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0 Potential & Stream Functions for Basic Flows

* Uniform Flow to the Right + A 2-D Doublet
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0 Potential & Stream Functions for Basic Flows
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1 DRAG COEFFICIENT OF A CIRCULAR GYLINDER IN A REAL RLow
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O Zhukovsky TRANSFORM — ToPICS TO BE COVERED IN AErED41

Zhukovsky transformation of potential flow over a cylinder
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By using Zhukovsky transformation, the spinning circle above can be transformed
into the Zoukovsky airfoil below.
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0 Potential & Stream Functions for Basic Flows

e 2D Vortex flow

A 2-D point vortex is a mathematical concept that induces a velocity field given by
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0 Potential & Stream Functions for Basic Flows

e 2D Vortex Flow -
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0 Potential & Stream Functions for Basic Flows

Free and forced vortices

* Free or potential vortex is irrotational : vgr = const.

. . v
e Forced vortex is rotational: £ = const.

* Irrotational flow .  potational flow
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0 Potential & Stream Functions for Basic Flows

* The velocity components are
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» Now let's define circulation I around a circle with radius r.
Adding velocity contribution from each term ds
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0 Potential & Stream Functions for Basic Flows

Around closed curve C'1 that does not include the point vortex
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0 Potential & Stream Functions for Basic Flows

* The final form is:
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O Potential & Stream Functions for Basic Flows

o As we all know, uniform flow to the right + 2-D Doublet

non-lifting over a cylinder
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The parameters for lifting flow over a cylinder are as follow (spinning cylinder):

COuantity | Non-lifting flow over a cylinder | Vortex of Strength I' | Combination
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0 Potential & Stream Functions for Basic Flows

Superposition of free vortex and non-lifting cylinder flow

* Let’s add a vortex flow to the non-lifting flow around the
cylinder, i.e.

¥ = Yuniform + Pdoublet T Yvortex
Recall for cylinder flow:
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0 Potential & Stream Functions for Basic Flows

Velocity components
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0 Potential & Stream Functions for Basic Flows

Stagnation points are located at v,, = 0,v9 = 0

r
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0 Potential & Stream Functions for Basic Flows
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0 Potential & Stream Functions for Basic Flows

Pressure coefficient
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0 Potential & Stream Functions for Basic Flows

Pressure integral

* Force on a small arc on the cylinder
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0 Potential & Stream Functions for Basic Flows

Drag on the cylinder
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0 Potential & Stream Functions for Basic Flows

Lift on the cylinder
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] THE KutTA-JOUKOWSKI LIFT THEOREM

+ The Kutta-Joukowski Lift Theorem states the lift per unit length of a
spinning cylinder is equal to the density (p) of the air times the strength
of the rotation ( I) times the velocity (V) of the air.

Kutta-Joukowski Lift Theorem tor a Cylinder:
Lift per unit length of a cylinder acts perpendicular
to the velocity (V) and is given by: L =r G V (lbs/ft)

Force

length=2b

Force = Lift/length « length - area of circle / area of square

* Theories in the Production of Lift

https://www.youtube.com/watch?v=mBRCUU fQrQ




0 Potential & Stream Functions for Basic Flows

Theoretical vs real flow ne P
* In real flow past cylinder Cp # 0 S E
* Drag is primarily caused by the flow = " TR
separation, a viscous effect. The

potential theory neglects the viscous
effects hence can not predict the
drag force.

* Flow around a spinning cylinder
resembles that of theory and
generates lift proportional to the
circulation

Low pressure

High pressure




0 Potential & Stream Functions for Basic Flows

Theoretical vs real flows

* For streamlined shapes (airfoils), potential flow can
predict the pressure distribution and the resulting
forces with a good accuracy

* Low angle of attacks, where the flow does not separate
e Can estimate pressure drag (as long as flow is attached)!

e Can’t get friction drag!
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