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Formula Symbols



Formula Symbols ii

Symbol Explanation Unit

a updraft speed in thermal center m/s
acent centripedal acceleration m/s2

b updraft gradient m/s/m2

CL lift coefficent −
CD drag coefficent −
ED evaluation distance m
g earth acceleration m

s2

H handicap factor −
HSpread handicap factor with reduced spread −
L Lift N
L
D

glide ratio −
m flight mass kg
n load factor −
part percentage of thermal or level flight of eval-

uation distance
−

r radius m
S wing area m2

t time s
V velocity km

h

Vg velocity at interthermal glide km
h

VK airspeed in turn km
h

VKstraight
velocity on polar for calculation to circling
velocity

km
h

VC cross-country speed in weather model km
h

VC,WL cross-country speed in weathermodel multi-
plied with wing loading factor

km
h

Vclimb achieved rate of climb in thermal m
s

VGl velocity at sink rate 0.8m/s km
h

VS sink rate m
s

VS0 Stall speed or minimum controllable airspeed m
s

VS,min velocity at minimum sink rate km
h

VS,WL sink rate with new calculated wingloading m
s

VS,K calculated sink rate while thermaling m
s

VS,K,straight sink rate at VKstraight

m
s

Vthermal thermal updraft speed m
s

VWL velocity with new calculated wingloading km
h

W Drag N

WL wingloading kg
m2

ρ air density kg
m3

φ bank angle degree
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Abbreviation
Abbreviations Meaning

Akaflieg Akademische Fliegergruppe, academic oriented student
organization, dedicated to the design, construction and
flying of aircraft, especially sailplanes (from [5])

DMSt Deutsche Meisterschaft im Streckenflug, German de-
centralised gliding competition

DLR Deutsches Zentrum für Luft- und Raumfahrt e.V., Ger-
man Aerospace Center

EM European Championship
FAI Federation Aeronautique Internationale, international

air sports federation
idaflieg Interessengemeinschaft Deutscher Akademischer

Fliegergruppen e.V., Umbrella Organization for the
German Akafliegs (from [5])

OLC Online Contest, decentralised online competition for
gliding
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1 Introduction and Motivation
The experience in competitions over the last decades led to the fact that certain aircraft
were preferred by the pilots, because some aircrafts are given an advantage in the actual
handicap system. The current registrations to championships and the results show a
quite clear picture. In order to revert to the original character of this class, the handicap
factors would have to be changed and adjusted. In addition, efforts should be made
to focus the calculation of handicap factors on more modern aircraft. The idea of a
separation of the actual club class was rejected. In order to be able to evaluate all of the
aircrafts in competitions, handicap factors were introduced which include the performance
of the aircraft. The current handicap factors are almost identical to the DMSt index list
calculated in [1] for decentralized competitions and therefore refer to a relatively untypical
weather model for central competitions. The motivation of this development is a fairer
evaluation of all aircrafts and thus also the use of more modern and usually also safer
aircrafts for competitions. The weather model for the calculation of the factors was
adapted to competition values. In addition, all current wingloadings and flight weights
were included in this new calculation, which is why no aircraft has the same handicap
factor for different masses. The spreading of the handicap factors was then reduced by a
factor in order to continue using the current scoring system and the evaluation software
at competitions.
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2 Modelling of Thermals
The thermal model was adapted based on the previous models by Horstmann, Quast and
Ronig. For this purpose, the amount and trend of the thermal strength was adjusted
following the consideration of the valuation of flights in the German Championship in
Zwickau 2015. The percentage of thermal types and level flight without sinking on the
overall route were also adjusted. As a result, the average climb speed is increased and
the resultant calculated cross-country speeds are faster. This makes use of areas of the
measured polar, which lies in a higher speed range than before.

Fig. 2.1: Parts of the evaluation distance in the weather model ref. Ronig [1]

The new weather model calculates the course of the updraft velocity in the Thermal with
a quadratic approach instead of an linear approach so far. In addition, thermals with weak
and very narrow updrafts are removed. The old weather model simulates a DMSt cross-

Fig. 2.2: Parts of the evaluation distance in the new weather model

country flight over a whole day, with weak thermals in the beginning, strong thermals
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coefficents Thermal A1 Thermal A2 Thermal B1 Thermal B2 GL Unit

a 2.5 3.5 4.95 5.95 - [m/s]

b -0.00005 -0.00008 -0.00009 -0.0001 - [m/s/m2]

Part 10 20 20 20 30 [percent]

Table 2.1: Thermal data of the new weather model

coefficents Thermal E1 Thermal E2 Thermal W1 Thermal W2 GL Unit

a 3.5 4.2 2.0 4.0 - [m/s]

b -0.023 -0.02 -0.0042 -0.01 - [m/s/m]

Part 12 50 6 26 6 [percent]

Table 2.2: Thermal data of weather model ref. Ronig [1]

over midday, and weak but wide thermals for the final aproach. The new weather model
simulates a competition day, with good thermals at task start, strong thermals over the
day and even at final glide.

The course of the updraft velocity in the thermals over the thermal radius is calculated
with the linear approach:

wA(r) = a+ r ∗ b (2.0.1)

With the new quadratic approach changes this formula to:

wA(r) = a+ r2 ∗ b (2.0.2)

The values for calculating the updraft in the individual thermals are shown in the tables.

The course of the updraft over the radius for all used thermals is shown in figure 2.1, to
allow a comparison of the new model to the DMSt model.
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Fig. 2.3: Thermal profiles of both weather models
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3 Determination of cross-country speed
While calculating the averaged cross country speed with this methods, everybody should
be aware that this is a theoretical value. It shall be assumed, that the pilot is flying
optimal, the circling polar is identic with the calculation from the straight flight polar,
the modelling of the thermals is correct and that there is no horizontal wind. This is an
often used approach to calculate new sailplane designs and to show the influence of those
designs without the influence of the pilot. Approaches from across europe, which make
use of the IGC-files, can only be done with a lot of flights and statistic methods. That is
an interesting approach, and should be observed in the future.
Further possibilities, like the integration of the handling characteristics and the correct
measurement of the circling polar are current research topics. Furthermore this is a pure
thermal model, without the influence of waves and ridge lifts. It is only an attempt to
include an averaged weather model. There will always be competition days with so less
thermal updrafts, that some gliders can still climb and some gliders have to land or the
highest glide ratio makes the result. The fair consideration of those sporadic cases is not
possible in a handicaped class and should be considered by the competition director.

3.1 Polars from Flight Performance Measurements
For those calculations, the performance of the sailplane must be known. The perfomance
in this case is plottet as a speed polar. This has the biggest influence in the theoretical
model. Because those values are hard to calculate, and the values from the manufacturer
are to good in most cases, which would lead to unfair handicaps, the measured polars
of the DLR/idaflieg are used. With considerable effort, the flight performance of the
majority of sailplanes was measured and catalogued over the last decades, started at
1961. Sailplanes, which are not measured yet, will be sorted into the list by experience of
known sailplanes and expertise. Normally those values are not to far out, but they will
be adjusted after measurement data is available.

3.2 Influence of Wingloading to Flight Performance
The wing loading has decisive influence to the flight performance. Because the wing area
is constant at flight for nearly all sailplanes, the only factor is the take off weight, if water
ballast is prohibited. Different pilot weights and ballast can change this weight. Over
the last decades the mass of some old sailplanes increased, which led to an increase of
the allowed mass. This was not taken into account for the present handicap list, so some
sailplanes still have their old handicap factor for a take off mass of 330kg, but are allowed
to fly at 361kg.
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VWLnew =
√
WLnew
WLold

∗ VWLalt
(3.2.1)

VS,WLnew =
√
WLnew
WLold

∗ VS,WLold
(3.2.2)

In figure 3.1 the shift of the polar for the measured speed polar of the ASW19B from 1980
is shown. In this example, the flight performance was recalculated from the measured
wingloading of 32kg/m*m to the maximum wingloading of 41kg/m*m. In club class the
maximum wing loading of each glider is limited by the reference weight in [8]. Figure 3.1
only shows the maximum effect for the ASW19B.

Fig. 3.1: Effect of wing loading on airspeed polar

The privious calculation by the formula above took this into account, however the glide
ratio in the old calculation stayed constant for all wing loadings, just shifted to faster or
slower speeds. With this calculation method, there is no big advantage in cross country
speeds at higher wing loading with water ballast, even at fast thermal updrafts. This con-
tradicts with the experience in competitions. To calculate this positive effect, a measure-
ment of a cirrus at different wingloadings was evaluated. The factor, which was calculated
from this evaluation, influences the cross country speed if the wingloading varies from the
wingloading at measurement. This effect of increasing the flight performance with higher
wing loadings is mentioned in [5], but not taken into account by the old calculation.

WLfactor = 1.00409 ∗ WLnew −WLold

10 kg
m2

(3.2.3)

VC,WL = WLfactor ∗ VC (3.2.4)
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This increases the cross country speed with changed wingloading per 10kg/m*m variance
from measurement wing loading with 0.41%. The value is selected intentional small,
because every sailplane with a unequal airfoil reacts to this reynolds number caused change
different. The influence is not that big, because at club class all gliders are very near to
their measured wingloading. The biggest influence would have the Cirrus, because he
varies most from his old measured wing loading, but the new measured polar with higher
wing loading is used to calculate the new cross country speed.

3.3 Decrease of Handicap Spread
The spread of the calculated cross country speeds is higher than before, due to the new
thermal models with higher climb rates and the resulting higher interthermal speeds. In
this calculation, every glider is calculated for it’s own. The effect of many gliders with
different performance flying the same task can just be estimated. It is supposed, that a
slower glider is faster and a faster glider is slower on the task, if both planes are flying
together in a competition. This problem is caused by the big difference in performance in
this handicaped class. To take this effect into account, a factor was created to decrease
the spread to values lower than before.
To get a plausible handicap value, the value calculated the old way. After that the square

Fig. 3.2: Comparison of old and new spread in handicap system

root is calculated, which decreases the spread of the handicap to nearly 70% of the old
spread.

H = VC,WL,X

VC,WL,ASW19
(3.3.1)

Hspread =
√
H (3.3.2)

With this formula, the spread of the handicap is reduced consistant over all gliders.
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3.4 Calculation Method
The cross country speed is calculated for each thermal part in the weather model. The
climb speed for each thermal is calculated and with that value the McCready speed is
determined. Therefore the measured polar of the glider is used, calculated to the wing-
loading at reference weight according to Reichmann.
It is an iterative calculation, due to the real course of the sinkspeed polar. For a speed a

Fig. 3.3: Parts in the weather model

little lower than minimum sinking, the optimal bank angle in each thermal for best climb
performance is determined. Then the cruising speed according to McCready is determ-
ined. With the sinkspeed polar, the climb speed in each thermal and the corresponding
cruising speed, the cross country speed for each thermal part in the weather model can
be calculated. The time needed for each part in the weather model can be summed up
with the time for the straight level flight and results in the averaged cross country speed
for this glider.

3.4.1 Thermal Calculation
All four thermal parts are calculated the same way. The velocity while thermaling is
determined according to the speed polar. The speed polar is calculated to actual wing-
loading. The minimum velocity and teh velocity at minimum sink rate are determined.
The velocity on the polar for flying in the thermal is calculated with the following formula:

VKstraight
= (VS,0 + 2 ∗ VS,min)

3 (3.4.1)

The sinking speed at the speed for flying in the thermal is determined from the straight
flight polar:

VSKstraight
= VS(VKstraight

) (3.4.2)

The speed polar can be calculated to the coefficent polar:

CLK
= m ∗ g

ρ
2V

2
Kstraight

∗ S
(3.4.3)

CDK
= CLK

L
DK

= CLK

VKstraight

VS,Kstraight

(3.4.4)

The thermal updraft speed at radius r is calculated as follows:

Vthermal(r) = a+ r ∗ b2 (3.4.5)
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The radius while circling depends on the bank angle. The speed for flying in the thermal
at the straight flight polar is calculated to the circling speed, which is higher because of
the higher wingloading due to radial accelaration while circling, depending on bank angle.
For this the coefficents are used and the lift coefficent can be calculated to the circling
speed, shown in [5]:

VK(φ) =
√

2
ρ

W

S

1
CLK

cosφ (3.4.6)

According to the lift coefficent, the drag coefficent can be used to calculate the sinking
speed while circling, shown in [5]:

VS,K(φ) =
√

2
ρ

W

S

CDK

C
3/2
LK

cosφ3/2
(3.4.7)

The relation of the bank angle and the circling radius is as follows:

φ = arctan V 2
K

g ∗ r
(3.4.8)

From this calculation into coefficents and the relation of bank angle and cirling radius, the
sinking speed while circling and the thermal updraft speed are depending on the radius.
Now the optimal climb speed can be iterative calculated.

Vclimb(r) = Vthermal(r) + VS,K(r) (3.4.9)

The optimal bank angle is calculated, which gives the best climb speed for the local
thermal updraft and the corresponding sinking speed.

Fig. 3.4: Rate of climb vs. turn radius and bank angle for ASW19, ref. Thomas [5]

This is the optimal climb speed at the given wingloading in this thermal part and is used
to calculate the McCready cruising speed in the next chapter.
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3.4.2 Cruising Speed Calculation
The calculation of the cruising speed is based on climb speed for the respective thermal.
As a restriction, only 80 percent of the optimal climb speed is used to calculate the cruis-
ing speed. This is well discussed in [1] and corresponds with experience. The so calculated
crusing speeds are at reasonable values lower than 200km/h.
The solution is calculated, based on the graphic method given at [7], p.270. The measured
polar is calcuated to the actual wingloading and the tangent is determined. The tangent
point gives the cruising speed depending to the calculated climb speed.
With this climb speed, the time can be calculated, which is needed for the part of the
track. The lost altitude, corresponding on the sink speed at crusing speed, is used to
calculate the time, needed at circling with the climb speed, to get the altitude back.

tthermal =
part∗ED

L
D g

Vclimb
(3.4.10)

The crusing speed is calculated for 80% of the optimal climb speed in the thermal accord-
ing to McCready. With this crusing speed and the percentage of the track, the time to
fly this part of the track is calculated:

tcrusing = part ∗ ED
Vg

(3.4.11)

This calculation of time is done for each thermal and respective part of the track and the
sum is representing the time, needed for the thermal parts of the weather model:

tX = tclimb,X + tcruise,X (3.4.12)

3.4.3 Level Flight Calculation
The straight level flight was implemented from S. Ronig in [1]. This is representing the
final glide and longer straight flights without circling, like cloudstreets or at convergence
lines. This straight level flight is defined to low speeds, no gain in altitude and the updraft
at level flight is 0.8m/s. Because of this definition, the speed on the sink speed polar is
used, which gives 0.8m/s sink speed. despite the higher cruising speeds in this weather
model, this part represents speeds near to the best glide ratio. In formulas, the speed on
the speed polar at 0.8m/s sink speed and the respective part of the track gives the time,
needed to fly this part.

VGl = VS(0.8m/s) (3.4.13)

tGl = partGl ∗ ED
VGl

(3.4.14)

3.4.4 Cross-Country Speed Calculation
To calculate the averaged cross country speed, the time of all parts is summed up. The
total distance of the track is devided by the sum of time to get the averaged cross country
speed:
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VC = ED

tA1 + tA2 + tB1 + tB2 + tGl
(3.4.15)

To take the wingloading effect from chapter 3.2 into account, the averaged cross country
speed is multiplied with the factor from 3.2. For example, the averaged cross country
speed of the ASW19B is multiplied with the WL-Factor of 1.0037181. Therfor the result
is a cross country speed of 96.89km/h with the values in the table:

Thermal A1 A2 B1 B2 GL Unit
Climb rate 1.21 2.0 3.39 4.33 0.8 [m/s]

Circling radius 85.75 79.41 77.97 76.73 - [m]
Bank angle 36.09 39.5 40.38 41.17 - [degree]

Crusing speed 125.47 134.1 159.1 168.1 106.7 [km/h]
Flight time 26.68 42.96 34.54 31.65 50.62 [minutes]

For comparison only, the values of the ASW24 with a averaged cross country speed of
106.28km/h and a WL-Factor of 1.014315:

Thermal A1 A2 B1 B2 GL Unit
Climb rate 1.234 2.01 3.39 4.33 0.8 [m/s]

Circling radius 89.51 83.22 81.79 80.58 - [m]
Bank angle 38.15 41.64 42.53 43.33 - [degree]

Crusing speed 124.0 161.65 180.04 186.22 116.465 [km/h]
flight time 25.22 39.41 31.72 29.08 46.37 [minutes]
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4 New Handicap Factors
The calculations in the previous chapters were carried out for all gliders in the clubclass.
A few gliders without measured polars were implemented in the handicap list by hand.
To find out which gliders are meant, the measured gliders are marked in the list. The
calculated handicap factor is normed to the ASW19/B, wherefore the handicap factor of
the ASW19/B is 1.00.

4.1 Comparison of Old and New Handicap Factors
The new handicap factors with the used values are shown in the following list.

Fig. 4.1: List of new and old handicap factors

Every glider, which has a measured polar, was calculated. A change in position compared
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to the previous list can have following reasons:

- Different behaviour in the new weather model
- Calculation and shift of the polare due to actual wingloading or reference weight
- New measurement data
- Repositioned due to missing measurement data

For this calculation, the past values for adjustments by deviations of masses or due to
addition of winglets prescribed in [8] are the same. For addition of Winglets 0.005 will
be addet to the handicap factor. For deviations from reference mass, 0.005 per 10kg will
be added to the handicap factor, and it will be reduced by 0.004 per 10kg if the takeoff
mass is less than reference weight.
For the exact wording please refer to [8].

4.2 Adjustment of Handicap Factors in the Future
The issue, that gliders are prefered because of their handicap factor given, should be
avoided in the future.
No handicap factor can be completely fair. For this reason, the handicap factor should
be reviewed and adjusted based on competition results and pilot statements. It should be
noted, that this should only be applied to avoid having a special type of aircraft dominate
the clubclass.



14

5 Influence to Competition Results
To show the influence of the new handicap factors at competition and to avoid unintended
or unsportsmanlike effects, a complete competition was recalculated with the new han-
dicap factors. It should be noted, that this is a theoretically calculation. The results at
competitions are strongly influenced by psychological effects, especially the top positions
are flying in a tactic way due to their position. This calculation is only used to examine
the effects to competitions due to a change of the handicap factors.

5.1 EM Rieti 2015
The influence of the new handicap factors is relatively low. The positions are not changed
very much. As might be expected, due to the reduced spread of the handicap factors the
score difference from first to last position is reduced. Especially the more modern planes
get more points, but they are not totally advantaged. The first places are changed, but
the score difference between them is still vey low.

Fig. 5.1: Recalculation of competition results at Rieti 2015
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6 Summary
A new weather model is presented and explained. Die previous weather model simulates
the weather on a daylong flight in a decentralised competition like the DMSt or OLC
classic. Due to that, the weather model was changed and adjusted to a good competition
day. The modelling of the thermals was changed to a quadratic function for more realistic
thermal profiles, because of optimization problems ref. to [6].
To adjust the actual handicap factors in the clubclass, a new list was calculated with the
new weather model. Care was taken on the actual allowed reference mass in [8] and the
influence of wingloading to performance. The previous calculation of the actual handicap
factors was not done at reference weight. A wingloading factor was introduced, to take
the performance change into account due to wingloading and the corresponding reynolds-
number effect.
The new calculated handicap-factors were standardised to the ASW19/B. Due to the
higher climb rates in the thermals, the spread of the handicaps was reduced by a factor.
The spread of the new handicap factors is smaller than with the old handicap factors.
To show the influence of the new handicap factors to competition results, a competition
was recalculated. The new results show, that more modern glider get more points than
before, but the positions are not completly changed. The incentive, to fly competitions
with more modern gliders should be provided with those new handicap factors.
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