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III  

Abstract 

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

held as a virtual event from 19 July ï 23 July, 2021, as the COVID-19 pandemic did not allow alignment 

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

technical aspects of soaring flight. The Congress 2021 featured 36 presentations from 11 countries. These 

contributions 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 propulsion, whereas 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. 

  



IV  

Foreword 

Welcome to the virtual 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 scientific exchange 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 COVID-19 pandemic the 36th FAI 

World Gliding Championships were postponed to the year 2021, but the Championships has had to be 

cancelled. OSTIV is particularly thankful to Stendalôs WGC organizers, who did everything to overcome 

the difficulties due to COVID-19.  

In the end, OSTIV decided to organize 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 proceedings booklet. We believe that an excellent program has been 

generated this way. For their efforts in recruiting high-quality contributions we acknowledge the members 

of the Program Committee:    

Zafer Aslan, Turkey   Götz Bramesfeld, Canada Richard Carlson, USA 

Michael Greiner, Germany  Mark Maughmer, USA  Judah Milgram, USA 

Luk§ġ Popelka, Czech Republic  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 are very thankful for their efforts. Our thanks also go to Till Lindner 

of Technische Universität Braunschweig for booklet editing. 

The OSTIV Congress is the perfect setting to bestow the OSTIV Prize 2021 and the OSTIV Best Student 

Paper Awards. We look forward to the Prize Ceremony 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 very conservative 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 tensile- and 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, s-n curve, composites, Palmgren-Miner 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 the ground therefore. 

 

However, in the meantime a big number of fatigue tests with spar beam structures using the KoSMOS-life load 

spectrum and also monotonic one-step tests have been conducted. Comparisons of the results with respect to the 

stiffness change on the one side and a combination of a lifetime assessment using the respective s-n curves and the 

linear Palmgren-Miner 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 any signs of fatigue like e.g. 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 prolongation which 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 well-known KoSMOS- as well the PW5-service 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 12.000 flight hours allowable even at highest strain levels. 

The calculations were carried out for the s-n curves 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 carbon fibre 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 safe-life-approach was investigated, i.e. a 99% survivability (A-values). In this case no structural 

fatigue failure must occur. This is in contrast to the fail-safe philosophy (90% survivability, B-values) where, according 

to the damage tolerance concept, e.g. BVD (barely visible damages) are allowed. 
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As an example, Figure 1 shows results of the computations for KoSMOS (mean values) and the PW5-spectrum applied 

on the mean, B- and A-values for 0°-oriented GFRP. It is obvious that for the highest design strain there is still a life 

cycle gap of about factor 100 between the A-values and the lifetime allowable. 

 

In a second step the afore mentioned Soinne-proposal was introduced to investigate whether the idea behind 

 

Figure 1: Lifetime calculations for GFRP-spar cap material for 50%, 90% and 99% survivability 

 

would still show a sufficiently safe distance to the allowable. The proposal combines an FAA-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 between 0.1 and 10. In 

consequence, the resulting safety factor of life will be 80. 

 

The following computation was performed with the KoSMOS-spectrum for 0°-GFRP material showing the curves of 

the mean and the A-values in comparison with the curve for the proposed safety factor 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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Figure 2: Lifetime calculation for GFRP-spar cap material for 50%, 99% survivability 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 are more than 25 years old. It can be anticipated that 

the quality will have improved in the meantime. Nevertheless, the space between the certified lifetime of 12.000 flight 

hours and the theoretical safety factor-penalised lifetimes is still unbelievable high. So 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. 

 

References 
1Ch.W. Kensche, Proposal for a certification procedure of extended sailplane lifetime, Technical Soaring, Vol. 26, 

No. 4 (2002)  
2Ch.W. Kensche, A.v. Wingerde, D. Lekou, Fatigue of Composite Scarf Joints in Wind Energy Rotor Blades and in 

Spar Beams for Light Aircraft, Technical Soaring, Vol. 33, NO. 3 (2009) 
3Erkki Soinne, PIK-20D Glider Fatigue Review, Technical Soaring, Vol 43, No. 1 (2019) 
4Ch.W. Kensche, Numerical Comparison of Glider Load Spectra, Technical Soaring, Vol 43, No 4 (2019) 
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Gust Response of Elastic Sailplanes  
 

 

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 maneuver, gust, ground 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 cases. In order to keep 

the compliance procedure simple for the sailplane designer, the assumptions of the relevant paragraph of the CS-22 

are based on a rigid model which flies through a unitary gust with one-minus-cosine shape. The analysis of the gust 

load factor is related to the well-known Pratt-Walker formula, where the gust length is fixed at 25 mean wing chords. 

For light sailplanes with high aspect ratio wings and microlight glider this criteria might overestimate the gust loads. 

A new more adaptive simple formula for the gust alleviation factor is suggested by OSTIV Sailplane Development 

Panel to be introduced in the next amendment of the CS-22. In the following the validity is checked with a more 

rational gust analysis employing an aeroelastic model consisting of a Finite-Element beam model coupled to unsteady 

aerodynamic loads formulated in frequency domain.              

 

Keywords: Aeroelasticity, discrete gust analysis, load factor, transient response.  

 

Introduction  
The atmospheric gust is formed by random fluctuations in the wind speed and direction caused by a swirling motion 

of the air. Gust-induced loads can significantly impact the structural integrity. The term dynamic loads is used to 

represent gust loads that include the inertia forces associated with elastic-mode (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 or at temperature 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 concept of one-minus-cosine gust was reported 

by Pratt-Walker in 1954 [1], which was discussed for sailplane configurations in [2]. The simplification of the gust 

shape is shown in Figure 1. An assumption from measurements on large transport aircrafts estimates a representative 

fixed gust length H to 25 times the mean wing chord. 

 
Figure 1. One-minus-cosine gust 

The certification specifications for sailplanes and powered sailplanes EASA CS-22 [1] implies this discrete gust profile 

to estimate the loads caused by atmospheric turbulence. The application of the Pratt-Walker formula determines the 

maximum gust load factors according to flight 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 motion-induced aerodynamic forces on the aircraft by 

evaluating the Wagner function. The contents of the gust load factors paragraph §22.341 reads: 

  

(a) In the absence of a more rational analysis, the gust load factors n must be computed as follows: 

( )( )0
1

2

k mg
n UVa

S

r= °   (1) 

where: 

ɟ0 = density of air at sea-level (kg/m3)  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 (m/s2) 

S = design wing area (m2) 
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( )0.88 5.3k µ µ= +  gust alleviation factor calculated from the following formula:  

( )2
m

m
l a

S

m r
¤

=  is the non-dimensional sailplane mass ratio, with r
¤

 is the density of air (kg/m3) at 

the altitude considered and lm is the mean geometric chord of the wing (m) 

(b) The value of n calculated from the expression given above need not exceed: ( )
2

1
1.25

S
n V V=  

The validity of this underlying assumption for light-weight gliders is being discussed currently in the OSTIV Sailplane 

Development Panel. A new formula was derived for the gust alleviation factor k by Boermans and Lasauskas [3], 

which conservatively reproduces the gust loads from the simulations as a function of the gust length H: 

( )

( )

0.96
with =

0.475

12.17 0.191

m

m

m

µ H l H
k

µ H l l

m=

+

+  (2) 

The new formula containes the relation between the occuring gust length H and the mean wing chord lm as input. So 

far no comprehensive statement about an appropriate gust length covering all relevant meteorological conditions could 

be found. As a go around the equation on the right is suggested to be introduced in the new CS-22 amendment to 

provide the same value for the alleviation factor as the 25 times mean wing chord gust length. The validity of the 

current specification really rests on accumulated experience. 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 transient gust response time simulation of a flexible 

generic open-class sailplane is presented, which follows the methodology in [5] as a more rational analysis.    

 

Methodology 
The Finite-Element 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 coordinates 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 sailplane Euler-Bernoulli beam elements are 

appropriate to represent the vibration characteristics of the airframe (see Figure 2). The global stiffness K  and mass 

matrix M  are calculated from span-wise 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 problem: 
2

i i
w f- =è øê úK M 0  (3) 

where
i
w is the natural frequency. The columns in the modal matrix rū  contain the normal modes , i 1, ,

i
rf = » , which 

are M  -orthonormal, such that Ĕ
T

r r r
= =M ū Mū I. The modal stiffness matrix is 

2Ĕ ( )
T

r r r
diagw= =K ū Kū . Note, that 

natural frequencies and normal modes can be experimentally determined in the ground vibration test GVT. The 

following description of the modal transient response analysis reduces the system by a small set of low-frequency 

normal modes up to the wing torsional mode shape.  

The unsteady aerodynamic force matrices are calculated from the whole-aircraft 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 of the wing surface (quadrilateral box) in which two of its sides are aligned with the incoming 

flow. The pressure difference pCD  and the normal downwash ( , )w x y  are assumed constant at each box and their 

value is assigned to the respective control point. Such relation is written in terms of the aerodynamic influence 

coefficient matrix AIC, with as many rows and columns as the number of boxes in the wing surfaces: 

1( )
( ) ( ) with

2

m
lkr

kr kr kr
V V

w
-

¤ ¤

= D =
p

w
AIC C   (4) 

Due to the oscillating downwash, the aerodynamic influence coefficient matrix is a complex nonlinear function of the 

reduced frequency kr, where w is the oscillation frequency and 
m

l  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 (see Figure 2). The modal aerodynamic load matrix resulting from mode shape 

oscillation is written as 

( ) ( )
T T

r r
kr kr= SA ū T AIC Tū, (5) 
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Figure 2. Deformed FE beam model and DLM mesh for two natural modes  

where T is the load and displacement transfer interpolation matrix and S is the integration matrix to convert pressure 

in forces. For spanwise uniform gust excitation, the vertical gust velocity acting on a certain aerodynamic box can be 

obtained by the time delay of the gust velocity at a specific gust reference point x0, which is expressed as  

( )( ) ( )( )0 0i i
e e ,

j mjx x kr x x l

gj g g

V
u u u

w ¤- - - -
= =  (6) 

in which, ug0 and ugj respectively represent the gust velocity at the reference point and the control point of the j-th 

aerodynamic box. The resulting complex gust mode vector contains the time delay for all the aerodynamic boxes. The 

aerodynamic pressures induced by the gust downwashes are obtained by multiplication with the AIC matrix. Again, 

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

T 1 2
( ) ( ) ( ) with 1 2

g g

g g g

u u
q k kr q kr q V

V V
r

-

¤ ¤ ¤ ¤ ¤

¤ ¤

= = =f S AIC ū AT . (7) 

To obtain the time-domain 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 functions of the reduced frequency, which means that the aeroelastic equations in frequency-domain 

establish a transfer function of the structural response due to the gust input in frequency-domain.   

() ()( )() () () 2
( )

Ĕ Ĕ Ĕ Ĕ( ) ( ) ( )
g

g g g

Uq
t q t t t u t q kr q kr

V V

w
w w¤

¤ ¤ ¤

¤ ¤

è ø+ - = Ý - + - =
ê ú

Mq K A q A M K A Q A            (8) 

The aeroelastic transfer function reads  

()
1

2
1 2 Ĕ Ĕ( ) ( )g gV q kr krrw w

¤ ¤

-

¤
è ø= - + -
ê ú

H M K A A .  (9) 

The resulting response ()tq  in time domain can be calculated by Fourier- and inverse Fourier-transformation:  

1. Evaluate the Fourier transform of ()
g

w t :  () ()( ) () i t

g g gU FFT u t u t e dtww
¤

-

-¤

= =ñ   (10)  

2. Generate the frequency response by multiplication: () ( ) ( )g gUw w w=Q H    (11) 

3. Calculate the inverse Fourier transform:  () ()( ) ()1 1

2

i tt FFT e dww w w
p

¤

-

-¤

= = ñq Q Q   (12) 

4. The overall vertical acceleration in terms of the incremental load factor results from  

() (),

1
( ) , ( )z i i

i

n t t t t
mg

D =- ³ =än f f Kūq  (13) 

where gust loads in physical coordinates are calculated from the modal response ( )tq , the matrix of normal modes 

ū and the global stiffness matrix K . The vector nz contains the vertical direction vector at each grid point. 

  

Results 
The transient incremental gust load factornD from Eq. 13 represents the sum of the total loads with contribution of 

aerodynamic, inertial and flexible forces. It is assumed that the sailplane is in trimmed equilibrium at 1g-level 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 structure will result in the deformation. The task is to find the gust length 

which produces the maximum and minimum incremental loads, which is called ñthe tuned-gustò. 

The structural dynamic beam model of a representative open class glider with 25m span is used as an example for the 

modal transient gust response analysis, which has a total mass of m=650kg, a wing area of S=16.3m² and a mean chord 

of lm=0.83m (see Figure 2). According to CS-22 the maximum positive and negative gust velocity is Ug=15m/s at the 

assumed design gust speed VB=50m/s. To find worst-case gust, the length is varied between 1-200 mean chords. In the 

upper part of  Figure 3 the gust upwind is plotted over time, while in the lower part the transient response of the load 
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factor ( )n tD  at the center of gravity is depicted. The resulting incremental gust load factornD in Eq. 15 can be directly 

compared to the right term in Eq. 1 of the simplified CS-22 estimation based on the Pratt-Walker 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. While the Pratt-Walker formula assumes 

constant gust length, which results in constant load factor of nD =4.42 according to Eq.1, the new proposal for §22.341 

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 stiffness based on GVT-data tuning. As a final conclusion the new gust load factor proposal for §22.341 

according to Eq.2 covers the structural dynamics of the flexible sailplane configuration for full range of gust length 

variation.  

 
Figure 3. Gust input and load factor response in time and frequency domain 

  

Figure 4. Comparison of loadfactor envelopes for varying gust length 
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On the gust loads of sailplanes 
 

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

 

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

 

 
 

Abstract: The gust load determination in Certification Specifications for Sailplanes and Powered Sailplanes CS-22 

and OSTIV Airworthiness Standards for Sailplanes and Powered Sailplanes OSTIVAS are based on theoretical and 

experimental investigations performed by NACA in 1951 ï 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 the alleviation factor 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, CS-22 

Introduction  
   The determination of gust loads in OSTIVAS and CS-22 is based on Prattôs method and the (1-cos) shaped gust 

reported in NACA Report 997 (Ref. 1) and NACA Report 1206 (Ref.2), and the maximum gust velocity of 15m/s is 

reported in NASA TN D-29 (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 the mean 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 meter - not measured by NACA as shown in Figure 1 - and consequently to high 

gust loads at flight speed BV . 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 the plane ï roughly 

represented by the mean chord - the slower the airplane response. 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 expression for the standard 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 997 was 0.81m/s 

  per meter, see Figure 1. This leads for a (1-cos) shaped gust to a maximum gust velocity of 15m/s when the gust gradient 

length is 23m. A literature study to find a new design gust for airworthiness purpose led to Ref.4 where results are 

presented 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 leads to a (1-cos) shaped 

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

for a distinct gust length instead of a gust length of 12.5 times the mean chord of the wing, Prattôs formula for the gust 

alleviation factor had to be transformed into a generalized expression which is valid for any rigid sailplane flying with 

constant velocity and pitch angle through a (1-cos) shaped gust of any length to a maximum gust velocity of 15m/s.  

In general, the gust alleviation factor depends on airplane properties and atmospheric properties in the dimensionless 

combination 
Ӷϳ
  (Ref. 7).  

 

mailto:l.m.m.boermans@tudelft.nl
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By inserting 
H

c
 into Prattôs formula and changing the constant 5.3, which is valid for 

H
12.5

c
= only, in 

Ȣ

Ȣ
 0.424 

this results in the general expression for the gust alleviation factor: 
g

g

0.88ɛ /(H/c)
Kg

0.424 ɛ /(H/c)

Ö
=

+
. 

This expression has been verified successfully by solving the same equation of motion as Pratt, given in Ref. 2 with 
transient lift functions of Jones and (1-cos) gust shape, using MatLab / Simulink. With 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 factors calculated with H=12.5*Ã , see Figure 2 and 3. With current 

Prattôs method the 33 sailplanes considered have a gust load factor between 5 and 6, and for 2/3 of the sailplanes the 

gust load factor is higher than the maneuver load factor of 5.3. With the highest gust gradient measured by NACA and 

corresponding gust gradient length of 23m the gust load factor is about 4 which is nearly identical to the maximum 

gust load factor specified in the ASTM Standards F2564-14 òStandard Specification for Design and Performance of a 

Light Sport Gliderò. It is not known to the authors if this is a coincidence or not. 

However, the Russian gust load measurements indicate that sailplanes may encounter steeper gusts. For their steepest 

gust with gradient distance of H = 15m, Figure 3 shows that the load factor is between 4 and 5, about 15% lower than 

those calculated with the method of OSTIVAS and CS-22, and always below the prescribed maneuver load factor of 

5.3.   

 

Generalized alleviation factor of ASWING 
In the second part of the paper, the modern integrated aerodynamic/structural/control simulation tool ASWING (Ref. 

5), and the tuned discrete gust dynamic load analysis (Ref. 6) has been used to update Prattôs approach. Confidence in 

ASWING results was obtained from a comparison 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 

(Prattôs approach) can be calculated, but also a flexible sailplane flying with free velocity and pitch angle, and fixed 

elevator through a gust. The tuned discrete gust system is a series of discrete (1-cos) shaped gusts with maximum gust 

velocity 15m/s and varying gust lengths (5m, 10m, 15m é30m) which is investigated in order to tune the gust to give 

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, the generalized 

alleviation factor was derived, which is valid for any sailplane in any (1-cos) shaped gust length to a maximum gust 

velocity of 15m/s. This generalized alleviation factor is somewhat higher - i.e. the alleviation is somewhat less - than 

Prattôs generalized alleviation 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 effects are covered by Prattôs assumption of a rigid wing flying with constant velocity and pitch angle through 

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 most severe turbulent conditions 

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 proper value of 

the gust length. This concept is identical to that underlying the comparative tuned discrete-gust analysis (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 

present sailplanes. By equalizing the ASWING generalized alleviation factor and Prattôs original alleviation factor this 

gust length can be determined. 

 

In conclusion, in the absence of a more rational analysis, the simple expression of the updated generalized gust 

alleviation factor K 

K = 

Ȣ
А

Ȣ
А 

in combination with the expression for the length H of the (1-cos) shaped gust length to a maximum gust velocity of 

15m/s 

 = ρςȢρχςπȢρωρzА 
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are proposed for the calculation of the gust load at 6 for airworthiness requirements purpose that provides the same 

level of safety in gusts as present sailplanes. 
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Fig. 1 Gust velocity U as a function of gust gradient distance H  (Ref.1). 
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Fig. 2  Gust load factor as a function of the mass ratio parameter for 33 sailplanes in a (1-cos) shaped gust 

with gradient distance of 12.5*Ã  meter (Pratt) and 23 meter. 

 

 
Fig. 3  Gust load factor as a function of the mass ratio parameter for 33 sailplanes in a (1-cos) shaped gust 

with gradient distance of 12.5*Ã  meter (Pratt)  and 15 meter. 
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Fig. 4 The Pratt and ASWING generalized alleviation factors. 
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Naµve transfer of ICAOôs Organizational Safety methods, such as SMS, into 

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

FLYTOP and University of Marburg, Germany, ultsch@ulweb.de 

 

Abstract:  One of the latest safety methods for accident prevention at the commercial side of aviation focusses on the 

particular organization which actually organizes and operates every dayôs flights. The worldwide head organization 

for flying, ICAO, made that variety 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 at the noncommercial field of aviation that could profit from 

Organizational Safety are flying clubs and their club-based flight schools. However, there is evidence that a naïve one-

to-one transfer of ICAOôs Organizational Safety methods, such as ICAOôs Safety Management System (SMS) or 

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 into club-based glider flying. 
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Improving Motorglider Safety and Reliability  
 

Dave Nadler, drn@nadler.com 
 

Abstract:  We are all too aware of motorglider unreliability [1][2][3][[4]. Reliability of electric-powered gliders is as 

bad or worse than gas powered, no panacea here [1]. We will never get Toyota-level reliability for any product without 

extensive testing, not economically possible for the tiny firms that design and build gliders. However, there are some 

things we can do to improve the situation. This talk is a discussion of a few simple ways to improve things, and 

suggested OSTIV projects to move them along. 

Keywords: Motorglider, Safety, Certification, Standards.  

Introduction  
Motorglider certification treats the engine and its systems as an optional accessory ï it is certified as a glider. 

Certification rules expect the pilot to operate the aircraft such that engine 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 neither 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. Status quo 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 possibly solutions) 

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 info into checklists 

2. Advocate updates to certification standards, emphasizing practical and affordable improvements. 

a. Conformance methods ï self-certification with attestation signed by 2 qualified engineers?  

Other ideas? 

b. Fuel systems 

c. Wiring and connectors 

d. Electronics (the problem with small fires, is, thatôs how big fires start) 

e. Battery systems  

f. Systems 

3. Advocate updates to production-authority requirements, emphasizing practical and affordable improvements. 

a. Protocols for inspection of electrical and fuel systems during production 

b. Collection and publication of problem data 

c. Updates of inspection protocols 

d. Acceptable changes to certified designs, especially electronics 

4. Research 

a. Vibration issues with existing power plants (and possibly look for solutions) 

b. Fire detection in engine bays 

5. 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? 
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Investigation about Safety in Winch Launching 
Dipl. Ing. Karl Höck, carlo_hoeck@yahoo.de 

Introduction  
Historically, winch launching was the first manner to bring gliders many metres over the ground. It first happened in 

the year 1904 on the occasion of the aeronautical concourse in St. Louis, when Frank Avery reached an altitude of 

20 m with a Chanute ï glider. The drum of the winch was driven by a 10 hp electric engine. Unfortunately, the altitude 

was not enough to reach the aimed gliding distance of 400 feet. 

 

In the twenties in Europe the construction of winches on the 

chassis of motorcars, where the engine of car was joined to 

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.  

 

In Europe the winch launch became the most popular way for 

starting gliders, because of their economic and ecologic 

properties. It is also the most save start, with exception to the 

self-launch. Nevertheless, we have to take some rules into 

consideration to avoid typical accidents during this launch 

procedure. Therefore, it is necessary so simulate of the whole 

process from the beginning and look at the development of 

the angle of attack.  

Winch launch is a multifactor process, depending on the physical features 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 mostly on the airspeed of the glider. But for the safety of the launch the angle of 

attack is substantial. This feature follows to a simple summary formula during the process of launching:   

 

Ŭ = Ŭ0 + ♫ - ɓ.  

 

Ŭ0 = angle of attack by taxi 

♫ = angle of inclination 

ɓ = angle of track 

 

So we can learn that the first part of the angle of attack depends from the taxi motion of the airplane.  

 

Angle of attack by taxiing is very important, mainly the distance to the max. angle of attack of the wings airfoil 

is substantial. This parameter should be published for each type of sailplane. 

 

Further the movement of rotation and translations are present. In this context we have to look for the forces and torques 

moving the sailplane and acting on the centre of gravity. The results of process are mainly speeds and angle of attack 

with by themselves have an influence on the procedure.  

Simultaneous the variables ñmovement of stick and power of winch driveò also regulate the launch. The position of 

the hook and the centre of gravity and aerodynamic centre represent the parameters. We have to know the angle of 

attack at the beginning of launching and we must calculate the development of it during the whole process.  

Methodology 
To get an idea of the critical issues during launching, 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 from accidents from 2002 to 2020.  So we could point out 

the most critical items for all kinds of starts and use it for certain simulations. We learned that there are three critical 

phases in the winch launch process. 
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¶ Take-off 

¶ climb after maximum inclination 

¶ cable breakdown 

 

The first point is the most important, because there is a risk that the pilot can no longer prevent a stall with a high 

probably crashing. This problem is increased by the growing mass of airplanes and power of the winches. In the second 

phase the pilot may prevent the crash by operating right and quickly. That is also true for the cable breakdown. 

Results 
1. Take off phase 

 

In picture 1 you see the reasons for the critical issues during take-off - phase 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 of attack. Unfortunately, 

the sailplane has a fixed 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 accelerations 

for the rotation (vertical and turn). Additionaly we 

see the course of the angles of attack and climb. We 

recognize that climb angle increases more than angle 

of track. The gap defines the enlargement of the 

angle of attack on wing, so we catch a critical point 

there. The angle of attack on the elevator forever 

increases, because of the rotation of it around the 

centre of gravity. The data however stay in normal 

spheres. Because of the small ratio of elevator, the 

profile allows 17 degrees. The tilt of the airplane 

depends on a lot of factors. We can learn it, when we 

take a look on picture 3.  

 

The factors are: Design of elevator (pendulum or 

stabilizer) and wing position, as well as position 

from hook and the centres of gravity and 

aerodynamic.  
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Very important is deflection of stick, flap and fin while rolling .  Pushing the stick during the take-off-phase can 

be too late!  
Loading of airplane and cable-force are boosting the tilt process. Elasticity of tow material determines the development 

of cable-force. 

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

 

2. Phase of max. inclination  

 

If we consider the angle of attack during the whole launch, 

we can find the second maximum after the max. angle of 

slope. For this take a look in the simulation showed in 

picture 4. We can recognize there is a very different 

course of the angle of attack and airspeed. These are 

general results of the dynamic of rotation and lift. 

While rolling the pilot chooses a deflection of ten degrees 

at the pendulum stabilizer. Six seconds after start in an 

altitude of 14 m the linear movement of the stabilizer 

begins. The stop of movement is at a deflection of minus 

12 degrees (66 %) after 13 seconds at 300 m. At this point 

the wing reaches a critical angle of attack of 10 degrees. 

In the following ten seconds the pilot risks a crash. 

The winch driver put the throttle in 3 seconds to full 300 

hp - position. After reaching a cable-force of 1,6 G he 

releases throttle linear till the end of procedure.   

 

After the end of stabilizer-movement we see a falling force 

in the tow. That is because of the reduction of lift- 

coefficient and the torque of the elevator, which must 

balance the torque of cable-force. At end of launch the 

torque of cable-force brings the glider out of danger. The 

critical point in full climb area is after max. slope. There 

the airspeed naturally reaches a minimum. The pilot can 

prevent the stall if he pushes stick at this point at the very 

latest; otherwise pull not more than 10 degrees (55 %). In 

case of using a stabilizer with rudder, there is less danger 

for stall in all areas of start. The reason for it is the bigger 

positive lift coefficient in take-off area and the less 

negative lift coefficient in climb area.  

 

We recognize not any stability in all the features of the 

whole procedure. Just the force in the tow could be 

regulated constant in full climb area, but for it we need a 

reading for the force. Because of the characteristics of the 

converter we get no control of output torque with the 

throttle only. 

 

3. Cable break down 

This happens mostly after max. slope, where we have the 

first big enlargement of cable-force. That is the area when speed of cable goes down and the converter output torque 

is rising. The inertia of drum and cable further increases the cable-force.  

 

Pict. 5 shows a simulation beginning at an angle of climb near 45 degrees at an altitude of 80 m. In spite the airspeed 

of 145 km/h speed of airplane falls under minimum at the turning point. Also angle of attack gets too high. During 

flattening out the airplane, starting at a slope 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 rotation of minus   20 degrees/sec. is too 

little for a secure procedure, and this is induced by the small negative lift coefficient of the cambered profile. Certainly 

this simulation is calculated with the worst factors, but the reaction of pilot is very fast. 

 

There are 3 important handlings in expect of cable breakdown: 

 

¶ Pull no slope greater than 45° 

 

¶ After cable-breakdown push fast and fully 

 

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

 

Outlook:  

Winch launch is a very sure procedure, if  pilots and winch driver pay attention to some important rules. This is the 

responsibility from the gliding organisations and their instructors. 

Improvement of safety is naturally possible. This could be an installation for reading force of cable at the winches. So 

winch drivers could control acceleration at the beginning and prevent breakdown of cables. Additionally, a simulator 

for training students and instructors in handling the dangerous cable breakdown could be efficient. 
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ASASys ï Anti -Stall Assistant System for Sailplanes 
 

 

Werner Scholz1, Sebastian Leis1, Valentin Petters2, Werner Würz2, Jan Axthelm3, Walter Fichter3 
1SFL GmbH, Stuttgart, Germany, scholz@sfl-gmbh.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 develop an anti-stall assistant system called 

ASASys are described. Focus is on a proposed stall warning 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: stall 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 possible technical 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 company SFL GmbH 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 be installed 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 tunnel and flight testing. 

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 in service has 

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 and a 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 with safe 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 for the typical 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 become critical or would stay harmless. 

For this purpose, the system proposed in the ASASys program uses a new 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 probe. In figure 

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 forward-facing side and the upper side of the 

slope-shaped EWSS is measured and normalized against the dynamic pressure taken from the aircraft pitot-static 

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 3D-printed 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 wing, at the inner end of the aileron (i.e. 

the outer flaperon segment) and additionally a classic nose boom air-data probe provides additional alfa measurement 

which is only taken for comparison and analysis reasons. 

With this setup, it is expected that detection of a developing separation of air-flow on the upper side will be possible, 

allowing also asymmetric flight situation detection and ñearly warningò against a developing stall. Ideally this would 

result into a ñsmart stall warningò which does not only detect a fixed alfa or a fully developed stall. 
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Figure 1. Embedded Wall Shear Sensor (EWSS) ï 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 stall prevention 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 considerations, break-free forces for the pilot inputs and/or certification issues. The solution 

proposed instead is to use a spoiler-like flap on the horizontal tail on the under side in front of the elevator. 

From usage of such spoilers as speed brakes on the upper 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 surface to offer 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 of the horizontal tail 

(photographad upside down for this picture). 

 

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 performed at the Institute of 

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 the sailplane which was modified to become the flight test platform. Focus of iFR was here 

on the system components and the algorithms to be developed for the on-board computer, whereas SFL concentrated 

on system integration, the air-data system and the planning 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 program. In the nose, an air-data boom 

with sensors to measure alfa and beta and the total and static pressures has been installed with an air-data acquisition 

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

The main on-board 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. 



OSTIV Congress 2021  Abstracts 19 July 2021 

22 

 

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 wind-tunnel tests done by the Institute of Aerodynamics and Gas 

Dynamics (IAG) of University Stuttgart and further description of the flight test platform and planned flight tests by 

SFL. 

  

Figure 4a. EWSS measurement at flaps 0° 

 
Figure 4b. EWSS measurement at flaps +20° 

Figures 4a and 4b show exemplary results from wind-tunnel measurements with the stall sensor mounted in a 

representative wing section of the flight test platform. Please note that here the y-axis is used for denoting the lift 

coefficient cL (called ca in the plots), the relative chord position x and a sensor signal ï all plotted versus angle of 

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

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

the right shows a typical thermal flap setting of +20Á. The black ñxò dots mark the position of flow separation versus 

alfa in the wind-tunnel experiment against the blue ñxò which are results of parallel XFOIL calculations. The output 

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, green). The main take-away of these exemplary 

results is two-fold: 

¶ 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 settings ï this alone represents a classic stall warning 

¶ 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 wind-tunnel 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 sketch of this 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 ï 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 the alfa as measured 

by the nose-boom air-data probe. 

The next step is now to implement algorithms into the on-board 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 spoiler flaps to prevent the pilot to steer 

the aircraft into an unwanted stall. The tests with this full functionality are planned for late summer of 2021. 

 

  



OSTIV Congress 2021  Abstracts 20 July 2021 

24 
 

DLRôs latest research sailplane: Discus-2c DLR  

 

Erik BRAUN1 
1DLR, Flight Experiments, Braunschweig, Germany, erik.braun@dlr.de 

 

Abstract: Latest in a long line of research sailplanes, the Discus-2c DLR is the successor of the DG-300/17. It is 

employed as benchmark in evaluating glider performance using the GNSS based comparison 

method. The higher performance of the 18 m-span base aircraft Discus-2c compared to the DG 

enhances measurement accuracy when testing the newest generation of high performance sailplanes. The DG- 

300/17 was used almost exclusively as a performance benchmark. The Discus-2c DLR, however, can also be 

operated as fully-fledged research aircraft for a variety of missions. This presentation will showcase 

its basic sensors and DAQ equipment as well as several missions that have already been carried out. 

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

 

Keywords: research aircraft, sailplane, airborne research, in-flight measurements.  

Introduction  
DLR operates Europeôs largest fleet of research aircraft. Twelve different aircraft make up the fleet, of which four are 

jet airplanes, two helicopters, and four turboprop airplanes, as well as one single-engine piston airplane and a research 

sailplane which will be the main topic of this presentation.  

DLR and its predecessors have always used research gliders and sailplanes due to their simplicity and very low 

operating costs. Several different models have been operated over the last decades such as a Ka6E, Cirrus, ASW 15, 

Kranich, Janus and the specially modified DG300/17. A recurring mission for which the Kranich and Janus were 

known was the ñflying wind tunnelò. A test rig made up of a short wing segment and sidewalls was mounted on the 

nose (Kranich) or above the wing-fuselage junction (Janus) to measure the characteristics of the wing segment, such 

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

not be influenced by any engine vibrations. 

 

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 flying 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 out and the polar curve can be detemined very accurately in 2-5 flights. 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 airplanes ï GPS was introduced with the DG300/17 and continued with 

the Discus-2c DLR which now makes use of a moving base differential GNSS technique. 

Figure 6: DG-300/17 with ASW28 Figure 5: Janus with flying wind tunnel 
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Because of the evolution of high-performance sailplanes with high 

glide ratios of 1:50 and more, and ever higher wing-loadings, the 

DG300/17 was at the limit of practicality. So late in the first decade 

of the new millenium, a new research sailplane was needed, the search 

for which ended in the Discus-2c DLR. It was introduced into the fleet 

in 2012 and was fully operational in 2015. 

Aircraft and Systems 
The  Discus-2c DLR is based on the well-known 18m-class high 

performance sailplane Discus-2c manufactured by Schempp-Hirth. It 

has an empty mass of 337 kg, an MTOM of 565 kg, and a wing of 

18 m span and 11.39 m² area (Schempp-Hirth, 2005). The basic 

aircraft was modified in several ways to accommodate our special 

needs. The fuselage is equipped with an engine bay which is usually 

built into the Ventus series gliders but used as a compartment for 

measurement equipment in our case. This bay features a removable 

lid instead to the bay doors of the standard version to minimize drag.  

The most prominent modification of the fuselage is the large nose-

boom in front and above the nose. It is used to collect total and static 

air pressures as well as angle of attack and sideslip using a five-hole 

probe at the tip. To complete the set of air data, a total temperature 

probe combined with a humidity sensor is fitted to the fuselage under 

the starboard wing. Furthermore, the fuselage has hardpoints in the 

cockpit area to attach external probes to the sailplane. 

 

 

Figure 8: Discus-2c 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 Discus-2c DLR features magnetometers and accelerometers in various 

locations which can be used 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 LiFePo4-battery with 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 ailerons. To keep the system 

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 glide polars using the comparison method depends strongly on the determination of the 

differential vertical sink speeds and relative positions between the Discus-2c DLR and the other sailplane. The 

measured sink speed difference is added to the known sink speed taken from the polar curve of the Discus. The exact 

Figure 7: Equipment bay 
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relative position between the two sailplanes is needed to determine the influence of the Discusô flow field on the 

performance of the other sailplane. Both values are determined using a moving-base differential GNSS system which 

is highly accurate and gives sink rate differences in the order of a few cm/s (Rohde-Brandenburger, 2017).  

 

Figure 9: Performance measurement, JS3 and Discus 

Missions 

The first experimental campaign for the new research sailplane was the project iLoads. 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. There are 6 in the fuselage, 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 predetermined weights and 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 while recording 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 Discus-2c DLR which can be used to calculate different manoeuvers and which will be useful over 

the life of the sailplane (Viana, 2015). 
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The latest campaign on the Discus-2c DLR apart from our 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 measuring deformation, 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 glove is a 3D-printed scaled-

up part of the wing which was 3D-scanned 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 up. 60 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. Due to unsteady 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 aircraft ISTAR, a modified Falcon 2000 (Raab, 2019). 

Conclusion and Outlook 
The Discus-2c 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, also 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 the future, 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 performance. This will be done by swapping the total energy probe on the tail for a five-hole probe 

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 that, a new 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 complete the 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 DLRôs smallest and lightest research aircraft but is by no means the least capable. 
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Figure 12: Measurement glove Figure 11: Pressure distribution 
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fs36 Fly-by-Wire of the Akademische Fliegergruppe Stuttgart 
Felix Johnke, Jan Felix Santosa, Moritz Habermann 

Akaflieg Stuttgart, Germany, felix.johnke@akaflieg.uni-stuttgart.de 

Abstract: The fs36 is a sailplane with a fly-by-wire control system and fowler flaps. 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 Fly-by-Wire? 

As our last project, the fs35 Harpyie, 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 Research Program). The program is run by the Bundesministerium für 

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 slotless high-lift device for sailplanes. The 

second idea, the fs36 Fly-by-Wire, would serve as a demonstrator for fly-by-wire technology in sailplanes. Although 

both proposals were accepted, we decided after some discussion to pursue the latter idea. For this project, we have the 

support of the Institut für Luftfahrtsysteme (ILS, Institute for Avionics) of the University of Stuttgart, which is 

responsible for the fs36ôs flight computer and the software. 

Our Goals 

Our primary goal is the implementation of a fly-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 surfaces. As fly-by-wire 

opens up many possibilities in the field of safety and performance, which we will exploit and demonstrate, we decided 

to develop and build our own wings. 

 

 

 

 

 

 

 

For more safety in aviation 

Figure 13: 3-view drawing of the fs36 
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Data from the Bundesstelle für Flugunfalluntersuchung (BFU, Federal 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 injury to the pilot in the 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 fly-by-wire control system in the future. The flight computer will then be able to actively 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 by fly-by-wire from a design and competitive perspective. The 

space inside the airplane is utilised quite differently. Among other things, 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 battery system 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 rates of each component 

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

 

Inspiration from the past: fs34 

Besides the challenges inherent with a fly-by-wire system, there are also additional advantages. New designs for the 

wings are possible. 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, allowing it to thermal equally as well. With flaps retracted, the airplaneôs best gliding 

speed is higher than that of its competitors due to its higher wing loading and lower drag. 

Unfortunately, the fs34 couldnôt be built because a mechanical realisation of the flap system was unfeasible due to 

multiple reasons, such as space and structural concerns. Fly-by-wire offers a solution to this issue. Unlike with a 

mechanical system, fly-by-wire does not have the restrictions of the former in the areas of space and kinematics. 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. 

Figure 14: Depiction of the battery packs, actuators and flight computer in the 
fuselage 
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Figure 3: Flaps retracted         Figure 4: Flaps extended 

 

The fs36 will have a wingspan of 18 m and a wing area of approx. 10 m2 with flaps extended. When the flaps are 

retracted, the wing area will be reduced to approx. 8,5 m2. 

 

The current status 

Currently, we are still occupied with pre-development. 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 which the fs36 and all following fly-by-wire sailplanes 

will be certified. 

Apart from computer-aided design work, we have built a test piece to validate the design and to gain experience for 

the actual building of the wing. A 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 Institute for Aerodynamics and Gasdynamicsô (IAG) laminar wind tunnel. 

With this, we were able to compare the calculated performance of the wingôs profile with those in real-life conditions. 

This is accompanied by further aerodynamic work on other areas, such as the wing root and winglet designs. 

 

 

To test whether parts would fit inside the fuselage and how to best integrate them, we laminated a fuselage mock-up 

of the Ventus 3 at the Schempp-Hirth plant in Nabern. 

 

Figure 6: Test piece inside the laminar wind tunnel 
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Abstract: The history of the solar-electric motor-glider icaré II 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 described and 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 faculty of aerospace engineering at the University of Stuttgart succeeded into 

building a practicable solar-powered aircraft when icaré II made its maiden flight. This aircraft was destined for the 

Berblinger Prize of the city of Ulm, which was won by this university team 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 1994 to 1996. 

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 propulsion 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 was opened 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 which become 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 Stuttgart, Germany. 

History 
The solar powered motor-glider icaré II was built to fulfil the requirements of the Berblinger Prize 1996. The two main 

tasks were to show a self-launch with electric propulsion up to an altitude of 300 m AGL and to demonstrate the ability 

to produce enough power with the solar generator to sustain flight altitude at a solar irradiation of only 500 W/m², 

representative of a European summer day. It has to be remembered that at that time this needed to be realized with 

Nickel-Cadmium batteries and silicone solar cells with about 17% efficiency, both representing the state of the art at 

that time. The icaré II succeeded to demonstrate all these tasks and won that competition, In addition it proved to be a 

usable powered sailplane which could be 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 evolution stages. Figures 1a and 1b show icaré II 

during its first self-launch and solar powered flight during the Berblinger competition. 

After replacement of the batteries against more modern Lithium based cell systems and after a non-official record 

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 generated 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 first installation of 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 made icaré the first aircraft 

capable to simultaneously fly with light and to control by thrust. 
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Figure 1a. first self-launch of icaré II in 1996 

 
Figure 1b. solar flight at Berblinger Prize 

  

Figure 2a. world-record pilot Klaus Ohlmann 

 
Figure 1b. icaré in Southern 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 measure relevant 

flight parameters and to allow an on-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 ï systems overview 

The wing tip pods were developed using commercially available elements for the propulsion system, which were not 

coupled to the main solar-electric propulsion system, as these pods were not designed for propulsion but for control 

purposes. Figures 5a and 5b show the design and inner components of the pods. 

 

 

 

Figure 5a. wing tip propeller pod design 

 
Figure 5b. wing tip propeller pod components 

 
 

Figure 6a. cockpit side-stick 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 display 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: 

¶ data acquisition system test and 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 representative aero-physical model of icaré in a Simulink model 

which was then later used to develop the different yaw control modes 

¶ manual mode: in this mode, the pilot directly controls the power setting of both wing tip propellers ï stick 

forward increases the thrust, left or right increases the thrust so that the aircraft yaws to the left or right side 

¶ rudder-coupled mode: as the flight test acquisition system also measures all pilot inputs on the primary flight 

control systems, this mode now uses the rudder position to modulate 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 

¶ aileron-coupled mode: her the principle is similar to the rudder-coupled mode, but now 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 

¶ automatic doublettes: this mode allows the pilot to create a yaw doublette 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 

¶ automatic sideslip control: in this most automated mode the system uses the measured sideslip angle from a 

nose-boom air-data probe to use the asymmetric thrust to control the aircraft to fly a pre-set sideslip-angle; 

for a straight flight path this is obviously set to zero, for turns up to approx. 10° bank angle, the pilot adjusts 

the sideslip angle accordingly (due to the very strong roll-yaw 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 that such yaw control by asymmetric thrust is a 

practicable usable additional control option for aircraft configurations with distributed propulsion elements and 

additional tests on a sub-scale unmanned version of the electric powered e-Genius experimental aircraft of University 

Stuttgart further explore more control modes. The final figure 7 shows icaré II and the full-scale e-Genius in formation 

as both aircraft keep on expanding the range of research work with electric propulsion and flight control systems in 

Stuttgart. 

 

Figure 7. Flight of icaré II and e-Genius experimental aircraft in formation 
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Status report about AlpTherm_2 as a fully revised convection model 
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Abstract: The convection model ALPTHERM (or Toptherm, Regtherm as follow-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 applications starting next 

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 sub-regions defined in the original ALPTHERM, the resulting forecasts might 

also be interesting for paragliders. 
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Introduction  

When the first version of ALPTHERM was launched in 1993 [1, 2], computer programs running on PCs were limited 

to 640 kB RAM, floppy disks had a capacity of 1.44 MB, and hard disks of ï maybe ï 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 widely observed 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 use as much useful input (initial and boundary conditions) 

from the global circulation model GFS [4], supplemented by those sub-scale processes, where the complex topography 

and surface properties are important for the development of thermals. This new version should be fully three 

dimensional (the original ALPTHERM was "one-and-a-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, ICON-DE in Germany, and COSMO-1 in Switzerland [6] have evolved enormously. 

Platforms 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 processes, i.e., they are solving the Navier-Stokes 

equations for generating a best-possible 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 priority they are forced 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 

resolution of 1 km 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 from glider and paraglider flights 

with meteorological data, were successful in regions with high gliding activity [9]. 

However, there are still important gaps and shortcomings: 

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

¶ Even the most 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 é). 

¶ There is a gap between 'good old tephigram-excercises' and advanced LAMs, i.e. the skill of most pilots using 

the first is limited (also by the time needed for such a pre-flight analysis), and having an own LAM is out of reach 

even for organisations such as aeroclubs or competition organisers. 

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

these gaps. A second application is (self-)teaching, because the different processes such as the influence of the snow-

limit can be studied 'hands-on'. 
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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 near-surface air is heated or cooled according to the available net heat (short- and 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 the ambient air 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 are 

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 albedo, Bowen-ratio, or ground heat flux on 

the 100-m-resolution. 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 estimating "internal wind", i.e. wind that is resulting from 

the small-scale 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 GCM in which AlpTherm_2 is embedded. 

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

V global coverage (can be adapted to any region) ü individual clouds within the cells, including wind-influence 
V semi-automatic data download including SRTM topography ü thermal horizontal wind following the pressure gradients 

V albedo (and partly Bowen-ratio) from MODIS images ü influence of the wind on the quality of thermals 

V improved downscaling from GFS using SYNOP data ü improving the energy budget over lakes and snow 
V flexible for other data sources (other than SRTM topography, 

GFS, SYNOP-stations, and MODIS imagery) 
ü improving the Bowen-ratio (latent heat flux e.g. over forests) 

V surface energy exchange on 100 m resolution ü cloud shadows from cumuli generated by the algorithm 
V improved night-time inversions in valleys ü validation for different cases with known soaring activity 

V fully Lagrangian formulation of slope-winds and thermals ü operational production and dissemination (needs partners) 
V aggregating results in cells of 1 to 5 km size (1 km used here)  

V resulting regional lifting and subsidence  

V realistic cloud bases and cloud tops  
V 10 minutes temporal resolution  

V less than 10 minutes runtime for the examples in figs. 2 & 3  

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 right-hand-side of table 1 are finished and tested. 

 
Figure 1: The basic mechanisms implemented in AlpTherm_2. The items 1 to 11 are explained below 
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Explanations to figure 1: The thin horizontal lines are indicating the vertical levels with a thickness of 50 m below 

3'000 m AMSL, followed by 100 m spacing up to 5'000 m, 200 m up to 10'000 m, and 500 up to 16 km (flexible, i.e. 

can be re-defined in the parameter file). The dotted vertical line is indicating a cell-boundary (symbolically, in the 

model this spacing is 1 km (scalable up to 5 km), i.e. on the scale of the figure there would be more of these 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 valley-bottom. (3) is showing the resulting lifting 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 

pocket 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 horizontal exchange between the cells, following the pressure differences between the cells. (10) and 

(11) are indicating the external forcing by the horizontal wind and large-scale subsidence or lifting. All these processes 

are updated every 10 minutes (interpolated within the hourly GFS-data for the external forcing). 

More details (not shown in the figure): The incoming shortwave radiation ('sunshine') is calculated directly from an 

astronomical formula and the orientation of the 100-m-surface-pixels. It is reduced according to the net incoming 

radiation by upper-level clouds from the GFS-grid (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 m resolution). The 

outgoing long-wave-radiation (terrestrial infra-red) is calculated using the estimate of surface temperatures and 

adjusted to the average value in GFS. Similarly, the incoming long-wave-radiation is taken from GFS as the averages 

on the GFS-grid, but downscaled using the altitude-dependence 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 access to data 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 200 km (west-east) times 150 

km (south-north) for the 1st of April 2021 with mainly clear-sky-conditions and still snow down to about 

1500 m 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 106 kg or Gg per pixel] that was moved to the next higher or lower 50-m-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 km) are showing increasing mass 

columns, while light to dark blue is showing loss of mass according to the mechanisms summarised in figure 1. 

  

Figure 2: Vertical mass flux [Gg] on the level of the 

surface pixels (100x100 m2) within a 10-minute 

timestep. See more explanations in the text. 

Figure 3: Loss and gain of mass [Gg] in the 

columns of cells (1x1 km2). See more 

explanations in the text. 

It is obvious that the mass flux displayed in figure 2 can be translated to slope-winds when applying a 'typical thickness' 

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 is then by the cold-air-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 winds (2nd item listed on the right-hand-

side in table 1) that can be superposed 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 the wind-field of a LAM. 

Not shown here yet are those results that are directly quantifying the thermal lift on slopes 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 was just finished one day before 

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

Discussion and Outlook 

The present version of the post-processing algorithm AlpTherm_2 has shown that thermal convection during a diurnal 

cycle on a 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 PC' and by optimising some time-consuming 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, clubs or by individual 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 has reached a level, where the soaring potential can be assessed directly from these 

products [10], AlpTherm_2 might not be a necessity for planning long-distance flights by glider pilots. However, 

paragliders are seeking more detailed information that can be generated using this algorithm. 

This presentation will hopefully trigger discussions about possible collaborations for the use and dissemination. 
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Abstract: Thermals in the atmosphere are driven by buoyancy forces due to density 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 large-eddy-simulation model (LES). 
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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 dominating factor 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 differences between 

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 as heated 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 latent 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 have been extracted from the 3-D 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: 

ὄ ”ὃ Ὣ” ” , (1) 

where g is gravity (9.81 m/s²), ɟp the density of an air parcel and ɟe the density of its environment.  ὃ ὨύȾὨὸ, where 

ύ is the vertical velocity and ὸ is time. The air density ɟ is defined by air pressure ὴ, air temperature Ὕ and moisture 

content (specific humidity ή) through the ideal gas law:   

ὴ Ὑ”ρ πȢφήὝ, (2) 

where R is the universal gas constant.  Inserting (2) in (1), the vertical acceleration can be expressed by air temperature 

Ὕ and specific humidity ή approximately by:  

ὃ Ὣ
Ὕ Ὕ

Ὕ
ὫπȢφή ή ὃ ὃȢ 

(3) 

It is common to combine the last two terms in (2) to form the so-called virtual temperature Ὕ: 

Ὕ Ὕρ πȢφήȢ (4) 

By using (4), the vertical acceleration ὃ provided by buoyancy forces (3) can also be written as: 

ὃ Ὣ
Ὕ Ὕ

Ὕ
Ȣ 

(5) 

In a dry atmosphere (ή π), thermals are driven by the temperature differences between the thermal and its 

environment, where updrafts are generated for Ὕ Ὕ. In a moist atmosphere (ή π), moisture differences between 

thermals and their environment provide an additional acceleration, where updrafts are supported for ή ή, i.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 differences (ὃ) and due to moisture differences (ὃ ) let us assume typical values as found in moist 

thermals (see Figure 17): Ὕ Ὕ πȢς K, ή ή πȢς g/kg πȢπππς. Then we have: ὃ πȢππχ m²/s, ὃ

πȢππρς m²/s and ὃȾὃ πȢρυ ρυϷ. Hence moisture (specific humidity) contributes to the strength of thermals but 

is not the dominating factor. 

It is also common to introduce a new temperature measure called ñpotential temperatureò, designated by the Greek 

symbol — (theta), as this is a conserved quantity for adiabatic processes. Hence the vertical stratification in the 

atmosphere can be easily identified by profiles of —, as —ᾀ is constant for adiabatic (neutral) stratification and 

decreases with height in unstable conditions. Examples for profiles of potential temperature — and virtual potential 

temperature — are displayed in Figure 1. 

Numerical Setup 

The numerical simulations were conducted with the Parallelized Large-eddy simulation Model 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 simulate the mean flow, such as the mean wind speed and mean temperature 

profile. Large-eddy simulation (LES), however, is a simulation method that explicitly resolves the largest eddies 

(turbulent motions) of the turbulent lower atmosphere (the boundary layer). Hence, the properties of updrafts and 

downdrafts can be investigated. 

We performed five simulations with different Bowen ratios ὄέ and different humidity differences ɝή between the 

boundary layer (BL) and the overlying free atmosphere (FA), see Table 1. The thermals are driven by a typical daytime 

surface heat flux of ὗ ςππ W/m², which is the sum of the sensible heat flux ὗ and the latent heat flux ὗ . A high 

Bowen ratio ὄέ ὗȾὗ  occurs if the surface is dry and most of the heat flux is used to heat up the near-surface 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 near-surface air increases. The humidity difference between the BL and the FA is varied from 0 g/kg to 11 g/kg, as 

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

layer, starting at ᾀ ρπππ m. The inversion height ᾀ increases to more than 1000 m during the simulations because 

the temperature in the BL increases, see Figure 15. The domain size in all cases is ὒ ψρως m, ὒ  5120 m and 

ὒ  3300 m, so that several convection cells fit into the domain. The grid spacing is 32 m in all directions, which is 

enough to resolve thermals that have a typical diameter of several 100 m. The simulations ran for 2 h 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 and domain 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 that there is no background wind. 

Results 

Figure 16 shows vertical cross sections of potential temperature, virtual potential temperature and specific humidity 

as deviations (—ȟ—ȟή) from the respective horizontal mean value for the case Bo1_dq6. Two large updrafts with a 

distance of about ςȢσ ᾀ can be identified. As can be seen in Figure 16a, these updrafts are relatively warm near the 

surface, but are relatively cold near the top of the BL. Figure 16c 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 differences ή at the top of the updrafts 

adds buoyancy so that relatively cold updrafts (negative —) can still be positively buoyant (positive —). Beside the 

updrafts, warm 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 Bo1_dq6. In order to investigate only updrafts that are usable for soaring, we included only 

updrafts with a vertical velocity ύ ύz, where ύz
 
ᾀὄ  is the convective velocity scale, which indicates a 

typical updraft velocity for a given surface buoyancy flux ὄ ύ—ᴂ , surface temperature Ὕ and inversion height 

ᾀ. It can be seen that the temperature differences between updrafts and their environment are in general very small 

(only about 0.1 K). The temperature excess decreases from more than 0.2 K below 200 m to less than 0.1 K in the 

middle of the BL. At ᾀ ᾀ ωτρ m (or πȢχσ ᾀ) the temperature excess is zero. However, at that height the updrafts 

are still positively buoyant (have a positive virtual temperature difference —) due to the humidity difference between 

the updrafts and their environment (shown in Figure 17b). The buoyancy of updrafts becomes zero somewhat higher 

at ᾀ ᾀ ρρπφ m (or πȢψυ ᾀ). The humidity excess of thermals is highest at the top of the updrafts, not because 

they gain humidity during their ascend 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 of πȢσ K.  

The heights for zero temperature excess ᾀ and zero buoyancy ᾀ of updrafts for all five cases are listed in Table 1. 

The updrafts reach zero buoyancy at about πȢψυ ᾀ, relatively independent of the Bowen ratio ὄέ and the humidity 

difference ɝή between BL and FA. However, the height of zero temperature excess of updrafts ᾀ varies significantly 

and can be as low as πȢυχ ᾀ for the case with ὄέ πȢρ (wet surface). Note that in this case the updrafts are generally 

weaker (indicated by a small ύz), because most of the available surface heat flux is used for evaporation (latent heat 

flux), which is ineffective in generating buoyancy. A high difference between ᾀ and ᾀ is achieved for wet surfaces 

(ὄέ πȢρ and high humidity differences between BL and FA (ɝή ρρ) and nearly no difference between ᾀ and ᾀ 

is achieved for ɝή π. Hence, the contribution of humidity on the buoyancy of updrafts is only dominant, if dry air 

is entrained from the FA into the BL. For very dry surfaces (ὄέ ρπ) or a low humidity difference between BL and 

FA (ɝή π), humidity effects play a minor role. In this case, the temperature excess of updrafts vanishes relatively 

late at ᾀ πȢψπ ᾀ ὄέ ρπ or ᾀ πȢψς ᾀ ɝή π.  

 
Figure 15: Horizontal and temporal averaged profiles of potential temperature Ᵽ, virtual potential 

temperature Ᵽ○ and specific humidity ▲ for the five cases Bo1.0_dq6 (reference), Bo0.1_dq6 (wet surface), 

Bo10_dq6 (dry surface), Bo1_dq0 (no humidity difference between BL and FA) and Bo1_dq11 (high humidity 

difference between BL and FA). 
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Figure 16: Vertical cross sections of potential temperature excess Ᵽᴂ (a), virtual potential temperature excess Ᵽ○ 
(b) and specific humidity excess ▲ (c) for the case Bo1_dq6. Arrows indicate flow velocity. 

 
Figure 17: Vertical profiles of temperature excess and virtual temperature excess (a) and humidity excess (b) of 

all updrafts that are stronger than w* for the case Bo1_dq6. 
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Table 1: Overview of the five simulated cases with Bowen ratio ║▫ȟ specific humidity difference between BL 

and FA ▲, typical updraft velocity ◌z  (convective velocity scale), inversion height ◑░, height at which updrafts 

(◌ ◌z ) have zero temperature excess (◑╣) or have zero buoyancy (◑║). 

Case "Ï ῳÑ 

g/kg 

×z  

m/s 

Ú 

m 

Ú 

m 

Ú 

m 

Ú

Ú
 

Ú

Ú
 
Ú Ú

Ú
 

Bo1_dq6 1 6 1.54 1296 941 1106 0.73 0.85 0.12 

Bo0.1_dq6 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 

Bo1_dq0 1 0 1.51 1200 984 997 0.82 0.83 0.01 

Bo1_dq11 1 11 1.58 1392 1014 1201 0.73 0.86 0.13 

 

Conclusions 

 

With this study we showed that large-eddy 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 changed. The results show that updrafts become neutrally buoyant at about πȢψυ ᾀ, 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 zero at heights between πȢυχ ᾀ and πȢψς ᾀ, with lower values for small 

Bowen ratios and high humidity differences. As humidity-driven buoyancy partly replaces temperature-driven 

buoyancy, humidity effects do not lead to stronger thermals but rather lead to colder 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 affects the importance 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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Examination of the Microburst Incident in Istanbul, July 2017 
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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 systems. All developments 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 extender for 

long-distance capability. 
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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 the flight 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 fly as far as possible, you currently have to carry a lot of battery 

weight, which is counter-productive 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 a fossil 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 the E1-Antares aircraft manufactured by Lange 

Aviation. The E1 Antares is a well-known 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 necessary to almost 

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 developed from LI-cells 

with the format 18650. 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 

ñfront electric sustainer system3ò in the nose. The space in the rear is thus free for the installation of a range extender 

with a maximum continuous electrical output of 12 KW. The range extender consists of a Wankel-generator-unit 

with a controlled inverter, that puts the output voltage on the high-voltage rail of the drive battery. 

 

Figure 1: Configuration of electric propulsion system of E-ROP motorglider 
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Figure 21 and 3: placement of battery and placement of range extender in the back compartement 

Result 
The current status of the project is, that the 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 which gives 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, to widen the range 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 this end, Prof. 

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 reaction within a battery module. 

  
Figure 4: new Battery design with 18650 cells                  Figure 52: Continous Discharge of a 22p Block at 130A 

 

 

 
Figure 6: E-ROP at ñroll outò 1st of June 2021 at Unterwºssen, Germany 
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Abstract: The PROPWING is 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 inside the 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 immediate start 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 flights as well as a short pilotôs report after 

the flight. 

 
 

Keywords: Sailplane propulsion, PROPWING system, flight testing, RC test model airplane.  

Introduction  
The idea of integrating a sailplane wing with a single or multiple motor ï propeller 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 additional drag by the openings in the wings and the propellers that co-incident with the 

airfoil1. Since then, the authors continued research in the field of experimental verification of the proposed propulsion 

system. A powered sailplane model was built with the PROPWING system, 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 commercially available 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 PROPWING system and the basic propulsion system, four PROPWING units 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 the PROPWING system, this propeller was disassembled. Four miniature electric brushless motors were 

used to drive the version with the PROPWING system. 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 possible and that none of the elements protrudes beyond 

the profile outline. The spacing between each hole was 50mm. In the prototype model airplane, no open-and-close 

mechanisms were installed in the openings in wings. Figures 1 and 2 show one wing of the test model aircraft together 

with in-wing electric motors and propellers. Two-blade propellers of 3ò diameter and a constant pitch of 2,5ò were 

used. 

The onboard instrumentation system was developed and installed in the model, its task was to measure flight 

parameters 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 sensors; 

 - 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 a challenge due to small space in the fuselage of the model airplane. Figure 3 
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includes details of the on-board instrumentation system used in the test model airplane.  Figure 2 shows the test model 

with the PROPWING system, during a test flight.  

The flight tests 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 unstable speed. 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. 

 

  

Figure 1. One wing of the RC model with two 

PROPWING units  

Figure 2. Details of the PROPWINGunits in test 

modelôs wing 

 

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 and current 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 data ï flight altitude, airspeed and rate of climb as well as supply current 

value2. 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 pre-flight mission parameters. 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 start level. 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 8 shows that the maximum 

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 by the 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 those for the PROPWING propulsion system. 

According to the test pilot report, a lower airspeed of the test model airplane was found in the PROPWING 

propulsion configuration at the same throttle stick setting compared to a classic propulsion system. The model had 

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. During test 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 high-frequency noise generated by 4 drive motors  

compared to the classic propulsion system. 

 

Figure 6. Airspeed measured during the test flight 
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Figure 7. Flight altitude vesus time of  the test flight 

 

Figure 8. Climb rate during the test flight 

 

Figure 9. Current consumption by four PROPWING units during the test flight  
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Abstract: Over the past four years, the Clean Renewable Energy Aerial Test Vehicle (CREATeV) solar-powered UAV 

has accumulated 23 hours of flight testing. Throughout this testing an evaluation of the solar charging system was 

completed. Flight test results show that, to allow for multi-day 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 completed that allows a 3~4% propulsive efficiency gain. Understanding 

the aircraftôs propulsion efficiency and solar charging, combined with the reduction in weight, increases the theoretical 

endurance of the vehicle, and moves the team closer to its goal of setting the world 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 Airbus Zephyr project at 25 days, 23 hours, 

and 57 minutes [1]. The CREATeV team aims to break this record using a 6.28m, 12kg, solar-powered unmanned 

aerial vehicle. The CREATeV vehicle, shown in Fig. 1 below, features a lightweight fibreglass and carbon fibre 

laminate structure, and a 96-cell 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 update on 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 efficiency of 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 2019, without 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 performance of the in-flight charging system. The most recent flight focused on performing 

a variety of maneuvers to generate a performance baseline, and pushed the aircraftôs endurance to the limit. 

Unfortunately, high wind speeds, wind gusts, and the presence of thermals led to large scatter in the reduced data. 

Future flight tests will incorporate the suggestions in Ref. 3 to investigate the in-flight performance of the vehicle. 
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Solar Charging 

To ensure the solar system does not suffer damage throughout ultra-long flights, 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 mated to the upper wing skin with the 

use of double-sided tape, and covered with clear iron-on film [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 rigid wing skin. 

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 

cells are 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 testing, an in-depth 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 flight have caused issues with solar charging. With the geometry of the 

wingôs upper surface causing the solar cells to be tilted slightly aft, the solar charging is maximized when flying away 

from the Sun. If flying with the wind coming from the Sunôs direction, the vehicle will spend less time in ideal charging 

conditions. 

While the solar and wind conditions were not ideal due to winter flying in Ontario, Canada, in-flight battery charging 

was demonstrated during both flights in 2020. Figure 2a below shows an 800 second 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 integral of the battery 

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. 

 

a. An 800 second segment. b. Two clockwise loiter circuits. 

Figure 2. Recorded flight test data from the CREATeV vehicle showing in-flight charging of the onboard batteries. 

Throughout the test shown, the solar irradiance was measured as 400-600W/m2 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 describes 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 corresponding 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 path sections, indicate 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 flight path sections, indicate 

advantageous positions for the aircraftôs solar charging system and result in a net power gain. In these segments, the 

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 available solar energy and 

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 was determined that the vehicleôs weight needed to be decreased 

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 Spring 2021. This vehicle, constructed using the new wing, is referred to as Flight Test Vehicle 2 

(FTV2), with FTV1 being the initial, flight-proven prototype. 

 

For the manufacturing of FTV2, a lighter wing was required while maintaining similar performance to FTV1. 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 for solar panel 

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 in-plane skin 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 design changes were made during the construction of FTV2: 

Á Fibre directions are re-orientated along the principal stress axis for better structural efficiency. 

Á A lighter carbon fibre weave is utilized for the inboard wing skin.  

Á The wing skin for the outboard sections are manufactured using fibreglass instead of carbon fibre.  

Á 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. 

Á The entire spar web is made using a foam core instead of Balsa wood. This provides a more consistent spar 

density across the entire span. 

Á The lower skin of the vehicle is constructed using a thinner core material, and the upper skin is constructed 

using a thicker core material. 

Á A lighter carbon fibre weave is utilized for the construction of the ribs and necessary structure.  

Á During construction, care is used to maintain the proper fibre to epoxy-resin ratio and to minimize the weight 

of the joining epoxy.  

Á Each of these changes allow for a leaner design which decreases the CREATeV vehicleôs weight closer to the 

target weight for the record flight attempt. 
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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 so, a parametric study of existing wind tunnel data for Aero-Naut folding propellers was conducted. Previously, 

the aircraft utilized a 20-inch Aero-Naut CAM folding propeller, selected based on wind tunnel testing data conducted 

at Ryerson Applied Aerodynamics Laboratory of Flight (RAALF). Because of the need for a greater degree of 

CREATeVôs propeller-motor optimization, research was conducted for the analysis into a scaling relation of Aero-

Naut CAM folding propeller performance through parametric studies of published wind tunnel data [6]. 

Due to a unique geometric profile of every Aero-Naut propeller, challenges were encountered in determining proper 

performance scaling effects. Nevertheless, a predictable trend was observed between a propeller's pitch-to-diameter 

ratio (P/D) and its performance, and a performance prediction method was established. Based on the P/D ratio, the 

performance of Aero-Naut CAM folding propellers was estimated using a 4th order 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 0.846 with 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, the impact on 

performance gain of CREATeVôs ultra-long-range capability is expected to be significant. 

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 autonomous aircraft. Twenty-three 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 manufacturing of a new 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, multi-day flight tests are planned, along with further development of the solar charging model 

and the power prediction methods. 
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Abstract: Spectra of atmospheric turbulence have been measured during cross-country 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, specific 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. Unsteady surface pressures and boundary layer velocity profiles have been measured 

for different turbulence levels and AoA-gusts.  

Keywords: free stream turbulence, laminar separation bubbles, in-flight-measurement 

Introduction  
Laminar separation bubbles (LSB) play an important 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). If airfoil design 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 introduction of kinetic energy and 

dissipation a spectrum with a -5/3 exponential slope is shaped according to Kolmogorovôs hypothesis [1]. The effect 

of free stream turbulence on boundary layers has been scope of various investigations [2], but there is little information 

on the level of turbulence Tu in soaring conditions [3, 4]. There are two scales of turbulence that are of interest. (1) 

low frequency turbulence or gusts, which act as AoA-fluctuations upon the pressure distribution, and (2) high 

frequency turbulence or increased turbulence level, which act through the mechanisms of receptivity directly upon the 

initial amplitudes of TS-waves. 

 

 

Fig 1: Boom with x-wire, attached to sailplane wing Fig 2: Power spectral densities of turbulence 

averaged in thermals, in the Laminar Wind Tunnel 

and model spectra according to [1] 

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 recorded u- and v-components of 

the inflow by means of an custom built x-wire-CTA. The x-wire was installed on a boom 1.3m upstream of the wing 

leading edge (Fig. 1). The CTA signals were recorded by a Ɇȹ-A/D-converter, DC coupled as well as AC-amplified 

by a factor of 300. Sampling rate was 105kHz, and maximum continuous operation was 8 hours. The special properties 
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