Problem 1 (35 points)

A desalination plant operates at steady-state conditions and procluces pure water vapor and brine from
ter. ¢
seawater . Wiz - "y ’ P Pt
Sea water enters the plant with a mass ﬂox\rate of 100,000 kg/hr and a density of 1025 kg/m?. Brine ex-
its the plant with a mass flow rate of 14.630 kg/hr and a density of 1200 kg/m>. Water vapor leaves the
2

plant at a pressure of 120 kPa and temperature of 105°C. The watey'vapor can be modeled as an ideal
gas with '3 73
Ryarer = 0.4614 XJ/(kg-K); Ru=8.314 kJ/(kmol-K); * Myaer = 18.02 kg/kmol.

Determine the following information for the desalination plant:

. L':Y‘" ; 5 . W
(a) the mass flow rate of water vapor, in kg/hr. 5)\" S:; A E : li_
(b) the volumetric flow rate of water vapor leaving the 3 %Water Vapor
plant,inm3/hr. FE s e e e
]
(c) the volumetric flow rate of brine, in m*/hr. b Desalination . )
) Plant »
(d) the average velocity of the brine, in m/s, if the cross- Seawate L= === oo oo e o o, il g
sectional area of the brine pipe is 0.5 m%. [Note the
units for velocity.] o ( s.5.)
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Problem 2 (30 points)

To shape the head of a steel bolt, a cylindrical steel rod is placed into a die. A punch then moves down-
ward at constant velocity Vp to forge the head. The bolt head remains cylindrical during the entire pro-
cess, as shown below. The density of the steel is constant and uniform during the entire process.

Determine the following:

(a) the time rate-of-change of the bolt head diameter ( dD/dt ) in terms of the punch velocity ( V7), the
instantaneous bolt-head diameter ( D ), and the instantaneous bolt-head thickness (/).

(b) the time rate-of-change of the bolt-head thickness ( dh/dr ) if the velocity of the punch is V» =1 m/s.

(¢) the final bolt-head thickness ( %) in terms of the punch diameter ( Dp ), the steel-rod diameter ( Dy),
and the initial height of the rod above the lower die cavity ( A).
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Problem 3 (35 points)

A tank with a concrete basin is shown in the figure and is filled with water to a height #. Openings to
fill and drain the tank are located in the concrete basin (see figure).

The volume of water in the tank +5__  depends on the height h of water in the tank:

water

¥ =% +wh where ¥ =1441% and w=100 ft.

base base

The volumetric flow rate of the water draining from the tank also depends on the height A:

Dram \/-_ where KDrain =20.0 ftﬁ/ S.
Assume water is incompressible with a density of 62.4 Ibm/ft>. I

(a) Develop a symbolic equation for dh/dt, the time rate-of-change of
the water level in the tank when #=,,, ¥ .. and & are all known.
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(b) If the tank is initially empty but #,, = 50 ft*/s and the drain is open,

determine the steady-state height 4 of the liquid in the tank, in ft.

(c) If the height of the water is 4 = 14 ft and only the drain is open, i.e.
#,,= 0, determine how long it will take, in seconds, for the tank to X
drainto 2 =3 ft.
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