CE 100 Fall 2005 Midterm Exam #2

Problem 1 (40 points): Potential flow past a cylindrical dome

A practice facility for the Cal football team is to be covered by a semi-circular cylindrical
dome, as shown in the sketch. The dome with radius a is placed normal to the cross flow
of velocity U. Assume that the dome is very long (into the page) so you can ignore end
effects.

a) The stream function and velocity potential for this flow (0 <8 < x) are given by
2

2
v =Ur[l—a—stin6, p =U{1+%]mse
r r

=

Use potential flow theory to find the tangential velocity along the surface of the dome
as a function of the angle 8. (15 points)
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b) Choose a reference condition to be p=py at z=0 (on the ground) far from the
cylindrical dome. Use the Bernoulli equation to find the pressure field on the surface
of the dome as a function of 8. Do not neglect hydrostatic variations. (15 points)

c) If the net vertical force on the dome per unit length (upwards) is given by
Fy= g pU?a, find the mass per unit length (m.) required to keep the cylindrical

dome on the ground when the wind blows at 30 m/s, with air density p=1.2 kg/m’,
and a = 50 m. (10 points)
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Problem 2 (60 points): Slider bearing

The slider bearing (or “slider block™) consists of a smooth plate, which is inclined at a
small angle a to the horizontal (typically a < 10°) and separated by a small distance from
a smooth lower surface which moves steadily at a velocity U as shown below. Because of
the no-slip condition at the lower and upper plates, a fluid such as air (of density p and
viscosity u) is dragged between the plates and must accelerate through the gap. This is
found to generate a vertical lift force F) on the upper plate.

a) Use the Buckingham Pi theorem to find the dimensionless groups important for
determining the vertical force F, generated by the slider bearing. Explain why you
should not include H;n, if you include a in your analysis. Choose p, U, and H as your
repeating variables. Hint: you should be able to identify a few of the dimensionless
groups by inspection (but show your work to verify they are indeed dimensionless).
(30 points)
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b) Use the triangular control volume shown below to find an expression for the vertical
force on the plate due to the flow in terms of L, W, a, and the average inlet (V) and
outlet (V) velocities over this region. You can ignore viscous stresses and
approximate the flow as uniform over each cross section. Is the force on the upper
plate up or down? (20 points)
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¢) Given H=0.5mm, p=1.2kg/m’, u=1.79x10° N-s/m% a = 5°, U=2 cm/s, L=1 cm,
and W =2 cm, do you expect inertial or viscous forces to be more important? Which
famous nondimensional number can help you decide? What do you think of your
analysis in part (b) given this information? (10 points)
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