ON THE "WING...
the book

BILL & BUNNY KUHLMAN






ON THE "WING...
the book






Bill & Bunny Kuhlman

ON THE "WING...
the book

B2Streamlines
P.O. Box 976, Olalia WA 98359-0976 USA



B2Streamlines

P.O. Box 976

Olalla WA 98359-0976
USA

First Published 1993
Second Printing January 1995

©1993, 1995 Bill & Bunny Kuhlman

All rights reserved.

Except for the personal use
of the purchaser, no part
of this publication may be
reproduced in any form
without permission from
B2Streamlines.

Copies without imprint are
to be considered counterfeit.

v~

FREAMLINES

Printing and binding by INPRINT, Seattle Washington



Dedicated to the memory of

Dr. Ing. Walter Panknin
(1944 - 1992)



PREFACE

"On the 'Wing...," after more than four
years, remains the only monthly column
appearing in the modeling press devoted
exclusively to tailless soarers.

"On the 'Wing... the book" is a collection of
the articles which have appeared in

RC Soaring Digest to December 1992, arranged
in chronological order by date of
publication. Those few columns which dealt
with subjects not directly related to
tailless sailplanes are arranged in a
separate section.

We endeavored to achieve two goals during the
editing process - making the text more
readable, and updating the source listings.
In addition to all of the diagrams, airfoil
coordinates, and computer programs from the
original RCSD columns, we have included
additional and supplemental information.

Both the monthly column and this book owe
their existence to Jim Gray, founder of RCSD,
and Jerry and Judy Slates, RCSD's current
editor and publisher. It was Jim who accepted
our first six "On the 'Wing..." articles en
masse, and then continued to support our
writing. Jerry and Judy have been wonderful,
continuing where Jim left off and
enthusuastically promoting the idea of
publishing "On the 'Wing... the book."

We cannot imagine a more positive experience
than being associated with RCSD.

Our own fascination with tailless aircraft
has never abated. If this book motivates or
encourages another, our efforts in putting it
together will be rewarded.

BILL & BUNNY KUHLMAN

Olalla
February 1993
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THE FIRST COLUMN

Our fascination with tailless aircraft of
various kinds goes back several years and
owes its beginnings to our acquiring plans
for Dave Jones' "Raven" from Model Builder
and seeing a photo of Curt Weller's "Elfe 2"
in Model Aviation at about the same time.
Since then we have built and flown 12
sailplanes, of which 10 have been tailless.
In fact, we decided some time ago to build no
more tailed sailplanes for ourselves. Our
dedication to this ideal caused Bob Dodgson
some consternation a couple of years back,
when we won a "Windsong" kit at a contest.
His fears increased noticeably when we
confided to him we felt an inverted Eppler
214 to be an acceptable airfoil for a "plank"
design.

We must confess to all (1) we are now
building the "Windsong" kit, (2) it will have
a tail, and (3) it belongs to our son.
However, we do have two 'wings currently
under construction: a 1/4 scale Marske
Pioneer II-D (which will be flying at the
Richland Fun Fly in May), and a large swept
'wing for unlimited class competition. Plus,
there are construction plans for at least two
more tailless designs either already drawn up
or rolling around inside our heads.

We are genuinely excited to see a surging
interest in flying wings and tailless
designs, and believe this is probably due to
an increase in slope soaring activity. The
explanation for this correlation has to do
with the characteristics of nearly all of the
currently available tailless designs, be they
kits, magazine offerings, or scratch-built
creations. Tailless soarers are in general
conveniently compact, they tend to fly faster
than conventional designs of the same wing
loading, and they usually show good aerobatic
capability. Since their relatively high sink
rate is not the disadvantage on the slope
that it is in thermal flying, these 'wings,
with all of their positive qualities, are a
dream come true for the dedicated slope
soarer.
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More and more thermal flyers are being
attracted to tailless sailplanes as new
designs demonstrate lower sink rates, and it
appears further increases in performance are
probably not very difficult to obtain. The
fact is, there are certain AMA events in
which tailless designs are specifically
excluded due to the overwhelming advantage
they've demonstrated in the past. We believe
flying wings can be competitive in both
thermal duration and F3B contests.

At the flying field, we and our 'wings have
always been met with numerous questions, and
the fact many people are naturally curious
about tailless aircraft has been readily
apparent to us from the start. There is a
hesitancy on the part of most modelers,
however, when it comes to actually building a
tailless design, and we think this is due to
insufficient available information. What we
would like to do is share some of the
information which we have been (and still
are) accumulating, perhaps alleviating some
of the perceived information gap, and maybe
giving some readers the courage to build and
fly a tailless sailplane. We would welcome
the opportunity to write about the new
airfoils specially designed for tailless
aircraft, construction techniques which can
better assure rigid structures, methods of
improving performance, some thoughts we have
about a flying wing perhaps being the best
Cross Country (XC) machine as well as the
best RC-Hand Launched Glider (RC-HLG), and
other assorted topics.

As you can probably tell, we have strong
feelings about the importance of sharing
information; equally important in our minds
is saying where the information was found.
Revealing an information source has several
beneficial effects: (1) it gives credit where
credit is due, (2) it lends credibility to
the statements offered, and (3) it gives the
interested reader an opportunity to explore a
little further.

We are eager for feedback on the ideas
presented here, and always appreciate
comments, questions and information about
flying wings and tailless aircraft of any

type.



GOLIATH

(This was originally composed as a part of a
letter to Jim Gray, then Editor of RC Soaring
Digest. It appeared in RCSD as an article.)

We know you're interested in flying wings,
and thought perhaps you would be interested
in a recent experience of ours.

Dave Jones' Blackbird 2m has held a special
fascination for us for gquite some time. We
have previously built it with only one
exception to the plans; we tapered the main
spar. Being the sorts of people who do a lot
of reading, however, we decided the basic
design had some other possibilities. What
came from this was an FAI maximum wing area
(2325 square inches), nine pound plus flying
wing!

Our original intent was to construct a XC
machine which would be visible at high
altitude, be immune (by definition) to
horizontal stabilizer blowoff at high speed,
and be just as maneuverable as a "standard
class" model. We used the CJ—25209 airfoil.

The first "flights" consisted of some hand
launches (!) at a Portland Area Sailplane
Society XC meet. Due to being tail heavy,
this amounted to controlled crashes, however.
Our next attempts, with more weight in the
nose, took place at a local slope site.
SUCCESS!

We had a highly modified Metrick (Selig 3002
airfoil on straight foam core wings, R E A F)
and our Blackbird 2m with us. The wind was
blowing pretty good, but from an angle, so
the planes flew "upwind" and "downwind". You
could really get some ground speed going one
way, but had to fight your way back going the
other. The Blackbird flies very well in
thermals, but it's a real joy to fly on the
slope, and the Metrick flies MUCH better on
the slope than our previous modified kit. The
enlarged Blackbird, however, was AWESOME!

Thrown over the edge, it immediately started
climbing - much faster climb than either of
the other two ships. In just a few seconds it
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was higher than either of the other two ships
had gotten in nearly two hours of flying.

Previous experience with the 2 meter version
really cut down the learning time, and within
a few laps it was really performing. Here was
an airplane with a span of nearly 9 feet,
whipping up and down the face of the slope
like there was no diagonal vector to the wind
at all. Some down trim and the speeds were
phenomenal; we made some very close passes
and there were no shrieks, no whistles, not
even a whisper. If there was any noise at
all, and there was some controversy, it could
only be described as a soft hum. Beautiful,
graceful loops. The turns were unbelievable -
75 to 80 degree bank, some up elevator, and
the inner wingtip was close to being the
pivot point. In nature films you often see
flights of birds in which the birds flip
directions. The only difference here was the
absolute smoothness with which this airplane
moved. If ever the term "like it was on
rails" applied, it was here.




GOLIATH

One of the difficulties we have is at times
our piloting skills do not quite meet the
challenges of situations we run into. Such
was the case here. We lost sight of her below
the edge of the cliff and lost control. Next
thing we knew there was nothing but the
shattered hulk in the water below.

It seems like when we finish building an
airplane we always say to ourselves, "If we
ever build this thing again, we're going to
.+«.", and so it is with this one, too. We'd
be happier with thicker sheeting over the
leading edge, and a lighter fin structure,
and both of these changes will be
incorporated into the new one.

5
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We're making rapid progress on the
replacement. A couple of nights ago we spent
some time watching the computer draw out the
26 new wing ribs, and we then cut them out.
Tonight we used the table saw to cut the
tapered spars.

Still, the emotional high we experienced
during that 20 minute flight of the original
will never be forgotten. What an experience
it was!

Goliath's replacement - Pirouette



PIONEER II-D

(This was originally written as a part of a
letter to Jim Gray, then Editor of RC Soaring
Digest. It appeared in RCSD as an article.)

We flew our 1/4 scale Pioneer I1I-D in
Richland Washington over the weekend and
thought we'd drop a note to you letting you
know of our success.

This was really an "un"contest - a fun fly.
In fact, it was advertised as the "1988
National Mid-Columbia RC Scaring Scale Fun
Fly and Soaring Social." It took place over
three days, the 27th, 28th and 29th of May.
The site was probably one of the best slope
soaring sites in the Un%ted States, a hill
with a face of about 40, a height of several
hundred feet and a length of over a mile.

It rained Saturday, but Friday and Sunday
were great days for flying the ridge 1lift,
with a wind speed of about 25mph across the
lip of the ridge both of those days. The air
was fairly turbulent against the hill, but
even 50 feet out the air was very smooth with
tremendous 1lift at all times. When the wind
slowed down at all it was because of the
large amount of air backfilling a thermal.
Visibility from this site is 30 miles to the
horizon, and three major thermal streets were
visible at all times on Friday. The wind blew
steady all day Sunday.

Sixty plus fliers had entered over 100
sailplane and "power scale" (F-16, P-51,
F-111, Mirage, "Dago Red", etc.) models. Most
of the sailplanes were constructed from kits
produced in Germany - fuselage of fiberglass,
wings of foam with a covering of balsa,
obechi, plywood or fiberglass. Models
included ASKs, a Twin Acro, DG-400, Sisu,
Discus, Schweitzer 1-26, etc. The power scale
ships were primarily of foam, with a
fiberglass and epoxy covering. Erich Eike, of
Canada, had a beautiful German primary
glider, complete with pilot, and covered with
an antique white fabric, and a Reiher. The
primary and our Pioneer II-D were just about
the only rib and fabric structures at the
meet, and the only ones to. fly.
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Our Pioneer II-D was flown in the "blueprint”
configuration, without the modifications of
John Irwin's N86TX (which will be added as
soon as possible). We tried to get acrylic to
conform to our canopy mold, but without
success, so $13 in materials later we decided
to cover the mold in plastic wrap and just
get the shape in fiberglass and epoxy.
Several people with molding experience talked
to us at the meet and we'll soon have a clear
canopy so our future instrument panel and
pilot show. We had the fiberglass seat done
already, and it was a simple matter to wrap
the receiver in foam and seat belt it in
place with a strip of velcro.

On the Wednesday before the meet we finally
had some decent weather here in western
Washington and we took her out for a test
glide at the Little League field. With just a
bit more weight in the nose she was flying
fast and straight from a hand launch.

In Richland on Friday we were a pretty
anxious pair. Wind at 22 to 28 mph, first
soaring flight, etc., etc. Since we had built
the whole airplane together, Bill's half was
forced to follow Bunny's half when she
decided to fly it. We straightened out a few
minor problems and were ready. Many people
had inquired as to whether a "real"

Pioneer II-D actually exists, if our model
was an assembled kit, if it had flown before,
and just how scale it really was. We were
able to tell them about N86TX which was
(hopefully) being flown this same weekend,
that our model is certainly was not a kit,
that we had three hand launched glides on her
(only the last being a true success), and
that it was indeed scale, airfoil and all.
Bunny had constructed the rudder single
handed and it's a work of art which a lot of
people appreciated - the 1/64" plywood
gusseting and 1/32" plywood cap strips can be
seen through our still clear covering.

Mike Bamberg, a member of the Portland
(Oregon) Area Sailplane Society was drafted
into launching her in front of an audience of
about 100. Probably half felt she wouldn't
fly at all, predicting she would just tumble
through the air into the gravel "like all
flying wings"; the other half were hoping we
had done everything right and she would fly
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at least well enough to land again in one
piece. Mike aimed her down at about a
207angle, an effective angle of attack of
zero, and pushed her gently into the air. She
continued down for a few feet and then
rotated into a beautiful climb - a maneuver
which was met with a genuine cheer from
everyone in the crowd.

Mike's a good coach, and he soon had us
exploring the flight envelope with gentle
turns, attempted stalls, tight turns with
full up elevator and later with crossed
controls. We tried the airbrakes, too. She
simply dropped her nose and slowed down,
maintaining altitude. Mike flew her for a
while, of course, and he remarked she was a
very smooth flying machine. He did a couple
of big graceful loops and a nice gentle roll,
too!
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This site has a gentle roll at the top with a
slightly angled grassy landing area behind.
There is no rotor and just a bit of
turbulence during the last few feet before
touching down. Use of the airbrakes was not
necessary as her flying speed was just a bit
faster than the wind velocity over the crest
of the hill, and she settled right in with no
problem.

The second flight on Friday was relatively
anticlimactic following that initial
performance, but more and more people came
over for a closer look after each of the two
flights. Now they asked about fuselage molds,
airfoil templates, and construction plans. It
was amazing.

Our third flight was on Sunday afternoon.
Many people had arrived on Saturday and so
had not seen the Pioneer fly previously. We
were again inundated with questions both
before and after our flight.

Our Pioneer flies just like it's full size.
Turns can be made flat and gentle, or can be
very steep and tight. Use of up elevator in a
banked turn not only makes it tighter but the
airplane accelerates noticeably. The nose
doesn't drop below the horizon in a stall, it
just comes down a bit and the airplane
immediately starts flying faster. Full up
elevator in a combination of slope and
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thermal 1lift makes for an interesting
experience. The nose goes up to about 20O and
she lifts straight up. After a while the nose
comes down, but if you're still holding full
back it just rises again and the whole
airplane goes straight up again. We climbed
over 800 feet in four "steps" this way and
stopped only because the thermal we were in
got stronger with each step and we were
unsure of getting her down if the thermal
became more intense. With just a small amount
of down elevator she can move extremely

fast.

WINGSPAN ...v.vvv.00 42,6 ftr
ASPECT RATIO ....... 12.6

WING AREA .......... 144 sq ft
PAYLOAD ,......s0... 240 1bs
EMPTY WEIGHT ....... 350 1bs
GROSS WEIGHT ....... 630 1bs
WING LOADING ....... 4.4 psf
L/D max .......35 @ 60mph

MIN SINK ......2.3fps @ 45mph

2 mps SINK Z .., 97 mph
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There were three flying wings at the meet -
our Pioneer II-D, a foam and fiberglass (sort
of a) Horten IX of 12 foot span, and a true
to scale 14 foot span Northrop YB-49,
constructed of foam and fiberglass with
fences and fins of lite-ply. It used the same
airfoils as the original (NACA 65,3-019 and
65,3-018), and the same wing twist (4°), but
thé only controls were elevons - no flaps or
drag rudders. The Horten was launched twice
and just did not do well at all; a controlled
crash and a noncontrolled crash, probably due
to a combination of interference, being tail
heavy, and suffering from tip stall. The
YB-49 had an abortive first flight due to
being launched straight out. It stalled and
fell, suffering some minor damage. The launch
for the second attempt was great (three
people and the nose down). It rotated just
like the Pioneer and was off. It looked to be
flying at about scale speed, but there were a
couple of really close passes for the cameras
which were unbelievably fast. The turns were
graceful and wide, and the whole flight could
have been scenes from a late fifties sci-fi
flick. This airplane flew just once, but
definitely "stole the show".

13
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One thing which impressed us was that the
failure of the Horten was nearly disregarded,
and the flight of the YB-49 and the three
flights of our Pioneer II-D turned a lot of
people on to flying wings! They were at first
curious, then intrigued, and then genuinely
interested. We saw a number of people there
become converts. In three flights our Pioneer
was flown by both of us, Mike Bamburg, Alan
Halleck (the builder of the Horten), and Wil
Byers (contest director). Wil has extensive
slope experience, he lives just a couple
miles from this site, but he had never flown
a 'wing before! He said, "This things flies
like it has a tail! It's really smooth. This
is great!" Alan has designed and flown
several flying wings for aerobatics and
racing; he commented on how well she flew
also. We're wondering how the flight
characteristics will improve once all of the
hinge gaps are sealed. We've got releasable
tow hooks mounted under the wings, so our
next flights may be off the winch.

It is unfortunate you couldn't be there in
person, as the entire weekend was a great
experience. By unanimous vote of those in
attendance, there will be a repeat next year
over the same weekend. Perhaps you will have
better luck in attending next year's event.

(Yes, Jim did make it to the event in 1989!)

J.P Chevalier's full sized Pioneer II in flight.



AKAFLIEG BRAUNSCHWEIG'S SB-13

Are you looking for a flying wing or tailless
design for a scale project? Take a look at
the first flying wing constructed with
composite material technology! The SB-13 was
designed to be a 15 meter high performance
Standard Class sailplane. Without flaps to
achieve variable camber, flight performance
was to be achieved by elimination of fuselage
and stabilizer drag. Constructed by Akaflieg
Braunschweig in Germany, the SB-13 was
successfully flown twice from aerotow on

18 March, 1988.

The first design, with straight leading edge,
was modeled at 1/3 scale and flown using
radio control, but the model revealed spar
flutter at a scale speed of 120 km/h

(75 mph). The sweep was taken out of the spar
and wing at the root to reduce the bending
load and carbon fibers were added to the spar
layup to increase stiffness. These
modifications raised the flutter speed to

270 km/h (over 165 mph). Manufacturing the
curved spars posed its own difficulties, but
these were all solved quite nicely; a static
bending load test that was to go to the
destruction of the spar was terminated when
the spar survived a load 2.3 times greater
than the design maximum!

The airfoils used were designed for zero
moment coefficient and maximum laminar flow.
The resulting sections, HQ 34N/14.83 at the
root and HQ 36N/15.12 at the tip, are laminar
to 89% chogd on the upper gurface. Wing twist
is but 1.5, dihedral is 47, the asgect ratio
is 19.4, overall wing sweep is 13.5 . The
elevators are near the wing tips, with the
ailerons inboard; both have their own special
airfoil. The spoilers are the height of the
wing section and are mounted on vertical
tracks, coming out of the upper surface only.
When turning, the inner rudder deflects 70
and the outer deflects 15 . The winglets use
the FX-~-71-L150/30 section, and are rather
interesting as they appear to have the
Schuemann tips that are becoming so popular.
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The SB-13 has a tandem landing gear setup
with both wheels retractable. The fuselage is
of glass fiber and includes a special safety
system consisting of three parachutes which
can bring aircraft and pilot down together in
case of mishap. The parachutes are vacuum
packed, weigh a total of 20 kg (44 1bs.) and
take up only 40 liters volume (about the size
of a ten gallon aquarium).

Performance is quite excellent: minimum speed
is 70 km/h (under 45 mph), maximum is

210 km/h (130 mph), and the sink rate is a
very low .53 m/s (1.74 ft/sec) for a glide
ratio of about 43.5 to 1!

All of the above information was found in
TWITT newsletters (4, 10, 21, and 23). TWITT
(The Wing Is The Thing) is a group of flying
wing enthusiasts who promote the design and
construction of tailless and all-wing
aircraft. One of their goals is to construct
their own full size high-performance tailless
sailplane.

Should you decide to model the SB-13, we have
plans which are a bit more detailed than
those included here. Although most photos
make it appear the wing is a smooth arc, it
is actually constructed with a series of
straight segments. Construction of a foam
core wing, therefore, may be a bit time
consuming but is certainly possible.




SELIG S5010-098-86
SELIG S5020-084-86

These two airfoils were published in
SOARTECH #7, "The FLYING WING Edition". As
you can tell by the "S" prefix, they are from
the computer of Mike Selig. Dave Jones
(England) had asked Mike to design some
sections for tailless planforms, the
resulting sections would then be placed in
SOARTECH. Mike came through with these two
profiles. They both have positive pitching
moments and could be used for "plank"
designs. The moments are not so strongly
positive as the Eppler 184 and 186, 228 and
230. However, these sections should be able
to give better performance than the Epplers
due to decreased drag and higher maximum
coefficient of 1lift.

<

The S5010-098-86 is 9.8% thick. It has a
moment coefficient of +0.0086 and a zero 1lift
angle of +0.64 degrees.
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The S5020-084-86 is 8.4% thick. It has a
moment coefficient of +0.0084 and a zero lift
angle of +0.82 degrees.

If you decide to use these sections, there
are a couple of things to remember:

First, the leading edge of both sections is
relatively blunt. According to Dave Jones'
(California) experience, this is probably
detrimental to penetratien if you're
operating with a light wing loading.
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Second, the trailing edge of both sections is
relatively thin. If you're building an all
wood structure this leads to difficulties in
construction. Taken together, these two items
point in the direction of a foam core
structure.

Another thing to keep in mind is the
noticeable performance increase to be derived
from having the trailing edge of the wing
straight and sharp. A blunted trailing edge
does terrible things to the pressure
gradients over the aft portion of the wing
and can disrupt the airflow well forward. The
modern computer generated sections we're
seeing these days seem to thrive on sharp
trailing edges, and these two Selig sections
are no exception.

Many of us are still living in the dark ages;
we take a piece of trailing edge stock and
glue it into place, then we take the covering
material and attach it directly to the
trailing edge stock after a minimum of
sanding. Such procedures may be OK for
powered craft, but we're looking for peak
performance from our sailplanes.

Laminating the trailing edge from two pieces
of 1/16th sheet with 1/64th plywood between
is a superior method, from both a structural
and performance view. The balsa sheets should
be carefuly mated to the plywood at the
trailing edge to preserve the airfoil
section, and if you can manage a knife-sharp
edge on the plywood, so much the better. You
might also consider cutting your foam cores
to accept 1/64th plywood or fiberglass skins;
these techniques make sharp trailing edges
even easier to obtain. Take some time getting
the trailing edge perfect - it's worth the
effort!

These two sections look VERY promising. If
any readers put them to use we'd appreciate
hearing about their performance.



S5010
X Y
100.000 0.000
99.676 0.001
98.707 0.007
97.101 0.036
94.870 0.108
92.041 0.256
88.667 0.516
84.828 0.903
80.608 1.406
76.076 2.008
71.307 2.688
66.377 3.420
61.355 4.163
56.296 4.877
51.247 5.529
46.251 6.093
41.348 6.546
36.576 6.873
31.969 7.063
27.560 7.113
23.383 7.023
19.473 6.799
15.860 6.445
12.573 5.968
9.637 5.377
7.071 4.688
4.889 3.915
3.102 3.081
1.718 2.214
0.739 1.348
0.167 0.533
0.015 -0.140
0.424 -0.650
1.456 -1.084
3.028 -1.471
5.123 -1.804
7.718 -2.082
10.785 ~-2.306
14.291 -2.481
18.194 -2.609
22.448 -2.688
27.008 -2.715
31.829 -2.691
36.864 -2.623
42.055 -2.517
47.345 -2.381
52.8675 -2.219
57.983 -2.039
63.209 -1.846

SELie 5010 anp 5020

68.292
73.173
77.792
82.095
86.030
89.547
92.603
95.163
97.211
98.730
99.678
100.000

-1.645
-1.443
-1.243
~-1.049
-0.863
-0.691
-0.527
-0.367
-0.212
-0.088
-0.019

0.000
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$5020

X Y
100.000 0.000 68.753 -1.108
99.683 -0.001 73.601 -1.004
98.736 0.000 78.178 -0.896
97.160 0.015 82.430 -0.785
94.964 0.066 86.308 -0.672
92.171 0.186 89.767 -0.557
88.833 0.413 92.767 -0.440
85.028 0.766 95.276 -0.317
80.840 1.234 97.297 -0.188
76.339 1.793 98.763 -0.079
71.594 2.430 99.686 -0.018
66.672 3.116 100.000 0.000
61.644 3.827
56.576 4.524
51.519 5.170
46.516 5.736
41.608 6.198
36.830 6.539
32.218 6.748
27.803 6.821
23.620 6.759
19.702 6.565
16.081 6.244
12.785 5.802

9.837 5.249

7.257 4.596

5.059 3.862

3.252 3.065

1.843 2.234

0.833 1.401

0.219 0.613

0.002 -0.049

0.308 -0.507

1.226 -0.815

2.727 -1.037

4.807 -1.192

7.434 -1.310
10.563 -1.404
14.148 -1.478
18.141 -1.534
22.491 -1.569
27.150 ~-1.583
32.064 -1.576
37.179 -1.550
42.436 -1.507
47.776 ~-1.449
53.139 -1.379
58.462 -1.297

63.687 -1.206



"DELTA" SECTIONS:

EMX 07, ELINA, AND PHOENIX

Some new flying wing airfoils this time!
These come courtesy of DELTA, magazine of FSV
Versmold, a club in Germany devoted solely to
tailless sailplanes. These sections appeared
in issue #6 and all three were designed by
Dr. Martin Lichte of VFW Fokker, a German
aerospace company. Dr. Lichte is also the
author of a book entitled "Nurflugelmodelle,
Grundlagen fur Entwicklung und Einsatz"
("Only-wing-models, Foundations for
Development and Use"), published by Verlag
fur Technik und Handwerk GmbH in Germany.

The EMX 07 and ELINA sections require wings
with aspect rat%os of 10 or more and
sweepback of 10°. Set up this way neither
will require geometrical twigt. A wing
loading of 9.5 to 13.5 o0z/ft“ is recommended.
The EMX 07 is a good profile to use for
thermal flying and has a low sink rate. The
ELINA is simply "a hellishly fast" section,
probably best suited to the slope. The
PHOENIX aigfoil is for lightly loaded (under
7.5 oz./ft”) 'wings des%gned as floaters. For
the PHOENIX section, 10~ of sweep should
again be used, along with about 3° of
geometrical twist. (With sweepback the tips
should be at a lower angle of attack than the
root.) The L/D of this airfoil should be
excellent.
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X

EMX 07

Yu

Y1l

ELINA

Yu

Y1l

PHOENIX

Yu

Y1

0.00
1.25
2.50
5.00
7.50
10.00
15.00
20.00
25.00
30.00
40.00
50.00
60.00
70.00
80.00
90.00
95.00
100.00

0.00
1.82
2.73
3.99
4.94
5.67
6.71
7.24
7.45
7.34
6.60
5.47
4.20
2.94
1.78
0.83
0.45
0.15

0.00
-0.87
-1.12
-1.43
-1.62
-1.77
-2.01
-2.21
-2.39
-2.54
-2.75
-2.82
-2.76
-2.52
-1.97
-1.26
-0.76
-0.15

0.00
1.75
2.53
3.58
4.33
4.86
5.56
5.87
5.94
5.82
5.30
4.55
3.72
2.83
1.92
1.06
0.61
0.14

0.00
-0.94
-1.32
~1.84
-2.24
-2.58
-3.16
-3.59
-3.90
-4.07
-4.04
-3.74
-3.25
-2.62
-1.84
-1.04
-0.61
-0.14

0.00
1.60
2.41
3.57
4.43
5.10
6.08
6.62
6.87
6.83
6.21
5.21
4.06
2.87
1.76
0.78
0.42
0.09

0.00
~-0.60
-0.71
-0.83
-0.88
-0.92
-1.01
-1.10
-1.19
-1.28
-1.45
-1.60
-1.66
-1.58
-1.33
-0.89
-0.49
-0.09
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TAILLESS FOR RC-HLG

Those who have seen the Proceedings of the
M.A.R.C.S. National Sailplane Symposiums
recognize the wealth of information contained
therein. We have read our copies several
times, but it seems each reading finds us
discovering some new piece of information we
have apparently missed previously. Too, we
are often given to assembling facts and ideas
from several of the Proceedings and coming up
with a synthesis which we then are able to
put to use in some way.

The Proceedings for 1983 and 1984 included
some good information on Hand Launch
Sailplanes (Class A). We had been thinking
about building a Hand Launch Sailplane
without a conventional tail assembly because
of our intrigue with tailless aircraft, but
it occurred to us while reading the
Proceedings that each of the difficulties
and/or problems outlined could be solved by
going to a tailless design. Here are some of
the major points:

(1) The performance of an RC Hand Launch
Sailplane seems to be inversely related to
its wing loading, i.e.; the lower the wing
loading, the better the performance. In
constructing our HL, we used a full D tube of
1/16" balsa and 1/8" spruce spars. Ready to
fly, it weighs 16 oz. But the wing loading,
3.5 oz./ft", is actual%y below the FAI
minimum of 3.95 oz./ft”, so making the
structure any lighter is really quite
pointless. She is very strong structurally
and has cartwheeled countless times with no
damage. We finally broke the fin by running
into a cyclone fence. Our experience points
to the ease with which a low wing loading can
be obtained.

(2) Keeping the Reynolds number above 60,000
is very important. Going below that magic
number makes it very difficult to control
airflow over the upper surface of the wing,
and small gusts can stall a wing easily. A
low Reynolds number also makes pilot control
a critical factor. Our RC-HLG has a tip chord
of over 9 inches and flies faster than a
conventional design, so its Reynolds number
is always well above the minimum value.




24

ON THE 'WING... THE BOOK

(3) A conventional RC-HLG with a constant
chord or tapered chord wing is very sensitive

to CG placement - even 1/16" may make a

difference - and a lot of trimming seems to

be the rule. On our 'wing it was very easy to

find the correct CG: we used a rough
approximation at first and then added and
subtracted weight until she flew well with
the elevons trailing smoothly with the rest
of the wing. No worries of looping on launch
because of wrong incidence angle, either.

(4) Thermals that are low to the ground tend
to be very small, so a tight turning radius

is necessary to take advantage of them. Our

tailless RC-HLG turns very tightly.




TA1LLESs For RC-HLG

(5) Reduction of drag is of paramount
importance for these small airplanes:
antennas are notorious drag producers when
left out in the airstream, and any
protruberance has a negative effect on
performance. We were able to run our antenna
completely inside one wing, and reduced drag
further by eliminating the rear fuselage and
entire tail assembly. The reflexed airfoil
has been accused of high drag, but this
disadvantage may be at least partially
overcome by the higher Reynolds number of our
'ship in comparison to conventional
sailplanes with smaller wing chords and lower
velocities.

(6) When one of these little airplanes hooks
up with a thermal it tends to get out of
sight quickly. While some flyers rely on
color schemes to enhance visibility, perhaps
the best method is to simply increase the
area of the,wing. Our tailless RC-HLG has
over 700 in™ of area all in one spot. It's
aspect ratio is about 5:1.

For those of you curious about what our
RC-HLG looks like, it's simply Dave Jones'
"Blackbird 2m" reduced to exactly 75%. We are
very pleased with its performance, and are
always trying to get it captured by a killer
thermal at the local Little League field.
(Next stop - the slope!) It hasn't won any
contests, but then we haven't entered it in
any, so we don't feel bad. For those of you
who do enter RC-HLG contests, we hope we've
given you some ideas for your next design.
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TAILLESS FOR CROSS COUNTRY (XC)

Last year at about this time we heard about a
XC meet in Portland Oregon and decided to go.
We didn't enter, but we did take an airplane
with us - an FAI maximum area tailless. It
wasn't trimmed for flight; in fact, it hadn't
been flown at all, having been completed the
night before. With the help of several people
at the contest (lead weights from Jim Arnold
and some great hand launches of our 10 pound
monster by Mike Bamberg...) we found that
while there was certainly some potential,
being severely tail heavy is no way to try to
fly a 'ship of this type. We were most
grateful for the impressions of others at the
contest (particularly Alan Halleck, who got
us even more excited about the its potential
than we were already). We had such a fun time
even without competing, we're planning on
going back again this year.

We had the chance a few weeks later to add
more weight in the nose and try her out as a
cliff soarer. She flew magnificently until
pilot error put her in the water. We were
certainly heartbroken over a totally
destroyed airplane with only 20 minutes of
flight time, but we were ecstatic over her
performance and determined to build a
replacement. The replacement, Pirouette, is
now finished and has flown successfully from
winch launches.

Why would anyone build an FAI maximum area
tailless design? Well, there is a certain
morale boost to be gotten from having the
biggest airplane at a contest... particularly
when it has no tail. Seriously, there are
some logical reasons, and we'll outline the
major points here:

First, as a general rule, "bigger flies
better", and we certainly found this rule to
be true while flying our giant.

Second, there is an upper weight limit of
5 kg. (11 pounds) for FAI sailplanes. The
weight 1limit is reached very fast when
building a big conventional sailplane.
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Third, keep in mind the wings of a
conventional sailplane must support all of
the aircraft's weight, and all of the flight
stresses. The stresses on a XC machine can be
extremely high while speeding between
thermals and traveling through "microbursts"”
of turbulence, and it is little wonder the
casualty rate for these machines is
relatively high. The ultimate effect of the
FATI weight 1limit is to prevent really large
conventional sailplanes from having the
strength they need.

Tailless designs have an inherently light
structure. In fact, it is sometimes difficult
to end up with a completed aircraft which
meets the Qinimum wing loading requirements
of 4 oz/ft™, as we found out with our HL
'wing. Most tailless designs are able to take
advantage of what is called "span loading."
This is a topic we'll talk about in another
article, but the concept translates into more
manageable flight loads and an airframe which
is easily integrated into a very strong
structure. Since the stabilizer of aany
tailless design is a part of the wing itself,
there are no tail feathers to blow off.

Visibility is also of concern when flying XC,
as height directly equates to distance and
speed, and that's the combination which wins
contests. While many color schemes have been
tried in an effort to maximize visibility,
nothing seems to work so well as having the
largest airplane possible. We feel
controlling the distribution of surface area
can also assist, as a large square is easier
to see at altitude than a thin rectangle of
the same area.

Our XC machine relies on Dave Jones'
"Blackbird 2m" design (the same basis as our
RC~-HLG). By multiplying all linear dimensions
of the 2 meter original by 1.36 we arrived at
a wingspan of about 107 inches, a root chord
of nearly 27 inches, and a tip chord of over
17 inches. The overall weight of Pirouette is
about 10 pounds, and her wing arga is just
under the FAI maximum of 2325 in“. This still
makes for "interesting” hand launches, and
our 12 volt winch groans if there is a
breeze. She turns on a dime and gives change.
Her top speed is deceiving because of her
size, but it is at least half again as fast
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as an equivalently loaded conventional
design!

Between now and this year's Portland XC meet
we'll be practicing as frequently as
possible. See you there!




COMPUTER PROGRAMS FOR DETERMINING
SWEEP AND TWIST

There are three general types of tailless
sailplane:

(1) the "plank," usually with leading and
trailing edges parallel, or nearly so, and a
central vertical fin,

(2) the swept wing, with either a single fin
centrally located on a boom or one fin at the
end of each wing, and

(3) the true "flying wing" which is a swept
wing with no vertical surface at all.

We've been flying planks for several years,
and most people are shocked to find there is
no twist in the wings to provide stability.
The airfoils used on planks are self
stabilizing and accomplish this through a
reflexed trailing edge. Simply put, the CG is
located more forward than on a conventional
design, and the upturned trailing edge
applies the down force normally exerted by
the horizontal stabilizer. The plank, then,
is nothing more than a conventional sailplane
with the stabilizer built into the wing
itself rather than hanging on a boom. Dave
Jones' "Raven" design, which we've been
flying, will actually be DEstabilized if
twist is incorporated into the wing.

Swept wing tailless and true flying wings,
however, use twist to achieve stability.
Sometimes this is accomplished with an actual
physical twist being built into the
structure. Other times, if the airfoils are
chosen carefully, the twist can be
accomplished aerodynamically, and the wing
built with no geometric twist at all.

The amount of twist required is based on four
things:

(1) the moment coefficients of the root and
tip airfoils,

(2) the zero 1lift angles of the two
sections,

(3) the degree of sweep, and
(4) the amount of stability desired.
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The obvious question is, "If I know these
four things, can I calculate the geometric
twist required for my design?" As a matter of
fact, yes, you can. You can even do something
a little different, too. If you know how much
geometric twist you want to use, you can
calculate how much sweep your design will
need! How about that!

The formulae for these routines were found in
two different places: in an article entitled
"Pfeilung - ja - aber wie gross" ("Arrowshape
- yes - but how large") by the late Werner
Thies and published in Flug + modelltechnik
(FMT) in the February, 1984, issue, and in
the book "Nurflugelmodelle," authored by
Martin Lichte. The equations are different in
appearance but are mathematically equivalent.
The routines printed here are derived from
the FMT article and assume swept wings with
no taper and either foam core wings or stack
sanded ribs for construction.

There are a few generalizations that may help
you better understand the routines.

(1) An undercambered root section will need
more wing twist than a semisymmetrical root
section when using the same tip section,

(2) the higher the sweep ratio the less twist
is required,

(3) more twist equates with greater stability
because the CG must be moved forward to trim,
and

(4) the twist itself can come from either
geometric twist (physical warping) or
aerodynamic twist (difference in zero lift
angles of the sections).

T™wo terms need further explanation. The sweep
ratio (SWEEPRAT) is defined as the number of
chord lengths from the leading edge of the
root to the leading edge of the wing tip (see
diagram). The stability factor (STABFAC) is a
number usually in the range of 0.02 to 0.04,
the larger number correlating to greater
stability. You'd probably want 0.04 for a
stable floater or trainer, and 0.02 for a
highly aerobatic sloper or very sensitive F3B
'ship.
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These routines can be expanded very easily
with a little knowledge of BASIC. Placing the
airfoil data in random access text files on
disk or in DATA statements is a good start,
and sailplane design programs using high
resolution graphics are also a possibility.

Don't be afraid to experiment! Using the same
airfoils and sweep ratio, manipulate the
stability factor and watch the required
geometric twist change. When the result is
positive the tip is set to a lower angle of
attack than the root. You would usually not
want to see a negative number here if using
sweepback. Or use a different root section
and see how much more or less sweep is
required to remain at a particular level of
stability. A positive number here means
sweepback. Try to keep the sweep ratio not
too much bigger than two, otherwise severe
tip stalling may result from cross span flow.
Watch for "DIVISION BY ZERO ERROR" messages.

Just to get you started, we figured the twist
required for Curt Weller's Elfe 2 (see the
diagram again). This tailless design has a
sweep ratio of 1.54 based on the mean
(average) chord length, with an Eppler 180 at
the root and Eppler 184 at the tip. The
computer tells us that for a stability factor
of 0.02 the wing twist should be about zero
degrees; with a stability factor of 0.03 the
twist should be about 1.2 degrees. The Elfe 2
uses one degree of twist to compensate for
wing taper and inhibit the tips from stalling
before the root. As Curt is a former F3B
champion in Austria and has used the Elfe 2
in competition, you now have a little better
idea as to the meaning and use of the
stability factor.

We hope you find these routines useful when
designing your own tailless creations. If you
don't have a computer, a calculator works
just fine, too.
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Some airfoil data for use in the routines:

Zero
Moment Lift
Section Coefficient Angle
Eppler 174 -0.083 -3.6
" 176 -0.06 -2.79
" 178 -0.038 -1.97
" 180 -0.016 -1.12
" 182 0.007 0.3
" 184 0.03 0.52
" 186 0.05 1.14
" 222 -0.0974 -3.65
" 224 -0.0613 -2.33
" 226 -0.0231 -0.99
" 228 0.0143 0.34
" 230 0.0531 * 1.73

* Dr. Walter Panknin recommends the use of
0.025 in place of this published value.

to find sweep ratio:

mean chord = (350 + 220)/2
= 285

SWEEPRAT = 440/285 = 1,54

g f
350 440
220
v
— 1300 %

ZROOT, ZTIP
MROOT, MTIP

Zero Lift Angles
Moment Coefficients

Stability Factor = STABFAC
Sweep Ratio = SWEEPRAT
Aerodynamic Twist = AEROTWIST
Geometric Twist = GEOTWIST
Total Twist = TWIST
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10000 REM ** TWIST ROUTINE **
10010 CM = (MROOT + MTIP) / 2

REM * AVERAGE MOMENT COEFFICIENT
10020 TWIST = (190 * (STABFAC - CM)) /

SWEEPRAT : REM * TOTAL TWIST
10030 AEROTWIST = ZTIP - ZROOT

REM * AERODYNAMIC TWIST
10040 GEOTWIST = TWIST - AEROTWIST

REM * GEOMETRIC TWIST REQ'D
10050 REM ** BUILD WITH GEOTWIST **
20000 REM ** SWEEP ROUTINE **
20010 CM = (MROOT + MTIP) / 2 :

REM * AVERAGE MOMENT COEFFICIENT
20020 AEROTWIST = ZTIP - ZROOT :

REM * AERODYNAMIC TWIST
20030 TWIST = GEOTWIST + AEROTWIST

REM * TOTAL TWIST
20040 SWEEPRAT = (190 * (STABFAC - CM)) /

20050

TWIST : REM * SWEEP RATIO
REM ** BUILD WITH SWEEPRAT **

33
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THIES SWEEPRP atbND TWI ST

REM COMPUTES SWEEP RATIO
REM WHEN NG TWIST 1S USED

TEXT
HOME

PRINT "“SWEEP RATIO"

PRINT *~--

FOR X = 0 TO 2000: NEXT X

HOME

PRINT "Enter the Stakility Factor desired®
PRINT "<Usually 0.02 to 0.04) "1 INPUT SF

PRINT "Enter the Moment Coefficient of the rootsection":

INPUT M1

PRINT "Enter the Zero Lift Angle of the root section":

INPUT 21

PRINT "Enter the Moment Coefficient of the tip section":

INPUT M2

PRINT "Enter the Zero Lift Angle of the tip section”:

INPUT 22

bz = - Z1

+ Z2

CM = (ML + M2) ~/ 2

SR = (190 ®* ( - CM + S5F)) / D2

PRINT "Sweep Ratio = ";5R

FRINT : PRINT "d@nother sweep ratio? "j;: GET A$: IF A% <
"Y' oAND A% < > "N" THEN HOME : GOTO 120

IF A% = "Y" THEN GOTO 80

IF A% = "N" THEN TEXT : HOME : END

REM COMPUTES TWIST

REM  BASED ON

REM SWEEP RATIO

TEXT
HOME

PRINT "TWIST"

PRINT "---

FOR X = 0 TO 1000: NEXT X

HOME

PRINT "Enter Sweep Ratio": INPUT SR

PRINT "YEnter Stability Factor"

PRINT "{usually 0.02 - 0.04> " INPUT SF

PRINT "Enter the Moment Coefficient of the rootsection"

INPUT M1

PRINT "Enter the Zero Lift Angle of the root cection”:

INPUT £1
PRINT "Enter the Moment Coefficient of the tip section”:
INPUT M2
PRINT "Enter the Zero Lift Angle of the tip section”:
INPUT 22

tM = (M1 + M2 / 2
TWIST = (190 * ( — CM + SF)>) / 5BR

NULL = -

21 + 2Z2:SCHRANK = TWIST - NULL

IF SCHRANK > 0 AND SCHRANK < .001 THEN SCHRAMK = 0
IF SCHRANK < 0 AND SCHRANK > - .001 THEN SCHRANK = @



430
440
4350
440
470

480
490

CoMPUTER PROGRAMS

IF SCHRANK = 0 THEN GOTO 440
twist = ";SCHRANK;" Degrees"

PRINT

"Final

GOTO 470
PRINT "Final Twist = 0.0 Degrees”

PRINT

IF A%
TEXT

PRINT
"Y' AND A% <

uyn
HOME

> "N" THEN VUTAB (15):
THEN GOTO 300
END

*Another combination? *;: GET A%$:

GOTO 470

FOR DETERMINING TWIST AND SwEEP 35

IF A% <

>



LESSONS TO BE LEARNED
FROM FULL SIZE TAILLESS AIRCRAFT

The show stopper of the scale slope meet in
Richland in May of 1988 was a model of the
Northrop YB-49. Many people take pride in
recounting the experience of seeing the
original YB-49 in flight, and anyone who has
seen its graceful shape in the science
fiction movies of the fifties can readily
understand their awe. It was an absolutely
beautiful airplane in the air, and the model
at Richland was just as impressive. It was
hard to imagine we were looking at a glider!

Nearly everyone now knows the B-2 "Stealth"
is a flying wing, and based on the demise of
the YB-49, there are of course questions as
to the suitability of a flying wing as a
bombing platform. To see the B-2 in proper
perspective, it is wise to first get some
facts about the YB-49. Along the way, perhaps
we can learn something about the design and
stability of our tailless models.

The YB-35 (propellor driven) and YB-49 (jet
powered) flying wings proved the span-load
theory for large aircraft. In a conventional
airplane, the fuselage and tail assembly
produce a large weight and inertia load on
the wing-fuselage junction. Since there is no
fuselage or tail assembly on the flying wing,
the weight and inertia distribution is along
the entire wing, and the bending moments are
much smaller. Surprisingly, maximum loads on
the flying wing may occur during landing
rather than during in-flight maneuvering or
gusts. If an airplane is to always land and
takeoff at the same speed, then its weight
can increase only with the square of its
size. The bending moments, however, increase
by size cubed, as does weight. You can thus
build a bigger airplane, and obtain the
effects of increased Reynolds Number and
greater payload, by going to an all wing
design.

Some of the quirks of full sized flying wings
don't appear in RC models. The primary
example of this is elevon loading at high
angles of attack. A wing stalls from the
trailing edge forward and so the pilot of a
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full sized flying wing would feel the
elevators/elevons being lifted by the vacuum.
If he did not keep forward pressure on the
stick the rising elevators would contribute
to an even higher angle of attack and a
worsening stall condition. During such a
stall, the pilot would view the airplane as
being longitudinally unstable. It is felt the
crash of the N9M (the one third size plywood
forerunner of the YB-35) was due to just such
a condition. The servos in our models don't
perceive such feedback from the control
surfaces, and we, as pilots, are infinitely
removed from flight forces by virtue of the
fact we are on the ground rather than in the
cockpit. The YB-35/YB-49 had devices
installed which prevented aerodynamic forces
from being transmitted to the pilot.

The designers of the YB-35/YB-49 provided a
means of achieving high 1ift for takeoff and
landing. Although the airfoils used were
symmetrical (NACA 65,3-019 at the root, NACA
65,3-018 at the tip), the wing twist was four
degrees. This placed the root section at a
positive angle during flight, with the wing
tips exerting a small down force behind the
CG. Flaps were used during takeoff and
landing to provide the high 1lift needed, and
they could be lowered 50 degrees. Since they
were close to the CG their effect on the
pitching moment was quite small.

Both the YB-35 and YB-49 were stable and
controllable. The crash of the YB-49 piloted
by Glen Edwards occurred during flight #25 of
the testing program, while investigating low
power stalls at high altitude. The airplane,
whether due to excess weight, Edwards'
piloting it outside the safe flight envelope,
or another factor, flipped during a stall and
somersaulted until crashing into the ground.

The demise of the YB-49 program probably was
not due to the crash. Jack Northrop stated
that while the YB-49 had won the competition
with the B-36, the Air Force wanted the
production lines to be at General Dynamics in
Texas. There was a merger demand from the
secretary of the Air Force, Northrop claimed
the terms to be unreasonable, and the YB-49
contract was cancelled. Why the Air Force
crews with torches destroyed all of the
remaining ¥YB-49s, even those on the assembly
lines, is not known.

37
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The B-2 "Stealth" takes advantage of many new
technologies, including computer designed
airfoil sections, composite construction
techniques, and active flight controls. The
resulting design is a high speed long range
airplane. Add to all of this the fact an all
metal flying wing without radar defenses
produces one tenth the radar image of its
conventional counterpart. Constructed of low
reflectivity composites and endowed with a
unique outline, the B-2's radar image will be
very small, if it exists at all.

What, of all this, can we apply to our
tailless models?

Any fuselage should be eliminated, if at all
possible, to both reduce drag and take full
advantage of span loading.

Problems which full sized flying wings have
with shifting CG don't show up in our
sailplanes. We have no fuel to use, no bombs
to drop. If we're careful with CG placement,
wing sweep and wing twist we needn't worry
too much about instability. In an article in
TWITT's Newsletter #4, Irv Culver (of
Lockheed "Skunkworks" fame) promoted the idea
outlined in the drawing below. Simply put, to
assure a flying wing doesn't get caught in
its own 1ift circulation, make sure the
"erotch" is DOUBLE the average chord. (The
YB-49's ratio was only 1/3 of this.) When
properly designed, our aircraft have no need
for "black boxes" to maintain stability.

2C

Our aircraft are remotely piloted, meaning
flight loads are not transmitted to us; we
navigate our models by their orientation in
the sky, not by our perception of the horizon
from inside the airplane. This can be an
advantage.



LEssoNs To BE LEARNED FROM FuLL S1zep TAILLESS AIRCRAFT 39

'Wings are very fast, considering their wing
loading, and flaps are a very effective way
of getting them to slow down. Flaps can and
should be used. Remember to keep the flaps
close to the CG, and use flap/elevator mixing
if your transmitter has this capability,
otherwise you may need to make provisions for
a mechanical device.

One item which we have not yet directly
addressed here is wing twist. There are three
methods for achieving the twist required for
stabilty. The first is the simple method we
use in making a foam core wing which results
in a straight leading and trailing edge. The
second method places most of the twist in the
outer portion of the span. The third method,
supported by Irv Culver, puts most of the
twist at the wing root. This at first seems a
rather strange thing fto do, but it does
optimize span loading and may provide other
benefits. We'll discuss all three methods in
a future article.

The YB-49 model which appeared in Richland
was constructed of foam and covered with
fiberglass and epoxy, spray painted aluminum.
The fins projecting above and below the wing
were made of lite-ply. Small diameter dowels
extending from the lower fins were inserted
in brass receiver tubes in the wing, holding
them in place but allowing them to be knocked
off during landing. The flight performance,
as mentioned above, was sensational. Jack
Northrop would have been proud!

SOURCES

Most of the information on the YB-35/YB-49
was found in an article by William R. Sears,
a professor in the Department of Aerospace
and Mechanical Engineering of the University
of Arizona, and published in Aerospace
America, July, 1987.

The article by Irv Culver should be required
reading for all those interested in designing
their own flying wings. It appeared in the
TWITT (The Wing Is The Thing) Newsletter.
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Looking at the plans for the Icarosaur, an RC
flying wing sailplane with flaps and great
flight performance, will yeild a wealth of
information, some of it applicable to the
construction of conventional models as well.

Wooldridge's Winged Wonders is also an
excellent source of information about the

Northrop designs and flying wings in
general.

Seattle SoarHeads' YB-49 at the 1988 Richland
Scale Fun Fly. Realistic and majestic in flight.



TWIST GEOMETRY FOR SWEPT FLYING WINGS

Swept 'wings can make use of a variety of
airfoils, so long as the download at the
wingtips counteracts the pitching moment of
the lifting surface and provides stability.
The. wing, therefore, usually incorporates
aerodynamic and/or geometric twist, and this
month we'll talk about three twist
techniques.

To look at the Horten IV or Horten VI is to
gaze upon pure beauty. How were the Hortens
able to achieve the stability required for
flight, much less maneuverability in
thermals? Dr. Reimar Horten explains it is a
matter of using a root section with no
pitching moment, a symmetrical tip section,
and the proper amount of twist.1

The wing twist method used by the Hortens
allows the wing to stall at one third half
span, at the location of both center of
pressure and center of gravity. This has
several beneficial effects: (1) the 'wing can
be trimmed easily with small amounts of
elevator movement, (2) ailerons remain
effective past stalling, and (3) adverse yaw
is minimized. With regard this last point: be
aware the Hortens used two sets of ailerons
and the aileron differential was two way. In
a left turn the outboard left aileron went up
20°, the inboard 2° up, the inboard right
went down 200, the outboard 2° down. The
ailerons also moved differentially during
elevator deflections. Stability and 1lift
distribution were thus maintained during a
variety of flight regimes.

The Horten 1ift distribution can be fairly
well duplicated in a model by using the
airfoils described above and a total twist of
7%, Build the wing so the first 25% of the
half span uses the zero moment section. The
remainder of the wing transitions from the
root section to a thinner symmetrical section
at the wing tip. No twist is used for the
first 25% of the half span, one degree is
used at the 50% point, and seven degrees is
built in at the tip.
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If you're constructing with foam, the outer
75% of the half span can be cut in one piece,
achieving proper twist and transition of the
wing sections at the same time. Using a
sufficient number of shims, simply twist the
sheet of foam the correct amount in the
opposite direction to that needed for the
finished wing. Weight it down for cutting.
Place the root and tip templates on the ends
with no twist relative to the work surface.
Once the core is cut the shims are removed
and the wing is constructed on the foam beds,
as usual. With the beds lying on the flat
surface the proper twist is built in!

Model sailplanes using the Horten twist
method and keeping the same aspect ratios and
taper as the originals will probably suffer
from the very low Reynolds number at the wing
tips, even in quarter scale. Be aware and
beware!

One final thing about the Horten wings -
you'll notice some of the Horten designs have
"bat-tails". If you plot out the quarter
chord line for these designs you'll see it
bends and meets the aircraft center line at
90° on the Horten 1V, and sweeps forward at
the center on the VI. Because of the angle at
which the leading edges meet there is a loss
of 1lift in the center section, but the
bat-tail is a means of reducing this effect.
The lift gradient of the Horten VI compared
favorably with those of conventional
sailplanes.

Irv Culver, retired from the Lockheed "Skunk
Works", has presented a 1lift distribution and
wing twist method different from that of the
Hortens., While the Hortens place the twist
toward t%e wing tips, Culver puts the twist
toward the root. The goal here is to reduce
induced drag and achieve optimum span
loading.
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Culver's method is not so simple (!) as that
of the Hortens, as it involves a formula
which requires that overall design 1lift
coefficient, aspect ratio, sweep angle of
half chord line, and zero lift angles of the
sections used be known and specified.

- ° . - ’ . ‘
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Typically, Culver's method relies on three
control points - root, 30% half span, and
tip.

TWIST FOR 3
CONTROL POINTS _ TWIST FOR 2
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TWIST — | |
0 13 1.0

The twist configuration advocated by Culver
is easily accomplished with foam core
construction, a definite advantage. Also, if
a section with high coefficient of 1lift is
chosen, trimming for high speed can still be
acomplished with deflection of tapered
elevons. The disadvantage is adverse roll-yaw
coupling - there is excessive roll when the
aircraft is yawed. The solution is to bend
the wing tips down, as seen on some of the
Northrop 'wings.

QBE is the third method of achieving correct
wing twist. QBE stands for Quick But
Effective. Cutting the foam core wings
couldn't be easier: align wing root template
at Oo, set up the wing tip template at the
predetermined angle, and cut the foam. A wing
half can be cut in one piece with straight
taper and straight twist built in. The real
secret is in determining what angle to use
when aligning the wing tip template on the
foam.



Iyl

ON THE ‘WING... THE BOOK

There is a formula, based on zero lift
angles, moment coefficients, sweep ratio, and
a stability factor (see OTW #5, "Computer
Programs for Determining Sweep and Twist),
but here are a few suggestions from designs
which fly well: (1) Eppler 174 root,

Eppler 182 tip, constant chord, wing swept
165 chord lengths measured at the tip,

47 twist;

(2) Eppler 180 root Eppler 184 tip, asgect
ratio of 9.1, 20° 1ead1ng edge sweep,

twist; (3) Eppler 222 root, Eppler 230 tip,
constant chord, wing swept 1.5 chord lengths
measured at the tip, 00; and (4) Eppler 224
root, Eppler 230 tip, constant chord, wing
swept 1.1 chord lengths measured at the tips,
0° twist.

3

SWEEP ANGLE '
SWEEP
L

All through the above discussion we've talked
about foam core construction - because it's
both accurate and fast. Foam core
construction promotes rapid design evolution.
Experiment and share your findings with
others!

1. The bulk of this information came from an
article by Jan Scott of the Vintage Sailplane
Association, originally published in The
Bungee Cord, and from Dr. Martin Lichte's
book "Nurflugelmodelle". Additional
information can be found in TWITT Newsletter
#10.

2. TWITT Newsletter #4.

3. For further information, see MTB
(Modell-Technik-Berater) 1/2; these were
originally published separately, but are now
under one cover; available directly from the
publisher: Verlag fur Technik und Handwerk
GMbH.



10

100
200
300

19aa0

1200
1500
2000
2250
2500

TwisT GEOMETRIES FOR SWEPT FLYING WINGS 45

CULVER TWIST DISTRIBUTION

PI = 3.1415%92454

PRINT "Enter the design l1ift coefficient": INPUT CL
PRINT "Enter the wing’s aspect ratio*: INPUT AR

PRINT "Enter the sweep angle of the half chord line, in
degrees": INPUT SA

X =1, €AR + 1)2:¥ = (2 % PI) / (1 + (2 / ARY)Y:TA = CL =
S * PI # (1 -~ X)) % (1 /YD

PRINT TA

FOR ST = 0 TO 1 STEP .1

Z = (AR + (2 * PI>) 7/ (2 % PI»:AS = TA * ((1 - §TY ~ 2)
PRINT ST,AS

NEXT ST



A METHOD OF FLUTTER SUPPRESSION

Swept wing tailless sometimes suffer from
flutter at high speed due to a lack of
torsional rigidity. The outcome of this
flutter is either a reduction in flight speed
or destruction of the aircraft.

Dr. Martin Lichte has written an article
describing both the flutter and a solution.
Published in DELTA #6, the following is a
condensation from the German text:

The first drawings show the type of flutter
which swept tailless can experience. Notice
the front view shows one point on each wing
panel which remains motionless, while the
side view, which describes the 'wing's path
through the air, clearly illustrates the
vertical movement of the CG.

/3 HALFSPAN

\/ﬂ\w\/

Before a remedy can be prescribed we must
find the reason for the flutter. Take a piece
of sheet balsa and extend 3/4 of it past the
edge of a table. "Sweep" the sheet to some
angle relative to the table edge, say 20,
and place a flat object, like a bhook, on the
end of the sheet which is resting on the
table. If you now 1lift or depress the free
end of the sheet you will see an interesting
thing happen; the effective angle of attack
of the tip changes, as shown in the next
drawing.
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There is a twist imparted on the wing by the
geometry of the bending. For the technically
minded who might be reading this,

AB= arctan (sinD" * tan‘Yg
where 13 = effective angle of attack

This means if you raise the tip 5° when the
sweep angle is 20~ the resulting change in
angle of attack will be 1.7139°. It would
appear the increasingly negative angle of
attack as the wing is raised would force the
wing back down to where it belongs, but this
is not what happens. Rather, the wing
continues upward until the rigidity of the
structure stops the movement. The wing then
flexes downward and travels past the point of
origin. At some point the end of the wing
will again be forced back up by the strength
of the structure, and the cycle repeats. This
bending of the wing is harmonic in nature and
will increase in amplitude as long as the
aircraft's speed remains above the flutter
threshold, eventually precipitating
structural failure. Interestingly, the
frequency of the flutter can be changed by
changing the mass of the wing - increase the
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mass and the bending will occur more slowly,
decrease the mass and it will speed up.

Tailed airplanes usually don't experience
this type of flutter because of the
tremendous damping forces exerted by the
fuselage and tail assembly. This means one of
the most effective ways of dealing with this
problem is to simply add a fuselage and tail
assembly to the wing - but that would be
cheating!

The solution to the problem does not lie in
finding a new airfoil for the wingtip, as the
basis of the problem does not lie there. An
ingenious person may be able to come up with
an electronic device to act as a damper,
automatically moving the elevons to
counteract the otherwise increasing amplitude
of the bending and resulting torsion. But
instead of taking up time, money, space, and
weight with electronic gear it would be
better to find a structural solution which
could be incorporated during the building of
the aircraft structure. Some reduction in
flutter can be had by using winglets, for
example... but read on!

There is no way all of the bending can be
eliminated because there are no perfectly
rigid materials, but we can use more rigid
materials and place the rigidity where it
will do the most good. The drawing bhelow
shows the solution presented by Dr. Lichte.
The carbon fiber spar is placed well back,
near the trailing edge, just in front of the
elevons.

S

ECTION A-A
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When the spar is placed to the rear of the
airfoil it counteracts the torsion produced
by the bending of the wing and the angle of
attack of the tip is much more resistant to
change. A fully sheeted foam core wing with
this type spar system is very resistant to
flutter even without winglets. A retrofit of
this spar system would be very difficult in
an existing 'wing, but what better reason to
build a new one?

Dr. Lichte's article supported an idea
presented by Ken Bates in The White Sheet #7
(February/March 1982). Ken's article dealt
with some stability problems he was
experiencing with his swept wing tailless
designs, and he presented the idea of the
rearward spar position as a means of
controlling the torsion brought about by wing
flex. Although Ken didn't talk specifically
about this type of flutter, the underlying
problem is identical to that presented by

Dr. Lichte, and the solution is just as
viable. Ken did mention some other
alternatives: use (1) lots of taper,

(2) thicker airfoils, or (3) lower aspect
ratios. But each of these solutions has a
negative effect with which you might not want
to deal.

DELTA is the magazine of FSV Versmold, a
German club which flies only tailless
‘ecraft.

The White Sheet, edited by Sean Walbank, is
the magazine of the White Sheet Radio Flying
Club, a group heavily involved in slope
soaring. Their flying site is a hill
overlooking White Sheet Downs, a short
distance northeast of Sherborne. '




TAILLESS, CANARD, & CONVENTIONAL DESIGNS...
A DISCUSSION OF PERFORMANCE POTENTIAL

From TWITT's (The Wing Is The Thing)
Newsletter #28, October, 1988:

NOT A TAILLESS FAN

Victor Mead Saudek of Los Angeles writes:

«.++I shall make a few comments on your TWITT
movement at this point: It has been very well
established that nothing in the way of
sailplanes can be cleaner than the
conventional tail-in-the-rear configuration.
To claim otherwise is to allow emotions to
overcome hard won knowledge. With the
prospect of making even incremental gains in
performance giving one manufacturer great
increases in sales you can bet the farm and
your family that G. Weibel, Klaus Holighaus
and others have examined this field very
diligently. It is true that some features
have recently been discovered - such as
Les(?) Schueman(?) who figured out the double
sweep back near the wing tip - and Holighaus
now builds the Discus, but this is a small
advantage. You should realize that when
racing sailplanes are costing $45,000 in the
US, there are great incentives to examine
every possible detail to get an advantage.

Recall the idea of tail-first concepts by
Burt Rutan and how they were advertised as
being "stable" and "clean." Well, it isn't so
and Technical Soaring for July 1988 has an
article on the subject: "Canards: the Myths
and the Realities" by Albert W. Blackburn.
Any way you cut it, the forward surface
should be several times the aft surface area
for performance. The reasons for this have
long been known. And the tailless designs are
inherently poorer than tailfirst! All-wing
aircraft have tails - the reflexed trailing
edge of the airfoil - but this is too close
to the lifting part of the wing and must
always reduce that 1lift. With a smaller
surface further aft, the tail can balance the
overturning (tendency to dive) moment of the
airfoil with a light downward load and little
drag while the wing can have an optimum low
drag airfoil.
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To increase L/D of sailplanes one can reduce
the waviness of airfoil surfaces (see
Soaring, Dec 1987), use endplates on wingtips
(carefully) and minimize interference drag at
the intersections (wing-to-fuselage). The
next big step will be active boundary layer
control (using solar cells?) which should
give L/D of 100 or so. If I haven't convinced
you, I am not surprised or sad unless you
invest too much money in the chasing of the
tailless "Will of the Wisp."

Vic Saudek

TWITT Editor's Comments:

It seems naive to advance non-use as proof of
lack of merit. I must candidly confess my
ignorance of the intricacies of sailplane
design, but areas of technology with which I
am familiar - and there are a few of those -
are littered with meritorious ideas which are
simply left unused. Some are very complicated
to analyze (e.g. free-piston engines) while
others cannot leap the retooling barrier;
others are neglected out of sheer ignorance.
In this connection, the high cost and low
sales volume of high-performance sailplanes
would seem to provide a disincentive to
innovation; I know of no practical way to
squeeze "great increases in sales" from a
miniscule market. There is no technical
reason to discount tailless sailplanes a
priori; the induced drag argument fails to
consider the aircraft as a whole when
considering the conventional layout. It is
the downwash distribution in the wake of the
aircraft - due to the entire aircraft - which
determines whether the aircraft will have
minimum induced drag. Optimum downwash gives
optimum induced drag, regardless of how it is
achieved. There is good reason to believe
that a tailless design could have better
induced drag, at equal span, than a
conventional machine. If a wake displacement
is taken into account, the advantage of the
tailless airplane would seem to increase at
off-design 1lift coefficients. The lower
skin-friction drag of the tailless, and the
near absence of crossflow drag in curvilinear
flight, seem to favor it even more. It is not

51
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clear to me why Mr. Saudek mentions canards
in connection with flying wings, as they have
little in common. The basis for his claim
that flying wings are somehow "worse" is
equally obscure. The record of the Horten
machines in international and national
competition suggests very strongly that the
big problem of tailless sailplanes is not
aerodynamic at all - they have atrocious
ground handling qualities and are vulnerable
to damage during out-landings. It would
actually be easier to apply boundary layer
control to a tailless machine, and the
availability of power for suction raises the
intriguing possibility (which certain TWITTs
are investigating) of using active
stabilization as well, allowing operation
with the cg behind the neutral point of the
aircraft.

Marc DePiolenc

And a comment from Klaus Savier, as well, in

Newsletter #29:

In engineering it is simply performance and
cost which rule. If one configuration
consistently shows better performance than
others, it is wise to accept the fact that
this configuration is better. Aerodynamic
performance cannot be evaluated adequately by
looking at skin friction drag and induced
drag alone; there is more to the story.

Most canard configured airplanes generate a
drag problem during turning flight, and thus
are not a good choice for an airplane which
is required to turn 80% of the time, i.e.
sailplanes. This problem does not disqualify
canards when they are evaluated on a broader
spectrum. For the past seven years, general
aviation aircraft performance has been
meticulously measured and evaluated at the
CAFE race in Santa Rosa, CA. CAFE stands for
Comparative Aircraft Flight Efficiency, and
we score:

mphl-25 o payload?+75 4 mpg,
which can also be written

mph2'25 X payloado'75/gph.
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As you can see, speed and efficiency are of
greatest value. The airplanes are flown at or
near gross weight around a 400 km course -
climbing, descending and turning around
pylons. There is no doubt that low drag is
highly desirable in this event, yet it has
always been won by canard configured
airplanes. I entered the CAFE race four years
ago. Since then the three top places in the
two~-seat category have always been taken by
canards! This year Gary Hertzler (VariEze),
Gene Sheehan (Q200) and I scored within 3% of
each other. Fourth place went to Mike Maxwell
and co-pilot Ray Cote in Mike's meticulously
race-prepared Lancair. Its score was 25%
lower!

I would like to invite all believers in the
"old configuration” to perfrom in the CAFE
race or fly your old configuration nonstop,
unrefuelled around the world. My hat and
goggles to you if you win. Until then: put up
or shut up.

Klaus Savier

All of the above information concerns full
sized aircraft, particularly the powered
type. We feel, however, that much of what is
said is applicable to the improvement of our
R/C sailplanes. Of particular note are the
topics of boundary layer control, drag
measurement, and CG location. We're hoping
that you will be able to pick up a few other
enticing tidbits and incorporate something
new in your next project.



FOUR GERMAN 'WINGS

Our own interest in flying wings is now five
years old. (But our piles of accumulated
information would make it appear we've held
this interest for a substantially longer
period of time.) While going through our
files recently, we marveled at the
improvements in flying wing design which
we've seen over this relatively short period,
and thought perhaps a brief description of
several representative 'wings would be of
interest.
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ELFE II, 1984

Curt Weller's Elfe II has most probably had a
greater effect on flying wing advocates than
any other design, for it announced to the
world that high performance swept wings are
possible. Some of its performance
characteristics are no doubt due to the fact
Curt is a former Austrian F3B champion.

The Elfe II is easily constructed of
foam/balsa/fiberglass using the dimensions
shown here. Elevons are used as control
surfaces and the speed range is quite broad
even though there are no flaps. The elevon
servos are mounted in the wings. No bridle is
necessary and so only one tow hook is used.
The plywood keel serves the dual purpose of
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mounting surface for the tow hook and hand
hold during launch. We have seen the fins
both glued securely to the wing and mounted
with flat head screws. The screw mounting
technique allows removal for transport and
easy replacement in case of damage.

Take note of the airfoils used: the

Eppler 180 at the root and the 184 at the
tip. These are good choices as they are both
relatively low drag sections; the E 180 has a
good 1lift coefficient, and the E 184 does not
have excessive reflex. The use of these two
sections also allowed Curt to use a minimum
of wing twist to assure stability - just one
degree. The Elfe II needs to be flown at all
times, as it will not search out thermals
like many plank designs. It is maneuverable
and fast, but is also a very capable floater
when the need arises. It does well in F3B and
thermal duration contests, and at least one
flyer has entered an Elfe II in a slope

race.
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NURFLUGEL, 1986

"Nurflugel" is German for "only wing," and
it's never been clear to us whether this is
the actual name of this design or just a
generic term applied to it. Designed by Klaus
Brunswicker, this 'wing features flaps,
spoilers, and pseudo-Scheumann tips, and
seems well suited to thermal-duration tasks.
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Significant is the use of the Eppler 222 -
230 series of airfoils. These sections were
designed specifically for swept flying wings,
and the use of the E 222, 226 and 230 on this
design are an indication of what can be done
with these airfoils. The E 222 is an
undercambered section with good 1lift, and the
E 230 can provide sufficient stability for
the design without the necessity of twist.

The separate fuselage provides adequate room
for batteries and receiver, and is shaped to
promote a smooth connection between the
quarter chord lines of the two wings. This is
beneficial to the 1lift distribution and
improves thermal performance.
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JUST IN TIME, 1987

Hans-Jurgen Unverferth for some time wrote a
flying wing column for the German magazine
Flug- und Modelltechnik (FMT). He is a
proponent of flying wings for F3B, and over
the past few years has developed several
designs, each a better performer than the
previous. Following the evolution of
Hans-Jurgen's designs is rather interesting,
and demonstrates quantum leaps in design
strategy.

"Pirx" (1985), an earlier design, used the
Eppler 224 section atothe root and the E 230
at the tip, with 15.5 of leading edge sweep
and no twist. Elevons were the only control
surfaces used.
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"Just In Time" was nearly a complete
departure from "Pirx," retaining only similar
overall dimensions and wing sweep. Using a
symmetrical Quabeck section of 9% thickness,
and one degree of twist, Hans-Jurgen turned
to flaps and airbrakes for speed and glide
path control. Pseudo-Scheumann tips, but in a
slightly different form than "Nurflugel,"
were used. "Just In Time" sported curved tips
which blended the wing into winglets. The
winglets were mounted at 95, maintaining a
good lift distribution and minimizing tip
losses.

"Ceozwo" ("COz"), Hans-Jurgen's newest
endeavor, uses a constant chord wing and a
pod fuselage. Elevons and flaps, like those
on "Just In Time," are retained. We don't
have much more physical information on
"Ceozwo," but its performance at the 17th
Ludwig-Kramer-Cup (F3B) held in Dortmund,
Germany, allowed Hans-Jurgen to score 8274
points. The top flyer in the contest, with a
tailed "Albatros," scored 8777.

The above information was compiled from:
Model Aviation; DELTA, the magazine of FSV
Versmold, #5 and #7; Flug- und Modelltechnik
(FMT), published by Verlag fur Technik und
Handwerk GmbH; and The White Sheet (White
Sheet Radio Flying Club, England) FW Special
#2.
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NOTES ON PLANKS

For the past two decades the most popular
tailless RC sailplanes have been planks, and
there are many full size plans available.

A common plank design consists of a constant
chord wing with no sweep, a centrally mounted
elevator, and a large rudder. Planks of this
type have a very simple structure that lends
itself to rapid building. Stability in pitch
is achieved by reflexing the last 20 to 25%
of the airfoil and having a forward CG.

The reflexed sections used by planks are
essentially one speed airfoils. When flying
too slow the forward CG pitches the model
-down and speed increases; when flown too fast
the reflex pitches the model up and speed
decreases. Planks are thus very stable and
make great trainers - both of us learned to
fly proportional with a plank, Dave Jones'
"Raven MB."

Plank type 'wings fly about 50% faster than
conventional airplanes of the same wing
loading, but with their inherently draggy
reflexed airfoil their glide ratio is not
good, and dead air duration is about one half
that of a conventional sailplane. Yet a good
plank, in capable hands, will outclimb a
conventional sailplane in a thermal! Planks
have a low wing loading, can turn tightly,
and some, like the Raven, will automatically
center themselves in a thermal, hands off!

The stable reflexed section brings with it
two unique problems:

(1) It's quite disconcerting to try to
dethermalize a plank by diving. The wing has
a positive camber with the elevator down and
so its 1lift increases. As the 'wing gains
speed the increased 1ift can actually offset
the down elevator being applied. We've often
found ourselves in nearly level relatively
high speed flight with moderate down
elevator! Ken Bates recommends diving
inverted when dethermalizing his "Windlord."
(Plans available through Model Aviation.)
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(2) Thermaling with full up trim sets the
turn and lowers flight speed. But this
increases the effective reflex and applies a
big down load to the wing - just the opposite
of what you want in a thermal turn when
attempting to make the best use of available
lift.

Some flyers of both full size and model size
planks, rather than relying on elevator trim
which is always drag producing, have
experimented with a sliding weight device
that adjusts trim for high speed and
thermaling flight modes. The trim on our
Ravens is noticeably changed with the
addition or removal of a 1/4" cube of lead,
and so it doesn't take much weight shifting
to change trim significantly. The system
works well but entails an added mechanism.

Always make sure that the elevator servos
pull for up. The elevator, being a part of
the reflex of the airfoil, tends to have a
consistent down load on it. When speeds are
high you want to be able to have reliable up
elevator, and having the servo pull rather
than push for that function eliminates the
possibility of pushrod buckle.

Several modifications can be made to the
basic plank deign we described at the start.
First, the workable CG range can be extended
by increasing the wing chord and sweeping the
leading edge back. This is the form of Dave
Jones' "Blackbird 2M," spoken of so often in
this column. A second modification of the
basic plank involves sweeping the trailing
edge forward while maintaining a straight
leading edge. The resulting planform is good
for maintaining effective aileron control and
nearly eliminates any pitch changes brought
about by aileron differential. Jim Marske's
full size Pioneer II is an excellent example
of this planform.

Contrary to popular opinion, flaps can be
used on planks. While tows are straight and
steep without them, the climb rate is
improved. Also, they are effective landing
aids. Their area should be no more than 5% of
the wing. Install them on the bottom wing
surface at 40% local chord; they won't affect
pitch much when located there. Deflections
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of 40° are effective. Flaps should not be
used when thermaling!

A final comment: You must adhere to,the FAI
minimum wing loading of 3.96 oz./ft” when
competing in AMA events, and its very easy to
build planks well below that minimum.
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AR 193-575
X Y
100.0 0.0
99.661 0.0
98.674 0.0
97.108 0.018
95.023 0.113
92.452 0.227
89.414 0.398
85.945 0.625
82.096 1.023
77.923 1.675
73.484 2.462
68.839 3.286
64.052 4.265
59.186 5.052
54.306 5.824
49.458 6.485
44.673 7-005
39.979 7.363
35.402 7+55
30.967 7.566
26.696 7.418
22.62 7.131
18.78 6.724
15.218 6.215
11.967 5.6
9.061 4.91
6.525 4.157
4.383 3.356
2.652 2.528
1.344 1.699
0.465 0.901
0.026 0.189
0.0 0.0
0.129 -0.379
0.819 -0.862
2.044 -1.312
3.791 -1.699
6.049 -2.019
8.801 -2.27
12.026 -2.453
15.697 -2.576
19.778 -2.646
24.227 -2.672
28.998 ~2.665
34.035 -2.636
39.28 -2.593
44.672 -2.547
50.145 -2.504
~2.472
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61.059
66.364
71.479
76.339
80.882
85.05

88.788

92.048
94.794
97.003
08.64
99.655
100.0

~-2.454
-2.452
-2.468
-2.431
-2.315
-2.171
-1.884
-1.553
-1.165
-0.773
-0.455
-0.227
0.0


























































































































































































































































































































































































































































































































































































