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SUMMARY OF THE INFLUENCE OF THE
 
AIRFOIL POLAR ON THE
 

PERFORMANCE OF SAILPLANES
 
bl) DR. F. X. WORTMANN and K. SCHWOEREIl 

(Editor's note: The original pa­
Jler was presented at the 196.3 
OSTIV Congress at Iunin, Argen­
tina, and wa5' published in German 
in the "OSTIV Section' of the Sept., 
196.3, isstle of the Swiss Aero Revue. 
This summary was sent to Soaring 
by Dr. Wortmann and translated 
from the German bl) SSA member 
Oswin Niehuss. The translation was 
subsequently approved by Dr. 
'Vortmann prior to its jJublicotion 
here.) 

During the design of laminar air­
foils for sailplanes, several airfoil 
choices are available. One can de­
sign airfoils, for example, which ob­
tain extreme low drag values within 
a small lift region, and, on the other 
hand, others exhibiting a wide lami­
nar bucket associated with slightly 
greater drag. Fig. 1 shows three ex­
amples of measured polars of differ­
ent laminar airfoils. It cannot bc 
readily recognized which airfoil, or 
rather, which polar, is most suitable 
for sailplanes. It is possible that dif­
ferently designed sailplanes require 
also different airfoil polm·s. 

These questions can be answered 
theoretically if one calculates the 
circling and cruising flight inde-

Fig. 2. A comparison between airfoils A and C of the effects on 
performance of increasing wing loading by reducing wing area, keep­
ing span, b, end weight, W, constant, thereby increasing aspect 
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Three examples of measured polars of different laminar airfoils. 
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pendently, based on the measured 
polm's and classical flying tactics, 
and uses the maximum cruising 
speed as the criterion in passing 
judgement on the airfoil polars. 

'Vithout considering here the de­
tails of the original paper, one can 
sum up that during circling flight 
under iuentical conditions, the sail­
plane having the polar A sinks 
about 0.7 to 1.0 ft./sec. faster than 
that with polar C. The difference 
between the sink rates of A and C 
during circling flight is almost inde­
pcndent of the turn radius, for turn 
radii betwcen 150 and :300 ft. 

The relation between optimum 
cruising speed and the experienced 
climb rate during circling flight 
does not show how different the 
climb rate may he for various sail­
planes climbing umler equal ther­
mal strength. Because the differ­
ence of sink rate in circling flight 
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is almost independent of the turn 
radius, for sailplanes with the dif­
ferent airfoils of Fig. 1, the opti- . 
mum cruising speed can be ob-' 
tained and compared directly by U 
shifting the climb rate scale. Thus, 
the flight polar of a given sailplane 
with airfoil A, for example, is shown 
in Fig. 2. The plot goes through 
(climb rate) = (cruising speed) =0. 
The cruising flight polar. of the 
same sailplane with profile C shows 
that it intersects plot A at a ther­
mal strength of 2..5 n1./sec. (approx. 
,500 ft./min.). It runs below A for 
lower thermal strengths and above 
for higher thermal strengths. This 
means that a sailplane with airfoil 
C will cruise faster under weak 
thermal conditions and a sailplane 
with airfoil A will cruise faster un­
der strong thermal conditions. 

This reasoning, however, is in­
correct. If one increased the wing 
loauing of the sailplane with air­
foil C, without changing the geom­
etry, such that the sink rate during 
circling flight becomes as great as 
the sink rate of the sailplane with 
airfoil A, the cruising speed will be 
greater than in the case of airfoil 
A. This difference will increase with 
increasing thermal strength ( see 
Fig. 9 of the original paper). Of ;'\ 
course, it is more advantageous to...tLJ 
increase wing loading by reducing 
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