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3. (25%) Consider the components of the velocity field of a flow are
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m w(x,y,z,t)= x,y,2#0

v(x,y,2,t)=
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u(x.y,2,1)= 0 e

’

where u,v,w are the components in x,y,z— directions, respectively, and A is a constant. Assume that
the gravity is negligible and the density of the fluid is uniform, i.e., #=P(?), The dynamic viscosity of the

fluid H is a constant.
(a) Is this flow incompressible? (5%) (b) Is this flow irrotational? (5%) (c) Compute the rate of strain tensor of
this flow. (5%) (d) What are the principal strain-rates. (5%) (e} If the pressure at infinity is P, what is the

pressure field of this flow? (5%)

4. (25%) When wind blows on a skyscraper like Taipei 101, the resulting forces cause the building to vibrate.
This flow-induced vibration of skyscraper can be approximated by the flow-structure interaction of wind and
a vertical cylindrical cantilever beam. Let’s say the vertical the beam has a height H, a diameter D, a
modulus of elasticity E, and a moment of inertia / about the ground. The density of the air is P and the
dynamic viscosity of the airis 4. The wind speed is U,_ and the vibrating frequency is f . (a) Construct a
dimension table with information regards the relevant dimensional parameters and important primary
dimensions. (5%) (b) Determine all the relevant dimensionless groups. (15%) (c) Construct a functional
relation between the dimensionless vibrating frequency and the other dimensionless groups and simplify the
functional relation as much as possible. (5%) '
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