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2 M ETER DESIGN ANALYSIS

D esigning a 2 M eter sailplane for therm al loading, airfoil and planform selection, W ing ~ 4.75 oz./ sq.ft.
duration perform ance can be challenging. w elluse (you guessed it) a polar Stabs ~ 2.50 oz./ sq.ft.
Thetrade-off in wing loading, aspect ratio analysis. W eQl first evaluate the Fuselage ~ 1.77 oz./ ft.
and airfoil is much more constrained than estim ated flight profile for the things
for an open class design. w e can conveniently change and then These are all Gdry Ow eights - as received
see how thatplays into the choice of in the box. N ote that the fuselage
eople have m any opinions on this the airfoil and wing planform . scaling is based on the overalllength of
topic,butfor meM ark LeVoeGs the fuselage and notits w etted area.
Super-V (2 M eter) is still the best of To provide inputto the polar program , Thisis areasonably consistentnumber
this class. The com bination of airfoil, w e need estim ates for scaling the for the 2 M eter and O pen class ships
planform and generous V -stab surfaces w eight of our designs. To do that, Q1 used to com e up w ith these averages.
m ake a pleasing appearance and a w ork from m easured values for planes
very stable, high perform ance design. I&ve been flying that use com posite W eights for other com ponents can be
construction techniques. A fter m easur- m easured directly . 1Om assuming a six-
A lthough you can find 2M Super-Vs ing everything IO e gotin the shop, | servo design w ith a 500m aH N iCd
outthere, M ark stopped production of com e up with the follow ing average pack. The additional w eight from the
this ship several years ago. The planes num bers:

that M ark designed, from the A lba-
tross to the Super-V ,are excellent

flying m achines.

Everyone has his or her favorite plane
or design trend,so | won@ try and
defend everything w e&e going to
discuss. The approach 101 use is just
one of several w ays to look at the

w hole problem

There are anumber of good 2 M eter
ships outthere. Three that appear to
have prom ise are the Starling Pro
(assum ing the spar quality im proves),
the M ini-Graphite from Kennedy

Com posites and the Laser 2M from N E
Sailplane Products (sorry, Sal but V -
tails are just sexier). The Organic is a
beautifully crafted airplane but too
fragile for the w ay | ham m er my

planes. And so on.

To address the 2 M eter design chal-
lenge,there are several issues to be
review ed:
1) W ing loading and airfoil
selection,
2) W ing planform B w hich
depends agreat deal on # 1,
3) Pitch and yaw stability analy -
sis, and
4) Fuselage/ stabilizer d esign,
w hich depends a greatdeal on

# 3.

To look at trade-offs w ith the w ing
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flight gear com es to about 17-19 oz.:
6 Servos: 1 o0z.each
Receiver: 1.5 0oz.

Battery/ H arness: 3.0 oz.

W ing W iring H arnesses: 1.0 oz.
W ing Rod:3.5 oz.
M isc.: 5.0 oz.

(Servo M ount/ sw itch/ plugs/ linkage/
control horns/ tow hook/ skid/ skeg/

etc.)

Total ~ 20.0 oz.

There are lighter w eight com ponents
available butthese values are typical of
equipmentnorm ally used to run a 6-
servo ship.You can use a N iM h
battery and save som e w eightbut
youdl probably add it back as lead in

the nose. If you have numbers that
representyour equipmentbetter, go

for it.

Right aw ay | think you can see the
problem . The w eight of the ancillary
equipmentis proportionally higher for
a 2 M eter ship than for open class. That
20 oz.number isreal.Itincludes the
w ing rod, skid, skeg, linkage, w ing
w iring harness and then A LL of the
com ponents of your radio gear. If you
don@& com e up w ith at least 18 oz. for a
typical setup, 10l be surprised .

A 2M ship typically w eighs ~ 44 oz.

w hile an open class com es in ~ 76 oz.
U sing the above num bers w e find that
your hardw are contributes about 45%
of the flying w eight of a 2 M eter plane
w hereas that sam e value is about 30%
of the w eight of an open class ship.
Thisreally affects the w ing loading

and the subsequentperform ance

envelope of the 2 M eter class.

A ssuming values for the stabilizer
volum e coefficients (RVC ~ 0.045 and
TVC ~ 0.50)and the fuselage m om ent
arm (distance from 25% w ing average
chord to 25% horizontal stabilizer
chord), wecan com e up w ith esti-
m ated w ing loadings as a function of
w ing aspectratio. Table 1 provides the
scaling inform ation to be used for our

first cut ata 2 M eter design.

A spectratio is an im portantcriterion.
H igh aspectratio is good for low
induced drag butbad for wing load -
ing. One can com pensate w ith a high
lift airfoil butthen profile drag be-

com es a problem at higher speeds.
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Plugging this all into a polar analysis

helps sortoutthe trade-offs.

First, letGs zero in on the aspectratio/
w ing loading trade-off using data for
the SA 7035.W hatIGm looking for is a
m inim um sink velocity ~ 1 ft/ sec, a
max L/ D of ~ 18.Based on my per-
sonal preferences, I also like a flying
speed of ~ 25 ft/ sec in the m in sink to
max L/ D partofthe flightoprofile. An
added bonuswould be a fairly broad
polar at higher speeds to allow good
cruising efficiency w hen you have to

bring it back in a m odest breeze.

Figure 1 show s the resultof this
analysis for the aspect ratios and w ing
loadings sum m arized in Table 1.0 ne
of the firstthings w e see is thatthe

w ing loading for a 2-m eter design

m akes it difficultto m ake thatl ft/ sec
m inim um sink velocity.

1t tough getting dow n to the cruising
range IO like w ith the SA 7035.H ow -
ever,w e do see areasonable optimiza-

tion of things around an AR of 8 - 10.

The velocity near m inim um sink is ~
25 ft/ sec butthe sink rate is a little
high and I& like to bring thatdow n a

bit if possible.

Before looking at airfoil responses, it&s
useful to com pare this sam e analysis to
an open class ship. Table 2 contains the
sam e type of estim ates butusing a 124
inch span (~ 3 m eter). A s areality
check, my Laser 3M C has an AR ~ 15

and w eighs in at 74 oz.

Figure 2 presents the polar calculation
for the data in Table 2. N ote that the
m inim um sink, max L/ D and velocity
in the min sink range are all m ore
favorable than the 2-m eter case. So

& esOis the quick answ er to Gdoes

bigger fly better®

If wetake a close look at Reynolds
num ber (Re) for these tw o configura-
tions w e find Re has very little to do
w ith the perform ance difference. ItGs
alm ost exclusively aspectratio and

w ing loading. Since the radio, servo

and ancillary equipm ent w eight s
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aboutthe sam e for both sailplane
classes,w e can add m ore w ing area at
a higher aspectratio in open class and

still com e out ahead on w ing loading.

The nextvariable w e can push around
is airfoil selection. Since w eGe flying at
typically higher w ing loadings in 2-

m eter class, w e should probably look
at higher lift sections. The SA 7038 and
$S3021 are w orth a look. | had excellent
perform ance w ith the S3021 on a
standard Duck a few years ago. O ther
good airfoils are certainly available but
these three give a reasonable look at

the responses.

U sing an aspectratio of 10 (2 M eter
case), Figure 3 com pares these four
airfoils using the sam e planform
considerations. The SA 7038 appears to
give the best benefit for the selected

A R and w ing loading.

Finally,in Figure 4, w e com pare the
suggested 2-m eter configuration

(SA 7038 airfoil, AR ~ 10) w ith an
optimized open class ship (AR ~ 14)
using the SA 7035. A lthough the Open
class ship is still the better overall
perform er,w e e closed the gap quite

a bit.

To summ arize what weOve

learned so far:

Bigger does fly better,

Re isnotthe dominanteffectin the 2
m eter and larger classes,

W ing loading and aspectratio flexibil-
ity favors the open class design,
and

To approach open class perform ance, a
2-m eter design w ill need to use a
low er aspectratio wing and a

higher lift airfoil section .

Clearly,if w e can change the construc-
tion and equipm entw eightparam eters
to the low side,youdl also com e ou't
ahead.Butthe numbers used are
typical of the planes outthere in
production. W hen you start using
exotic m aterials and construction
techniques to lighten the load, the cost
usually goes up and the durability
goes dow n Db at least for a ham -handed

guy like m e.

In the next several installm ents, w edl
do the sam e calculations for som e tw o
m eter d esigns w ith w hich |I have

personal experience. Then w edl look in

Page 12

m ore detail at optim izing the w ing

planform for

lift distribution and

w ash-out. Finally, w e8!l w rap up by

taking a look at som e stability criteria

w hich w ill

horizontal

help properly size the

and vertical

stabilizers.
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