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Problem 1. (25%)

A 2 moles of helium gas has initial temperature 27°C, and volume 20L. It undergoes the process: expanded
under constant pressure to double its volume, and then further expanded adiabatically to regain its initial
temperature. (Assume ideal gas. The gas constant R=0.082 atm L K~ mol ™)

(a) Draw the process diagram on the p-V plane. (5%)

(b) What is the heat absorbed by the helium in the process? (5%)

(c) Find the change of the internal energy of the helium. (5%)

(d) What is the total work done by the helium on the surroundings? (5%)

(e) What is the final volume of the helium? (5%)

Problem 2. (25%)

It is known that the surface film of a liquid has its surface tension o=0(T) only as a function of the

temperature T. In addition, o(T) decreases with increasing T.

(a) Find the change in entropy S when a surface film is expanded isothermally and reversibly from its initial
area A; to a final area A;. Does this process absorb heat or release heat? (15%)

(b) Show that if the expansion process is adiabatic and reversible, then the temperature of the film decreases
with increasing its area. (10%)

(Hint: the work done on the film is dW = cdA . Use ¢, =T(85/0T), >0: heat capacity at constant surface
area.)

Problem 3. (25%)

Turbojet engines are widely used to propel modern aircrafts. This type of engine can be considered as an ideal

open air cycle. Assume the inlet air conditions are P 1, T1, and V.

() Sketch and describe main components and their functions of a typical turbojet engine. (4%)

(b) Draw the P-V and T-S diagrams of the air-standard cycle. Label corresponding sates and processes in the
diagrams. (7%)

(c) Establish the equations for the thermodynamic properties of the final state of each process in terms of its
starting states. (§%)

(d) What is heat or work added or removed during each process? (6%)

Problem 4. (25%)

A water steam source of 5 bar and 280°C is denoted as State 1.

(a) The steam at State 1 enters an ideal turbine and expands to 0.7 bar, denoted as State 2. Determine the
specific enthalpy of the steam at State 2. (5%)

(b) The steam at State 2 is then reheated to 240°C, denoted as State 3. Determine the changes in specific
enthalpy and specific entropy during the reheated process from State 2 to State 3. (5%)

(c) The steam at State 1 enters an actual turbine and expands to 0.7 bar and 240°C, denoted as State 4.
Determine the isentropic efficiency of the turbine for this actual process from State 1 to State 4. (5%)

(d) The steam at State 1 is throttled to 1 bar, denoted as Sate S. Changes in kinetic energy are negligible.
Determine the temperature of the steam at State 5. (5%)

(¢) Estimate the average Joule-Thomson coefficient for the throttling process in part (d) of this problem. {(5%)
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Properties of Saturated Water Specific Volume Internal Energy Enthalpy Entropy
(Liquid-Vapor) mi/kg kl/kg ki /kg KIikg - K
Temp. Press. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Temp.
°C bars Liquid Vapor Liguid | Vapor | Liquid | Evap. | Vapor | Liquid | Vapor °C
yr X 103 v ur Uy }if fljg hg S Sy
160 1.014 1.0435 1.673 418.94 | 2506.5 | 419.04 | 2257.0 | 2676.1 | 1.3069 |7.3549 | 100
110 1.433 1.0516 1.210 461.14 | 2518.1 | 461.30 | 2230.2 | 2691.5 | 1.4185 | 7.2387 | 110
120 1.985 1.0603 0.8919 503.50 | 2529.3 | 503.71 {2202.6 |2706.3 | 1.5276 |7.1296 | 120
130 2,701 1.0697 0.6685 546.02 | 2539.9 | 546.31 | 2174.2 | 2720.5 | 1.6344 | 7.0269 | 130
140 3.613 1.0797 0.5089 588.74 | 2550.0 | 589.13 | 2144.7 | 2733.9 | 1.7391 |6.9299 | 140
150 4,758 1.0905 0.3928 631.68 | 2559.5 | 632.20 | 2114.3 | 2746.5 | 1.8418 | 6.8379 | 150
160 6.178 1.1020 0.3071 674.86 | 2568.4 | 675.55 | 2082.6 | 2758.1 | 1.9427 | 6.7502 | 160
170 7.517 1.1143 0.2428 718.33 | 2576.5 |'719.21 | 2049.5 | 2768.7 | 2.0419 | 6.6663 | 170
180 10.02 1.1274 0.1941 762.09 | 2583.7 | 763.22 | 2015.0 | 2778.2 | 2.1396 |6.5857 | 180
150 12.54 1.1414 0.1565 806.19 | 2590.0 | 807.62 | 1978.8 | 2786.4 | 2.2359 |6.5079 | 190
200 15.54 1.1565 0.1274 850.65 | 2595.3 | 852.45 | 1940.7 |2793.2 | 2.3309 | 6.4323 | 200
210 19.06 1.1726 0.1044 895.53 | 2599.5 | 897.76 | 1900.7 |2798.5 | 2.4248 |6.3585 | 210
220 23.18 1.1900 0.08619 940.87 | 2602.4 | 943.62 | 1858.5 | 2802.1 | 2.5178 | 6.2861 | 220
230 27.95 1.2088 0.07158 986.74 | 2603.9 | 990.12 | 1813.8 | 2804.0 | 2.6099 | 6.2146 | 230
240 33.44 1.2291 0.05976 1033.2 | 2604.0 | 1037.3 | 1766.5 | 2803.8 | 2.7015 | 6.1437 | 240
250 39.73 1.2512 0.05013 1080.4 | 2602.4 | 1085.4 | 1716.2 | 2801.5 | 2.7927 | 6.0730 | 250
260 46.88 1.2755 0.04221 1128.4 | 2599.0 | 1134.4 | 1662.5 | 2796.6 | 2.8838 | 6.0019 | 260
270 54.99 1.3023 0.03564 1177.4 | 2593.7 | 1184.5 | 1605.2 | 2789.7 | 2.9751 | 5.9301 | 270
280 64.12 1.3321 0.03017 1237.5 | 2586.1 | 1236.0 | 1543.6 2779.6 | 3.0668 | 5.8571 | 280
290 74.36 1.3656 0.02557 1278.9 | 2576.0 | 1289.1 | 1477.1 |2766.2 | 3.1594 |5.7821 | 290
Press. | Temp. - ' Press.
bars °C v x 10 Y Uy Ug Ry figg ! by 8¢ | Sg bars
0.30 69.10 1.0223 5,229 289.20 | 2468.4 | 289.23 | 2336.1 | 2625.3 | 0.9439 | 7.7686 0.30
0.40 75.87 1.0265 3.993 317.53 | 2477.0 | 317.58 | 2319.2 | 2636.8 | 1.0259 | 7.6700 (.40
0.50 81.33 1.0300 3.240 340.44 | 2483.9 | 340.49 | 2305.4 | 2645.9 | 1.0910 | 7.5939 0.50
0.60 85.94 1.0331 2.732 359.79 | 2489.6 | 359.86 | 2293.6 | 2653.5 1.1453 | 7.5320 0.60
0.70 89.95 1.0360 2.365 376.63 | 2494.5 | 376.70 | 2283.3 | 2660.0 | 1.1919 | 7.4797 0.70
0.80 93.50 1.0380 2.087 391.58 | 2498.8 | 391.66 | 2274.1 | 2665.8 | 1.2329 | 7.4346 0.80
0.90 96.71 1.0410 1.869 405.06 | 2502.6 | 405.15 | 2265.7 | 2670.9 | 1.2695 | 7.3949 0.90
1.00 | 99.63 1.0432 1.694 417.36 | 2506.1 | 417.46 | 2258.0 | 2675.5 | 1.3026 | 7.3594 1.00
1.50 | 111.4 1.0528 1.159 466.94 | 2519.7 | 467.11 | 2226.5 | 2693.6 | 1.4336 | 7.2233 1.50
2.00 | 120.2 1.0605 0.8857 504.49 | 2529.5 | 504.70 | 2201.9 | 2706.7 | 1.5301 | 7.1271 2.00
2.50 | 127.4 1.0672 0.7187 535.10 | 2537.2 | 535.37 | 2181.5 | 2716.9 | 1.6072 | 7.0527 2.50
3.00 | 133.6 1.0732 0.6058 561.15 | 2543.6 | 561.47 | 2163.8 | 2725.3 | 1.6718 | 6.9919 3.00
3.50 | 138.9 1.0786 0.5243 583.95 | 2546.9 | 584.33 | 2148.1 | 2732. 1.7275 | 6.9405 3.50
4.00 | 1436 1.0836 0.4625 604.31 | 2553.6 | 604.74 | 2133.8 2738.% 1.7766 | 6.8959 4.00
4.50 | 1479 1.0882 0.4140 622.25 | 2557.6 | 623.25 | 2120.7 | 2743. 1.8207 | 6.8565 4.50
5.00 | 151.% 1.0926 0.3749 639.68 | 2561.2 | 640.23 | 2108.5 | 2748.7 | 1.8607 | 6.8212 5.00
6.00 | 158.9 1.1006 0.3157 669.90 | 2567.4 | 670.56 | 2086.3 | 2756.8 | 1.9312 | 6.7600 6.00
7.00 | 165.0 1.1080 0.2729 696.44 | 2572.5 | 697.22 | 2066.3 | 2763.5 | 1.9922 | 6.7080 7.00
8.00 | 170.4 1.1148 0.2404 720.22 | 2576.8 | 721.11 | 2048.0 | 2769.1 | 2.0462 | 6.6628 8.00
9.00 | 175.4 1.1212 0.2150 741.83 | 2580.5 | 742.83 | 2031.1 | 2773.9 | 2.0946 | 6.6226 9.00
Properties of Superheated Water Vapor T 4 » I 5 i i B 5
°c mkg ki/kg ki/kg ki/kg-K m*kg ki/kg ki/kg Kki/kg-K
p = 0.70 bar = 0.07 MPa p = L0 bar = 0,10 MPa
(T = 89.95°C) (T = 99.63°C)
Sat. 2.365 2494.5 | 2660.0 7.4797 1.694 2506.1 | 2675.5 7.3594
100 2.434 2509.7 | 2680.0 7.5341 1.696 2506.7 | 2676.2 7.3614
120 2.571 2539.7 | 2719.6 7.6375 1.793 2537.3 | 2716.6 7.4668
160 2.841 2599.4 | 2798.2 7.8279 1.984 2597.8 | 2796.2 7.6597
200 3.108 2659.1 | 2876.7 8.0012 2.172 2658.1 | 2875.3 7.8343
240 3.374 2719.3 | 2955.5 8.1611 2.359 2718.5 | 2954.5 7.9949
280 3.640 2780.2 | 3035.0 8.3162 2.546 2779.6 | 3034.2 8.1445
320 3.905 2842.0 | 3115.3 8.4504 2.732 2841.5 | 3114.6 8.2849
p = 5.0 bars = 0.50 MPa p = 7.0 bars = $.70 MPa .
(T = 151.86°C) (T = 164.97°C) T.‘-';it
)= 4
Sat. 0.3749 | 2561.2 | 2748.7 6.8213 0.2729 | 2572.5 | 2763.5 6.7080 "}.Eg
180 0.4045 | 2609.7 | 2812.0 6.9656 0.2847 | 2599.8 | 2799.1 6.7880
200 0.4249 | 2642.9 | 2855.4 7.0592 0.2999 | 2634.8 | 2844.8 6.8865 E-fﬁ_
240 0.4646 | 2707.6 | 2939.9 7.2307 0.3292 | 2701.8 | 2932.2 7.0641 %
280 0.5034 2771.2 | 3022.9 7.3865 0.3574 2766.9 | 3017.1 7.2233
320 0.5416 | 2834.7 | 3105.6 7.5308 0.3852 | 2831.3 | 3100.9 7:3697 ‘%i
360 0.5796 2898.7 | 3188.4 7.6660 0.4126 2895.8 | 3184.7 7.5063
400 0.6173 | 2963.2 | 3271.9 7.7938 0.4397 | 2960.9 | 3268.7 7.6350 E‘:’J






