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一、Steam at 1.4 MPa, 300℃ is flowing in a supply line with different insulated systems 

attached, as shown in Fig. 1. Valves on the empty systems are opened, they fill up to the 

supply pressure, and the valves are closed. We neglect kinetic and potential energies and 

want to determine the final temperature for all three cases.   

20% 

 

 

二、The following data are for a simple steam power plant as shown in Fig. 2. State 6 has 

𝑥6 = 0.92 and velocity of 200 m/s. The rate of steam flow is 25 kg/s, with 300 kW of 

power input to the pump. Piping diameters are 200 mm from the steam generator to the 

turbine and 75 mm from the condenser to the economizer and steam generator. Determine 

the velocity at state 5 and the power output of the turbine. Also find the rate of heat 

transfer in the economizer and steam generator. Note that the specific volume at state 5 

is 0.06163 𝑚3/kg 

20%               

 

                   

三、A steam turbine receives water at 15 MPa, 600°C at a rate of 100 kg/s, as shown in Fig. 

3. In the middle section 20 kg/s is withdrawn at 2 MPa, 350°C and the rest exits the 

turbine at 75 kPa, with 95% quality. Assuming no heat transfer and no changes in kinetic 

energy, find the total turbine power output. 

    20% 
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四、A reversible steady state device, as shown in Fig. 4, receives a flow of 1 kg/s air at 400 

K, 450 kPa and the air leaves at 600 K, 100 kPa. Heat transfer of 800 kW is added from 

a 1000 K reservoir, 100 kW rejected at 350 K and some heat transfer takes place at 500 

K. Find the heat transferred at 500 K and the rate of work produced. The entropy change 

of air can be computed by the following equation with cp =1.004 kJ/kg-K and R =0.287 

kJ/kg-K. 

𝑆2 − 𝑆1 = 𝑐𝑝ln (
𝑇2
𝑇1
) − 𝑅 ln(

𝑃2
𝑃1
) 

20%                                                                                                          

%  

五、A two-stage air compressor has an intercooler between the two stages as shown in Fig.5. 

The inlet state is 100 kPa, 290 K, and the final exit pressure is 1.6 MPa. Assume that the 

constant pressure intercooler cools the air to the inlet temperature,T3 = T1 . It can be 

shown that the optimal pressure, P2 = (𝑃1𝑃4)
1
2⁄ , for minimum total compressor work. 

Find the specific compressor works and the intercooler heat transfer for the optimal P2. 

For air, cp =1.004 kJ/kg-K and cv =0.717 kJ/kg-K. 
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一、Five kg of water in a piston/cylinder arrangement exists as saturated liquid/vapor mixture 

at 400 kPa, with a quality of 50%, as shown in Fig.1. It is now slowly heated so that the 
volume triples. The mass of the piston is such that a cylinder pressure of 800 kPa will 
float it. Find the (a) initial volume, (b) state when piston is just floating, (c) final 
temperature and volume of the water. Represent the process on P-v and T- v plot.   

20% 
 
 
二、The piston/cylinder setup shown in Fig. 2 contains 0.2 kg of water at 800 kPa, 700 °C. 

The water is now cooled with a constant force on the piston until it reaches one third (1/3) 
of the initial volume. After this, it cools to 150 kPa while the piston is against the stops. 
Find the final water pressure and the work and heat transfer in the overall process, and 
show the process in a Ρ-v diagram. 

20%               
 

                   
三、A steam turbine receives water at 20 MPa, 700°C at a rate of 100 kg/s, as shown in Fig. 

3. In the middle section 30 kg/s is withdrawn at 3 MPa, 400°C and the rest exits the 
turbine at 75 kPa, with 95% quality. Assuming no heat transfer and no changes in kinetic 
energy, find the total turbine power output. 

    20% 
 
四、A combination of a heat engine driving a heat pump, as shown in Fig.4, takes waste energy 

at 50°C as a source Qw1 to the heat engine, rejecting heat at 30°C. The remainder Qw2 
goes into the heat pump that delivers a QH at 150°C. If the total waste energy is 5MW 
find the rate of energy delivered at the high temperature. 
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五、A two-stage air compressor has an intercooler between the two stages as shown in Fig.5. 
The inlet state is 100 kPa, 290 K, and the final exit pressure is 1.6 MPa. Assume that the 
constant pressure intercooler cools the air to the inlet temperature,T3 = T1 . It can be 
shown that the optimal pressure, P2 = (𝑃𝑃1𝑃𝑃4)1 2� , for minimum total compressor work. 
Find the specific compressor works and the intercooler heat transfer for the optimal P2. 
For air, cp =1.004 kJ/kg-K and cv =0.717 kJ/kg-K. 
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