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Nomenclature
a lift curve slope NLF  natural laminar flow
ac acrodynamic center RPV  Remotely Piloted Vehicle
R aspect ratio R, chord Reynolds number
b span R, unit Reynolds number
c chord S wing planform reference area
cg center of gravity SM static margin
Cy section drag coefficient A" flight speed
o section lift coefficient w weight
Cn section moment coefficient o angle of attack
Cp drag coefficient B sideslip angle
Chi induced drag coefficient T, center span circulation
CL lift coefficient H microns, 107 metres
Cu moment coefficient
e Oswald efficiency factor Subscripts:
LRN low Reynolds number c canard
n flight load factor f flap
]‘::RS(? NASA Langley Research Center ;nax Ln;x:::ﬁ (il

ABSTRACT

This paper covers the design process for a long
endurance Remotely Piloted Vehicle. The 56 pound
RPV must operate in the 25 — 50 knot speed range at
low altitudes. An airfoil designed for LRN applications
was used with a wing of AR = 22 to reach an estimated

—g—| max Of 25. Wing tip feathers were designed to reduce

the induced drag. A comparison between the computed
acrodynamic predictions and wind-tunnel results is given.
The estimated endurance is on the order of
50 hours/gallon of fuel. A three surface configuration
was chosen and the predicted handling quality and
performance results obtained so far are given. The
structural challenges in building a light weight structure
for the wing and control surfaces are outlined. The
flight test program is currently underway.

I LRN RPV DESIGN

The principal problem faced in LRN RPV design
is the drag penalty associated with laminar separation.
Nonlinear and unsteady aerodynamic characteristics that
occur with the laminar separation bubble phenomenon
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pose handling qualities problems and make performance
prediction unreliable. The aerodynamic problems
associated with LRN RPV'’s are extensively discussed in
an excellent survey by [Carmichael 1981] and also by
[Mueller 1985].

The overall aerodynamic design process for the

high —g— RPV can be outlined as follows. The LRN

optimized airfoil selected has a two dimensional -g—] max
of approximately 115 for R,=250,000 (see Section III).
A wing with this airfoil will then have a =|mex Of

approximately 57. Wind-tunnel measurements for the
fuselage gave a minimum Cp=.01 referenced to the wing
area. These tests also showed that the unfaired landing
gear Cp is approximately half that of the fuselage.
Typical horizontal and vertical tails can be assumed to
be 40% of §, their Cp is then .0093, assuming flow
without separation for R.=150,000 (which is possible
with the use of turbulators, see Section III). The overall

-g—l max Ppossible for such a configuration then is

approximately 27. Trim, separation and interference drag
and the loss of wing planform efficiency will reduce the
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overall % further. The design challenge is then to get an
—II—;-I max a8 close to 27 as possible.

The design, wind-tunnel testing, and flight testing
of a recent RPV was reported in [Stollery et al. 1988].
The project included a wind tunnel evaluation of several
different airfoil sections from which the Wortmann
FX63-137 was chosen. This RPV was designed to
function in the R, range of 300,000 — 1x10° and used a

wing AR of 8 and achieved an in-flight ‘%\ max Of 10.

Older RPVs such as the Mastiff, the Aquila, etc., were
not acrodynamically optimized and their estimated

%l max is on the order of 8.

Two useful papers on composite model building
techniques are available, the first is [Vranas 1984], from
the NASA LaRC, which discusses molding techniques
with the use of vacuum bagging. The second is [Jacob
et al. 1984], from the Aeronautical Development
Establishment in India, which discusses molding
techniques using pressure forming. Information on
existing RPVs can be found in Jane’s All The World
Aircraft.

I THE LAURA PROJECT

The aim of the low altitude unmanned research
aircraft (LAURA) research project is to investigate and
flight test the potential of LRN aerodynamic technology

for improving the configuration % The study was

sponsored by the NRL and the ONR with the
participation of other government agencies and the
aeronautical industry. The details of the LAURA project
are reported in [Foch 1986] and [Foch & Wyatt 1986].
Standard fuselages, engines, propellers, and landing gear
are used to which the different wing and control surface
configurations are fitted. The design specifications for the
LAURA are given in Table I. Figure 1 shows a
photograph of the RPV that was built,

The four aircraft configurations being evaluated are:
o ACA Industries - joined wing

o Advanced Aeromechanisms Corp. - hinged wing
e Locus - tandem wing

o NASA/AS&M - three surface.

The initial sizing process for the LAURA mission
gave the following:

{11 The wing area was sized for the required sca level,
long endurance %I max Capability. The specified
speed of V=25knots gives S=22f1? at a C,=1.2.

[2]1 The 3-hp engine selected gives sufficient power for
the high speed capability. A power of
approximately 2.3 hp is required for V = 50knots

at a D = 6 with a propeller efficiency of
approximately 50%.

[31 The 400 fpm climb requirement is easily met with
this available power. A climb rate of
approximately 500fpm can be obtained at

V=30knots assuming an D= 15.

III AERODYNAMICS

Custom-designed  airfoils for the mission
requirement are the key aerodynamic factor which can
assure efficient RPVs. The long endurance mission

requires a high %\ max for Cp’s as high as 1.2. The

RPV performance goals for this design were to fly
efficiently in the 25-50knots  speed range
(R, =250,000 — 500,000). An airfoil meeting these
performance specifications was selected from a series of
LRN NLF airfoils designed by Dr. Werner Pfenninger.

For low Reynolds numbers, the laminar boundary
layer on the airfoil tends to be very stable and transition
is not easily triggered. The inevitable adverse pressure
gradient following the minimum pressure peak over an
airfoil will then cause laminar separation. Conventional
airfoils exhibit rapid deterioration in their aerodynamic
characteristics at low chord Reynolds numbers,
especially below 500,000 because of laminar separation.
A good experimental investigation of the laminar
separation bubble for airfoils is reported in [O’Meara &
Mueller 1987]. The nonlinear effects of laminar
separation can occur even at Reynolds numbers greater
than a million and can be seen from the wind-tunnel
measurements given in [Ferris et al. 1987] for the NASA
LS(1)-0013 airfoil. Wind-tunnel measurements made
with the standard NACA 0012 airfoil, in which the Mach
Number and the R, were varied independently, also
exhibited laminar separation characteristics. These results
are reported in [Ladson 1984].

The ASM-LRN-010 airfoil was chosen for the
wing; its design is discussed in [Pfenninger et al. 1988].
It was specifically designed for the LRN flight regime
typical for LAURA applications
(100,000 < R, < 500,000). Figure 2 shows the airfoil
which is a 9.5% thick airfoil with its maximum thickness
located at 37%c. [Pfenninger & Vemuru 1988] discuss
the LRN airfoil design process and give computed results
for some of their airfoils. The design of this class of
airfoils was based on the ideas described in [Pfenninger
1947 & 1956}, and originated with the NASA LRN(1)-
1007 airfoil designed to operate with high lift-to-drag
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ratios, near a C; of about 1.0. This is a 7.3% thick
airfoil and its design details are reported in [Mangalam
& Pfenninger 1984] and [Mangalam et al. 1986]. The
NASA LRN(1)-1010 airfoil was chosen for the canard;
this is a 9.8% thick airfoil with its maximum thickness
located at 41%c and its design details are reported in
[Evangelista 1987].

The airfoil choice for the wing can be evaluated
with respect to other available LRN airfoils on the basis
of the figure of merit formula for wing endurance
(FOM,), giveg in [Maughmer & Sommers 1988], which

L
is FOM,=—————
CD @ CLop

The FOM, comparisons are shown in Table II and were
made using WT data where available or with
computational predictions. Clearly the ASM-LRN-010,
with FOM, =115, has the highest FOM, of the airfoils
listed and hence its choice for the wing. There was no
wind-tunnel data for the ASM-LRN-010, hence the
NASA-LRN-1010 was chosen for the canard instead
because the authors had conducted wind-tunnel tests with
this airfoil down to a R, of 100,000. Many LRN airfoils
have been compared in [Carmichael 1981}, while {Selig
et al. 1989] recently published an evaluation of 60 LRN
airfoils by measuring their performance in standard
wind-tunnel tests. Neither of these reports identified any
airfoil which had a FOM, as high as that of the ASM-
LRN-010.

Pfenninger proposed design remedies which avoid
the drag penalties caused by laminar separation by
forcing transition to occur just before the point where
laminar separation would start thus preventing
separation. The skin-friction drag is then minimized by
ensuring the maximum possible extent of laminar flow
without prematurely forcing transition to avoid laminar
separation. To minimize drag without penalizing lift, the
pressure distribution of the airfoils have the minimum
pressure peak near the leading edge, followed by a
gradual flow deceleration to about the 65%c, after which
there was a pressure recovery to the trailing edge. The
suction peak near the leading edge ensures a reasonable
C, and the gentle adverse pressure gradient which
follows destabilizes the laminar boundary layer making it
susceptible to transition. The boundary layer on the
upper surface of the airfoil stays laminar and attached up
to approximately 65%c. The entire lower surface is
laminar except at large negative angles. The design
aims for these airfoil shapes were:

[11 The upper surface contour is designed for the high
C_ point of the low drag regime.

{21 The lower surface contour has an undercut near the
leading and trailing edge regions and is designed
to meet the low Cp limit of the low drag regime.

, where CLW is the operational Cj .

Boundary layer instability promoting devices or
turbulators can be used to minimize the pressure drag
caused by the separation bubble. A qualitative
evaluation of different devices such as roughness strips,
bleed holes, and three dimensional elements is given in
[Pfenninger et al. 1988]. These devices should be placed
to destabilize the boundary layer by promoting the
growth of Tollmien-Schlichting (T-S) instabilities
without incurring an unacceptable large device drag
penalty. Three dimensional turbulators devices have an
advantage over two dimensional turbulators for this as
they have greater boundary layer destabilizing capability
and a lower device drag. Turbulators located on the
front of the airfoil are favorable because they create
instabilities but do not disrupt the laminar flow.
However, as they are located in a relatively high speed
region of the boundary layer, their device drag for a
given height is greater than for devices located behind
the maximum thickness point.

For low Reynolds numbers [Evangelista & Vemuru
1989] have shown that the Drela airfoil analysis code
gives reliable results that compare favorably with
experimental data. Some computed predictions for the
ASM-LRN-010 airfoil using the Drela code are shown in
Figure 3; more details such as the pressure distributions
may be found in [Pfenninger et al. 1988]. Predictions
for the NASA LRN-1010 are shown in Figure 4. Drag
measurements for different R, for the NASA LRN-1010
are shown in Figure 5a. As the C; reduces sharply at
o=5° natural boundary layer transition probably
occurred preventing the formation of a laminar
separation bubble (flow visualization observations
indicated that the bubble starts at about 65%c for the o
values in the low C,; range). The effects of serrated
turbulators for drag reduction are also shown in Figure
5b. The results for the NASA-LRN-1010 using bleed
holes and roughness strip turbulators as well as sweep
were given in [Siddigi et al. 1989]. Wind tunnel tests,
under the direction of Dr. Pfenninger, were started to
evaluate the effect of a single row of suction holes on
transition, Suction appears to have a greater drag
reduction potential than turbulators even after accounting
for the power required for the suction. These
experiments were done with another LRN airfoil and the
results will be reported when the test series is completed.

The results shown in Figure 5 indicate that the
severe laminar  separation drag penalties for
150,000 < R, < 400,000 in the -1° < o < 6° range can
be reduced by up to 20%. The choice of the turbulator
for the wing is perhaps not as critical as that for the
canard, which operate at about R,=125,000 for flight at
25knots. The horizontal and vertical tails used NACA
0008 airfoils and, therefore, do not have severe
separation bubble penalties at moderate Cp’s for low
Reynolds numbers.
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IV INDUCED DRAG REDUCTION

A high wing is the obvious choice for minimizing
the lift loss (and hence induced drag penalty ) caused by
the presence of the fuselage. The RPV was designed to

obtainits —g| max 8L 2Sknots, with a Cp=12 for the

wing and fuselage combined. The wing then operates at
R;=250,000 with a=.092 and =4.5°, its Cp =.012 and
Cp;=.022 assuming an e¢=.95. It should be possible to
further reduce the induced drag by improving e¢. Wing
tip feathers were designed for this purpose by computing
the lifting line vortex wake rollup with an inviscid Point
Vortex Method (PVM). For wake rollup, the PVM
seems to give more reliable results than a vortex lattice
method. This was investigated in [Siddigi 1987]. Figure
6 shows the computed wake rollup shape for an
elliptically loaded lifting line. Figure 7 shows the
computed rollup for the wing with two feathers, the front
one deployed up at 50° and the rear one downwards at
~20°. The Cp; of the two wings was compared keeping
Cr, S, b, and AR the same. The reduction in Cp; is seen
from the plot of the non-dimensional downwash W on
the lifting line., The inboard value for both wings is
W=1, which means that it is equal to the uniform
downwash of an elliptically loaded lifting line,
W, = =5

=25 As W is less than 1 on the feathers this

results in 2 computed Cp; reduction of approximately
10% for the whole wing. Similar induced drag
computation studies have been done for swept and
crescent wing tips in Germany, by [Eppler 1987] and in
the NASA LaRC, by [Vijgen, Dam & Holmes 1989].

Tip feathers were proposed by Pfenninger in
Zurich for induced drag reduction in 1943 and hence the
use of the term Pfenninger Pfeathers by the authors is
justified. The use of pfeathers on the wing should give a
computed Cp;=.0198 for C,=1.2. Viscous effects on the
pfeathers will increase this value, however, the pressure
drag detriment of these effects can be minimized by well
designed pfeather junctures. The canard chord was
chosen to give a R,=125,000 for V =25knots which
means that the friction drag will be Cp=.03. The canard
MR=B and so for C; =9 the induced drag is
approximately Cp;=0.036 assuming an ¢=.9. Pfeathers
were not considered for the canard because the overall
drag penalty of the canard is small since §./5=.092
giving CDic=.0033 referenced to the wing area.

The LRN literature suggests that boundary layer
separation may be induced on the wing upper surface by
the close passage of a vortex wake. The vortex wake
rollup computations showed that a Iow canard position
would ensure that its vortex wake passes below the wing
for high o. The wake centerline position was
determined from the vortex wake rollup computations

o

and the viscous wake thickness was added to this
centerline using a turbulent boundary layer thickness
formula for the upper surface and a laminar boundary
layer formula for the lower surface. The horizontal tail
was also positioned so that the wing wake passed above
it for the high o cases (this was done because the tail is
downloaded for this case) and the canard wake passed
well below it.

V STABILITY AND CONTROL

The design specifications require a positive static
margin (+SM) RPV which has good handling
characteristics. A horizontal tail volume factor of .34
(with §,/§=.15) and a vertical tail volume factor of .016
(with a vertical tail area ratio, §,/S=.15) were chosen
based on historical data. The selection of canard and tail
c and AR requires a careful tradeoff between the friction
drag and the induced drag. A canard and horizontal tail
of AR=8, resulted because their chords were selected to
ensure that they fly above a R,=125000 for
V =25 knots (ccwg =.5ft. b, =4 ft), The Cpn.x of the
canard is also limited by its aspect ratio limitation.
Ensuring good handling qualities is a design challenge
closely tied to the RPV’s dynamic stability
characteristics. The three main handling features that
were judged to be desirable were:

[1] Predictable and gentle stall
characteristics.

and departure

[21 An acceptable flying workload for the pilot.

{31 Uncoupled longitudinal and lateral flight modes.
To ensure slow flight, the configuration should

have as high a Cj,,, as possible. The nosedown C,,,ac is

usually quite large (-.1 to -.16) for such LRN airfoils;
this generally forces the use of a highly downloaded
horizontal tail causing a relatively high trim drag penalty
for LRN flight. The wing has to compensate for this
download whicli compromises its Cjy.... A partial
solution to this problem with a conventional
configuration is to locate the cg aft of the wing ac so
that the moment due to C; compensates for the Cyy,, at
the expense of SM.

The following three configurations were
investigated and evaluated based on the above guidelines

and on their predicted % values.

(11 A conventional tail aft configuration.
[2] A canard configuration.
[3]1 A three surface configuration.
To get predicted % values for each configuration

component drag was summed up and a Cp computed. A
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half-scale model of the original LAURA design was
tested in the University of Maryland’s wind tunnel. It
was a twin boom tail configuration and the results of
these tests were reported in [Mangalam et al. 1987].
The Cp,Cp,& Cy for this wing and fuselage alone are
shown in Figure 8. The wing and fuselage Cp; is
included in the Cp. As these tests were done in 1986
the NASA LRN-1010 airfoil was used instead of the
ASM-LRN-010. The LRN C;&Cj, characteristics for
the NACA 0008 chosen for the tail airfoils were
computed using the Drela Code, and the predictions are
shown in Figure 9. The profile drag of the horizontal
tail, vertical tail, and canard airfoils was estimated from
these computations and wind-tunnel tests. The sectional
drag due to elevator and flap deflection was estimated
from Figure 3. The induced drag due to the canard and
horizontal tail (the ¢rim induced drag) was added. The
landing gear drag based on wind-tunnel tests was also
added (it was half that of the fuselage).

The trim condition for the three surface
configuration is calculated as follows. The fuselage
angle of attack, oy, is set to give the wing CLMM
desired for a flight condition. The trim C;’s for the
canard & tail required for CMCg= 0 are obtained by

calculating their induced o's using the vortex wake
rollup code discussed in Section IV. The elevator angle
needed to trim is then calculated. A few iterations are
required for trim because these induced o’s depend on
the CL'

The three surface configuration offers some
interesting handling features, since trim and control
capabilities can be separated. If symmetric LRN airfoils
with variable incidences were used for the canard and
tail it is possible to take another approach to trim this
configuration. The wing C; as before would be set by
the fuselage o, then the canard and tail Cp’s can be
independently set to the values obtained by
simultaneously solving for the aircraft
CL = CLC + CLm'ng + CL, and for CMq,: 0. Still other
trim solutions are also possible.

An unusual way to gain efficient high speed flight,
when the wing C; is less than the low C; limit of the
low drag region, is to download the canard and the tail
thus forcing the wing C; back into the low drag region.
This will shift the low Cp region of the wing to lower
aircraft Cy’s, and so will give a wider low Cp region
than cruise flaps alone would offer for this LRN flight
regime. Computed graphs for the use of cruise flaps
may be found in [Pfenninger et al. 1988].

A comparison of the stability and control
characteristics of the three configurations was made.
These evaluations were made with a modified version of
the linear Stability & Control code given in [Smetana

1984]. The wind-tunnel data for C; & Cp shown in
Figure 8a was used in the analysis for which the Cp was
calculated as described above because the C; & Cp of
the ASM-LRN-010 and the NASA-LRN-1010 airfoils are
similar. However, the Cmac of the ASM-LRN-010 is

about 13% higher, so the Cj; data in Figure 8b was
appropriately increased.

The systems and pusher engine gave the fuselage
an aft cg (46% of its length). The same wing was used
for each configuration and placed so that the resultant cg
lay on the wing. For each of the configurations the best

possible % was sought while attempting to have a SM

greater than +10%, which experience has shown is
necessary for good handling characteristics at these low
speeds. The question then arises which configuration has
a lower overall drag? This can be partially answered
from the comparative results displayed in Table III
where the us in the phugoid frequency column means
that this mode is unstable. The results of the twin boom
configuration are included for comparison. It has good
stability characteristics but the excessive parasite drag of
the booms forced its rejection.

Configurations which had a cg aft of the wing ac
gave a better %, because they require less download on

the tail, but this gave a lower SM. This forces the
choice of cg’s that are on or ahead of the wing ac.
These results show that the three surface and the

conventional configuration give the highest % The aft

fuselage cg puts the conventional configuration at a
disadvantage because the tail arm is reduced. The aft
fuselage cg favors the three surface configuration
because the cg can be located slightly ahead of the ac
since the noseup moment due the canard lift
compensates for the large nosedown moment of the LRN
wing airfoil. An advantage for the three surface
configuration is that it should provide greater low speed
capability because the aircraft C; can be greater than the
wing Cp alone.

The SM and trim requirements are in conflict for
the canard configuration because of the large nosedown
CMM of the wing. A configuration whose cg was on the
wing could not achieve a +SM. The results shown in
Table III were for a CMM =-.1 wing. This had to be used
with §./§ =2 to get a +SM. The canard configuration
was also eliminated because the canard must be made to
stall before the wing and this reduces the usable Cy ..
of the wing

For high R, the Cp... requirement can be met
with flaps but for LRNs the increment in lift, ACLf, is
limited by laminar separation. Hence, in effect here the
ACy ; is provided by the canard. A flap deflection of +5°
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(see Figure 3), gives ACl; =14, ACd;=.0012, and
hence causes a ACp; =.0054. In contrast the canard
gives ACp =.1, ACp =.0028 and a ACp; =.0033. As the
nosedown moment increment due to the flaps is
ACmy =—.041, this will require an up elevator deflection
angle increment of A§,=-6.5°, or a tail down lift
increment of ACL‘ =-.12, which can require a tail Ao, of
2° or more. The canard creates a noseup moment
increment of ACy =.15; this will require a down
elevator angle increment to trim, giving a tail ACy, that
will assist wing lift. The CL' trim penalty is minimized
because it can be designed to be kept close to 0. The
main advantage of the three surface configuration over
the conventional configuration for LRN flight is this, that
is, the canard helps to provide equivalent additional C, ;

but without the excessive nosedown pitching moment of
the flaps. |

The computed Ilongitudinal motion natural
frequencies were .55 Hz for the short period and .15 Hz
for the phugoid (unstable). The longitudinal handling
problem that will require attention is the stall and
departure behavior where the longitudinal and lateral
characteristics may couple. The wing will stall at a
fuselage angle of approximately o, =10°. This
happens because the wing geometric incidence angle
with respect to the fuselage was set to 4°, because the
endurance optimization requires a high wing C,. This
also means that virtually no take-off rotation will be
required as the wing will already be at a high C; in the
take-off roll.

The two lateral stability derivatives were estimated
to be C,B=—.02 and C"B='04 ( the rolling and yawing
moment coefficient changes with respect to B ). The twin
vertical tails probably only provide a combined
effectiveness of approximately 1.5 times that of each
vertical tail at these Reynolds numbers. The predicted
lateral handling characteristics are that the roll mode will
be heavily damped, the Dutch roll lightly damped, while
the spiral mode will be unstable.

VI STRUCTURES & FABRICATION

The design aim was to keep the wing weight
below 15 pounds so leaving an additional 5 pounds for
the control surfaces. For such low wing loadings a
major structural problem is to ensure stiffness in torsion
to prevent skin buckling especially near the root. The
wing twist angle, 0, near the tip, can be expressed as,
0~ %;W;AGQ (where tg;, is the skin thickness and G is

skin
the shear modulus). The main spar was located at 36%c
and the rear spar at 80%c with a styrofoam ( 2 Ib./ft%)
core in between. Even slow and careful hot wire cutting

of the foam core requires a filler to cover surface voids
which hurt smooth airfoil contour. Instead of time
consuming filling, .0156inch wood veneer sheets were
bonded to the core. The torsion box was completed by
covering this with a layer of .004 inch thick fiber glass
oriented in the 0° and 90° directions. This compromised
the G which would be much higher if the cloth could be
layed out at +45°, but, had to be done in order to avoid
skin lap joints as the cloth is typically available in
widths of only 45 inches. This airfoil contour torsion
box was chosen rather than a circular tube to serve as
the torsion box and spar because the torsional stiffness is
proportional to the square of the enclosed area of the
torsion cell.

The wing spar was a bending stiffness design

rather than a bending strength design, because the wind
tip deflection S . nW R
P b2 cE

deflection, E is the modulus of elasticity and 7/ is the
moment of inertia of the spar section, and

S _ .05nW (b/2)* - :
o £l for an elliptically loaded wing).

The tip deflection, &, was designed to be 20% of the
semi-span under maximum load. The entire bending
load is taken by the I-beam main spar which has high
modulus uni-directional carbon fiber caps (estimated to
be 43% of the wing weight). The shear web was a
single layer of fiber glass sandwiched between end grain
balsa wood. Wing taper was achieved by a swept
forward trailing edge while the leading edge of the wing
was kept straight The main spar was then swept
forward relative to the wing so that the wing
aerodynamic loads would twist the tips nosedown
compared to the inboard sections. This flexible structure
will give a dihedral angle that increases with g loading.
Static testing of the wing alone under load ( 4.25 ¢s)
verified the structural design and the tip deflection was
within 10% of the predicted value.

The MIT Dadelus experience related in [Cruz &
Drela 1990) showed there can be a significant forward-
bending load for such high aspect ratio wings when
flying at high C.’s. The lift vector then can have a
large component in forward direction, especially near the
tips, which causes this bending load. The rectangular
section balsa wood rear spar was strengthened with a
layer of uni-directional carbon fiber along its rear face to
provide stiffness to handle the tension load imposed by
this forward bending.

The majority of the wing weight is then in the
primary structure (estimated to be 80% of the total wing
weight). The original RPV was to have a gross weight of
45 pounds. However, for flight testing, the on-board
telemetry and measurement systems increased the
fuselage weight by about 11 pounds. The RPV gross

, ( where 8 is the tip
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weight is now therefore 56 pounds, its flight envelope
will be limited to 3.5 g’s.

The canard has a taper ratio of .6 and was built
using a female mold as it is difficult to contour the
NASA-LRN-1010 airfoil accurately for small chords by
hot wire cutting of foam. The canard main spar, like that
of the wing, was also constructed of carbon fiber and
balsa wood and its rear spar was also made of balsa
wood, but its skin was not supported by a solid foam
core. A .0625inch balsa wood sheet was sandwiched
between two layers of .004inch fiber glass cloth to form
the skin. The fiber glass for the skin was oriented along
the 45° directions to maximize G and hence the
torsional stiffness. It was equipped with full span
trailing edge cruise flaps.

The horizontal and vertical tails were built using
typical model aircraft construction techniques. The
spars, ribs, and skin were made of balsa wood and then
covered with a layer of Monokote. The wing, canard,
and tails were all equipped with solid balsa wood control
surfaces that started aft of the 80%c rear spar location.
These surfaces were additionally strengthened with a
single layer of fiber glass or carbon as judged necessary.
The control surfaces were all attached to the rear spar by
means of plastic hinges that were inserted into cutouts in
the rear spar and the control surfaces. The wing control
surfaces were split into three sections each run by its
own servo motor to provide redundancy or fault tolerant
controls. The innermost controls functioned as cruise
flaps and the two outboard control surfaces as ailerons
and cruise flaps. Similarly the horizontal and vertical
tail elevators and rudders were also split and run by
independent servo motors. The canard flaps and the
elevators were linked for pitch control via electronic
mixing functions available in the radio control equipment
(a Futaba PCM system).

The weights of the components built were:
Wing Wt.: 14 pounds.
Canard Wt.: 1.25 pounds.
Horizontal tail Wt.: 1.5 pounds.
Vertical tails Wt.: 1.8 pounds.

VII FLIGHT TESTING

Currently, captive ground tests are being done with
the RPV mounted on a truss fixed to the front of a truck.
The test fixture gimbals allow freedom of motion in the
pitch and yaw but not in roll. These tests indicated that
the the RPV had acceptable stall and departure
characteristics and demonstrated pitchdown control when
stalled nose high. The flight tests will be challenging as
they have to verify the performance predictions in the
presence of aeroelastic and wind gust effects on the large
AR wing,
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TABLE I AIRCRAFT DESIGN SPECIFICATIONS

Gross Wt.: 56 Ib. Airfoil: ASM-LRN-010
Wing & Control Surf Wt.: 20 Ib. Airfoil t/c 9.5%

Ult. Load Factor; +4.5 -3 g's Mean Geom. Chord: .98 ft.
Speed: 25 - 50 knots Wing Span: 22.2 ft. 2
Min. ROC Gross Wt.: 400 fpm Wing Area; 22.09 ft.
Fuselage Length: 6.67 ft. R =22,

Stick Fixed Static Stab. Required Taper Ratio: .6

Flutter Speed > 90 knots Max. Power SL: 3.1 HP

Fig 1. The NASA/AS&M RPV without Tip Pfeathers

Drela code predictions R_=250,000

C,/C4=115 ® C;=1.26, C_, =—.16

.

Fig. 2. The ASM LRN-010 airfoil

TABLE II LRN AIRFOIL FIGURE OF MERIT COMPARISONS

WIND TUNNEL DATA FOM, COMPUTATION FOM,
NASA LRN-1010 110 ASM LRN-010 115
R.=250,000 Drela Code R.=250,000

Eppler 387 100 NACA 0010 Drela Code 54
[McGhee 1988] R.=300,000 R.=250,000

Wortmann FX63-137 60

[Stollery 1988] R.=300,000
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TABLE I CONFIGURATION COMPARISONS & LONGITUDINAL STABILITY

. L

Configuration V D SM C, C CLW CL‘ Onsp  Wpph
Twin Boom 26 19.5 2 1.14 - 114 0.3 3.75 73
Conventional 25 25. 16 1.205 - 1.24 -35 3.36 94 us
Canard 25 18. .06 1205 1.1 97 - 2.55 75 us
3 Surface 25 25. .15 1.205 1.03 116 -3 3.4

92 us
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