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1. Consider a closed system for which any two of the pressure, p, the volume, V, and
the temperature, T, may be chosen as the independent variables to define a
thermodynamic equilibrium state. Prove the following:

(a) The specific heat at constant volume Cj = (6 %T)V and the specific heat at

constant pressure C, = oH with U denoting the internal energy and H
P oT/p

denoting the enthalpy;

®) C,~Cy = (a%r),,{w Y%}, ) (25%)

2. Calculate the entropy density (i.e. the entropy per unit volume) of the radiation
field using the following relations

p=+u and u=oT*,

where p is the pressure, u is the internal energy per unit volume, o >0 isa
constant and T is the absolute temperature. Also draw the isothermal line and the
isentopic line on the pressure-volume diagram. ( 25%Y
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3. (25 %) Answer the following questions:

(a) What are  Maxwell relations? (5 %)

(b) What is Clapeyron equation? (5 %)

(c) For a given pure substance, explain in detail, how the tables of

thermodynamic properties in liquid and vapor phases can be developed

from the experimental data? (15 %)

4.(25 %) Moistair at20°C » 1.05 bars » 85 % relative humidity and a

volumetric flow rate of 0.3 m’s enters a well-insulated compressor

operating at a steady state. If moist air exits at 100°C » 2.0 bars >
determine:

(a) The relative humidity at the exit (%) ? (7 %)

(b) The power input (KW) ? (8 %)

(c) The rate of entropy production (KW/K) (10 %-)

3%: 1. universal gas constant R =8. 314 KJ/mole K
2. #ZER(dryair) 5F& = 2897
3. TR EMIL# C,=1.004 KIKgK
4, KEAHRZEELH C,=1.872 KIKgK
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Saturated water—Temperature table

Specific volume, Internal energy, Enthalpy, Entropy,
m3/kg kJ/kg kJ/kg kJ/kg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat, Sat.
Temp., press., liquid, Sat. liquid, Evap., vapor, liquid, Evap., wvapor, liquid, Evap., vapor,
T°C P, kPa v vapor, v, uy Uy Ug hy hy hg s Sy 5,
0.01 0.6113 0.001000 206.14 0.0 2375.3 2375.3 0.01 2501.3 2501.4 0.000 9.1562 9.1562
5 0.8721 0.001000 147.12 20.97 2361.3 2382.3 20.98 2489.6 2510.6 0.0761 B8.9496 9.0257.
10 1.2276 0.001000 106.38 42,00 2347.2 2389.2 4201 2477.7 2519.8 0.1510 8.7498 B8.3008
15 1.7051 0.001001 77.93 62.99 2333.1 2396.1 62.99 24659 2528.9 0.2245 8.5569 8.7814
20 2.339 0.001002 57.79 83.95 2319.0 2402.9 83.96 2454.1 2538.1 0.2966 B8.3706 B8.6672
25 3.169 0.001003 43.36 104.88 2304.9 2409.8 104.89 24423 2547.2 0.3674 8.1905 B8.5580
30 4.246 0.001004 32.89 125.78 2290.8 2416.6 125.79 24305 2556.3 0.4369 8.0164 B8.4533.
35 5.628 0.001006 25.22 146.67 2276.7 2423.4 146.68 2418.6 2565.3 0.5053 7.8478 8.3531
40 7.384 0.001008 19.52 167.56 2262.6 2430.1 167.57 2406.7 2574.3 0.5725 7.6845 8.2570
45 9.593 0.001010 15.26 188.44 22484 2436.8 188.45 2394.8 2583.2 0.6387 7.5261 B8.1648"
50 12.349 0.001012 12.03 209.32 2234.2 24435 209.33 2382.7 2592.1 0.7038 7.3725 8.0763
55 15.758 0.001015 9.568 230.21 22199 2450.1 230.23 2370.7 2600.9 0.7679 7.2234 7.9913
60 19.940 0.001017 7.671 251.11 2205.5 2456.6 251.13 2358.5 2609.6 0.8312 7.0784 7.9096 .
65 25.03 0.001020 6.197 272.02 2191.1 2463.1 272.06 2346.2 2618.3 0.8935 6.9375 7.8310
70 31.19 0.001023 5.042 292.95 2176.6 2469.6 292,98 2333.8 2626.8 0.9549 6.8004 7.7553. °
75 38.58 0.001026 4.131 313.90 2162.0 24759 313.93 2321.4 26353 1.0155 6.6669 7.6824 *.
80 47.39 0.001029 3.407 334.86 2147.4 2482.2 33491 2308.8 2643.7 1.0753 6.5369 7.6122 -
85 57.83 0.001033 2.828 355.84 2132.6 2488.4 355.90 2296.0 2651.9 1.1343 6.4102 7.5445"::
90 70.14 0.001036 2.361 376.85 2117.7 24945 376,92 2283.2 2660.1 1.1925 6.2866 7.4791 ..
95 84.55 0.001040 1.982 397.88 21027 2500.6 397.96 2270.2 2668.1 1.2500 6.1659 7.4159";
" Sat.
press.,
MPa

100 0.10135 0.001044 1.6729 418.94 2087.6 2506.5 419.04 2257.0 2676.1 1.3069 6.0480 7.3549"
105 0.12082 0.001048 1.4194 440.02 2072.3 2512.4 440.15 2243.7 2683.8 1.3630 5.9328 7.2958:
110 0.14327 0.001052 1.2102 461.14 2057.0 2518.1 461.30 2230.2 2691.5 1.4185 5.8202 7.2387:
115 0.16906 0.001056 1.0366 482.30 2041.4 2523.7 482.48 2216.5 2699.0 1.4734 5.7100 7.1833 -
120 0.19853 0.001060 0.8919 503,50 2025.8 2529.3 503.71 2202.6 2706.3 1.5276 5.6020 7.1296
125 0.2321 0.001065 0.7706 524.74 2009.9 2534.6 524.99 21885 2713.5 1.5813 5.4962 7.0775-
130 0.2701 - 0.001070 0.6685 546.02 1993.9 2539.9 546.31 2174.2 2720.5 1.6344 5.3925 7.0269 -
135 0.3130 0.001075 0.5822 567.35 1977.7 2545.0 567.69 2159.6 2727.3 1.6870 5.2907 6.9777-.
140 0.3613 0.001080 0.5089 588.74 1961.3 2550.0 589.13 2144.7 2733.9 1.7391 5.1908 6.9299°
145 0.4154 0.001085 0.4463 610.18 1944.7 2554.9 610.63 2129.6 2740.3 1.7907 5.0926 6.8833 -
150 0.4758 0.001091 0.3928 631.68 1927.9 2559.5 632.20 2114.3 2746.5 1.8418 4.9960 6.8379
155 0.5431 0.001096 0.3468 653.24 1910.8 2564.1 653.84 2098.6 2752.4 1.8925 4.9010 6.7935
160 0.6178 0.001102 0.3071 674.87 1893.5 2568.4 675.55 2082.6 2758.1 1.9427 4.8075 6.7502
165 0.7005 0.001108 0.2727 696.56 1876.0 2572.5 697.34 2066.2 2763.5 1.9925 4.7153 6.7078
170 0.7917 0.001114 0.2428 718.33 1858.1 2576.5 719.21 2049.5 2768.7 2.0419 4.6244 6.6663
175 0.8920 0.001121 0.2168 740.17 1840.0 2580.2 741.17 2032.4 2773.6 2.0909 4.5347 6.6256 -
180 1.0021 0.001127 0.19405 762.09 1821.6 2583.7 763.22 20150 2778.2 2.1396 4.4461 6.5857"
185 1.1227 0.001134 0.17409 784.10 1802.9 2587.0 785.37 1997.1 2782.4 2.1879 4.3586 6.5465
130 1.2544 0.001141 0.15654 806.19 1783.8 2590.0 B807.62 1978.8 2786.4 2.2359 4.2720 6.5079 .
195 1.3978 0.001149 0.14105 828.37 1764.4 2592.8 829.98 1960.0 2790.0 2.2835 4.1863 6.4698




