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1. [20%] During the isothermal heat addition process of a Carnot cycle, 800kJ of heat is added to the working
fluid from a source at 350°C. Determine
(a) the entropy change of the working fluid [7%],
(b) the entropy change of the source [7%], and
(c) the total entropy generation for the process [6%).

2. [30%] An air standard cycle is executed in a closed system and is composed of the following four
processes:
Process 1-2: Isentropic compression from 100kPa and 27°C to 1 MPa,
Process 2-3: Constant-pressure heating in amount of 2500 kl/kg,
Process 3-4: Constant-volume cooling to 100kPa,
Process 4-1: Constant-pressure expansion to initial state.
For air at 25°C, C,=1.005 kJ/(kg - K) and C,=0.718 kl/(kg - K).
(a) Show the cycle on P-v and T-s diagrams [10%].
(b) Calculate the maximum temperature in the cycle [10%].
(c) Determine the thermal efficiency for this standard cycle [10%)].

3. [50%] Electric power is an important worldwide issue in this century. Although there are many forms
of power genefatiom, the use of wind turbine and sea turbine are considered two promising approaches.
For your information, sea turbine is very similar to wind turbine except that power is generated via sea
current flow rather than the wind. This problem concerns these two sources of power generation.

(a) For wind turbine, the diameter of the wind turbine is Dy, freestream wind velocity V., and air
density py (see diagram below), calculate the total power available in the wind, [8%]

(b) For sea turbine, the diameter of the wind turbine is D, freestream wind velocity V, and air
density ps (also see diagram below), calculate the total power available in the sea current. [8%]

(c) Isit possible to convert all available wind or sea current into electric power? From an
engineering perspective, please discuss in details why or why not. [8%]

(d) Assuming the density of sea water is 1000 times that of air, if both the wind and the sea current
have the same velocity V, what is the relationship between the diameters of the wind turbine and
the sea turbine in order to generate the same power for both turbines? Please discuss in words
what your answer imply for wind and sea turbine design. [8%]

(e) How would one calculate maximum turbine output due to available energy in the wind (or sea
current)? What considerations are required? (Do not perform the calculation here, but in (£).)
[10%)]

(f) Now, perform the calculate described in step (g). [8%]

Diameter D—, Velocity V

Fluid density p
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Appendix:
Table 1. Ideal gas properties of air,

T h u 5 T h u s°
K ki/kg P kJ/kg v, W/kg - K K klikg P, kifkg v, kJkg - K

200 198.97 0.3363 142.56 1707.0 1.29559 580 586.04 14.38 419.55 1157 2.37348
210 209.97 0.3987 14969 1512.0 1.34444 590 596.52 1531 427.15 110.5 2.39140
220 219.97 0.4650 156.82 1346.0 1.39105 600 607.02 16.28 434.78 105.8 2.40902
230 230.02 0.5477 164.00 12050 1.43557 610 61753 17.30 44242 101.2 2.42644
240 240.02 0.6355 171.13 10840 1.47824 620 628.07 1836 450.09 96.92 2.44356

250 250.05 0.7329 17828 979.0 1.51917 630 . 638.63 19.84 457.78 02.84 2.46048
260 260.03 0.8405 185.45 B887.8 1.55848 640 64922 20.64 46550 88.99 2.47716
270 270.11 0.9590 192.60 808.0 1.59634 650 659.84 21.86 473.25 8534 2.49364
280 280.13 1.0889 199.75 738.0 1.63279 660 670.47 23.13 481.01 B81.89 2.50985
285 28514 1.1584 203,33 706.1 1.65055 670 681.14 2446 4BB.81 7861 2.52589

290 290.16 1.2311 206.91 676.1 1.66802 680 651.82 2585 49662 7550 2.54175
295 295.17 1.3068 210.45 647.9 1.68515 €90 70252 27.29 504.45 7256 2.55731
298 298.18 1.3543 21264 631.9 1.69528 700 713.27 2880 51233 69.76 257277
300 300.18 1.3860 214.07 621.2 1.70203 710 724.04 30.38 52023 67.07 2.58810
305 305.22 1.4686 217.67 596.0 1.71865 720 73482 3202 528.14 64.53 2.60319

310 310.24 1.5546 221.25 572.3 1.73498 730 74562 33.72 536.07 62.13 2.61803
315 31527 1.6442 22485 549.8 1.75106 740  756.44- 35550 544,02 59.82 2.63280
320 320,29 1.7375 228.42 5286 1.76690 750 767.29 37.35 551.99 57.63 2.64737
325 32531 1.8345 232.02 5084 1.78249 760 77818 39.27 560.01 5554 2.66176
330 330.34 19352 23561 489.4 1.79783 780 800.03 43.35 576.12 51.64 2.69013

340 34042 2.149 24282 4541 1.82790 800 821.95 47.75 592.30 48.08 2.71787
350 35049 2379 250.02 4222 1.85708 820 843.58 5259 60B.50 44.84 274504
360 360.58 2.626 257.24 393.4 1.88543 840 866.08 57.60 624.95 4185 2.77170
370 370.67 2.892 264.46 367.2 1.91313 860 888.27 63.09 641.40 39.12 2.79783
380 38077 3.176 271.69 343.4 1,94001 880 ©010.56 68.98 657.95 36,61 2.82344

390 390.88 3.481 27893 3215 196633 800 93293 7529 674.58 34.31 2.84855
400 400.98 3.806 286.16 301.6 1.99192 920 95538 82.05 691.28 32.18 2.87324
410 411.12 4,153 293.43 283.3 2.016599 540 977.92 89.28 708.08 30.22 2.89748
420 421.26 4522 300.69 266.6 2.04142 960 1000.55 97.00 725.02 2840 2.92128
430 431.43 4915 307.99 251.1 2.06533 980 1023.25 1052 741.98 26.73 2.94468

440 44161 5332 31530 236.8 2.08870 1000 1046.04 114.0 75894 2517 2.96770
450 451.80 5.775 322.62 2236 2.11161 1020 1068.89 1234 776.10 23.72 2.99034
460 462.02 6.245 329.97 211.4 2.13407 1040 1091.85 133.3 793.36 23.29 3.01260
470 47224 6,742 337.32 200.1 2.15604 1060 1114.86 143.9 810.62 21.14 3.03449
480 48249 7.268 34470 189.5 2.17760 1080 1137.89 1552 827.88 19.98 3.05608

490 49274 7.824 352.08 179.7 2.19876 1100 1161.07 167.1 84533 18.896 3.07732
500 503.02 8.411 359.49 170.6 2.21952 1120 1184.28 179.7 862.79 17.886 3.09825
510 513.32 9.031 366.92 162.1 2.23993 1140 1207.57 193.1 880,35 16.946 3.11883
520 523.63 9.684 374.36 154.1 2.25997 1160 1230.92 207.2 897.91 16.064 3.13916
530 533.98 10.37 381.84 146.7 2.27%67 1180 1254.34 2222 91557 15241 3.15916
540 544.35 11.10 389.34 1397 2.29906 1200 1277.76 238.0 ©933.33 14.470 3,17888
550 555.74 11.86 396.86 133.1 2,3180% 1220 1301.31 254.7 951,09 13.747 3.15834
560 565.17 12.66 404.42 127.0 2.33685 1240 132493 2723 968.95 13,069 3.2175]
570 575.59- 13.50 411,97 121.2 2.35531
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