: 2 1

CHARACTERISTICS OF A TRIANGULAR-WINED ATRCRAFT
II - STABILITY AND CONTROT-
By Robsrt M. Cranse

" Ames Aeronautical Laborator:

The stability and control problems associated with wings of
triangular lan form have recently been the svbject of en intensive
" research investigation at the Ames Laboratory. Tasts have included
the measurenent of effectiveness end hinge moment for a constant-
chord trailing-edge control at Mach numbers vy to 2.95 (reference 1),
effectiveness of a similaxr control &t a Mach nuvmbe » of 1.53
(reference 2), and directional characteristics at > ow subsonic speeds
end at a Mach number of 1.53 of an aircraft using a single vertical
tall and using twin vertical taills (references 2 an' 3). Low-speed
flight tests using a constant-chord trailing-edge ccntrol have also
been made in the Langlsy free-flight tunnel (referente 4). Some
_.of these results relating to static longitudinal stability and
“control will be presented in this report.

... The wing model used in these tests had a trianguler plan form
- and an aspect ratio of 2. The control surface invectigeted had a
constant chord end an area cqual to 20 percent of the wing area.
VWhen tested with a fuselage, the fuselege was a body of revolution

with a fineness ratlo of 12.5 and a frontal area equal to 5%-perCent

of the wing area. The effect of Mach number on the 1ift-curve slope
and the location of the aerodynamic center are presented in figure 1.
Data are included from tests of a semispan model in the Ames 12-foot
low-turbulence pressure tunnel and tests of a small-scale complete-

ving model in the Ames 1~ by aé-foot tunnel and the Ames 1- by 3-foot

supersonlc tunnel., The Yesults from thé-various test facilities show
reasonable sgreement, considering the large differences in Reynolds
 number and minor differences of model configuration.

coo.- z. 0lope paremeters of this type may often be very misleading
because they fail to show the linearity or nonlinearity of the various
coefficients. Figure 2 presents 1ift and moment data at Mach numbers
up to 0.95 and more clearly illustrates the excellent linearity of
the characteristics of a triengular wing at higzh subsonioc speeds.
While these data only extend up to M = 0.95, data obtained at
transonic speeds by the wing-flow method on & free-floating model
indicate none of the erratic disturbances vhich are associated with a
straight wing in passing through a Mach number of vnity.

. ... _The influence of Mach number on the effectivéness of the constant--
chord plain flap is shown in figurée 3. The theoretical effectivencas
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at supersonic speeds is based on linearized theory The experimental
point at a Mach number of 1.53 was obtained from tests of an alrplane
model having a triangvlar wing of aspect ratio 2,31 with a 21.3-percent-
area constant-chord control. For the theoretical calculation it was
assumed that there was no carry-over of elevon lift across the fuselage.
The agreement between the experimental vaelue end the theoretical value
indicates thet the assumption of ho-1ift cexry-over is valid. The'™
effectivenecs data from the wing-flow method were obtained on a
sharpened flat plate using the free-floating technigque (reference 5).
The Reynolds number for these ‘tests was &bout 1 million compared

to 5.3 million for the data obtained in the Ames 12-foot low-turbulence
pressure tunnel. It 1s not completely understood vhether the lack

of agreement between these data is due to the difference in airfoll
section, the diffcrence in Reynolds number, or to shortcomings of the
free-floatinﬂ technique. Further teste are scheduled in an attempt

to determine the exact reasons for these discrepancies. Figure L
presents elevon effectiveness- for several &ngles of attack at five
different Mach numbers, the highest being 0.95. This figure illustrates
agein the linearity of the data from which the slope parameters have
been obtained.- _

The hinne~moment characteristics of the constant chord elevons
are shown in figure 5+ .The supersonic values are coamputed from
linearized theory and no experimental verification is availaeble.
Note the large rapld rise in Cha et Mach mumbers approachlng wmity.

If & constant-chord control with en unswspt hinge line 48 to be usead,
the necessity for sdme type of power-operated irreversible control
mechanism is obvious. DNote also the large negative values of Ch

~ which will have a yrofound influence on the control forces in steady
flight. :

These date have been used to predict the static longitudinal
stebility and control cheracteristics of a hypothetical eaircraft
employing the wing and fuselage previously described. This aircraft
if shown in figure 6. In order to permit the reduction of the hinge-
moment date, & wing area of 500 square feet has been assumed. The spen
is thus 31.6 feets In order to fulfill its aseumed mission, the
eircraft must be capable of engeging in tactical maneuvers at a Mach
number of 1.5 and an altitude of 60 ,000 feet vi‘hh wing lqadings of
at least 60 pounds per squexe foot.

The variation with Mach nmumber of the elevon angle and the elevon
hinge moment required to balance the alrcraft in level flight at en
eltitude of 30,000 feet is shown in figure T. - Te airplane center of
gravity hes been assumed at 32 percent of the M.A.C.. Note-in o
particular that, due to the 1arge negative value of Ch ‘the
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variation of stick forcs with speed 1s neutrally steble over most of
the speed range. ‘Note also that despite the large distance between
the center of gravity and the aerodynamic center at supersonic speeds,
the elevon angle required to balance the alrplanc at supersonic speeds
is esasentially independent of the Mach nuwmber. This neutral stick-
fixed stability is due to the loss in elesvon effectiveness egrociated
with increasing supersonic Mach num'bers .

The variation with normal acceleration of the elevon angle and
elevon hinge moment in steady turning flight at two high subsonic -
Mach numbers is shown in figure 8. For these computations it is
assumed that the elevon is used for both balancing the aircraft and
as the maneuvering control. The rapid changes in control forces at
“lerge normal accelerations is,due to nonlinearity of the eleovon hinge
moments at ‘these high Maoh num'bere. ' :

The effect of the locatlon of the center of gravity on the
meneuverability of the aircraft at a Mach number of 1.5 is shown in
figwe 9. In all cases the elevator deflection has been limited
to 120 which is the critical~flow deflection angle for thie Mach number.

It is apparent that if the aircraft 1s to Produce & normal
ecceleration of 4g at en altitude of 60,000 feet with a ving loading
of 60 pounds per square foot, the center of gravity must be at about
ks percent M.A.C. However, with the center of gravity this far aft,

. the aircraft will betome longitudinally unstable at subsonic epeede.
I? the alrplane center of gravity is not permitted to move aft of
32 percent M.A.C., the most aft center of aravity for stability at

' landing, the maximum normal acceleration which can be produced by the

elevons for the above condition ies only 0.2¢. It 1s obvious that the
maneuverability of the ailrplane would be enhanced if some auxiliary
trimming device were available so that the elevon power could be
reserved for mneuvermg
4 'Ihe effect of static margin on the theoretical increment in

'elevon hinge moment per g of noxmal acceleration is shoun in figure 10
for flight at a Mach mumber of 1.5 at an altitude of 60,000 feet.

It ia seen that the control forces will become enormous unleee the

static margin is maintained between 5 and 12 percent. At lower

~ supersonic speeds, the control forces are even hisher due to the

. Vvery rapid riee of- negative eha with decreasing eupereonic Mach num‘r:erec

The landing characteristics of the triangular-winged aircraft have
been computed for wing loadings of 20, 30, and 40 pounds per square foot.
The date used for these camputations vere all obtained at a Reynolds
number of 15,000,000 and a Mach nmnber of 0.13. The variation with

landing speed of the elevator angle control hinge moment, sinking speed,
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and angle of atteck 1s presented in Figure 1.’!.. For all of these
computations the only longitudinal control is the constent-chord
tralling-edge elevator, and lending is assumed to be accomplished

with power off. It is obssrved that a push force 'is required to land
the airplane end that the verietion of elevon force with speed 1s
unstable over most of the speed range. Note that for a landing specd
of 140 miles per hour with a wing loading of 4O pounds per square foot,
the sinking speed is In sxtses of 60 feet a ‘Becond and the airplehns ™
ancle of attack is greater then 20°. The lift-dreg ratio for this
condition is only 3.0. These values indicate the necessity of appl,ying
power if a safe lending is to be accomplished.

Recent tests of & sinilar wving and control have been made in the
Langley free-flight tunnels. These tests indiceted that the eirpleane
was controllable up to a meximm lift coefficient of 1.0. A moderate
amount of difficulty was observed in trying to fly the model at these
high 1lifts due to the lerge sinking speeds. The teste dld inclicate
however, that slow-speed flight could be achlosved despite 'bhe 1a.rge
angle of ettack and the high dreg. . - .

Examination of the preceding data pemj 'bs several mteresting
observations regerding the performence of a triangnler-wing alrcraf
with a constent-chord control. In the first place, the elevator 18
not adequate for both trimming and maneuvering the aircraft at high

altitudes with large wind loadings, and the elevon Torces are such as

to require an lrreversible power control. Second, the sinking speed
and landing attitudes of the ajrcraft are excessive when the flep is
used as a longitudinal control. Third, the variation of aerodynamic:
center with Mach muber, although much less than for & straight-wing
configuration, is sufficient to complicate severely the problem of : ..
longitudinal control. If the center of gravity is permitted to move -
eft as fuel is consumed in supersonic flight so as to keep the super- -
sonic static margin down to & reasoneble figure, there must be some.
method of moving the center of gravity forward or the aerodynamic
center aft to permit etebility at low speeds for landing. A possible
solution to these problems is presented in the following discussion.

Consider & second small trianguler wing mounted far forward on
the fuselege as shown in figure 12. For landing, permit this auxlliery
wing to float freely sbout its 30 percent M.A.C. with ite floating -
angle determined by the._ deflection of constent-chord tralling-edge -
flep comnected to the pilot's control. This freely floating wing -
will not affect the aerodynemic centar of the alrplame but will serve
as a very.powerful longitudinal control. For the present enalysis,
thie trimmer wing is considered to have en area squal to 8 percent
of the wing erea and & distence from the cne-querter M«A.C. of 'hhe
main wing of 15 moen aerodynamic chord 1en~ths. : O
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" The trimmer configuration for which the present computations have
been made has not been tested at tranmsonic or supersonic spesds. -
Downwash from the trimmer may have & sizeeble effect on the alrplane
characteristics, but for the present analysis no interference effects
between the trimmer and the wing or between the fuselage end the
trimmer have been considered. }

The ‘lerding characteristics for this configuration with the wing
flaps deflected 10° are presented in figure 13. - The sinking speed
-and ground angle for landing with the elevons is shown for comparison.
For bothr sets of calculations, the center of gravity is at 32 percent
M.A.C. Note that the floating trimmer reduces tiie sinking speed of
the aircraft for 2 given contact speed by more than 25 percent and, .
equally importent, reduces the ground angle by as much as 11°, The
sinking speeds are still of such magnitude, however, that power will
have to be epplied for landing. :

At a Mach number of 1.5 the trimmer is very ineffective. This
results directly from the fact that, if the trimmer pivot is placed
far enough forward to insure free-floeting stability et the landing
condition, the trimmer stebility is so large at supersonic speeds
that its control is ineffective in producing lift. . -

The fact that the floating trimmer does not affect the aerodynemic
center, while locking the trimmer will move the aerodynemic center
forward by 12 percent M.A.C., suggests & method of reducing the static
margin at supersonic speeds without causing instability at landing.

If the disposable load is so arranged that the center of gravity
continually moves aft as fuel is consumed, take-off, climb, and
supersonic flight can be accomplished with the trimmer locked and
landing cen be made with the trimmer floating.

Thus at take-off with the trimmer locked, the merodynamic center
will be at approximately 26 percent M.A.C. and the center of gravity
may be at 20 percent M.A.C. As fuel 18 consumed, the center of gravity
may be permitted to move aft to 32 percent M.A.C., resulting in a
6-percent static margin at a Mach number of 1.5. As speed is reduced
for landing, the trimmer may be unlocked at a Mach number of about 1.1,
..permitting the landing to be made with e static margin of 6 percent
with the same center-of-gravity position as at the termination of super-
sonic flight. With the trimmer locked, it may be used as a trimming
device at high speeds and take-off, using the trailing-edge elevators
on the wing as a maneuvering control. The maneuverebility with this
arrangement at a Mach number of 1.5 and an altitude of 60,000 fest 18
shown in figuwe 14. It is observed that with this arrangement if the
center of gravity is not permitted to move aft of 32 percent M.A.C.
(the center-of-gravity position for stebility at landing), the elevoms
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are capeble of producing & meneuvering normel acceleration of 3.75g
compared to 0.2g with +the elevons alone (fig. 9). This increased
meneuverability over that with the plain elevens is due not only to
the increese in elevon power resulting frem the use of the trlmmer
but also the permissible reduction in statlc uwergin resulting from
the ability to control the merodynemic center for landing by allowing -
the trimmer to float at low speedss If the disposable load cen be
arranged cloge to the center of grevity, it muy be feasible to take
off and climb with the trimmer free tloating, locking 1t only efter
supersonic flight has been attained. This should not modify in any
way the flight cheracteristics previously presented. ’

In sumeary, it msy be stated that, with the exception of the
exceedingly large hinge moments, the longitudinal stability and
control of triangular wings presents no severe difficultles for level .
flight at Mech numbere up to 1.5. Constant-chord trailing-edge elevons
provide edequate control to belance the aircreft throughout the speed
range; but if a large degree of maneuverability is reguired of a.
highly loaded aircraft, same auxiliery trimming device ghould be
incorporated in the design. One possible configuration employs a
trimmer wing placed far forward on the nose of the aircraft. Use of
this trimmer permits landing at moderate pround angles and modest.
sinking speeds, and greatly enhances the maneuvorability of the
elrcraft at large 1ift coefficlents. The hinge-moment characteristics
of & constant-chord trailing-edge elevon are such as to require en
irreversible control mechanism with the boost power dicteted by the
hinge moments which occur near a Mach number of unity. : .

While the efficiency of & triangular wing at supersonic speeds
is inferior to that of & highly sweptback wing, the increased structural
strength, the increased maneuverability,.end the greater freedom from
landing problems certainly warrent careful consideration of this plen
form for ailrcraft designed for pursuit end interception at transonic
and supersonic speeds.
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Figure 1.- The effect of Mach number on the lift-curve slope and the
location of the aerodynamic center for a triangular wing of aspect

ratio 2.
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Tigure 2.- The effect of Mach number on the lift and pitching-moment
characteristics of a triangular wing of aspect ratio 2.
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Figure 7.- The estimated variation with Mach number of the elevon
angle and the elevon hinge moment required to balance a
triangular-winged aircraft in level flight at an altitude of

30,000 feet.
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Figure 8.- The estimated variation of elevon angle and elevon hinge
moment with normal acceleration for a triangular-winged aircraft
in steady turning flight at an altitude of 30,000 feet.

N

{83



v FLIGHT
VR MOST AFT CENTER OF
GRAVITY FOR STABILITY |_
200\ AT LANDlNG—\ 30
- ¥— -

o A— "
STATIC |\ \ | CENTER OF °
MARGIN (| \ WING LOADING GRAVITY
(x mac) |V \ \ (% MAC)

12 »—-\—\ < 38

\ w4
w .\ N\ ¥eoN3
L EANE N N
8 S N, Sy 42
N l ~
. | | — PR
L = ! {
—  ALTITUDE 30,000 FT.
— == —— ALTITUDE 60,000 FT. NG/ Y
STEADY TURNING FLIGHT, MAGH NO.1.30
0 1 4 A i L 80

| 2 3 4 -] L T
NORMAL ACGELERATION WITH ELEVON DEFLECTION OF =129 "o
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Figure 13.- The estimated landing characteristics of a triangular-

winged aircraft equipped with a floating trimmer.
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