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1. 25 %) Consider a sphere of radius @ moving at velocity U, in a still fluid with density

P, as shown in the figure. Assume that the flow is potential and the respective potential
3

function is given by ¢= [;“’Z cosé.
s

(2) Determine the velocity components u, and u, of the fluid. 6%)

(b) Based on (a), calculate the kinetic energy of all the fluid in the flow field. (14%)

(c) According to (b), the kinetic energy of all the fluid is seen to be equal to the kinetic energy
of 1/g the displaced mass of fluid if it were moving with the velocity U_. Give the value
of q.(5%)
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2. (25 %) A steady, two-dimensional, incompressible flow occurs between two flat plane
surfaces spaced at a distance / apart. The velocity profile u(y) is a parabola with its vertex

at the center line (where the maximum velocity is U), as shown in the figure.
(a) Determine the stream function y for the flow. (20%)

(b) Is this flow irrotational? State your reason. (5%)
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3. (25%) The boat in the sketch has an L-shaped tube of diameter d attached to it. The
horizontal portion of the tube has a length L and its vertical arm has a height H. The tube is
submerged to depth H, < H below the free-surface. Assume the flow is irrotational.

(a) If the boat is cruising at a steady speed U, what is the maximum height H,, (above the
free surface) reached by water jet ejected out of the tube? (6%)

(b) What is the pressure within the water jet at a height z from the jet origin? (4%)

(c) What is the jet area 4; at the height z? (10%)

(d) How will your answer in (a) change if the flow is NOT irrotational? (5%)
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4. (25%) In an experiment to determine drag, a circular cylinder of diameter d was
immersed in a steady, two dimensional, and unconfined incompressible flow. Measurement
of velocity and pressure were made at the boundaries of the fixed control volumes CV1 and
CV2 shown below. CV1 has sides that are streamline surfaces. CV2 is rectangular, The
pressure was uniform over the control surfaces. The x-component of velocity was as
indicated by the sketch. Frem the measured data applied to CV2, show that the drag
coefficient of the cylinder, based on the projected area and free-stream velocity (V) is 4/3

. Drag 4
L) — —
(10%), ieCp = 080 = 3

considering the control volume, CV1, instead (15%).

. Next, obtain the same result for the drag coefficient by

CV2: rectangular

Va / Yy ——s ¢
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CV1: streamlines




