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1. Nomenclature

CD [-] Drag coefficient

i1, [-] Lift coefficient

D [N] Drag

g [m /s2]  Acceleration due to gravity
Hp [m] Pressure altitude

L [N] Lift

m [k Total mass of the gliderin flight
5 [m<] Wing area

Vv [km /h]  Alrspeed

Wg [m / s] Aircraft rate of climb, + upward
g [-] Flight path slope

r [kg/m3]  Air density

instat instationary

stat stationary

2. Introduction

Currently the performance measurement of gliders is
carried out using stationary methods. The Partial Glide
Method and the Glider Comparison Method are the
well-known methods.

The advantage of an instationary method is the mea-
surement of a polar within a short period of time. In
1984/85 first investigations of the Speed Reduction
Method were conducted in Braunschweig with the Cir-
rus D-0471. In order to reduce the required equipment
and to simplify the evaluation of the data a horizontal
flight path close to ground was chosen. This particular
flight path was indicated using three halogen lamps
(Figure 1), which should stay at the same level from the
pilots view. An exemplary determined polar, which is
shown in Figure 2, was not satisfactor}f in comparison
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with the traditional methods. Disturbing turbulences
lead to the unsatisfactory results. Furthermore the dan-
ger of flights at low altitude has to be considered. In
1992, new flightexperiments using speed reductionand
acceleration procedures were carried out with the re-
search glider DG 300/17m of the DLR Braunschweig in
altitudes varying from 3000 m to 200 m. As data gather-
ing system the custom-madeVIP3-IMA was used. The
design criterions for the data recording system were
lead by weight, compatibility to other gliders and a
reduced number of sensors. Very important are the
additional display functions, which offer the possibility
to fly on a horizontal flight path.
3. Performance Measurement of Gliders

The Partial Glide Method is normally used for the
determinationof anabsolute polar fora reference glider.
The main problem concerning this method is the influ-
ence of the air movement even in a stable high pressure
atmosphere. If the flightsare carried outonseveral days
with different stable weather conditions, the absolute
error can be estimated to 8%. Because of the approxi-
mately 12 aero-tows to 4000 m and the required labour
for the data evaluation this method is very expensive,

The Glider Comparison Method is used for the rela-
tive performance evaluation of other gliders with re-
spect lo the absolute polar of the reference glider. The
influence of the weather isnegligible due to the assump-
tion that both gliders are affected by the same air move-
ment, and the relative error is approximately 2.5%. The
absolute error can be calculated by adding the polar
error of the reference glider.

Incontrast to these two methods the Speed Reduction
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The basic idea of the Speed Re-
duction Method is the assumption
that the lift and drag coefficients
calculated from the instationary
measured data are equivalent to
those corresponding to the station-

ary airspeeds and rates of sink.
Thus the equations for the station-
ary airspeed and rate of sink are
expressed in terms of the lift and

" drag coefficient.
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Method is an instationary method, which leads to an
‘absolute” polar as well. A horizontal flight path is
chosen to slow speed reduction in order to avoid
instationary effects. It takes approximately 2 minutes to
fly through the complete range of the lift coefficient.
Important for the possibility to fly this particular path is
the display of the difference of the present altitude to a
referencealtitude and the derivative of the altitude with
respect to time. Essential is a stable atmosphere and a
very good calibration of the data gathering system.
4. Theoretical Basis of the Speed Reduction Method
The evaluation of the speed polar is based on the
equations forlift, drag and the derivative of the altitude
with respect to time. To simplify the required equations
only a slow speed reduction is allowed.

The necessary differentiations
and a largestandard deviation of the rate of sink (Figure
3)wereimproved using aninterpolation function on the
measured data (V, Hp, T).

A verification of the improved evaluation programs
was done using the data from the Partial Glide Method.
The difference in the rate of sink was less than 0.5%.

Importantforany evaluation of the dataisavery good
calibration. First a temperature dependent calibration
of the different sensors including the data recording
system was done. A reasonable effort was made for the
dynamic pressure calibration and fora calibration of the
static pressure depending on the velocity.

5. Flight Experiments and Evaluation of the Measured Data

Several flight procedures were tested in order to find
an instationary manoeuvre which is easy to fly and can
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be reproduced. The Speed Reduction Method uses a
horizontal flight path, which is indicated by the VP3-
IMA. The speed at the beginning of the experiment is
approximately 250 km /h. The advantage to prior tests
close to ground is the speed reduction till stall speed.
The investigation by Ortgies [3] showed that the stick
movement should be restlicted to one way. If the hori-
zontal flight path is left upwards, the pilot should not
move tlle sticl;

to the long time interval
of approximately 200
seconds for each experiment in order to avoid
instationary effects. Training improved entering the
horizontal path and to keep the altitude more precisely.

Figure 4 shows an example of the evaluated polars
using the Speed Reduction Method in comparison to the
Partial Glide Polar. The difference from the polar deter-
mined using the Partial Glide Method canbe explained
by the characteristic of the atmosphere. A different
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global rate of sink is the main reason for this difference.
Thereforeitis obvious that the measurements fora polar
using the Speed Reduction Method should be done on
different days. After eight experiments slight changes
should still be expected, and the error of the Speed
Reduction Method is approximately 8%, which is simi-
lar to the error of the Partial Glide Method.

The general field of application is similar to the Partial
Glide Method. Because of the required work and ex-
penses to measure small differences, e.g. through the
use of winglets or turbulators, the Speed Reduction
Methed is not appropriate for this purpose. Instead the
Glider Comparison Method should be used due to the
small error forrelative performance measurements. But
the Speed Reduction Method offers new applications.
Figure 5 shows the performance evaluation of the stall,
also the influence of a turbulent atmosphere. The stan-
dard deviation increased during the experiment in the
speed range from 110 to 170 km/h.

Additionally thismethod offers the possibility toevalu-
ate a speed polar for flights in rain. Approximately 10
experiments should give a reasonable ‘rain polar’. To
achieve reproducible results a ‘defined rain’ is neces-
sary. The main problem will be to have similar rain
conditions for all flights in a stable atmosphere.

6. Conclusion

Anaccount of the capabilities of the DLR's data gath-
ering system VP3-IMA pilots were able to perform with
the research glider DG 300/17m an almost horizontal
flight path. Instationary experiments utilizing the Speed
Reduction Method were conducted inaltitudes between
3000m and 200 m. Based on the experiences of old flight
tests the stick movements are restricted to one way.
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istheuseof differen-
tiations and the related error. Additional work for an
interpolation function based on a Least-Squares Poly-
nomial was done to minimize the error. The error in-
cluding the weather influence can be estimated to 8%.
For the investigation of small performance differences,
e.g. winglets, many flights are necessary to reduce the
weather influence. The Glider Comparison Method is
more suitable for this purpose due to the small influence
of this error.
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