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215-231 Thermodynamics 11
Mid-Term Test --- 2/2549

1. Answer the following questions as clear as possible. (20 points)
(a) Describe the relationship between “Entropy Generation” and “Exergy
Destruction.” (3 points)

(b) Describe the meaning of “Exergy” and explain what make it different from
“Reversible Work.” (3 points)

(c) What is the “Second-law Efficiency™? (3 points)

(d) Can the entropy generation (S ,, ) become negative? Explain? (3 points)

gen
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(e) When an air-conditioner dealer advertises that his air conditioner has an efficiency
of 100%, do you think this air-conditioner is necessarily good? Explain (4 points)

(f) What is the main difference between vapor power cycle and gas power cycle?
(2 points)

(g) What is the “Carnot Heat Engine”? (2 points)
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2. A well-insulated heat exchanger is to heat water (¢, =4.18 kl/kg" C) from 25 to 60°C at a

rate of 0.5 kgfs. The heating is to be accomplished by geothermal water
(¢, =4.31kl/kg’ C) available at 140°C at a mass flow rate of 0.75 kg/s. Determine
(a) the rate of heat transfer, and

(b) the rate of entropy generation in the heat exchanger.
(20 points)
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3. Air is compressed in a piston-cylinder device from 90 kPa and 20°C to 400 kPa in a
reversible isothermal process. Determine
(a) the entropy change of air,
(b) the heat transfer, and
(c) the work done.

Note that R, =0.287 kJ/kgK . (20 points)
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4. Water enters the boiler of a stead-flow Carnot engine as a saturated liquid at 0.85 MPa and
leaves with a quality of 0.95. Steam leaves the turbine at a pressure of 0.1 MPa. Draw the
T-s diagram of the cycle and determine

(a) the thermal efficiency,
(b) the quality at the end of the isothermal heat rejection process, and
(c) the net work output.

(20 points)
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5. (5.1) Does a power plant that has a highest thermal efficiency necessarily have a higher
second-law efficiency that one with a lower thermal efficiency? Explain. (2 points)

(5.2) Can a process for which the reversible work is zero be reversible? Can it be
irreversible? Explain. (2 points)

(5.3) A heat engine receives heat from a source at 1500 K at a rate of 700 kJ/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, and
(c) the second-law efficiency of this heat engine.
(16 points}
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Important table that would save your day!!

Properties of saturated water (vapor-liquid):

Specific volume, Internal energy, Enthalpy, Entropy,
mPfkgy kd/kg kg kJAkg - K)
$at. Sat. Sat. Sat. Sat.
Press., temp., liquid, Sat.vapor, Sat. Evap., vapor, Sat. Evap., Vvapor, Sat. Evap., vapor,
PkPa T,C v 7] Nquid, v, Uy Uy Wquid, h, b, by liquid, s; S, Sy
06113 0.01 0.001000 206.14 0.00 23753 2375.3 0.01 2501.3 2501.4 0.0000 9.15662 91562
1.0 6.98 0.001000 129.21 29.30 2355.7 2385.0 29.30 2484.8 2514.2 0.1059 8.8697 8.9756
15 13.03  0.001001 8v7.98 54.71 2338.6 2393.3 547 2470.6 2525.3 0.1957 8.6322 8.8279
20 17.50  0.001001 67.00 73.48 2326.0 2399.5 73.48 2460.0 2533.5 0.2607 8.4629 8.7237
25 21.08 0.001002 54.25 88.48 23159 2404.4 88.49 24516 25400 0.3120 8.3311 8.6432
3.0 2408 0.001003 45.67 101.04 2307.5 24085 101.05 24445 2545.5 00,3545 B.223%1 8.5776
40 28.96 0.001004 34.80 121.45 2293.7 2415.2 121.46 24329 2554.4 0.4226 8.0520 B.4748
5.0 3z2es  0.001005 28.19 137.81 2282.7 2420.5 137.82 24237 2561.5 0.4764 79187 8.3951
75 40.29 0.001008 19.24 168.78 2261.7 2430.56 168.79 2406.0 25748 0.5764 7.6750 8.2515
10 45.81 0.001010 14.67 191.82 2246.1 24379 191.83 2392.8 2584.7 0.6493 7.5009 8.1502
15 5397 0.001014 10.02 22592 22228 2448.7 22594 23731 2599.1 0.7549 7.2536 8.0085
20 60.06 0.001017 7.649 251.38 2205.4 2456.7 251.40 2358.3 2609.7 0.8320 7.0766 7.9085
25 6497 0.001020 6.204 271.90 21912 24631 271.93 2346.3 2618.2 0.8931 6.9383 7.8314
0 69.10  0.001022 5.229 289.20 2179.2 2488.4 289.23 23361 2625.3 0.9439 6.8247 71.7686
40 75.87  0.001027 3.993 31753 21585 2477.0 317.58 2319.2 2636.8 1.0259 6.6441 7.6700
50 81.33 0.001030 3.240 340.44 21434 2483.9 340.49 2305 .4 2645.9 1.0810 6.5029 7.5939
75 91.78 0.001037 2.217 38431 21124 2496.7 384.39 2278.6 2663.0 1.2130 6.2434 7.4564
Press.,
Mra
0,100 9963 0.001043 1.6940 417.36 2088.7 2506.1 417.46 2258.0 26755 1.3026 6.0568 7.3694
0.125 10599 0.001048 1.3749 444,19 2069.2 25135 444 32 2241.0 2685.4 1.3740 59104 7.2844
0.150 11137 0.001053 1.1593 466.94 2082.7 2519.7 467.11 2226.5 2693.6 1,4336 5.7807 7.2233
0175 16,08  0.001057 1.0036 4586.80 20381 2524.9 486.99 2213.6 2700.6 1.4849 5.60868 TATIT
0.200 120.23  G.001061 0.8857 504.49 2025.0 2529.5 504.70 22019 2706.7 1.5301 £.5970 71271
0.225 12400 0001084 0.7933 520.47 2013.1 2533.6 520.72 21913 221 1.5708 55173 7.0878
0.250 127.44  0.001087 07187 535.10 2002.1 2537.2 535.37 21815 27169 1.6072 5.4455 7.0527
0.275 130.60  0.001070 0.6573 548.59 18919 26405 548.89 2172.4 27213 1.6408 5.3801 7.0209
0.300 13355 0001073 0.6058 561.15 1982.4 2543.6 561.47 21638 27253 1.6718 53201 6.9919
0.325 136.30 0.001076 0.5620 572.90 19735 2546.4 §573.25 21558 27200 1.7006 5.2646 6.9652
0.350 138.88 0.001079 0.5243 583.95 1965.0 2548.9 584.33 21481 2732.4 1.7275 52130 6.9405
0.375 141.32  0.001081 0.4914 £04.40 1956.9 2551.3 594.81 2140.8 2735.6 1.7528 5.1647 6.9175
0.40 14363  0.001084 0.4625 604.31 1949.3 2553.6 604.74 21338 27386 1.7766 51193 6.8959
0.45 147.93 0.001088 0.4140 62277 19349 25578 623.26 2120.7 27439 1.8207 5.0359 6.8565
0.50 151.86 0.001093 0.3749 639.68 1921.6 2561.2 640.23 21085 2748.7 1.8607 49606 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 1887.5 2567.4 670.56 2086.3 2756.8 1.8312 48268 £.7600
0.65 162.01 0.001104 0.2927 6B83.56 1886.5 2570.1 £84.28 20760 2760.3 1.9627 4.7703 6.7331
0.70 164.97 0.001108 0.2729 696.44 1876.1 25725 697.22 2066.3 2763.5 1.9822 47158 6.7080
a7s 167.78 0.001112 0.2556 70B.64 1866.1 25747 709.47 20570 2766.4 2.0200 4.6647 6.6847
0.80 17043 0.001115 0.2404 720.22 1856.6 2576.8 72111 2048.0 2769.1 2.0462 4.6166 6.6628
0.85 17286 0001118 0.2270 731.27 1847.4 2578.7 732.22 2039.4 27716 20710 45711 6.6421
0.90 17538 0.001121 02150 741.83 1838.6 2580.5 742.83 20311 27739 2.0046 4.5280 6.6226
0.95 177.69 0.001124 0.2402 751.95 1830.2 26821 753.02 20231 27761 2.1172 4.4869 6.6041
1.00 179.91 Q.001127 0.19444 761.68 18220 2583.6 762.81 20153 27781 2.1387 44478 £.5865
1.1Q 184.09 0.001133 017753 780.09 1806.3 2586.4 T781.34 20004 2871.7 2.1792 43744 6.5536
1.20 18799 0.001139 0.16333 797.29 17915 2588.8 798.65 1986.2 2784.8 22166 4.3067 6.5233

4.30 191.64 0.001144 0.15125 813.44 17775 2591.0 814.93 1972.7 2787.6 2.2515 42438 6.4953



