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Instructions: 

1. Must do questions 1 - 3
2. You are allowed only a basic calculator (not a programmable one)



3. Clearly state all your knowns, unknowns, assumptions, and include a basic 
diagram representing your system. 

Problem 1 (20 marks)
A container  with  two circular  vertical  tubes  of  diameters  d1 =  39.5mm and  d2 =12.7mm is 
partially filled with mercury. The equilibrium level of the liquid is shown in the left diagram. A 
cylindrical object made from solid brass is placed in the larger tube (as shown) so that it floats, as 
shown in the right diagram. The object  is  D = 37.5mm in diameter  and  H = 76.2mm high. 
Calculate  the  pressure  at  the  lower  surface  needed  to  float  the  object.  Determine  the  new 

equilibrium level, h, of the mercury with the brass cylinder place. ( ρwater=¿  1000
kg
m3  , 

g = 9.81 m/s2).
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Problem 2 (20 marks)
At steady state conditions, a pump draws water from a reservoir through a 150-mm diameter 
suction pipe and delivers it to a 75-mm diameter discharge pipe, as shown on the diagram below. 
The end of the suction pipe is 2 m below the free surface of the reservoir. The pressure gage on 
the discharge pipe (2 m above the reservoir  face)  reads  170 kPa.  The average speed in  the 
discharge pipe is 3 m/s. If the pump efficiency is 75 percent, determine the power required to 
drive it. Effects of pressure, motion and gravity in the reservoir (point 1), as well as Shear and 

other work in the entire system are considered negligible.  ρwater=¿

¿
 999

kg
m3  and g = 

9.81 m/s2)P r o b l e m  4 . 1 8 9
Problem 4.157 [Difficulty: 3]
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Problem 3 (20 marks)
A reducer in a piping system is shown. The internal volume of the reducer is 0.2m3 and 
its mass is 25kg. Evaluate the total force that must be provided by the surrounding pipes 
to support the reducer. The fluid flowing through the reducer is gasoline with specific 

gravity of 0.72. ρwater=¿

¿
 1000

kg
m3  and g = 9.81 m/s2, Patm = 101 kPa)

P r o b l e m  4 . 7 1 Problem 4.69 [Difficulty: 3]
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