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If needed, consider the atmospheric pressure Patm equivalent to 100 kPa, g = 9.8 m/s2, and the water density as 1000 kg/m3.
Problem 1 [40 pts]
The water syringe shown in the figure is similar to those used in the medical field for intravenous injections. 
A. For the current position with H = 5 cm, what should the applied plunger force F be to achieve a steady volumetric flow rate of 12 ml/sec. There is no friction anywhere in the fluid. However, there is a solid-solid friction force between the plunger head and the inside wall of the cylinder equal to 
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 given in Newton when the plunger velocity, VP, is given in m/s, and the constants, k1 and k2 given as 9.1 and 11.3 respectively. The diameters are given as: D1 =10mm and D2 =1mm.
B. Assuming that this syringe is required for use in the International Space Station where gravity is negligible, recompute the plunger force F.
C. What do you conclude from your answers in (A) and (B) about the effect of gravity?

D. For the magnitude of the plunger force F, would it matter if the syringe were oriented as presently sketched or if it were upside down? Why?
Problem 2 [50 pts]
A number of FEA students have suggested that AUB should install a water fountain next to the Bechtel Building to beautify Lower Campus. It is expected that the fountain will be operated only during school days (approx. 150 days per year), for ten hours per school day. In one suggested design, the fountain will have 20 identical, vertical jets similar to the one shown in the figure – with each jet driven by its own pump. The electrically powered pump transfers water from a constant level reservoir to the fountain as shown. The jet leaves the pipe end with a diameter D = 12 mm, and velocity V = 20 m/s. Take the pump efficiency to be 80%, H1 to be 175 cm, H2 100 cm, and H3 75 cm. The friction head loss in the whole system is estimated to be 45 cm, approximately.

A. What is the maximum theoretical height (H4) that the jet can reach above the pipe exit?
B. Compute the required electric power consumption for one pump.

C. What are the electricity costs in USD for running this 20-jet fountain over one year. It costs AUB approximately 9 cents per kilo Watt-Hour. One USD is equivalent to 100 cents.
Problem 3 [20 pts]
Consider the 2-D conduit expansion shown in the figure (remember, 2-D means infinitely long into the page). Prove that the centerline pressure distribution p(x) for 
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 is given by: 
[image: image3.wmf]2

1

2

1

1

2

1

1

:

,

)

2

(

2

1

)

(

H

H

d

where

L

x

d

H

L

x

d

H

L

x

d

V

p

x

p

-

=

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

ú

û

ù

ê

ë

é

+

+

-

=

r

.
USEFUL FORMULAS

Bernoulli: 
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Energy Equation: 
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Efficiency: 
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Mass conservation: 
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Steady momentum conservation: 
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Power = torque x angular speed = force x velocity = Q x Dp
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