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1a) For the system curve and the pump curve shown below determine the operational flow rate
and efficiency of the pump.
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1b) Assuming a pump has an efficiency of 70% and supplies a head of 100 ft with a mass flow of
10 slug/s determine the power required by the pump in ft-1bf/s.

1c) Thetank shown below isinitially empty when water is poured in at a constant rate Q.
Determine the steady state height of fluid in the tank.
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1d) What differential equation is modeled by the block diagram shown below. Theinput is F and
the output isy.
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An electronic circuit chip that is 6 mm square and 1.5 mm thick is mounted to the surface of a
plastic substrate. The exposed top surface is convectively cooled by alarge volume of dielectric
liquid for which h = 150 W/(m?-K). The temperature of the liquid is 25°C. Prior to the chip being
energized it isin thermal equilibrium with the coolant (Tchip=Tiiquid). After the chip is energized its
temperature increases until a new steady state is established. The energized chip draws 0.20 W of
power. Assume an infinite contact resistance between the chip and substrate and negligible
conduction resistance within the chip determine:

a) Thefinal steady state temperature of the energized chip

b) Thetimerequired for the chip to come within 1°C of the final steady state temperature.

Note: The mass and specific heat of the chip are m = 10" kg and Co= 700 J(kg - K) respectively
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Determine a set of equations that could be used to determine the EOM relating the input e to the

output y for the hydraulic servo system.. DO NOT SOLVE THESE EQUATIONS! Y ou solution

should consist of numbered equations and alist of unknowns. Assume small displacements.
e(input)  Gil under

- pressure
/ J Housing does
1
X not move
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W .
ky2 List of Unknowns
ls Flexible tubing

- Yy (output)

Housing does /

not move
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For showers, a Boy Scout camp uses atank of water as shown below. Assume the length of pipe
is 25 feet long with an inside diameter of 0.5 in. Assume the pipeis copper (e = 0.000005 ft), the
90° elbows have aloss coefficient equal to Kgge = 2.0 and the entrance has aloss coefficient

equal to Key = 1.0. The kinematic viscosity of the water isn = 0.739 x 10 ft¥/s.

a) If when acamper starts to take a shower the initial velocity of water coming out the shower
head is 3 ft/s determine the height of water above the pipe discharge at thisinstant.

b) Assuming the area of the tank is 30 ft?, what would the water level be at the end of a 30
minute shower? Assume the friction factor is constant and equal to the value you obtained in
part 8). Note: The velocity coming out of the shower head is not constant.




