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[20%]

1. Propane contained in a piston-cylinder assembly, initially at 30 °C, 1 bar, and a volume
of 0.2 m3. The propane undergoes a process to a final pressure of 4 bar, during which
the pressure-volume relationship is p¥*! = constant. For the propane, if kinetic and
potential energy effects can be ignored, evaluate

[10%] (1) the work, in kJ

[10%] (2) the heat transfer, in kJ.

Properties of Superheated Propane

T 7 u h s T v ) h s
°C m’/kg kl’/kg ki/kg KkIkg-K °C m/kg kifkg kl/kg klkg-K
p = 1.0 bar = 0.1 MPa p = 4.0 bar = 0.4 MPa
(T = —42.38°C) (T = —5.46°C)

Sat. 0.4185 378.5 | 4203 1.822 Sat. 0.1137 418.0 | 463.5 1.751
—50 0 0.1169 426.1 | 4729 1.786
—40 04234 | 381.5 | 423.8 1.837 10 0.1227 441.2 | 4903 1.848
—30 04439 | 3942 | 438.6 1.899 20 01283 | 456.6 | 507.9 1.909
—-20 04641 4073 | 453.7 1.960 30 0.1338 | 4722 | 525.7 1.969
—i0 0.48472 40.7 | 469.1 2.019 40 0.1392 488.1 | 543.8 2.027

10 05238 | 4486 | 501.0 | 2.136 60 0.1498 | 5211 | 581.0 | 2143
- 80 0.1601 555.7 | 619.7 2.255
30 05629 478.2 | 53435 2.251 .
40 0.5%24 4937 | 551.9 2307 90 0.1652 573.5 | 639.6 2.311
) ’ ' i 100 0.1703 591.8 | 659.9 2.366
50  0.6018 509.5 | 569.7 2.363
60 0.6211 5258 | 587.9 2419 110 0.1754 6104 | 680.6 2.421
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[30%]

2. Nitrogen enters a well-insulated diffuser operating at a steady state at 0.656 bar, 300 K
with a velocity of 282 m/s. The inlet area is 4.8X107° m?. At the diffuser exit, the
pressure is 0.9 bar and the velocity is 130 m/s. The nitrogen behaves as an ideal gas
with a constant ¢, = 1.04 kJ/kg-K. If the potential energy effect can be neglected,
determine

[10%] (1) the exit temperature, in K.

[10%] (2) the exit area, in m”.

[10%)] (3) For a control volume enclosing the diffuser, determine the entropy production,

in kJ/K per kg of nitrogen flowing.

(Note: For an ideal gas, s(T,,p;) —s(Ty,p1) = f;;z ¢p(T) dTT —Rln (%))
1

[20%]

3. Saturated water vapor at § bar enters an insulated turbine and exits as 1 bar. The turbine
generates a work of 320 kJ/kg.

[5%] (1) Sketch a temperature-entropy (7-s) diagram for the process.

[5%] (2) Determine the temperature of steam at the exit.

[5%] (3) Determine the isentropic efficiency of the turbine.

[5%] (4) Determine the entropy production for the process.

[15%]

4. Sketch diagrams and describe each process in details.

[3%] (1) Sketch a pressure-specific volume (p-v) diagram for an Otto cycle.

[3%)] (2) Sketch a pressure-specific volume (p-v) diagram for a diesel cycle.

[3%] (3) Sketch a pressure-specific volume (p-v) diagram for an ideal Brayton cycle.
[3%] (4) Sketch a temperature-entropy (7-s) diagram for an ideal Rankine cycle.
[3%] (5) Sketch a temperature-entropy (7-s) diagram for an ideal vapor-compression

refrigeration cycle.
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[15%]

5. A large room contains moist air at 30°C, 100 kPa. The partial pressure of water vapor
is 1.5 kPa.

[3%] (1) Determine the relative humidity.

[3%] (2) Determine the humidity ratio.

[4%] (3) Determine the dew point temperature, in °C.

[5%] (4) If the moist air initially in a closed tank is heated to 80°C, determine the relative

humidity.
Properties of Saturated Water (Liquid-Vapor)
Specific Volume Internal Energy Enthalpy Entropy
m’lkg k¥kg kl/kg Ki/kg-K
Sat. Sat. Sat. Sat. Sat, Sat. Sat. Sat.
Temp. Press. Liquid Vapor Liquid | Vapor | Liquid Vapor | Liguid | Vapor
°C bar ve X 10° v, i U, by b, 8¢ S5
10 0.01228 | 1.0004 | 106379 4200 | 2389.2 4201 | 2519.8 | 0.1510 | 8.9008
i1 001312 | 10004 99.857 46.20 | 2390.5 4620 | 2521.6 | 0.1658 | 8.8765
i2 0.01402 | 1.0005 93,784 5041 | 23919 5041 | 25234 | 0.1806 | 8.8524
13 0.01497 | 1.0007 88.124 54.60 | 2393.3 54.60 | 25253 | 0.1953 | 8.8285
14 0.01598 1.0008 82.848 58.79 | 2394.7 58.80 | 2527.1 | 0.2099 | 8.8048
15 0.01705 | 1.0009 71.926 62.99 | 2396.1 62.99 | 25289 | 0.2245 | 8.7814
30 0.04246 | 1.0043 32.804 125.78 | 24166 | 125.79 | 25563 | 0.4369 | 84533
31 0.04496 | 1.0046 31165 12006 | 2418.0 | 129.97 | 2558.1 | 0.4507 | 8.4329
32 0.04759 1.0050 29.540 134.14 | 24193 134.15 | 2559.9 | 04644 | 8.4127
33 0.05034 | 1.0053 28.011 138.32 | 2420.7 138.33 | 2561.7 | 04781 | 8.3927
34 0.05324 | 1.0056 26.571 142,50 | 2422.0 | 142.50 | 2563.5 | 0.4917 | 8.3728
35 0.05628 | 1.0060 25.216 146.67 | 24234 | 146.68 | 25653 | 0.5053 | 8.3531
75 3858 1.0259 4.131 31390 | 24759 | 313.93 | 26353 | 1.0155 | 7.6824
80 4739 1.0281 3.407 334.86 | 2482.2 | 33491 | 26437 | 1.0733 | 7.6122
85 5783 1.0325 2.828 355.84 | 24884 | 35590 | 26519 | 1.1343 | 7.5445
90 7014 1.0360 2.361 376.85 | 2494.5 | 376.92 | 2660.1 | 1.1925 | 7.4791
95 .8455 1.0397 1.982 397.88 | 25006 | 397.96 | 2668.1 | 1.2500 | 7.4159
99.63 1.00 1.0432 1.694 41736 | 2506.1 | 41746 | 26755 | 1.3026 | 7.35%4
120.2 200 1.0605 0.8857 50440 | 2529.5 | 504.70 | 27067 | 15301 | T7.1271
1336 3.00 10732 0.6058 561.15 | 2543.6 | 561.47 | 27253 | 1.6718 | 6.9919
143.6 4.00 1.0836 0.4625 604.31 | 2553.6 | 60474 | 27386 | 1.7766 | 6.8959
i51.9 5.00 1.0926 0.3749 639.68 | 2561.2 | 640.23 | 2748.7 | L8607 | 6.8212
1589 6.00 1.1006 0.3157 669.90 | 25674 | 67056 | 2756.8 | 19312 | 6.7600
165.0 7.00 1.1080 0.2729 69644 | 25725 | 69722 | 2763.5 | 1.9922 | 6.7080
1704 8.00 1.1148 0.2404 72022 | 25768 | 72111 | 2769.1 | 2.0462 | 6.6628
1754 9.00 1.1212 0.2150 741.83 | 2580.5 | 742.83 | 27739 | 2.0946 | 6.6226




