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la) Please describe briefly the major objectives for the study of thermodynamics.

1b) In the many properties of a thermodynamic system, please indicate which of them are

measurable and nonmeasurable.

|l

1c) For the nonmeasurable properties, how would you obtain the value of these nonmea-

surable properties if you do not have any thermodynamic table.

1d) Please give the reason that in a practical combustion process the adiabatic flame

temperature of the system could hardly be reached.

Calculate the work which is done when 1 mole of water is vaporized at 100C
and at latm pressure. In carrying out the calculation :(a) Use the observed
increase in volume of 30.19 1/mole vaporized. (5%). (b)Use the volume incr-
ease which would occur if the water vapors were a perfect gas. (5%) (c) Com-
pare the results with the latent heat of vaporization (9706 cal./mole) and
consider in terms of the molecular force, why the heat is so much larger
than the work? (10%) (Note: 1 cal.=4.186J, R,=0.08205 1.atm/(g mol JK

and from saturated water/vapor table at IOGC latm, v¢=1.0435, v =1673

cm /D, Uf=418 94, u —2506 5 kJ/kg, hf =419.04, h =2676.1 kJ/kg, s¢=1.3069,

5g=7-3549 kJ/kg"K)

A 2-liter solution composed by 30 mole percent of methanol in water at 25°C. How
many liters of pure methanol and of pure water must be mixed to form the 2-liter solution at

the same temperature?

given: partial molar volumes of the mixture: -
Methanol(1): V1 =38.632cm3/ g mol
Water (2): V4 = 17.765cm3 / g mol

molar volume for pure components:
Methanol(1):  Vp =40.727 ¢cm3/ g mol
Water (2): Vo = 18.068cm3 / g mol

An ideal Rankine cycle uses water as a wvorking fluid, which circu-

lates at a rate of 108 kg/sec. The boiler pressure and temper-

ature are 5.5 MPa and 1568°K, respectively. The condenser press-

ure is 8 Kpa. The vater enters the turline at 760°C and leaves

the condenser as a saturated liquid. The surrounding temperature

is 25°C. ‘

(1). Draw the T-S diagram of this process

(2). Calculate the power required to operate the pump

(3). Calculate the powver developed by the turbine

(4). Calculate the percentage of energy transferred from the
boiler that is finallly rejected to the environment during
this cyele

(5). Please describe your idea how to increase the thermal effi-
ciency to save the energy rejected to the environment
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An inventor clains to have devised a process using only saturated

systes at 100°C which vill, by a complicated series of steps, nake
heat continuously available at a temperature of 175°C as shown in
the following figure. He claims further that, for every kilogram
of stream taken into the process, 2130 kJ of energy as heat is 1ib-
erated at this higher teamperature of 175°C. Show vwhether or not
such a process is possible. Assuming cooling vater to be available
in unlimited quantity at a temperatue of 0°C, the steam is there-
fore condensed and cooled to 0°C in the process and is discharged

at atmospheric pressure.

Heat reservoir

175°C
2130 kJ
Saturated stean at 100°C Liquid water at 0° C
f%i?paratus' —
H,= 3080 kJ/ke Ha= 0
S,= 8.473 kJ/ke-K $>= 0
Heat sink
0°C

(cooling vater)
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Table SATURATED WATER—PRESSURE TABLE e _
T SPECIRIC VOLUME, ~ 7 T INILRNAL FNIRGY, ENTHALPY, T
_m'fg L . - . S kikg K
priss. TEMPL AT TSR Tar T AT, SAT. ST SAT.
\Pa ¢, uquin, VARUR,  LIGUID,  EVAP. VAPOR,  LIQUID, EVAP,  VATOR, LIQUID, EVAF, VAR,
L. SR, P vy e kb M Mo Yo
06113 001 _ 0.001 000 206.14 R 2975.9 23753 01 2501.% 25014 .0000 9.1562 9.1562
1.0 6.98  0.001 000 129.21 20,30 2355.7 23850 29.30 24849 2514.2 ..1059 8.8697 8.9756
1.5 13.03  0.001 001 87.98 54,71 2338.6 2393.) 64.7) 2470.6 2525.3 .1957 8.6322 8.8279
2.0 17.50  0.001 001 67.00 73.48 2326.0 2399.5 73.48 2460.0 25335 2607 8.4629' 8.7237
2.5 2108 0.00) 002 54.25 88.48 2315.9 2404.4 88.49 2451.6 25400 .3120 8.3311 86432
30 24,08 0.00]1 003: 45.67 101.04 2307.5 240853 10105 9444.5 25455 .8545 8.2231 8.5776
4.0 28.96 0.00} 004 34.80 121.45 22037 24152 12146 24329 2554.4 4226 B8.0520 B8.4746
50 $2.88 0.001 005 28.19 137.81 22827 24205 137.82 2428.7 2561.5 4764 7.9187 8.3951
15 40.29 0,00} 008 19.24 168.78 2261.7 24305 168.79 24060 2574.8 .5764 7.6750 8.2515
10 45.81 0.001 010 14.67 191.82 2246.1 24379 191.83 2392.8 2584.7 .6493 7.5009 8.1502
15 53,97 0001 014 10.02 20599 2222.8 2448.7 225,94 2378.1 2509.) 7540 7.2536 8.0085
20 60.06 0.001 017 7649 251,38 22054 2456.7 251,40 23583 206097 .B320 70766 7.908%
25 64.97 0.00) 020 6.204 27190 2191.2 2463.) 271.08 23463 2618.2 .893) 6.9383 7.8%14
30 69.10 0.003 022 5220 289.20 2179.2 2468.4 289.93 2336.1 26253 9439 6.8247 7.7686
40 7587  0.001 027 3093 317.5% 21595 2477.0 317.58 2319.2 2636.8 1.0259 6.6441 7.6700
50 81.33 0.001 030 3240 340.44 21434 24839 340.49 2305.4' 26459 1.0910 6.5029 7.5939
75 91.78  0.001 037 2217 AR4.81 21124 24967 984.39 2278.6 2663.0 1.2130 6.2434 7.4564
SPECITIC VOLUME, INTERNAL ENEROY, ENTHALPY, ENTROPY,
m’fkg ki/kg kifkg kg K
prESS,  TEMP,  SAT. AT AT, Al AT, BT ST AT,
MPa °C. LQuID, VAPOR,  LIOUID, EVAP, VAPOR,  LIQUID, EVAP, VAPOR, LIQUID, EVAP, VAIUR,
r L. " Yy Ve Y hy M by 3 310 S
0.100 9963 0.00) 043 1.6940 417.36 20B8.7 2506.1 417.46 2258.0 26755 1.3026 6.0568 7.3594
0.125 10599 0.001 048 1.8749 444.19 2069.3 2513.5 444.92 2241.0 2685.4 1.3740 59104 7.2844
0.150 111.37  0.00) 053 1.1593 466.94 2052.7 2519.7 467.11 2226.5 2693.6 1.4336 5.7897 7.2233
0175 116.06 0.001 057 1.0036 486.80 2038.1 2524.9 486.99 2213.6 2700.6 1.4849 5.6868 71117
0.200 120.23  0.001 061 0.8857 504.49 2025.0 2529.5 504.70 22019 2706.7 1.5301 5.5970 7.1271
0.225 124.00 0.001 064 0.7933% 520.47 2013.1 25336 520.72 2191.3 2712.1 .1.5706 55178 7.0878
0.250 127.44 0.001 067 0.7187 535.10 2002.1 2537.2 53587 21815 27169 1.6072 5.4455 7.0527
0.275 130.60 ©.001 070 0.6573 548.59 19919 2540.5 548.80 2172.4 2721.3 1.6408 5.3801 7.0209
0.300 18355  0.00) 078 0.6058 561.15 1982.4 2543.6 561.47 21638 27253 1.6718 5.3201 6.9919
0325 13630 0.001 076 0.5620 572.90 1973.5 2546.4 579.25 2155.8 2729.0 1.7006 5.2646 6.9652
0.350 138 k8 0.001 079 0.524% 58%.95 1965.0 25489 £84.9% 21481 27324 1.7275 5.2130 6.9105
0.37% 141 32 0.003 081 0.4914 594.40 1956.9 2551.3 504.81 2140.8 27356 1.7528 5.1647 6.9175
0.40 14363 0.001 084 0.4625 604.31 19493 2553.6 604.74 2133.8 2738.6 1.7766 5.1193 6.8959
0.45% 14793 0.00) 088 0.4140 622.77 1934.9 2557.6 623.25 2120.7 2743.9 1.8207 B5.0359 6.8565
0.50 151.86 0.00] 093 0.3749 639.68 192).6 2561.2 640.23 21085 2748.7 1.8607 4.9606 6.821%
0.55 15548 0.001 097 0.3427 655.32 1909.2 2564.5 655.93 2097.0 2753.0 1.897% 4.8920 6.7893
0.60 - 158.85 0.001 101 0.5157 669.90 1897.5 2567.4 670.56 20863 2756.8 1.9312 4.8288 6.7600
0.65 162.01 0.00) 104 0.2927 683.56 1886.5 2570.1 684.28 2076.0 2760.3 1.9627 4.7703 6.7331
0.70 lﬁl.?7 0.001 308 0.2729 696.44 1876.) 25725 697.22 2066.3 2763.5 1.9922 4.7158 6.7080
0.75 167.78 0.001 112 0.2556 708.64 1866.1 2574.7 709.47 2057.0 2766.4 2.0200 46647 66347
0.80 170.43  0.001 115 0.2404 720.22 1856.6 2576.8 721.11 2048.0 2769.1 2.0462 46166 6.6628
0.85 172.96 0.00] 118 0.2270 781.27 1847.4 2578.7 732.22 2039.4 2771.6 20710 45711 6.642)
0.90 17538 0.00] 123 0.2150 741.8% 1838.6 2580.5 742.83 20311 27739 2.0946 4.5280 6.6226
0.95 |Z7 69 0.001 124 0.2042 751.95 1830.2 2582.1 753.02 2023.1 2776.1 -2.1172 4.4869 6.6041
:(l]g 17991  0.001 127 0.194 44 761.68 1822.0 2583.6 762.81 20153 2778.1 2.1887 4.4478 6.5865
|' 181.09 0.00) 138 0.177 53 780.09 1806.3 92586.4 781.34 2000.4 2781.7 2.1792 4.3744 6.5536
.20 187.99 0.001 139 0.163 33 797.29 1791.5 2588.8 79R.65 1986.2 2784.8 2.2166 4.3067 6.5233
:-30 191.64 0.001 144 0.151 25 813.44 1777.5 2591.0 B14.93% 19727 27876 22515 4.2438 6.4953
.40 195.07 0.001 149 0.140 84 §28.70 1764.1 2592.8 830.30 1959.7 2790.0 2.2842 4.1850 6.4693
1.50 198.22 0.001 154 0.131 77 843.16 1751.3 2594.5 B844.80 1947.3 2792.2 23150 4.1298 6.4448
1.75 205.756 0.001 166 0.113 49 876.46 1721.4 2597.8 87850 19179 27964 2.3851 4.0044 6.3896
2.00 212.42  0.001 177 0.009 63 906.44 1693.8 26003 908.79 1890.7 2799.5 2.4474 3.8935 6.3409
§.§5 218.45 0.001 187 0.088 75 933.83 1668.2 2602.0 936.19 1865.2 2801.7 2.5035 3.7937 6.2972
3. 293.99  0.001 197 0.07998 959.11 1644.0 2603.1 962.11 1841.0 2808.1 2.5547 3.7028 6.2575
.0 23390 0.00) 217 0.066 68 1004.78 1509.3 2604.1 1008.42 17957 2804.2 2.6457 3.5412 6.1869
35 242.60 0.00] 235 0.057 07 1045.43 1558.% 2603.7 1049.75 1758.7 2803.4 2.7253 3.4000 6.125%
; 25n0.40  0.00) 252 0.04978 108231 1520.0 2602.3 1087.31 1714.1 2801.4 2.7964 3.2737 6.070)
8 263.99 0.001 286 0.030 44 1147.81 14493 2597.1 1154.23 1640.1 2794.3 2,9202 3.0532 5.9734
27564 0.001 319 0.052 44 1205.44 13843 2589.7 1213.35 1571.0 27843 3.0267 2.8625 5.8892
; 285.88 0.00) 351 0.027 37 1257.55 1328.0 2580.5 1267.00 1505.1 2772.1 3.1211 2.6922 58133
° 29506 0.001 384 0.023 52 130557 1264.2 2569.8 .1316.64 1441.3 2758.0 3.2068 2.5364 5.7432
\ $03.40 0.001 418 002048 135051 1207.3 2557.8 1363.26 1378.9 27421 3.2858 2.3915 5.6772
0 $11.06 0.001 452 0.018 026 1393.04 1151.4 2544.4 1407.56 1317.1 2724.7 3.3596 2.2544 5.6141
:; 318.15 0.001 489 0.015 987 1438.7 1096.0 2529.8 1450.) 1255.5 2705.6 3.4295. 2.1233 5.5527
s 324.55  0.001 527 0.014 263 1473.0 1040.7 2513.7 1491.3 1193.6 2684.9 3.4962 1.9962 5.4924
330‘?3 0.001 567 0.012 780 1511.1 985.0 2496.1 1531.5 1130.7 2662.2 3.5606 1.8718 5.4323
14, 3$36.75 0.001 611 0.011 485 1548.6 928.2 2476.8 1571.) 1066.5 2637.6 3.6292 1.7485 5.3717
I.'G’ 342.24 0.00) 658 0.010 337 1585.6 869.8 24555 1610.5 1000.0 2610.5 3.6848 1.6219 5.3098
:7 317.1! 0.001 711 0.009 306 1622.7° 809.0 2431.7 1650.1 930.6 2580.6 3,7461 1.4994 5.2455
e 352.37 0.001 770 0.008 364 1660.2 744.8 2405.0 1690.3 856.9 2547.2 $.8079 1.3698 5.1777
o 357.06 0.001 840 0.007 489 1698.9 675.4 2374.3 17320 777.1 2509.1 3.8715 1.2329 5.1044
0 321.54 0.001 924 0.006 657 1739.9 598.1 2838.1 17765 688.0 2164.5 3.9388 1.0839 5.0228
b 55;4:(_‘; 0.002 036 0.005 834 17856 507.5 2293.0 1826.3 583.4 2409.7 4.0139 9130 4.9269
29 573. 0.002 207 0.004 952 1842.1 388.5 2230.6 1888.4 446.2 2334.6 4.1075 .6938 4.8013
92 .80 0.002 742 0.003 568 1961.9 125.2 2087.1 2022.2 143.4 21656 43110 .2216 4.5327
.09 374.14 0.008 155 0.003 155 2029.6 0 20296 2099.3 0 2099.3 4.4298 0 4.4298




