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1.

A 10-kg block slides down a smooth inclined surface as shown below. Determine the terminal velocity
of the block if the 0.1-mm gap between the block and the surface contains an oil with a dynamic viscosity
of 0.35 N-s/m2. Assume the velocity distribution in the gap is linear, and the area of the block in contact
with the oil is 0.1 m?. (20%)
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A piston having a cross-sectional area of 0.06 m? is located in a cylinder containing water as shown in
the following figure. An open U-tube manometer is connected to the cylinder as shown. For 7 = 60 mm
and % = 100 mm, what is the value of the applied force, P, acting on the piston? The weight of the piston
is negligible. The densities of mercury and water are 13,600 kg/m® and 1,000 kg/m?, respectively. (15%)
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The velocity components of # and v of a two-dimensional flow are given by: u = ax and v = by, where a
and b are constants. Please calculate the acceleration. (8%)

In the region just downstream of a sluice gate, the water may develop a reverse flow region as shown in
the following figure. The velocity profile is assumed to consist of two unifrom regions, one with velocity
¥, =3 m/s and the other with ¥ = 0.9 m/s. Determine the net flowrate of water across the portion of the
control surface at section (2) if the channel is 5 m wide. (7%)
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5. The drag D on a washer-shaped plate placed normally to'a stream of fluid can be expressed as
D=f(d, d», V, u, p), where d is the outer diameter, d; is the inner diameter, ¥ is the fluid velocity, u is
the fluid viscosity, and p is the fluid density. What dimensionless parameters would you use to organize |
these data? (20 %) (Use Buckingham Pi theorem)

6. Water flows steadily through a pipe of length L and radius R = 3 m. Calculate the uniform inlet velocity,
U, if the velocity distribution across the outlet is given by u(r) = tmas[ 1-(/R)*] and tmax= 10 m/s. (15
%)
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7. Show that whether the following sets of three-dimensional flow cases is incompressible and irrotational |

or not? (15 %)

@) u=x+y+z,v=x—y+z; w=2xy+y* +4 (5 %)
(b) u=xyzt; v=—xyzt’; w= (2" /1 2)(xt’ = yt) (5 %)

(©) u=y +2xz; v=-—"2yz+x"yz; w=%xzzz+x3y4 (5 %)




