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EFFECT OF A POROELASTIC LAYER ON
LIFT AND DRAG OVER AN AIRFOIL

FOCUSon passiveactuators what works
why it does how canwe selectl y Rptirdiset
actuatorsfor lift/drag purposes etc.?



Reducingoressuredragby a passiveechniqueX
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/ForlargerRenumbers there are theexperiments
In water and oichanneldy Prof.Ch Brlcker

RTV-2 silicone rubber
density : 1.02 g/cm?
shore A: 45




Cylinder Experiments — Results Re = 27200
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Cylinder Experiments — Results
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Flexibleand hairyflapsproduce acomparableresult recirculation
areaelongatedfor Re < 1500%hortenedfor Re > 15000



Cylinder Experiments — Results
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X LJeddmedflow fluctuationsfor Re > 15000
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Cleareffecton thecylinderwake
A effecton drag



New goaleffecton lift and dragoveran
airfoil via apassiveporoelastidayer
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oal:put aporoelastidayeron thesuctionside
of an airfoil to affectthe
separatedregion and thewake
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Howcanwe modelthe layer(madeof fibers,
henceporousandcomplian)?
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Experiments Poroelasticity | NS IBM Low order
theory simulations model
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Experiments Poroelasticity | NS IBM Low order
theory simulations model

- Berlin Prof. . Rechenberg
- Freiberg Prof.Ch Bricker
- Orléans, Prof. AXourta

- Genova
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ExperimentgBerlin



ExperimentgBerlin)

aerofoil with silk flaps

flow visualisation

silk trapped vortex trapped eddy

steel wire

Prof IngoRechenbergTUBerlin
http://www.bionik.tu-berlin.de/institut/xs2vogel.html
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ExperimentgBerlin



ExperimentgBerlin)

silk flaps
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ExperimentgFreiberg
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Air-foil Time Averaged Results
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ExperimentgFreiberg

- increasing o 0°-20° at - time instant for U<0
dov/dt = 5.6°s at x=0.275I

- Flexibleand hairyflapsopposeseparationat fixed anglesof attack
- Hairyflapsdelayflow separationin pitchingexperiments
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ExperimentgGenova)




ExperimentgGenova)

Cl, Cd, Cm
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---4--Cl senza flaps
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Experiments Poroelasticity | NS IBM Low order
theory simulations model

Gopinath& MahadevanProc.RoyalSoc. A2010)
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Experiments Poroelasticity | NS IBM Low order
theory simulations model

Presentwork (at low Reaumber)
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m()lairfgn » Incompressible, unstead¥D
A More difficult to control N-S eqnswith forcing
separationof boundarylayer , ImmersedBoundaryMethod:
In laminar case boundary Stationary non-conformal

layerlesscapableof handling
adversepressuregradient
without separation . . _
ALowReynoldsiumber(1100) Fegdbacl(orcmg term InN-S:
particularlyusedfor testing Springmass system

performanceof MAVs F=h kG U)dt+ (OqU)
A

Cartesiargrid (fine on and
nearairfoil)




