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 6Cm=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

Wing Design

Wing D ata
‘Wing Mame |E185 Ma bwist Wing Span 1500.00 k.4 C. Span Poz 175.00 mm
Ares 37.50 dne Azpect B atio B.00
W Symetic O Right Wing Yolurne 2.43e+007 3 Taper Ratia 1.50
i tean Geam. Chord 250,00 mm oot to Tip Sweep R
Mean dero. Chord 28333 mm Mumber of Flaps 0o

1 |*| Resat YLM MESh| Total LM Panels 240 [Max iz 1000] Total 30 Panels = 498 [Max iz 2000

| Pos. [mm] | Chord jmm) | Offset fom) | Dibedral (1] Twist *) | FoilMame | %Panels | #-Dist ‘Y-Panels | -Dist

0 0.0 300,00 0.00 0.00 000 E186 8 Cosine 15 -Sine
1 ¥50.00 200.00 400.00 000 E186

Eppler 186

Cancel
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1sT case : Control polar data for study of CG position

E186 Mo bwist

Folar Mame | T510.0 m/s-CG(0.00/244. 00)mm
Polar Type =5
Analysis is VLM Aerodynamic D ata

* |nternational € Imperial

# Tupe§ [Fized Speed] { Tupe B [Fixed Lift]
W Viscous P 1.225  kog/m3

Free Stream 5peed | 1000 mds = 1.500e5 méls

Flane ‘weight 100000 g

Contral Name | Active [1/0] | Min| G EY

1 =EmRef [mm) 1 0.000 244.000

Mate 1 - if the control for ¥CmBef iz inactive, then the minimum value will be uzed for the analpsiz
Maote 2 : the analysiz may be of the vizcous tppe only if all flap contralz are inactive

1] Cancel
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The only active
control is the CG's
position which varies
from O up to the

Neutral Point (NP)
position



——————————————————————————————————————————

““““““““““““““““““““ . Alpha has been calculated to

Results in the pOlQr'.S 4-9POPh view achieve zero pitching moment

__________________________________________

______________ L A -
5Cm o NP % ctrl var E186 No fwist
s - .y | - T1-10.0 m/s-VLM1-219.00mm
- 11 position - —— T1-10.0 m/s-VLM1-244.00mm
LT bl . ;_i’ —a—T5.10.0 m/5-C6(0.00/ 244 00)mm
5.95 v - j/// __________________________________________
o5 I . The balanced a.0.a. depends
O S Alpha® | on the CG position |
5 q 5 A T J [
-3-85 Il == Alpha Mo ST TTTTTTTTooTmmmoososmmmmoooooosoooosos
________________ FUUTTOTTTTTTE TR T Fora Cirl = 0.9 (SM10%), ie
| XCG = .9x244 = 219 mm, |
circd eled . we find the same balance point !
20 - . than for the corresponding
/’ o | Type 1 polar
// A ; (pfew, relief, it works !)
o T o
4" ' o
0 — il — Alpha® All in all, as the C6
op o o o opi 1R 5 ( 5 1P
J moves backwards
; towards the NP, the
| T = lift and glide ratio
The performance | :
increases as the CG is ! N?‘obralca‘rr:je: fI(.MOJnd — |ncr'.€.ase, but the
. moved backwards | e Xet X | stability and speed
____________________________ ' Makes sense
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2nd case : Control Polar as a function of elevator incidence

S

srime e This time, we want

Wing area = Z3.Z0 dAm?®
Plane weight = 1000_.00 o

ping tond s e *  First to check performances

Boot chord = 180.00 mm

M.hC. = 147.8Z mm : :

rvise st tip s 0.0 ° VS. elevartor inciaence
Aspect Ratio 11.0 °

Taper Ratio 1.6

PL-Tip sweep 2.8 °

*  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

Mate 1 : if the control for “CmBef iz inactive, then the minimum value will be uzed for the analpziz
Mote 2 : the analysiz may be of the viscous tppe anly if all flap controls are inactive

L Cancel |

e

Polar Analysis [&J
& Plane
Falar Mame TE-10.0 m.'z-CGIE5.00)mm-E[-3.0°/0.0°)
Folar Type =5
Analysiz is WLM1 Aerodynamic D ata
o : ~ .
& Type5 (Fised Speed)  © Type 6 (Fixed Lit IngsriationaliisHimpens
v iscous p= | 1.225  ka/m3
Free Stream Speed 1000 mds V= 1500 méfs 1
Plane "Weight ao0o0 g
Control Mame | Auctive [1/0] | Min | / GE |
1 #“CmRef [mm) o 85.000 100.000
2 wing Tilt 7] 0 0o 0.a
3 Elervator Tilk [ 1 -3.0 0.a
' 4 wing Flap angle 17 1] n.no 0.0

5 wing Flap angle 2 [7) 1] n.o n.o
6 Elevator Flap 1 [7) 1] n.no 0.0
7 Elevator Flap 2 [7) 0 n.o n.o
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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 O°



. Alpha has been calculated to
. , . achieve zero pitching moment
(=laly) Apho® Ty APl T
510 - ——T1-10.0 m/s-YLAL- 85.00mm
' ——T1-10.0 m/s-YLA1-100.00mm
—e—T6-1000.000 g-CG{55.00)mm-E(-3
------ 05 e
\9‘\ . \:\né """"" For ctrl=0.2, the angle of

\n\\ . attack is roughly 5.5° :
. Will fly slowly, not pleasant

3:65 0jo 0/ 1.0
GRL e
|! The speed increases as the
. elevator's incidence tends !
clfed Y me's | towards 0° ;
30 40 72 S |
v

30 (f
20 T )/ Need to choose

20 P between glide
. N S capacity and

\ speed
D \

______

: The maximum glide ratio is achieved for ctrl=0.2,
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2b : Maximize speed as a function of flap settings

Contrel Analysis e, Gy
i We don't have foil polar
Polar Marne TE-1000.000 g-CG[85. 00]mem-wF 100075 07 W F 2[0.07/-5.07) — meShes avallable for‘ a” flap

FPolar Type =5
Analyziz iz VL1

positions, so the analysis is
necessarily non-viscous

- o
O Type5 (Fised Speed) & e Lif inksvoetanal et Jpimporal

B p= 1.225  ka/m3
Free Stream Spesd 1000 mds v= 1.500e5 méls The CG pOSITiOn iS lnClCTiVZ Clnd
e [0 s |~ fixed at 85 mm, which
Cantral Mame | Active[1/0) | Min|  —Tax| Cor'r‘esponds '|"O a
1 #CwBef [mm) a 85000~ 100000 . . °
2 wing Tikt () 0 0.0 0.0 Static Mar'gm = 10%
3 Elewator Tilk [] 0 0.0 0.0
| 4 wing Flap angle 1 [*] 1 0.0 5.0 ].
5 wing Flap angle 2 [*] 1 0.0 .0
E Elevator Flap 1 (7] 1] (IR1] 0.0
7 Elevator Flap 2 7] 1] (IR1] 0.0

The flap's angle varies
from 0° to 5° upwards -
same for both wings

Mate 1 : if the control far XCmBef iz inactive, then the minimum value will be uzed for the analpsiz
Mate 2 : the analyziz may be of the vizcous tppe only if all lap controls: are inactive

k. Cancel |
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; . Alpha has been calculated to
. e [ . . . :
Case 2b : RCSUITS/ . achieve zero pitching moment
&Cm ,’/ Alpha® A Plane
318 10 — T1-10.0 m/s-WVLM1- 85.00mm-Inviscid
' —— T1-20.0 m/s-VLM2-100.00mm
—o— T5-800.000 g-C&(85.000mm-WF1(0.0°/-5.C
205 5 5 e M "t Ifturnsout that the
AN I R S . a.0.a. for balanced flight |
N aphar] g el | 1 isindependent of flap
10 i 1] 3 10 00 0j2 0 (1] G : Se-‘--l-lngs :
S IAL S
i L
ST ! Asexpected, the !
, — ; . Speed increases as !
e e . flaps move upwards... |
2 771 The lift decreasesas | *° . but no balance above
i i1 flaps move upwards... : 08 x5°=4°. |
10 orid makes sense / | Would need to i
N 40 . compensate with
o ; ¥ | elevator... |
| v . That's an analysis for !
e —— 20 i a future time |
0.0 S S I : i
0jo 0j2 0i4 0i6 08 e }
0.5 1] ctrl
0.0 0.2 0.4 0.6 0.8
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