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WIND-TUNNEL INVESTIGATION OF THE LOW-SPEED LONGITUDINAL
AND LATERAT, 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, dJr.
SUMMARY

A wind-tunnel investigstion has been made to determine the low-
speed longitudinal end laterael control characteristics of 2 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 ratlo. Modifications to the plan form of the control
surface near the wing tlps hed & 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 nunmber over a limited range.

INTRODUCTION

Low-aspect-ratio wings of trisngular plan form have been proposed
in reference 1 and elsewhere as aserodynamically and structurally sult-
. able for high-speed flight. One means of control for such wings has
. been supplled by some type of trailing-edge control surface. Theoretical
anelyses of the characteristics of such control surfaces at supersonic
speeds are given in references 2 and 3. No suitable theory 1s 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 ratic 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 date on the effectiveness:
of such controls on triangular wings are given in reference 6 for a

wing of aspect ratioc 2.31 having lO-percent-thick blconvex airfoil
sections, and in reference 7 for a wing of aspect ratio 2 having
S5-percent-thick double-weédge airfoill sectlions and equipped wilth split
fleps.

The present investigatlon was conducted in order to extend the
avallable information on the fdctors contributing to the low-speed
control charscteristics of triangular wings. The investigation included
determination of the effects on the longitudinel 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-
cients of forces and moments which are referred to the stabllity system
of axes with the origin at the quarter-chord point of the mean aero-
dynamic chord. The positive directlon of forces, moments, and angular
displacements are shown in figure 1. The goefficients and symbols are
defined as follows:

Cr, 1ift coefficient (L/qS)

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

C, rolling-moment coefficient (I'/qSb)

Cm pltching-moment coefficient (M/qSc)

Cn yawing-moment coefficlent (N/qSb)

Ch hinge-moment coefficient (H/qber:e2)

L 1ift, pounds

X longitudinel force, pounds

Erl
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lateral force due to deflection of right control surface
(elevon) relative to the trim deflection Seypiy, Pounds

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

pitching moment, foot-pounds

‘vawing moment due to deflection of right control surface

(elevon) relative to trim deflection Beynip, foot-pounds

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

wing area, square feet

chord parallel to plane of symmetry,'feet

. [ b/2
mean aerodynamic chord, feet gk/ﬂ c2dy v
0

elevon span measured along treiling edge, Teet
root-mean-squdre chord of elevon aft of hinge line, feet

pVe
Reynolds number e

dynamic pressure (pV2/2)

mass density of ailr, slugs per_ cubic foot

free-stream veloclty, 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
line, degrees
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Setrim symmetrical deflecﬁ;gn qf bqth gonerl.sprfgeesm(elevons),

degrees ;
Mg angle of sweepback of wing leading edge, degrees
Ac/h angle of sweepback of wing quarter-chord line, degfees
o = XL
o = &
Cn ’
Cma, = .
oCh -
Chy = =
oCL 3 ) ) ) i o
Ly =%
X
Cms 55
_ %n . ; -
‘s =%
Cy
€15 = 3%
CLg T
G.a = Ei_,a, _ _ o -

APPARATUS, MODEL, AND TESTS

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

A1) of the component parts of the model were constructed of lami-
nated mahogany end were given highly polished surfaces. The principel
dimenslons of the model are given in figure 2 and tsble I, The wing
tested was the same wing used in the investigation reported in refer-
ence 8 with modifications to provide for comnstant-chord partial-span
control surfaces. The wing had =a 6O°-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 tralllng-edge angle was 8°. The fuselage was of circular
cross section and had & fineness ratlo of 7.02. The vertical taeil 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 leteral control. The elevons were constructed so
that they could be deflected simultaneously or independently over an
elevon-deflection range of +25°., 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 itwo 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 gresse seal was determined for one of the model
configurations.

A photograph of the complete model with the horn-on elevon con-
Figurgtion 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% to0 3 for a
range of elevon deflections from -20° to 20° The latersl-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 Betriy and the right elevon deflection Ber varied.

For most of the lateral-control tests the deflection Betrim was OO-

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

of adding trensition 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 rumber ?rom 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 atiack and longitudinal force have been corrected for
the effect of jet bounderies. 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 datm; however, from previous
investigations, these correctlons are believed to be esmasll. The effect
of elevon deflection due to aerodynemic loading 1is 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:
Basic data « v v v « o o e e e et e e e e e e e e e e e htomn
Effect of elevon plan-form modifications e s e e s e e e e e e 12
Effect of Reynolds nimber and tramsition strips . . . . . . 13 to 1k
Effect of elevon Nos€ 881 . « & v o« + « ¢ « o+ s o s o o o« o « o 15
Lateral characteristics: :
Basic. dabl o « o « « o o « = o o o 6 o o o e s e o s o . o s 16 to 20
Effect of elevon plan-form modifications . . . « + ¢ ¢ ¢« « &« « & 21
Effect of elevon-trim deflection . « « « v ¢ ¢ « ¢ o+ ¢ « o o o 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. &) show
that the effectiveness of the elevons in producing lift and pltching
moment generally decreased at large positive elevon deflections and at
the high angles of attack. The irregularities which appear in the 1lift
and pltching-moment curves become more severe for positive elevon deflec~
tien. Irregularities of this type have been noted in previous investi-
gations such as those reported in references Lk, 6, and T.
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The variation of hinge-moment coefficient with angle of attack 1s
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 1s increased beyond this point. For low and moderate
angles of attack, the divergence of the hinge-moment curves at elevon
deflections greater than 8¢ = 1100_ shows a nonlinear variation of
hinge-moment coefficient with elevon deflection for large deflections.

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

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

(table II).

Effect of elevon plan-form modificstions.- The effect of elevon
plan-form modifications on the complete model i1s shown in figure 12.
Removing the horn balance increased Ch, from -0.0075 to -0.008k

and Chs from -0.0102 to -0.0108. Removing the elevon tip reduced Chm

and Cphg to -0.0040 and -0.0085, respectively. It appears therefore
that the elevon tip plan form has rether large effects on the hinge-
moment parameters, although es shown in table ITI, the tips had rels-
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 similer persme-
ters obtained from tests of constant-chord tralling-edge control sur-
faces on triangular wings of aspect ratio 2, such as those reported in
reference 4 for S5-percent-thick double-wedge airfoil sections ernd In
reference 5 for modified NACA 0005 airfoil section (modified to the
extent that aft of the 67-perctent-chord point the sections were faired
to the tralling edge by straight lines). The wings of aspect ratio 2
were tested without a fuselage K end were equipped with full-span constant-
chord control surfaces baving a radius nose, no aerodynsmic balance, and
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a ratio of control ares to.wing area of 0.20. The wing of reference ki ]
had a trailing-edge .angle of 3.6 and an open nose gap (equal to . .

0.37 percént of elevon chord); whereas the wing of reference 5 had a .
trailing-edge angle of 5 7° and sealed nose gap. The tests of hoth _ L

references 4 and 5 wére run &t & Reynolds number of approx1mately

15 x 106. The comparison is shown in the follow;ng 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
Chy, -0.0084 -0.0082 -0.0068
Ch8 -.0Lc8 -.0135 -, 0107

In general the values of Cp, and Chy for the trianguler-wing

model of aspect ratio 2.31 are in good agreement with values obtained
for the triangular wings of aspect ratio 2. It 1s believed that the
value of Cp, from reference 5 would have been in better agreement hsad -

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

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

ferences do exist in the test models and test conditions, it is belileved
that the results considered are & 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 parsmeter cobtained for the present triangular-
wing model might also be compsred with similar parameters obtained from .
tests of flaps on low-aspect-ratic unswept wings such as thaose reported
in references 11 and 12, The unswept wings had an NACA 6LA0L0 airfoil
section, trailing-edge angle of 11° ;, and a ratio of flap area to wing
areg 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 traillng 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 wvalues 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
Ch, -0.008L4 -0.0002 -0.0010
Ch6 -.0108 -.0073 -.0088

Both Cha and Ch6 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 retio since dlfferences ex1st in tralling-edge angle,
ratio of flep area to wing area, and flap-chord distribution. The high
negative values of Ch, for the triangular-wing model are considered

to result from the fact that the flap chord is eguel to or nearly equal
to the wing chord in the wicinity 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 mede more important in the case of a
triangular-wing model because of the character of the spasn-locad 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 slso show
a rearward shift in the centers of pressure over the ocutboard 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 1k,
respectively, for the complete model, with the horn-on elevon configura-
tion. In general, varying the Reynolds number had rether small effects
on the variation of 1ift and hinge-moment coefficient with either angle
of attack or elevon deflection for the limfted range of Reynolds numbers
investigated. However, the effects which d4id appear were the most
noticeable for the hinge-moment parameter Cha ~and the effectiveness

parameters . CLy and Cmg, where an increase in Reynolds number resulted
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in a decresse In the gbsolute magnitude of the parameters Cha’ CL&’
and Cm6 as shown in table II.’ - )

Fixing transition strips to the wing leading edges resulted in a
more linear variatiom of hinge-mcment coefficlent with angle of attack
for the range between o = -5° and o = 80 and the elimination of the’
slight decrease in Chm occurring at about a = 5 with the transition

strips off. However, when the decrease did occur at about o = 9%, it
was of greater magnitude. Beyond a = 12° the variation of hinge-
moment coefficlent with angle of attack was the same. Transition strips
reduced the absolute value of the effectiveness parameters CLg and Cmg

but had no appreclable effect on the hinge-moment parameter ChS 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° a = 5 and caused a small reducticn
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 -coefficlent against elevon deflection. Simllar effects of nose-
gap seal have been noted in previous investigstions (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 CLg and Cpy as

shown in table II.

Lateral Characteristics

Basic data.- The results obtalned 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 1s regarded as the difference between the
angles of the right and left elevons @@R - Setrlm) These curves show

that the elevon effectiveness in producing rolling moment generally
became less with angle of attack., The initiel hresks in the rolling-
moment curves correspond to breaks in the pltching-moment curves and are
probably caused by tlp stalling. Deflecting the elevons to produce a
rolling moment results in an adverse yawing moment due to a change in
induced drag on the two wing panels. The adverse yawling moment increases
with angle of attack and is generally largest for positive elevon deflec-
tions. The variation of lateral-force coefficient with elevon deflectlon
is small and positive for &ll angles of attack below the stall. The
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variation of hinge-moment coefficient with angle of attack is not
changed appreciasbly by asymmetrical elevon deflections and the varia-
tion shows the same cheracteristics noted for symmetrical elevon deflec-
tions In the discussion on longitudinal e«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 fuselsge 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 reglon. Adding the fuselage and vertical tail to
the wing ceaused a considerable increase 1n the lateral force due to
elevon deflection and reduced the adverse yawing moment. The Increased
lateral force acting on the verticel tail produced favoreble 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 modificaetions.- , The effect of elevon
plan-form modifications on the complete model (Betrim =0 ) is showvn

in figure 21. The variation of rolling-moment coefficlient with elevon
deflection is approximstely 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 Cpg (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 & comparison of figures 17, 18, and 19.

Effect of elevon-trim deflection.- The effect of elevon longitudinsl
trim deflection (Sefpyy = =10°) at « = 0° on the lateral control
characteristics o the complete model with the horn-on elevon configura-
tion is shown 1n figure 22. Changing the trim deflection to -10°
decreased the rolling-moment effectiveness and was the most noticeable
for negative elevon deflections (SQR - Setrina greater than -5°. The

decrease 1n rolling-moment effectiveness 1s caused by partlal stalling
of the right elevon at the large negatlve deflections occurring with a
trim deflection of -10°. The varlation of lateral-force coefficient
with elevon deflection decreases and the varlation of yawing-moment
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coefficlent with elevon deflection increases, becoming more favorable
for a trim deflection of -10°. The slope of the curve of hinge-moment
coefficient against elevon deflection is less for a trim deflection
of -10° than for.a trim deflection of 0% in the elevon deflection
(5eR - Betrim} range from -5 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 deflectlon as shown 1n figure 20. - This is as
expected since at the larger negative elevon deflection where the right
elevon 1s partially stalled, any decrease in losding, such as would
occur with an Increase in angle of atteck, lncreases the rolling-moment
effectiveness.

A comparison of figures 17 and 20 also shows that favorable yawing
noments are produced up to gbout o = 8° for = trim deflection of -10
as compared with o =_h° 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-
tlon have been compared at o = 0° in 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 Be = -10° as shown in figure 5. With the model at an
angle of attack of approximately 18° (with Be = -10° } the elevon
rolling-moment effectiveness does not drop off as rapldly for negative
elevon deflections Beg - 5etrﬁﬂ greater than -5 as 1t d1d at a = O°

(fig. 20) as mentioned previously. However, figure 20 also shows thet
the yawing moment is adverse for all elevon deflections investigated
at a« = 18°,

CONCLUSIONS

Results of a low-speed investigation of the longitudinal and
lateral control characteristics of a triangular-wing model ‘with constant-
chord elevons 1Indicate the followlng conclusions: =

1. The velues of the hinge-moment psrameters were of somewhat
greater magnitude than would be expected on unswept wings of comparable
aspect ratio.

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 & smaller effect on the control effectiveness.
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3. Addition of the fuselagé to the wing tended to incresase both
the effectiveness and the hinge moments of the elevons.

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

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:
Span, ft « . . ¢ 4 ¢ 0 0 0 e 0 e e
Area, sq ft . . . . . .

Ares exposed outside of fuselage, sq
Mean aserodynamic chord ft ... ..
Agpect ratio . . . . . . o e e e
Sweepback (leading edge), deg . . e
Sweepback (quarter~chord line), deg

Fuselage:
Length, ft . . . . e e s s e o e s
Maximum dismeter, ft v oeTe e e 0 e
Fineness ratio . . . « ¢ « &« ¢« + « &

Elevon:
Area (total with horn on), sq ft . .
Area (total aft of hinge line), sq ft

Area (total with tip off), sq £t . « . « . .
Root-mean-square chord (horn-on and horn-off

configurations}, ft . . . . . .

Root-mean-square chord (tip-off elevon configuration)

elevon

Span (horn-on and horn-off elevon configuration), ft
Span (tip-off elevon configuration), ft

Nose gap, percent of. elevon chord .
Tralling-edge angle, deg « + « + «

Vertical teaill:
Area, sq f£t . « . ¢ & o ¢ 0 0 .
Aspect ratio . . .« ¢ . ¢ ¢ @ . o«

RACA RM L50G1T

e e 3.0L4
e e L,0
e e . 2047
. . .. 1.76
... 2.3
e e e 60
. . . . 52.2
e . . . k.68
T T - 167
e v e . T.02
. e e . .333
. e e . .326
e e . 275
. e .288
fv . . .296
w « . . 1.188
. e e . .927
e e .87
. e e 8.0
e e . .36
B T



TAHLE IT,~ PARAMETER VALURE FOR 0% MRIARGULAR-WING MODEL WITH COBSTANT-CHORD ELEVONS

E’aluesmeummd:t u.=-=0°, b,-bem.m-o"-[
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S . :,’;;J,m Yach | Mlevan |Branattion|Be, g ®Langitudinal characterintics Prateral characteristics
v |mmberinose gEp| sOips |(ang) | Cr. | Oxg Chy Cry | % Chy | 0B Che, Chy Cip
Wing |Eors en |2.06 x 16°] 0,37 | open ofr 0 [0,0k0 [-0.0048( -0.0072 {0,017 |-0.0082) -0.0099 0.425) 0. 00T ~0.009% | -0,00183

Cosple e x w8 .13 ,o42( -.00m| -.0084| ,020| -.0095| ~.0L07| .AT76 .

p.06 x 105 .17 .ok | -.0087| ~.0o75| .o19| -.0003| -.0102| k15| -.c073| -.0208| -.c0N97

On, .ol | -.00%0| -,0076{ .018| -.0086| ~,0103| .hh0 -
oer o " SN R -m-u| =.0060| -,010%| -.00180
4 0.6 x 105 .21 0 039 | -.0089| -.0072{ ,018] -.0050! -.0003| AEL| ~-rreel ammemel —mee- —
Horn off] 2.06 x 106 .17 .00 | -,0048| -,00BK| .018| ~.0091( -,0108| k50| -.0034| -.0111| -.00188
Mp off | | .m0/ -.c0t0| -.coho| .or7] -.008% ~.0085| .he5| -.ooM1| -.0080| -.0053
v J, \l, L saa.;ia ¥ | .om| -.00%| ~.0025 .018| -.0083| -.0080| O} wm-mee| mvew- merimm——

SPor dstermining longitudinal control characteristics, botl elevons are Aeflocted gymmetrically, Derivetiwes with respact to Da

indicete changes in coefficients per degres deflsction of elther elsvon.

.b!‘cm determining leternl control charscteristica, the left elevon is fixed at the faflection DSepnin- Derivetives with respect

to 8, indicate changes in coefficlenta per degres deflection of the right slevon.
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Relatrve wind 7’

X —<

Relotyve wind

Y- ‘\ée

Figure 1.- System of stebllity exes. Positive forces, moments, and
angles are indicated.
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Figure 2.- Sketch of the complete model mnd elevon configurstions
investigated. (All dimeneiona in inches.)
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Figure 3.~ Complete model with the horn-on elevon configuration mounted
in Langley stability tunnel.
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Figure 21.- Effect of elevon plan-form modificaetions on laterel control
characteristice of complete model. R = 2.06 x 106; transition strips
off; elevon nose gap open; Bey., = 09 « = Q9,
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Figure 22,- Effect of elevon trim deflectlon on lateral ‘control ¢haracter-
igtics of complete model. Elevon with horn en; R = 2.06 x 100
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