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1. (25%)
An open tank containing water has a bulge in its vertical side that is semicircular in shape as shown in Fig. 1.

Determine the magnitude and direction of the horizontal and vertical components of the force that the water
exerts on the bulge. Note that length of the bulge is b, specific weight of water is denoted as 7#:0 |

Bulge

Fig. 1

2. (25%)
A bathtub is being filled with water from a faucet. The rate of flow from the faucet is steady. The tub volume
is approximated by a rectangular space as indicated in Fig. 2. Estimate the time rate of change of the depth of

water in the tub, d% , »atany instant. Choose the deformable water body including vertical water column as

d
your control volume, and compute E I pdV and I p(y—w)-ndd respectively.
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3. (25%)

The fluid flows horizontally through an abrupt expansion as indicated in Fig.3, where A; is the cross-sectional
area upstream of expansion, Az is the cross-sectional area downstream of expansion, and V4 is the velocity of
flow upstream of expansion. Indicate the control volume you choose. Write down the title of conservation

2

laws you use, and derive the head loss from upstream to downstream in terms of IE/L and ~::—’ .
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4, (25%)

(2) For a segment between two points in a circular pipe, show that the major head loss due to friction is

he =A(£+2J.
Y

(b) If the wall shear stress of a circular pipe, tv, is a function of €V, d, p, p, where € is the roughness height
of the pipe, V is the cross sectional averaged speed of the flow, dis the pipe diameter, p is the fluid viscosity,
p is fluid density, i.e. Tw = f (e, V, d, p, p). Perform dimensional analysis to see the friction factor

f=8 i‘;z is a function of what non-dimensional parameter(s).
p
©f t, = ij-li—— El_(p_;gg)} iet, = %[é_(%)_gz_):' is given by force balance, derive Darcy—Weisbach

equation for pipe flow.
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