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1. Figure 1 is the Carnot cycle process. Please indicate the title of each process. (such as: which
process is reversible isothermal compression?) (20%)
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Fig. 1 | Fig. 2

2. As Fig. 2, air in a large building is kept warm by heating it with steam in a heat exchanger.
Saturated water vapor enters this unit at 45°C at a rate 2 kg/s and leaves as saturated liquid at
40°C. Air at 1 atm pressure enters the unit at 20°C and leaves at 35°C about the same pressure.
Determine the rate of entropy generation (s,,) associated with this process. The property of air is
¢, = 1.005 kJ/kg*°C) (25%)

3. As Fig. 3, a piston-cylinder device initially contains 50 L of liquid water at60°C and 100 kPa. Heat
is transferred to the water at constant pressure until the final temperature at 280°C. (a) What is
the mass of the water? (b) What the final volume? (c) What the final enthalpy? (d)
Determine the water heated energy (Q) from initial state to final state, and () Show the
process on a P-v diagram with respect to saturation lines. (30%)
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4 As Fig. 4, R-134a is to be cooled by water in a condenser. The R-134a enters the condenser with a
mass flow rate at 2 kg/s at 1 MPa and 150°C and leaves at 40°C. The cooling water enters at 10
kPa and 30°C and leaves to produce saturated liquid-vapor mixture state at 10 kPa and quality
x = 0.05. The heat lost is 100 kW. Neglect any pressure drops, determine (a) the mass flow rate of
the cooling water required and (b) the heat transfer rate from the R-134a to water. (25%) ‘
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"TABLE A-4

Saturated 'water—Temperature table
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Specific volume, Internal energy, . Enthalpy. Entropy,
m3/kg kJ/kg kl/kg kJ/kg-K
Sat. Sat. Sat. Sat. ) Sat. Sat. Sat. Sat. Sat.
Tempf, press., liquid, vapor, liquid, Evap., vapor, liquid, Evap., vapor, liquid, Evap., vapor,
T°C . P, kPa. vy Vg Uy Up Uy hy hyg he S Spg St
25 3.1698 0.001003 43.340 104.83 2304.3 2409.1 104.83 2441.7 2546.5 0.3672 8.1895. 8.5567
30 4.2469 0.001004 32.879 125.73 2290.2 2415.9 125.74 2429.8 2555.6 0.4368 8.0152 .8.4520
35 5.6291.  0.001006 25.205 146.63 2276.0 2422.7 146.64 2417.9 2564.6 0.5051 . 7.8466 8.3517
40 7.3851 .0.001008 19.515 167.53 2261.9 2429.4 167.53 2406.0 2573.5 0.5724 7.6832. 8.2556
45 9.5953 . 0.001010 15.251 188.43 2247.7 2436.1 188.44 2394.0 2582.4 0.6386 7.5247 8.1633
50 12352 0.001012 12.026 209.33 2233.4 2442.7 209.34 2382.0 2591.3 0.7038 - 7.3710 8.0748
55 15.763 0.001015 9.5639 230.24 2219.1 2449.3 230.26 2369.8 2600.1 0.7680 7.2218 7.9898
60 19.947 0.001017 7.6670 251.16 2204.7 2455.9 251.18 2357.7 2608.8 0.8313 7.0769 -7.9082
65 25,043 0.001020 6.1935 272.09 2190.3 2462.4 272.12 2345.4 2617.5 - 0.8937 6.9360 7.8296
‘70 31.202 0.001023 5.0396 293.04 2175.8  2468.9 293.07 2333.0 2626.1 0.9551 6.7989_ 7.7540

Saturated :water—Pressure table

Specific volume, Internai energy, Enthalpy, Entropy,
m¥kg kJ/kg kJ/Kg kd/kg 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 Tt °C vy Vg Uy Uy, Uy hy he hy 5 S Sy
5.0 32.87 0.001005 28.185 137.75 2282.1 24198 137.75 2423.0 2560.7 0.4762 7.9176 .8.3938
7.5 40.29 0.001008 19.233 168.74 2261.1 2429.8 168.75 2405.3 2574.0- 0.5763 7.6738 8.2501
10 45.81 0.001010 14.670 191.79 2245.4 2437.2 191.81 2392.1 2583.9 0.6492 7.4596 8.1488
15 63.97 0.001014 10.020 22593 22221 2448.0 225.94 2372.3 25983 0.7549 7.2522 8.0071
20 60.06 '0.001017 7.6481 251.40 2204.6 2456.0 251.42 2357.5 2608.9 0:8320 7.0752  7.9073
25 64.96 - 0.001020 6.2034 271.93 2190.4 2462.4 271.96. 23455 2617.5 0:8932 6.9370 7.8302

T v u- h s v u h s 1 ov u h s
°C '~ m3/kg kJ/k kJ/kg kikg-K | m3/kg kJ/kg kid/kg = kl/kg-K m3/kg  ki/kg - kl/kg -klkg-K
P = 0.01 MPa (45.81°C)* : ) = 0.05 MPa {81.32°0) P =0.10 MPa (,979‘-.6‘1"0)

100° 17.196 2515.5 2687.5 8.4489 3.4187 - 2511.5 2682.4 7.6953 1.6959 - 2506.2 . 2675.8 7.3611
150 19:513 2587.9 2783.0 8.6893 3.8897 2585.7 2780.2 7.9413 1.9367 25829 2776.6..7.6148
200 - 21.826 2661.4 2879.6 @ 8.9049 4.3562 2660.0 2877.8 8.1592 2.1724 2658.2 2875.5 7.8356
250 24.136 . 2736.1 2977.5 9.1015 4.8206 2735.1 2976.2 8.3568 2.4062 " 2733.9 2974.5 8.0346
300 @ 26.446: = 2812.3 3076.7 9.2827 5.2841 - 2811.6 .3075.8 8.5387 2.6389 - 2810.7 - 3074.5- 8.2172
400 31.063 .2969.3° 3280.0 9.6094 6.2094. 2968.9 - 3279.3 .8.8659 3.1027  2968.3 3278.6 8.5452
500 35.680. 3132:9 3489.7 9.8998 7.1338 3132.6 3489.3 '9.1566 3.5655 3132.2 3488.7 8.8362
600 40.296 3303.3° 3706.3 10.1631 8.0577 3303.1 3706.0 9.4201 4.0279 3302.8 3705.6 9.0999

'TABLE A-13 e

Superheated refrigerant-134a (Concluded)

T v u h s v u h s v u “h. s

°C mi/kg kd/kg kl’kg  kd/kg-K m3/kg kd/kg ki/kg  kl/kg-K m%kg kJ/kg “kitkg ki/kg-K

P=0.80 MPa (T, = 31.31°%C) P = 0.90 MPa (T,,, = 35.51°C) P = 1.00 MPa (T,,, = 39.37°C)

Sat. 0.025645 246.82 267.34 0.9185 0.022686 248.82 269.25 0.9169 0.020319 250.71..271.04 0.9157
40 0.027035 254.84 276.46 0.9481 0.023375 253.15 274.19 0.9328 | 0.020406 -251.32 271.73 0.9180
50.0.028547 263.87 286.71 0.9803 0.024809 262.46 284.79 0.9661 0.021796 260.96 282.76 0.9526
60 ~0.029973 272.85 296.82 1.0111 0.026146 271.62- 295.15 0.9977 0.023068 270.33 293.40 0.9851
130 0.038813 337.42 .368.47 1.2062 | 0.034241 336.78 367.59 1.1949 0.030581 336.12 366.70 1.1847 .
140 0.039985 -347.08 379.07 1.2321 0.035302 .346.48 378.25. 1.2211 0.031554 '345.’87 377.42 _1.‘2110
150 -0.041143 356.86 389.78 1.2577 0.036349 356.30. 389.01 1.2468 0.032512 355.73 .388.24 1.2369
160 0.042290 366.78 400.61 1.2830 0.037384 366.25 399.89 1.2722 0.033457 "365.71 399.17 1.2624




