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Part 1 (52%)

1.Why is Helium a gas and why are most metals solids at the room temperature and
pressure conditions? 6%

2. Why introduce the concept of a simple compressible pure substance? 4%

3. Under what conditions the first law of a control volume transient process reduces to the
first law of a control mass process? 5%

4. Explain briefly why heat transfer through a finite temperature difference is an
irreversible process? 6%

5. What is the basis of the existence of the thermodynamic temperature scale? 5%

6. Describe the two thermodynamic cycles (solid arrow and dotted arrow, respectively)
for the system given in the figure below. Which one may occur thermodynamically?
Why? : 10%
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7. Explain what is a polytropic process analytically and physically ? 6%

8. Derive an expression for the work under the condition of steady-state single flow
control volume process.  10%

Part 11 (48%)

1. The tank shown below has a volume of 0.4 »' and initially contain saturated vapor at
350 kPa. The valve is then opened and steam from the line at 1.4 MPa and 300°C
flow into the tank until the pressure is 1.4 MPa. Explain how to determine the mass of
steam that flows into the tank? But do not actually calculate it. ~ 15%

—

2. A piston/cylinder contains air at 300 K, 100 kPa. A reversible polytropic process with
n =1.3 brings the air to 500 K. Sketch the process in a P-v and a T-s diagram. Find

the specific work and specific heat transfer in the process. R = 0.287kJ/kg - K~ 127
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3. A cylinder/piston contains water at 200 kPa, 200°C with a volume of 20 L. The piston is
moved slowly, compressing the water to a pressure of 800 kPa. The loading on the piston is
such that the product PV is a constant. Assuming that the room temperature is 20°C, show that
this process does not violate the second law.  14% 2 page ﬁMnﬂ?M-nn'c tafle included.

4. A cyclic machine, shown in the figure below, receives 325 kJ from a 1000 K energy
reservoir. It rejects 125 kJ to a 400 K energy reservoir and the cycle produces 200 kJ
of work as output. Is this cycle reversible, irreversible, or impossible? 7%
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TabLr B.13
Superheated Vapor Water

W OFEPEER  ARE M R EAEs

( Temp. v u h s v U h s
| CC) (m*/kg) (kI/kg)  (kd/kg) (kJ/kg-K) (m*/kg) (kVkg)  (kikg)  (kI/kg-K)
‘ P =10kPa (45.81) P =50kPa (81.33)
l Sat. 14.67355 2437.89  2584.63 8.1501 3.24034 2483.85 264587 7.5939
L50 14.86920 244387  2592.56 8.1749 — — — —
100 17.19561 251550 2687.46 8.4479 3.41833 2511.61 2682.52 7.6947
] 150 19.51251 2587.86  2782.99 8.6881 3.88937 2585.61 2780.08 7.9400
| 200 21.82507 2661.27 2879.52 8.9037 4.35595 2659.85 2877.64 8.1579
[ 250 24.13559% 273595 2977.31 9.1002 4.82045 2734.97 2975.99 8.3555
I 300 26.44508 2812.06  3076.51 9.2812 5.28391 2811.33 3075.52 8.5372
| 400 31.06252 2968.86  3279.51 9.6076 6.20929 2968.43 3278.89 8.8641
[ 500 35.67896 313226 3489.05 9.8977 7.13364 3131.94 3488.62 9.1545
’ 600 40.29488 3302.45 3705.40 10.1608 8.05748 3302.22 3705.10 9.4177
700 4491052 3479.63 3928.73 10.4028 8.98104 3479.45 3928.51 9.6599
. 800 49.52599 3663.84 415910 10.6281 9.90444 3663.70 4158.92 9.8852
‘ 900 54.14137 3855.03 4396.44 10.8395 10.82773 3854.91 4396.30 10.0967
1000 58.75669 4053.01 4640.58 11.0392 11.75097 4052.91 4640.46 10.2964
1100 63.37198 4257.47  4891.19 11.2287 12.67418 4257.37 4391.08 10.4858
1200 67.98724 446791 5147.78 11.4090 13.59737 4467.82 3147.69 10.6662
‘ 1300 72.60250 4683.68 5409.70 14.5810 14.52054 4683.58 5409.61 10.8382
100 kPa (99.62) 200 kPa (120.23)
~ Sat, 1.69400 2506.06 267546 7.3593 0.88573 252949 2706.63 7.1271
150 1.93636 2582.75 2776.38 7.6133 0.93964 2576.87 2768.80 7.2795
200 2.17226 2658.05  2875.27 7.8342 1.08034 2654.39 2870.46 7.5066
| 250 2.40604 2733.73 2974.33 8.0332 1.19880 2731.22 2970.98 7.7085
| 300 2.63876 2810.4] 3074.28 8.2157 1.31616 2808.55 3071.79 7.8926
400 3.1G263 2967.85 3278.11 8.5434 1.54530 2566.69 3276.55 82217
500 3.56547 3131.54  3488.09 8.8341 1.78139% 3130.75 3487.03 8.5132
600 4.02781 3301.94  3704.72 9.0975 2.01297 3301.36 3703.96 8.7769
700 4.48986 3479.24 3928.23 9.3398 2.24426 347881 3927.66 0.0194
| 800 495174 3663.53 4158.71 9.5652 2.47539 3663.19 4158.27 9.2450
| 900 541353 3854.77  4396.12 9.7767 2.70643 3854.49 4395.77 0.4565
1000 5.87526 405278  4640.31 9.9764 2.93740 4052.53 4640.01 9.6563
1100 6.33696 4257.25  4890.95 10.1658 3.16834 4257.01 4890.68 9.8458
1200 6.79863 4467.70 5147.56 10.3462 339927 4467.46 5147.32 10.0262
1300 7.26030 4683.47 5409.4% 10.5182 3.63018 4683.23 5409.26 10.1982
300 kPa (133.55) 400 kPa (143.63)
Sat. 0.60582 2543.55 2725.30 6.9918 0.46246 2553.55 2738.53 6.8958
150 0.63388 2570.79 2760.95 7.0778 0.47084 2564.48 2752.82 6.9299
200 0.71629 2650.65 2865.54 7.3115 0.53422 2646.83 2860.51 7.1706
_
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Tantr B.1.3 (continued)
Superheated Vapor Water

N BEHEE  AHE VY [OF EREE

Temp. v i h s ] u h s
(°C) (m*/kg) (kJ/kg) (kJ/kg) (kJ/kg-K) (m/kg) (kI/kg)  (kd/kg) (k¥/kg-K)
300 kPa (133.55) 400 kPa (143.63)

250 079636 2728.69  2967.59 7.5165 059512  2726.11  2964.16 7.3788
300 0.87529 2806.69  3069.28 7.7022 0.65484 280481  3066.75 7.5661
400 1.03151 2965.53 327498 8.0329 077262 296436 327341 7.8984
500 1.18669 312995 348596 8.3250 0.88934  3129.15  3484.89 8.1912
600 1.34136 3300.79  3703.20 8.5892 1.00555 330022  3702.44 8.4557
700 1.49573 347838 3927.10 8.8319 1.12147 347795 392653 8.6987
800 1.64994 3662.85  4157.83 9.0575 123722 3662.51  4157.40 8.9244
900 1.80406 3854.20 439542 9.2691 1.35288 385391  4395.06 9.1361

1000 1.95812 4052.27 463971 9.4689 1.46847 405202  4639.4] 9.3360

1100 2.11214 4256.77 489041 9.6585 1.58404  4256.33  4890.15 9.5255

| 1200 2.26614 4467.23 5147.07 9.8389 1.69958 4466.99  5146.83 9.7059

1300 2.42013 4682.99 540903 10.0109 1.81511 4682.75  5408.80 9.8780

500 kPa (151.86) 600 1cPa (158.85)
| Sat 0.37489 256123 274867 6.8212 031367  2567.40  2756.80 6.7600
! 200 0.42402 2642.91 285537 7.0592 0.35202 263891 285012 6.9665
[ 250 0.47436 272350 296068 7.2708 0.39383 272086  2957.16 7.1816
{ 300 0.52256 2802.91 306420 7.4598 043437 280100  3061.63 73723
350 0.57012 2882.59  3167.65 7.6328 0.47424  2881.12  3165.66 7.5463
400 0.61728 2063.19 327183 7.7937 0.51372  2962.02  3270.25 7.7078
500 0.71093 312835 3483.82 8.0872 0.59199  3127.55 348275 8.0020
600 0.80406 3299.64  3701.67 8.3521 0.66974  3299.07  3700.91 §.2673
700 0.49691 3477.52  3925.97 8.5952 0.74720  3477.08 392541 8.5107
800 0.98959 3662.17 415696 8.8211 0.82450  3661.83  4156.52 8.7367
900 1.08217 3853.63  4394.7] 9.0329 0.90169  3853.34 439436 8.9485

1000 1.17469 405176  4639.11 9.2328 0.97883 405151  4638.8! 9.1484

1100 1.26718 4256.29 488988 9.4224 1.05594  4256.05  4889.61 9.3381

1200 1.25964 4466.76  5146.58 9.6028 113302 4466.52 514634 2.5185

1300 1.45210 4682.52  5408.57 9.7749 1.21009  4682.28 540834 9.6906

800 kPa (170.43) 1000 kPa (179.91)

Sat. 024043 257679  2769.13 6.6627 0.19444 258364  2778.08 6.5864
200 0.26080 2630.61  2839.25 6.8158 0.20596  2621.90  2827.86 6.6939
250 0.29314 271546 294997 7.0384 023268  2709.9]1  2942.59 6.9246
300 0.22411 2797.14  3056.43 7.2327 0.25794 279321  3051.15 7.1228
350 0.35439 2878.16  3161:68 7.4088 028247  2875.18  3157.65 7.3010
400 0.38426 2959.66  3267.07 7.5715 0.30659 295729  3263.88 7.4650
500 0.4433] 312595  3480.60 7.8672 0.35411 312434 347844 7.7621
600 0.50184 3297.91  3699.38 8.1332 0.40109  3296.76  3697.85 8.0289
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