AN EXAMINATION OF
THREE SAILPLANE
CONFIGURATIONS

by Gary Weir

1.0 Introduction

The purpose of this paper is to examine different pos-
sible configurations for sailplane design. As an alternative
to the conventional layout, a number of people have tried
canard designs in the quest for improved safety and effi-
ciency. A conventional sailplane frequently has a negative
load on the tailplane, particularly at high speed. A canard,

on the other hand always has positive loads on both

surfaces. This is one of the attractions that canards have
always had for people, creating the belief that this should
lead to greater efficiency. The other attraction to canards
stems from the fact that since the canard surface must
always stall first, the canard aircraft can be made stall
proof. Since nearly two thirds of sailplane accidents are of
the stall/spin variety, this would be a very attractive
feature. The nature of sailplanes is such, however, that
performanceis very importantand most people would not
want to sacrifice very much performance to obtain this
safety benefit. Probably the most famous canard sailplane
design is the Solitaire. It appeared to have good perfor-
mance in a straight line, but not in circling flight. It will be
interesting to try and understand why this might be so.
A third possible configurationis that of the three surface
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aircraft; that is one with both a canard surface at the front
and aconventional horizontal tail at the back. Over the past
ten or fifteen years there have been a number of papers in
the literature examining this configuration as a possibility
for powered aircraft (References 1-4). Some of these theo-
retical studies suggest that the three surface aircraft could
be more efficient than conventional or canard aircraft,
while others suggest just the opposite. One aircraft of this
configuration that has been constructed is the Piaggio
P180, a drawing of which is reproduced from Jane’s in
Figure 1. To the author’s knowledge no sailplane has yet
been built with this configuration.
2.0 Analysis Tools Used for the Study

Thus the objective of this study was to consider the
relative merits of all three configurations. From the various
studies on the three-surface aircraft, it is clear that quite
different results can be obtained depending on the type of
analysis used. After considering the various studies, the
author came to the conclusion that the only way to obtain
a meaningful result was to construct fully three dimen-
sional models of the sailplanes. The program that was used
for the aerodynamic analysis was a multi-panel analysis
program thatalsoincluded the ability todoboundary layer
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because the lack of flaps greatly
simplified the analysis.

The geometry for the analy-
sis was largely taken from the
report on the Discus in Refer-
ence 5. From the three views
shownin Figure 2 the elliptical
cross section of the fuselage
could be generated. The plan-
form of the wing and control
surfaces could also be taken
from the drawing, as well as
thedihedral. The wing angle of
attackand twistwerenotavail-
able, so assumptions were
made. The angle of attack of
thewing wasassumed tobe 2.5
degrees, and the twist of the
wing was initially assumed to

Piaggio P. 180 Avanti corporate transport (Jane's/Dennis Punnett)
FIGURE1.

be 2.5 degrees, based on his-
torical data. The airfoil coordi-
nates were available . It is not
known how the airfoil section

analyses over the entire surface of the aircraft. This is
important in establishing the profile drag of the aircraft.
The one thing the program will not do is calculate the
viscous interaction effects between the fuselage and the
wing and control surfaces. This is normally thought to
contribute between five and 10 percent of the total drag.
Because of this uncertainty, it was decided to begin by
constructing a model of a sailplane of conventional con-
figuration.
3.0 Analysis of a Conventional Sailplane Configuration
The sailplane that was used as a baseline for the conven-
tional sailplane configuration was the Discus. This was
chosen because it was widely known, successful, and

varied along the wing span, so

the airfoil section was assumed to be constant. The airfoil
sections of the control surfaces were not known, so it was
assumed that they were Wortmann FX 71-L-150, as these
are widely used. No moveable portions were used on
either of the control surfaces; the rudderbecause there was
no deflection required. Because the incidence of the hori-
zontal tail was not known, and for simplicity, the horizon-
tal tail was treated as an all-moving one and was raised
slightly above the true position at the tip of the fin so that
itcould deflectup or down withoutinterfering with the fin.
From the geometry a grid of panels was constructed on
which to do the analysis. A total of more than 6000 panels
were used. The panels were not distributed evenly but in
such a way as to have much
closer spacinginareas of high

curvature such as at the lead-
ing edges of the wings and

control surfaces. Figure3isa
close up of the wing fuselage

junction which gives some
idea of the variation of the
spacing. The grid of panelson
which the solution was car-
ried out comprised not only
the aircraft itself, but also the
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area behind the aircraft in
which the wake is allowed to
develop. Itis essential to have
agood description of the wake
as this determines the accu-
racy of the induced drag cal-
5 culation, and in a sailplane
theinduced dragisaveryhigh
fraction of the total. Figure 4is

VOLUME XXI, NO. 3

83




FIGURE 3.

more highly loaded than the outboard section
and thus stalls first. The modern trend seems to
be much lower values of twist and the ASW-24
(Reference 6) has only 0.85 degrees of twist.(the
values are seldom published) The final value of
twist chosen for the Discus calculation was 1.25
degrees. Figs 5 & 6 are for a wing with one
degree of twist. Figure 5 is a plot of the lift
distribution. There is approximately 0.1 varia-
tion in C1 between root and tip. The two dipsin
Cl at45 and 80 percent span are at the locations
of the kinks in the leading edge. Figure 6isa plot
of thelift distribution along the span of the wing
compared to the ideal elliptical lift distribution.
The two are not far different and in fact for this
case the spanefficiency is 96.5 percent; thatis the
induced drag is 3.5 percent more than that of a
wing with the ideal elliptical lift distribution.
3.2 Discussion of the Boundary
Layer Calculation

Asmentioned earlier,aboundary layeranaly-

a plot of the solution at one particular incidence. The
pressures or velocities for every panel on the aircraft
are represented by local variations of colour, which
unfortunately cannot be reproduced here. Note the
winding up of the vortices at the tips of wing and
horizontal tail.
3.1 Discussion of Selection of the Wing Twist

As mentioned earlier, the geometrical twist in the
airfoil section was originally selected tobe 2.5 degrees
based onasurvey of oldersailplane designs. The twist
has two functions. The first is to help get as close as
possible to the optimum elliptical lift distribution.
With either single or double or even triple tapered
planforms and the correct selection of twist, one can
approachvery close to thatideal elliptical lift distribu-
tion. The second effect of twist s to contribute to safety
by making sure that the inboard end of the wing is
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sis can be done over the entire surface of the aircraft,
Figure 7 is a trace of the streamlines on the fuselage. On
each streamline, a calculation is done assuming that the
boundary layer starts out laminar and then transitions to
turbulent according to some built in transition criteria.
Figure 8 is a typical plot of the boundary layer develop-
ment. Cf is the local skin friction coefficient, from which
thedragiscalculated. Itdrops steadily while theboundary
layer remains laminar, rises sharply when transition to a
turbulent boundary layer occurs, and then falls steadily
again. The transition part of the program is not sophisti-
cated enough for these low Reynolds numbers of sail-
planes; it has no laminar separation bubble. So it is inter-
esting to see if the predictions of transition are sensible. At
a Reynolds number of two million, the transition is pre-
dicted to occur at about 55 percent on the upper surface
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3 3.4 Calculation Procedure
The calculations were all
done for an assumed wing
loading of 6.3 pounds per
square footand were done for
> : : : sevendifferentspeeds. Ateach
FIGUREG6. speed, the angle of attack of
the aircraft was varied until
the appropriate Cl was
and 70 percent on the lower surface. These numbers seem  achieved. From the velocities the appropriate Reynolds
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quite reasonable. numbers were input to the program. Then the angle of the
3.3 Discussion of the Selection of Center of Gravity tail was varied until the pitching moment about the as-
Position sumed c. g. position was calculated to be zero.

Since one of the things that effects the total drag of the 3.5 Discussion of the Calculation Results
aircraft is the load on the tail, then obviously the position Before presenting the overall L/D results from the cal-

of centre of gravity (c. g.) chosen for the calculations is  culation, letuslookat the breakdown of the components to
sign)ficant. For the initial calculations on the Discus, thec.  see if the results appear sensible. The following table
g- was chosen to be at 81.0 inches from the nose of the comparesthedragbreakdownbyaircraftcomponent from
aircraft, which is 25 percent of the mean chord, basedonc. the present calculation against some numbers given in
g location of similar aircraft. But for unconventional air-  Reference 7 for a typical 15m sailplane.

craft, one needs a general pro-
cedure, and it is best to try out
that procedure. The first step
in the procedure is to find the
neutral point of the aircraft.
That is defined as the point
about which the pitching mo-
ment of the aircraft does not
change with angle of attack.
This can be found by simply
trying differentc. g. positions.
For the Discus the neutral point
was found to be at 85.0 inches
from thenose. The second step
is to move the c. g. forward
until the tail runs out of con-
trol power(as determined by
the limiting C1 of the tail) It is
the size of the tail that deter-
minestheallowablec. g.range.
For the Discus, the forward
limit was found to be at 73.8
inches from the nose, or 40
percent of the mean aerody-
namic chord(m.a.c.) forward |FIGURE7Z.

VOLUME XXI, NO. 3 85




portion of the wetted area. (the wing has 64.5 %
of the total wetted area and athigh speed has 70%
of the total drag ).

Figure 9 is a plot of the overall L/D ratio at

various flight speeds. The curve given by the
manufacturer is compared with the current pre-
diction, which is a bit optimistic. As mentioned
in the introduction, this program cannot calcu-
late the interference drag, and that is thought to

be about 5 percent of the total. The third curve is
the prediction with 5 percent arbitrarily sub-
tracted from the results. It can be seen that this
gives a fairly good prediction of the results and
isjust)fication for using this calculation method

to examine the merits of the other configura-
tions.
4.0 The Canard Configu ration

The next configuration tobelooked at was the
canard. While the idea was to end up with some-
thing that looked like the Solitaire, the starting point was
the Discus in order to have as close a comparison as

So as a first step, the horizontal tail of the Discus was
moved out several feet in front of the nose of the Discus.
This gave a canard area of 8.4 percent of the wing area.
Following the procedure described earlier for finding the
neutral point of the aircraft, the neutral point was found to
be at 72.5 inches from the nose(the wing leading edge is at
69.7 inches) If we assume the rearmost c. g. is at ten percent
of the m.a.c. forward of the c.g., the rearmost c. g. is then at
69.7 inches. But at this position the aircraft cannot be
balanced even with a canard Cl as high as 1.85. Thus this
canard is simply toosmall to give any c. g. range. Next, the
area of the canard was doubled to nearly 17 percent of the
wing area. This gave a useful c. g. range of 12.5 percent
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FIGURES.
Low Speed
% Drag Discus (63mph) Nicks (55mph) possible.
Wing 76% 80%
Fuselage 20% 12%
Tail3% 5%
Other 4%
High Speed
% Drag Discus (99mph) Nicks (100mph)
Wing 70% 60%
Fuselage = 22% 25%
Tail8% 10%
Other 5%

The drag can also be broken down by type:

Low Speed

Discus Nicks
Induced 62% 57%
Peri]e 38“0 38"0
Interference 5%
High Speed

Discus Nicks
Induced 14% 10%
Profile 86% 85%
Interference 5%

Thus the calculated proportions for drag are at least
sensible. At high speeds, the induced drag is very low and
the drag of each component becomes nearly equal to its
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from the most rearward point. Again this range was not
large enough to be practical. (for reference, the stated c. g.
range of the ASW-15is 20 % of the m.a.c.). Then the canard
area was increased to triple area or nearly 25 percent of the
wing area. This gave a useful c. g. range of 15 percent
forward of the mostrearward position. One can see that the
return rapidly decreases with increasing area and no fur-
ther increase in area was studied. For the Solitaire the
canard area was also about 25 percent of the wing area . In
order to increase the efficiency of the design, the aspect
ratio was increased to 10 (same as the Solitaire) and the
canard was moved forward so that its leading edge was at
45 inches forward of the nose of the aircraft.
Toachieveeventhislimited c. g. range required notonly
tripling the area of the tail butalso asking fora much larger
lift coefficient. the Solitaire used a GU225 section with a
maximum lift coefficient near 2.0. The coordinates for this
airfoil were not available, so those of the FX72- MS-150
wereused. Thisalsohad a maxliftcoefficientnear2.0 A top
view of the modified Discus is shown in Figure 10 com-
pared to the Solitaire. For the Discus the nose of the
fuselage wasnotlengthened to meet the canard and the tail
was not shortened. This would have amounted to shifting
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Plot of L/D lor Discus vs Speed (mph)
Pradiction vs Manuf s Data
1 — @& Discus Test Data FIT ST
2 ——F}———— Discus Prediction FIT ST
3 ———&)——— Moadilied Prediction FIT ST
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the wing back in the fuselage.

Asbefore, the calculations were done for sevendifferent
velocities, using the canard to balance the aircraft at each
speed. The c. g. was chosen tobe 10 percent forward of the
most rearward e.g. location. This shows that the canard
Discus is about 5 percent worse L/D at high speed and
about 15 percent worse at low speed.

Testing of the Solitaire showed a maximum L/D in
straight flight of about 30, which is good for the span, but
the performance deteriorated rapidly in circling flight.
This should be shown by poor performanceathighCl’s (i.e.
low speed), but this is not seen in this analysis to the extent
that the data would require. It is useful to speculate on a
reason for this discrepancy. The first point is the very high
Cl required of the canard surface. Such a section will not
have the L/D ratio of a lower lift section designed for
optimum L/D and will probably be accompanied by a
separation which did not seem to be predicted by the
program. A more sign)ficant effect, however, is the inter-
ference effect of the very large canard on the flow over the
wing. Oil flow studies done in the testing (Reference 8 )
showed that the part of the wing behind the canard had a
fully turbulent boundary layer at Cl’s above about 0.9.
There is probably no way to avoid this with such a large
canard area and with a very high lift coefficient which
would lead to a thicker canard wake impinging on the
main wing.(without going to an impractical vertical sepa-
ration). Flight testing did confirm a stall free flight enve-
lope but it appears one is simply sacrificing too much
efficiency in the canard layout at high ClI's which are so
important to the operation of a glider. Note that 25 percent
of the area and a greater fraction of the lift is in the canard,
which has an aspect ratio only half that of the main wing,.
It is not possible to increase the aspect ratio of the canard
without going to unacceptably short chords because of the
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Reynolds numbers.
5.0 The Tri-Surface Configuration

In the first attempt at laying out a
tri-surface configuration, the horizon-
tal tail at the rear of the aircraft was left
where it was, but was duplicated for
the canard, which was placed just
slightly ahead of the nose of the air-
craft. Thus both surfaces had 8.4 per-
cent of the wing area. Using the proce-
dure described earlier, the neutral point
was found. There are many different
ways to arrange the movement of the
two control surfaces. To allow the for-
ward surface to act as a stall limiter, its
incidencewasarranged togivea Cljust
higher than that of the wing. Then the
rear horizontal tail was used as a con-
trol surface. Then the c. g. was moved
progressively forward. When the e.g.
was 31 percent of the m.a.c. forward of

FIGURE 10.
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Plotef L/D VS Spead (mph)
Discus vs. Canard and Tri-Surface
L/D is Predicted in all Cases

1 ———— Discus Prediction FIT ST
2—8———Canard Discus Prediction FIT ST
3——&—Tri-Surface Prediction FIT ST
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conventional or canard layout, and thus
favour the high or low speed regime.
The next step was to reduce the ca-
nard area to 4 percent of the wing area
and toincrease the tail area to 6 percent
of the wing area. This moved the neu-
tral point rearward by 4.0 inches. An-
other series of runs was made at differ-
ent speeds with the c. g. set at 20 per-
cent of the m.a.c. ahead of the neutral
point. A top view of the configuration
is shown in Figure 10. The predicted
results are better everywhere than the
previous case. They are shown in Fig-
ure 11 compared with the predicted
results for the canard and the predicted
results for the Discus. They are also
predicted to be better than the Discus
above about 65 mph. This seemstobea
fairly good result and there is no point
in pursuing a greater difference inarea
between the canard and tail. At this

aa 92 296 100

the neutral point, the Cl of the tail was still only at -0.85.
Thus itappeared that the total horizontal surface area was
larger than required.

In the next step, the size of both surfaces was reduced to
5 percent of the wing area. This time the calculations
showed there was 25 percent m.a.c. movement between
the neutral point and the most forward allowable c. g.
position. Allowing 10 percent static margin for the most
rearward point, this gave an allowable c. g. range of 15
percent, which was thought to be a good starting point.

Thec.g.was then fixed at 10 percent forward of the most
rearward location, and a series of runs was done at differ-
entvelocities, as had been done for the baseline Discus and
for the canard. The predicted L/D was worse than the
baseline Discus everywhere except at the highest speed.

Itwas thought thatbecause the canard incidence was set
high to limit stalling, that the efficiency might be suffering
as a result. Therefore, the incidence on the canard was
lowered by two degrees and the calculation repeated for
the lowest speed. The L/D changed from 31.1 to 31.3, not
avery large effect.

The results were examined in more detail. At high
speeds, the canard and tail have roughly equal and oppo-
site Cl's, but they are both very small; i.e. there is little
negative moment to counteract. At low speeds, however,
both canard and tail have high Cl’s which hurts the L/D.
Thewingaerodynamic center is thus too farbehind the c.g.
Since shifting the c. g. is not very practical, one wants to
find a better compromise between the high and low speed
performances. Moving the tail rearward or making itlarger
moves the aerodynamic centre rearward, reducing the
balancing moment required at low speed. In essence, by
changing the relative size of the canard and tail, one can
bias the characteristics of the aircraft more towards the
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pointthe tailareawas 50 percentgreater
than that of the canard, but the differ-
ence in moment arms was such that the volume of the tail
was twice as large as that of the canard. One possible way
of making use of the high speed performance is to increase
the wing area slightly, improving the thermalling perfor-
mance. A view of the layout is shown in Figure 10. Again
the calculations were done at a high canard incidence. A
couple of extra runs were done at lower canard incidence
and did show a small improvement in overall results.
Further work would have to be done to optimize the
relative settings of the two surfaces.

Finally one must consider whether these results are
likely to be obtained in the real world, or whether the
configuration is likely to suffer some of the same problems
as the canard layout. The largest problem that the canard
layout faces is that at high lift, the canard seems to force
transition on the main wing. In Reference 9 a study was
done on a canard layout with three different sizes of
canard. At the two larger sizes, some pitchup was encoun-
tered at low speeds, but this was not encountered with the
smallest canard (7%) The conclusion the authors reached
was that the two larger canards were forcing transition on
the main wing, but the smaller one was not. Thus the very
small canard arrived athere (4%) should notbe expected to
cause transition problems with the main wing. However,
there are two separate horizontal tails and the interference
drag would mostlikely be larger than for the conventional
layout. In addition, there is the question of Reynolds
number. By dividing the tail area in two, the chords are
going to be less for a given aspect ratio or the aspect ratio
is going to be less for a given chord. Either way, there will
be an efficiency penalty. Thus the results in Figure 11 are
likely tobeslightly optimistic for the tri-surface layout. But
the difference should not be large as the total tail area is
only 10 percent, or slightly more than that of the baseline
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Discus.

Note that the canard in this case does not require very
large lift coefficients; in fact the same section was used as
for the wing. The symmetrical section was left in place for
the tail, butin factan upside down section would probably
provide a benefit.

6.0 Summary and Conclusions

An analysis has been done of three different sailplane
layouts, conventional, canard, and three surface. The pre-
dicted results for the canard are worse than thse for the
baseline Discus at all speeds. Testing tells us that the real
world results are even worse than the prediction because of
the harmful effect of the very large canard (25% of wing
area) on the boundary layer of the main wing. ‘I'he pre-
dicted results for the tri-surface layout are better than those
for the baseline at high speed but worse at low speed. The
difference between the real world results and the predic-
tion is likely to be slightly worse for the tri-surface layout
than for the baseline because of extra interference and low
Reynolds numbers, but it should not suffer the same prob-
lems as the canard.

In conclusion, the canard layout seems to be markedly
worse than the conventional one. The trisurface layout
seems to be close to the conventional layout in terms of
efficiency, but it is not at all clear whether one can use the
small canard as a stall limiting feature. Thus there is no
clear aerodynamic advantage in choosing the tri-surface
layout; buton the other hand thereisnosignificant penalty
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if that layout is chosen for other reasons.
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