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1.  (15%)Two water tanks are connected to each other through a mercury manometer with inclined tubes,
as shown in this figure. If the pressure difference between the two tanks is 20 kPa, calculate a and 6.
Assume the density of water to be p=1000 kg/m® and the SG of Mercury is 13.6.

Water
A

26.8 cm

2. (15%)An incompressible, inviscid fluid flows steadily past a sphere of radius R as shown in the figure.

According to a more advanced analysis of the flow, the fluid velocity along streamline A-B is given by

3
V =u(x)i _VO[”a—sJ{ where V, is the upstream velocity far ahead of the sphere. Determine the
X

acceleration experienced by fluid particles as they flow along the streamline in terms of Vy and a.

y
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3. (20%)A cylindrical container, as shown in this figure, filled with water (y,, = 9.81 kN/m?) rotates at
a constant angular speed of w . If the pressures at points A and B are equal, find the required ® of
the rotation.

1.5m

4, (25%)Consider the air flow past a flat plate of length L and width W with a velocity of U. Suppose
that the boundary layer velocity profile is approximated as a sinusoidal function.

(Hint: Momentum integral equation: £ (U*®)+6'U 2y = T—“’)

dx dx p

(a) Find the velocity profile u(y). (5 %)

(b) Find the boundary layer displacement thickness & . (5 %)
(¢) Find the boundary layer momentum thickness ®. (5 %)
(d) Find the boundary layer momentum thickness & . (5 %)

(e) Find the friction drag coefficient C,. (5 %)
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5. (25%)An oil with a viscosity of = 0.4 N - s/m” and density p = 900 kg/m’ flows in a pipe of diameter
D=0.02 m.
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(a)

(b)

(c)

(a)

What pressure drop, p| — pa, is needed to produce a flowrate of O = 3.0x107° m*/s if

the pipe is horizontal with x; = 0 and x, = 15 m? (10 %)

How steep a hill, &, must the pipe be on if the oil is to flow through the pipe at the same rate as in
part (a), but with p; = p, ? (10 %)

For the conditions of part (b), if p;= 200 kPa, what is the pressure at section x3 =5 m, where x;3 is

measured along the pipe? (5 %)




