of the model are given in figure 2 and table I. The wing
tested was the same wing used in the investigation reported in refer-
ence 8 with modifications to provide for constant-chord partial-span
control surfaces. The wing had a 60°-sweptback leading edge, an aspect
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ratio of 2.31, and a basic 65(06)-006.5 airfoil section parallel to the
plane of symmetry, modified to provide straight sides from the trailing
edge to the point of tangency with the TO-percent-chord point. The
resulting trailing-edge angle was 8°. The fuselage was of circular
cross section and had a fineness ratio of T7.02. The vertical tail had

a 60°—sweptback leading edge, a flat-plate profile with rounded leading
edge and beveled trailing edge, and an aspect ratio of 1.15. The
constant-chord trailing-edge control surfaces (elevons) were used for
both longitudinal and lateral control. The elevons were constructed so
that they could be deflected simultaneously or independently over an
elevon-deflection range of i25o. Either the horn balance or the tip
could be removed from the elevons and attached to the wing without
changing the wing plan form. Hinge moments were measured by two strain-
gage units installed in the right elevon. The elevons had a radius nose.
For most of the tests a small gap (equal to 0.031 inch) was left open

at the nose of the elevon; however, the effect of closing this gap by
means of a grease seal was determined for one of the model
configurations.

A photograph of the complete model with the horn-on elevon con-
figuration is presented as figure 3.

The longitudinal-control effectiveness and hinge-moment character-
istics were obtained from measurements of 1ift, pitching moment, and
hinge moment over an angle-of-attack range from about 4% to 376 for a
range of elevon deflections from -20° to 20°. The lateral-control
effectiveness and hinge-moment characteristics were obtained from meas-
urements of lateral force, yawing moment, rolling moment, and hinge
moment throughout the angle-of-attack range with the left elevon set at
a fixed deflection ®etrjy and the right elevon deflection ©®eRr varied.

For most of the lateral-control tests the deflection O®eirpiy Wwes OO;

however, tests of the complete model with the horn-on elevon configura-
tion were made with values of Bei.i, ©Of both 0° and -10°. The effect

of adding transition strips at the wing leading edge was determined for
the complete model with the horn-on elevon configuration. The transi-
tion strips were prepared by cementing No. 60 carborundum grains to
Scotch cellulose tape 1/2 inch wide and applying at the wing leading

edge. The effects of variation in Reynolds number from 1.62 X 106 to

2.62 x 10° were determined for the complete model with the horn-on
elevon configuration. The Mach number and corresponding Reynolds
numbers are given in table II.
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CORRECTIONS

The angle of attack and longitudinal force have been corrected for
the effect of jet boundaries. A blocking correction was applied to the
dynamic pressure by using the method described in reference 9. No tare
corrections have been applied to the data; however, from previous
investigations, these corrections are believed to be small. The effect
of elevon deflection due to aerodynamic loading is not included in the
data, but static tests indicate this correction would be very small.

RESULTS AND DISCUSSION
Presentation of Results
In the present paper, data on the longitudinal and lateral control
characteristics have been presented separately for convenience in
discussing the results.

The data are presented as indicated in the following table:

Figures
Longitudinal characteristics:
T s e P S St R P R (T PO R o
fiEBectiof fel eyon plan-Form modifications u o« fo o oo o o leiio e 12
Effect of Reynolds number and transition strips . . . . . . 13 to 14
Hitecthfoftellevontnose iseall o io e v 6 o eitetie ls elite el e e i b 1l
Lateral characteristics:
e R N T PR S VLR [ R o
fiffecttof 'eleyvon plan-form modifications . « « le o o o 56 o o o 24
i fec tRotielievon—trimidefilection v = 1o o o ¢ ol o o 0 aiaN S . 22

Some of the important effectiveness and hinge-moment parameters are
presented in table II to enable a more direct comparison of results.

Longitudinal Characteristics

Basic data.- The results obtained for the wing alone (fig. 4) show
that the effectiveness of the elevons in producing 1lift and pitching
moment generally decreased at large positive elevon deflections and at
the high angles of attack. The irregularities which appear in the 1ift
and pitching-moment curves become more severe for positive elevon deflec-
tion. Irregularities of this type have been noted in previous investi-
gations such as those reported in references 4, 6, and 7.
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The variation of hinge-moment coefficient with angle of attack is
negative and approximately linear below the angle of attack corre-
sponding to the initial break in the pitching-moment curve. The slopes
of the hinge-moment curves generally become increasingly negative as the
angle of attack is increased beyond this point. For low and moderate
angles of attack, the divergence of the hinge-moment curves at elevon
deflections greater than e = +10° shows a nonlinear variation of
hinge-moment coefficient with elevon deflection for large deflectionms.

The longitudinal-force curves are smooth throughout the angle-of-
attack range, but the variation of Cx with angle of attack increases
quite rapidly at low angles of attack when the elevons are deflected to
increase the 1lift. The longitudinal-force curves are presented only
for the wing-alone configuration, but tunnel plots indicated that while
addition of the fuselage to the wing increased the minimum value of Cy
it did not change the general character of the curves.

A comparison of wing-alone results with complete-model results
(figs. 4 and 5) shows that adding the fuselage had little effect on the
general character of the 1lift, pitching-moment, or hinge-moment curves,
although the maximum 1ift coefficient decreased (with elevons neutral,
the maximum 1ift coefficient decreased from 1.22 to 1.15). A similar
effect of the fuselage on the maximum 1lift coefficient is noted in
reference 8. Adding the fuselage increased the effectiveness parame-
ters CLg and Cpy and the hinge-moment parameters Cp, and Chy

(table II).

Effect of elevon plan-form modifications.- The effect of elevon
plan-form modifications on the complete model is shown in figure 12.
Removing the horn balance increased Ch, from -0.0075 to -0.0084

and Cpy from -0.0102 to -0.0108. Removing the elevon tip reduced Chy,

and Chg to -0.0040 and -0.0085, respectively. It appears therefore

that the elevon tip plan form has rather large effects on the hinge-
moment parameters, although as shown in table II, the tips had rela-
tively small effects on the longitudinal effectiveness parameters CLg
and Cma.

The hinge-moment parameters obtained for the complete model with
the horn-off elevon configuration might be compared with similar parame-
ters obtained from tests of constant-chord trailing-edge control sur-
faces on triangular wings of aspect ratio 2, such as those reported in
reference 4 for 5-percent-thick double-wedge airfoil sections and in
reference 5 for modified NACA 0005 airfoil section (modified to the
extent that aft of the 67-percent-chord point the sections were faired
to the trailing edge by straight lines). The wings of aspect ratio 2
were tested without a fuselage and were equipped with full-span constant-
chord control surfaces having a radius nose, no aerodynamic balance, and




8 NACA RM L50GLT

a ratio of control area to wing area of 0.20. The wing of reference 4
had a trailing-edge angle of 3.60 and an open nose gap (equal to
OLSiEipercentiofelievon chord); whereas the wing of ‘reference 5 hadia
trailing-edge angle of 5.70 and sealed nose gap. The tests of both
references 4 and 5 were run at a Reynolds number of approximately

I 106. The comparison is shown in the following table, in which
the values given for the model of the present investigation are for the
complete model with the horn-off elevon configuration:

Present Triangular wings, A = 2
Parameter triangular-wing
model, A = 2.31 Reference k4 Reference 5
Cha -0.0084 -0.0082 -0.0068
Chy -.0108 -.0135 -.0107

In general the values of Cp, and Chg for the triangular-wing

model of aspect ratio 2.31 are in good agreement with values obtained
for the triangular wings of aspect ratio 2. It is believed that the
velue of Cha from reference 5 would have been in better agreement had

the elevon nose gap been unsealed. The somewhat larger value of Ch6

from reference 4 is at least partly attributed to the usual effect of
trailing-edge angle on Ch6 (reference 10). Although, as noted, dif-

ferences do exist in the test models and test conditions, it is believed
that the results considered are a good indication of the hinge-moment-
parameter values that might be expected at low speed on similar trian-
gular wings having similar trailing-edge control surfaces.

The hinge-moment parameter obtained for the present triangular-
wing model might also be compared with similar parameters obtained from
tests of flaps on low-aspect-ratio unswept wings such as those reported
in references 11 and 12. The unswept wings had an NACA 64A010 airfoil
section, trailing-edge angle of llo, and a ratio of flap area to wing
area of 0.279. The present triangular-wing model had a trailing-edge
angle of 8°, and the area of the elevon (if assumed to extend over the
entire trailing edge of the wing for the complete-model configuration)
was equal to 21 percent of the wing area. The comparison is shown in
the following table, in which the values given for the triangular-wing
model are for the horn-off elevon configuration:
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Triangular-wing Unswept-wing model
Parameter model, A = 2.31
A=2 A=3
ChOL -0.0084 -0.0002 -0.0010
Ch6 -.0108 -.0073 -.0088

Both Cha and Ch8 are more negative for the triangular-wing model,

however, the most significant difference is in the hinge-moment parame-
ter Ch,. It should be noted that the models are comparable only with

respect to aspect ratio since differences exist in trailing-edge angle,
ratio of flap area to wing area, and flap-chord distribution. The high
negative values of Cp, for the triangular-wing model are considered

to result from the fact that the flap chord 1s equal to or nearly equal
to" the wing ichord in the wvicinity of the wing tips. The usual effects
of a high ratio of flap chord to wing chord in increasing the wvalues of
the hinge-moment parameters is made more important in the case of a
triangular-wing model because of the character of the span-load distri-
bution. The results of pressure-distribution investigations (refer-
ences 5 and 13) on triangular-wing models of aspect ratio 2 show that
at small angles of attack the lift-curve slope of sections near the wing
tips may be considerably higher than the average lift-curve slope for
the wing. The load carried by elevons having chords equal to or nearly
equal to the wing chord near the tip therefore would be expected to be

high.

The pressure-distribution results of references 5 and 13 also show
a rearward shift in the centers of pressure over the outboard sections
of the wing at moderate angles of attack. This appears to be reflected
in the slightly increased hinge-moment slopes shown for all elevon con-
figurations of the present model at angles of attack greater than
about 12°.

Effect of Reynolds number and transition strips.- The effects of
Reynolds number and transition strips are shown in figures 13 and 14,
respectively, for the complete model, with the horn-on elevon configura-
tion. In general, varying the Reynolds number had rather small effects
on the variation of 1lift and hinge-moment coefficient with either angle
of attack or elevon deflection for the limited range of Reynolds numbers
investigated. However, the effects which did appear were the most
noticeable for the hinge-moment parameter ChOL and the effectiveness

parameters Crg and Cpg, where an increase in Reynolds number resulted
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in a decrease in the absolute magnitude of the parameters Cha’ CLB’

and Cm6 as shown in table II.

Fixing transition strips to the wing leading edges resulted in a
more linear variation of hinge-moment coefficient with angle of attack
for the range between a = -4° and « = 8° and the elimination of the
slight decrease in ChOL occurring at about a = 50 with the transition

strips off. However, when the decrease did occur at about a = Qo
was of greater magnitude. Beyond a = 12° the variation of hinge-
moment coefficient with angle of attack was the same. Transition strips
reduced the absolute value of the effectiveness parameters CLg and Cpg

but had no appreciable effect on the hinge-moment parameter Ch6 as
shown in table II.

Effect of elevon nose seal.- The effect of sealing the small gap at
the nose of the elevon is shown in figure 15 for the complete model with
the tip-off elevon configuration. Sealing the elevon nose gap decreased
the slope of the hinge-moment coefficient against angle-of-attack curve
in the range between o = -4° and o = 50 and caused a small reduction
in the magnitude of the hinge moments throughout the angle-of-attack
range. There was a similar reduction in slope of the curve of hinge-
moment coefficient against elevon deflection. Similar effects of nose-
gap seal have been noted in previous investigations (fig. 14 of refer-
ence 10) when the trailing-edge angle is small. There was little effect
of nose-gap seal on the effectiveness parameters Crg and Cpg as

shown in table II.

Lateral Characteristics

Basic data.- The results obtained for the wing alone are presented
in figure 16 and show the variation of the lateral-force, yawing-moment,
rolling-moment, and hinge-moment coefficients with angle of attack for
various asymmetrical elevon deflections. For the lateral control charac-
teristics, elevon deflection is regarded as the difference between the
angles of the right and left elevons @@R - Setrim>‘ These curves show

that the elevon effectiveness in producing rolling moment generally
became less with angle of attack. The initial breaks in the rolling-
moment curves correspond to breaks in the pitching-moment curves and are
probably caused by tip stalling. Deflecting the elevons to produce a
rolling moment results in an adverse yawing moment due to a change in
i;duced drag on the two wing panels. The adverse yawing moment increases
with angle of attack and is generally largest for positive elevon deflec-
tions. The variation of lateral-force coefficient with elevon deflection
ig small and positive for all angles of attack below the stall. The
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variation of hinge-moment coefficient with angle of attack is not
changed appreciably by asymmetrical elevon deflections and the varia-
tion shows the same characteristics noted for symmetrical elevon deflec-
tions in the discussion on longitudinal characteristics.

A comparison of wing-alone results with complete-model results
(figs. 16 and 17) shows that adding the fuselage to the wing resulted
in a slight increase in rolling-moment effectiveness for angles of
attack less than those corresponding to the breaks in the pitching-
moment and hinge-moment curves, after which the rolling-moment effec-
tiveness fell off more rapidly for the complete model. The increase in
effectiveness at low angles of attack is at least partly attributed to
the tendency for the fuselage to act as an end plate at the inboard end
of the elevon and, therefore, to increase the loading due to elevon
deflection in this region. Adding the fuselage and vertical tail to
the wing caused a considerable increase in the lateral force due to
elevon deflection and reduced the adverse yawing moment. The increased
lateral force acting on the vertical tail produced favorable yawing
moments up to about o = 4°  and generally reduced the adverse yawing
moment for angles of attack below the stall.

Effect of elevon plan-form modifications.- , The effecg of elevon
plan-form modifications on the complete model Oetrim = 0 > is shown

in figure 21. The variation of rolling-moment coefficient with elevon
deflection is approximately linear for all three elevon configurations
for the range of elevon deflections investigated. Removing either the
horn balance or the tip generally reduced the rolling-moment effective-
ness and changed the yawing moment due to elevon deflection. The curves
of hinge-moment coefficient against elevon deflection show effects of
elevon plan-form changes similar to those noted for symmetrical deflec-
tions; however, there were some changes in the hinge-moment parame-

ter Cpy (table II).

The rolling-moment coefficient against angle-of-attack curves are
generally smoother for the tip off than either the horn-on or horn-off
elevon configurations as shown by a comparison of figures 17, 18, and 19.

Effect of elevon-trim deflection.- The effect of elevon longitudinal
trim deflection (detpqp = -10°) at a = 0° on the lateral control
characteristics of the complete model with the horn-on elevon configura-
tion is shown in figure 22. Changing the trim deflection to 1o
decreased the rolling-moment effectiveness and was the most noticeable
for negative elevon deflections <5eR - 6etrim) greater than =59, The

decrease in rolling-moment effectiveness is caused by partial stalling
of the right elevon at the large negative deflections occurring with a
trim deflection of -10°. The variation of lateral-force coefficient
with elevon deflection decreases and the variation of yawing-moment
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coefficient with elevon deflection increases, becoming more favorable
for a trim deflection of -10°, The slope of the curve of hinge-moment
coeffigient against elevon deflection is less for a trim deflection
of -10" than for a trim deflection of 0° in the elevon deflection
(BeR - 6etrim) range from -50 to 10° but shows a rapid increase at

larger deflections.

For a trim deflection of -10° the rolling-moment effectiveness
increases with angle of attack (at low and moderate angles of attack)
for large negative elevon deflection as shown in figure 20. This is as
expected since at the larger negative elevon deflection where the right
elevon is partially stalled, any decrease in loading, such as would
occur with an increase in angle of attack, increases the rolling-moment
effectiveness.

A comparison of figures 17 and 20 also shows that favorable yawing
moments are produced up to about a = 8° for a trim deflection of -10
as compared with o« = 4° for a trim deflection of 0°.

Although the effect of elevon trim deflection on the lateral control
characteristics of the complete model with the horn-on elevon configura-
tion have been compared at o = 07 S figure 22, it should be noted
that for the present center-of-gravity location (25 percent of the mean
aerodynamic chord) the model trims at an angle of attack of approxi-
mately 18° with 8¢ = -10° as shown in figure 5. With the model at an
angle of attack of approximately 18% (with Be = -lOO) the elevon
rolling-moment effectiveness does not drop off as rapidly for negative
elevon deflections (Beg - 8etrim) greater than ~5 as it did at a = 0°

(fig. 20) as mentioned previously. However, figure 20 also shows that
the yawingomoment is adverse for all elevon deflections investigated
a6 e =187,

CONCLUSIONS

Results of a low-speed investigation of the longitudinal and
lateral control characteristics of a triangular-wing model with constant-
chord elevons indicate the following conclusions:

1. The values of the hinge-moment parameters were of somewhat
greater magnitude than would be expected on unswept wings of comparable
aspeect ‘ratdio.

2. Modifications to the plan form of the control surface near the
wing tips had a rather critical effect on the hinge-moment parameters
but had a smaller effect on the control effectiveness.
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3. Addition of the fuselage to the wing tended to increase both
the effectiveness and the hinge moments of the elevons.

4. The elevon hinge-moment parameters were approximately the same
whether the elevons were deflected symmetrically or asymmetrically.

5. The effects of sealing the elevon nose gap, adding transition
strips at the wing leading edge, and varying the Reynolds number over a
limited range were found to be rather small.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Air Force Base, Va.
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TABLE I.- MODEL GEOMETRIC DATA

Wing:
R I e o o o s L et b et e e | S et g e i B SOH
Aren, mq Tt i . . PN o RS S g RS el BT 4.0
Area exposed outside of FOESLagn ., SRaBL o o o ot o s e A 2R
TR T e B R R T R
Aspeet 'ratio <. . W 1 s I L B L I S e T ST gl e 2r 3l
Sweepback (leading edge), deg S S i Al T R e 60
Sweepback (quarter-chord line), deg . « « + « ¢« + ¢« « « « « . 52.2
Fuselage:
T R S T R DRI R e
T T e T e VIS S T R R o 6
TAHIEEEG PRI G e o o IR el S R T 5 R R 02
Elevon:
Sl otalioaitiihorn o), 8Q FH o lviie wm e le e ol e e w T e «335
e (letalaatt of hinge dine), 8q ££ . o oivile o s o o i .326
Pl LG e BT S R T T 1 BT o O, Pt Y S -
Root-mean-square chord (horn-on and horn-off elevon
G e o S i I M SR D O PR < e S
Root-mean-square chord (tip- off elevon configuration), ft . . .296
Span (horn-on and horn-off elevon configuration), ft . . . . . 1.188
Sl blip-off elevon configuration), Pt . . 'sle o o o 0 'c o i .927
Baseoap, pércent of eleyon chord .« v « o o wlw %5 e o o o % .87
RGN Lrig-eilpe BliZle, GO . « o « v o e & o s sle m e is 6w w' 8.0
Vertical tail:
B S AT AT S e e A S | B e .36
AEpeEs weeale) ) ol a B o 8o D0 A G TS SR R IR LS
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TABLE II.- PARAMETER VALUES FOR 60° TRIANGULAR-WING MODEL WITH CONSTANT-CHORD ELEVONS

[;alues measured at a = 0°, ®e - Betpipy = 06]

aLongitudinal characteristics bLateral characteristics
Motal | Eeven S | o ot | (o ;
€) |Cq | Cmg | Chg |CLg | Cmg | Chg | % | Cng | Che Cip
Wing | Horn on |2.06 X 10° 0.17 | Open Off 0 |0.040 |-0.0048|-0.0072 0.017!-0.0082 -0.0099 |0.425|-0.0072 [ -0.0094 [-0.00183
Complete 1.62 x 106| .13 0z | -.0058] =, 008k} ,020 | =.0096], =.080T | JFEE ==crmmfevinmn |~ nrty
2.06 x 16| .17 .040 | -.0047| -.0075| .019| -.0093| -.0102 | .475| -.0073| -.0108| -.00197
| On .0l |- =, 0050] ~.0076! .018 | ~.00861%<,0103 | 4UO == c=co| SoomoC | SetomTTE
\L off -1,0 ---------------------------------- ---<| -.0060| -.0101| -.00180
2.62 x 10°| .21 0 .039 | -.0049| -.00T72| .018| -.0090| =-.0103 | 46L| -memem| =mcmee| ccmmmee
Horn off| 2.06 x 106| .17 .040 | -.0048| -.0084| .018| -.0091| -.0108| .450( -.008%| -.0111| -.00188
Tip off .040 | -.0049| -.0040| .017| -.0084| -.,0085| .425| -.0041| -.0080| -.00155
\Z J, Sealed v 041 | -,0052| -.0025| .018| -.0083| -.0080| MUO| ==ccac]| —cccam]| —macea-

8For determining longitudinal control characteristics, both elevons are deflected symmetrically. Derivatives with respect to e
indicate changes in coefficients per degree deflection of either elevon.

bror determining lateral control characteristics, the left elevon is fixed at the deflection ®etp.yy. Derivatives with respect

to Je 1indicate changes in coefficients per degree deflection of the right elevon.
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Figure 1.- System of stability axes. Positive forces, moments, and
angles are indicated.
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Figure 3.- Complete model with the horn-on elevon configuration mounted

in Langley stability tunnel.
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