MEEG 630, I ntermediate Fluid M echanics

Homework Set #5: Irrotational Flows

1. A two-dimensiona flow is described by avelocity potential f = x> - 3xy?. Find the stream
function for thisflow. Plot streamlines and equal-potential lines for thisflow. [Hint: Using
polar coordinates, show that f =r3cos(3y) andy =r3sin(3y). ]

2. A two-dimensional source of strength m islocated in arectangular corner formed by two
infinite walls. The distance of the source from each wall, h, isgiven. The fluid isinviscid,
incompressible, and the flow is steady.
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(a) Find the complex velocity potentia w(z) for this flow by the method of images,
(b) Determine the velocity distribution aong the wall at y=0 as afunction of x.
[Hint: u(x,y=0) :M J
dz |,

3. By integrating pressure, show that the drag on a plane half body (with the complex velocity

potential w(z) =U z+% Inz, asdiscussed in class) is zero.

4. Take aplane source of strength mat point (- a, 0), aplane sink of equal strength at (a, 0),

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
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Show that the streamline passing through the stagnation pointsisgivenby y =0. Verify
that theliney = Orepresents a closed oval-shaped body, whose maximum width his
given by the solution of the equation



h=acotM9.
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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.

5. A two-dimensiona potentia vortex with clockwise circulation G islocated at point (0,a)
above aflat plate. The plate coincides with the x-axis. A uniform stream U directed along
the x-axis flows over the vortex. Sketch the flow pattern and show that it represents the flow

over an oval-shaped body. [Hint: Introduce the image vortex and locate the two stagnation
points on the x-axis.]

If the pressure at x=+¥ is py, and that below the plateisaso p, , then show that the
pressure at any point on the plateis given by
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Show that the total upward force on the plateis
r G
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F= -rucG.




