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+ Answer the following questions:
1. Please explain the following phrases
(1) state postulate 2%)
(2) simple compressible pure substance - (2%)
2, A superheated water vapor is cooled to be a saturated liquid at constant pressure
process. Please plot the process on P-v (pressure-specific volume) and P-T

(pressure-temperature) diagrams. (6%)
3. Please describe the basic assumption when the following formula is used to calculate
the mechanical work. (2%)
2
W = [ Pav

4. The following diagram (Fig. 1) shows a gas separated from the vacuum by a membrane,
state (@). 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. 1

* When an :tdeal gas with constant specific heats proceeds an isentropic process, please
prove the followmg relation is valid. (15%)

Pu* =constant
where P is the pressure, v is the specific volume, and & is the specific heat ratio.

s



= ~ As shown in Fig. 2, a counterflowing heat exchanger has one line with 2 kg/s air at 125
kPa and 1000 X entering, and the air is leaving at 100 kPa and 400 K. The other line has
0.5 kg/s water coming in at 200 kPa and 20 °C and leaving at 200 kPa. What is the exit
temperature of the water and the total rate of entropy generation? s (25%)

Note: Cp (constant-pressure specific heat) of air= 1.042 kJ/kg-K. |

-

Fig. 2

vg ~ A 25-L tank, shown in Fig. 3, that is initially evacuated is connected by a valve to an air
supply line flowing air at 20 °C and 800 kPa. The valve is opened, and air flows into the
tank until the pressure reaches 600 kPa. Determine the final temperature and mass inside
the tank, assuming the process is adiabatic. Develop an expression for the relation
between the line temperature and the final temperature using constant specific heats.
(20%)
Note: Specific heat ratio of air=1.4.

Fig. 3 Fig. 4

%. » Consider the piston/cylinder arrangement shown in Fig. 4. 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. When the piston reaches the upper stops, the volume is 600 L. The
cylinder initially contains water at 100 kPa, with 20% equality. It is heated until the water
eventually exists as saturated vapor. The mass of the piston requires 300 kPa pressure to
move it against the outside ambient pressure. Determine the final pressure in the cylinder,
the heat transfer, and the work for the overall process. (25%)
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Appendix

Table B.1.1 Saturated Water-Temperature Entry
Table B.1.2 Saturated Water-Pressure Entry

Tanie B.1
Thermodynemic Properiies of Water
Tarre B.LT
Saturated Water
Specific Volume, m*/kg internal Energy, kifke
Temp. Press. Sat. Liquid Evap. Sat, Vapor Sut, Liguid Evap. Sat. Vapor
O (kPa) ¥s ¥Is Vg #y 3 iy

237533

206.131 206.132

001

£.001000 0 237533

X 577887 57,7897 ! ;
25 3.169 0.001003 43.3583 43.3593 104,86 2304.90 2409.76
4246 0.001004 32,8022 32,8032 123.77 229083 241658

56 0.001012 120308 120318 20930 223417
55 } 4.00101 5 9.56734 9.56835 230.19 221989

60 0.001017 7.66%
JEIiE

214
355.82 213258 2488.40
17682 211770 249452

5783 0.001032
70,14 0.001036

& 3

2518.69
2523.72

116 143.3 0.001652 120009 1.21014 461,12
113 169.1 0.001056 1.03552 1.03658 482.28

1944.69
1927.87

0.44632
0.30278

256837 .|

170 oL 6.001114 024171 0.24283 257646
175 2920 0.001121 021568 0.21680 2580.19

0027 19292 0.19403




Taoie B Lt feontinued)

Saturated Water
Enthalpy, kd/kg Entropy, kifke-K -
Temmp. Prexy, Sat, Liguid Evap. Sat. Vapor Set. Liquid Evap. = . 'S t. Vapor
0 (kPa) hy ky By 57 s 0 4
0.01 06113 000 251 .35 250135 0 9.1562 4.1562
5 0.8721 20.98 2480.57 251054 0.0761 8.9496 9.0257
i0 1.2276 41.99 247775 2519.74 0.1510 8.7498 £.9007

218850 2713.48
2174.16 272046

130

70268

2114.26
2068.56
2082.55

1.8024 45010 6.7934
19426 4.8075 £.7501

155 543.1
160

185 11227 36 278243 2.1878 43586 65464
190 12544 . ‘ 1978.7¢ 2786.37 2.2358 42720 65078




Tape B.LY feontimeed}

Saturated Witer
Specitic Yolmme, m*fhky Internal Energy, kg
Temp. Press. Sat, Liguid Evap. Sat, Vapor Sat. Edquid Evap. Sat. Vapor
O &Pa) s Py ¥y uy : B By
195 1397.8 0.001149 0.13990 0.14105 82836 176443 259279
200 1553.8 0.001156 0.12620 0.12736 850.64 1744.66 59520
205 1723.0 0.001164 0.11405 0.11521 873.02 1724.49 2597.52

3L

22089

y
G.O01190

0.001263

0.001348

0.003155

0.00315

1 1.64.26

2020.58

225 417 007728 0.07849 063.72 1639.58
230 2794.9 0001209 0.07037 0.07158 986,72 i617.17 2603.80
235 3060.1 0.601219 1000.88 159424 2604.11

285 69094 0.02642 082777 125298 132841 2581.38
290 7436.0 0,001366 0.02420 0.02557 1278.80 1297.11 257509
205 0.001384 0.02216 002254 1305.21 1264.67 256987

< R Ea _‘m i
35 10547 0.001472 0.01539 (.01687 41544 {12111 2536.3
320 {1274 0.061499 0.01399 0.01549 1444.55 1080.93 2525.48
: | 2040 0.01267 0.01420 47444 1038.57 2513.01

345 15525 0.001685 000810 0.00078 1605.01 83820
330 16514 0.001740 0.00707 00088 1641.81 7658 241839
355 7554 7 ' 1681.41 707.11

255 0.04508 149666 260093
' 0.001276 004093 0,64220 1128.37 47064 2599.01
0.001289 D038 003877 115272 UB8T 259660

244330

2388.52

2020.58




Tapir B.1.1 (contimued)

Saterated Water
Enthalpy, k¥ke Entvopy, k.ﬂkg-K .
Temp.  Press. Sat. Liguid Evap. Sat. Vapor Sat. Liqaid Evap,  , Sat Vapor
G (&P ky fgy by 5y S R PN
195 1397 8 820.96 3959_.99 278996 22835 4,1863 6.4697
200 15538 85243 1940.75 2793.18 23308 41014 64322
205 1723.0 875,03 1921.06 279603 23778 4.0172 6.3951

225 23477 966.77 1836,50 2803.27 2.5639 3.6863 63502
230 2794.9 990,10 1813.85 2803.95 2.6099 3.6047 6.2145
235 36601 1013.61 1790.53 2804.13 2.6557 3.5233 6.17TH

255 43195 110972 168080 279951 2.3382 31902 60374
260 4688.6 113435 166258 2796.89 2.8837 21181 6.0018
163 2793, 2.9203 30368 59661

0.9 2773.27 KRR 2.7069 5.3198
7436.0 1289.04 1477.08 2766.13 3.1593 2.6227 57821
1316.27 1441.78 2758.05 537

295

315 10547 143097 1283.48 271444 :
320 11274 1461.45 1238.64 2700.08 34470 20882 5.5361
335 12040 1492.84 1191.13 2683.97 3.4987 1.9913

345 15525 1631.17 964.02 2595.19 37169 1.5504 5.2763
350 16514 1670.54 892.38 2563.92 37776 1.4336 5211
355 17554 1713.13 813.59 252672 3.8427 1.2951 5.1378

174.1 22089 2009.26 0 200926 44297 0 442

BRI




HwE Hwg

Tamz B.1.2
Satarated Water Prossure Eniry
Specific Volome, m'/kg Internzl Enerpy, kJfke
Press. Temp. Sat. Liquid Evap. Sat. Vapor Sat. Liquid Evap. Sat. Yaper
{kPa) o) vy i ve B Hy
0.6113 0.01 D.601R0 206.131 26132 23753 23753
1 698 0.601000 12920702 12920802 2355.69 238498
5 001001 87.57913 233863 2393.32

150
175

275

225

756
200

28.96
3288

165.99
£11.37
1508

136,60
133.55
13630

4.601004
£.001065

0.001648
0.001053
0.001057

0.001070
0001673
{.001076

0.001088
0.001093
0001087

0001111
Qo015

34.790135
2819150

37385
1.15828
1.00257

0.65624
B.60475
(.56003

0.41289
0.37380

0.25349
0.23031

159

3480015
2819251

1.374%0
1.15933
100363

0.65731
0.68582
65621

2.41398

0.24043

12144
137.7%

444,16
466.92
48678

548.57
56113
572.88

822,75
639.66

63530

“mon

091,95

241517

228290 242049

206932 251348
205272 2519.64

2038.12

252490

2540.53

198243 2543.55
1073.46 254834

557,62

1934.87
102157 256123
1909.17

| 236447

2574.73
257679

1866.11
1856.58




Tanee B2 (contimied)

Saturated Water Pressure Enitty
Enthalpy, kifkg Entiopy; kikgK
Press, Temp. Sat. Liguid Evap. Sat. Vapor Sat. Liguid Evap. ~° Sat Vapor
kPa) O ks By he s Sre _,‘{J. g
06113 0.1 0.00 25013 25013 0 91562 01562
6.98 29.29 2484.89 2514.18 0.1059 2.8697 8.9756
13.03 247059 252530 0.1956 ge3n2 8.8278

28.96 121.44 243293 255437 04226 8.0520 34746
32.88 137,79 2423.66 2561435 04763 7.9187 83930

4029 168.77 2406.02 21419 0.5763 7.675% 82514

234620 2618.19
6910 28021 233607 262528
2319.19 263674

2685.35
1530 11137 467.08 222646 2693.54
53

242
216385 272530 16717 53201
2135.76

450 62324 212067 239 1.8206 s0358 68565

300 64021 210847 2748.67 1.8606 49606 68212
350 655.91 2007.04 2752.94 1.8972 4.8520 67892

750 16777 T09.45 205698 276643 20199 46647 66846
$00 17043 72010 204801 276913 20461 46166 6.6627




