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~~ Two air flows are combined to a single flow. One flow is 1 m®/s at 20 °C and the other is
. . A N AL > 4 "
L) c 1431 SEREAREFA IR ABTIIRA 2 m¥s at 200 °C, both at 100 kPa, as shown in Fig. 2. They mix without any heat
transfer to produce an exit flow at 100 kPa. Neglect kinetic energies. Please find the exit
g{,—: - /E-ﬁ j}‘*ﬁ\. j] %‘_3, gih % (155_; %z'— ) tempe.rature and volume flow rate. Assume that the constant-pressure specific heat (Cy)
of air is constant. (15%)
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— ~ 1. Please explain the following phrases:
(1) state postulate %Zf’) = . Aninsulated cylinder is divided into two parts of 1 m® each by an initially locked piston,
(2) simple compressible system o (2%) as shown in Fig. 3. Side 4 has air at 200 kPa, 300 K, and side B has air at 1.0 MPa,
2. A superheated water vapor is cooled to be a saturated hqu}d at constant pressure 1000 K. The piston is now unlocked so that it is free to move, and it conducts heat so
Z;ocess. I:lease };Iot) g}e process on P-v (pressure-specific volume) and( 65.)T that the air comes to a uniform temperature T,=Tp. Find (1) the mass in both 4 and B,
ressure-temperature) diagrams. 0 d (2) the final t ture and . 0
3. Please describe the basic assumption when the following formula is used to calculate and (2) the final temperature and pressure (20%)
the mechanical work. 2%)
2
W= [Pav
1

4. The following diagram (Fig. 1) shows a gas separated from the vacuum by a
membrane, state (a). Let the membrane rupture and the gas fill the entire volume,
state (b). What is the work done during this process? Please give your reason.

(3%)
Fig. 3
: . /Y - As shown in Fig. 4, a well-insulated heat exchanger is to heat water (C,= 4.18 kl/kg-K)
Vacuum %zsoiﬁ:@% Gas : from 25 °C to 60 °C at a rate of 0.5 kg/s. The heating is to be accomplished by
: . geothermal water, Brine (C,= 4.31 kl/kg-K), available at 140 °C at a mass flow rate of
"] ni 0.75 kg/s. Determine (1) the rate of heat transfer and (2) the rate of entropy generation
@ ) in the heat exchanger. (15%)
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7o~ A750-L (litter) rigid tank, as shown in Fig. 5, initially contains water at 250 °C, which is
50% liquid and 50% vapor, by volume. A valve at the bottom of the tank is opened, and

liquid is slowly withdrawn. Heat transfer takes place such that the temperature remains Ideal-Gas Properties of Air
f:o.n'stant. Flpd tpe amount of heat transfer required to reach the state where half the T temperature, u: speciféa internal energy, h: sgecific enthalmr
initial mass is withdrawn. (15%) NP
Ideal-Gas Properties of Air, Standard Entropy at 9.1-MPa (i-bar) Pressure
% T u A sy T z h sg §
F (K) k¥kg) (kIkg) (kIkgK) X (kIkg) (kJkg) (kIkgK)
200 14277 20017  6.46260 1100 84545 1161.18 8.24449

121630 8.29616

22022 6.55812 1150 889.21

683521 1067.94 145543  8.48539
6.86305 1400 111343 151527 8.52891
6.86926 115920 157540 857111

213.04
214.36

Fig. 5

. 7.05276 ¢ .
7.10735 134483 181844 872811
28649 40130 7.15926 1700 1391.80 1879.76 8.76472
1438.97 1941.28 8.80039

7~ Consider the piston/cylinder arrangement shown in Fig. 6. A frictionless piston is free to
move between two sets of stops. When the piston rests on the lower stops, the enclosed
volume is 400 L (litter). When the piston reaches the upper stops, the volume is 600 L.
The cylinder initially contains water at 100 kPa, with 20% quality. It is heated until the

water eventually exists as saturated vapor. The mass of the piston requires 300 kPa to 09

move it against the outside ambient pressure. Determine (1) the final pressure in the 738602 162947 2189.19 893452
cylinder, (2) the heat transfer and the work for the overall process. (3) Plot 7-v diagram 37473 52398 7.42736 2000 1677.52 225158 896611
for the overall process. (20%) 7.46642 172571 2314.13 899699

640 465.83 649.53  7.64448 2300 1968.79 2628.96 9.1418%
7.67717 2350 2017.79  2692.31 9.16913
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| 52844 9.2478

740 544,33 756.73  7.80008 2550 221493 2946.86 9.27308

L. 760 560.32 77846  7.82905 2600 226448 3010.76 9.29790
7.85740 2650 2314.13 307477 932228

Fig. 6
716.76 8.07667 2850  2513.69 3331.73 941576
759.19 104622 8.13493 2000 2563.80 339619 943818
: 202.10 110348 8.19081 2950 2613.99 3460.73 9.46025
Appendix |

1. # =7 : Ideal-Gas Properties of Air
2. % = H:Thermodynamic Properties of Water

(Saturated Water-Temperature Entry)
3. % rg & : Thermodynamic Properties of Water

(Saturated Water-Pressure Entry)




Thermodynamic Properties of Water . '
S 2 Continue {Saturated Water-Temperature Entry)
(Saturated Water-Temperature Entry) Soturated Fater
Saturated Water e Specific Volume, m*/kg Internal Energy, ki/kg
: Specific Volume, m*/kg Internal Energy, kJ/kg | '(l;e(l:l;p. (P;(r;:;. fat. Liquid Evap. Sat. Vapor Sat. Liquid Evap. Sat. Vapor
i f Vs, 4 u u u
Temp. Press. Sat. Liquid Evap. Sat. Vapor Sat. Lignid Evap. Sat, Vapor | £ s J /g s
°C) {kPa) vr Vg Vg us L7 u, f 195 1397.8 0.001149 0.13990 0.14105 828.36 1764.43 2592.79
§ 200 1553.8 0.001156 0.12620 0.12736 850.64 1744 66 2595.29
0.01 L 0,611? 0.001000 206.131 206.132 ‘ 0 1 ‘:2}05 1723@ 0.001164 0‘114075 0 11521 873 17

20 2339 0.001002 57.7887 577897 83.94 231898 240291
25 3.169 0.001003 43.3583 433593 104 86 230490  2409.76
0.601004 32,8932 081 4

2547.7 0.001199 007729 0.07849  963.72 163058 260330 }
27949 0.001209 0.07037 007158 986.72 1617.17 260389 |
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0.001012 12.0308 12,0318
55 15.758 0.001015 9.56734 9.56835

0.001263 0.04471 0.04598 110426 1496.66 260093

260 46886 0.001276 0.04093 0.04220 112837 1470.64 2599.01
0.001289 0.03748 0.03877 1152.72 1443 87 2596.60

00

2450.08
2456.63

2219.89
2205.54

: Zfi?.v S
2482.19

340715 33484 214736 7

2.82654 2.82757 213258 2488.40 285 0.001348 0.02642 0.02777 125298 1328.41 2581.38
235953 236056 2117.70  2494.52 290 0.001366 0.02420 0.02557 1278.89 1297.11 2575.99
' 186 210270, 2500.56 295 0.02216

0.001384

0.02354 1305.21 1264.67 2569.87
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“0100:1947,*?' . 31 3,,3"}1,9»35;" = iz . 23t 305 : ‘
0.001052 1.20909 121014 2056.96 2513,02 L i 0.01690 254
0.001056 103552 1.03658 204144 3237 0001472 001539 1415.44 1121.11 253655

089186 2025.76 252924

E1%0 320 11274 0.001499 0.01399  0.01549 144455 1080.93 252548
1077059

0.001528 001267  0.01420 1474.44 251301
. o e

0.001075

0.001080 0.50777 050885  588.72 196130 255002 | Lo
44524 044632 610.16 1944.60  2554.86 0.00163¢ 000916 001080 . - 157026 30406
gggiggg D49 0.39278 631.66 1927.87 2559.54 0.001685 0.00810 0.00978 1605.01 838.29 2443.30
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0.001807
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Thermodynamic Properties of Water
(Saturated Water-Pressure Entry)

Saturated Water Pressure Entry

Specific Volume, m*/kg Internai Energy, kJ/kg
Press. Temp. Sat. Liquid Evap. Sat. Vapor Sat. Liquid Evap. Sat. Vapor
(kPa) (OC) Ve Vfe Vg us Use Ug
0.6113 0.01 0.001000 206.131 206.132 0 2375.3 2375.3
i 6.98 0.001000 129.20702 129.20802 29.29 2355.69 2384.98
1.5 13.03 0.001001 8797913 87.98013 54.70 2338.63 2393.32

&

- 0.00100: 6402 5.665 4

0.001004 3479915 34.80015 229373 241517

0.001005 28.19150 28.19251 228270 242049
226174 2430.50

0.001008 19.23674

54

19.23775
73

0.001020 6.20322 6.204 2191.21 2463.08 |
0.001022 522816 522918 2179.22 2468.40 %
0.0

3.99243 3993

40

2159.49 2477.00

125 105.99 0.001048 1.37385 1.37490 444.16 2069.32 2513.48
150 111.37 0.001053 1.15828 1.15933 466.92 2052.72 2519.64
175 116.06 0.001657 1.00257 1.00363 486.78 2038.12 24.90

0010 =
0.001670 0.65624 0.65731

300 133.55 0.001073 0.60475 0.60582
0.001076 0.56093 0.56201

1991.95 2540‘,53‘
1982.43 2543.53
1973.46 2546.34

450 147.93 0.001088 041289 0.41398 622.75 1934.87 2557.62

500 151.86 0.001093 0.37380 0.37489 639.66 1921 .57 2561.23
0.34159

550 0.34268 655.30 1909.17 2564.47

750 167177 0001111 025449 10.25560 186611 2574.73
800 17043 0.001115 023931 0.24043 185658  2576.79




