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MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
DEPARTMENT OF MECHANICAL ENGINEERING 

2.005 Thermal-Fluids Engineering I 
 

PROBLEM SET #3, Fall Term 2008 

Issued: Thursday, September 18, 2008         Due: Thursday, September 25, 2008, 9:30am 

 

 

 

Problem 0: Please read the course notes through chapter 4 and chapter 2 in White. 

 

 

Problem 1   

A pump slowly introduces mercury into the bottom of the closed tank in the figure below.  At the 

instant shown, the air pressure pa= 80 kPa. The pump stops when the air pressure rises to 110 

kPa and an engineer closes a valve at the exit of the pump at that time.  All fluids remain at 20
o
C.  

At that temperature, the density of water and mercury are 998 and 13,550 kg/m
3
, respectively 

(White, App. A, pg 817). 

 

a) What is the manometer reading h when the air pressure reaches 110kPa, if it is connected to 

standard sea-level ambient air patm=101.35 kPa? 

b) Sketch a profile of the pressure distribution in the tank. 

c) What is the pressure at the bottom of the tank initially (when pa= 80 kPa)? What is it at the 

end of the process (when pa= 110 kPa)? 

With the valve still closed, a hole forms at the top of the tank so that the air becomes in contact 

with the ambient air.  

d) If the cross-sectional areas of the tank and manometer are 0.1m
2
 and 0.001 m

2
 respectively, 

what is the new manometer reading h? 
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Problem 2 

 
 

Galileo Galilei was brought in as a consultant for the casting of bells when the forms of the bells 

kept breaking when the molten metal was poured into them. To understand the forces in the 

pouring process, let us consider the simple parabolic bell forms proposed as show in the section 

in the graph above. The bell is, rather obviously, a solid of revolution. The metal (assume the 

density is 9000 kg/m
3
) will be poured into the space between the parabolas.  The parabolas are 

identical except that the upper parabola is vertically displaced 20 cm from the lower one. The 

lower parabola goes through the origin and the point (1m, 2m).  The mold will be filled until the 

metal surface reaches the axial coordinate of 3 meters. 

 

a) Please determine the weight of the metal that will be poured into the mold. 

b) Please determine the net force on the surface of the lower mold, compare this to the weight 

you calculated in part a) and explain any differences you might obtain. (Hint: how is the 

hydrostatic pressure in the space between the parabolas changing with height?). 

c) Please determine the net force on the inner mold. 
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Problem 3 

 
 

An inventor proposes to generate power from the tidal rise and fall of the ocean surface by 

linking a float to an electric generator. The proposed device is sketched in the figure above. A 

cylindrical tank of diameter D = 5 m and height H = 15 m is attached to a lever that causes the 

armature of an electric generator to rotate as the tank rises and falls with the level of the ocean. 

The density of ocean water is = 1030 kg/m
3
. 

 

It is proposed that at low tide the float and lever will be locked at its equilibrium position where 

the buoyant force of the water is balanced by the gravity force on the float (neglecting the gravity 

force on the lever). At this point, the float is half submerged as shown in the sketch above. The 

tide rises h = 5 m over the next six hours and at high tide the device is unlocked. The extra force 

on the float pushes it upward actuating the generating station and causing the generator to 

generate electricity. The electric generator and the float have been matched so that the float rises 

slowly when the float is unlocked. (Why?) When the float has risen a distance h, the extra 

buoyant force will have returned to zero and no more power can be generated. At this point, the 

apparatus is locked in place until the tide has returned to its low tide level when the second half 

of the power generation cycle is completed. 

a) Please calculate the force F0 exerted by the float on the lever at high tide just before the 

lever is released. 

b) Please derive an expression for the force F exerted by the float when it has risen slowly a 

distance z from its initial position. 

c) Calculate the energy E generated by the electric generator (assumed 100% efficient) 

during the process of the float rising through the distance h. 

d) Derive an expression for the total energy Et produced in one tidal cycle. 

e) What is the average daily power output of this plant? How does this compare to MIT’s 18 

MW gas-turbine-based power plant? 
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Problem 4 (W2.128/9) 

 

 
 

A very simplified model for an iceberg is a cube floating in water as shown in the figure above. 

If the densities of the ice and seawater are normalized to that of seawater, then glacier ice has a 

normalized density of S= 0.88 and seawater a value of S=1. The dimension W and L are assumed 

equal here, W=L. 

a) What is the distance between the center of buoyancy and the water surface? 

b) What is the distance between the metacenter and the center of buoyancy for the 

configuration shown in the figure? 

c) Is this cubic iceberg stable in the position shown in the figure? 

 

Suppose now that the iceberg vertical surfaces melt preferentially so that the height of the berg, 

L in this case, exceeds its width, W. 

d) At what ratio of W/L will the iceberg begin to turn over? 
 

 

Problem 5 (W 2.76) 

 
Please consider the angled gate ABC shown in the figure above. The depth of the gate into the 

figure is L and the gate is pivoted at C as shown. The density and depth of the fluid are and h, 

respectively. The interior half angle in the gate is . Please develop an analytic expression for the 

force F required to keep the angled gate closed. What is the functional dependence on ? 

 


