
 

ThinAerofoilAssumptions

P Upper lower surfacesbecome indistinguishable faraway
use a single vortexsheetsituated on mean camber line
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Tomakemean camberbrie a streamline we needtoworkout
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Kuttaconditionimpliesupper lowersurfacevelocities areequalat the trailingedge
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Symmetric or Uncambered Aerofoils

Forsymmetric uncombered aerofoil chord camberbrie assumptions 2 3 unecessany
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enforcingno normalflow we must consider

1 normalfreestream I Vasuria
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2 Vortexinducednormal

due to symmetry W s w x

at a point x onchordlinethe vortexwidenedvelocity is wGe

foundbyconsideringvelocityinducedbya smallelementofthevortexsheetwith
strength 8legDE locatedat a distance 3fromoriginonchordhire
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Y dz be a Fundamental thinaerofoilequation
for symmetric case
mustbe solvedsubjecttoKutta condition

Tosolvethisequation use transformation to change 3 O
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810swilldo be a 0 is not polar
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to simplify integral

able to solve
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to provethat it'sthesolution weneedtoshow it satisfiestheequation
Mx atLE

1 It satisfies fundamental thinaerofoilequation
2 flat O Kuttacondition is satisfied

fortransformation usedTEat 0
yes 0atTE

Litt Distribution

Method 1

Total Curiulation r y 5 des If Oswiodo stack

Donot write f y O do disagreeswith definition of a
strength per unit length



Find total lift using Kutta Tarkowski theorem
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Method2
Consider infinitesimalelementofsheet
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Pitching Moment

Takingmomentsaboutleadingedge
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centreofpressure
tworeferencepoints pointaboutwhich

Icp CME O2g
momentsare zero
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cambered Thin Aerofoils
For cambered aerofoil d4dx 0

Fundamental thin aerofoilequation
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donotneedtoknow
how to derive or solve

Solution Hot 2b Ao tfff0 t Ansari

µ definitionof 0 same
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as symmetric case

symmetric aerofoil special case where Ao X Anterms 0

Circulation can shownto be
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substitutingfortheFourier coefficientsthe lift coefficient is
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Effectof Camber onLift
toe camber gives we offset 0 lift curveshiftedupwards
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has much larger influence than at LE
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Effect of camber on Pitching Moment
Similar analysis as beforegives
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LumpedVortex Method

Thinaerofoil theorymethodproblemhascontinuous y s distribution thatrequiresanalytic
solution
canthis method bereplacedwithpoint or lumped vortices so that weariedfrom
afar it predicts same lift as fullthinaerofoiltheory
Wedevelop generalmethod like generalised 2bmethodsbutwith the location of
singularities and controlpoints linkedtopanel representationof the geometry
camberbrieof thin aerofoilsplitintoseriesof N flatpanels with a paintvortex on each

no normal flowcondition appliedon each panel and a setof equations
solvedfor thevortexstrengths in swirilar way to premoispanelmethodsolutions

Howdo we getcorrect lift
Kuttaconditionneeds to be enforced

we use Katz Plotkinmethod



When applying new methodwe're developing a thinaerofoilrepresentedby N panels
on camberline we will usuallyjust
placethe vortices
applyboundary condition
solveforvortexstrengths
Kutta condition not directly applied Havealready applied at TE in analytic
thinaerofoil togetgood lift predictions
Instead match that lift from analyticbyenforcing suitable choicesfor location of
singularities controlpoints

apply Kutta condition indirectly or implicitly

Appropriate locationsfor singularities control points established by looking at
their symmetric aerofoilwith N P

wemodel so that this hassame lift as their aerofoil theory since experiment
agreement good

thismeans thatthecirculationof thepointvortexmustequalthe totalaiculation
of their aerofoil sheet

we knowvortexstrengthwewantbutneedtoknowwhere thevortexandcontrol
pointhavebeenlocatedto getthisvalue as a solutionof theproblem

Sincethe liftof the thin symmetric aerofoil acts at the centreof pressure tic
thepointvortex strength r isplacedat thepanelquaterchordpoint
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Nonormalflow not applied at TE as lift predictionwould bewrong
We want to find a locationofcontrolpoint that gives us the known lift value
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this equation gives 2 unknowns r R

but r same as their aerofoil
theory to give same lift
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Control pointoften called aftneutralpoint
effectively accounts for Kutta condition gives surprisingly good results

used for
preliminary calls

detailofHow I
chose to aerofoil is poor

onlyvalid in 2D

Whenextending to approximateflow post thin aergoils using a setofpanels
each panelhos

point vortex at its quater chord



control point at three quarter chord

Moreaccurate than singlepoint vortex butremains cheap simplemethod

Solvedby calculationof influence coefficients influencematrixequation

solve linear set of equations thenmake secondary calculations
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A is velocity influencematrix with entries ai j

for twopanel examples can solve using setof siniultaneon equationsrather than matrix

Use of bumped vortes method

Useful for multi element configurations
tandem wings
groundeffect
win'd tunnel interference

When using method for suchcoresthere are multiple vorticesdue toseveral aerofoils1wings being represented or there are image vortices
I

reflectedvortices
in a plane



the flow velocities inducedbyother velocities must be taken into account

at control points governs strength of vortices

at vortex locations governs lift generatedby vortices

Use of correct signs imperative for calculations
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