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Focus on passive actuators, what works, 

why it does, how can we selectŀƴŘ άoptimiseέ 
actuatorsfor lift/drag purposes, etc.?



Reducingpressuredrag by a passive techniqueΧ



άCovertsέ feathersΧ



Χ ŀƴŘ other appendagesare the norm

mosquito body



Χ ŀƴŘ other appendagesare the norm

butterfly scales



Χ ŀƴŘ other appendagesare the norm

fly wing



Passive controlǾƛŀ άappend-actuatorsέ

Re = 200



FSI



Cd

amplitude of Cl oscillations



Whathappens?

Favieret al, JFM 2009



ForlargerRe numbers, there are the experiments
in water and oil channelsby Prof. Ch. Brücker





Flexibleand hairyflapsproduce a comparableresult: recirculation
area elongatedfor Re < 15000, shortenedfor Re > 15000



Χ Ǉƭǳǎ reducedflow fluctuationsfor Re > 15000



Cleareffect on the cylinderwake
Ą effect on drag



New goal: effect on lift and drag overan
airfoil via a passive,poroelasticlayer



HAIRFOIL !  



Goal:put a poroelasticlayeron the suctionside 
of anairfoil to affect the 
separatedregion and              the wake



Howcan we modelthe layer(madeof fibers, 
henceporousand compliant)?



Options:

Experiments Poroelasticity
theory

NS IBM 
simulations

Low order
model
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- Berlin, Prof. I. Rechenberg
- Freiberg, Prof. Ch. Brücker
- Orléans, Prof. A. Kourta
- Genova



Experiments(Berlin)



Prof. Ingo Rechenberg, TU Berlin
http://www.bionik.tu-berlin.de/institut/xs2vogel.html

Experiments(Berlin)
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Experiments(Berlin)

Flexible, porousflaps
delaystallΧ



Experiments(Freiberg)



Experiments(Freiberg)



Experiments(Freiberg)

- Flexibleand hairyflapsoppose separationat fixedanglesof attack
- Hairyflapsdelayflow separationin pitchingexperiments



Experiments(Genova)



Experiments(Genova)
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Experiments(Genova)



Options:

Experiments Poroelasticity
theory

NS IBM 
simulations

Low order
model

Gopinath& Mahadevan(Proc. RoyalSoc. A, 2010)



Options:

Experiments Poroelasticity
theory

NS IBM 
simulations

Low order
model

Presentwork (at low Re number)



ÅNACA0012 airfoil
ÅMore difficult to control

separationof boundarylayer
in laminar case ςboundary
layerlesscapableof handling
adversepressuregradient
without separation.
ÅLow Reynolds number(1100) 

particularlyusedfor testing
performance of MAVs. 

Å

ü Incompressible, unsteady 2D 
N-S eqns. with forcing

ü Immersed Boundary Method:  

Stationary, non-conformal 

Cartesian grid (fine on and 

near airfoil)

ü Feedback forcing term in N-S:

Spring-mass system

F = h ҝό0 ςU)dt + ̡ (0 ςU)


