
Scalar functions to describe a 2b flow potential and stream can be
defined so long as the flow is wiotational incompressible

Thesefunctions are orthogonal and
relate to the velocity componentsby
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These functionsboth satisfy Laplace's equation which is linear therefore
the sum of solutions is also a solution
Thismeans you can take simple flow components add them to model
more complexflow

On streamlines 4 x y C

An alternative solution is differentialform which can be integrated togive
streamline equation if the streamvelocity is known
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Elementary 2D Potential Solutions
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Sources sinks can modeljustabout any viviscidflow as long as
there is no lift

lift flow is modelledwithvortices doublets to
provide circulation

Vortexstrength r O for writationalflow as 7N 0 and at all points
in the vortex the flow is wirotational exceptthesingularity where there's
non zero circularity y

y d f O flowmovingaround
i but it isn't rotating
6
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Doublet Source suits of strength A opposite strength separatedbyDist L

0 but Al constant K

At this binit the source suits are superimposed
in a doubletoffinite strength k IKappa

It directiongivinbyarrowdrawnfromsinkto source
A doublethas its own axes



When a doublet lies on x axis doublet at origin

Doubletatorigin y Ksmo
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However often the doublet axis will be at an angle x to the x axis in whichcase

Doublet rotatedto x axis y KariO x
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General Potential Model Comments

Noflow can crossstreamline can be regarded as solidboundary

No singularities exist in realflow singularities in potentialmodel mustnot
lie in flow domain

1
Sources sinks doublets vortices placed
inside solidbodies or outside for

internalflows

Boundary Conditions

Differentflow solutions are found became differentgeometries apply different
boundary conditionsto solutions of Laplace'sequation
For the externalflow over a stationarybody the boundary conditions
are
far awayfrom body to a theflowvet uniformstream

no flow perpendicular to solidsurface
surfaceof body Streamline

Sources sinks and point vortices satisfy if added to uniform fhow

for boundary 2 there are twopossibilities

Direct Indirect
Soaressinks vortices addedto uniform A flowboundaryspecified thensoirees
flow and any stream lineof resulting suites vorticespositioned andstrengthadjusted
flowpatternmayrepresentbodysurface so that bodysurface isstreamlineofflow



SimpleNon LiftingFlows

Tesserae

Forceson Non Lifting Cylinder

jade pressure distribution symmetrical uppertoDAB lowersurface
C O Cp 9 4SuiO

pressure distribution symmetrical left to
Ight o

areaoffront area rear
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Zerodraggeneralresultfor 2Dpotential
around closedbodies

D Alembert's paradox

n reality viscosity separation to

Lifting Cylinder Flow add Vortex to nonliftingcylinderflow
streamlineofvortex write so cybrider
streamline remains



addedtomatchstreamfunction
value at surface to non liftingcase

when differentiated constant
removed sodoesn'tchangevelocitypattern

Differentiating gies velocity terms
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freestream Vortex
doublet

surface Pressure foundwith

Cp P l VI v2 oVo as V Volt
US and Vr 0 at surface
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dueto vortex freestream
interaction

constant component
lift dragcontributionzero

liftcontribution 0 due to vortex t freestream
we lift from suction on uppersurface and
positive pressure on lower surface

no top tobottomsymmetry



Drag 0 became front near pressure distributions
are equal

Lift Generation

L p U r Kutta JoukowskiTheorem
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ZDso m insteadofm2

Stagnation points cylinder

at a stagnationpoint velocityis zero stagnationpointsnotjuston surface1

Vr t th U cosO O s to satisfy R r or cos0 0 so E
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If r R stagnationpoints lie on cylindersurface then

if yff.net there are twovaluesof0 symmetricabouty axis onsurface

as RP points
move down aka r L 4TwoR
cylinder



if yff.pe f Sino 1 there isone solutionon y axis on surface

aka r 45W R

if r we aren'trestricted to cylinder surface we cancheck
4 R nt cos0 0 finding solutionson y axis
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Summaryofstagnation points on cylinder
when r 0 stagnation points lie at 0 0 and 0 51 on aaxis

as r increased pointsmove downcylinder surface

when f 4ThR pointsmerge to becomeone at bottomof cylinder

as r increasedfurther pantsspliton y axis onemovesoff cylinder oneinsidecylinder


