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Illustration of the use
of Control Polars in XFLR5

XFLR5 v4.07 Beta
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Control Polars

� XFLR5 v4.07 introduces the Type 5 & Type 6 polars 
for plane analysis

� The idea is to plot performance data for balanced 
flight conditions, as a function of control settings

� By controls, we mean
� CG position
� Wing incidence angle
� Elevator incidence angle
� Flap angles

� For each set of control data, the code finds by 
iteration the angle of attack (aoa) such that the total 
pitching moment GCm=0, and stores the corresponding 
OpPoint
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Control analysis

�This presentation illustrates the use of 
control polars for three test cases :
Case 1: Analysis of the performances of a 

flying wing vs. CG position

Case 2a: Analysis of the performance of a plane 
as a function of elevator incidence

Case 2b: Analysis of the speed of a plane as a 
function of wing flap settings
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1st case : Analysis of the performances of a flying 
wing vs. CG position

Eppler 186
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1st case : Control polar data for study of CG position

The only active 
control is the CG's

position which varies 
from 0 up to the 

Neutral Point (NP) 
position
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Results in the polar's 4-graph view

The performance 
increases as the CG is 

moved backwards

No balance found 
for Ctrl = 1.0, 
i.e XCG = XNP …
Makes sense

For a Ctrl = 0.9 (SM10%), i.e 
XCG = .9x244 = 219 mm,

we find the same balance point 
than for the corresponding 

Type 1 polar
(pfew, relief, it works !)

All in all, as the CG 
moves backwards 

towards the NP, the 
lift and glide ratio 
increase, but the 
stability and speed 

decrease

Alpha has been calculated to 
achieve zero pitching moment

The balanced a.o.a. depends 
on the CG position

NP 
position
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2nd case : Control Polar as a function of elevator incidence

This time, we want 
• First to check performances 

vs. elevator incidence
• Next to study the speed vs. 

the wing's flaps position
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Case 2a : Control Polar as a function of elevator incidence

The CG position is 
inactive, therefore the 
program will use the 
min value of 85 mm, 

which corresponds to a 
Static Margin = 10%

The only active control 
is the elevator 

incidence, which varies 
from -3° to 0°
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Case 2a : results

The maximum glide ratio is achieved for ctrl=0.2, 
i.e : Elevator Tilt = -3  x (1-0.2) = -2.4°

Need to choose 
between glide 
capacity and 

speed

Alpha has been calculated to 
achieve zero pitching moment

For ctrl=0.2, the angle of 
attack is roughly 5.5° :

Will fly slowly, not pleasant

The speed increases as the 
elevator's incidence tends 

towards 0°
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2b : Maximize speed as a function of flap settings

The CG position is inactive and 
fixed at 85 mm, which 

corresponds to a 
Static Margin = 10%

The flap's angle varies 
from 0° to 5° upwards –

same for both wings

We don't have foil polar 
meshes available for all flap 
positions, so the analysis is 

necessarily non-viscous
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Case 2b : Results
Alpha has been calculated to 
achieve zero pitching moment

The lift decreases as 
flaps move upwards… 

makes sense

It turns out that the 
a.o.a. for balanced flight 
is independent of flap 

settings

As expected, the 
speed increases as 

flaps move upwards… 
but no balance above 

0.8 x 5° = 4°…
Would need to 

compensate with 
elevator…

That's an analysis for 
a future time


