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1. (@) From the Tds equation 7ds = du + Pdy, please derive the equation  (10%)
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(b) Prove that C, of an ideal gas is a function of Tonly.  (10%)

2. Consider the cylinder-piston arrangement shown in figure below, in which a frictionless
piston is free to move between two sets of stops. When the piston is resting on the lower
stops the enclosed volume is 400L, and when the piston reaches the upper stops the
volume is 600L. The cylinder initially contains water at 100 kPa 20% quality. This
system is now heated until the water eventually exists as a saturated vapor. If the mass of
the piston is such that 300 kPa pressure is required to move it against the outside ambient
pressure, determine: NN R~

(a) The final pressure in the cylinder. (10%)
(b) The heat transfer and work for the overall process. (10%)

Siop

3. Consider a steam turbine power plant operating near critical pressure, as shown in figure
below. As a first approximation, it may be assumed that the turbine and the pump
processes are reversible and adiabatic. Neglecting any changes in kinetic and
potential energies, calculate

(a) The specific turbine work output and the turbine exit state (10%)

(b) The pump work input and enthalpy at the pump exit state (10%)

(c) The thermal efficiency of the cycle (5%)
éu
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4. Consider a particular Carnot-cycle with water as the working fluid and having a thermal
efficiency of 25%. The heat transfer to the working fluid takes place at 300 C, during
which the water changes from saturated liquid to saturated vapor.

a. Show the cycle on a T—s diagram., (5%)
b. Calculate the quality of the working fluid at the beginning and at the end of the

isothermal heat-rejection process. (10%)
¢. Determine the net work output per kilogram of water. (10%)

5. Please briefly explain the following items (a) the Zeroth Law of Thermodynamies. (b)
the Second Law of Thermodynamies. (¢) Gibbs Free Energy (10%)
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Properties of saturated water (liquid-vapor): pressure table

Specific volume, Internal energy, Fathalpy, Entropy,
m' kg Kikg Wlikg klikgK)
Press. Sat. Sat. liquid ~ Sar, vapor Sat. Fyap. Sat. Sat. liqg-  Tvap. Sat. va- Sat. Evap.  Sat. va-
Temp. liguid vapor uid por liguid por
P, MPa T.°C ve Vg e tigg Uy by by hy 8¢ Sty %
0.0050 3288 | 0.001005 28.19 ) 137811 2282.7| 2420.5 137,82 ] 2423.7|  256L.5| 04764 | 7.9187) 8.1951
0.0n75 40.29 | 0.001008 19.24 168.78 | 2261.7| 24305 168.79 | 2406.0 25748 | 0.5764 | 7.6750| 8.2515
noLn 4584 | 0.001000 P67 191821 2246.1 | 24379 191,83 ] 23928 | 2584.7( 0.6493 ] 7.5000) 8.1502
0.015 5397 0001014 10.02| 22502 2222.8| 2087 | 22594 | 23731 25991 | 0.7549 | 7.2536 | 8.0085

0.020 60.06 ) 0.001017 TH40 | 251381 22054) 2456.7| 25§40| 23583 2609.7| 0.8320 [ 7.0766 [ 7.9083
0.025 64.97 1 0.001020 6.204 27190 | 2191.2] 2463.1 27093 23463 2618.2] 0.8931 | 6.9383 1.8314
0.030 6910 [ 0001022 5229 28920 2179.2[ 2468.4 289.2) | 2336.1 2625.3 [ 0.9439 | 6.8247| 7.768¢
0.040 7587 0.001027 3093 3M753] 2159.5] 2477.0 317581 23192  2636.8 | 1.0259 | 6.6441 1.6700
0.050 81.33| 0.001030 3240 39044 ) 2143.4| 24830 34049| 23054 26459 | L0910 | 65029 | 7.5039
0,075 9L.78 | 0.001037 2207 38431 21124 2496.7 | 38439 2278.6[ 2663.0| 12130 | 6.24341 7.4564
0.100 90.63 | 0.001041 16040 41736 2088.7 1 25006.1 N746| 22580 26755 13026 | 6.0568) 7.3594
0.125 105,99 | 0.00{048 13749 09| 20693 | 25135 | 44432 22410 26854 | 1.3740 [ 5.9104 7.2844
0.150 111,37 ] 0.000053 11593 ]  466.94| 2052,7] 2519.7] 467.11| 22265 2603.6 | 14336 | 5.7897] 7.2233
0.175 116.06 | 0.001057 1.0036 | 48680 20381 [ 25249 | 45699 | 2213.6] 2700.6| 1.4849 | 5.6868 | 7.17t7
0.200 120.23 | 0.00L061 0.8857| 504.49| 2025.0[ 25295 S04.70 [ 22009 270671 15301 | 55970 7.127t
0.225 124.00 | 0.001064 0.7933 | 52047 2013.1) 25336 52072 21913 2712.1| 1.5706 [ S.5173 | 7.0878
0.250 12744 | 0.001067 07187  53510] 20024 | 2537.2 | 535.37| 21815 27169 16072 | 5455 | 7.0527
0.275 130.60 | 0.001070 0.6573| S48.59] t991.9] 25408 S48.89 (21724 27213 | L6498 | 5.3801 7.0209
0.300 133.55] 0001073 0.6058 |  561.15| (9824 2543.6 [ 56147| 21638 | 27253 L6718 | 5.3201 6.9919
0.325 136301 0.001076 0.56201 572901 1973.5] 23464 573250 215581 2729.0] L7006 | 526461 6.9652
0.350 138.83 | 0.00{079 05243 | 58305 1965.0] 2548.9| S8433| 21481 27324 17275 5.2130)  6.9403
0.375 141,321 0.00{081 04080 594401 1956.91 2551.3 504.81 | 21408 2735.6| 1.7528 | 5.1647| 6.9175
0.40 143.63 ] 0.001084 09625 | 60431 1999.3) 25536 604.74] 21338 | 27386 L7766 | S.0193| 6.8959

Properties of superheated wafer vapor:

T v u h § v u h 5 v t h 5
°C m'ikg Kikg  klkg  klkgK) mYkg  klkg  klkg klkgK) mikg  kVke  kikp  kifkgK)
P =15 MPa (342.24°C) P= 17.5 MPa (354.75°C) P =20.0 MPa (365.81°C)

Sat, 0.010337]  2455.§ 26105 5.3098] 0.007920( 2390.2( 2528.8 5.0419 0.005834] 2293.0] 2409.7 49269
330) 00014700 25204 26924 5.4421
400) 0015649 27407 29755 SR80 0.0124471  2685.0[ 2902.9 57213 0.009942] 26193 28181 55540
150 0018445 2879.5[ 31562 61404 0.015174 284412 3109.7 6.0184] 0.012695 2806.2  3060.1 59017
500) 0.02080]  2996.6]  330K.1j 63443 0.017358  2970.3] 3274.1 6.2380 0.014768) 2942.9 3218, 61401
550 0.02293)  I104.7]  3418.0 6.5199] 0.01928% 30839 3421.4 6.4230] 0.016555 3062.4] 3393.5 6.3M8
600) 0.02491( 3208.6] 35823 6.6776)  0.02106 31915 3560.1 6.5866/ 0.018178) 3174.0] 135376 65048
650] 0.0J680] 33103 37123 68224 0.02278 3296.0] 3691.9) 6.7357} 0.0196931 328t 36753 6.6582
F00) 0.02861 34109 38400 69572  0.02434]  3394.7 3824.¢) 6.8736 0.02t13 33864 1809.0 6.7993
800 0.03210] 36109 40924 7.2040| _0.02738) 36018 4081.1 7.0244] - 0.02385) 35927 4069.7 7.0544
900, 0.03546 38119 43438 74279 0.03031|  3801.7| 4335.1 7.3507]  0.02645 37975 43264 7.2830]
£ 000)] 003875  A015.4]  4596.6) 1.6348]  0.03306]  4002.3] 1589.5 75589 0.02897] 003t 4582.5) 74925
L 100) 0.0-420¢ 4222.6] 49526 7.8283]  0.03597] 42169 4846.4 7.7531 003145 42103 48402 7.6874
1200 0.04523] 44338 51123 R0108[  0.03876[  A128.3] 5106.6 79360 003394 M8 St0LY 18707
{300) 0.04845) 46420 53769 81840 0.04154  4643.5 5370.5 8.1093  0.03636] 4638.0 5365.t 80442

Properties of saturafed wafer (liquid-vapor): temperature table

Specific volume, Infemal energy, Enthalpy, Enlropy,
m'lkg kJ/kyg ki/kg I f(k-K)
Temp  Sat. press. Sat, lig- Sat. Sat. Bvap.  Sat, Sat, Evap,  Sat, Sat.  Rvap,  Sal
uid vapor liguid vapor  liquid vapor  liquid vapor
T.°C Pay MDa vy Ve g gy Ug he hyy hg st St S

w

0.16906 | 0.001056 | 1.0366 | 482.30] 20414 ] 2523.7] 482.48 |2216.5] 2699.0| 14734 57100 7.1833
120 0.1985310.001060 | 0.8919 | 503.50 | 20258 ] 2529.3 | 503.71 | 2202.6 | 27063 | 1.5276 | 5.6020 ] 7.1296
150 0.4758 | 0.001091 | 03928 | 631.68 | 1927.9 | 2559.5| 632,20 ] 2114.3] 2746.5 | 1.8418 ] 49960 ] 6,437
155 0.5431 ] 0.000096 | 0.3468 | 653.24 | 1910.8 ] 2564.1 | 653.84 | 2098.6] 27524 | 1.8925] 49010 6.7935
160 0.6178 | 0.001102 ] 0.3071 | 674.87 | 1893.5 | 2568.4 | 675.55]2082.6] 2758.1 | 1.9427 | 48075 ) 6.7502

2490 7436 0.001366 002557 | 127892 12971 2576.0| 128907 w4771 | 27662 | 2AS04| 2.6227| S5.7811
295 7993 0.001384 0.02354 13052 12047 15699 1316.3 | 14408 | 27581 | 32062 | 25375 57437
300 8581 0.001404 0.02167 1332.0.| 1230.0| 2563.0 13440 | 14049 | 27490 22534] 24511 57048
303 92021 00014251 0.019944 1359.3] M95.9| 25582 13724 | 13664 | 27387 | 3.3010] 23633 | 5.6043
k14 9856 0005447 [ 0.018350 13871 1859.4) 25464 14003 | 1326.0 | 2727.3| 33493 22737 56230




