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. (20%) Sketch schematic diagrams and accompanying 7-s diagrams of
(a) a simple ideal Brayton cycle, { [D?ﬁ)
(b) an ideal Brayton cycle with two-stage compression with intercooling, two-stage expansion with |

reheating, and regeneration. (107;)

. (14%) A heat pump that operates on the ideal vapor compression cycle with refrigerant-134a is used to heat -
a house and maintain it at 22°C by using underground water at 10°C as the heat source. Select reasonable

pressures for the evaporator and the condenser, and explain why you chose those values.

. (16%)EHA T 7.8 B £ & ' (a) cogeneration, (b) relative humidity, (¢) dew point temperature, (d)
wet-bulb temperature. (@M}L 4—7:0)

. (20%) A steam turbine operates with 1.6 MPa and 350°C steam at its inlet and saturated vapor at 30°C at its
exit. The mass flow rate of the steam is 10 kg/s, and the turbine produces 5000 kW of power. Note that there
is heat transfer through the casing of this turbine. (Some of the water properties: The saturated pressure at
350°C is 1.65MPa. The enthalpy of saturated vapor at 350°C is 2418 kJ/kg. The enthalpy of vapor at 350°C
and 1.6 MPa is 3146 kJ/kg. The enthalpy of saturated vapor at 30°C is 2555 kJ/kg. The enthalpy of
saturated liquid 30°C is 126 kJ/kg. )

(a) Perform the energy balance and derive the equation for the heat transfer rate. ( § %)

(b) Determine the heat transfer rate. ( _;’7;)

(¢) Determine whether the turbine has a heat lose or heat gain in the process. ( £ %)

(d) Draw the 7T-v (temperature-specific volume) property diagram. (& /,” )

. (14%) (a) Can you increase the thermal efficiency of a reversible heat engine? Explain. (b) How to increase
the thermal efficiency of a actual heat engine? Leacl\ 7%)

. (16%) #HERATHLH2 T A FE R | (a) enthalpy, (b) flow work (or flow energy), (c) thermal
reservoir, (d) the efficiency of a power plant. '(@:)Lcl't q,?{,)
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Saturated refrigerant-134a—Temperature table
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Specific volume. Internal energy, Enthalpy,
m3/kg : klkg kJ'ke

Entropy,
klfkg-K

Sat. Sat. Sat. 3at. Sat. Sat.
Temp., press., liquid, vapor, liquid, Evap., wvapor, liquid, Evap.,
rec Psat kPa Vr Vg Ug U,rg Ug h,r hfg

Sat.
vapor,

by

Sat.
liquid,
S¢

Evap.,
S

Sat.
vapor,

Sg

—10 200.74 0.0007535 0.099516 38.40 186.14 224.54 38.55 205.96
-8 217.08 0.0007571 0.092352 41.03 184.64 225.67 41.1% 204.52
-6 234.44 0.0007608 0.085802 43.66 183.13 226.80 43.84 203.07
_4 252.85 0.0007646 0.079804 46.31 181.61 227.92 46.50 201.60
-2 27236 0.0007684 0.074304 48.96 180.08 229.04 49.17 200.11

0 293.01l 0.0007723 0.069255 51.63 178.53 230,16 51.86 198.60
2 314.84 (0.0007763 0.064612 5430 17697 231.27 5455 197.07
4 337.80 0.0007804 0.060338 56.99 17639 232.38 57.25 195.51
6 362.23 0Q.0007845 0.056398 59.68 173.80 23348 5B.97 193.94
8 387.88 ' 0.0007887 0.052762 62.39 17219 234.58 62.6% 192.3%

10 414.89 0.0007930 0.049403 65.1C 17056 235.67 6543 190.73
12 443.31 0.0007975 0.046295 67.83 168.92 236.75 68.18 189.09
‘14 473,19  0.0008020 0.043417 70.57 167.26 237.83 70.95 18742
16 5D4.58 0.0008066 0.040748 73.32 16558 238,90 73.73 185.73
.18 537.52 0.0008112 0.038271 76.08 163.88 239.96 76.52 184.01

20 57207 0.0008161 0.035965 78.86 162.16 24102 79.32 182.27
22 608.27 0.0008210 0.033828 8l.64 160.42 242,06 82.14 180.49
24 B646.18 0.0008261 0.031834 84.44 158.65 243,16 8498 178.69
26 685.84 0.0008313 0.029976 87.26 156.87 244.12 87.83 176.85
28 727.31 0.0008366 0.028242 §0.09 15505 245.14 90,69 174.99

30 770.64 0.0008421 0.026622 9293 15322 246.14 93.58 173.08
32 815.89 0.0008478 0.026108 9579 15135 247.14 9648 17114
34 863.11 0.0008536 0.023691 - 98.66 149.46 248.12 ©99.40 169.17
36 912.35 0.0008595 0.022364 101.55 147.54 249.08 102.33 167.16
38 963,68 0.0008657 0.021119 104.45 14558 250.04 105.29 165.10

40 1017.1 0.0008720 0.019952 107.38 143.60 250.97 108.26 163.00
42 1072.8 0.0008785 0.018855 110.32 14158 25189 111.26 160.86
44 11307 0.0008854 0.017824 113.28 13952 252.80 114.28 158.67
46 1191.0 0.0008924 0.016853 116.26 13742 25368 117.32 156.43
48 1253.6 0.0008996 0.015939 119.26 13529 25455 120.39 154.14

52 1386.2 0.0009150 0.014265 12633 130.88 256.21 126.59 149.39
56 1529.1 0.0009317 0.012771 131.49 12628 257.77 13291 144.38
60 1682.8 0.0009498 0.011434 137.76 121.46 25922 139.36 139.10
65 1891.0 0.0009750 0.009950 14577 11505 260.82 147.62 132.02
70 2118.2 0.0010037 0.008642 154.01 108.14 26215 156,13 124.32
75 2355.8 (.0010372 0.007480 162.53 10060 263.13 164.38 115.85

244.51
245.72
246.91
248,10
249.28

250.45
251.61
252.77
253.91
255.04

256.16
257.27
258.37
259.46
260.53

261.59
262.64
263.67
264.68
265.68

266.66
267.62
268.57
269.49
270.39

271.27
272.12
272.95
273.75
274.53

275.98
277.30
278.46
279.64
280.46
280.82

0.15504
0.16498
0.17489
0.18476
0.19459

0.20439
0.21415
0.22387
0.23356
0.24323

0.25286
0.26246
0.27204
0.28159
0.29112

0.30063
0.31011
C.31958
0.32903
0.33846

0.34785
0.35730
0.36670
0.37609
0.38548

0.39486
0.40425
0.41363
0.42302
0.43242

0.45126
0.47018
0.48520
0.51320
0.53756
0.56241

0.78263
0.77130
0.76008
(.74896
0.73724

0.72701
0.71616
0.70540
0.69471
0.68410

0.67356
0.66308
0.65266
0.64230
0.63198

0.62172
0.61149
0.60130
0.59115
0.58102

0.57091
0.56082
0.55074
0.54066
0.53058

0.52049
0.51039
0.50027
0.49012

0.47993

0.45941
0.43863
0.41745
0.39039
0.36227
0.33272

0.93766
0.93629
0.93497
0.93372
0.93253

0.93139
0.93031
0.92927
0.92828
0.92733

0.92641
0.92554
0.92470
0.92389
0.92310

0.92234
0.92160
0.92088
0.92018
0.91948

0.91879
0.91811
0.91743
0.91675
0.91606

{.51536
0.91464 |
0.51381
0.81315
0.91236

0.81067
0.90880
0.90669
0.90359
0.89982
0.89512




