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	Attentions：
1. There are 【6】 problems on this exam, of which you are instructed to work only 

   【5】. If you work all 【6】 problems, only the first 【5】 will be graded. 

Each problem gets 【20】 points.
2. Please answer the problems by order. Don’t need to copy the problems on the answer sheet. Write all your answers on the answer sheet.
3. Do not write your name on the answer sheet.
4. (   )open book    ( V )close book


(1) (a) What is Clausius inequality?
(b) Show that Entropy is a thermodynamic property.

(c) Show that an isentropic process must be adiabatic and reversible.

(2) (a) Write the definitions of specific heat at a constant pressure cp and specific heat at a constant volume cv.

(b) Show that  
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(c) Explain that cp and cv should be nearly equal for incompressible fluid or solid.

(d) Show that cp - cv = R for an ideal gas where R is the gas constant.
(3) A certain pressure cooker as shown in Fig. 1 has a volume of 6 L and an operating pressure of 75 kPa gage. Initially, it contains 1 kg of water. Heat is supplied to the pressure cooker at a rate of 500 W for 30 min after the operating pressure is reached. 
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Assuming an atmospheric pressure of 100 kPa, determine (a) the temperature at which cooking takes place and (b) the amount of water left in the pressure cooker at the end of the process. (Using Fig.4 for thermodynamic properties of H2O)
[image: image2.emf] Fig.1
(4) (a) Explain the meanings of dead state of a system.

(b) A wind turbine with a 12-m-diameter rotor, as shown in Fig. 2, is to be installed at a location where the wind is blowing steadily at an average velocity of 10 m/s. Determine the maximum power that can be generated by the wind turbine.
[image: image3.emf]  Fig.2
(5) Steam enters a turbine steadily at 3 MPa and 450°C at a rate of 8 kg/s and exits at 0.2 MPa and 150°C, (Fig. 8–45). The steam is losing heat to the surrounding air at 100 kPa and 25°C at a rate of 300 kW, and the kinetic and potential energy changes are negligible. Determine (a) the actual power output, (b) the maximum possible power output, (c) the second-law efficiency, (d) the exergy destroyed, and (e) the exergy of the steam at the inlet conditions.  (Using Fig.4 for thermodynamic properties of H2O)
There are【4】 pages. This is page 3.
[image: image4.emf]  Fig.3
(6) A cryogenic manufacturing facility handles liquid methane at 115K and 5 MPa at a rate of 0.280 m3/s.  A process requires dropping the pressure of liquid methane to 1 MPa, which is done by throttling the liquid methane by passing it through a flow resistance such as a valve. Now someone proposes to replace the throttling valve by a turbine in order to produce power while dropping the pressure to 1MPa, determine:

(a) The maximum amount of power that can be produced by such a turbine,

(b) How much will this turbine save the facility from electricity usage costs per year if the turbine operates continuously (8760 hr/yr) and the facility pays NT$ 2.0/kWh for electricity?

[image: image5.jpg]TABLE 6-1

Properties of liquid methane

Specific

Temp., Pressure, Density, Enthalpy, Entropy, heat,
TK P MPa p kg/m hkJd/kg skd/(kg-K) C, kdJ/(kg
110 0.5 425.3 208.3 4.878 3.47€
1.0 425.8 209.0 4.875 3.471
2.0 426.6 2105 4.867 3.460
5.0 429.1 211510 4.844 3.432
120 0.5 410.4 243.4 51185 3.551
1.0 411.0 244 1 5.180 3.543
2.0 412.0 2454 5 8l 3.528

5.0 415.2 249.6 5.145 3.48¢
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Fig.4
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