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la) A steam power plant receives heat from a furnace at a rate of 280 GJ/h. Heat loses to the
surrounding air from the steam as it passes through the pipes and other components are estimated
to be about § GJ/h. If the waste heat is transferred to the cooling water at a rate of 145 GJ/h,

determine (a) net power output (b) the thermal efficiency of this power plant. (10 marks)
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1b) An inventor claims to have developed a heat engine that receives 750 kJ of heat from a
source at 400 K and produces 250 kJ of net work while rejecting the waste heat to a sink at

300 K. Is this a reasonable ¢laim ? Why? (10 marks)
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2) Circle the right answer in the following questions. (12marks)

a} A piston-cylinder device contains helium gas. During a reversible, isothermal
process, the entropy of the helium will ( never, sometimes, always) increase.

b) A piston-cylinder device contains nitrogen gas. During a reversible,  adiabatic
process, the entropy of the nitrogen will (never, sometimes, always) increase.

¢} The entropy of steam will (increase, decrease, remain the same) as it flows
through an actual adiabatic turbine.

d) The entropy of the working fluid of the ideal Camot cycle (increases, decreases,
remains the same) during the isothermal heat addition process.

e) The entropy of the working fluid of the ideal Camot cycle (increases, decreases,
remains the same) during the isothermal heat rejection process.

f) During a heat transfer process, the entropy of a system (always, sometimes, never)

increases.

3) During the isothermal heat addition process of a Carnot cycle, 900 kJ of heat is added to the
working fluid from a source at 400°C . Determine (a) the entropy change of the working fluid
{(b) the entropy change of the source (c) the total entropy change for the process.

{15 marks)
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4)  An insulated piston-cylinder device contains 5 L of saturated liquid water at a constant
pressure of 150 kPa. An electric resistance heater inside the cylinder is now turned on, and
2200 kJ of energy is transferred to the steam. Determine the entropy change of the water during

this process, in kJ/K. (25 marks}
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5) A heat engine recetves heat from a source at 1500 K at a rate of 700 kl/s, and it rejects the
waste heat to a medium at 320 K. The measured power output of the heat engine is 320 kW, and
the environment temperature is 25°C'. Determine (a) the reversible power (b} the rate of

irreversibility (c) the second law efficiency of this heat engine. (15 marks)
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6) A freezer is maintained at —7°C by removing heat from it at a rate of 79 kJ/min. The power
input to the freezer is 0.5 kW , and the surrounding air is at 24°C . Determine (a) the reversible

power (b) the irreversibility (c) the second law efficiency of this freezer. (15 marks)
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N R x s

d water—Pressure table
Specific volume, Internal energy, Enthalpy, Entropy,
m3kg klikg kl/kg kifkg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press., temp., liquid, vapor, liquid, Evap.,  vapor, liquid, Evap., vapor, liquid, Evap., vapor,
P kPa T °/C vy v, ty U Uy hy hig hy 5 Sp 5 -
0.6113 0.01 0.001000 20&.14 0.00 23753 23753 0.01 2501.3 2501.4 0.0000 S5.1562 9.1562
1.0 6.98 0.001000 129.21 29.30 2355.7 2385.0 26.30 24849 25142 0.1059 88697 8.9756
1.5 13.03 0.001001 87.98 54,71 23386 23933 5471 2470.6 25253 0.1957 86322 88279
2.0 17.50 0.001001 &7.00 73.48 2326.0 23995 73.48 24600 2533.5 0.2607 8.4629 8.7237
2.5 21.08 0.001002 54.25 88.48 23159 24044 88.49 24516 2540.0 0.3120 8.3311 8.6432
3.0 24.08 0.001003 4567 101.04 2307.5 2408.5 101.05 24445 25455 0.3545 8.2231 8.5776
4.0 28.96 0.001004 34.80 121.45 2293.7 24152 121.46 24329 25544 04226 8.0520 8.4746
5.0 32.88 0.001005 28.19 137.81 2282.7 24205 137.82 24237 2561.5 0.4764 7.9187 8.3951
7.5 40.29 0.00i008 19.24 168.78 2261.7 24305 168.79 24060 25748 05764 76750 8.2515
10 4581 0.001010 1467 121.82 2246.1 24379 191.83 2392.8 2584.7 0.6493 7.5009 8.1502
15 53.97 0.001014 10.02 22592 22228 24487 22594 23731 25991 0.7549 7.2536 B8.0085
20 60.06 0.001017 7.649 251.38 22054 2456.7 25140 2358.3 2609.7 0.8320 7.0766 7.9085
25 64.87 0.001020 6.204 271.90 2191.2 2463.1 271.93 23463 2618.2 0.8931 69383 7.8314
30 69.10 0.001022 5.229 289,20 21759.2 2468.4 28923 23361 26253 (0.5439 68247 7.7686
40 75.87 0.001027 3.993 317.53 21595 2477.0 317.58 2319.2 26368 1.0259 6£.6441 7.6700
50 81.33 0.001030 3.240 340.44 21434 24839 340.49 23054 26459 1.0910 6.5028 7.5939
75 91.78 0.001037 2.217 384,31 21124 24967 384.39 22786 2663.0 1.2130 6.2434 7.4564
Press.,
MPa
0.100 99.63 0.00i043 1.6940 417.36 2088.7 2506.1 417.46 2258.0 2675.5 1.3026 6.0568 7.3594
0.125 105.99 0.001048 1.3749 44419 2069.3 25135 44432 2241.0 26854 1.3740 59104 7.2844
0.150 111.37 0.001053 1.1593 466.94 2052.7 2519.7 467.11 22265 2693.6 1.4336 57897 7.2233
0.175 116.06 0.001057 1.0036 486.80 2038.1 25249 486099 22136 2700.6 14849 56868 7.1717
0.200  120.23 0.001061 0.8857 504.49 2025.0 25295 504.70 22019 2706.7 15301 55970 7.1271
0.225 124.00 0.001064 0.7933 520.47 2013.1 25336 520.72 2191.3 2712.1 15706 55173 7.0878
0.250 127.44 0.001067 0.7187 535,10 2002.1 2537.2 535.37 218l.5 2716.9 1.6072 5.4455 7.0527
0.275 130.60 0.001070 0.6573 54859 1991.9 2540.5 548.89 21724 2721.3 1.6408 53801 7.0209
0.300 133,55 0.001073 0.6058 561.i5 19824 25436 561.47 2163.8 27253 1.6718 5.3201 6.9%919
0.325 136.30 0.001076 0.5620 57290 1973.5 2646.4 573.25 21558 2729.0 1.7006 5.2646 6.9652
0.350 13888 0.001079 0.5243 BB3.95 19650 2548.9 584.33 21481 27324 17275 5.2130 £.9405
0.375 141.32 0.00108!} 0.4914 594.4C 19569 2551.3 594,81 21408 27356 1.7528 5,1647 69175
0.40 143.63 0.001084 0.4625 604.31 19493 2553.6 60474 2133.8 27386 1.7766 51193 6.8959
0.45 147.83 0.001088 0.4140 62277 19349 2557.6 623.25 2120.7 27439 1.8207 50359 68565
0.50 151.86 0.001093 0.3749 639.68 19216 2561.2 64023 21085 27487 18607 4.9606 6.8213
0.55 155.48 0.001097 0.3427 655.32 1909.2 2564.5 665.93 2097.0 2753.0 1.8973 4.8920 6.7893
0.60 158.85 0.001101 0.3157 669.90 1897.5 2567.4 67056 2086.3 27568 19312 4.8288 6.7600
.65 162.01 0©.001104 0.2927 683.56 1886.5 2570.1 684.28 2076.0 2760.3 1.9627 4.7703 6.7331
0.70 164.97 0.001108 0.2729 696.44 1876.1 2572.5 697.22 20662 27635 1.9%922 4.7158 6.7080
0.75 167.78 0.0601112 0.2556 708.64 1866.1 2574.7 709.47 2057.0 2766.4 2.0200 4.6647 6.6847
0.80 170.43 - 0.001115 0.2404 720.22 18566 2576.8 721.11 2048.0 2769.1 2.0462 46166 6.6628
0.85 17296 0.001118 0.2270 731.27 18474 2578.7 732.22 20394 27716 2.0710 45711 6.6421
0.90 175.38 0.001121 0.2150 741.83 18386 2580.5 742.83 2031.1 2773.9 2.0946 45280 6.6226
0.95 177.69 0.001124 0.2042 --7351.95 1830.2 2582.1 753.02 2023.1 27761 2.1172 4.4869 6.6041
1.c0 17991 0.001127 0.19444 761.68 1B22.0 25836 762,81 20153 2778.1 2.1387 4.4478 6.5865
1.10 184.09 0.001133 0.17753 780.09 1806.3 2586.4 781.34 2000.4 2871.7 2.1792 43744 6.5536
1.20 187.99 0.001139 0.16333 797.29 1791.5 2588.8 79865 19862 2784.8 2.2166 4.3067 6.5233
1.30 191.64 0.001144 C.15125 813.44 17775 25910 814,93 19727 2787.6 2.2515 42438 £.4953



