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1. (20%) Sketch schematic diagrams and accompanying 7-s diagrams of /‘—3
(2) a simple ideal Brayton cycle, | 19%)
(b) an ideal Brayton cycle with two-stage compression with intercooling, two-stage expansion with r¥]

reheating, and regeneration. ( '°°% )

2. (14%) A heat pump that operates on the ideal vapor compression cycle with refrigerant-134a is used to heat i
a house and maintain it at 22°C by using underground water at 10°C as the heat source. Select reasonabie
pressures for the evaporator and the condenser, and explain why you chose those values.

@) @%) 4

3. (16%)F A T 7 &8 2 £ &  (a) cogeneration, (b) relative humidity, (¢) dew point temperature, (d)

wet-bulb temperature. (4:£)

4. (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
1s 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. {5 %)
(b) Determine the heat transfer rate. ( 5 °4)

(¢) Determine whether the turbine has a heat lose or heat gain in the process. ( § °4)
(d) Draw the 7-v (temperature-specific volume) property diagram. ( & "4 )

5. (14%) What are the different mechanisms for transferring energy to or from a (a) control volume, anc? (b}
closed system, respectively? ¢ 7%4)

(47 (4%)
6. (1 6"/2 ?aﬁ BRAT 5 482 £ K&K (a) enthalpy, (b) flow work (or flow energy), (c) thermal

reservmr (d) the efficiency of a power plant. (4 %)
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Saturated refrigerant-134a—Temperature tabie

Sperific volume,
méike klixg

internal energy,

Erthaloy,
klikg

Entropy,
klikg. K
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5

—-10 200.74 0.0007535 0.099B16 38.40C 186.14
-8 217.08 00007571 0.092352 41.023 184.64
~& 234,44  0.0007608 0.085802 43.66 183.13
-4 252.85 0.0007646 0.079804 46.31 181.61
-2 27236 0.0007684 0.074304 4896 120.08

0 283.01 00007723 0.069255 5i.63 178.53
2 314.84 0.0007763 C.064612 54.30 176.97
4 33790 0.0007804 0.060338 56.99 175.3%
6 362.23 0.0007845 0.0563%98 59.68 173.80
8§ 3B7.88 0.0007887 0.052762 62.39 172.19

10 414.89 0.0007930 0.049403 6510 170.56
12 44331 0.0007975 (.046295 &7.83 168,92
14 473,19 0.0008020 0.043417 70.57 167.26
16 50458  0.0008066 0.040748 73.32 165.58
18 537.52 0.0008113 0.038271 76.08 163.88

26 572.07 {.0008161 0.035969 78.86 162.16
22 608.27 00008210 0.633828 81.64 160.42
24 B46.18 0.0008261 0.031834 84.44 158656
26 685.84 0.0008313 0.029976 B7.26 156.87
28 727.31 0.0008366 0.028242 90.09 155.05

30 770.64 0.0008421 0.026622 0293 153.22
32 815.89 0.0008478 0.025108 09579 151.35
34  863.11 0.0008536 0.023691 98.66 149.46
36 912.35 0.0008595 0.022364 101.E5 147.54
38 ©963.68 0.0008657 0.02111% 104.45 14558

40 1017.1 0.0008720 0.019952 107.38 143.60
42 1072.8 0.0008786 0.018855 110.32 141.58
44 1130.7 0.0008854 0.017824 113.28 139.52
46 1191.0 0.0008924 0.016853 116.26 137.42
48 1253.6 0.0008996 0.015935 (19.26 135.29

52 138e.2 0.0009150 0.014266 12533 130.88
56 1529.1 0.0009317 0.012771 131.49 126.28
60 1682.8 0.0009498 0.011434 137.76 12146
+ 6D 1891.6 0.0009750 0.009850 145.77 115.05
70 2118.2 0.0010037 0.008642 154.01 108.14
75 23658 0.0010372 0.007480 162.53 100.60
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156.13
164.98
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163.00
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156.43
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0.20439
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0.25286
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0.30063
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0.24780
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0.37e09
0.38548

0.39486
0.40425
0.41363
0.42302
0.43242

0.45126
.47018
0.48920
0.51320
0.53755
0.56241

0.78263
0.77130
0.76008
0.74896
0.73794

0.72701
0.71616
0.70540
0.69471

.0.68410

0.67356
D.66308
0.65266
0.64230
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0.61149
0.6013C
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0.93253
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0.91067
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0.89982
0.89512




