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Abstract

The XXXV Congress of the International Scientific and Technical Orgaémistor Gliding (OSTIV) were

held as a virtual event from 19 Jiily23 July, 202, as theCOVID-19 pandemic dieot allow alignment

of the Congress with a World Gliding Championship. OSTIV Congresses address all scientific and

technical aspects of soaringgfit. The Congress 2021 featur@gl presentations from 11 countries. These
contributiors describe new knowledge in the meteorological fields of atmospheric convection and
atmospheric waves. The presentations on sailplane technologies comprise the areas of sailplane design and
performance, aerodynamics, aeroelasticity, loads, and propuliencas further contributions cover

various aspects of training and safety. These Congress Proceedings lead the participants through the full
week program and make extended abstracts of the presentations accessible to the public.



Foreword

Welcome to thevirtual OSTIV Congress 2021. Every two years the Congress offers new information and
latest research results in soaring and sailplane technology of scientists and engineers from all over the
world. The meeting presents unique opportunities for scienkifibange and coordination of future
activities.

This Congress of the year 2020 was planned to be hosted by the Deutsche Aero Club, along with the 36th

FAI World Gliding Championships, in Stendal, Germany. Due to the C@@Pandemic the S6FAI

World Gliding Championships were postponed to the year 2021, but the Championships has had to be
cancelled. OSTIV is particularly thankful to Sten:
the difficulties due to COVIEL9.

In the end, OSTIV decided to amgize the Congress as a virtual meeting. Our Call for Abstracts generated
response by engineers and scientists from 11 countries worldwide. The received extended abstracts were
reviewed and are presented in this proceedogklet. We believe that an eXemt program has been
generated this way. For their efforts in recruiting higfality contributions we acknowledge the members

of the Program Committee:

Zafer Aslan, Turkey Gotz Bramesfeld, Canada  Richard Carlson, USA
Michael Greiner, Gerany Mark Maughmer, USA Judah Milgram, USA
Luk8g RaeoteRepublic Rolf Radespiel, Germany  Gerard Robertson, New Zealand

Preparing the Congress took many hours of work by the Organizing Team, consisting of Jennifer Kupke,
Rolf Radespiel, Ursula Schamp. We aery thankful for their efforts. Our thanks also go to Till Lindner
of Technische Universitat Braunschweig for booklet editing.

The OSTIV Congress is the perfect setting to bestow the OSTIV Prize 2021 and the OSTIV Best Student
Paper AwardsWe look foward to the Priz€eremony and the Congress Closing Session for presenting
the Award Winners.

We wish all Congress participants an exciting and rewarding week.

Prof. Rolf Radespiel Prof. Mark Maughmer
OSTIV President OSTIV Vice President
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Safety Issues in Lifetime Calculations of Sailplanes

Christoph Kensche
Stuttgart, christophkensche@aol.com

Abstract: Lifetime evaluations for modern sailplanes provide an indication that the possible life of the composite
structure will exceed the common limitation of 12.000 flight hours by far. It is demonstrated that this is even the case
by the introduction of a vergonservative safety factor of life of 80 which results from the combination of an FFA
safety factor of 8 for metals and the conservative anticipation of a damage accumulation factor of 0.1 for composites.
The calculations were performed for the tensited compression loaded carbon and glass reinforced spar caps of the
bending spars in wings as well for the shear loaded glass webs.

Keywords Lifetime, fatigue, sn curve, composites, Palmgrdfiner rule, damage accumulation factor

Introduction
The present lifetime allowable for composite sailplanes is in general 12.000 flight hours. Although nowadays many
gliders have already reached this limit the high expenses for the experimental work may prevent additional testing.
Those gliders must stay on tgeound therefore.

However, in the meantime a big number of fatigue tests with spar beam structures using the KiSN0@QS
spectrum and also monotonic estep tests have been conducted. Comparisons of the results with respect to the
stiffness changen the one side and a combination of a lifetime assessment using the respediwwes and the

linear PalmgresMiner rule on the other side, have led to the conclusion that the lifetime could be widened up to 50.000
flight hours and more without anygsis of fatigue like e.qg. stiffness loss [1, 2].

By means of this background knowledge and stimulated by a publication from Soinne about fatigue evaluations for
the PIK 20D [3], the author offers a rather practical and robust solution for a lifetime gmttonwhich is based on
numerical calculations reported in [4].

Lifetime evaluations and results

In that paper lifetime calculations were carried out for various service life spectra with similar and most conservative
results for the welknown KoSMOS as well the PW5ervice spectra. The plots which show the influence of the
design strains applied for different material combinations upon the lifetime demonstrate that there is a gap of some
orders of magnitude between a theoretical lifetime and the Q2i§@t hours allowable even at highest strain levels.

The calculations were carried out for tha surves of following materials commonly used in gliders:

- 0°-oriented GFRP for the life of glass fibre spar caps,
- 0°-oriented CFRP for the life of carboibife spar caps,
- 45° GFRP for the life of the shear webs.

Since the calculations were based on the mean values of the material data, a safety philosophy has to be considered
which gives highest confidence to the results and their interpretation.

In a first step, the safife-approach was investigated, i.e. a 99% survivabilitywédues). In this case no structural
fatigue failure must occur. This is in contrast to thedaile philosophy (90% survivability -Balues) where, according
to the damage tolance concept, e.g. BVD (barely visible damages) are allowed.
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As an example, Figure 1 shows results of the computations for KoOSMOS (mean values) and-pe & applied
on the mean, Band Avalues for O%riented GFRP. It is obvious that for thighest design strain there is still a life
cycle gap of about factor 100 between thealues and the lifetime allowable.

Life Cycles of a Sailplane based on S-N Curves of GFRP (0°)
for Transition-Counted Load Spectra (various Survivabilities)
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In a second step the afore mentioned Sepmeposal was introduced to investigate whether the idea behind
Figure 1: Lifetime calcuations for GFRP-spar cap material for 50%, 90% and 99% survivability

would still show a sufficiently safe distance to the allowable. The proposal corahifr@sA-method applying a safety

factor of 8 for metals and a rather conservative approach for composites using a damage accumulation factor of D=0.1,
lacking better data, however supporting the experience that also for composites D can vary betwekt®.Inan
consequence, the resulting safety factor of life will be 80.

The following computation was performed with the KoSM&fctrum for 0GFRP material showing the curves of

the mean and the-Ralues in comparison with the curve for the proposedsédetor of life of 80. Figure 2 shows

also in this case for the highest design strain a gap of more than an order of magnitude between that curve and certified
lifetime limit.
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KoSMOS-Life Cycles of a Sailplane based on S-N Curves of GFRP (0°)
for 50 % and 99% Survivability
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Figure 2: Lifetime calculation for GFRP-spar cap material for 50%, 99% sunivability compared with a curve

for a lifetime factor of 80 (Soinne)

Also the other investigated materials show a satisfying high gap to the certified 12.000 flight hours. It should be
mentioned here that the data of the investigated materials have ar¢haior25 years old. It can be anticipated that

the quality will have improved in the meantime. Neverthelbgsspace between the certified lifetime of 12.000 flight
hours and the theoretical safety fagb@nalised lifetimes is still unbelievable higo the calculations may serve as a
well-documented basis for a discussion on an increase of a certified lifetime of up to 50.000 flight hours.
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Gust Response of Elasti&ailplanes

Jan Schwochow
janschwochow@web.de

Abstract: For the design of a new sailplane, the load analysis plays a decisive role in dimensioning the lightweight
structure and thus also in optimizing the operating weight. The loads comprise manastyegraynd and further
special loads. Since in general no structural dynamic model of the sailplane is available, it is difficult to incorporate
the structural flexibility of the high aspect ratio wings, which might alleviate gust loads in most casder ko keep

the compliance procedure simple for the sailplane designer, the assumptions of the relevant paragraph2@ the CS
are based on a rigid model which flies through a unitary gustoméiminuscosineshape. The analysis of the gust

load factoris related to the weknown PrattWalker formula where the gust length is fixed at 25 mean wing chords.

For light sailplanes with high aspect ratio wings amdrolight gliderthis criteria might overestimate the gust loads.

A new more adaptive simple formula for the gust alleviation factor is sugges®& b Sailplane Development
Panelto be introduced in the next amendment of the22Sin the following the validity is ch&ed with a more
rational gust analysis employing an aeroelastic model consisting of aEieiteent beam model coupled to unsteady
aerodynamic loads formulated in frequency domain.

Keywords Aeroelasticity, discrete gust analysis, load fadi@nsient response.

Introduction
The atmospherigust is formed by random fluctuations in the wind speed and direction caused by a swirling motion
of the air. Gustinduced loads can significantly impact the structural integrity. The term dynamic loads is used to
represent gust loads that include thetiaeforces associated with elastimde (free vibration) accelerations. Events
with steep gradients of air speed in horizontal or vertical directions are called discrete gusts, which may occur at the
edges of thermals and downdrafts, wave streams anpetature inversions. When an airplane penetrates any of these
gradients rapidly, an impulsive change of aerodynamic loads and attitude is generated. The current certification
regulations utilize theoretical work undertaken by the NACA where the conogpg-ofinuscosine gust was reported
by PrattWalkerin 1954[1], which was discussed for sailplane configurations in [2]. The simplification of the gust
shape is showin Figure 1. An assumption from measurements on large transport aircrafts estimates a representative
fixed gust lengtiH to 25 times the mean wing chord.

N

A

_ ) _ H=125¢
Figure 1. One-minus-cosine gust

The certification specifications for sailplanes and powered sailplanes EASR [@Fimplies this discretgustprofile

to estimate the loads caused by atmospheric turbulence. The application of thdikattformula determines the
maximum gust load factors according tagfit speed and the gust alleviation factor, which is related to the mass ratio
and lift slope. This factor takes into account the lag of the matidnced aerodynamic forces on the aircraft by
evaluating the Wagner function. The contents of the gust batdrk paragraph §22.341 reads:

() Inthe absence of a more rational analysis, the gust load faatmust be computed as follows:

n=1 °(k fUUVa)/(mg) (€0}
2 S

where:

Jo= density of air at sekevel (kg/n¥) U= gust velocity(m/s)

V= equivalent air speed (m/s) a= slope of wing lift curve per radian

m= mass of the sailplane (kg) g= acceleration due to gravity (md)s
S = design wing area (fp
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k= o.8a1/( 5.3 1) gust alleviation factor calculated from tfedlowing formula:
m= (2)/ rla is thenondimensional sailplane mass ratwith 7 _ is the density of air (kg/fh at
S

the altitude considered ahglis the mean geometric chord of the wing (m)

(b) The value oh calculated from the expression given above need not exne-eﬂzs(v/ \/5])2

The validity of this underlying assumption for lighieight gliders is being discussed currently in the OSTIV Sailplane
Development Panel. A new formula was derivedtfar gust alleviation factdk by Boermans and Lasauski&j,
which conservatively reproduces the gust loads from the simulations as a function of the gust:length

_ 0/ L H e 0aem @)
0.475+u/(H/1 ) I

The new formula containes the relation between the occuring gust ldregttl the mean wing chotd as input. So
far no comprehensive statement about an appropriate gust length covering all relevant meteorological conditions could
be found. As a go arourtie equation on the right is suggested to be introduced in the ne22 @8 endment to
provide the same value for the alleviation factor as the 25 times mean wing chord gustTieagthlidity of the
current specification really rests on accumulated @gpee. Sailplanes with structures designed to the specified load
factors have been found to be strong enough in the past, and may therefore be expected to be satisfactory in the future
as well.In order to check the validity of the new formula the trartsggrst response time simulation of a flexible
generic operstlass sailplane is presented, which follows the methodology in [Shreserational analysis

Methodology
The FiniteElement model of the complete aircraft structure is set up in global coordinates and represents the structural
dynamics of the airframe. Typically, up to several thousand grid points will be used, with three displacement and three
rotation coorihates at each. The type of elements used in the finite element analysis (FEA) will depend upon the type
of structure. Due to highly slender wings and empennage of the sailplaneBEteulli beam elements are
appropriate to represent the vibration cloteeistics of the airframe (séagure 2). The global stiffnesK and mass
matrix M are calculated from spamise bending and torsional properties. Instead of using the full problem, solving
the dynamic response problem employs a reduced set of normal vibration modes and natural frequencies, which result
from solving the eigenvalue pradh:

g-wm g @
wherew is the natural frequency. The columns in the modal matrixcontainthe normal mode§, i =1, »,r , which

areM -orthonormal, such thaf =a "M@, =] . The modal stiffness matrix € =0 7K 0 =liag(w’) . Note, that

natural frequencies and normal modes can be experimentally determined in the ground vibration teBheGVT.
following description of hle modal transient response analysis reduces the system by a small sefreflmrcy
normal modes up to the wing torsional mode shape.

The unsteady aerodynamic force matrices are calculated from the-aifwkeft normal mode displacements, using

the Doublet Lattice Method DLM [6], which is essentially the conversion to an aerodynamic finite element method.
Each element is a portion ofgthving surface (quadrilateral box) in which two of its sides are aligned with the incoming

flow. The pressure differencec, and the normal downwastv(x, y) are assumed constant at each box and their

value is assiged to the respective control point. Such relation is written in terms of the aerodynamic influence
coefficient matrixAlC, with as many rows and columns as the number of boxes in the wing surfaces:

w(kr)

wh
=AIC (kr)" D (kr) with kr == (4)

Due to the oscillating downwash, the aerodynamic influence coefficient matrix is a complex nonlinear function of the
reduced frequenchr, where w is the oscillation frequency arid is the reference mean chord. The corner points of

the quadrilateral boxes will be different from those used for the structural model, and spline fits are extensively used
to interpolate from one to the other (dégure 2). The modal aerodynamic load matrix resulting from mode shape
oscillation is written as

A= TS Al 1 (5
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\ \
>

Figure 2. Deformed FE beam model and DLM mesh for two natural modes

whereT is the load and displacement transfer interpolation matrixSdaedhe integration matrix to convert pressure
in forces For spanwise uniform gust excitation, the vertical gust vel@giting on a certain aerodynamic box can be
obtained by the time delay of the gust velocity at a specific gust referencegpeihich is expressed as

uj =|ug|e'“”((xj )% ) %Ug| eikr((x, %)/ h) . (6)

in which, ugo and ugj respectively represent the gust velocity at the reference point and the control poini-tf the
aerodynamic box. The resulting complex gust mode vector contains the time delay for all the aerodynamic boxes. The
aerodynamic pressures induced by the gostrivashes are obtained by multiplication with &Al€ matrix. Again,

the aerodynamic pressures can be converted to the structural equivalent forces via spline interpolation:

f =q T'SAIC(K) (kr)i =q A (kr)i with q, ¥2r V. (7)

o 0 v o v . 0
To obtain the timalomain model of the aeroelastic system, the transient response is obtained by exploiting the fact,
that a convolution in the time domain corresponds to a multiplication in the frequency domain. Both aerodynamic force
matrices are functits of the reduced frequency, which means that the aeroelastic equations in fretpreaty
establish a transfer function of the structural response due to the gust input in fredomady.

() +(< Bah (O () SA,(Dy () Vg ub © +d (kQg(w & k)

The aeroelastic transfer function reads

U,

u

®

Hym=y2rv, § -iE KEqA (k) @ (k). ©)
The resulting response( ) in time domain can be calculated by Fourand inverse Fourietransformation:
1. Evaluate the Fourier transform ef (t): U, (w)=FFT (u, (1)) —nu () e™ dt (10
2. Generate the frequency response by multiplicati®@(w) =H_( WJ( h (11
3. Calculate the inverse Fourier transform: q(t) = FFT*(Q(w)) -—-zip AQ( e d (12)

4. The overall vertical acceleration in terms of the incremental load factor results from
Dn(t) = ié_ n, f{t), f(t) KEqt) (13
mg; -

where gustoads in physical coordinates are calculated from the modal resp@)se¢he matrix of normal modes
U and the global stiffness matrik. The vecton, contains the vertical direction vector at each grid point.

Results
The transient incremental gust load fadifrom Eq. 13 represents the sum of the total loads with contribution of
aerodynamic, inertial and flexible forcesidtassumed that the sailplane is in trimmed equilibrium déve before
and after the discrete gust encounter. Depending on the gust length and the flight speed the gust gradient will vary and
the additional gust energy introduced into the structuder@gllt in the deformation. The task is to find the gust length
which produces the maxi mum and mi ni mugmn sitnoc.r ement al | 0ac
The structural dynamic beam model of a representative open class glider with 25m span is uszdraplarfor the
modal transient gust response analysis, which has a total nmas8%0kg, a wing area &16.3m?2 and a mean chord
of 1,=0.83m (sedigure 2). According to C&2 the maximum positive and negative gust velocitygs15m/s at the
assumed design gust spagg50m/s. To find worstase gust, the length is varied betwee®@ mean chals. In the
upper part ofFigure 3 the gust upwind is plotted over time, while in the lower part the transient response of the load

6
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factor Dn(t) at the center of gravity is depicted. The resulting increabguist load factobn in Eq. 15 can be directly

compared to the right term in Eq. 1 of the simplifiedZ2estimation based on tReattWalker formula and the new
expanded formula with variable gust length in Eq. 2. In

Figure 4 the envelope of the maximum and minimum load factors are plotted. Whitedtt&/alker formulaassumes

constant gust length, which resultsonstant load factor ddn =4.42 according to Eq.1, the new proposa§d?.341

provides larger values at very short gusts, but converges against zero with longer gust length. The envelope of the
transient responses is plotted for two cases: 1) the rigid sailplane with very high stiffness, 2) the flexible sailplane with
reasonable dthess based on G\Alata tuning. As a final conclusion the new gust load factor proposgkfB41
according to Eq.2 covers the structural dynamics of the flexible sailplane configuration for full range of gust length
variation.

time domain frequency domain

vertical gust speed

incr. load factor

time [s] frequency [Hz]
Figure 3. Gust input and load factor response in time and frequency domain

gust speed Ug= 15m/s, flight speed VB= 50m/s
I 1 1 1
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Figure 4. Comparison of loadfactor envelopes for varying gust length
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On the gust loads of sail@nes

L.M.M. Boermans
TU Delft, Faculty of Aerospace Engineering, The Netherlalmsmn.boermans@tudelft.nl

E. Lasauskas
Vilnius Gediminas Technical University, LithuaniBduardas.lasauskas@vgtu.lt

Abstract: The gust load determination in Certification Specifications for Sailplanes and Powered Sailpl&#&s CS

and OSTIV Airworthiness Standards for Sailplanes and Powered Sailplanes OSTIVAS are based on theoretical and
experimental investigations performed by GA in 19517 1959. The present paper clarifies that both in the

theoretical work and in the data reduction of these gust tests, assumptions are applied that are not valid for sailplanes.
An update of the method leads to an improved expression of théattlavfactor and, in combination with an
expression for the gust length, leads to the determination of gust loads for new sailplanes that have the same level of
safety in gusts as modern sailplanes.

Keywords:sailplane design, gust loads, OSTIVAS,-25

Introduction
The determination of gust loads in OSTIVAS and-Z8 i s based on Pr-cos)tsliaged gnstt hod a
reported m NACA Report 997 (Ref. 1) andACA Report 1206 (Ref.2), and the maximum gust velocity of 15m/s is
reported in NASA TN D29 (Ref. 3). These reports deal with gust loads on large airplanes and do not cover the
parameter range of sailplanes i.e. relatively low wing loadings and small chord lengths. Since the length of the standard
design gust profile is defined as 12.5 times thean chord of the wing, this leads for sailplanes with mean chords
between 0.5m and 1m to very short and steep gust profiles with a ratio of the maximum gust velocity and its gradient
distance between 1.5 and 3m/s per metest measured by NACA as shovin Figure 1- and consequently to high

gust loads at flight speeWB. The factor 12.5 reflects that the gradient distance felt by the airplane in its plunge

motion depends on how rapidly the airplane weathervanes in pitch. The greater and heavier thequlghly
represented by the mean chetttie slower the airplan@sponse. For sailplanes the mean chord is not representative

for their size and weight. For instance the Baby 11B, MTOM 250kg, span 13.6m has a mean chord of 1.04m and the
EB29R, MTOM 850kg, span 28m has a mean chord of 0.58m. Consequently the expmrstfiersfandard design

gust profile defined as 12.5 times the mean chord of the wing, is not valid for sailplanes.

Generalized alleviation factor of Pratt

The maximum ratio of gust velocity and its gust gradient distance measured by NACA in Report 9% 1wes

per meter, see Figure 1. This leads for-aq4) shaped gust to a maximum gust velocity of 15m/s when the gust gradient
length is 23m. A literature study to find a nesigngust for airworthiness purpose led to Ref.4 where results are
presentd of a gust measurement campaign in Russia similar to NACA 997 but performed with sailplanes. The
maximum ratio of gust velocity and its gradient was measured as 1.25m/s per meter. This leadsog) ah@dped

gust to a maximum gust velocity of 15m/dlwa gust gradient length of 15m. In order to calculate the gust load factor

for a distinct gust | ength instead of a gust | ength of
alleviation factor had to be transformed into a geregdlexpression which is valid for any rigid sailplane flying with

constant velocity and pitch angle through a¢&) shaped gust of any length to a maximum gust velocity of 15m/s.

In general, the gust alleviation factor depends on airplane propertiegraospheric properties in the dimensionless
combinationj—r(Ref. 7).


mailto:l.m.m.boermans@tudelft.nl
mailto:Eduardas.lasauskas@vgtu.lt

OSTIV Congress 2021 Abstrads 19 July 2021

H H
Byinserting— i nt o Pratt6s formula and ch a-ﬂ—g=iL2]59nly,tirh—38— DdHAst ant 5
C Cc

0.88%, / (H
0.424+e, | (|

This expression has been verified successfully by solving the same equation of motion as Pratt, given in Ref. 2 with
transient lift functions of Joneand (:cos) gust shape, using MatLab / SimulWkth this generalized expression for

the alleviation factor and the previously mentioned gust lengths of 23m and 15m, loads factors were calculated for 33
sailplanes and compared with the current load factalculated with H=12.9%, see Figure 2 and 3. With current
Prattds method the 33 sailplanes considered have a gus:
gust load factor is higher than the maneuver load factor of 5.3. Witlighest gust gradient measured by NAGAl a
corresponding gust gradieleingth of 23m the gust load factor is about 4 which is nearly identical to the maximum

gust load factor specified in the ASTM Standards F2664 0 St andar d Speci érformanteiofmn f or I
Light Sport Glidero. I't is not known to the authors if
However, the Russian gust load measurements indicate that sailplanes may encounter steeper gusts. For their steepest
gust with gradient distance of H = 15Figure 3 shows that the load factor is between 4 and 5, about 15% lower than

those calculated with the method of OSTIVAS andZ2Sand always below the prescribed maneuver load factor of

5.3.

this results in thgeneral expression for the gust alleviation factdg =

Generalized alleviation factor of ASWING
In the second papof the paper, the modern integrated aerodynamic/structural/control simulation tool ASWING (Ref.
5), and the tuned discrete gust dynamic | oad analysis (
ASWING results was obtained from a caamigon of gust load results calculated with ASWING and NASTRAN; they
were practically identical. With ASWING a rigid sailplane flying with constant velocity and pitch angle through a gust
(Prattédés approach) can be dyng with free tvedodity and pitech arggle, aral fixed f | e x i
elevator through a gust. The tuned discrete gust system is a series of discosjesfiaped gusts with maximum gust
velocity 15m/s and varying gust | en gdrderstotyndthegustitdgme 15 m ¢
the maximum response. From the calculated gust loads of 3 typical rigid sailplanes (light and small span, medium
weight and 18m span, and heavy and long span), flying through gust gradient lengths from 5m to 30m, tteedeneral
alleviation factor was derived, which is valid for any sailplane in argo€) shaped gust length to a maximum gust
velocity of 15m/s. This generalized alleviation factor is somewhat higteerthe alleviation is somewhat lesthan
Pr at t aliged glleviaton factor, Figure 4. Then effects of free velocity and pitch, of a flexible wing, of a forward
and rearward c.g position, of a straight quarter chord line or a straight trailing edge, are studied in order to verify if
these effectsarecoveed by Prattoés assumption of a rigid wing flyi
the new design gust. This turned out to be the case.

Conclusion
Since the previously mentioned design gust has not been demonstrated to cover the mostlsgesitecbnditions
to be expected in operation of sailplanes, discussions in the OSTIV Sailplane Development Panel led to the idea to use
the existing sailplanes, which are generally considered to be safe in gusts, as a calibration tool for the ymayer val
the gust length. This concept is identical to that underlying the comparative tuned djsstetaalysis (Ref. 6, p. 78).
In other words, to choose a gust length for a new sailplane design that provides the same level of safety in gusts as
presens ai | pl anes. By equalizing the ASWI NG generalized all
gust length can be determined.

In conclusion, in the absence of a more rational analysis, the simple expression of the updated genetalized gus
alleviation factor K

in combination with the expression for the length H of theq4) shaped gust length to a maximum gust velocity of
15m/s

—EP @ X (T WHA
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are proposed for the calculation of the gust loal &br airworthiness requirements purpose that provides the same
level of safety in gusts as present sailplanes.
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Fig. 2 Gust load factor as a function of the mass ratio parameter for 33 sailplanesasps{iaped gust
with gradient distance of 12.8*meter (Pratt) and 23 meter.
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Napve transfer of | CAmethads, Suchgaa $MSzirdot | o n a

club-based flying might be either useless or even harmful
Alfred Ultsch

FLYTOP and University of Marburg, Germamytsch@ulweb.de

Abstract: One of the latest safety methods for accident prevention at the commercial side of aviation focusses on the
particular organization which actwually organizes and o
for flying, ICAO, made that vaety of Organizational Safety that is most suited for commercial airlines, an
international standard. Most of the countries in the world are now obliged to implement ICAOs Organizational Safety

in state laws and regulations. The primary organization aidgheommercial field of aviation that could profit from
Organizational Safety are flying clubs and their dhatsed flight schools. However, there is evidence that a naive one

toone transfer of | CAO6s Organi zat i onagdmend aystent (MSinet hod s ,
Threat and Error Management (TEM) is in the best case mostly useless. In the worst case it kills people.

We present the results of a first investigation into this problem and point to some key issues for a successful transfer
of modern methods based on safety science intclohged glider flying.
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Improving Motorglider Safety and Reliability

Dave Nadlerdrn@nadler.com

Abstrads 19 July 2021

Abstract: We are all too aware of motorglider unreliability [1][2][3][[4Reliability of electricpowered gliders is as
bad or worse than gas powered, no panacea he§l\ill never get Toyotdevel reliability for any prduct without
extensive testingjot eomnomically possible for the tiny firms that design and build gliddmwvever, there are some
things we can do to improve the situatidris talk is a discussion of a few simple ways to improve thiagd,
suggested OSTIV projects to move them along.
Keywords Motorglider, Safety, Certification, Standards.

Introduction

Motorglider certification treats the engine and its systems as an optional accessasycertified as aglider.
Certification rules expect the pilot to operate the aircraft su@hengine failure at any point in flight does not result

in an accident. When pilots rely on the engine (as happens far too often), failures cause accidents. Relying on the motor
is a training problem and not the main focus of this talk.

EASA/LBA have néher the capacity nor expertise to perform detailed engineering reviews. Because a motor is
considered an optional accessory in a glider, official response to problems has been essentially nil, except in extreme
cases after major incidents/accidents. \Btafuo will remain without our action.

What can OSTIV do?

An outline of possibilities will be discussed, with the hope of kicking off some OSTIV projects:

1. Collect and publicize problem reports to focus attention on existing problems (and psskibigns)

5.

a. Conduct updated DeRese survey

b. Create and promote web system for pilots to report problems (and possibly solutions)

c. Create improved inspection checklists improving on manufacturer info;
create and promote system for consolidating problem infodnécklists

Advocate updates to certification standards, emphasizing practical and affordable improvements.
a. Conformance methodsself-certification with attestation signed by 2 qualified engineers?

Other ideas?

b. Fuel systems

c. Wiring and connectors

d Electrmi cs (the problem with smal. fi
e. Battery systems

f. Systems

res

, i s, that 6s

Advocate updates to productiauithority requirements, emphasizing practical and affordable improvements.

a. Protocols for inspection of electrical and fuel systenréng) production
b. Collection and publication of problem data
c. Updates of inspection protocols
d. Acceptable changes to certified designs, especially electronics
Research
a. Vibration issues with existing power plants (and possibly look for solutions)
b. Fire detectio in engine bays

Create and promote OSTIV motorglider manufacturer forum to share problems/solutions and advance our

common interests of improving the reliability situation.

So, do we want to do a few things, or just be a talking shop?

1)

2)
3)

4)
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Investigation about Safety in Winch Launching
Dipl. Ing. Karl Hock, carlo_hoeck@yahoo.de

Introduction
Historically, winch launcing was the first manner to bring glidemsanymetres over the ground. It first happened in
the year 1904 on the occasion of the aeronautical concourse in St. Louis, when Frank Avery reatthedeaof
20 m with a Chanuté glider. The drum of the winch was driven by a 10 hp electric engim@rtunately the altitude
was not enough to relatche aimed gliding distance of 400 feet

In the twenties in Europe the construction of winches en th
o Elektro-Startwinde  Chassis of motorcars, whetige engine of car was joined to
w winch drum began Later development of commercial launch
winches took aim to a lot of designs on trailers with separate
drives. The bandwidth of these drives reached from gasoline
to diesel and electric engines and from hydrodynamic to
hydrostatic and electric regulations

o O

In Europe the winch launch became the most popular way for

starting gliders, because of theiroeomic and ecologic

propertieslt is also the most save start, with exceptiothe

selflaunch. NeverthHess we have to take some rulegadn

T consideratn to avoid typical accidentduring this launch

Der Chanute-Hangegleiter startet wahrend der Welt.;;s;tellung 1904 in St. Louis an procedure_ Thereforﬁ iS necessarso Simu|at&)f the Wh0|e

b St process from the beginning and look at the development of
S .o .o Ll ik Padibaaisk sind fas Aanl the angle of attaCk,

Winch launch is a multifactor process, depending on the physataires of glider and winch, as well as on the control

of pilot and winch driver. It might be critical, because pilot and winch driver really have no readings about the

conditions of their machines.

Efficiency of winch launch depends mostiy theairspeed of the glider. But fothe safety of thelaunchthe angle of

attackis substantial. This feature follows to a simple summary formuténg theprocess of launching:

U = B®m.+

U0 = angle of attack by taxi
7 = angle of inclination

b = atwamghk e of

So we can learn that tifiest part of the angle of attack depends fromtthé motion ofthe airplane.

Angle of attack by taxing is very important, mainly the distance to the max. agle of attack of the wings airfoil
is substantial. This parameter should be published for each type of sailplane.

Further the movemeof rotationand translations are preselmt this context we have to look for the forces and torques

moving the sailplanandacting on the centre of gravityhe results oprocess are mainly speeds amgjle of attack

with by themselves have an influenme the procedure.

Simultaneous the variabl es fimove maudate the faunsht Thepositianrod p o we
the hook andthe @ntre of gravity and aedynamiccentrerepresent the parameters. We have to know the angle of

attack athebeginning of launcing and we must calculate the development of it duringrthele process.

Methodology
To get an idea of the criticedsues duringaunching, we have to simulate the process with all the features. And we
must vary some features. We used a spreadsheet for all calculations. Additional to the simulations we performed a
statistic investigation about all BFU bulletins and reports fronidaats from 2002 to 2020. So we could point out
the most critical items for all kinds of stagnd use it focertainsimulations. We learned that there are three critical
phases inhte winch launch process.
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1 Takeoff
T climb after maximum inclination
1 cable breakdown

The first point is the most important, because there is a risk that the pilot can no longer prevent a stadlighith
probably crasimg. Thisproblemis increased bthegrowing mass odirplanes and power of the winches. In the second
phase the pilot may prevent the crash by operating right and quickly. Thai tsuggor the cable breakdown.

Results
1. Take off phase

In picture 1 you see the reasons for the critical issues duringaéfkephase for a Standard sailplane. It is the result

of the moments, tipping the glider and turns it in a critical position with to big slope and angle oflitfackinately,

the sailplane hasfixed angle of attack by taxi under less than one degree from stall. That is a problem, because we
prefer three degrees for more security.

Picture 2 shows the two responsible acceleratiol ﬂs:m‘?“m”’“"“
for the rotation (vertical and turn). Additioyaive g el Fl .06 65535
see the course of the anglesatick and climbWe 20 Hm
recognize thatlimb angleéncreases more thanangl | . 1 2w
of track. The gap defines the enlargement of t | £ E
angle of attack on wing, so we catch a critpaint |3 "* g
there. The angle of attack on the elevedtoever |Z o= 50 o
increasesbecause of the rotation of it around tr | = E
centre of gravity. The data however stay in nornr | £ *® ” TR wn e
spheres. Because of the small raticelgfvatorthe |3 = k low 2
profile allows 17 degrees. The tilt of the airplar § . h ATl oo i3
depends on a lot of factoé/e can leam it, whenwe |z | AT 8
take a lookon picture 3. E @ all yra 300
M""‘
The factorsare: Design of elevator (penduluan 5 0.00 0.50 100 150 20"
stabilizer) and wing position, as well as positic Time alter take off - main whee (sec.)
from hook and the centres of gravity an = angle dtack (wing) * chmbangle CG  —*— aliude
aerodynamic. HEmip [ M Force of tow I M elevator
pict. 2 Take off Std gliderhigh wing pict ¥ 18m dass/ wing high/ W ballast
stick half pushed Flow (. 8G/CG hehnd tipping by 1ake off F tow 0. 9G/CG back
14,00 200
- %5
12,00 RO . }.)‘/ 18,00 g - 2
e TS AP T A Rl £ » 2
:_‘:= 8,00 7'7:( - 14,00 = ’—E “I\ ::
2 M — ,—;12,011% c 12— B @
Pl "-.,__\ i w8 = “':;L_ﬂﬂ =
i “\{f | o S el
E oam s T = T z
g amb gf/ -"“""'.'.‘ 4w g ; > 'z
4,00 2,00 E 0 0 =
o A o 25 0 15 25 35 46 5 70 8 100
0,50 ll,ll? 0,50 1,1?1 150 2 P“Sli'!l SIﬁZHIiI_II‘]MH_] m]
time(s) by wheeling a0 wing 9 elev 6
acoskmionZ - a6 taion_*_ angls of Allck —— Pendula —=— Stablizer = Stab., Flow
chimb angle CG —*— shope angle climb angle tad —— Stab Co o waler
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Very important is deflection of stick, flap and finwhile rolling. Pushing the stick duringthe take-off-phase can

be too late!

Loading of airplane and cabferce are boosting the tilt process. Elasticity of tow material determines the development
of cableforce.

If there is any doubt, push the stick ful (80% with flying elevator) when rolling!

2. Phase of max. inclination
pict 4/ Start with Pendula pull to -12°

If we considetthe angle of attack during the whole launc Start 1207 300 P5-525 kg / CG back
we can find thesecond maximum after the max. angle
slope. For thigake a look in the simulation showed i
picture 4. We can recognize thens a very different
course of the angle of attack and airspeed. These
general results of thdynamic of rotation and lift.
While rolling the pilot choosea deflecton of ten degrees
at the pendulunstabilizer. Six seconds aftstart in an
altitude of 14 m the linear movement of the stabiliz
begins The stop of movement is at a deflection of min
12 degrees (66 %) after 13 seconds at 300 m. At this p
the wing reaches a critical angle of attadklO degrees.
In the following ten econds the pilot risks a crash.
The winch driver put the throttle in 3 seconds to full 3!
hp - position. After reaching a cabferce of 1,6 G he
releases throttle linear till the end of procedure.

anglen:elope, climb eley. (™ alt. (10m)
Bl e SRENERERIRER

gampadal/Fores tow(%) alrapesdilkmsih)

After the end of®bilizermovement we see a failj force

in the tow. That isbecause of theeduction of lift -
coefficient and the torque dhe elevator, which must time () by wheeling angle o Atack T
balance the torque of cabierce. At end of launch the —*~ gasfelevalor° -~ Force of tow climb’/ alilude
torque of cabldorce bring the glider out of dager. The ——angle of slope  —*— angle of altack —— airspeed
critical point infull climb area is after maxlape. There pict.5/ breakdown tow/ angle track 45°
the airspeedhaturally reaches a minimum. The pilot ce Start 15.0/ 354 kg fgravity center rear
prevent the stalf he pushes stick at this point at the vel 160,00 | aun 110,00
latest otherwise pull not more than 10 degrees (55 %). 1% \ v\ / oy
case ofusing a stabilizer with rudder, there is less dang§ 100,00} N T 7 ‘ \ 4;’--""" 80,00 <
for stall in all areas of start. The reasonifas the bigger g 80,00 LT T\L i 0™l e £
positive lift wefficient in takeoff area and theess 3 %0 | | i+ 7 \ ,.r' 0w @
negative lift ©efficient in climb area. E 20,00 T TN R TR A o 8

E 0.00 e NG 20,00 %
We recognize not any stability in aie features of the =  2° & it ?\\\ lf 000 £
whole procedure. Just the force in the tow could £ ool Xy i b 7l L e &
regulated constant in full climb area, but for it we neec § 0o et 5&, VAR
reading for the force. Becausetbé characteristiosf the * 200 TR/ \_// e
converter we get naontrol of output torquewith the 140,00, [ | 50,00

11 11 11 12 12 12 13 13 14 14 14 15 15 15 16 16 17 17 17
thrOttIe Only' time(s) fast and full pushing the stick
—— airspeed +— rotation angle of track

3. Cable break dOWI’] —+— angle of slope deflection rudder —+— angle of attack

This happens mostly after matoge, wherewe havethe
first big enlargement ofableforce. That is the area when speed of cable goes down and the convertetoogtjut
is rising. Thenertia of drum and cable furtharcreases theableforce.

Pict. 5shows a simulation beginning at an angleatiimb near 45 degrees at an altitude of 80 m. In spite the airspeed
of 145 km/h speed of airplane falls under miom at the turning point. Alsangle of attackgetstoo high.During
flattening out the airplane, starting aslpe of minus 20 degrees it stalls a second time. The deflection from elevator
with minus 60 % was too big.
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We learn that breakdown of cable at winch launch is a potential risk. The rotationus A0 degrees/sec. is too
little for a secur@rocedure, and this is induced by the small negative lift coefficient of the canpvefibel Certainly
this simulation is calculated with the worst factors, but the reaction of pilot is very fast.
There are 3mportant handlings in expect of cable breakdown:

1 Pull no slope greater than 4%

1 After cable-breakdown push fast and fully

1 Do not release stick before slope is minus 20 degrees, and then pull not more than 50 %

Outlook:

Winch launch is a very sure procedufepilots and winch driver pay attention to some important rules. ishise
responsibility from the lgding organisations and their instructors.

Improvement of afetyis naturally possible. This could be an installation for reading force of cable at the winches. So
winch drives could control acceleration #te beginning and prevent breakdown of cabksdditionally, a simulator
for training students and instructors in handling the dangerous cable breakdown could be efficient.
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ASASYysi Anti-Stall Assistant System for Sailplanes

Werner Scholz Sebastian LefsValentin Petters Werner Wiirz, Jan Axthelm, Walter Fichtet
ISFL GmbH, Stuttgart, Germamscholz@sfigmbh.de
2Institute of Aerodynamics and Gas Dynamics (IAG), University Stuttgart, Germany
3Institute of Flight Mechanics and Controls (iFR), University Stuttgart, Germany

Abstract: The intent, the elements and first results of a research program to developstallaagsistant system called
ASASys are described. Focus is on a proposedvgatiing sensor using pressure measurements in the wing boundary
layer, a proposed new control surface system working with spoiler flaps on the horizontal tail and on the description
of the flight test platform, which is a modified sailplane.

Keywords stdl prevention, safety, assistant system, stall sensor, spoiler, flight test.

Introduction
Loss of control, followed by stall and spin is the most lethal type of accident in general aviation, including, glider
operations. In order to investigate possit@ehnical means to prevent such accidents, the research project ASASys
was started to develop an assistant system to support the pilot accordingly. Partially funded by the German government
LuFo aviation research program, the engineering and design cor§pan@mbH in Stuttgart, Germany teamed up
with the Institute of Aerodynamics and Gas Dynamics (IAG) and the Institute of Flight Mechanics and Controls (iFR)
of University Stuttgart to form a research team.
The goal is to develop a system which could salted in sailplanes and light aircraft for new models or even as
retrofit. The research program ASASys has started in 2018 and is expected to end in 2021 and this report focuses on
the elements of the system and some first results from wind tunneigirtddbting.

Methodology
The usage of classic stall warning sensors and/or angle of attack (alfa) sensors has often been proposed for use in
gliders to allow the pilot a direct assessment whether a stall is developing. Nevertheless, experience haservice
shown that such sensors are seldom used in gliding, despite the clear advantages to have this additional information in
the cockpit. The main reason might be that during thermalling gliders are typically already operated very near the
critical alfa anda classic stall warning would already start to warn despite the fact that the pilot is turning tight, but
perfectly safe under the given circumstances. This is confirmed by the typical training offered by flight instructors
which emphasizes turning witlafe margin to stalls at low altitude and in the traffic pattern but also tight and slow
when circling in the thermals for best climb performance provided the flight situation permits this slow turning near
the stall. Therefore, a system acceptable fotytpieal glider pilot should not warn at a static alfa or speed but should
take the flight situation into account. Even more, it would ideally detect a stall still in the developing phase and should
then assess whether in the next seconds this could beciice or would stay harmless.

For this purpose, the system proposed in the ASASys program uses a hew type of pressure probe on the wing upper
side, which is called Embedded Wall Shear Sensor (EWSS) and which is working similar to a Preston prabe. In fig

1 on the left side a picture shows the velocity profile in the boundary layer of the wing upper side together with a
sketch of the EWSS. The pressure difference between the holes on the flawigdside and the upper side of the
slopeshaped EWSS imeasured and normalized against the dynamic pressure taken from the aircratapitot

system. The three pictures on the right in figure 1 show the design aspects of the EWSS together with a Euro cent for
size comparison. The parts are mainly@inted and combined with commercial electronic pressure sensors, with the
EWSS assembly then installed in the upper side of the wing at approx. 65% of the local chord length.

For testing purposes, the flight test platform has one EWSS installed on each wiagnaer end of the aileron (i.e.
the outer flaperon segment) and additionally a classic nose boalataiprobe provides additional alfa measurement
which is only taken for comparison and analysis reasons.

With this setup, it is expected that detectidra developing separation of diow on the upper side will be possible,
all owing also asymmetric flight situation detection ani
result into a fismart st altafixedalfaariafullydevelopedstdl. does not onl y
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Figure 1. Embedded Wall Shear Sensor (EWSS$3)flow field & sensor design

In addition to such an improved stall detection, the proposed system should be able to actively support the pilot by
assisting stélprevention or even the ability to break a developing stall by inducing a nose down moment upon the
aircraft. It was decided early on not to develop a system which is coupled to the primary control systems to avoid all
issues coupled with flutter consid¢ions, breakree forces for the pilot inputs and/or certification issues. The solution
proposed instead is to use a spélilee flap on the horizontal tail on the under side in front of the elevator.

From usage of such spoilers as speed brakes appiee side of wings or as landing flaps as split flaps on the underside

it could already be deduced that the controllability effect of such a spoiler flap would be in the same order of magnitude
as for the elevator, allowing this additional control surtaceffer enough effect to support the pilot or even to correct

a large control input mistake (e.g. when the pilot keeps on pulling back the stick when stalling).

Figure 2 shows the wind tunnel model of the additional spoiler flap on the underside obrinental tail
(photographad upside down for this picture).

X
X
X  Druckmessung
Vorder- und
Rickseite

Spoiler

X
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Profil-Unterseite

Schléuche'fﬁf“bruckmessung

Figure 2. Wind-tunnel model of elevator section with spoiler flap on underside

Whereas the development of the stall sensor and the spoiler at the horizontal tail was perfohmbtstitute d
Aerodynamics and Gas Dynamics (IAG) of University Stuttgart, the Institute of Flight Mechanics and Controls (iFR)
of University Stuttgart together with SFL GmbH concentrated on the data acquisition system, the control computer
and the systems onboard teilplane which was modified to become the flight test platform. Focus of iFR was here
on the system components and the algorithms to be developed fortlh@armincomputer, whereas SFL concentrated

on system integration, the alata system and the plang and operation for the flight tests.

The following figure 3 shows the system architecture on the flight test platform regarding the different systems, which
have been installed into the Arcus E sailplane to be operated under the ASASys progranode, the aidata boom

with sensors to measure alfa and beta and the total and static pressures has been installed-datia acaiisition

system in the forward instrument panel. Under the rear seat, sensors are installed to log all control sgstemsdefl

The main orboard computer is in the rear baggage compartment with its IMU near the center of gravity. Furthermore,
the described stall sensors are installed in both outer wings and the spoilers in the underside of the horizontal tail.
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Figure 3. Flight test platform system architecture

Results
In the time of writing this report, the full planned flight test programme within ASASys has not beeen fully completed,
therefore, the results shown here focus on the ‘indel tests done by thestitute of Aerodynamics and Gas
Dynamics (IAG) of University Stuttgart and further description of the flight test platform and planned flight tests by
SFL.
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Figure 4a. EWSS measurement at flaps 0° Figure 4b. EWSS measurement at flaps +20°

Figures4a and 4b show exemplary results from windnel measurements with the stall sensor mounted in a
representative wing section of the flight test platform. Please note that heretieiy used for denoting the lift

coefficient cL (called ca in the plgtsthe relative chord position x and a sensor sigrall plotted versus angle of

attack (alfa). The solid lines show the-alfa plots for this airfoil with free transition (black) and full turbulent airflow

(red, representative for flight in rain or iyansect contamination). The left plot is for a neutral flap setting, whereas

the right shows a typical thermal flap setting of +20A
alfa in the windt unn el exper i ment iclaagearésults df patalfeleXFQIL calalatidns.or hevolitput

of the measured pressure difference from the EWSS is plotted in the dotted lines for free transition (black), fully
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turbulent (red) and with transition in front of the sensor (at 55% chord, giideninain takeaway of these exemplary
results is twefold:

1 with the sensor located at 65%, the measurement pressure becomes 0, when separation is at or forward of
65% which happens at about 12° alfa for all flap settintijgs alone represents a classiall warning
1 but even at much lower alfa, the sensor already gives an output which could be used to estimate alfa (i.e. the
downwind position of the beginning separation), which enables to prognose an onset of a beginning stall
Further measurements in the IAG laminar windnel showed the expected effectiveness of the spoiler flaps at the
horizontal tail which were then used by SFL to design the modification on the flight test platform.

The following figure 5a shows a sketchtbfs modification of the Arcus empennage in the CAD and 5b shows the
modified Arcus E which is used as a flight test platform by SFL GmbH for ASASys and other programs.

Figure 5a. Horizontal tail modification Figure 5b. Modified Arcus E sailplane’ flight test platform

First results of the flight test campaign show that the stall sensor indeed allows a good prognosis of the developing
stall situation and that this output could be used to calculate a useful alfa value which is close to thecaléaresim
by the noséboom airdata probe.

The next step is now to implement algorithms into thdoard computer to use this alfa / stall prognosis to create an
adaptive stall warning for the pilot and to allow this computer also to use the spoileoffapsént the pilot to steer
the aircraft into an unwanted stall. The tests with this full functionality are planned for late summer of 2021.
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DLRO6s | atest resedcDeRh sail pl ane:

Erik BRAUN!
1DLR, Flight Experiments, Braunschweig, Germany, erik.braun@dIr.de

Abstract: Latest in a long line of research sailplanes, the Di2aBLR is the successor of the B&O0/17. It is
employed as benchmark in evaluating glider performance usihg GNSS based comparison
method. The higher performance of the m8pan base aircraft Disc2e compared to the DG
enhances measurement accuracy when testing the newest generation of high performance sailplanes. The DG
300/17 was used almost exclusivedg a performance benchmark. The Dis2a®LR, however, can also be
operated as fullfledged research aircraft for a variety of missions. This presentation will showcase
its basic sensors and DAQ equipment as well as several missions that have alreadgabied out.

Lastly, some concepts for possible future research campaigns will be presented.

Keywords research aircraft, sailplane, airborne researchsfiight measurements

Introduction
DLR operates Europebés |l argest fleet of research aircraf
jet airplanes, two helicopters, and four turboprop airplanes, as well as oneesiggjle piston airplane and a research
sailplane whih will be the main topic of this presentation.

DLR and its predecessors have always used research gliders and sailplateeshéiresimplicity and very low

operating costs. Several different models have been operated over the last decades such as a Ka6E, Cifus, ASW
Kranich, Janus and the specially modified DG300/17. A recurring mission for which the Kranich and Janus were
known was the Aflying wind tunnelod. A test rig made up
nose (Kranich) or above the wifigselage junction (Janus) to measure the characteristics of the wing segment, such

as drag or pressure distuion. The use of sailplanes was a major benefit for this setup, as the boundary layer could

not be influenced by any engine vibrations.

Figure 6: DG-300/17 with ASW28 Figure5: Janus with flying wind tunnel

Another very important use of sailplanes in aerodynamic research is the measurement of flight performance. There are
serveral methods to determine the glide ratio of an airplane of which the comparison method is the most accurate and
least time consuming. By using a sailplane which has been calibrated precisely, so that the glide polar curve is known
accurately, and flyig in formation with another sailplane which is the test article of the measurement, the unknown
polar curve can be determined by measuring the relative vertical velocity at different airspeeds. Thus, ideally any
atmospheric disturbance are cancelled owt the polar curve can be detemined very accuratelyarlights. The

Ka6E, the Cirrus and the DG300/17 were used for these measurements using photogrammetric methods to determine
the relative vertical velocity between the two airplah€&PS was introdted with the DG300/17 and continued with

the Discus2c DLR which now makes use of a moving base differential GNSS technique.
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Because of the evolution of higlerformance sailplanes with higt
glide ratios of 1:50 and more, and ever higher wWoaglings, tle
DG300/17 was at the limit of practicality. So late in the first dece
of the new millenium, a new research sailplane was needed, the sf=
for which ended in the Disct&c DLR. It was introduced into the flee
in 2012 and was fully operational in 2015.

Aircraft and Systems

The Discus2cDLR is based on the welinown 18mclass high
performance sailplane Disci2e manufactured by Schemypfirth. It
has an empty mass of 3Rg, an MTOM of 565g, and a wng of .
18m span and 11.3®2 area(SchempgHirth, 2005) The basic &
aircraft was modified in several ways to accommodate our sp
needs. The fuselage is equipped with an engine bay which is us
built into the Ventusseries gliders but used as a compartment |
measurement equipment in our case. This bay features a remo;
lid instead to the bay doors of the standard version to minimize d,
The most prominent modification of the fuselage is the large-nc
boom infront and above the nose. It is used to collect total and s
air pressures as well as angle of attack and sideslip using-ldliee
probe at the tip. To complete the set of air data, a total temper:
probe combined with a humidity sensor is fittedhe fuselage unde
the starboard wing. Furthermore, the fuselage has hardpoints i
cockpit area to attach external probes to the sailplane.

Figure 7: Equipment bay

Figure8: Discus2c DLR

48 strain gauges and 22 measuring points using fibre Bragg grating are built into wings and fuselage to determine
aerodynamic loads in different flight states. The Dis2u®LR features magnetometers and accelerometers in various
locations which can be ed in experiments concering aeroelastics and flight mechanics. All control surfaces have
deflection sensors. The sensor data are recorded using a data acquisition system which is located in the fuselage bay.
The DAQ system is powered by a LiFePuektery vith a capacity for several hours.

To reduce pilot work load and to implement precisly reproducable control inputs, an experimental digital autopilot was
integrated into the sailplane. It uses electromagnetic linear actuators on elevator and ailereep he lsystem

simple and to circumvent a complex certification, the actuator can be easily depowered by switching off the power
supply. Then they are still connected to the controls but produce virtually no friction in the system.

The measurement of gédpolars using the comparison method depends strongly on the determination of the
differential vertical sink speeds and relative positions between the Eiscid.R and the other sailplane. The
measured sink speed difference is added to the known sindt & from the polar curve of the Discus. The exact
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relative position between the two sailplanes is needed
performance of the other sailplane. Both values are determined using a +hasndiférential GNSS system which
is highly accurate and gives sink rate differences in the order of a fewWRatldeBrandenburger, 2017)

Figure 9: Performance measurement, JS3 and Discus
Missions

The first experimental campaign for the new research sailplane was the jumgeist The overall goal of this project

was to determine loads on an aircraft in flight by measuring the deformation of wings, fuselage and empennage. To
achieve this, the Discus is equipped with strain gauges in various parts of the structure. ThereharbuSdlage, 36

in the wing and 3 in the empennage.

To determine loads in flight by measuring the deformation, the strain gauges had to be calibrated first. This was carried
out by loading the wings and other structure of the Discus with predetermingitsvand measuring the signals of

the different strain gauges. This had to be done in several orientations, most importantly upright and inverted to
calibrate for wing bending and torsional loads, and determine sensor hysteresis.

Figure 10: Strain gauge calibration

With the calibrated sensors, a flight test campaign was performed. Over about 25 flight hours, a system identification
was carried out by using a variety of control inputs in different conditions wédlerding the reaction of the aircraft
regarding deformation, trajectory and orientation. The result of these experiments is a highly refined model of flight
mechanics of the Disc#& DLR which can be used to calculate different manoeuvers and whidmewiieful over

the life of the sailplanéviana, 2015)
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The latest campaign on the Dise2s DLR apart fromour performance measurements, which are performed each
summer in cooperation with the Idaflieg, was the project KonTeKst in which the pressure distribution around the
Discus wing was the main interest. As opposed to determining flight loads by meastwimgatien, the forces on

the wing can also be calculated by integrating the static pressure distribution at several wing sections. This was done
by using tiny MEMS pressure sensors which where integrated into a thin wing glove. This glovepsra@iDealed

up part of the wing which was 38canned beforehand to determine the exact shape of the wing in this position. Due
to manufacturing inaccuracies the wing airfoil cannot perfectly match the theoretical airfoil shape and this also had to
be scaled ups0 pressure sensors where distributed with 30 each on the upper and lower surfaces of the wing. The
results showed a very good agreement with Xfoil calculations of the real airfoil and even the laminar turbulent
transition was clearly visible in plots. Dteunsteady measurements with a sampling rate of 200 Hz, the stall behavior

of the wing with its corresponding flow fluctuations could be observed. After further miniaturization of the system, it
will be used in experiments on our latest research ail@aAR, a modified Falcon 200Raab, 2019)
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Figure 12 Measurement glove Figure 11: Pressure distribution

Conclusion and Outlook
The Discus2c DLR has already shown, that it can be used as a highly flexible and capable research aircraft. This is
mainly due to the simplicity in its operation and systems. A very good cooperation with the LBA, the responsible
certification authority, Bo helps, of course. As the Discus has no essential electric or electronic systems needed for a
safe flight and is of a very rugged construction typical of most sailplanes, it can be used for a wide variety of
experiments with a minimum of effort.

In thefuture, the Discus will continue to be the main player in the flight performance measurements of sailplanes, but
will also fly several new experiments. Next in line is the measurement of atmospheric turbulence to determine its
impact on flight performanceThis will be done by swapping the total energy probe on the tail for ddileprobe

with pressure sensors directly behind it in the vertical stabilizer to maximize the possible sampling rate by minimizing
drag due to long pressure lines. After thateav pressure rake system will be used to demonstrate the suitability of
MEMS pressure sensors for this application. This will also enable the Discus to be the new flying wind tunnel on
which airfoils can be tested in flight by using wing gloves. To cotaplee experimental autopilot system, a rudder
actuator will also be fitted later. This will make controlled flight in all three axes possible.

The Discus might be DLR6s small est and |l ightest resear
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fs36 Fly-by-Wire of the Akademische Fliegergruppe Stuttgart
Felix JohnkeJan Felix Santosa, Moritz Habermann

Akaflieg Stuttgart, Germany, felix.johnke @akaflieg-stuittgart.de

Abstract: The fs36 is a sailplane with a flyy-wire control system and fowldiaps. This control system has many
advantages from a performance, safety, and design perspective, but also brings about challenges in its development.

Keywords:Fly-by-wire, sailplane
How it came to the fs36 Flyby-Wire?

As our last project, the fs35 Hajip, neared its end, it was time to start making plans for the next project. At the same

time, we found out that we had the chance to apply for a grant which supports innovative aviation projects from the
Luftfahrtforschungsprogramm (LuFo, Aviation ResdaRrogram). The program is run by the Bundesministerium fir
Wirtschaft und Energie (BMWi, Federal Ministry for Economy and Energy). This led to two ideas: The first, the fs36

Velo, revolved around an elastic wing leading edge which would act as a shigledift device for sailplanes. The

second idea, the fs36 Fby-Wire, would serve as a demonstrator forlfly-wire technology in sailplanes. Although

both proposals were accepted, we decided after some discussion to pursue the latter idea. Fecthigepnaje the

support of the Institut fir Luftfahrtsysteme (ILS, Institute for Avionics) of the University of Stuttgart, which is
responsible for the fs366s flight computer and the soft

Our Goals

Our primary goal is the implementation dha-by-wire control system in a sailplane. The mechanical control elements
will be replaced by cables and actuators, which enables fully electric manipulation of control surfacebyAwrity
opens up many possibilities in the field of safety and perdmice, which we will exploit and demonstrate, we decided
to develop and build our own wings.

(G 'T' _J

=

18.0m

Figurel3: 3-view drawing of the fs36

For more safety in aviation
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Data from the Bundesstelle fur Flugunfalluntersuchung (B¥&deral Bureau of Aircraft Accident Investigation) show

that circa 49% of all fatal accidents are caused by entry into an uncontrollable flight attitude due to pilot error.
Conventional safety features, such as modern crash cockpits, minimise injurytiotimethe event of a crash. Our
approach is to prevent accidents before they happen. We plan on integrating aids, such as a stall or even a full envelope
protection, with our flyby-wire control system in the future. The flight computer will then He &bactively intervene

during flight, which is standard for airliners. Other functions, such as collision and airspace avoidance systems will
also possible.

Necessary steps and challenges in the design

As mentioned earlier, new possibilities are opened up bigyflwire from a design and competitive perspective. The

space inside the airplane is utilised quite differently. Among étiregs, the flight computer, cabling, actuators, input
sensors, and the battery system have to be integrated in the fuselage. Even though the flight computer is programmed
by the ILS, the overall system still poses new challenges. For example, the bgstem has to be redundant and
possess enough fire protection, since the failure of this system would lead to the failure of the whole system. Even the
effect of the CFRP skin on the electrical system has to be analysed. Furthermore, the failure aatesafiponent

have to be determined to calculate the failure rate of the overall system.

S :
Figurel4: Depiction othe battery packsactuatorsand flight computer in the
fuselage

Inspiration from the past: fs34

Besides the challenges inherent with alflywire system, there are also additional advantages. New designs for the
wings are possikl In one of our previous projects, the fs34, we attempted to implement a Fowler flap, which enables

the pilot to change the wing area in flight. With flaps extended, the airplane will have a comparable wing area to other
high-performance sailplanes, allowng it t o t her mal equally as well . With
speed is higher than that of its competitors due to its higher wing loading and lower drag.

Unfortunately, the fs34 coul dnodt hebilap systeni was unfeasibleadueste a me
multiple reasons, such as space and structural concerny-Rliye offers a solution to this issue. Unlike with a

mechanical system, flgy-wire does not have the restrictions of the former in the areas of spadeamdtics. Paired

with a very thin profile, we will be able to demonstrate the advantages of such a control system. These include an
optimal deflection of the flaperons based on the current flight attitude.
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Figure 3Flaps retracted Figure 4: Flaps extended

The fs36 will have a wingspan of 18 m and a wing area of approx.?Mtimflaps extended. When the flaps are
retracted, the wing area will be reduced to approx. 8,5 m

The current status

Currently, we are still occupiedith predevelopment. Much progress has been made regarding determination of
system integrity and redundancy. Furthermore, we are working closely with the Luftfahrtbundesamt (LBA, Federal
Aviation Office) to set out guidelines and specifications, with Whie fs36 and all following fipy-wire sailplanes

will be certified.

Apart from computeaided design work, we have built a test piece to validate the design and to gain experience for
the actual building of the wing. second test piece of the outer wing is to follow suit. At its current state, each wing
is to have four individually controllable flaps. Each flap will have up to two flaperons on its tailing edge. These are
manipulated by actuators built into the flaps.

Figure 5: Wing test piece
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We have also built a test piece for use at the I nstitut
With this, we were able to compare the callfeeohddicned per f c
This isaccompanied by further aerodynamic work on other areas, such as the wing root and winglet designs.

Figure 6: Test piece inside tlaeninar wind tunnel

To test whether parts would fit inside the fuselage and how to best integrate them, we lamfunsgya mockup
of the Ventus 3 at the Schemplirth plant in Nabern.

Gefordert durch:

* Bundesministerium
fiir Wirtschaft
und Energie

aufgrund eines Beschlusses
des Deutschen Bundestages
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icaré 2 wtpi Fly with light and control by thrust

Werner Scholz Johannes SchneideAndreas StrohmaygrStefan Nottek Walter Fichtet
ISFL GmbH, Stuttgart, Germamscholz@sfigmbh.de
2Institute of Aircraft Design (IFB), University Stuttgart, Germany
3Institute of Flight Mechanics and Controls (iFR), University Stuttgart, Germany

Abstract: The history of the solaelectric motorglider icaré Il is summarized, leading to the current usage as a test
platform for demonstration of asymmetric thrust yaw control. Components of the experimental control system and the
main control modes are describend the current and future state of this research program is outlined.

Keywords solar powered aircraft, distributed electric propulsion, yaw control, wingtip propeller, flight test.

Introduction
In June of 1995, the institutes of the facultyagfospace engineering at the University of Stuttgart succeeded into
building a practicable solggowered aircraft when icaré Il made its maiden flight. This aircraft was destined for the
Berblinger Prize of the city of UIm, which was won by this universégm later that summer. In addition, the icaré
project represented the cumulative efforts of many participating students, staff members, sponsors and further
supporters and was already the topic for approx. 40 student thesis works in the years 1984 to 199

This project was later awarded with the Ostiv Prize in 1997 but the icaré team members, despite a steady change of
participants, continued to operate this unique aircraft up until today. In the following years, many original components
of the electric populsion systems were updated and as soon as FAI introduced solar powered aircraft as a new class,
world records were flown with the icaré. In parallel this aircraft remained in the focus of research and student thesis
works and since 2017 a new topic vegeened with a modification where additional propellers have been installed on
each wing tip.

The main motivation here is to show the ability for distributed propulsion systems to actively control the aircraft and
to analyze different flight modes whichdmme possible with this additional control system. This effort is conducted

at the Institute of Aircraft Design (IFB) and the Institute of Flight Mechanics and Controls (iFR), both at the University
Stuttgart and is supported by SFL GmbH, also from StuttGeermany.

History
The solar powered motalider icaré Il was built to fulfil the requirements of the Berblinger Prize 1996. The two main
tasks were to show a sé#funch with electric propulsion up to an altitude of 300 m AGL and to demonstratelitye abi
to produce enough power with the solar generator to sustain flight altitude at a solar irradiation of only 500 W/mz,
representative of a European summer day. It has to be remembered that at that time this needed to be realized with
Nickel-Cadmium batries and silicone solar cells with about 17% efficiency, both representing the state of the art at
that time. The icaré Il succeeded to demonstrate all these tasks and won that competition, In addition it proved to be a
usable powered sailplane which cdube rigged and operated similar to other composite sailplanes, thereby
representing another step of evolution which saw the experimental solar planes like the Solar Challenger of Paul
MacCready and then the Sun Seeker of Eric Raymond at earlier evdtages. Figures 1a and 1b show icaré Il
during its first seHlaunch and solar powered flight during the Berblinger competition.

After replacement of the batteries against more modern Lithium based cell systems and afteffiaisorecord

flight without usage of thermals or other updrafts over more than 300 km, further modifications in the drive train were
implemented. Icaré then came into focus of the record pilot Klaus Ohlmann who soon started to fly world records with
this aircraft for the new geneeal solar powered aircraft class of FAI. Figures 2a and 2b depict the pilot and icaré in
the region of Southern France, where the majority of these records had been flown.

Starting in 2017, a new development started for the icaré project with a firdiaiiateof additional propulsion units

at the wing tips, were electric motors now drive small propellers to add the possibility to control the aircraft around
the yaw axis using differential thrust. Figures 3a and 3b show this modification which madehécérst aircraft
capable to simultaneously fly with light and to control by thrust.
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Figure 2a. world-record pilot Klaus Ohlmann Figure 1b. icaré inSouthern France

Figure 3a. flight with wing tip propellers Figure 3b. additional propeller pods

Experiment setup and Results
The modification with the wing tip propellers includes installation of a flight data aquisition system to mekesanet
flight parameters and to allow an-board computer to activate different flight modes with the wing tip propellers for
yaw control Figure 4 shows a diagram of the additional system components which were installed into icaré II.
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Figure 4. Wing tip propeller modification 7 systems overview

The wing tip pods were developed using commercially available elements for the propulsion system, which were not
coupled to the main solalectric propulsion system, as these pods were not designed forgmwapalt for control
purposes. Figures 5a and 5b show the design and inner components of the pods.

Figure 6a. cockpit sidestick installation Figure 6b. wing tip pod display unit
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Figures 6a and 6b show the additional control and display elements in the cockpit. A sidestick installation mounted on
the left side of the instrument panel allow the pilot to manipulate the differential thrust in the different operational
modes and a disqy unit installed to the right side of the instrument panel offers data for the pods and other parts of
the data acquisition system to the pilot.

The following modes were developed and put into flight test one after another:

9 data acquisition system testd parameter identification: here the additional flight test components were first
taken into operation and several parameter identification maneuvers were demonstrated and documented with
the system; this data was then used to create a representaiipbygscal model of icaré in a Simulink model
which was then later used to develop the different yaw control modes

1 manual mode: in this mode, the pilot directly controls the power setting of both wing tip propedtais
forward increases the thrustftler right increases the thrust so that the aircraft yaws to the left or right side

1 ruddercoupled mode: as the flight test acquisition system also measures all pilot inputs on the primary flight
control systems, this mode now uses the rudder positimodulate the asymmetric thrust, i.e. from the pilots
perspective, this modes increases rudder efficiency by adding the wing tip pod component to the normal
rudder efficiency

1 aileroncoupled mode: her the principle is similar to the rued®ipled mode, bubow the lateral stick
position is used to command asymmetric thrust; for the pilot this creates now an aircraft handling behavior
which nearly allows to control turns without usage of rudders

1 automatic doublettes: this mode allows the pilot to createradyablette by just pressing a button, which
then starts an according sequence of asymmetric thrust inputs in order to offer a better reproduceable input
for later parameter identification

1 automatic sideslip control: in this most automated mode the systesnthe measured sideslip angle from a
noseboom airdata probe to use the asymmetric thrust to control the aircraft to flysepeideslipangle;
for a straight flight path this is obviously set to zero, for turns up to approx. 10° bank angleottiaejpits
the sideslip angle accordingly (due to the very strongyall coupling, icaré needs a considerable yaw angle
with outward angling yaw string to fly a coordinated turn)

First analysis of the results of the flight test campaigns shows thatysucktontrol by asymmetric thrust is a
practicable usable additional control option for aircraft configurations with distributed propulsion elements and
additional tests on a stdtale unmanned version of the electric power&krius experimental aircradt University
Stuttgart further explore more control modes. The final figure 7 shows icaré 1l and tbeafelieGenius in formation

as both aircraft keep on expanding the range of research work with electric propulsion drabfitghl systems in
Stutgart.

Figure 7. Flight of icaré Il and e-Genius experimental aircraft in formation
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Status report about AlpTherm_2 as a fully revised convection model

Bruno Neininger
MetAir AG, Switzerlandyruno.neininger@metair.ch

Abstract: The convection model ALPTHERM (or Toptherm, Regtherrmfiollew-ups) are in use for soaring weather
forecasts by several national weather services in Europe since 1993. A fully revised new version AlpTherm_2 was
under development since 2014 and has now reached a maturity that should allow operational apptidimnext

year. This presentation is describing the new architecture and is giving an outlook. Since the spatial resolution (100 m
horizontal) is much higher than for the sidgions defined in the original ALPTHERM, the resulting forecasts might

alo be interesting for paragliders.

Keywords soaring, gliding, paragliding, convection, ppsbcessing GFS.

Introduction

When the first version of ALPTHERM was launched in 1993 [1, 2], computer programs running on PCs were limited
to 640 kB RAM, floppydisks had a capacity of 1.44 MB, and hard diskismofaybei 30 MB, and actual weather data

was not that easy to access as it is today. Nevertheless, the original version of ALPTHERM and derivatives are still in
use at national weather services and widddgerved by the gliding community (distributed e.g. via [3]). Encouraged

by colleagues and students interested in soaring weather, the author of this article began to think about new options for
a second generation AlpTherm_2. The basic idea was to usadsuseful input (initial and boundary conditions)

from the global circulation model GFS [4], supplemented by thosscalk processes, where the complex topography

and surface properties are important for the development of thermals. This new veasitth ks fully three
dimensional (the original ALPTHERM was "oamda half-dimensional” for selected regions), should represent any
slope or other hot spots also in flat terrain (e.g. low albedo, enhanced evaporation over forests, or cooling towers),
applicable to any region of the world.

During the more than 20 years, the global general circulation models (GCMs) [5] and many local area models (LAM)
such as AROME in France, ICOGRE in Germany, and COSMQ® in Switzerland [6] have evolved enormously.
Platforns like [7] are offering detailed weather forecasts based on different GCMs worldwide for free. This raises the
question if there is still a need for a special convection model.

All these models for different scales are focusing on dynamical processetheyeare solving the NaviStokes

equations for generating a bgstssible wind field, and hence reasonable temperature and humidity fields on a scale

of 10 to 20 km (most advanced GCM) or one kilometre (LAM). However, for fulfilling this prioritydheyorced to

make compromises in resolving the terrain, causing known deficiencies [8]. It is widely discussed in the literature, that
convection is still a challenge. 'Convection allowing schemes' is the most advanced stage, meaning that based on a
resoltion of 1km horizontally, the development of thunderstorms can be simulated. This is still far away from
resolving slope winds and thermals on a scale of 100 m.

On the other hand, statistical approaches using machine learning, connecting data froamdljgkmraglider flights
with meteorological data, were successful in regions with high gliding activity [9].

However, there are still important gaps and shortcomings:

1 Neither GCM nor LAM are producing routine output for detailed local convection.

1 Even themost advanced machine learning cannot give reliable advice for regions with insufficient data coverage
(recorded flights over different seasons) and for weather conditions that were not used for the learning algorithm
(the daily weather has many parameters .

1 There is a gap between 'good old tephigexuercises' and advanced LAMs, i.e. the skill of most pilots using
the first is limited (also by the time needed for such dlpgkt analysis), and having an own LAM is out of reach
even for organisationsish as aeroclubs or competition organisers.

Therefore, it was decided that an advanced algorithm serving as-prposssor for existing models could still fill

these gaps. A second application is @tdaching, because the different processes sudteasfluence of the snow

limit can be studied 'handsm'.
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Methodology

Both the old and the new AlpTherm are not classical meteorological models solving equations on a Eulerian grid.
Instead, the neasurface air is heated or cooled according to the availadt heat (shorand longwave in and out,
evaporation/condensation, and ground heat flux, resulting in net sensible and latent heat fluxes). Then these pockets of
air are moving to their equilibrium level (katabatic downward flow when cooler than thierstnair or rising along

slopes and as thermals when warmer (including humidity via the virtual temperature). This 'Lagrangian approach’ is
applicable when the situation is not highly dynamic, i.e. is especially suitable for weak wind situations as they a
preferred anyhow for paragliding. Of course, the quality of the result is depending on sufficiently good estimates of
the above mentioned heat fluxes, needing reliable surface properties like albedosrBioyenr ground heat flux on

the 100m-resoluton. In contrast to GCM and LAM, this algorithm is focusing on the local, mainly vertical, exchange

of air between the surface and the free atmosphere, putting less emphasis on the wind field.

However, the new version will be capable (see table 1) of astigh“internal wind", i.e. wind that is resulting from
the smallscale pressure gradients developing between the ‘cells’ (see figure 1 and explanatory text), and can integrate
"external wind", i.e. entering and exiting air masses according to the GCHKi¢h WwlpTherm_2 is embedded.

Table 1: A list of features that are already implemented (left), or under development (right)

global coverage (can be adapted to any region) U individual clouds within the cells, including wiridfluence
semtautomatic dataownload including SRTM topography thermal horizontal wind following the pressure gradients
albedo (and partly Boweratio) from MODIS images influence of the wind on the quality of thermals
improved downscaling from GFS using SYNOP data improving theenergy budget over lakes and snow
flexible for other data sources (other than SRTM topograph
GFS, SYNOPstations, and MODIS imagery)

surface energy exchange on 100 m resolution

improved nighitime inversions in valleys

fully Lagrangian formulation of slopeinds and thermals
aggregating results in cells of 1 to 5 km size (1 km used he
resulting regional lifting and subsidence

realistic cloud bases and cloud tops

10 minutes temporal resolution

less than 10 minutes runtime for the examples in figs. 2 & 1

improving the Bowerratio (latent heat flux e.g. over forests)

cloud shadows from cumuli generated by the algorithm
validation for different cases with known soaring activity
operational production and dissemination (needtprs)

[ ench exchE o S anc i anc o)

<K<K << KL

It is not possible to explain all the details of the algorithm here, but figure 1 is explaining the concept. More details
will be published when also all the items on the Figahdside of table 1 are finished and tested.
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Figure 1: The basic mechanismémplemented in AlpTherm_2. The items 1 to 11 are explained below
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Explanations to figure:1The thin horizontal lines are indicating the vertical levels with a thickness of 50 m below
3'000m AMSL, followed by 100m spacing up to 5'000 m, 200 m up to 10'6@Cand 500 up to 16 km (flexible, i.e.

can be redefined in the parameter file). The dotted vertical line is indicating eoetdary (symbolically, in the

model this spacing is 1 km (scalable up to 5 km), i.e. on the scale of the figure there woalé béthese aggregating

‘cells"). (1) is depicting a cooled pocket of air sinking into the lowest cell. (2) is another katabatic movement, finding
its equilibrium level (virtual potential temperature) above the vdlieyom. (3) is showing the resultitifing in the

column of cells when mass is added below. (4) is a heated pocket of air on the sunny slope, following the slope to
some 'release point', then generating a cumulus (5) with a cloud base that is corresponding to the moisture in the rising
podket of air. (6) is another heated pocket of air with a higher origin, leading to a higher cloud base of (7). (8) is the
resulting subsidence within the column of cells when air is removed below by upslope winds and thermals. (9) is
symbolising the horizoat exchange between the cells, following the pressure differences between the cells. (10) and
(11) are indicating the external forcing by the horizontal wind and-segke subsidence or lifting. All these processes

are updated every 10 minutes (interpethwithin the hourly GRS8ata for the external forcing).

More details (not shown in the figuréJhe incoming shortwave radiation (‘'sunshine’) is calculated directly from an
astronomical formula and the orientation of the -b®8urfacepixels. It is redued according to the net incoming
radiation by uppetevel clouds from the GF8rid (0.25° lat/long, interpolated to the cells). The backscatter is then
calculated using the albedo from recent satellite imagery (MODIS Terra or Aqua with about 250 norgsdlba
outgoing longwaveradiation (terrestrial infraed) is calculated using the estimate of surface temperatures and
adjusted to the average value in GFS. Similarly, the incomingwang-radiation is taken from GFS as the averages

on the GFSrid, but downscaled using the altitudependence found by linear regression within the GGS grid. Similar
downscaling is done for the fraction of latent heat. All these inputs could also be taken from a LAM such as COSMO.
However, at this stage, free accesg&ba had priority. The same is true for the topography and and the surface
properties, where using SRTM and MODID imagery was a compromise as well.

Results

The figures 2 and 3 are showing two results after applying the algorithm to a region of p@6dteast) times 150

km (southnorth) for the ¥ of April 2021 with mainly cleassky-conditions and still snow down to about
1500m AMSL. Figure 2 is showing the initial lifting or sinking near the surface (items 1 and 2 in figure 1), i.e. the
mass of air [values in $&g or Gg per pixel] that was mod¢o the next higher or lower §8-level during the last 10
minutes before 09 UTC (11 LT = CEST). Figure 2 is showing the aggregation of all these movements as changing
column masses between 11:50 and 12:00 UTC. Yellow to red pixels (cell size of 1 lshpaieg increasing mass
columns, while light to dark blue is showing loss of mass according to the mechanisms summarised in figure 1.

o

Figure 2: Vertical mass flux [Gg] on the level of tl Figure 3: Loss and gain of mass [Gg] in f
surface pixels (106100 n¥) within a 10minute columns of cells (1 kn?). See more
timestep. See rore explanations in the text. explanations in the text.

It is obvious that the mass flux displayed in figure 2 can be translated tevélmgteewhen applying a 'typical thiokss'

for these flows. Similarly, figure 3 is indicating those expositions where most mass converged over slopes and crests
during the afternoon regime. Earlier, when cooling is still dominating, this picture is inverted, i.e. the dominating
convergence ithen by the coldiir-flow into the valleys. In a next step, these horizontal mass differences (causing
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altitude-dependent pressure differences) will be relaxed by local horizontal wiffdge(@ listed on the righband
side in table 1) that can be supesed to a wind field from a GCM or LAM. However, this is not trivial, since some
of the processes represented in AlpTherm_2 are already included in théeldraf a LAM.

Not shown here yet are those results that are directly quantifying the thetroal sibpes and in released thermals,

and the cumuli generated when condensation occurs. This is because this last step of the algorithm needs to be checked
and calibrated first by comparing with observations. This last version of the algorithm washstfione day before

the deadline for this extended abstract. Hoping to present more during the conference.

Discussion and Outlook

The present version of the pgsbcessing algorithm AlpTherm_2 has shown that thermal convection during a diurnal
cycle ona scale of 100 m near the surface can be estimated with the computing power of a notebook computer. The
already short runtime of 10 minutes for the example shown here (for the duration 03 to 18 UTC) might further be
reduced by using a faster 'gaming PQ &y optimising some timeonsuming parts, which was not at all a priority

until now.

There is still a long way to go when AlpTherm_2 should become operational either within a meteorological service,
or for user groups such as gliding competitions, club®yindividual enthusiasts. However, discussions about
applications should be possible during winter 2021/22. Some planned improvements as listed in table 1 and first
validations will be done during the next few months.

Since the performance of GCMs haached a level, where the soaring potential can be assessed directly from these
products [10], AlpTherm_2 might not be a necessity for planning-tiisignce flights by glider pilots. However,
paragliders are seeking more detailed information that caermrated using this algorithm.

This presentation will hopefully trigger discussions about possible collaborations for the use and dissemination.
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On the influence of moisture on the strength ofthermals:

A large-eddy simulation case study

Oliver Maas and Dieter Etling
Leibniz University Hannover, Institute for Meteorology and Climatology, Germrmaags@ muk.urhannover.de

Abstract: Thermals in the atmosphere are driven by buoyancy forcemdiensity differences between air parcels
and their environment (Archimedes principle). Here we present some estimates on the contribution of moisture on the
strength of thermals based on numerical simulations with a-&tdgsimulation model (LES).

Keywords thermals, moisture, largeddy simulation.

Introduction

There has been some debate in recent years within the soaring community on the contribution of atmospheric moisture
content on thermals, especially if moisture might be even the domiratitty on thermal strength. The arguments

are based mainly on measurements of temperature and moisture (in terms of specific humidity) inside and outside
thermals obtained by glider equipped with instruments. But as the temperature and moisture differvess

thermals and their environment are quite small, this question has not been answered by measurements without doubt.
Here we present a complementary approach based on numerical simulations for a field of thermals in the atmospheric
boundary layer aseated from below. In order to quantify the effect of the moisture content of rising thermals on the
vertical velocity (updrafts), vertical profiles of temperature and specific humidity have been varied systematically by
applying different values for laté heat flux (moisture flux) and sensible heat flux (temperature flux) as forcing at the
earth surface. In order to quantify the contribution of moisture on the strength of thermals, various data on temperature,
specific humidity and vertical velocity hateen extracted from the3 simulations.

The influence of moisture in Archimedes principle

The vertical acceleration (A) of air parcels in the atmosphere is based on Archimedes principle which can be formally
expressed by the buoyancy force (B) as:

6 "6 T )

where g is gravity (9.81 m/s3), the density of an air parcel apgthe density of its environmend.  'Q GFQ pwhere
0 is the vertical velocity andis time.The air density is defined by air pressurg air temperaturéYand moisture
content (specific humidity) through the ideal gas law:

n Y'p 1@’y @

where R is the universal gas constant. Inserting (2) in (1), the vertical acceleration can be expressed by air temperature
“Yand specific humidity] approximately by:

N S W n ©)
0 QT QHn 1N O 08
It is common to combine the last two terms in (2) to form theadledvirtual temperature’y:
Y "Yp T@n 8 4)
By using (4), the vertical acceleratiorprovided by buoyancy forces (3) can also be written as:
N S ¢ ()
(0] 9#8

In a dry atmosphereri( ), thermals are driven by the temperature differences between the thermal and its
environment, where updrafts are generated¥or Y. In a moist atmospher@ ( ), moisture diffeences between
thermals and their environment provide an additional acceleration, where updrafts are suppgrtedrfori.e. air

parcels are moister than their environment. To provide an example of the magnitudes of the vertical acceleration due
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to temperature difference® () and due to moisture differences § let us assume typical values as found in moist

thermals (sedmigure17): Y Y ™K, A 17 TR gkg 8t nmchen we haved 18t 1t /s, 0

et pne/sand 70 T U p L PHence moisture (specific humidity) contributes to the strength of thermals but

is not the dominating factor.

It is also common to introduce a new tempet ur e measure called Apotenti al tem
symbol —(theta), as this is a conserved quantity for adiabatic processes. Hence the vertical stratification in the
atmosphere can be easily identified by profiles—pfas—a is constant for adiabatic (neutral) stratification and

decreases with height in unstable conditions. Examples for profiles of potential temperatutevirtual potential
temperature— are displayed in Figure 1.

Numerical Setup

The numerical simulatins were conducted with tfrarallelizedL argeeddy simulatiorM odel PALM , developed at

the Leibniz University Hannover, Germany (Maronga et al., 2020). Classical simulation methods, that are e.g. used for
the numerical weather forecast, only simulatertfezan flow, such as the mean wind speed and mean temperature
profile. Largeeddy simulation (LES), however, is a simulation method that explicitly resolves the largest eddies
(turbulent motions) of the turbulent lower atmosphere (the boundary layer). Heagaroperties of updrafts and
downdrafts can be investigated.

We performed five simulations with different Bowen ratibg and different humidity differencesr between the
boundary layer (BL) and the overlying free atmosphere (FA)Tabke 1. The thermals are driven by a typical daytime
surface heat flux od ¢ T W/m2, which is the sum of the sensible heat filuxand the latent heat flux . A high

Bowen ratiod ¢ 0 0 occurs if the surface is dry and most of the heat flux is used to heat up trsuriaee air.

A low Bowen ratio represents a wet surface and most of the heat flux is used for evaporation, so that the humidity of
the nearsurface air increases. The humidity difference between the BL and the FA is variedgtiogrt® 11g/kg, as

can be seen in the profiles of specific humidityFigure 15. The height of the thermals is limited by an inversion

layer, starting aét p Tt T The inversion heighlt increases to more than 1000 m during the simulations because
the temperature in the BL increases, Biegire 15. The domain size in all caseslis Y p wgd  5120m and

0  3300m, so that several convection cells fit into the domain. The grid spacingisiiB2ll directions, which is

enough ¢ resolve thermals that have a typical diameter of severanld®e simulations ran for 12 physical time,

the profiles are averaged over the last 15 minutes and the vertical cross sections are obtained from the last time step.
With this grid spacing andomain size, the simulations can be performed on a modern notebook and do not require a
supercomputer. In order to keep this investigation simple, we chose temperature and humidity values in such a way
that no cumulus clouds will form and we assume thatet is no background wind.

Results

Figure 16 shows vertical cross sections of potential temperature, virtual potential temperature and specific humidity
as deviations{h—) ) from the respective horizontal mean value for treed@ol_dg6. Two large updrafts with a
distance of about®& & can be identified. As can be seerFigure 16a, these updrafts are relatively warm near the
surface, but are relatively cold near the top of theBgure 16¢c shows that the humidity excess of updrafts is highest

at the top of the BL but it is nearly zero near the surface. The high humidity diffengnaethe top of the updrafts

adds buoyancy so that relatively cold updrafts (negatiyean still be positively buoyant (positive). Beside the
updrafts, wam and dry air is entrained from the FA into the BL (top left and right), which enhances the humidity
excess but diminishes the temperature excess of updrafts.

Figure 17a shows vertical profiles of the mean temperature excess and the mean virtual temperature excess of all
updrafts for the case Bol _dqg6. In order to investigate only updrafts that are usable for soaring, we included only

updrafts with a vertical velocity 0., wherev, —ao " is the convective velocity scale, which indicates a

typical updraft velocity for a given surface buoyancy fflux 0 —ee , surface temperatui® and inversion height

& . It can be seen that the temperature differebedseen updrafts and their environment are in general very small
(only about 0.1 K). The temperature excess decreases from more tham&dv 200m to less than 0.1 K in the
middle of the BL. Attt & w1 @ (orm& ar) the temperature excess isezeHowever, at that height the updrafts

are still positively buoyant (have a positive virtual temperature differedcdue to the humidity difference between

the updrafts and their environment (showrrigure 17b). The buoyancy of updrafts becomes zero somewhat higher
atd & p p Tmp(or i Wi ). The humidity excess of thermals is highest at the top of the updrafts, not because
they gain humidity during theiascend but rather because the surrounding air is dryer at that height due to the
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entrainment of dry air from the FA. Temperature and virtual temperature differences become negative at the top of
updrafts, reaching values offi@ K.

The heights for zero temperature excéssnd zero buoyancy of updrafts for all five cases are listedTiable 1.

The updrafts reach zero buoysnat aboutr® wx, relatively independent of the Bowen rafictand the humidity
differences| between BL and FA. However, the height of zero temperature excess of updradtees significantly

and can be as low a® X for the case witlh¢ 1 (wet surface). Note that in this case the updrafts are generally
weaker (indicated by a smadil), because most of the available surface heat flux is used for evaporation (latent heat
flux), which is ineffective in generating buoyancy. A high diffiece betweedt andd is achieved for wet surfaces

(6 ¢ T and high humidity differences between BL and BA ( p pand nearly no difference betwegnandd

is achieved fort) T Hence, the contribution of humidity on the buoyancydrafts is only dominant, if dry air

is entrained from the FA into the BL. For very dry surfades ( p jtor a low humidity difference between BL and

FA (311 ), humidity effects play a minor role. In this case, the temperature excess of updraftssveriahely
lateatd TR T 6& pTord TR Q@ 33| .
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Figure 15. Horizontal and temporal averaged profiles of potential temperatureP, virtual potential
temperature P, and specific humidity A for the five cases Bol.0_dqg6 (reference), Bo0.1_dqg6 (wet surface),
B010_dqg6 (dry surface), Bol_dqgO (no humidity difference between BL and FA) and Bol_dq11 (high humidity
difference between BL and FA).
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Table 1: Overview of the five simulated cases with Bowen ratitﬂ shspecific humidity difference between BL
and FA A typical updraft velocity ;. (convective velocity scale), inversion height; height at which updrafts

(¢ ©:) have zero temperature excessy) or have zero buoyancy §).
Case TN %, U U U v v uu
U U U
a/kg m/s m m m
Bol dg6 1 6 154 1296 941 1106 0.73 0.85 0.12

Bo0.1_dg6 0.1 6 0.99 1168 664 958 0.57 0.82 0.25
Bo10_dq6 10 6 1.87 1360 1091 1203 0.80 0.88 0.08
Bol_dqgO 1 0 151 1200 984 997 0.82 0.83 0.01
Bol_dqll 1 11 158 1392 1014 1201 0.73 0.86 0.13

Conclusions

With this study we showed that largedy simulation is a suitable method for the investigation of thermals, as the
spatiotemporal properties of thermals can be extracted while the boundary conditions can be controlled and
systematically charagl. The results show that updrafts become neutrally buoyant at sfjout, more or less
independent of Bowen ratio and humidity difference between the boundary layer and the free atmosphere. However,
the temperature excess of updrafts becomes zdwigtts betweenm® Y andmd@ qx, with lower values for small

Bowen ratios and high humidity differences. As humiditiven buoyancy partly replaces temperatdrigen
buoyancy, humidity effects do not lead to stronger thermals but rather leatdér thermals, for a given surface
buoyancy flux. For a given surface heat flux, the strongest updrafts are achieved at high Bowen ratios (dry surfaces).
The entrainment of dry air from the free atmosphere into the boundary layer significantly afféntpdtitance of

humidity in the upper part of updrafts. Interesting research topics for the future could be to study the effects of clouds,
vegetation or wind on the structure of thermals.
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Abstract: Microburst and hail storms are severe meteorological events that negatively affect people, hiving things and
life in many ways. Hail. rains, severe storms cause various losses of life and property depending on their duration,
severity and size. The microburst with hail that occurred with the storm on 27 July 2017 caused a lot of material
damage 1n Istanbul. In this study, synoptic analyses have been done, skew t diagrams. the meteorological parameters
of the event day were evaluated and analyzed WRF model was utilized to simulate the downburst event occurred
Istanbul. For simulation. European Centre for Medium-Range Weather Forecasts (ECMWTF), ERAS data set which is
a reanalysis data at 0.25° horizontal resolution from 1979 to near present was used as mitial condition. Simulation 1s
done with two domains with different horizontal solution of 27 km. 9 km for two different microphysics schemes. The
WERF outputs of meteorological variables causing convective movements were evaluated. In order to perform the
statistical analysis of the downburst event, WRF, ECMWF model outputs will be compared with the measurement data
and will be used to create linear models according to error rates. Statistical mode will be extracted vsing ARMA,
ARIMA and linear regression methods. Model performances will be compared according to the error rates of the
models obtained in this process. The models will be used to predict characteristic parameters such as wind intensity of
the downburst event using measurement and numerical weather forecast model outputs. In addition, in the case of
convective motion. mndices such as the Richardson number will be calculated.

Keywords: Microburst, hail. CB. convective. downburst, outburst, downdraft, WRF. statistical analysis. ERAS.
ARMA, ARIMA, Linear Regression

Introduction

Microbursts are a well-known atmospheric intense phenomenon, they have been the subject of several observational
and numerical studies since the pioneering work of Fujita [1978] (Ferrero et al. 2013). Microbursts are short-lived
mtense downdrafts that are forced by thermodynamic cooling and hydrometeor frictional drag produced by
cumulonimbus clouds (Leigh and John, 1999). They have localized intense downdraft which descends to the ground
can result in a violent divergent outburst wind near surface (Zhang, 2013).

In this study, the microburst phenomenon that took place w Istanbul on July 27, 2017 was analyzed. Around 18:00,
the dark clouds covening the city fell to the ground first as hail and then as rain. Approximately 20 minutes of hail and
rain damaged hundreds of homes, businesses and vehicles. Eurasia Tunnel was closed, planes could not take off from
Atatiirk Airport, and sea transportation was paralyzed. Many people were injured. It was reported that 30-40 kilograms
of ramfall were recorded in 20 minutes with the storm and hail.

Methodology

Synoptic charts provided from the Wetter3 website at 1200 UTC to investigate the structure of synoptic scale weather
systems for the purpose of examining the downburst incident that eccurred in Istanbul on 27% July 2017. In addition
skew-t diagram, satellite view and radar images evaluated to understand what condition caused the microburst with
hail 1n Istanbul.
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Figure 1. Natural Colonr RGB satellite view at Figure 2: Radar view27 Jul, 17 1515 UTC
I1506UTC, 27th July 2017

The boundary condifions which generate the WEF model is downloaded from the European Centre for Medium-Range
Weather Forecasts (ECMWT), ERAS data set which is a reanalysis data at 0.25 horizontal resolutions from 1979 to
near present. For the simulations ERAS data sets (pressure level data. surface level data. and sea surface temperature
data) are downloaded from Climate Data Store (CDS) for the case date 27 July 2017 by six hour time steps. Simulation
is done between 097 to 21Z with an interval of 15 minutes. The area affected by the downburst incident 1s defined
with three domains with different honzontal solution of 9 km. 3 km and 1 km from outer domain to inner domain.
Parameterization is an important factor to sinmlate a selected event and improve the model performance of the model.
To sinmlate the downburst event in presented study, Yonsei University, Eain-Fritsch and Mildrant schemes are
selected as PBL physics. Cumulus physics and Micro physics respectively Domains prepared for the simmlation are
shown in below figure.

WPS Domain Configuration

L o Fs L -" g

Figure 3: Domain Configuration

Due to the chaotic nature of the atmosphere, the estimation of wind parameters is quite difficult. However, numerical
weather forecast models can give very successfil results in determining these parameters. However, due to the initial
sensitivity and dynamic nature of the models. the determination of initial conditions and parameterization methods is
of great importance. The main purpose of using numerical weather prediction models in the study to be carried out 15
that the sounding data is obtained much earlier than the time of the event. Therefore, the ability to represent the event
has decreased considerably. However, erroneous measurements due to the effect of the sounding balloon downburst
event or the decrease in representation due to the effect of strong winds are separate causes. At this stage, using
mumerical weather forecast models provides a great advantage. However, since it is not possible for these models to
give as good results as the measurements, the most effective data will be used as input in the statistical mode] after the
error rates are compared with the surface measurement data and sounding data.
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Results

A microburst with hail occurred on 272 July 2017, in Istanbul. The extreme rains that occurred with the storm,
hail and maximum wind values exceeding 50 knots affected life negatively. According to the synoptic analysis, a
low pressure system coming from the west of Turkey and the convergence line at 500 hPa came over Istanbul and
mcreased the convective movements. The 75% humidity at 700 hPa strengthened the unstable atmosphere
conditions. Satellite and radar images show high clouds and high cloud content. This weather condition caused
that severe weather phenomenon.

To understand the weather condition and 1ts physics and evaluate meteorological conditions WRF model. statistical
analyses and linear model were conducted.

WEF model resulis, statistical analysis and comparing both WRF and Linear model results will be forwarded in
the further report.
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Abstract:

Electric flight efforts produced significantly more development projects in the last 10 years, than in the beginning of
electric flight. These developments affect both, manned and unmanned systeameseldpments so far have a

major problem, that is the energy density of the electrical storage device, that the aircraft has to carry. The project
deals with the optimization of the design of a hybrid drive system consisting of batteries and a range fextend
long-distance capability.

Keywords electric flight, hybrid propulsion system, battery development, rex¢ender

Introduction
In order to be able to operate an electric aircraft in a meaningful way, the designer must keep an eye on two
parameters. 1. a very good aerodynamics and 2. the lowest possible flight mass of the overall system.
The very good aerodynamics are necessary in order to achieve the lowest possible energy consumption in cross
country flights. It is imperative, that thight mass is as low as possible, as every kilo of flight mass costs additional
energy, lifting to cruising altitude. These two requirements basically contradict each other in the case of electric
drives in aircraft, because in order to be able to fllaag$ possible, you currently have to carry a lot of battery
weight, which is counteproductive in reaching cruising altitude.
Hybrid-electric drives can represent a way out of this misery, since the energy required for long journeys can be
taken from adssil fuel with a multiple of energy density.

Methodology
In order to prove, that long distance flights can be carried out with a hybrid system, an already existing airframe was
used, which has excellent aerodynamics. This cell comes from thatalesaircraft manufactured by Lange
Aviation. The E1 Antares is a wethown electric motor glider with a purely electric range of about 170km with its
batteries in the wing. In order to significantly increase the range with a hybrid drive, it was neceabaogto
completely redesign the configuration of the aircraft. As before, the batteries are also housed in the wing. However,
in cooperation with Prof. Rainer Klein, a battery system with a higher energy density was developeddetisn LI
with the format 8650. This battery fits into the existing receptacles in the wing. On the fuselage side, the
configuration had to be changed, so that the previous folding engine in the back compartment was replaced by a
ifront el ectr3 ci s utsh esdacedsthe rear B thas fmee for the installation of a range extender
with a maximum continuous electrical output of 12 KW. The range extender consists of a-gkrd@itomunit
with a controlled inverter, that puts the output voltage on the-Vvodtage rail of the drive battery.

v /"/ 3 Range Extender
/ Battery /

Front Electric
Sustainer

l' 5 — ﬁ Antares 20E

Figure 1: Cafiguration of electric proplsion system of ROP motorglier
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Figure 2 and 3: placement of battery and placement of range extender in the back compartement

Result
The current status of the project is, ttia test vehicle has been upgraded to such an extent, that the first flight will
take place in summer 2021. The drive train is already installed without integrating the range extender. Instead, there
is a battery with approx. 4 KWh in the rear with whiéheg a range of approx. 80km. As soon as the battery
development of the new wing battery is completed, it will add another 18KWh to the overall energy budget. This will
then increase the range to 450km. In the last step the REX will be integrated, taheidange up to 2000km. The
last test for a thermal runaway of the battery string at DHBW, that is relevant for EASA approval is still pending.
After successful completion, the integration of the battery string in the wing can be performed. To thiefend, P
Klein carried out extensive experiments on the charging and discharging behavior of various cell types. The fire
behavior in the event of a thermal runaway in our module design was also examined in detail. It could be shown that
there is no chain retion within a battery module.

Punkt 1

Figure 4: new Battery design with 18650 cells Figbr€antinous Discharge of a 22p Block at 130A

Figure6:ROP at fArol l out o b‘ o June 2021 at Unterw
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Abstract: The PROPWINGSs a custom name for a new propulsion concept, particularly beneficial for sailplanes and

motor gliders. The concept assumes a number of small electric propelling systems installed in each wing of a sailplane.

A complete propelling system is located iresithe wing, thanks to its small dimensions and cubature. The presented

system is expected to be a remedy for some problems that arises during starting a classic propelling system, that is
commonly used today on motorized sailplanes. Thanks to almost ilmmetart of the propellers, there will be no

altitude loss in the flight. Moreover, it is expected the design could improve maneuverability in flight. The paper
presents results recorded by the onboard telemetry system during the test flightsaaweidsor t pi | ot 6 s r €
the flight.

Keywords Sailplane propulsiorRROPWINGsystem, flight testing, RC test model airplane.

Introduction

The idea of integrating a sailplane wing with a single or multiple nigtoopeller systems has been presented
during the 2018 OSTIV Congress in Hosin, the Czech Republic. Some question of general nature arise, how the system
works and how much is the atdnal drag by the openings in the wings and the propellers thiac@ent with the
airfoil. Since then, the authors continued research in the field of experimental verification of the proposed propulsion
system. A powered sailplane model was builtwtite PROPWINGsystem, consisting of four electric motors, two in
each wing of the model. Flight tests have been carried out. The model flies and obtained promising flight results. A
certain drawback was the incorrectly selected propellers, while comiheasiailable ones were used.

The aim of this study was flight testing of the PROPWING concept using a RC motor glider.

Methodology

A radio controlled model airplane was used for flight tests. It was a 1400mm motor glider with electric drive
with a pushing propeller. For the purpose of the present study, in order to compare the model's flight performance with
the PROPWINGsystem and # basic propulsion system, foBROPWINGunits were installed, two in the right and
left wing. The original propulsion system with a central engine with a pusher propeller remained in the model, while
during tests of theROPWINGsystem, this propeller wasassembled. Four miniature electric brushless motors were
used to drive the version with tRROPWINGsystem. Openings for engines and propellers were made in the rear part
of the wing profile so as to interfere with the profile as little as possibl¢han none of the elements protrudes beyond
the profile outline. The spacing between each hole was 50mm. In the prototype model airplane;aruiofuese
mechanisms were installed in the openings in wings. Figures 1 and 2 show one wing of the tesiteraitiébgether
with in-wing electric motors and propellers. Tstwol ade propel |l ers of 30 diameter an
used.

The onboard instrumentation system was developed and installed in the model, its task was to measure flight
parametes and send them to the ground, to the operator's station. The instrumentation consisted of the following
components and systems:

- miniature autopilot system

- GPS receiver

- barometer sensor for altitude measurement;

- static and dynamic pressure sers;

- inertial navigation system sensors: accelerometers and gyroscopes;
- a radio telemetry system.

The instrumentation was a miniature, low weight system since the test model was a relative small and light.
Integration of the instrumentation was ald&nge due to small space in the fuselage of the model airplane. Figure 3
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includes details of the elmoard instrumentation system used in the test model airplane. Figure 2 shows the test model
with the PROPWING system, during a test flight.

The flighttests were carried out twice. The first time without using a speed sensor in relation to the incoming
air streams AS and the second time using a sensor. The results of the first tests turned out to be unreliable due to the
flight of the model at an unstabbspeed. The second time a constant AS speed of 10 m/s was set for the test. Figure 4
shows the test model airplane in flight and flight trajectories are depicted in Figure 5.

il

Figure 1. One wing of the RC model with two Figure 2. Details of the PROPWINGunits in test
PROPWING units model 6s wing

11

Figure 3. Instrumentation of the test model airplane. 1. Pixhawk autopilot 2. GPS module and external
compass 3. Buzzer informing about autopilot status 4. Telemetry module 5. Emergency button arming the
motors 6. Servos (4 pieces) 7. RC receiver 8. AS speed sensor and Prandtl tube 9. ESC regulators controlling
the motors in the wings (4 pieces) 10. Brushless motors installed in the wings (4 pieces) 11. Main drive motor
with ESC regulator 12. Voltage andcurrent sensor 13. LiPo 3S 1300mAh 75C battery 14. BEC 5V 3A module
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Figure 4. The test model airplane in flight Figure 5. Trajcetories of the test flights

Results

Four parameters are of interest: air dafbght altitude, airspeed and rate dfmb as well as supply current
valué. They are discussed below.

Analyzing the graph in Figure 6, it can be seen that the speed of the research model during the study oscillated
within the 10m / s limit, as it was specified in the-fiight mission pararaters. The initial increase in speed was the
result of flying the model from its current position to the starting point of the mission.

As it can be seen from the graph in Figure 7, the altitude was for most of the test flight approx. 100m above
the startevel. Focusing on the stage of increasing the height autonomously, it can be seen that the model achieved a
35m altitude in 20s, which gives a climb speed of 1.75m/s .

The climb rate was determined by means of the GPS sensor. The graph in Figure &iahiheshaximum
climb rate during the test flight was 5,12 m/s. For most of the flight, this parameter did not exceed 2.5 m/s. The average
value in this range is 1.63m/s, which is close to 1.75m/s measured with a barometric sensor.

The power consumption liie PROPWING system (Figure 9) depended largely on the maneuver performed
by the model. However, current consumption by the original propulsion system of the model has been included in
Figure 10. It is visible, the values are considerably lower than thosiee PROPWING propulsion system.

According to the test pilot report, a lower airspeed of the test model airplane was foun@RCOR&VING
propulsion configuration at the same throttle stick setting compared to a classic propulsion system. Thedmodel ha
sufficiently large thrust, however, to maintain the airspeed needed to obtain the appropriate lift force required more
power. The test model airplane retained its longitudinal and transverse stability properties in both propulsion
configurations. Duringest flights with the propulsion system installed in the wings, the rudder and the ailerons proved
slightly less effective. An important issue was the high level of-figfuency noise generated by 4 drive motors

compared to the classic propulsion system
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Figure 6. Airspeed measured during the test flight
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Figure 9. Current consumption by four PROPWINGunits during the test flight
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CREATeV: An Exploration of a Solar-Powered, Ultra-Long Endurance UAV
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Abstract: Over the past four years, the Clean Renewable Energy Aerial Test Vehicle (CREATe\posaaed UAV

has accumulated 23 hours of flight testing. Throughout this testing an evaluation of the solar charging system was
completed. Flight test results show thatallow for multiday flight endurance changes to the vehicle are requiredA

new wing has been manufactured that results in the reduction of weight by 20%. To further increase the endurance of

the aircraft, a remodeling of the propeller was completedittmavs a 3~4% propulsive efficiency gain. Understanding

the aircraftés propul sion efficiency and solar charging
endurance of the vehicle, and moves the team closer to its goal of dedtingrid record for the longest flight of an
autonomous aircraft.

Keywords Ultra-Long Endurance, Unmanned Aerial Vehicle, Solar Power, UAV Manufacturing.

Introduction
Currently the world record for the longest autonomous flight is held by the Addqlsyr project at 25 days, 23 hours,
and 57 minutes [1]. The CREATeV team aims to break this record using a 6.28m, 12kgos@esrd unmanned
aerial vehicle. The CREATeV vehicle, shown in Fig. 1 below, features a lightweight fibreglass and carbon fibre
laminate structure, and a-86ll solar array. To date, the original flight test vehicle (FTV) has completed a total of four
test flights, the longest of which lasted 10.5 hours during November in Ontario, Canada. The following paper will
provide an updaten the previously published extended abstract written in 2018 [2], and will describe the ongoing
efforts to minimize the structural weight of the vehicle, the efforts to improve solar energy intake during flights, and
the efforts to maximize the efficienoyf the propulsion system.

Figure 1. The CREATeV vehicle in flight on November 11, 2020.

Prototype Flight Testing
The four flight tests completed with the CREATeV vehicle have a combined 23 hours of flight time. The first flights
took place in 2019ithout the solar array installed, and focused on validating the structural design assumptions, and
tuning the control systems for future flights. In 2020, the solar array was installed and testing primarily focused on
developing and testing the performaraf the irflight charging system. The most recent flight focused on performing
a variety of maneuvers to generate a performance bas:c¢
Unfortunately, high wind speeds, wind gusts, and the presentemhdls led to large scatter in the reduced data.
Future flight tests will incorporate the suggestions in Ref. 3 to investigate-tiighinperformance of the vehicle.
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Solar Charging
To ensure the solar system does not suffer damage throughodbntjriights, the solar cells are installed directly
onto the upper wing skin. To reduce the risk of damaging solder joints when the wing experiences bending, the solar
cells are connected in arrays using strain relief connectors. The cells are then rtfageapiwer wing skin with the
use of doublesided tape, and covered with clear kammfilm [4]. While this covering results in small efficiency losses,
it protects the cells from debris, scratching, and provides an extra layer of adhesion to the gigikimwin

During installation of the cells to the wing skin, care is taken to avoid damage. To reduce damage caused by handling
the individual cells, arrays are soldered in sets of four before being transferred to the wing on a flat tray. Finally, the
cellsare sealed in place with the aforementioned clear film. This installation procedure takes only a few minutes to

complete per cell, thus minimizing the time the solar cells are exposed to the environment and potential damage.

Prior to recent flight testingan indepth analysis of the solar charging capabilities was conducted and outlined in the

previous extended abstract [2]. At the time, wind conditions were not accounted for, however, data from flight testing

has shown that the wind conditions during lilidiave caused issues with solar charging. With the geometry of the

g the solar cells to

be

ti

wi t dn, the krebiclemill spénd ¢ess timenngded ahavging t h e

wingds upper surface causin
from the Sun. I f flying
conditions.

While the solar and wind conditions were not ideal due to winter flying in Ontario, Candtightitattery charging

was demonstrated during both flights in 2020. Figure 2a below sho&@0asecond segment of data from the flight
on November 4, 2020. The top plot shows power income from the solar array, the second plot shows power drawn

from the battery. Periods of negative wattage indicate charging. The third plot shows a time ifitégrdiadtery

wattage, indicating the energy drawn from the battery. Improved charging capabilities can be seen when flying away
from the direction of the sun, for example at times 8200 and 8400.
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Figure 2. Recorded flight test data from the CREATeV vehicle showing #flight charging of the onboard batteries.

Throughout the test shown, the solar irradiance was measured as 4600W/n¥ normal to the ground. Negative power

from the battery indicates periods where the vehicle is charging the onboard batteries.
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Figure 2b further dgcribes this result by displaying the battery charging, in Watts, during the completion of two
clockwise loiter circuits completed by the CREATeV vehicle during the most recent flight test in November, 2020.

Each location along the flight path has a cqroesling latitude, longitude, time of day, roll angle, pitch angle and

heading. During the two loiter circuits shown, the sun was to the southwest, and the wind was originating from the
southwest. Positive values of power, shown by the blue flight patlosgctndicate sections of flight where the

batteries are discharging. Discharging occurs primarily when the aircraft flies towards the sun, or during instances
where high throttle settings are required. The negative values, shown by the yellow fligeeqtiths, indicate
advantageous positions for the aircraftodés solar chargi
aircraft is flying away from the Sun, which is a favorable position for the vehicle to maximize solar intake provided

the shown wind direction.

Based on this observation, a model to predict the net power gains during specific loiters is being developed [5]. This
model accounts for the attitude of the aircraft throughout a loiter circuit and calculates the availaleleesgiaand

power required for trimmed, turning flight. This model can then be used to determine the optimal loiter radius to
maximize the net power gains, depending on the time of day and year, latitude, and wind.

Manufacturing and Weight Optimization
After flight testing the vehicle in 2019 and 2020, it
by 20% in order to remain airborne long enough to beat the world endurance record. To do so, a new wing was designed
and constructed in $pg 2021. This vehicle, constructed using the new wing, is referred to as Flight Test Vehicle 2
(FTV2), with FTV1 being the initial, flighproven prototype.

For the manufacturing of FTV2, a lighter wing was required while maintaining similar perfortaafi€¥1. The new

wing structure not only had to meet strength and stiffness requirements for design loading and aeroelastic performance,
but also ensure the solar cells mounted on the upper skin stayed intact. Defining the limit state criteria fomedolar p
failure was not readily determinable (i.e., deflection level that causes cracking in panels or tearing of solder joints).
Therefore, an allowable stress design (ASD) approach was adopted. Maximum deformations (spanwise curvature,
rotation and irplaneskin deformation) from FTV1 were calculated based on the design loads and available material
properties. These were set as the limits for deformations of the new design to reduce the risk of damaging solar cells.

To accomplish this, the following desighanges were made during the construction of FTV2:

Fibre directions are rerientated along the principal stress axis for better structural efficiency.
A lighter carbon fibre weave is utilized for the inboard wing skin.
The wing skin for the outboard semtis are manufactured using fibreglass instead of carbon fibre.
The spar caps have been redesigned to be incorporated directly into the skin, and make use of unidirectional
carbon fibre instead of a 0/90 weave.
The entire spar web is made using a foam owtad of Balsa wood. This provides a more consistent spar
density across the entire span.
A The lower skin of the vehicle is constructed using a thinner core material, and the upper skin is constructed
using a thicker core material.
A Alighter carbon fibraveave is utilized for the construction of the ribs and necessary structure.
A During construction, care is used to maintain the proper fibre to epsiyratio and to minimize the weight
of the joining epoxy.
A Each of these changes allowforaleahersi gn whi ch decreases the CREATeV
target weight for the record flight attempt.

> > > D

>
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Propulsion and Propeller
The propulsion system of the CREATeV vehicle was also identified as a system where improvements could be made.
To do ®, a parametric study of existing wind tunnel data for Adaait folding propellers was conducted. Previously,
the aircraft utilized a 2thch AeraNaut CAM folding propeller, selected based on wind tunnel testing data conducted
at Ryerson Applied Aerodymaics Laboratory of Flight (RAALF). Because of the need for a greater degree of
CREAT e V6 s -notoroptimikatioa, research was conducted for the analysis into a scaling relation of Aero
Naut CAM folding propeller performance through parametric stunfigaiblished wind tunnel data [6].

Due to a unique geometric profile of every Ad@taut propeller, challenges were encountered in determining proper
performance scaling effects. Nevertheless, a predictable trend was observed between a ppelertiameter

ratio (P/D) and its performance, and a performance prediction method was established. Based on the P/D ratio, the
performance of AerdNaut CAM folding propellers was estimated usind'@#er polynomial fit. Using the operating

flight conditions of the CREATeV vehicle, an iteration method was developed to calculate estimated propeller and
overall propulsive efficiencies for varying propeller diameters and P/D ratios. The resulting analysis showed a
theoretical optimum P/D ratio of 0.84@th propeller diameter of 17 inches.

Compared to the existing propulsion system used on the CREATeV vehicle, the increase of overall propulsive
efficiency is estimated to be 3~4%. While the magnitude of the efficiency increase may seem marginal, tlmimpac
perfor mance g¢ai n-lomgfange €apahilityes\eRpscted tb bersignificant.

Summary
Over the last four years, the CREATeV vehicle has been gradually improving towards its goal of setting the world
record for the longest flight of an autmimous aircraft. Twentyhree hours of flight testing have been completed that
have identified the need for a solar charging model, more accurate predictions of the power required, and improved
propulsion system efficiencies. Recently, the manufacturireg radw flight test vehicle is being completed that will
allow for 20% weight savings, and a 3~4% efficiency improvement is possible with a remodelled propeller. In the
coming summer of 2021, muldiay flight tests are planned, along with further developmthie solar charging model
and the power prediction methods.
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Laminar separation bubbles at unsteady inflow conditions

I a status report
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University of Stuttgart, Institute for Aerodynamics and Gas Dynamics, Germany, greiner@gttgart.de

Abstract: Spectra of atmospheric turbulence have been measured duringeouossy flights with a sailplane. The

spectra have been analyzed with respect to the different phases of the flight. As a basis for experimental and numerical
investigations, spefit properties have been determined, such as dissipation rates and frequencies/amplitudes of AoA
gusts. Based on this data, wind tunnel measurements on the effect of free stream turbulence upon laminar separation
bubbles have been carried out. Unsteadfasarpressures and boundary layer velocity profiles have been measured

for different turbulence levels and Aedusts.

Keywords free stream turbulence, laminar separation bubblefight-measurement

Introduction
Laminar separation bubbles (LSB) play iamportant role in the design of natural laminar flow (NLF) airfoils. The
prevention of laminar separation is a defining factor for the upper surface contour and the possible laminar run.
Evidently LSB are susceptible to free stream turbulence (FST)fdfladesign could take into account the specific
level of FST, advantages could be gained from the reduced size and drag penalty related to LSB. This investigation
seeks to quantify the effect of increased inflow turbulence upon laminar separation bubbles

In-Flight Measurements: Test Setup
In soaring conditions thermals introduce turbulent energy at large scales into the convective layer of the atmosphere.
This energy is passed on to smaller scales until it is dissipated into heat. Between introduitieticoénergy and
dissipation a spectrum with-8 / 3 exponenti al sl ope is shap@dldThaeffector di ng
of free stream turbulence on boundary layers has been scope of various investigjatiomsHere is little informatin
on the level of turbulence Tu in soaring conditi¢®s4]. There are two scales of turbulence that are of interest. (1)
low frequency turbulence or gusts, which act as Alétuations upon the pressure distribution, and (2) high
frequency turbulencerancreased turbulence level, which act through the mechanisms of receptivity directly upon the
initial amplitudes of TSvaves.

Fig 1: Boom with x-wire, attached to sailplane wing Fig 2: Power spectral densities of turbulence
averaged in thermals, inthe Laminar Wind Tunnel
and model spectra according to1]

In order to investigate both phenomena in the wind tunnel, a solid data base of typical FST is required. For this purpose,
a measuring system was set up and installed on a 20m sailplane (ARCUS), which recartkg¢aomponents of
theinflow by means ofin custom built swire-CTA. The xwire was installed on a boom 1.3m upstream of the wing

l eading edge (Fig. 1) . T h eA/Dccbriverter DE tauplesl aswvellras Anpkfiedo r d e d
by a factor of 300. Sampling rate was 105kHz, and maximontinuous operation was 8 hours. The special properties
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