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In the end, this is what it’s all about: sand, surf, a sunny day, a steady breeze and a slope. This is my favourite place on
Planet Earth. (credit: Michelle Klement)

In The Air

All (good?) things must come to an end.

Terence C. Gannon - Follow
IEF Published in The New RC Soaring Digest
Tminread - 4 daysago

@ Listen C’] Share *e* More

It is with a mixture of regret and relief that after 30 issues of the New RC Soaring
Digest, I announce this will be my last. I anticipate for the vast majority of you
who truly enjoyed the monthly dose of commercial-free RC soaring journalism from

around the globe, this will be disappointing news.
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To anticipate and answer the question of “why now?” the most candid answer I can
provide is that I actually intended to wind things up after a nice-and-tidy two years. But
as a few trends seem to foreshadow better times ahead at that anniversary, I decided to
extend my tenure on a month-to-month basis. As the subsequent issues rolled out,
however, I began to realise the positive swings in the outlook were nothing more than
statistical aberrations. Two-and-a-half years, therefore, overachieves on my original
commitment I made to myself and my family of growing the then-nascent RCSD

opportunity into something which pays something. Anything.

Alas, it has not. The sole revenue stream for the publication was The RCSD Shop.
Instead of generating what even amounts to a slight offset in expenses, lack of sales
meant the Shop actually lost money. Perhaps when I obliquely wrote — ad nauseam —
about the need to make the New RCSD ‘sustainable’, I should have been a bit more on-

the-nose. My work on the New RCSD needed to eventually pay.

There seems to be a sustained and widely held belief that everything on the internet
should be free. And much of it is free and worth exactly what you paid for it — maybe
less. That said, while the New RCSD is free to consume I can assure you that it’s not free
to produce. I have 3,427.7 hours invested in the New RCSD to date which are a stark
testimony to that fact. Plug in whatever number you think is fair pay for each hour and

that is what the New RCSD cost to produce. Not free. Not even close.

Moreover, this doesn’t take into account the extensive time and effort of the many
excellent contributors to the New RCSD. Neither is their time free and simply expecting

them to do the work pro bono isn’t right or reasonable, either.

To say the New RCSD was a labour of love actually mischaracterises my involvement
with the publication. While I certainly love reading, editing and writing about RC
soaring I could not, when I started, and can’t now justify a project which demands so
much time and yet for which there is no prospect of monetary compensation. I am not
independently wealthy and even at 62 I feel I have some good earning years left in me.
As the only income in our household, I need to get back to paying work to set our
family up for true retirement which is still realistically too-many-to-contemplate years

in the future.

Unfinished Business



In preparing this final issue I tried as much as possible to put the blinders on and think
of it like any other issue. That is, other than this article and The Trailing Edge which

winds things up — the last article ever.

What sharp-eyed readers will notice is that there are at least two excellent series —
Tiberiu Atudorei’s Project ALTius and Mike Goulette’s The History of Electric Flight which
are seemingly being abandoned in the middle of their respective runs. Although the
final call will be up to Tiberiu and Mike — they’re the ones doing most of the work — I
pledge that if they write their articles I will make sure they get the same treatment they
always have and I will get them out to those who express a desire to read them. This

only seems right.

To some degree the same could be said of Scott Manley’s Condor Corner. However in
this latter case, the original versions of these articles ran in the SSA’s Soaring magazine
just last year, and readers who are keen to finish Scott’s series can continue with it

using that publication’s archives.

What the Future Holds

There are really two answers to this question. The first, of course, is what the future
holds for the RC Soaring Digest. Frankly, I don’t know. If somebody out there wants to
pick up the mantle and run with it, that would be great. However at this time no such
individual has been sought out and no one has stepped forward. If and when this
occurs, then it stands to reason the publication of the new New RC Soaring Digest would

re-commence at some indefinite point down the road. Any takers out there?

So far as the future for me? I also don’t know. As I mentioned above, the priority has to
be replacing non-paying hours with paying ones as fast as reasonably possible. But
‘writers gotta write’ so I suspect while that search is ongoing, I'll put pen-to-paper on
whatever is on my mind at a given moment: aviation history and NBA basketball are
subjects which are easy and fun. I also figure I have a screenplay or two in me and I
might use whatever time is left over to scratch away at these. If anybody has a
connection to Tom Hanks, by all means please hook me up — these stories would be

right up his alley.

Finally, if I were ever to dip my toe into the monthly publication waters again — that’s

not impossible — it would come with non-negotiable rules forged in the fires of my



recent experience: it would be a subscription-based publication and it would cater to a
broader, more diverse audience. The latter is not some sort of nod to political
correctness. Rather, it’'s motivated by pure economics. Publications need a certain
critical mass to be sustainable — or, more on-the-nose — they must pay those who
contribute to them. My subjective sense is that the RC soaring community alone simply

does not have what it takes for such a publication.

Finally, Thanks

It’s tempting to start naming names of those who have really gone above and beyond in
their support of the New RCSD. But this runs the risk of missing somebody out and that
I want to avoid at all cost. Suffice to say for all those who contributed stories, pictures,
letters to the editor, insightful comments, likes and reposts on social and to all those
who purchased something from the Shop, my heartfelt and humble thank you. The
New RCSD simply would not have existed as long as it did without you. I truly hope we
cross paths at some point down the road so I can thank you with a firm handshake and

a pat on the shoulder.

Finally, I want to thank my wife Michelle from the bottom or my heart. You let me
quixotically tilt at yet another windmill, patiently weathered the excruciating highs and
lows of monthly deadlines and just generally put up with my shit through these last

two-and-half-years. For this and so much more, I love you, always.

Fair winds and blue skies to each and every one of you.

—T-
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Cover Photo

We end where we began. This month’s cover was taken by Bob Hirsch in April of this
year, who caught Aaron Smith Wallace and his classic Aquila Grande amongst the wild

flowers atop everybody’s bucket list soaring site, Torrey Pines. Aaron comments:



“So much rain this season brought out this huge bloom of flowers. Could not resist the chance
to catch all the bright colors. We usually get some flowers at Torrey in the Spring but that was
exceptional.”

Exceptional, indeed — and we’re truly grateful California is finally getting some rain!
Thanks for the opportunity to feature your great photo, Bob and Aaron.

You are welcome to download the June 2023 cover in a resolution suitable for computer

monitor wallpaper. (2560x1440).

—>\—

Disclaimer: While all reasonable care is taken in the preparation of the contents of the New
RC Soaring Digest, the publishers are not legally responsible for errors in its contents or for
any loss arising from such errors, including loss resulting from the negligence of our staff or
any of its contributors. Reliance placed upon the contents of the New RC Soaring Digest is

solely at the readers’ own risk.

—>\—

Here’s the first article in the June, 2023 issue. Or go to the table of contents for all the other
great articles. A PDF version of this edition of In The Air, or the entire issue, is available

upon request.
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The legendary New RC Soaring Digest glider stamp montage. Can you spot the new stamp added this month?

Letters to the Editor

An exciting new aircraft takes to the skies for the first time.

The New RC Soaring Digest Staff
SD g

Published in The New RC Soaring Digest
2minread - 4 daysago
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I wanted to share a project that I have just maidened. This is a SZD-9 Bocian with a

4.5m wingspan which is very special, because it is dedicated to slope aerobatics. It
is equipped with some unusual features to be able to perform both old-timer-slow-and-

smooth trajectories and more aggressive tricks. It is an entirely wooden structure and I
started working on it in 2019.
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After the first flight, I still have some aspects to set up and more test flights. I would be
very happy to share about all the passionate work I put into this project, in an

upcoming issue of the New RCSD.

Stéphane Combet

France

She looks gorgeous, Stéphane, thanks so much for sending news of her first flight in to us.
Good luck with the rest of the flight test program! — Ed.

—>\—

Read the next article in this issue, return to the previous article in this issue or go to the table

of contents. A PDF version of this article, or the entire issue, is available upon request.
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The finished Gull airframe, ready for covering and finish.

The Kirby Gull

Fred Slingsby’s gorgeous gull-wing at 1:3.9-scale.

Chris Williams - Follow

BS| Published in The New RC Soaring Digest
4 minread - May 25
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I I V' his is my second foray into the world of the Slingsby Gull, the previous being a
much larger version of the Gull 4 replica. I've kept pretty much to scale, other
that the fact that the blue of the full-size is lighter than I have used, due to the fact that

the film that covers the flying surfaces is available only in a limited range of colours.
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Left: The basic structure of the first of the fuselage half-shells is where it begins. | Centre: The front half of the
fuselage is planked with 1.5mm ply: tedious but strong! | Right: The second half is built over the first, making sure to
keep it all straight.

Construction is Williams-conventional, with the fuselage being built in two halves

before being clad in plywood.

Left: View of the tailplane mount. | Centre: Basic tailplane assembly. | Right: Inner fuselage structure completed, now
for all the plywood skinning The temporary formers have yet to be removed.

The wings are built with my current format of using a relatively small main spar, which
is tied together at the front with ply web plates, and then reinforced for a good part of
the wing by dropping in an equally size sub spar, thus to form a very strong I-beam.



Left: The nose block is made up from polyester filler. | Centre: The front end complete and smoothed with filler The
temporary formers will be removed and the interior glassed with wing joiner tape and polyester resin. | Right: The
components of the joiner box for the fuselage.

The wings are in one piece, with the gull break being achieved by bending the 5Smm by

5mm spruce spars over a simple jig.

NOUEN PEpE

)

Left: Tailplane complete. | Centre: First stages of the fin construction. | Right: Setting up the rudder cable guides
before sheeting the rear of the fuselage.

The wing joiner box in the fuselage allows the 15mm steel bars to overlap each other to

give the maximum depth and strength.




Left: he lower canopy frames are laminated against the fuselage sides to induce the necessary curve. | Centre:
“Canopy frame completed. | Right: First stage of wing construction: the 5mm square main spar is bent over a jig to
induce the gull shape.

The airfoil section is my standard HQ35/14 for the inner panel, transitioning to
HQ35/12 out to the tip.

Left: Sixteen millimetre brass wing joiner boxes between the sub spars: on the other wing they are between the main
spars to allow for the staggering of the joiner blades. | Centre: Sub spars added and the wing ready for sheeting. |
Right: Setting up the wings to the fuselage.

Thanks very much for reading and if you have any questions, please don't hesitate to

leave then in the Responses section which you can access by clicking the little v below.

Left: Smoothing the joins between wing and fuselage. | Centre: Job done! | Right: View of the completed tail group.



SLINGSBY TYPE 12GULL 3
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Good luck with your project and see you next time.

©2023 Chris Williams

Resources

o Airborne with the Gull Replica on YouTube. — First flights with the Kirby Gull replica
featured in this article.

o The Williams Anthology — The collected works of Chris Williams as found in the
pages of the New RC Soaring Digest.

—>\—

All images and videos by the author. Read the next article in this issue, return to the previous

article in this issue or go to the table of contents. A PDF version of this article, or the entire
issue, is available upon request.

June 2023 Gliders Model Aircraft Hobbies And Interests Scale Models
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(credit: Sverrir Gunnlaugsson)

Iceland Open F3F 2023

Challenging, chilly conditions lead to a top five sweep by the British contingent.

Sverrir Gunnlaugsson - Follow

BEl Published in The New RC Soaring Digest
5minread - May 25
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aturday April 29, 2023 started off bright and early with blue skies and

temperatures getting close to freezing but with the wind blowing straight on the
slope in Helgafell. We were bothered in the beginning by a faulty audio jack on the CD’s
(contest director) computer but after finding out what the problem was we managed to

‘hot fix’ it so the rest of the day went by without too much trouble.
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(credit: Magnus Kristinsson)

Due to that problem the first round took some time to finish with re-flights but later
rounds were done much more quickly. We got two flights under 40 seconds with the
fastest time of the day 38.41s — and the entire competition as it turns out— flown by
Andy Burgoyne in Round 3. In the end we managed to fly seven rounds before the
cutoff at 1700 hours. The evening was well spent fixing the audio jack on the CD

computer.




(credit: Magnus Kristinsson)

Sunday the 30th also started off bright and blue but quite a bit warmer with
temperatures around 5C. The wind was going strong on the slope and the first rounds
went quite well. The fix to the audio jack worked very well and gave us no further
problems. Rounds 8 and 9 went by quickly but as Round 10 progressed we started to see
lower wind speeds and the flight times climbing up but thermals came by quite often.
However, we managed to finish the round and after a briefing we moved up the
lunchtime and waited to see if the wind would steady again.

(credit: Magnus Kristinsson)

After lunch it looked like the wind was picking up so Peter Gunning was sent off to
start Round 11. As he was launched off the edge though, the wind died down and you
could see him go down, down and down some more. Thanks to some good piloting on
Peter’s behalf he managed to stay up, finding a thermal and getting back to land after
about four minutes. As the weather didn't seem to be picking up in the next hour we
had a briefing and called it a day around 1400.



|" v

(credit: Sverrir Gunnlaugsson)

The forecast for Monday was highly variable with no wind from all directions — thanks
Erik! — so early on in the morning we drove to Helgafell as that was the most likely spot

based on the current measurements of the weather.




(credit: Sverrir Gunnlaugsson)

Lo and behold when we got there the wind was blowing straight on to the slope so our
spirits were lifted quite literally by that. While setting up the course the pilots started
showing up but the wind started shifting and dying down with lots of thermal activity.
After waiting to see if it would pick up the CD decided to call it a day.

Z— || ~S
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(credit: Sverrir Gunnlaugsson)

The awards were handed out at the bottom of the slope with the first place trophy
going to England with John Phillips.

The globetrotters of this event were Tomas (Shao Yuan) Liu and Lu Hung Jen from
Taiwan and Masanori Ichikawa from Japan — they endured a 40 hour trip to get

halfway across the globe to fly with us!



Thanks to all who attended the event in 2023 and hope to see you on an Icelandic slope
in 2025!

©2023 Sverrir Gunnlaugsson

(credit: Magnus Kristinsson)

Resources

o Iceland Open F3F 2023 organizers official website. — This event is organised in

conjunction with the Flugmddelfélagio Pytur (Tytur Aviation Model Association).

o Iceland Open F3F 2023 on Facebook.

o Complete Competition Results as reported on F3XVault.

e Iceland Open F3F 2023 — The Slideshow on YouTube. — Lots more photos of the

event plus a great soundtrack for your viewing pleasure!

—>\—

Read the next article in this issue, return to the previous article in this issue or go to the table

of contents. A PDF version of this article, or the entire issue, is available upon request.


https://medium.com/u/bdaca1bcb8dd?source=post_page-----c812e3b6448d--------------------------------
https://f3f.is/iceland-open?utm_source=new.rcsoaringdigest.com
https://thytur.is/?utm_source_new.rcsoaringdigest.com
https://www.facebook.com/IcelandOpenF3F?utm_source=new.rcsoaringdigest.com
https://www.f3xvault.com/?action=event&function=event_view&event_id=2536&utm_source=new.rcsoaringdigest.com
https://www.youtube.com/watch?v=fvPYwG_Tf1w&utm_source=new.rcsoaringdigest.com
https://medium.com/rc-soaring-digest/twist-distributions-for-swept-wings-part-5-699e14a4b123?utm_source=new.rcsoaringdigest.com
https://medium.com/rc-soaring-digest/the-kirby-gull-9d3e5d2e2085?utm_source=new.rcsoaringdigest.com
https://medium.com/rc-soaring-digest?utm_source=new.rcsoaringdigest.com
mailto:NewRCSoaringDigest@gmail.com?subject=Iceland%20Open%20F3F%C2%A02023%20PDF%20Request

Panknn Twet Fomae

Twist Distributions for Swept Wings

Part 5: A comparative look at the twist distributions formulated by Irv Culver and Walter
Panknin along with a few final conclusions.

®°,  BillKuhiman - Follow
BE Published in The New RC Soaring Digest
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Readers who have not already done so may want to read Parts 1 through 4 of this series before

proceeding with this final part. — Ed.

—>\—

The “Middle Effect”
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F irst, a small digression is necessary in order to understand one remaining
concept, the “middle effect.” The Hortens’ later designs included geometric
modifications aimed at reducing or eliminating the “middle effect.” Irv Culver’s twist
distribution is specifically formulated to eliminate the reduction in lift near the center
of a swept back wing. Interestingly, the Hortens and Culver are trying to counter two

different phenomena.

As the wing moves through the air, the air coming off the trailing edge is deflected
downward. This is called the downwash. As the air approaches the wing, it moves up
slightly to meet the wing. This is called the upwash. We've already illustrated these two
properties in previous portions of this article series, pointing out the angle of attack is

directly related to the position of the stagnation point.

If you look at an airfoil traveling through the air, you'll see that the air moving over the
upper surface is moving faster than the wing is moving through the air. So too, the air
along the lower surface is moving slower than the wing is moving through the air.
From a vector mathematics perspective, if you subtract the velocity of the wing from
the two air flows, the air over the upper surface is still moving from leading to trailing
edge, but the air along the bottom of the wing is moving backward toward the leading
edge. From this perspective, the air ‘circulates’ around the airfoil in a clockwise
direction as a wing producing lift moves right to left. The coefficient of lift is directly

proportional to this circulation. See Figure 1.
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Figure 1




According to Prandtl’s lifting line theory, you can visualize a wing moving through the
air as simply a line connecting the two wing tips along the quarter chord line with
horseshoe shaped vortices coming from it and extending back to infinity. In this
model, both downwash and upwash are accounted for: the air inside the vortices is
being deflected downward, and the air outside the vortices is being deflected upward.
The actual lifting line calculations, however, are both complex and extensive. Schrenk
expanded Prandtl’s lifting line theory to include taper, twist and control deflections, but
not sweep. Multhopp expanded this theoretical framework further, but still did not
fully account for the effects of sweep.

A swept wing can be viewed as a series of connected small wings, the leading edge of
each slightly behind the leading edge of its inboard partner and in front of the leading
edge of its outboard partner. Each small wing has an effect on the air flow of both its
inboard and outboard partner, but the effect on the outboard partner is very much
greater than the effect on the inboard partner. The upwash is not equal along the span
but rather tends to progressively increase over the more outboard segments. We've

illustrated this concept in previous portions of this article series.

Schrenk’s approximation does not accurately portray a swept wing, and therefore does
not account for the loss of circulation and associated loss of lift at the root and the

increase of circulation and associated increase of lift at the wing tips.

Multhopp’s method of determining the lift distribution, which involves established
“control points” based on “central difference angles,” does not account for sweep
either, but was used by the Hortens as the best available model at the time. The H.IT
was the first of the Horten aircraft to use a bell-shaped, sin*, lift distribution, an

outgrowth of the Multhopp paradigm.

The “middle effect” which is so often talked about regarding the Horten designs is
simply an artifact of this inability to accurately predict the sweep induced changes in
circulation, specifically a loss of lift at the center. This middle effect is strictly an
artifact of the computation methods and is an error in analysis. The “middle effect” is
not the loss of lift in the center area of the wing, it’s the unanticipated loss of lift in the

center area of the wing.

Horten



The Hortens, in an effort to coordinate stalling behavior and center of gravity with
other planform parameters, performed the necessary mathematical computations, but
always found errors in their results. The aircraft did not behave exactly as predicted
because the center of pressure was not at the location predicted. The Hortens believed
the problem to be related to the intersection of the two quarter chord lines at the
centerline, and envisioned colliding vortices. They constructed “bat tails” which
substantially increased the root chord. Their intent in using the bat tail was to reorient
the quarter chord lines of the two wings and eliminate the colliding vortices. On the
H.IV, the quarter chord lines meet at right angles to the centerline, while on the H.VI
the quarter chord lines actually bend backward. Despite these changes to the quarter
chord line, the “middle effect” remained. Al Bowers has suggested that the Hortens
might have realized they were looking in the wrong direction had they actually flown

their Parabola design.

Despite their problems getting a handle on the “middle effect,” the Horten twist
distribution has the potential to reduce induced drag and allow turns to be
accomplished without adverse yaw. But aircraft will operate as Dr. Horten envisioned
only when all of the design parameters are utilized: moderate sweep angle, large taper
ratio, carefully chosen airfoils (pitching moment), strong nonlinear twist distribution,
bell-shaped span load (lift distribution), and outboard ailerons of defined size and

configuration.

The Horten twist distribution is such that the wing twist is concentrated over the outer
portion of the wing, in the area where the sweep generated upwash is greatest.
Computing the twist distribution is a rather complicated affair, and we’ve been so far
unable to obtain formulae of use to modelers. Mathematically inclined readers may be
interested in Reinhold Stadler’s paper, Solutions for the Bell-Shaped Lift Distribution.

Culver
Unfortunately, Irv Culver did not write a comprehensive treatise on his twist formula.
Rather, his description of its use is sparse, and its derivation not explained in any

detail. Still, it is possible to understand the general thoughts behind Culver’s paradigm.

Although Culver did not specifically mention the “middle effect,” he did realize that lift
of a swept wing is depressed in the area of the root. To compensate, some amount of up

trim is required of the outboard elevons, depressing the lift generated by that area of



the wing as well. Performance is substantially reduced as a result. In Culver’s view, the
ideal is to make the center portion of the wing produce more lift and thereby allow the
wing tips to create more lift. At the design coefficient of lift, the lift distribution is near
elliptical.

Another digression: the most simple method of creating a twisted wing is to use a
single foam core and root and tip templates. Twist is then imparted by setting the two
templates at the appropriate angles relative to each other. Cutting with a tensioned hot
wire always creates a wing with straight leading and trailing edges. This is quick and
simple, but the angle of twist does not change consistently across the semi-span.
Rather, the angle changes at a more rapid rate near the root for wings with no taper,
and near the wing tip if the wing is moderately tapered. As Culver uses wings with
moderate taper in an effort to better achieve an elliptical lift distribution, it is the latter

situation which Culver wants to avoid.

In an effort to compensate for the loss of lift in the center area of a swept back wing,
Culver proposes placing most of the twist in the inboard 30% of the semi-span, say
eight degrees. Three more degrees of twist are then imparted in the outer 70% of the
semi-span for a total of eleven degrees. The increased angle of attack at the root
increases the lift in that area. This allows the up trim of the elevons to be reduced,
increasing the lift in that area as well. The Culver twist therefore requires constructing
the semi-span of a foam wing in two parts rather than as a single panel. As the sweep
angle is increased, the Culver twist distribution calls for more twist. As the Culver twist
distribution is aimed at maintaining an elliptical lift distribution at the design
coefficient of lift, this is in keeping with the increased upwash which is anticipated will

occur over the outer portion of the wing.

In flight, specially designed elevons are used to trim for low coefficients of lift. As the
aircraft approaches a stall attitude, the root will stall first while the wing tips remain

well below their stall angle. This makes a full stall across the entire span very unlikely.

There are a few limitations to the Culver twist distribution: it is accurate only for wings
of modest sweep and taper, and the recommended design lift coefficient is very high
compared with other methodologies, particularly that of Dr. Walter Panknin. Since the
Culver twist distribution is based on maintaining a near elliptical lift distribution,

adverse yaw may be noticeable, particularly around the design coefficient of lift.



There are reports stating that swept wing aircraft utilizing the Culver twist distribution
are both spin-proof and tumble-proof, and there is also at least one report stating the
Culver twist distribution was incorporated into the wings of a number of Boeing
commercial aircraft. These reports have not been corroborated by secondary sources,
and it should be noted that Boeing commercial aircraft are of conventional tailed

configuration and utilize both roll spoilers and rudder to counter adverse yaw.

A six meter (236 inch) span swept wing model using an approximation of the Culver
twist distribution was constructed in Germany in 1987. The Stromburg wing utilized
the Eppler 220 for the outboard portion of the wing and the Eppler 210 at the root, and
had a sweep angle of 28.5 degrees. The twist angle at the root was 11.5 degrees, going to
zero degrees at station .167 and remaining at zero degrees to the wing tip. Elevons
consisted of “Junkers Flaps” from station .833 outboard. This model performed
extremely well, and was large enough to have a movie camera mounted at the CG and
directed at the center section. Films taken during flight showed no air flow separation

at the root during cruise, turning, high speed flight, or landing.

Panknin



Dr. Panknin derived his twist paradigm from a paper by Helmut Schenk. Using airfoil
zero lift angles and pitching moments, span and chords, sweep angle and static
margin, a pitch stable tailless aircraft can be assured. The method relies heavily on
Multhopp’s approximation of the lift distribution, but includes a correction by D.
Kuechemann so that it has good accuracy for sweep values for zero to beyond 30
degrees. Schenk states the “middle effect” still exists using these calculations.

The Panknin methodology provides only the total twist required for longitudinal
stability for a given monolithic wing with straight leading and trailing edges and a
predetermined static margin. The computed twist values have been proven in practice
to be extremely accurate for sweep angles of up to 30 degrees, tapered or constant

chord wing.

Like the Culver formulae, the Panknin method lends itself quite easily to both custom
written computer programs and commercially available spreadsheet software. In fact,
a scientific calculator is sufficient when there are no time constraints. The defined
twist angle can be used on a moderately tapered wing using the foam core construction
method described previously, with straight leading and trailing edges from root to tip.
Successful applications, however, include planforms with constant chord in which the
twist begins at station 0.5, half the semi-span, placing more of the twist over the

outboard portion of the wing.

All of Dr. Panknin’s designs, and our own designs based on Dr. Panknin’s paradigm,
incorporate winglets. These vertical surfaces assist in reducing oscillations in yaw in
straight and level flight and act to reduce adverse yaw at the expense of some increase
in drag. As we've stated in previous columns, thermal machines seem to climb better

with winglets, racers track better with a single vertical fin mounted on the centerline.

Conclusions

All three twist distributions have both positive and negative aspects:

e The Horten twist distribution is based on the work of Prandtl and others, and has
been supported by the more recent works of R.T. Jones, Klein and Viswanathan.
The Horten paradigm has the potential to reduce induced drag and eliminate
adverse yaw, but is computationally intensive and the twist distribution itself must

be used in combination with a number of additional planform attributes.



e The Culver twist distribution is centered on the elliptical lift distribution. This is a
conservative approach which provides relatively low drag and good efficiency
within a confined design point, but may be prone to adverse yaw, particularly when
operating at the design coefficient of lift.

e The Panknin twist distribution has proven itself over a nearly two decade period to
be an accurate determiner of both required wing twist and center of gravity
location. It has been used with great success by a very large number of
international designers. Its major limitation is that it calculates only the twist
required for pitch stability, but it can be used as a fundamental method of

determining the approximate minimum twist required for a preliminary design.
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These factors, taken in combination, paint a picture of a relatively heavy aircraft with
substantial surface and interference drag. Additionally, there is the surface and
induced drag of the separate relatively low aspect ratio horizontal and vertical
stabilizers. In flight, large amounts of drag are created in an effort to make coordinated
turns. Given this perspective, the possibility of more efficient aerodynamics, as seen in

Figure 2C, is obvious.

While a specially tailored single surface wing may be necessary to achieve this goal, a
well integrated design approach for tailless aircraft is certainly very close, as
demonstrated by the recent articles by Katherine Diaz in Pilot Journal and Carl
Hoffman in Popular Science. It is only a matter of time before such design paradigms

and appropriate construction technologies are available to modelers.

When designing a tailless planform, the type of twist distribution to be used should be
one of the first decisions to be considered, and always relative to other aspects of the
design such as prescribed task, design lift coefficient, and planform. There are a
number of design flowcharts available to assist the novice designer, and we very much
encourage readers to investigate their usefulness. The information presented in this
series can be used to augment these resources and assist in developing viable, and

perhaps cutting edge, designs.

©2002, 2023 Bill Kuhlman
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The latest exotic wristwatch from Piaget or Patek Philippe? No it’s actually an early, failed attempt at 3D-printing the
mold for a wingtip. The ‘face’ of the watch is the exposed gyroid infill.

Project ALTius

Part V: Practical experiments in FDM 3D-printing.
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For those who have not already done so, you will likely want to read or at least familiarise

yourself with the first four parts of this series. — Ed.
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L ast time I concluded with “next month, it’s back to the nuts-and-bolts”: I hope
you didn’t take that literally. Instead of “nuts-and-bolts” you will have to settle for
some “nozzle-and-plastic”. That’s right: time to do some old-fashioned FDM (fused
deposition modelling) 3D-printing! Don’t worry, we will have several parts in the future
with hardware laser cutters and 3D-printers to help prepare you for the building season

which will be upon us by then.

Five Reasons for FDM

The first reason is quite simple: in our journey between the start point of ‘what’ — that
is, the 3D models prepared with SAD/CAD — and the destination point of ‘where’ — the
magical 3D resin printer — we definitely need to do a ‘how’ pit stop. In other words we
need to get you familiar with a very important tool: the slicer — used for 3D-printing —
and its relative the ‘g-code generator’ used with a laser cutter. The purpose of these
software tools is very simple: to translate the 3D model or the drawing to the G-code
language accepted by 3D-printers and laser cutters. Both are in fact some variants of

CNCs with specialised tools.

The second reason is that we need to re-evaluate somehow the FDM printing with the

3D-printers, software and materials available today.

The third reason is more practical: previously we have considered two types of

building:
 Balsa geodetic ribs covered in composite — ‘low-tech ALTius’
e 3D-printed core covered in composite — ‘hi-tech ALTius’
In fact there are three additional variations:
o Fully 3D-printed with plastic
¢ Resin 3D-printed core covered with composite

e Fully 3D-printed with resin

That’s right, for rapid prototyping we need to consider also a quick and cheap build
without composites at all. Of the five variations we can consider FDM 3D-printing in at

least three.



And the fourth and perhaps most important reason: we need to validate the use of
theoretical recipes derived from quick W1 and W2 weight estimations with practical
results. In other words, weight and printing time estimations from the slicer software
as compared to the actual, measured weight and time for printing. We also need to
evaluate the structural integrity of the printed wing and to extrapolate the findings

from FDM printing to resin printing.

And maybe a fifth reason: you may already have an FDM printer and you want to put it

to good use before starting to build and/or saving up to buy a resin 3D-printer.



Once again using the car analogy from previous instalments of this series, here is a side-
by-side comparison of a Dacia—the USD$100 Tarantula Pro—and a Porsche, which is the
Bambu Lab P1P that I upgraded to bring its price tag to over €1000.

An Addiction in All but Name?

After a couple of early DIY attempts of my own, my collection of
commercial 3D-printers has steadily grown over the years:

In 2019 I bought a USD$200 Anet A8 Plus for bigger, 300mm x 300mm
x 350mm printing volume. I also upgraded it from GT2 belt
transmission to T8 lead screws for a slow but precise printing of molds.

In 2020 I then bought a USD$300 TwoTrees Sapphire Pro CoreXY type
3D-printer. It, too, has now been upgraded on the Z-axis with two
SFU1204 ball screws with 1000mm active travel so I can print 1m
molds and wings.

In 2021 I added to my collection once again with a USD$400 TwoTrees
Sapphire Plus which has a little bit bigger printing volume.

Then, in 2022, I bought a USD$100 Tevo Tarantula Pro. Admittedly this
was an impulse buy: I wanted to know how good a 3D-printer is when
the parts cost more than the kit. The answer is “actually quite good” —
definitely better than my first DIY 3D-printer.

Finally, this year, I bought an €800 Bambu Lab P1P. It’s now worth
€1000 with upgrades which include different nozzles and an enclosure.
Incidentally, the grey 3D-printed pieces you may have seen in previous
parts of this series were for the enclosure for this printer—that’s a



requirement for printing ABS.

But wait there’s more: a new Creality K1 and Kingroon KLP1 which have
been pre-ordered. Then there’s the eight (!) VORONZ2.4 and four (!) BLV
mgn Cubes waiting to be built. There are also three commercial resin 3D-
printers— Anycubic Photon, Creality LD-002H and an Anycubic Photon
Mono X and seven (!) DIY resin printers.

If you wonder why so many printers: yes, I am addicted to 3D-printing and
yes, I'm a technology hoarder. However I can assure you there is a specific,
valid reason behind this madness and it’s related of course to projects
AlLTius and ALTius2. Stay tuned!

Note also I tried to provide links to all of the above—or the current
equivalent—in the Resources section below.

T TS TTTTTIYTTVYCTTTO TTTYTTTO TTT TTTTTY YT Tt T TTTTTTT TTTTTTTOTT TTT YT YYTTS tTw Y YT oTTmmEm o ommE ot oTmTTJ

are made”.t However, we definitely need to know how to make good ‘sausages’ so it’s

time to do some printing.

TDon’t laugh, sausages are big business in Germany and these words may be attributed to

Bismarck comparing laws and sausages.

3D-Printing Plugs and Molds
I'll start with a 0.4mm nozzle and PLA on the standard P1P configuration — just the 0.4

mm nozzle and no enclosure. I will print a mold of the tip — not the full segment, of

course, but just the last quarter. This first test is a failure.

Mold of the wing tip printed with two different speeds.



In fact, despite appearances, it’s actually quite good. It’s a failure because I used the
rest of an several-years-old PLA roll and the filament was not enough to finish the part
— the tip is not closed. Then again, you can see the cool-looking gyroid infill. The mold
has some elements not suitable for 3D-printed molds: the wall is a very small structure
designed to protect the leading and trailing edges when you polish the mold / plug. It’s
almost of no use in 3D-printed molds and plugs. I left it there just to see how my new
printer is coping with very small details and fast direction changes. All we can see in
the surface are some vertical lines — 2mm apart — that are correlated with the GT2
belts. I probably need to adjust the belts tension — after all, this is a brand new printer.
Definitely usable if between this printed mold and the carbon/resin we use a FEP
release film to ‘smooth’ the surface. All we need to do is to use an offset in the design of
the model to compensate for this FEP film and probably use ABS for printing in order
to do some thermal curing of the resin . This way we can use also some prepregs. OK,

we can use an FDM 3D-printer for molds and plugs — what about wings?

Wing 3D-Printing Test Methodology

We will test two ‘quarters’ of a wing: the first quarter at the root and the last quarter at
the tip. These are the easiest and hardest quarters to print, respectively. Also, this is
just a ‘plain’ wing — no other additional elements like cutouts for control surfaces,
servo pockets, joiners or spars. Of course when you 3D-print an actual wing you intend
to fly, you will need to consider those and prepare them either in xflrwing and/or
OpenSCAD (see Resources, below). No big deal, you will do a difference() between the
wing segment and a cylinder or cone or a square-section tube used for spar —

remember to do it a little bit larger and not exactly the nominal size of the spar.

We will compare slicer estimated weight versus printed weight, and then we will
estimate the printed weight for the full wing by doubling the slicer estimate for a print
of all quarters in a half wing. Note: it is not the ‘virtual’ wing of 75dm?* and 6000cm® we
used for weight estimation. It’s a ‘real’ wing with 3.84m span, 24cm chord, 76.12dm?
projected area and 6487.80cm® volume. We will observe and measure three variables:
weight, printing time and quality. There is an old saying something like “pick two of

them because you will never get all three at the same time” — let’s see if it’s true.

OK, let’s start the first round of wing parts printing. Remember, this is a standard

0.4mm nozzle on a standard printer without enclosure.



PLA+ / 0.4mm Nozzle / One Wall / 1% Infill

It’s a failure. Weight: root quarter 58g, tip quarter 22g, total 80g-81g as compared to 86g

estimated by the slicer. Lik