
1. (20%) Answer the following questions briefly: 

(a) Write down the basic assumptions for the derivation of steady Bernoulli's equation. (4%) 

(b) Write down the definition of Reynolds number and describe briefly the major purpose of 
introducing this dimensionless number in fluid mechanics. (4%) 

(c) Let ii be the velocity field of an incompressible fluid. Write down the corresponding 
continuity equation in its simplest form. (4%) 

(d) Let ii = ya - xi be the velocity field of a fluid flow, where i , j  are the two unit basis 
vectors of the Cartesia~l coordinate system. Determine the expression of the corresponding 
streamlines. (4%) 

(e) Briefly describe and explain the phenomena of Cavitation. (4%) 

2. (10%) Water flows through the circular pipe contraction without any loss as shown in the 
figure below. For the given 0.25-m difference in the manometer level, determine the flowrate 
as a function of the diameter of the smaller pipe, D. 

3. (20%) Hydraulic jump is an interesting phenomenon commonly seen in the steady discharge 
of a free-surface channel of rectangular cross section. See the figure shown below. Due to 
the strong energy dissipation, Bernoulli equation is not applicable in this case. To derive the 
condition for the occurrence of hydraulic jump, use the control volume given in the figure. 

Control Volume 
..................... 

. , Y2 

(a) Write down the mass conservation equation and the moment equation for the control 
volume. For a reasonable approximation, you may neglect the wall friction at the bottom 
of the channel. Gravity effect, however, can NOT be neglected in this case. (10%) 

(b) Hydraulic jump occurs only if 2 1. Obtain the condition required for the occurrence 
of hydraulic jump. (10%) 



Problem 4 (158=(a) 8fi+(b) 753) 

A refrigerator maintains the freezer compartment at -5OC when the air 
surrounding the refrigerator is at 22°C. The rate of heat transfer from the 
freezer compartment to the refrigerant is 8000 ItJh and the power input 
required to operate the refrigerator is 3200 kJh. Determine (a) the 
coefficient of performance of the refrigerator and (b) compare with the 
coefficient of perfoimance of a reversible refrigeration cycle operating 
between reservoirs at the same two temperatures. 

Problem 5 (15%) 

A piston-cylinder device contains 0.1 m3 of nitrogen at 150 lPa, 25°C . 
The nitrogen is now compressed until the pressure is 1MPa and the 
temperature is 150°C. During this compression process heat is transferred 
from the nitrogen, and the work done on the nitrogen is 20 kJ. Determine 
the amount of heat transfer. 

( C ,  =1.041kJ lkg~K ,Cv = 0.744kllkg.K) 

Problem 6 (208=(a) 1 Ofi+(b) 1 0 8 )  

Air is compressed by an adiabatic compressor from 100 kPa and 285K to 
a pressure of 800 kPa at a steady rate of 0.25 ltgls. If the isentropic 
efficiency of the conlpressor is 85 percent, determine (a) the exit 
temperature of air and (b) the required power input to the compressor. 
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