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Performance: Figure I shows the
strai ght-fl i ght perfornance of the
'1982 and 

.l983 versions of the
Solitaire. The differences in the
airplanes are discussed in the
Soaring Magazine article. The l9B2
vers i on best represents the
production kit version of the
airplane. lt is discussed jn the
folIowi ng paragraphs.
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Flight Test Measurements of the Longitudinal
Stability and Performance of the Canard

Sailplane Solitaire

Einar K, Enevoldson and l4arta R. Bohn_l4eyer

NASA Drydan Fl i g ht Research Faci I i ty
Edwards, California, U.S.A.

I ntroducti on: This paper presents
neasurenents of the I ongi tudi nal
trim and static stability of the
Sol itaire, an anaiysis of the
aircraft drag in steady gliding
flight, and compares the perfornance
of the Solitaire to the performance
of an hypothetical aft-tai 1

al ternati ve of sinilar size.

A general descri pti on, perfoflnance
sunnary, pi tot- stati c calibration,
handl i nq qual i ti es sunmary, and
Dower-on perf ornance sunnary
were presbnted in the March lg84
Soari nq l4aqazi ne.

Flight Test Measurements on the Rutan
Solitaire Powered Sailplane
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The tined sink testrresults are
presented ia the Cr ' vs Cn format in
Figure 2, The cuhve i s fai red
through the l9B2 data. The l9B3
data show that a fairly constant
drag increment was added to the 1983
airplane throughout its speed range.
In 1982 the airplane was modified
considerably before the l9B3 flight
tests - These modifications and
addi ti ona l modifications to
al l evi ate the drag i ncredses
are also discussed in the Soaring
a rti cl e.

Solitaire Drag Comparison 1982
(Unpowered) and 1983 (Powered)

1.2

fron Hoerner. A small amount of
unaccounted- for drag is present
at Cr 's belov/ 0.9. At hiqher C, 's .r

s igni fi cantl y larger drag incrFheqt
is unaccounted for. This could be
due to separated flow on the canard
v/ith deflected flap, and perhaps rhe
unfavordble efFect of the separated
canard wake on the winq. Tufted
ai rfoil flights showed that
separated flolr exists over the re.tr
half of the upper surface of the
canard with the canard flao
deflected down. 0il flow studies on

Solitaire (1982) Drag Anatysis
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Fi gure 3

the wing showed that the part of the
wing behind the canard had a fully
turbulent boundary layer at C, 's
abovp rborrt 0-g-
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Fi gure 2

Figure 3 presents an accounting
of the various cornponents of the
neasured drag of the airplane, The
trimmed airplane induced drag was
conputed frorn the standard computer
progran "V0RTEX LATTiCE". The
induced draq of the whole airplane
is equivalent to the induced drag
of a 13,7 aspect ratio tring with a
span efficiency of 1.0, The profile
drag of the canard and the wing are
taken fron the airfoil designer's
(q0NCZ 1052 and 515 respectivply)
predi ct ions, The predictions used
the tppler airfoil design synthesis
program. Canard ai rfoi I drag
estimates are for the unflapped
airfoil only. The fuselage and
vertical tail drag were estimated

The equi val ent aspect
whol e airplane at low
cL's is 1l.6.

Long'i tud inal Trin and

rati o of the
and moderate

S tati c
Stabi I i ty

The elevator trim curves were easily
obtained by nounting a quadrant on
the canard and directly reading the
canard flap deflection from the
cockpit in steady fli9ht. Figure 4
shows the elevator trim curves for
two center-of-gravi ty posi ti ons.
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.CG 95.9 in. Slaric margin 3.3 in. Low CL

2.4 in. High cL
o CG 93.31 in- Static marsin 5.9 in. Low CL

5.0 in. High CL

well while the aft C.G. airplane was
sonelihat I ess steady, and
undesi rabl y I i ght on the control s
in pitch, At both C.G. positions
the response to turbulence nas
excessive, although more so in the
aft C.G. confi gurati on, The
stalling behavior at both C.c.
positions was excellent, with no
evidence of wing-stall during any
maneuver. fhe local instability in
the trim curve was noticeable as a
slight unsteadiness in pitch nea.
ful I aft st i ck.
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Fi gure 4

The reference datun is 9.9 inches
foreward of the canard leading edge.
The sharp break in the elevator trim
curves is further evidence of flori
separation over the top of the
cdnard flap. Near Cr max there is
evidence of a small local
i nstabi I i ty.

The static neutral point is
eqtimated by extrapol ati n9 the
r de /Cr at two Center of Gravi fy
lL.u. J PoSltrOnS tO tne L.L'. a!
which ro /C. = 0. The static
nargin, or distance that the C.G. is
ia front of the neutral point is
given in inches. l,Ihile it'is
customary to give C.G. in percent
l"lAC, there is no universal ly
accepted non-dinensional izing
quantity such as M,A,C. for a canard
configuration. The static margin is
qiven in inches here. Fron a
handling qual ities point of view,
the more forward C.G. airplane flew

* 6u= canard flap deflection in deqre-"s.

In view of the pronisinq performance
of the Solitaire it 'is of interest
to see how an aft tail alternative
night compare. The ground rules
listed on the fjgure are intended to
provi de a fai r compari son. The
I arge tai I vol ume coeffi ci ent i s
used to account for some possible
awkwardness in mounting the engine
in an aft tai l airplane. Figure 5
shows a con si derabl e performance
improvement for the alternative at
hi gh Ct ' s wi th a smal I penal ty at

Aft Tai I

Solitaire
Sp.cificalions

Sfu. .... 417fi.

rvinS . .. .. . u3 sq ft
Canard....... ....... ,19sq ft

t0i sq it

lving . . . . . . . . . . . . . . . . . .. 21
Combincd wnrg/canar.l . 17

i{cighis
Structurc .. . .. .. .32(llbs
Enginc ...... .. 50lbs
Battcry .. ......... . . . . . . . . . . . . . . . . . 15 lbs
lviisccuancous . .. . . .. .. .. . ]i]1bs
Pilol &'chuic . . . .. .. .. 225lbs

\l. tr -" it. r .. '-r I

vJ^!(d.Drcns(ratcd) . .. .. . . .. . .. .. .. .. .115 !i.
g . ....+7, I

(+r1 lisht.leNnr\han'd, + 7 si.ni. li),.ledl

l\1,. I /D(f 6ht t, +l 30:l

Compari son wi th
Al ternati ves:
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Comparison of Solitaire With Hypothetical Alt Tail Alternative

'1.2

1-0

. Same span as Solitaie

. Same wing area as Solitane
combined winq and canad

t 20 lt2 hofizontal lail
(lailvol. c@li.= 1.0)

. Samezero lifi draS as
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Fi gure 5

Comparison
Hypothetical

ol Solitaire With
Alt Tail Alternative
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cas (KTs)

Fi !lure 6

lot{ cr 's, The resulting pe'fofitdnce
polar: Figure 6, shows better low
speed performance and an appreciably
better prospect for thermal I i nq
flight. It also shows that if an
improved canard airfoil could be
fouad for Lhe Solitaire, a ltorth-
while improvenent in its thermalling
performance miqht be obtained.


