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1. A velocity field given by V= ayti — bxj, where a=1 s! and b=4 s™!. Find the equation of the streamlines
at any time t. Plot several streamlines at t=0 s, t=1 s, and t=20 s. (10 points)

2. Anopen tank is filled with water to the depth indicated. Atmospheric pressure acts on all outer surfaces
of the tank. Determine the magnitude and line of action the vertical component of the force of the water
on the curved part of the tank bottom. (20 points)

3. Water enters a two-dimensional, square channel of constant width, #=75.5 mm with uniform velocity, U.
The channel makes a 90° bend that distorts the flow to produce the linear velocity profile shown at the
exit, with V4 = 2Vimin. Evaluate vy, if U=7.5 m/s. (20 points)
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Please show the time rate of change of the velocity the observer see for the river in following situation:

(15 points)

(a) An observer is standing on a boat which is tied to the river bank. The river is flowing at the velocity
V=ui +vj ‘

(b) An observer is standing on a boat which travels with a velocity V, =ubz° + vb}' across a river flowing
at the velocity V=ui +vj

(¢) An observer is standing on a boat which drifts with a river flowing at the velocity V=ui +vj

Consider a modified form of Couette flow in which there are two immiscible fluids sandwiched between
two infinitely long and wide, parallel flat plates. The flow is steady, incompressible, parallel, and laminar.
The top plate moves at velocity ¥ to the right, and the bottom plate is stationary. Gravity acts in the -z |
direction (downward in the figure). There is no forced pressure gradient pushing the fluids through the
channel. You could igno‘rev__the surface tension effect and assume the interface between two fluids is
horizontal. The pressure at the bottom of the flow is equal to Po. (20 points)

(a) Please find the expression of the velocity field. (Hint: Split up the solution into two portions, one for

each fluid.) -
(b) Please find the expression of the pressure field. (Hint: Again, split up the solution.)
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A 1/9 scaled model of a tractor-trailer rig is test in a wind tunnel. The model frontal area is 0.2 m?. When
test at ¥, =100 ms™ in the air which density is 1.2 kg/m’, the measured drag force is F}, =400 N.

Please evaluate the drag coefficient for the model conditions given. Assuming that the drag coefficient is
the same for model and prototype, calculate the drag force on a prototype rig at a highway speed of
120 km/h. Determine the air speed at which a model should be tested to ensure dynamically similar results
if the properties of the air didn’t change in the wind tunnel. Is this air speed practical? Why or why not?
(15 points)




