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1. Consider steady flow of water through the device shown in the
diagram. The areas are: A,=0.02 m?, A,=0.05 m®, and A,= A,=0.04
m’. The mass flow rate out through section (3) is given as 56.7 kg/s.

The volume flow rate in through section (4) is given as 0.03 m'/s,

and V,=3im/s. If properties are assumed umiform across al! inlet

and outlet flow sections, determine the flow velocity at section (2).

(Take g, =1000kg/m’ in your calculation).
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2. A long pipe 1s connected to a large reservoir that initially is filled
with water to a depth of 3m. The pipe is 150 mm in diameter and
6m long. As a first approximation, friction may be neglected.
Determine the flow velocity leaving the pipe as a function of time
after a cap is removed from its free end. The reservoir is large
enough s¢ that the change in its level may be neglected.

[hint:  [-Z . wwnsi(n] (35%)
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Crude oil flows through a level section of the Alaskan pipeline at a rate
of 250 thousand cubic meters per day. The pipe inside diameter is
1200 mum; its roughness is equivalent to that of galvanized iron, The
maximum allowable pressure is 8.3 Mpa; the minimum pressure
required to keep dissolved gases in solution in the crude oil is 340 Kpa.
The crude oil has 8G=0.93; its viscosity at the pumping temperature of
60°C is ©=0.017 N - Sm’. For this conditions, determine (a) the
maximum possible spacing between pumping stations.(26%) Ifthe
pump efficiency is 85 percent, determine (b) the power that must be
supplied at each pumping station. {15%)
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(hint: the first law of thermodynamics to cv is
- . 5 2 [ ]
G-W, = Zlyoptr+laler Tv gz r Dyol e dh)
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Fig. ‘i . Belative roughness for pipes of common engingering materials. (Data
fram [8], used by permigsion.)
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Fig. 22, - Friction facior for fully developed flow in circular pipes. (Data from (6], used by permission.)
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