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1. Prove that “
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” for 1 mol of an ideal gas by use of the total differentials of U and V. (subscript m in CP and CV represent their molar quantities) (20%)
2. Use the following table to find ΔH° and ΔS° (standard enthalpy and entropy) for the combustion reaction. (15%)
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	Chemical compound
	ΔfH°(kJ/mol)
	ΔfG°(kJ/mol)

	C2H6(g)
	-84.68
	-32.82

	CO2(g)
	-393.51
	-394.36

	H2O(l)
	-285.85
	-237.13


3. Write down the corresponding equations for each of the following items.
(a) Ideal gas law for the adiabatic case (5%)

(b) Joule-Thomson Coefficient (5%)
(c) The first law of thermodynamics (5%)

4. Superheated water vapor at 1.4 MPa and 250
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 is allowed to cool at constant volume until the temperature drops to 120
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. At the final state, determine (a) the pressure, (b) the quality, and (c) the enthalpy. Also, show the process on a T-V diagram with respect to saturation lines. (30%)
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Superheated water (Concluded)

T v u h s v u h s v u h S
“© m3/kg kllkg  klkg kJkg'K| mdkg kikg klkg klkgK | m3kg kllkg  klJkg kl/kg-K

P = 1.00 MPa (179.88°C) P = 1.20 MPa (187.96°C) P = 1.40 MPa (195.04°C)

Sat. 0.19437 2582.8 2777.1 6.5850| 0.16326 2587.8 2783.8 6.5217 0.14078 2591.8 2788.9 6.4675
200 0.20602 2622.3 2828.3 6.6956| 0.16934 2612.9 2816.1 6.5909 0.14303 2602.7 2803.0 6.4975
250 0.23275 2710.4 2943.1 6.9265| 0.19241 2704.7 2935.6 6.8313 0.16356  2698.9 2927.9 6.7488
300 0.25799 2793.7 3051.6 7.1246| 0.21386 2789.7 3046.3 7.0335 0.18233 2785.7 3040.9 6.9553
350 0.28250 2875.7 3158.2 7.3029| 0.23455 2872.7 3154.2 7.2139 020029 28697 S50l 71879
400 0.30661 2957.9 3264.5 7.4670| 0.25482 2955.5 3261.3 7.3793 0.21782 2953.1 3258.1 7.3046
500 0.35411 3125.0 3479.1 7.7642| 0.29464 3123.4 3477.0 7.6779 0.25216 3121.8 3474.8 7.6047
600 0.40111 3297.5 3698.6 8.0311| 0.33395 3296.3 3697.0 7.9456 028597 295, 86855 78730
700 0.44783 3476.3 3924.1 8.2755| 0.37297 3475.3 3922.9 8.1904 0.31951 3474.4 3921.7 8.1183
800 0.49438 3661.7 4156.1 8.5024| 0.41184 3661.0 4155.2 8.4176 0.35288 3660.3 4154.3 8.3458
900 0.54083 3853.9 4394.8 8.7150| 0.45059 3853.3 4394.0 8.6303 0.38614 3852.7 4393.3 8.5587
1000 0.58721 4052.7 4640.0 8.9155| 0.48928 4052.2 4639.4 8.8310 0.41933 4051.7 4638.8 8.7595
1100 0.63354 4257.9 4891.4 9.1057| 0.52792 4257.5 4891.0 9.0212 0.45247 4257.0 4890.5 8.9497
1200 0.67983 4469.0 5148.9 9.2866| 0.56652 4468.7 5148.5 9.2022 0.48558 4468.3 5148.1 9.1308
1300 0.72610 4685.8 5411.9 9.4593| 0.60509 4685.5 5411.6 9.3750 0.51866 4685.1 5411.3 9.3036

P =1.60 MPa (201.37°C) P = 1.80 MPa (207.11°C) P = 2.00 MPa (212.38°C)

Sat. 0.12374 2594.8 2792.8 6.4200 | 0.11037 2597.3 27959 6.3775 Q0L 2500 27988 6.3350
225 0.13293 2645.1 2857.8 6.5537 | 0.11678 2637.0 2847.2 6.4825 0.10381 2628.5 2836.1 6.4160
250 0.14190 2692.9 2919.9 6.6753 | 0.12502 2686.7 2911.7 6.6088 0.11150 2680.3 2903.3 6.5475
300 0.15866 2781.6 3035.4 6.8864 | 0.14025 2777.4 3029.9 6.8246 0.12551 2773.2 3024.2 6.7684
350 0.17459 2866.6 3146.0 7.0713 | 0.15460 2863.6 3141.9 7.0120 0.13860 2860.5 3137.7 6.9583
400 0.19007 2950.8 3254.9 7.2394 | 0.16849 2948.3 3251.6 7.1814 0.15122 2945.9 3248.4 7.1292
500 0.22029 3120.1 3472.6 7.5410 | 0.19551 3118.5 3470.4 7.4845 0.17568 3116.9 3468.3 7.4337
600 0.24999 3293.9 3693.9 7.8101 | 0.22200 3292.7 3692.3 7.7543 0.19962 3291.5 3690.7 7.7043
700 0.27941 3473.5 3920.5 8.0558 | 0.24822 3472.6 3919.4 8.0005 0.22326  3471.7 3918.2 7.9509
800 0.30865 3659.5 4153.4 8.2834 | 0.27426 3658.8 4152.4 8.2284 0.24674 3658.0 4151.5 8.1791
900 0.33780 3852.1 4392.6 8.4965 | 0.30020 3851.5 4391.9 8.4417 0.27012 3850.9 4391.1 8.3925
1000 0.36687 4051.2 4638.2 8.6974 | 0.32606 4050.7 4637.6 8.6427 0.29342 4050.2 4637.1 8.5936
1100 0.39589 4256.6 4890.0 8.8878 | 0.35188 4256.2 4889.6 8.8331 0.31667 4255.7 4889.1 8.7842
1200 0.42488 4467.9 5147.7 9.0689 | 0.37766 4467.6 5147.3 9.0143 0.33989 4467.2 5147.0 8.9654
1300 0.45383 4684.8 5410.9 9.2418 | 0.40341 4684.5 5410.6 9.1872 0.36308 4684.2 5410.3 9.1384

P = 2.50 MPa (223.95°C) P = 3.00 MPa (233.85°C) P = 3.50 MPa (242.56°C)

Sat. 0.07995 2602.1 2801.9 6.2558 | 0.06667 2603.2 2803.2 6.1856 0.05706  2603.0 2802.7 6.1244
225 0.08026 2604.8 2805.5 6.2629

250 0.08705 2663.3 2880.9 6.4107 | 0.07063 2644.7 2856.5 6.2893 0.05876  2624.0 2829.7 6.1764
300 0.09894 2762.2 3009.6 6.6459 | 0.08118 2750.8 2994.3 6.5412 0.06845  2738.8 2978.4 6.4484
350 0.10979 28525 3127.0 6.8424 | 0.09056 2844.4 3116.1 6.7450 0.07680  2836.0 3104.9 6.6601
400 0.12012 2939.8 3240.1 7.0170 | 0.09938 2933.6 3231.7 6.9235 0.08456  2927.2 3223.2 6.8428
450 0.13015 3026.2 3351.6 7.1768 | 0.10789 3021.2 3344.9 7.0856 0.09198 3016.1 3338.1 7.0074
500 0.13999 3112.8 3462.8 7.3254 | 0.11620 3108.6 3457.2 7.2359 0.09919 3104.5 3451.7 7.1593
600 0.15931 3288.5 3686.8 7.5979 | 0.13245 3285.5 3682.8 7.5103 0.11325 3282.5 3678.9 7.4357
700 0.17835 3469.3 3915.2 7.8455 | 0.14841 3467.0 3912.2 7.7590 0.12702  3464.7 3909.3 7.6855
800 0.19722 3656.2 4149.2 8.0744 | 0.16420 3654.3 4146.9 7.9885 0.14061 3652.5 4144.6 7.9156
900 0.21597 3849.4 4389.3 8.2882 | 0.17988 3847.9 4387.5 8.2028 0.15410 3846.4 4385.7 8.1304
1000 0.23466 4049.0 4635.6 8.4897 | 0.19549 4047.7 4634.2 8.4045 0.16751 4046.4 4632.7 8.3324
1100 0.25330 4254.7 4887.9 8.6804 | 0.21105 4253.6 4886.7 8.5955 0.18087  4252.5 4885.6 8.5236
1200 0.27190 4466.3 5146.0 8.8618 | 0.22658 4465.3 5145.1 8.7771 0.19420 4464.4 5144.1 8.7053
1300 0.29048 4683.4 5409.5 9.0349 | 0.24207 4682.6 5408.8 8.9502 0.20750 4681.8 5408.0 8.8786





5. What is total energy? Identify the different forms of energy that constitute the total energy? (20%)
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