
 

The Horseshoe Vortex
Extends2D single bumpedVortex modelwhereKuttaconditionwas applied to
a 3Dfinitewing

2b 3D

geometrydoesnotexist
in mathematicalmodel it
just sees this

Helmholtz theoremsays
filamentcannotend influid

domain

continue as
trailing or tipvortices
basedonknowledge
of flowstructure

Curiut completedby
starting vortex

closedloopobeys
Helmholtz law 2



Vortexfilaments inducevelocities
proportional to th so as h F
as the startingvortexmovesdownstream
this becomesnegligible

semi infinite
trailingfilaments

1st Helmholtz lawStatesthatthestrengthofvortexfilament is constantalong length
across bound Vortex
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compared withrepresentative loading
a

Currentlynot a good representation

Bound lifting unrigvortexdoesNOT induce a velocityon itself

Trailingedge vortices DO induce velocity on boundVortex

spanwise

a Velocity induced along wing4 bound vortex is a pure
downwash proportional to r

approaches w at tips



Effectsof Trailing1Tip Vortices
Considering localflow over an element of boundvortex

withouttip vortices
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With tip vortices downwasheffect canbe superimposed
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b w is velocity in 2 direction one comp
downwash is w value of draginduceddrag

due to tipPresenceof tip vortices drag vortices

Downwashvelocity w tipvortexstrength r
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induceddrag akalift dependent Prandtl or vortexdrag

Alternate InterpretationofTipVortices

Bbqs baggy tipvortex
downwashw

y
di w EffectiveonsetflowVi atinduced incidence xi



flowcanbethoughtof as beingdueto rotatedfreestreon
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HorseshoeModel provides simple demonstrationofthe fundamental reasonfor existenceof
induced drag

Canalsogive1storderestimatesof interactions between lifting surfaces e.gwing tail biplane
formationflight

usuallymodifiedsototalliftof horseshoemodel actualwing lift groundeffect
and totalvortexstrength is same

What's difference in modified model

Boundvortex doesn't cowerfullspan smaller boab

ExampleUses of Horseshoe Model
Wing Tail GroundEffect

b ground Y

reflectiongivesno
normalflow at
ground

Defficienciesof HorseshoeVortexModel
Predicts a downwash velocities as youapproachwingtips notphysical

tip vortices estimated toostrong di toohigh
Tipvorticesonlyshed at wingtips in reality vorticityshed along whole

trailing edge

Bound circulation shouldvary w span horseshoe constant



Classical Lifting Lurie Theory
Variationof circulation along span modelledby superimposing horseshoes
of varyingstrength
placed along 4 chord hire rbound
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noone
Eachtwine the ariulationjumps
anothervortexshed into wake
with circulation jump

use infinite numberof horseshoe vortices each of strength dr

get continuous bound circulation distribution r y on lifting line

and continuousvortexsheetshedfrom TE strength fx y

horseshoes


