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Designed and built by the
celebrated Soviet aircraft designer
Boris Cheranovsky, the BICh-21
was an extremely compact racing

plane which used an innovative
2 tail-less layout. The aircraft was
\ completed by 1940, however it
wasn’t until 1941 that the aircraft

o W was first flown. Source:

e http://www.diseno-
art.com/news_content/2014/06/chy
eranovskii-bich-21/
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his month will finish the paper on

“Aerodynamic Investigations on Tailless
Effects in Birds” by D. Hummel originally
published in 1992. This was donated to TWITT by
our long time member Karl Sanders, who was a
constant contributor until his passing some years
ago.

Next month we will have an article on dynamic
soaring contributed by our member Phil Barnes.
This is a technical piece so | know many of you
will enjoy it.

| will be continuing to digitize some of the
technical articles that we have in the archives and
putting them out through the newsletter. These
are generally photocopies of the originals or other
copies so they are not perfectly clear. | have made
whatever adjusts | could with my available
software to make them as readable as possible. If
you have trouble with the printed version you can
always go to the members only section of the
website and open up the PDF version. You can
then push it out to about 125% to make it easier to
read. The user ID and password on in the column
to the left so it is easy to gain access to the
electronic version.
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Fig. 8. Effcct of il length fe on the lift and pitching momeni
charactenistics. Reclangular wing A = 5, tails 4, B, Cla/e = 0.5,
fia = 1.0; £ = 07, fje variable), symmetrical flow
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Fig. 9. Effect of tail length on {a) stability and (b) control offec-
tiveness, Rectanguelar wing A =35, tals A, 8, Clale=05;
fla = 1.0; £ = 07 lf¢ variable), symmetrical flow

The latter result is somehow unexpected. 1t can be under-
stoodd, however, bearing in mind that the taill works in the
wing's downwash field. Long tails experience large down-
wash effects which compensate the length effects, For all
tails according to Figs, 8 and % the base width and hence the
iength of the kink in the airfoils slope in the case of a deflec-
tion ¢ is constant. Therefore long tails are means to increase
stability rather than control effectiveness,

3.1.3 Effect of tail’s trafhing-cdge shape

In the tail configurations 2 and £ according to Fig, 4 the
shape of the trailing-edge of the tail has been varied. A
wedpged and a forked tail with the same area 5/5y = 1.25
have been tested. It turned out that this modification of the
tail shape has no effect on the asrodynamic coelMcients.
Therefore it is not significant whether the largest chord
length of the tail is located at v = 0 or at ¥ = a. The results
for the tail configurations £ and E are identical with those
of a square cul tail of the same area which can be interpolated
between the taill configurations B and C. Therefore stabality
and control effectiveness of the conhgurations £ and £ may
also be taken from Fig. 9 for {jc = 1.25.

1.1.4 EfTect of 1ail's spreading and base width

Im this section the results for the wing-tail-configurations
0 5, £, A4 and A8 will be discussed in comparison with

Z. Flugwiss. Weltraumforsch. 16 (1992}
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Fig. 10. Effects of tail spreading ¥ and base width a/c on the lili
and pitching moment characteristics. Rectangular wing A = 5,
various 1ails ({fe = 1.0; £ = 0°), symmetrical low

the wing alone. For all these wing-tailconfigurations the tail
length and the deflection angle & were constant, {/e = 1.0 and
£ = {°, Two parameters, the sweep angle J and the base width
afcor thearea 5/ 5y, are varied independently in this geomet-
ric series and the third parameter, 5/8y, or a/c, is a dependent
ane,
For the whole series of wing-tail-configurauons the zcro
lift angle of attack w is virtually constant. Therefore the it
coefficient for.a certain angle of attack represents the slope
of the lift eurve ¢ (2). In Fig. 10 the Lift coefficient ¢y (2 =
0"} is plotted as a function of the spreading angle J for all
wing-tail-configurations of this series. Within the diagram
lines of constant parameters area 5/Sy and base width afc
are giver.

Adding an unspread tail § =07 to the. wing leads to a
reduction of o (x = 0°) which increases with increasing base
width (Subseries R/ 448/ AR). This effect can be explained
by means of the increasing tail area 55y, which corresponds
to a decrease of the aspect ratio of the conligurations in
this subseries. Positive spreading (outwards) of the tal at
constant base width afe leads to another reduction of ¢ (o =
0¥) which again can be related to the area increase and the
corresponding reduction of the aspect ratio of the conligura-
tions. For constant area 5/%w, however, there exists a
remarkable difference between positive and negative spread-
ing of the tail, which.can be seen e.g. for the sub-series of
tails Z/#/Q. The wedpe-shaped tail Z, see Fig. 4, produces
larger hift than tail B due to the relatively high loading in the
region of the large base width of the tail. The outwards-
spread tail @ has a narrow base width and the il should be
reduced therefore. However for tails with a positive spread-
ing angle 3 the highly swept side-edge of the tail becomes a
leading-edge with considerable Jocal leading. In additon the
flow separates from the highly swept side-edge ol the tail
and lorms spiral-shaped vortices on the upper surface of the
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tail. Such a vortex formation is well known from delta wings,
see e.g. [9], and it has been found alse for tails with 3 = 0°
from oilllow patterns which have been set up during the
present wind tunnel tests. Due to the vortex formation the
outwards-spread tails produce additional lift which compen-
sates the lift loss due to the narrow base width. 1t is this
effect by which the lines $/Sw = const, in Fig. 10 are unsym-
metrical with respectto 8 = 07,

A detailed comparison of the subseries of tails R 448/
ABand A/8)C shows that for unswept tails § = 0° of constant
area 5/, = const. the broader and shorter tail with the
larger base width (tail A) produces less lift than the narrower
and longer tail with the smaller base width (tail ). Accord-
ing to the load distribution in the region of the base width
the opposite should turn out. The actual result is due to the
fact that already for unspread tails 3 = 0° side-edpe vortices
are formed over the upper surface of the tail which lead 1o
an increase of the tail's lift. For the short tail A the extension
of the side-edge is small and the vortex effect is not very
important, but for the long tail R the extension of the side
edge is large and the vortex effect becomes predominant.
Oilflow patterns for the wing-tail-configuration £ clearly
indicate the presence of side-edge vortices over the upper
surface of the tail.

Concemning the pitching moment derivatives Fig. 10 con-
tains also cqlx = 0°) as Munetion of the spreading angle 3
for all wing-tail-configurations of this series. Again lines of
constant parameters area 5/8y and base width aje are given.
The results are similar to those for the lift coefficient ¢
{z = 0°) and they may be discussed in the same way as for
the lift coefficient. Tn addition from the measured ptching
moment curves the slopes dey/deg have been determingd,
The result is shown in Fig. 11 for the present series of tails
and again lines of constant parameters area 55, and base
width afc are given.

By adding all these tails to the wing stability is achieved.
Tail § is the smallest shape to establish stability. For all
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Fig. 11. Effect of tail spreading 3 and base width o/c on longitudi-
nal stability and control elfectivensss, Reclangular wing 4 = 5,
various Lails (e = 10, £ = 07), symmetrical Now
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spreading angles § the stability increases with increasing area
5/5y or with increasing base width a/c of the tail. For con-
stamt base width afc the stability increases rapidly by spread-
ing the tail outwards. The rearward shift of the asrodynamic
centre takes place due to the variation of planform area and
shape by adding the tails to the wing.

From the measurements for dilferent deflection angles &
the control effectivenesses with respect to lift £, = dey (de
and with respect to pitching moment ¢, = dey,/de have been
evaluated, Similar results turn out and the ene for the control
effectiveness related to pitching moment is shown in Fig. 11.

The control effectiveness increases with increasing area
of the tail. At & first glance this results seems to contradict
the outcome of Fig. 9. IT the area is increased by increasing
the length of the tail, the control effectiveness remains con-
stant because of the fact that the downwash effect becomes
more and more important as discussed in Sect. 3.1.2. In the
present series, however, the area is increased by an enlarge-
ment of the tail's width at constant length. In this situation
the downwash effect is virtually constant and the enlarge-
ment of the area leads to an improvement of the tail's effecti-
veness. For constant base width a/c the control effectiveness
increases with increasing spreading angle 3 which 15 due to
the enlargement of the area. For constant area §/Sy, se¢
subseries Z/ B/, a remarkable effect of spreading angle turns
out. For negative spreading angles, tail shape Z, a large base
width a/e exists. In the case of deflections £ the high loading
in the vicinity of the kink in the airfoil's slope covers a broad
repion and this leads to a high control effectiveness. For
positive spreading angles, tail shape @, the base width is
narrow and correspondingly the control effectiveness should
be low. On the other hand for positive spreading angles high
suction is present along the swept leading-edge of the tail
and flow separations lead to additional sucticn in this region.
These effects are predominant and therefore the control ef-
fectiveness is also high for large spreading angles J.

1.1.5 Effect of 1ail's spreading and fork deepness

In this section the results lor the wing-tail-configuratons with
forked tails T w ¥ will be discussed and compared with the
unforked tails 8/M/Q according 1o Sect. 3.1.4.

For this series of wing-tailconfigurations: the zero Lift
angle of attack o, is again virteally constant. Therefore
¢ (x = 07} represents the slope of the il curve. Fig. 12 shows
the results for different spreading angles § and for three
values of the fork decpness 47, Lilt and nose-down (negative)
pitching moment reduee with decreasing fork deepness. For
increasing spreading angle 9 and constant fork deepness the
lift 15 also reduced but the pitching moment remains virtually
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Fip. 12. Effect of spreading 3 of forked tails on the lift and pitching
moment characteristics. Rectangular wing 4 = 5, vanous lails
(He = 1 afe = 0.25; £ = 07, d/f vaniable), symmeirical low
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constant, This behaviour can be explained generally by the
increase of the tail area which reduces the aspect ratio of the
configuration. On the other hand for constant arca 5/5y
more deeply forked tails are more spread and they experience
larger lift and nose-down pitching moments. This is again
the leading-edge effect of the outwards-swept side-edpe of
the tail which produces high local loading on the tail.

The stability of ferked tail configurations may be taken
from Fig. 13. For constant fork deepness dff the stability
increases rapidly by spreading the tail outwards. Due to the
increasing tail area the acrodynamic centre is shifted rear-
wards. For constant spreading angle § the stability reduces
with increasing fork despness because of the correspond-
ing reduction of the tail's area. Configurations with forked
tails are less stable than those with unforked tails. IF the
tail is not spread (3 = 0°) there exists a small amount of
longitudinal stability. For the unforked tail its value is larger
than for the forked tail, If these tails are spread outwards at
constant base width afe, the ratio of stabilities of the spread
and the unspread tail 15 much larger for the forked tail than
for the unforked one, This means that a forked tail is a device
te merease the longitudinal stability rapidly by means of
spreading.

Concerning the control effectivenesses similar results
turn out for the lift and the pitching moment. In Fig. 13 the
control effectiveness related to the pitching moment, e, =
deyfde, 15 shown for dilferent spreading angles ¥ and for
three values of the fork deepness dfl. The contral effective-
ness increases with increasing spreading angle 3 and with
decreasing fork deepness dfl. As in the longitudinal stability
the reasons for this behaviour are two-fold. On the one hand
an increase in area leads to a haeh control effectiveness for
constant tail length. On the other hand the swept leading-
edges of the outwards-spread tails produce additional contri-
butions to lift and nose-down pitching moment, This latter
effect is predominant for the configurations under considera-
tion in Fig. 13,
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Fig. 13, Effect of spreading & of forked tails on lengitwdinal
stability and control eifectiveness. Rectangular wing A4 = 5, dif-
ferent tails (e = 1.0 afc = 0L25; 4/ variable), symmetrical Mow

L. Flugwiss, Weltraumforsch. 16 (1992)
1.2 Lateral motion

The wing alone as well as the wing with an uniwisted (5 =
0"} and with a twisted {5 = 30°) tail of shape B according to
Fig. 4 have also been tested in unsymmetrica] free stream
MNow. Seme results are shown in Fig. 14 in which the coefl-
cients for rolling moment ¢, yawing moment ¢, and sideforce
oy are plotied against the angle of sideslip ff for a constant
angle of attack o = 9.5%,

The results for the wing alone are described first. .In
symmetrieal free stream (f = 0°) all coefTicients are zero. For
positive angles of sideslip § = 0° the lift on the windward
sideis larger than on the leeward side of the wing. This leads
to negative rolling moments and the derivative is o, = doyf
dfi < 0. Since the local drag is correlated with the local lift
positive yawing moments turn out and the derivativeis ¢,y =
de,/dfi = 0. This means that for the wing alone a stable
situation with a small amount of directional stability is pre-
sent. Concerning the sideforce the windtunnel model under
consideration showed a very small positive sideforce with a
derivative oy p = dey/dff > 0 which is due to the local shape
of the wing tips.

Adding an untwisted (8 = 0%} tail of shape B to the wing
leads to the same lateral aerodynamic characteristics as for
the wing alone. Therefore an untwisted tail has virtually no
effect at all on stability and control of the lateral motion.

If the tail is twisted (e = 30¢) even in symmetrical free
stream flow f§ = (0" a.negative rolling moment turns out
which has already been described in the literature [5, 8], In
addition to this, however, a positive sideforce occurs which
acts at the tail and therefore also a corresponding negative
yawing moment is found. This means that twisting the tail
is a measure to produce rolling moments, yawing moments
and sidelorces simultaneously. The magnitude of these forces
and moments depends on the angle of twist of the tail. If the

= X
Wing alone o
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Fig. 14. Acrodynamic characteristics of the rectangular wing
A = 5 alone and with an untwisted (6 = 0%) and a twisted (§ =
30°) tail {shape B; lje = 1.0; aje = 0.5; £ = 0°) in unsymmetrical
flow (@ = 9.5°, ff variable)
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LETTERS TO THE EDITOR

Dear Chuck Bixel:

W ould you have any dihedral to maintain roll
stability? Possibly 2 to 3 degrees? What about

chord angle? AoA? Assuming a flat wing or small

camber.

I am currently designing (5 years now) a crossover
using 2 wings (box style) to prevent lift loss similar to
winglets, to connect both upper and lower wings and a
hovercraft bag skirt to lower surface drag before
attaining GE. as well as 2 sponts, to add floatation
(rear wing tips of delta) to add stability while on

the water. and possibly a canard if necessary for pitch
stability, rather than a large stabilizer, and a hinged
wing to increase wing span if necessary and also
better close quarter maneuvering on the water. | like
some of your ideas but am hoping to produce for
myself a personal use up to 1200 Ib, useful load plus
fuel etc.. looking for 150-200 kts, 6 passenger, 600
mile range, under 200 hp.

Any suggestions?

John Eshleman
excalun@hotmail.com

(ed. — This was a letter to Chuck based on information
on flat airfoils we have on the TWITT website at:
http://www.twitt.org/Bixel WIG.html#top

I haven't heard anything from either John or Chuck to
know if they made a connection.

If you are interested in the flat airfoil type or wing in
ground effect and have an opinion, please chime in
directly to John and copy TWITT so we know there is
something going on.)
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Tailless Aircraft Bibliography

My book containing several thousand annotated entries and appendices listing
well over three hundred tailless designers/creators and their aircraft is no
longer in print.| expect eventualy to make available ondisc a fairly
comprehensive annotated and perhaps illustrated listing of pre-21st century
tailless and related-interest aircraft documents in PDF format. Meanwhile, | will
continue to provide information from my files to serious researchers. I'm sorry
for the continuing delay, but life happens.

Serge Krauss, Jr.
3114 Edgehill Road
Cleveland Hts., OH 44118

skrauss@ameritech.net

(216) 321-5743

Books by Bruce Carmichael:

Personal Aircraft Drag Reduction:  $30 pp + $17 postage outside USA: Low
drag R&D history, laminar aircraft design, 300 mph on 100 hp.

Ultralight & Light Self Launching Sailplanes  : $20 pp: 23 ultralights, 16
lights, 18 sustainer engines, 56 self launch engines, history, safety, prop drag
reduction, performance.

Collected Sailplane Articles & Soaring Mishaps : $30 pp: 72 articles incl. 6
misadventures, future predictions, ULSP, dynamic soaring, 20 years SHA workshop.
Collected Aircraft Performance Improvements : $30 pp: 14 articles, 7
lectures, Oshkosh Appraisal, AR-5 and VMAX Probe Drag Analysis, fuselage
drag & propeller location studies.

Bruce Carmichael
34795 Camino Capistrano
Capistrano Beach, CA 92624

brucehcarmichael@aol.com

(949) 496-5191

= VIDEOS AND AUDIO TAPES

&
(ed. — These videos are also now available on DVD, at the buyer’s
choice.)

VHS tape containing First Flights “Flying Wings,” Discovery Channel's The
Wing Will Fly, and ME-163, SWIFT flight footage, Paragliding, and other
miscellaneous items (approximately 3%+ hours of material).

Cost: $8.00 postage paid

Add: $2.00 for foreign postage

VHS tape of Al Bowers’ September 19, 1998 presentation on “The Horten H
X Series: Ultra Light Flying Wing Sailplanes.” The package includes Al's 20
pages of slides so you won't have to squint at the TV screen trying to read what
he is explaining. This was an excellent presentation covering Horten history
and an analysis of bell and elliptical lift distributions.

Cost: $10.00 postage paid

Add: $ 2.00 for foreign postage

VHS tape of July 15, 2000 presentation by Stefanie Brochocki on the design
history of the BKB-1 (Brochocki,Kasper,Bodek) as related by her father Stefan.
The second part of this program was conducted by Henry Jex on the design
and flights of the radio controlled Quetzalcoatlus northropi (pterodactyl) used in
the Smithsonian IMAX film. This was an Aerovironment project led by Dr. Paul

MacCready.
Cost: $8.00 postage paid
Add: $2.00 for foreign postage

An Overview of Composite Design Properties, by Alex Kozloff, as presented
at the TWITT Meeting 3/19/94. Includes pamphlet of charts and graphs on
composite characteristics, and audio cassette tape of Alex's presentation
explaining the material.
Cost:
Add:

$5.00 postage paid
$1.50 for foreign postage
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VHS of Paul MacCready's presentation on March 21,1998, covering his
experiences with flying wings and how flying wings occur in nature. Tape
includes Aerovironment’s “Doing More With Much Less”, and the presentations
by Rudy Opitz, Dez George-Falvy and Jim Marske at the 1997 Flying Wing
Symposiums at Harris Hill, plus some other miscellaneous “stuff”.

Cost: $8.00 postage paid in US

Add: $2.00 for foreign postage

VHS of Robert Hoey's presentation on November 20, 1999, covering his
group’s experimentation with radio controlled bird models being used to explore
the control and performance parameters of birds. Tape comes with a complete
set of the overhead slides used in the presentation.
Cost : $10.00 postage paid in US
$15.00 foreign orders

FLYING WING
SALES

BLUEPRINTS - Available for the Mitchell Wing Model U-2 Superwing
Experimental motor glider and the B-10 Ultralight motor glider. These two
aircraft were designed by Don Mitchell and are considered by many to be the
finest flying wing airplanes available. The complete drawings, which include
instructions, constructions photos and a flight manual cost $250 US delivery,
$280 foreign delivery, postage paid.

U.S. Pacific
8104 S. Cherry Avenue
San Bruno, CA 93725

(559) 834-9107
mitchellwing@earthlink.net
http://home.earthlink.net/~mitchellwing/

- COMPANION AVIATION
| PUBLICATIONS

vl

EXPERIMENTAL SOARING ASSOCIATION

The purpose of ESA is to foster progress in sailplane design and
construction,which will produce the highest return in performance and safety
for a given investment by the builder. They encourage innovation and builder
cooperation as a means of achieving their goal. Membership Dues: (payable in
U.S. currency)

United States $20 /yr Canada $25 /yr
All other Countries ~ $35 /yr Pacific Rim $35 /yr
Electronic Delivery $10 /yr U.S. Students Free

(Students FREE if full-time student as defined by SSA.)

Make checks payable to: Sailplane Homebuilders Association, & mail to Murry
Rozansky, Treasurer, 23165 Smith Road, Chatsworth, CA 91311.



