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1.

(35%) A stationary piston-cylinder device contains 2 kg of air at 27°C and 100 kPa. The
air is now compressed to a pressure of 500 kPa according to the relation PV = constant.
P and V are the pressure and the volume, respectively. Determine the following:

(a) the initial volume of air. (7%)

(b) the final volume of air. (7%)

(c) the work input during the process. (7%)

(d) the change in total internal energy of the system (AU). (7%)

(e) the amount of heat transfer () during the process. (7%)

Gas constant of air, R =0.287 kJ/kgK ; Idea gas properties of air are given:

Tem_p;rfture Erit};lal_py Relative Pressure Intern_aL]?nergy
(K) (k/kg) o (kikg)
250 250 0.733 178
300 300 1.39 214
350 350 2.38 250
400 401 3.81 286
450 452 5.76 323
500 503 8.41 359
550 555 11.9 397
600 607 16.3 435
650 660 21.9 473

2. (15%) Consider two piston-cylinder devices shown below. In system A, heat is added, the

piston is free to move, and it is found that the magnitude of work done is more than the
magnitude of heat added. In system B, heat is added when the piston is resting against a set
of stops; therefore, the piston cannot move. Assume that changes in kinetic and potential
energy are negligible. You must provide justification with appropriate equation(s) to
receive full credit.

(a) What happens to internal energy when heat is added in system A? (increases; decreases;
or remains the same?) (8%)

(b) What happens to internal energy when heat is added in system B? (increases; decreases;
or remains the same?) (7%)
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3. (30%) Consider an ideal Stirling engine which thermal cycle includes two isothermal
processes and two isochoric processes. The maximum volume V. and minimum volume
Vmin of the working space is 500 cm® and 300 cm?, respectively. The engine is heated with
a heating temperature of 7;,= 800 °C and a room temperature of 7. = 27 °C. Suppose that
the working space of the engine is charged with 10 bar air at room temperature 7, and
minimum volume V,;,. (Hints: 1 bar = 100000 Pa, Gas constant R = 8.314 m*Pa-K-'-mol

D

(a) Calculate the thermal efficiency. (10 %)
(b) Calculate the indicated work. (10 %)
(c) Suppose the engine is operated at 1200 rpm, calculate the indicated power. (10 %)

4. (20%) A heat source at 800 °C loses 2000 kJ of heat to a sink at 500 °C and loses 2000 kJ
of heat to a sink at 600 °C.

(a) Calculate the entropy generation during these processes (10 %)
(b)Determine which heat transfer process is more irreversible. (10 %)




