APPH 4200
Physics of Fluids

More 2D Potential Flow
Chapter 6

More examples from Chapter 6: 2D,
Inviscid, Irrotational flow

Blasius Theorem (Lift and Drag)
(Easy) CFD: potential flow in 2D



Complex Velocity Potential
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Example Complex Potential
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Another Example
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Yet Another Example
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Mass Source
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Line Vortex
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"Dipole” or Doublet
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Flow Past a Cylinder

(The “easy” complex way)
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Bernoullis Principle
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Blasius Theorem

Fig. 1. Blasius in 1962, after retiring
Fig. 6. Blasius during lecturing, 1925

Paul Richard Heinrich Blasius (1883 - 1970) was one of the first students of Prandtl who
provided a mathematical basis for boundary-layer drag (Chapter 10) but also showed as early as
1911 that the resistance to flow through smooth pipes could be expressed in terms of the
Reynolds number for both laminar and turbulent flow.
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Blasius Theorem
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Example: Flow Past a Cylinder
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Flow Past a Ro’rcn‘ing Cylinder

(Problem 6.9)
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Numerical Solution to Potential Flow in 2D
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Finite Difference Approximation
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Three Examples
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Mathematica is available at all Columbia computer labs. @
See http://www.columbia.edu/acis/facilities/software.html
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Problems in Ch 6

® "Doublet” (or dipole) potential
® Drag on a “half-body”

® Potential flow around an ellipsoid
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Problem 6.1

1. In Section 7, the doublet potential

w = u/z,

was derived by combining a source and a sink on the x-axis. Show that the same
potential can also be obtained by superposing a clockwise vortex of circulation —I"
on the y-axis at y = &, and a counterclockwise vortex of circulation I at y = —¢g,
and letting ¢ — 0.
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Problem 6.1
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Problem 6.2

2. By integrating pressure, show that the drag on a plane half-body (Section 8)
IS Zero.
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Problem 6.2
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Problem 6.2 (cont)
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PrOb lem 6 .4 (Rankin Ovoid, ca. 1871)

4. Take a plane source of strength m at point (—a, 0), a plane sink of equal
strength at (@, (), and superpose a uniform stream U directed along the x-axis. Show
that there are two stagnation points located on the x-axis at points

ol 1)
a(nan.) °

Show that the streamline passing through the stagnation points is given by ¥ = 0.
Verify that the line ¢ = 0 represents a closed oval-shaped body, whose maximum
width & is given by the solution of the equation

Uh
hz--acot(yr )
m

The body generated by the superposition of a uniform stream and a source—sink pair is
called a Rankine body. It becomes a circular cylinder as the source—sink pair approach
each other.
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PrOb lem 6 .4 (Rankin Ovoid, ca. 1871)
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Problem 6.4 (cont)
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Summary

® The complex potential is defined on the
complex z-plane (z = x + i y) and contains
both the velocity potential, ¢(x,y), and the
streamfunction, Y(x,y), or vector potential.

® In 2D, potential flow is very quickly calculated
using today's computers.

27



