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wing span, ft

mean aerodynamic chord of the complete triangular wing, ft

drag coefficient,
qS

drag coefficient at CL = 0

drag due to lift, determined as average rate of change of

CD with CL 2 between CL = 0 and CL = 0.i

lift

lift coefficient, qS

lift coefficient for maximum lift-drag ratio

lift-curve slope taken through 0° angle of attack, per deg

pitching-moment coefficient referred to the projection of

the 0.33_ point on the fuselage reference line,

pitching moment

qS_

rate of change of pitching moment with lift coefficient at

CL = O, defined as the zero lift stability, percent

rolling moment
rolling-moment coefficient, qSb

yawing moment
yawing-moment coefficient 3 qSb

side force

side-force coefficientj qS

difference between rolling moment at 5 ° sideslip and 0°

sideslip divided by 5° , per deg

difference between yawing moment at 5° sideslip and 0°

sideslip divided by 5° , per deg
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qL

difference between side force at 5° sideslip and 0° sideslip

divided by 5 ° , per deg

theoretical length of body, in.

CL

lift-drag ratioj C_

free-stream Mach number

free-stream dynamic pressure_ ib/sq ft

local body radius_ in.

maximum body radius, in.

area of the complete triangular wing formed by extending the

leading and trailing edges to the plane of symmetry_ sq ft

distance measured aft of body nose_ in.

angle of attack of wing root chord_ deg

sideslip angle measured between the relative wind and vertical

plane of sy_etry_ deg

Subscripts

t

A

maximum value of quantity

value obtained with the configuration trimmed

value for the complete triangular wing configuration

APPARA_JS A_© MODEL

Test Facility

The experimental data were obtained in the Ames 6- by 6-foot super-

sonic wind tunnel which is a closed-eircuit variable-pressure type with

a Mach number range continuous from 0.70 to 2.22. The tunnel floor and
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THE EFFECTS OF STREAMWISE-DEFLECTED WING TIPS ON THE

AERODYNAMIC CHARACTERISTICS OF AN ASPECT-RATIO-2

TRIANGULAR WING, BODY_ AND TAIL COMBINATION*

By Victor L. Peterson

SUMMARY

An investi6ation has been conducted on a triangular wing and body

combination to determine the effects on the aerodynamic characteristics

resulting from deflecting portions of the wing near the tips 90 ° to the

wing surface about streamwise hinge lines. Experimental data were

obtained for Mach numbers of 0.70, 1.30, 1.70, and 2.22 and for angles

of attack ranging from -5 ° to +18 ° at sideslip angles of 0° and 5° .

The results showed that the aerodynamic center shift experienced

by the triangular wing and body combination as the Mach number was

increased from subsonic to supersonic could be reduced by about 40 per-

cent by deflecting the outboard 4 percent of the total area of each wing

panel. Deflection about the same hinge line of additional inboard sur-

faces consisting of 2 percent of the total area of each wing panel

resulted in a further reduction of the aerodynamic center travel of i0

percent. The resulting reductions in the stability were accompanied by

increases in the drag due to lift and_ for the case of the configuration

with all surfaces deflected_ in the minimum drag. The combined effects

of reduced stability and increased drag of the untrimmed configuration

on the trimmed lift-drag ratios were estimated from an analysis of the

cases in which the wing-body combination with or without tips deflected

was assumed to be controlled by a canard. The configurations with

deflected surfaces had higher trimmed lift-drag ratios than the model

with undeflected surfaces at Mach numbers up to about 1.70.

Deflecting either the outboard surfaces or all of the surfaces caused

the directional stability to be increased by increments that were approxi-

mately constant with increasing angle of attack at each Mach m_ber. The

effective dihedral was decreased at all angles of attack and Mach numbers

when the surfaces were deflected.

*Title_ Unclassified
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Estimations of the effects of the deflected surfaces on the longi-

tudinal and directional stability were in reasonably good agreement with

experimental results.

I NTRODUCTI ON

Two aerodynamic problems associated with the characteristics of

supersonic aircraft are the increases in longitudinal stability and the

reductions in directional stability resulting from increasing the Mach

number from subsonic to supersonic. As a result of the first problem,

that of increased longitudinal stability, the minimum static margins of

configurations generally occur at subsonic speeds. If aerodynamic

stability is to be assured throughout the Mach number range, the out-of-

trim moments for given lifts are large at the supersonic speeds and there-

fore can lead to excessively large control surfaces to provide sufficient

maneuverability. The second problem, concerning the reduced directional

stability, can lead to excessively large stabilizing surfaces to provide

an acceptable level of directional stability. Therefore, solutions to

both of the problems can cause increases in the drag and thus reduce the

lift-drag ratio of the configuration.

One solution to both problems that has appeared attractive for

triangular wing configurations is the deflection of the wing tips about

essentially streamwise hinge lines at supersonic speeds. The rearward

movement of the aerodynamic center is thereby reduced as a result of

removing lifting surface area near the trailing edge of the wing. At

the same time_ additional vertical stabilizing area is introduced in the

Mach number range where it is needed.

A study was undertaken, therefore, to determine the effects on the

aerodynamic characteristics of an aspect-ratio-2 triangular wing and

body configuration resulting from deflecting the wing tips 90 ° to the

surface about streamwise hinge lines. Comparisons of the experimentally

determined effects on the aerodynamic characteristics due to the deflected

surfaces with those estimated from linearized theory are presented.

NOTATION

aerodynamic center determined at CL = 0, percent

aerodynamic center location of a configuration with surfaces

deflected minus that for the complete triangular wing model,

percent
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ceiling have perforations to permit transonic testing. A somewhat more

detailed description is given in reference i.

Description of Model and Balance

The sting-mounted model (fig. i) consisted of an aspect-ratio-2

triangular wing and a low-aspect-ratio vertical tail mounted on a fine-

ness ratio 12.5 Sears-Haack body. A dimensional sketch of the co__figura-

tion is shown in figure l(c). The wing and vertical tail had NACA 0005-63

and NACA 0003-63 sections streamwise, respectively. Each wing panel was

built with two movable surfaces. The larger of the two surfaces consisted

of the area of the triangular wing panel outboard of the 80-percent semi-

span location and could be deflected do_mward (see fig. l(a)) about a

streamwise hinge line at that spanwise location. A smaller triangular

surface, extending inboard to the 60-percent semispan location, could

be deflected upward about the same streamwise hinge line when the out-

board surface was deflected downward (see fig. l(b)). Two pairs of the

smaller triangular surfaces were built. The thickness distribution of

the first pair was the afterportion of an NACA 0005-63 section so that

when umdeflected the surfaces faired smoothly with the wing; when

deflected the leading edge was blunt. The thickness distribution of the

second pair was similar to the first except that the leading edges were

beveled to form streamwise wedges of 6.9 ° included angles. In both cases

the trailing edge of the wing adjacent to the leading edges of the small

triangular surfaces was blunt. The total area of the outboard movable

surfaces was 4 percent of the total wing area and the combined areas of

all movable surfaces were 6 percent of the total wing area. All of the

model parts were constructed of solid steel to minimize aeroelastic

effects.

The body was cut off as shown in figure i to accommodate the sting

and the internal, six-component, strain-gage balance which measured forces

and moments on the entire configuration.

TEST AND PROCEDURES

Range of Test Variables

Mach numbers of 0.70, 1.30, 1.70, and 2.22 and angles of attack

ranging from -5° to +18 ° at 0° and 5° sideslip were covered in the

investigation. The test Reynolds number based on the triangular wing

mean aerodynamic chord was 3.68 million. Wires of 0.010-inch diameter

were placed on the wing and body and wires of O.005-inch diameter on
the vertical tail at the locations shown in figure l(c) in order to

induce transition.
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Reduction of Data

The data presented herein have been reduced to standard coefficients

based on the geometry of the complete triangular wing. The pitching-

and yawing-moment coefficients have been referred to the projection, on

the body center line_ of the 0.33 point of the wing mean aerodynamic

chord. Lift and drag coefficients were referred to the wind axes while

all other coefficients have been referred to the body axes. The results

have been corrected for the following effects in accordance with the pro-

cedures presented in reference I.

Base draG.- The base pressure was measured and the data were

adjusted to correspond to a base pressure equal to the free-stream static

pressure.

Stream inclination.- The data have been adjusted for the stream

angle_ _d _o__n the pitch planes at 0° and 5° sideslip. These

anglesj determined from tests of the model in the normal and inverted

attitudes, were less than ±0.4 ° throughout the Mach number range.

RESULTS AND DISCUSSION

The purpose of this investigation was to determine the effects on

the aerodynamic characteristics of a triangular wing and body combina-

tion resulting from deflecting portions of the wing near the tips 90 °

to the wing surface about streamwise hinge lines. Results are presented

for three configurations: one comprising a complete triangular wing,

another with the outboard 4 percent of the total area of each panel of

the triangular wing deflected_ and a third having smaller surfaces inboard

of the hinge line deflected in conjunction with the tips about the same

hinge line. Two of the configurations were tested with both blunt and

sharp leading edges on the smaller inboard surfaces; however, for reasons

to be pointed out later, all of the data used in the discussion of the

effects on the aerodynamic characteristics resulting from deflecting

portions of the triangular wing are for the configurations with the blunt

leading edges on the smaller surfaces. All of the coefficients have been

based on the geometry of the complete triangular wing in order to make

a direct analysis of the effects on the forces and moments resulting from

deflecting portions of the triangular wing. The results are first pre-

sented as a function of either lift coefficient or angle of attack for

Mach numbers from 0.70 to 2.22. The summarized results shown in the

figures are presented only for the supersonic Mach numbers where the

surfaces would likely be deflected. The estimated results were obtained



from linearized theory with wing-body interference effects accounted for
by the methods outlined in reference 2.

Longitudinal Characteristics

The lift_ drag_ and pitching-moment coefficients of the configura-
tions with deflected surfaces are comparedwith those for the triangular
wing model in figure 2. Summarizedin figure 3 are the drag coefficients
at zero lift, drag due to lift_ lift-curve slopes_ and aerodynamic center
positions of the three configurations as a function of Machnumber.

Stability considerations.- One of the undesirable characteristics

of a triangular wing and body combination is the rearward shift in the

aerodynamic center location with increasing Mach number from subsonic

to supersonic. Examination of figure 4 reveals that the difference

between the aerodynamic center location at 0.70 Mach number and super-

sonic Mach numbers was quite large and attained the greatest value at a

Mach number of 1.30 where it amounted to 0.i04_. This difference

decreased with increasing supersonic Mach number to 0.074_ at a Mach

number of 2.22.

One way to reduce the difference between the subsonic and supersonic

aerodynamic center locations is to shift the aerodynamic center forward

at supersonic speeds by removing lift from regions of the triangular

wing behind the center of moments of the configuration. This was accom-

plished in the present investigation by deflecting portions of the

triangular wing near the tips 90 ° to the wing surface about streamwise

hinge lines. The effects on the aerodynamic center position of the wing-

body combination due to deflecting the surfaces are shown in figures 3

and 5. Deflecting just the tips of the triangular wing moved the aero-

dynamic center of the wing-body combination forward 4.6-percent _ at

a Mach number of 1.30. The amount of the forward shift decreased with

increasing speed to 2.9-percent _ at Mach number of 2.22. A further

forward shift of the aerodynamic center amounting to about 1-percent

throughout the Mach number range was achieved by deflecting the

inboard surfaces in conjunction with the tips (fig. 5(b)). Thus, the

aerodynamic center travel of the triangular wing and body combination

resulting from increasing the Mach number from 0.70 to supersonic Mach

numbers was reduced about 40 percent by deflecting just the tips (4 per-

cent of the triangular wing area) and approximately i0 percent more by

deflecting all of the surfaces (6 percent of the wing area).

The significance of these reductions of the aerodynamic center

travel between subsonic and supersonic speeds for the triangular wing

is measured by their effects on the longitudinal stability of the
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configuration being studied. These effects are shownin figure 6 for a
triangular wing and body combination with the center of momentslocated
at 0.33_ (static margin of 0.07_ at M = 0.70) to insure stability
throughout the Machnumberand lift-coefficient range. The results show
that the stability of the co_iguration was reduced at supersonic Mach
numbersby about 20 percent with the tips deflected and slightly more
with all surfaces deflected.

It is of interest to determine how well estimations based upon
linearized theory can predict these reductions of the stability of the
configuration that result from deflecting portions of the triangular
wing at supersonic speeds. In this analysis theory will be used to
predict both the change in the aerodynamic center position experienced
by the complete triangular wing configuration whenthe Machnumber is
increased from 0.70 to supersonic (fig. 4) and the forward shifts of
the aerodynamic center resulting from deflecting the movable surfaces
(fig. 5).

The experimental change in the aerodynamic center of the triangular

wing and body resulting from increasing the Mach number from 0.70 to 1.30

can be estimated to within i0 percent (1-percent _) as shown in figure 4.

However, the theory indicates that the aerodynamic center location should

continue to move aft with increasing supersonic Mach number as a result

of wing-body interference effects while the opposite trend was obtained

experimentally. The over-all movement of the aerodynamic center position

was thereby overestimated by as much as 37 percent (2.7-percent _) at

the highest Mach number.

Estimations of the effects on the aerodynamic center location of the

wing-body combination resulting from deflecting portions of the triangular

wing at supersonic speeds are compared with the experimental effects in

figure _. Because the flow conditions at the wing tip with the surfaces

deflected were unknown_ the estimations were made for two possible condi-

tions. In the one, the planar tip effect (ref. 3) was omitted when the

surfaces were deflected so that there was no change in the loading on the

undeflected portion of the wing resulting from deflecting the surfaces.

In the other, the tip effect was included when the surfaces were deflected

so that the loading on the undeflected portion of the wing behind the Mach

line from the leading edge of the hinge line was reduced and became zero

at the hinge line. The results of figure 5 show that the estimations made

by omitting tip effects agreed fairly well with the experimental data

whereas the estimations including tip effects were too large by about a

factor of 2. This result is rather surprising since with only the tips

deflected_ tip effects would be expected at least on the upper surface of

the wing. The agreement of the estimation with tip effects omitted and

the experimental results can probably be attributed to two factors. First_

it is probable that with the surfaces deflected partial tip effects
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resulted. Second, the use of linear theory results in an overestimate

of the loading near the leading edge of a triangular wing at outboard

locations (see ref. 4), and hence, an overestimate of the loss in lift

resulting from deflection of the surfaces, so that neglecting the loss

in lift due to tip effects compensates for this overestimation.

The estimated effects of the deflected surfaces on the stability of

the wing-body combination are compared with the experimentally determined

effects in figure 6. For the particular center-of-moments location of

this investigation, corresponding to a zero-lift static margin of 7-percent

at a Mach number of 0.70, the reductions of the supersonic stability

were estimated to within 7 percent of the experimental values throughout

the Mach number range when tip effects were omitted. This agreement is

obtained as a result of the compensating errors in the estimation of the

aerodynamic center travel with increasing Mach number of the triangular

wing configuration (fig. 4) and estimations of the forward shift of the

aerodynamic center caused by deflecting the surfaces (fig. 5).

Lift and drag characteristics.- Deflecting portions of the triangular

wing resulted in reductions of the lift-curve slope throughout the Mach

number range (fig. 7), the greatest reduction being obtained when all

• surfaces were deflected. The experimental results show increases with

increasing Mach number in the ratios of lift-curve slopes of the config-

urations having deflected surfaces to those of the triangular wing and

body. These effects probably result from the fact that with increasing

Mach number the Mach wave from the leading edge of the hinge sweeps more

rearward, thus reducing the area on the umdeflected portion of the tri-

angular wing wherein a reduction in loading due to tip effects can occur.

It would appear, therefore, that the effect of the tips on the lift-curve

slope of the wing with deflected surfaces is significant. Nevertheless,

the estimation with tip effects omitted agreed much better with the

experimental results than the estimation with tip effects included. As

discussed in conjunction with the stability characteristics, this apparent

contradiction is believed to be the result of the two compensating factors,

an overestimation of loss of loading on the deflected surfaces and an

underestimation of the loss of loading due to tip effects by neglecting

such effects.

The results of figure $ show that deflecting the surfaces resulted

in increases in drag due to lift throughout the Mach number range. The

increases amounted to between 8 and 3 percent in the Mach number range

from 1.30 to 2.223 respectively, when just the tips were deflected

(fig. $(a)) and slightly more when all surfaces were deflected (fig. 8(b)).

The trend of smaller increases at the higher Mach numbers is in agreement

with the previously discussed effects on the lift-curve slopes resulting

from deflection of the surfaces. However, the increases in drag due to

lift were considerably less than would be obtained if lift-curve slopes

were the only factors affecting the characteristic.
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Estimations of the effects on the drag due to lift resulting from
deflecting the surfaces are comparedwith the experimentally obtained
effects in figure 8. Goodestimations of the drag due to lift are diffi-
cult to makebecause of the inability of the theory to predict the amount
of effective force in the thrust direction that is obtained experimentally.
The problem is further complicated in this investigation by the unknown
flow conditions at the wing tips whenthe surfaces are deflected. For
these reasons, the estimations were madefor both full and no theoretical
leading-edge thrust with tip effects included and omitted. Examination
of figure 8 reveals that the experimentally obtained increases of the
drag due to lift resulting from deflecting the surfaces were less than
the minimumpossible increases predicted by the theory. It appears that
good estimations of the effects on the drag due to lift resulting from
deflecting the surfaces cannot be made.

It has been shownthat the effects of deflecting the surfaces on
the wing-body lift-curve slopes and drag due to lift were detrimental.
In figure 3 the drag coefficients at zero lift are shownfor the three
configurations as a function of Machnumber. It can be seen that prac-
tically no change in the drag at zero lift resulted from deflecting just
the tips. However, when the inboard surfaces were deflected in conjunc-
tion with the tips, the drag at zero lift was increased by about 12 per-
cent over that for the triangular wing configuration throughout the Mach
number range. The increase in the drag at zero lift for this configura-
tion is evidently a result of the additional leading and trailing edges
not present on the triangular wing.

In order to determine if it was possible to reduce the penalties
in the drag at zero lift resulting from deflecting the inboard surfaces,
the leading edges of these surfaces were beveled to form sharp wedges
and the resulting configurations were tested with the inboard surfaces
undeflected and deflected. Selected results of these tests in the form
of drag coefficients at zero lift as a function of Machnumberare
presented in figure 9. The zero-lift drag of the configuration with
sharp edges on the inboard surfaces was higher than that for the config-
uration with blunt leading edges whenthe surfaces were undeflected
(fig. 9(a)). This trend might be expected since sharpening these lead-
ing edges, as in the present case, caused discontinuities in the wing
surface to be present along the leading edges of the inboard surfaces. I

iDuring the course of analyzing the data it became apparent that

the zero-lift drag penalty due to sharpening the leading edges of the

undeflected inboard movable surfaces could be eliminated by a different

design. It would be possible to design both the wing trailing edge and

the inboard-surface leading edge to be beveled as shown in the sketch.

Thus, in the undeflected position a lap joint would be formed so that

no discontinuities would be present and
in the deflected position no blunt edges

would be present.
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Whenthe surfaces were deflected there was practically no difference
between the zero-lift drag of the sharp and blunt leading-edge configura-
tions (fig. 9(b)) indicating that the aforementioned penalties in the
drag at zero lift were due mostly to the additional sections of leading
edge and blunt trailing edge rather than the shapes of the leading edges
themselves. The results show that the configuration with the blunt lead-
ing edges on the inboard movable surfaces was better from the standpoint
of zero-lift drag considerations than that having the sharp leading edges
since no minimumdrag penalty was imposed at subsonic _%chm_bers where
the surfaces would be undeflected_ and sharpening the edges did not reduce
the minimumdrag at supersonic speeds where the surfaces were deflected.

Trimmed characteristics.- In order to determine whether or not

deflecting portions of the triangular wing increases over-all configuration

performance it is necessary to combine the benefits of reduced stability

with the penalties of increased drag and study the resulting effects on

the lift-drag ratios of the configurations trimmed with some type of con-

trol. For this analysis_ pertinent data from reference i have been super-

imposed on the data presented herein to allow a study to be made of the

effects of the deflected surfaces on the characteristics of the configura-

tions trimmed with a canard control. The model of reference i is identical

to the triangular wing configuration of the present investigation with

the exception of the added canard and a 2 percent thinner wing. For the

purpose of comparison_ the zero-lift static margin of each of the con-

figurations trimmed with the canard was set at 0.07_ at a Mach number

of 0.70.

Comparisons of the trimmed lift and drag characteristics of the

three configurations are made in figure i0. At Mach numbers of 1.30

and 1.70 both of the configurations with deflected surfaces had higher

maximum trimmed lift-drag ratios than did the complete triangular wing

model (fig. 10(c)), the best results being obtained by deflecting only

the tips. Furthermore, as shown in figure 10(a), the trimmed lift-drag

ratios obtained with the surfaces deflected become increasingly better

than those for the complete triangular wing model at trim lift coeffi-

cients above those for maximum lift-drag ratios. At a Mach number of

2.22 the deflected surface configurations had lower maximum trim lift-

drag ratios than did the complete triangular wing model. Throughout

the Mach number range the configurations with the surfaces deflected had

higher values of trimmed than did the complete triangular wing
model (fig. lO(b)). CL°pt

The effects on the maximum trimmed lift-drag ratios due to deflect-

ing portions of the triangular wing result from a combination of the

effects on the configuration stability_ drag due to lift_ and minimum

drag. The reductions of the stability resulting from deflecting the

surfaces decrease with increasing Mach number as shown in figure 6. At



the sametime, the drag due to lift was higher at all Machnumberswhen
the surfaces were deflected, as shownin figure 8. Whenthe beneficial
effects resulting from reduced stability are overcomeby the detrimental
effects of increased drag due to lift and minimumdrag, the maximum
trimmed lift-drag ratios for the configurations with the deflected sur-
faces are no longer higher than those for the complete triangular wing
model. The highest maximumtrimmed lift-drag ratios for the configura-
tions with deflected surfaces were obtained by deflecting only the tips
even though the largest stability reductions were obtained with all sur-
faces deflected. This is due in part to the small increase in the drag
due to lift resulting from deflecting the inboard surfaces but mostly
to the large increases in the minimumdrag (fig. 3) whenthose surfaces
were deflected.

Lateral and Directional Characteristics

The rolling-moment, side-force, and yawing-momentcoefficients for
the three configurations are comparedin figure ii as a function of angle
of attack at constant sideslip angles of 0° and 5° . These data are sum-
m_rized in figure 12 wherein the incremental derivatives, with respect
to sideslip angle, are presented as a function of Machnumberfor several
angles of attack.

The effectiveness of the deflected surfaces in performing their
second function, that of increasing the directional stability at super-
sonic speeds, maybe assessed by examination of figures ii and 12.
Deflecting the tips downwardincreased the yawing-momentcoefficients
and hence the directional stability over that for the complete triangular
wing configuration by an increment that was approximately constant with
increasing angle of attack at each Machnumber (see fig. ii). An addi-
tional constant incremental increase in directional stability was realized
when the inboard surfaces were deflected in conjunction with the tips.
This constant increment result is similar to that which has been obtained
from the addition of a ventral (see ref. 5) but is in contrast to the
reduction, with increasing angle of attack, of the vertical tail contri-
bution to the directional stability (see ref. 6). The decreasing effec-
tiveness of the vertical tail is caused by unfavorable sidewash in the
vicinity of the tail produced by body vorticity and the fact that the
tail is partially in a region of reduced dynamic pressure from the wing
expansion field, as discussed in reference 7- The tips, being deflected
below the wing chord plane, are not influenced by body vorticity and also
are not in a region of reduced dynamic pressure. In addition, the inboard
surfaces which are deflected above the wing chord plane are sufficiently
far removedfrom the body vorticity to be essentially unaffected, and
apparently there is little effect of reduced dynamic pressure at this
outboard location.
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Deflecting the tips resulted in a slightly lower effective dihedral

than that for the triangular wing model by reason of an additional side

force being developed below the wing chord plane causing a rolling moment

in opposition to that produced by the vertical tail and yawed wing panels.

When the inboard surfaces are deflected in conjunction with the tips, the

rolling moment due to the side force acting on the smaller upward deflected

surfaces tends to co_uteract, but does not overcome, that resulting from

the larger downward deflected tips. Consequently, this configuration had

a slightly greater effective dihedral than did the tip-deflected model

but less than the plane wing configuration.

The experimental ratios of AC_/@ and _Cn/_ for the configuration

with the tips deflected to SCy/_ and ACn/_ for the triangular wing

configuration are compared with estimated values at 0 ° angle of attack

in figl_e 13. For the purpose of making the estimation it was assumed

that the wing acts as a reflection plane for the loading on the inboard

side of each of the deflected tips while the loading on the outboard side

of each tip was assumed to correspond to that which the surface would

carry in a free-stream environment. The agreement between the estimated

and experimental results is reasonably good throughout the Mach number

range. No attempt was made to estimate the ratios for the configuration

with the tips and inboard surfaces deflected since the interactions

between the loadings on the individual surfaces are quite complex; how-

ever, the experimental results are shown for comparison. When the inboard

surfaces were deflected in conjunction with the tips, the directional

stability was increased over the level of the triangular wing configura-

tion by increments nearly twice as large as those obtained by deflecting

just the tips. These comparatively large increases in the directional

stability probably resulted from the mutual interference of the loadings

on the individual surfaces as well as the differences between the aspect
ratios and moment arms of the two surfaces.

CONCLUDING REMARKS

The results of the investigation showed that the aerodynamic center

shifts experienced by the triangular wing and body combination as the

Hach number was increased from subsonic to supersonic could be reduced

by as much as 50 percent by deflecting portions of the triangular wing

near the tips, which comprised 6 percent of the total triangular wing

area. The resulting reductions in the stability were accompanied by

increases in the drag due to lift and, for the case of the configuration

with all surfaces deflected, in minim_m drag. The combined effects of

reduced longitudinal stability and increased drag on the trimmed lift-

drag ratios, provided the configuration was trimmed by a canard control,

allowed the configurations with deflected surfaces to have higher trimmed

lift-drag ratios than the triangular wing model at Mach numbers up to
about 1.70.



14

Deflecting the surfaces caused the directional stability to be

increased by increments that were approximately constant with increasing

angle of attack at each Mach number. The effective dihedral was decreased

at all angles of attack and Mach numbers when the surfaces were deflected.

Estimations of the effects on the longitudinal and directional sta-

bility resulting from deflecting the surfaces were in reasonably good

agreement with experimental results.

Ames Research Center

National Aeronautics and Space Administration

Moffett Field, Calif., Feb. 17, 1959
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A-23930. 1

(a) Photograph of model with tips deflected.

A-23931.1

(b) Photograph of model with tips and inboard surfaces deflected.

Figure i.- Model details and dimensions.



18

t

i

I

0



17

!i:

i[I:

ibi

O

r_

©

e.)

c_

07

©

4-)

.H

©

O

0

.

-,_ ©

0 (U

qg

@ -.p
o

0 ©
_,-.4

rag ©

I D

.r-'l

_3

_3

_2

._

I

o.]

@



I

I

I

4-
i .

T--

!-

I

i
I

I

.... t

I

....+._-4

: --;.--i I

* i

I

E
, ,O'O

! _,_.

! i

i...... L (D
i

. . _

: 12) _

-o.T
i I

iiiii _
Q

) (.D

I

1: .÷ ::.]

C3

I

.r-t
4_

©
r.D

I

b_



2O

_J

r

I

I

t

i

i

1..

il :il

: :!!

0,1

i:ii

I

I

I
i

L

I

i

H

2_

I
L

o
I

o
I

o_r

I

o

eL)

c_ _q

Od 0

C_)

II

I

Od

b9

°r-'l



.8

.6

O---D .4
C L

.2

0

t t¸ t t_tt ..............t ........... t............£:: : : :i : :. f_ ::: _i i :i;:; ?!i::: :.K_It;I:!11; i ::I!IIT[:.:_!Gt:P :1 i;!l::: :
' _::f ;1| :it_!_t I; _t!it'. '.,!!ili_t : i:i: ill i i!':!:i'!i;i ;_!:t:ii_t_': !t!ii:!_i _!:!_!ti!::
!;:! i!! il i ::;:;;]-:;; } :: [_!t;t! t i;i. !!!!N;!JiN-i!]! Ni;_-N:.:t::t:_:t:','_!t-!_;

_-XL

-;:i! i;!Ji¢;_i}: ?Ji,i:N/::ii, i

i_;} ---- Complete triongulor winq
' !_; .... Tips deflected
!!_ ----- Tips end inboord surfoces

ii.ili deflected

6O

4O

o.c.%_

2O

0

.O6

.O4

GL a

02

0

Fig%_re 3.- Variation with I._achnumber of drag due to lift_ aerodynamic-

center locations, lift-curve slopes_ and minimu_n drag coefficients

for models with surfaces undeflected and deflected.



22

IlJ

II

{.}

d

I

{.}

d

12

8

4

0

Figure 4.- Effect

Mach number, M

of Mach number on the aerodynamic-center location for

the complete triangular wing.



23

0

-4

Aa.c. ,%

-8

-12

i_._ r-::_:-:ri_ :-, ::_ -::1_ - :;iz!] 7 *!'f-i! _- r:+i"*:)!'bfft_ ..... H:_ _t_-'fr

}T : !_;1 --_.-e _ .... "r t 7:" "t _ 7!i"t :_.tt +'+r

I : ........... _...... f- .... | ;..t, .-rl_÷ ....... _):Z_[t; -;7;

-:::: ! i}[ 7:)):;::T:: ::i _:::__[t[-_.+_::.... :::__. Tip effect omitted :::_: _._:T___-::::T;.. T;:: 1_:-:-;:!-__.

7,:[!!7 _!)_ffect included :'.,_][:.'-7._T:T!:: !--Est,moted _

: =_:-iJ: :_'-_:T_itk:::'l:,:--_-H:H:,:::[]+:$_&:: I .... Exper,mentol 7:_-_.)/:_
4-A::$:;t' i + :;:: :.::W::;: .TTC7!:_ :-t{:_z_:mr_::L ::z;t:_:.'_ :,:-$ ¢::i: L__: ;t:L_ ::::: ':- L:_ :-':;7:t ::

1.5 1.5 1.7 1.9 2.l 2.3

Moch number, M

(a) Tips deflected.

O

-4

Ao.c.,%_

-8

--12

Moch number, M

(b) Tips and inboard surfaces deflected.

Figure 5.- Variation with Mach n_nber of t]_e effect of deflecting

portions of the triangular wing on the aerodynamic-center

location.

2.3



24

dCm

dC L

dCm_

1.0

.8

.6

.4
i <!i<_

_i :i-i_:::I : Tipeffect included _-F___.:' -_'=_i'.i_:!i::'_} :ii." :i_!:::=::=_,-:-,*:
:li:ii_!-bi4!- . _ _ _ _::]:::_,._:_!:-:t- _-_,::,i ,- i_:iil-:_::_.!!

ilti i _i :'" if'. ,:]; . _ i ._IL_;'II.,.ITTI:'!_. "_: '. ] ]: :7. ILl; i; T_

i!!i i;ii t t....... F-C!t'_::J:u.:::::; _'::.; ;;:_ ::; ::_!::_: ;,:_, .... Expenmentol :<_= ;

;_il t!:

1.3 1.5 1.7 1.9 2.1 2.3

Moch number, M

(a) Tips deflected.

dCm

dC L

(_Cm_
d_

1.0

.8

.6

.4

1.3 1.5 1.7'

Mach number,

ii a-,

t÷ ,,

!! t!_

l _ .... Experimentol I_

1.9 2.1 2.3

M

(h) Tips and inboard s_._faces deflected.

Figmre 6.- Variation with Mach number of the effect of deflecting

portions of the triangular win_ on the longitudinal stability.



25

I0

.9

.8

.7
1.3 1.5 1.7 1.9 2.1

Moch number, M

(a) Tips deflected.

I.O

.9

CLa

.8

.7

2_.T ,_f2

T_E

-L ; b_ '

1.3 1.5 1.7 1.9

Moch number, M

2.1 2.3

(b) Tips and inboard surfaces deflected.

Figure 7.- Variation with Mach number of the effect of

portions of the triangular wing on the lift-curve

deflecting

slope.



26

1.6

1.4

1.2

1.0

%--T:

2fL:

_4.;-

4:b_

F_

! ,- _.- --.f-

_:: :,:___tz-:: T_ _C

_ ......-r:;;-t _"_:',_I'FSIIthrust _2_ _:rTi-"
_. Tip effectincludedK'."lh . xL_ _:}._:

r4.q_

#F .....

CbW::F,_ZLF-..--p._.......

13 1.5 1.7

_-_.__

:T
___ L..

-rift

?_ F;t

_L-_._

1.9

Mach number, M

(a) Tips deflected.

'-71-_r

2.1 2.:5

CD

1.6

1.4

ID

_-F'-t

2_

5a

!'7:

1.5 1.5

_--:._ _q+__# _-- Estimated

_'-_-T_:__d:___._ ,__-_'x_;-l:-b-ff_±_1_:,_.+. _----'--Experimental _}_-:_+_._-_ _._?#_#_ :.... ,_._

Full thrust:_4-_-:l_-,'-F _('#_4_, :_÷_;-+_+_{_4+_+'

No thrust __-4 _'- _-_ :_t; _____.___ _. _

__ _" "_tF'_rtt_ "Ul'.,mru.s'_Tip effect omitted

_ _lo mrusf __ _=-:.................. "½_t-_::: r.. r_'

1.7 1.9 2.1 2.:5

Mach number, M

(b) Tips and inboard surfaces deflected.

Figure 8.- Variation with Mach number of the effect of deflecting

portions of the triangular wing on the drag due to lift.



27

.05 _r'=L==_!L.!_'_J_'__! :.L ¸' _--" :L:= L=_=

#_UI7_-][i-- Blunt edges
_= -';_..... Shorpedges:i£!i

.O2

C%

F_I_! : tT -h_;:F h+:.! ............................

TT?T

0
1.3 1.5 1.7 1.9 2_.1 2.3

Mach number, M

(a) Complete triangular wing.

1.5 1.7 1.9

Mach number, M

(b) Tips and inboard surfaces deflected.

Figure 9.- Variation with Mach number of the effect of the shape of the

leading edges of the inboard movable surfaces on the minimum drag

coefficient.



28

G

5

4

2

0

-r .-P ........

_! .... Tips deflected

:_ _ _:----- Tips ond inboord surfoces

_i deflected ._.

_,., ,._,_v_ _.. _: ._ 4_-_. 4-: _ _+ _L'_ _ _

.I .2 .3 .4 .5 .6

CL t

(-6"_)t

G I _ -,

.... _ _- _:_ _: h_

_-_ _ .... _-

._ _'_-P_:+._J-_.......

I _ .... _

0 .I .2 .3

CL t

;._ _+-
_-t _ _-_

?TT_

i.i4_.
_-_+

.:.T

.+*_-

.-..-_-,-_.

,- .LLi

i.i.-.,++

.5

.4

t

2

.4 0

-]<. :: :

_-_

.I

L'=L;.: : •" ZU:

+.,_,

-_:__ _

i_-_=- ' ' _ _'_4

_. _

2 .3

Ct.t

;;_i-_i.__-._

_-M "1 _MT

X;i- IX-;;_-I-_M_

++r-_ -_

,.4 .5

(a) Variation of trimmed lift-drag ratio with lift coefficient.

Figure i0.- Effects of deflecting portions of the triamgular wing on the

trimmed lift and drag characteristics (obtained by superposing canard

data of reference i).



29

.3

.2

CLtop t

.I

0

i_i_i !i_:__':'::__:':_:-'_:'_¸__' *__:__:-__ _::_:-+:--_:__--_-_'_-__: _:.... rb.g ;_i F:_/:;T'-_Fb _ :_U U'; ::Trb:;:l7:q - Complete lriongulor wing

:!_?;:.: _Li[h(_..... iL'!i:_i_i/r,:: :::;__:!:_,P_!-_-E:2 L::h_: ------ Tips deflected -r--_

i!_!T_ ....4 ,_i_"-_:'_:_:I ......_:_I:d' = ...... Tips ond inboard surfoces=-_:
..... , -: ,rr,_ :::-,? :- -r*:--r_-- deflected

'.................................. r---1i........

:Yt: :"! ltT': h,?t T tTlt'!:; ttTT]m'T!:T;: _"_T_-'!_-" _1=," e"l_-, t : _I_+ _e_ r';'?1-_fT_4-t _ ?-=b

1.3 1.5 1.7 1.9 2]

Moch number,M

'-T _]

v,_ffz

2.3

(b) Variation of optimum trimmed lift coefficient with Mach number.

6

4

-_)tMo x

2

0

_?'-_-r_"tt-Egr: ,_/,-_x _: _ ff t$?÷T I_P, 7iT _ ,!:- t--rri_ :Tt* - :i t "; t _, tr t _H-:-r _r-':t'_ t_ _ "m,_ :r . kH- IT'_-,

:72 :TZ£ :_-*:_ !2£ _2_ _£t2 ':;2-_t* T fTfi- 2"rff .... _4 *,* !;_ '':" }'f: -:*-- "-_ • i_- t_ -* t: '-

-::J-x '+:t: '2:;_ 7:._ ;_2 • ::-: ::::T ::_ ::::: 7t:g:sj-_£ _z $:2: :::* :::2: {::: t_ _:: 2::" 2:2: _::-'t "!_:

tttt :':?tr!_ t!t P *:lf1_T *FT_''11":_ +;._*_*:!t !-,TJ'!-2:'Tf1

M- :_:: :-:.'i. _L:- :_:: _-:!±_2.1 _i:i:::' -- Complele triongulor wing

t:_rb::h "T::-_*: I;::: d_::::tiT _:_!-'{:;:i :?_ .:::::2:-'::: -- -- -- Tips deflected :::G

_-f-:R:_ e,_..t_-_-::;::qTG _:_,-: :._! _ .... Tips and inboord surfoces:F[_i

!£ 212_ # _ -_, _4 ....... ! bF! } : 2 r -}-+-2 r mT--T -1TT _ :11"I--! _t'! . :P'1t-t-!,l"---T%-r_-_11--T_-I : : *-i ai* t _:i:,: _f--, _:r_ ::::- ; td: ':2:L.7_T,:_TZq2: :::: ....... _ "

;ii+ :.r_ ,::::::2::::tlr_i'-:_,, , , , .:T:::, ?.::: _--_ :!: T+7-* _+_...... _2:: 4 _22 ;:z; ::i: 7; _:-. :;i-t _-;._

1.3 1.5 1.7 1.9 2.1 2.3

Moch number, M

(c) Variation of maximum trimmed lift-drag ratio with Mach number.

Figure i0.- Concluded.



V
3O

-.O2

-.01

Cl 0

.01

C¥

Cn

-.08

-.04

0

.04

.03 _,_ii_ii ¸_iil _!i I!!:'::_'

.02

.01

0

-.01
-8 -4 0

,8=0 ° ,8"5 ° M=1.30
(_ (9 Complete triongulor wim:j

,,[3 rn Tips deflecled

4 8 12 16 20
(,,deg

(a) M = 1.30

Figure ii.- Rolling-moment, side-force, and yawing-moment characteristics
for the models with surfaces undeflected and deflected.



Ct

Cy

Cn

-.02

-.01

0

.01

-.08

-.04

0

.04

D5

0

,8--5° M=I.7'O

Q Cornl:)leletriangularwing
pl Tips deflected

Tips and inboard surfacesdeflected

0 4 8
aodeg

(b) M - 1.rro

12 16 20

31

Figure ii.- Continued.



-02

-.01

-.04

Cy 0

.O4

.03

.O2

.01

Cn 0

_t> oB:o°_.5 ° M-222 '
C/ () Completetriongularwing
_E] E] Tips deflected

Tips ondinboord surfocesdeflected
iii !!ili::: iii! i:i! !!

- 4 0 4 8 12 16 20
a,deg

(o) M = 2.2_

FibuLae ii.- Concluded.



33

- .004

z_cz
- 002

0

.go6

B04

Z_Cn

O02

0

"t'd--_r,, _t-"

E-T4 T _"_-

_ ::d2"=_-'-"r ii:f_f: ' i_ ! ---::':)i://2:x

-rPr _- :_-_,-:- rt_

;4-:.-.-. ;..p;_L

"rT'[ ! ' '

": t!-_

..,.T_%_-

_1. 14q4 _ _,_,4444- ,_--,-_ +-,._-t4444 ..p:4-., 4-;4-,;- • ;. :

_-,'1 _ t;. _-.
_M41

_ Complete triangular wing _._

..... Tips deflected

and inboard surfacesTips

deflected
J_

_:- _,..._._F_:_- _ _-_

I_:I _i! _,I_ --_,-44+L_-_ ",_'.-Z_iv_,,,-br,_ _-r

_ ,_q=_ __= #:-t_.,, _., _ T_ .,_.. ! _z;_ _

_4-F; 4 _4_{ _ _ &_J=t+H4 _-,'_ _44_. ±=1_ _

I._ 1.5 1.7 1.9 2.1 2.3

Mach number, M

(a) a = 0°

Figure 12.- Variation with Mach number of the lateral-directional

incremental derivatives at constant angle of attack resulting

from deflecting the outboard portions of the triangular wing.



3zf

ACt

ACy

-.004

-- -.002

0

-.020

-010

0

.O06

.004

DO2

0

r-:f.?_rl

"'- Ftl-t= *_-

iiil

rttr

÷_4-;-

1-Tt

_f._r

-._ t-i f;,:iT: -t-ti

. , , TTr

[:::_ _4%.

_ Z_2t: 1 !-!-r

t -- -'_ t, "t! -_:

._.__._t_
_'=_;_'::__

, --P, 7 ....

-?i-bf "--t_
_J-44- de.=.: .L__

.if'

1.3

+; _ P_ _- 44¢4.7_ .......

" _£_ _ _'_ _ Z r ____

',,..! I: '-':_T r_" i_FFi_: ;_:, T[TIZ_'_.i]

",!!-+-t_t t_i_ .,,- _,

_1:r ., __, ....

..... _ !_t

'=-'-* 514""':

L-d ]T-[-_ . ,

,-_-_._'_t---_ .... q._-_-_.....

LT;4--.f*.---'-'-_ _ "-'- .... r ,-,--_-_rrt _

_,-' __ +_..;- _ _ ._'--_r,I:, t ,-:- _-r_ :_ __ T'-:-.T

......._-F _- _

-;-._t -- Completetriongulorwing .......
_-_T __ _ Tipsdeflected
::':_ -----Tips and inboord surfoces

deflected
_- !-'m

2.1 2.3

(b) c_ = 8°

Figure 12.- Continued.



35

--.004

0

-.02o

o

.o04

.oo2

_Cn

0

-.002

• TH

_ktk!:i'Hi

t--!ii_i!i!

,r 4F:it

_-i _,.td]
T!,-T_!#-

,+,

tl;;

Hi tlt_

_i-_-uIt1_

i;diiili:

[tTi_tl_i:

!t! !!.."!

fii_iLIL

ii !'! '_'

F-f .....

_._ _+

1.3

_!i!!Ii_iiil:!i;,_i!._ii-_
, :!IY.t!i!_i!l:dll

iki_ _1 '!_ -,]1t

lli_i_ it '
F!!t

iti!i!iiiii!_!iil_iiii!
!iiiiikili_!iikiiiiii

,:= :=

r i ..... _jt

ill1! .....!_-Ii__

-, F_ !!!!I!i

.' r!I :::: '-

1.5

..... . _IF

Cl'/_iiifiiiiiiFlit:]i!i_!iI_I__!IIi_

! i' ...... _ it!] ili I l_fIi!i
rt,i

!!!,.!!!, !1I_ItJ_+Iii!!!i-!!!''_I_'_'"",

i_llt!i_'tl'""_!!iii!' I
_il!lliil;]i!_i',!1iiitil_i!:i-i!_i!._iFi_

:i!F!_iiiiill_ti_i!i_i

{I.:ti_, _n!:1lit _rr_!_i_._

iI._!ii!ii _,u .... f_h

4iiiiFiE_Ii?!!tl!l

l I rt tt I!"1 .

!?fi:_!rt11_I.............._r4',m:_rHi,_,!,.t__I_tt,-*-, ..... _ '.".tt ...........

iL_ii.iiJi_f}i.}i-d_txt2iiiiiii. ii.
tl t *'t_

,:!_!_!,_r!t!!i! !!TF_Y!ft_,!!:]21_:',"::_:; *"I .... :,LH: HtTd
;ITI$I_17 _:;;_- ;i; ;HI :IkU ,t_,Y,/,+t

H!!
-_ It1

tti f

iiif
!!!!
w+,

iiii

-tilt

-m "' lii
.... iFI11_ H1

i_; "+qf
lh .."_ikii-

_1 I1

¢ I-;4

t!!!

ll!J

[ElF

,%_:I

÷.__

_+_-

iiii
,,le,
il II

r,-v..!C._].... Complete "triangular wing mi
_ _ Tips deflected
_ _ Tips and inboard surfeces
.... :; ',_ deflected _:,;

- ....

1.7 1.9 2. I 2.:3

Mech number, M

(c) _ = z6 °

Figure 12.- Concluded.



N:i!

L4

1.2

1.0
L5 1.5 I,? L9

Mach number, M

ACy
(a) Effect on _.

@

B

1.6

1.4

12

I0

"I:TC :fi_ "I:- L : ' " '

.... n-A _""

............... <;;._!_ _H.I _ .!_: :_!:i:-_.._-__._-:=_ -r@-:-:=_ -_-'_. :'_ir'_'_ '.

1.7 1.9

Moch number, M
13 1.5 2.I 2.3

_-_n
(b) Effect on

B

Figure 13.- Variation with Mach number of the effects of deflecting

portions of the triangular wing on the directional incremental
derivatives at O° angle of attack.

NASA- Langley Field, Va. A-181



I , r'_ • L'_ •

&=--..,-' o -
_< ,- ,-'__7

_,_o -, ,.._<

_mmmmNZ

.1
<

it
Z
0

.,-d . _._ • 0 J

0
L)

.3

0

-C

0
L)




