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I. As shown in the followmg ﬁgure & snmple steam power p]ant operates on an: 1deal
Rankine cycle. The steam leaves the bmler as saturated vapor

{a) Please describe the type of rhermodynamlc process in each of the pump, bmler
turbine and condenser. (6%) .

(b) Please plot the Rankine cycle on a T-s dlagrdrn (5%)

(¢} The condenser pressure is: 10 kPa and the boﬂer pressure is~ 25 MPa Please

detelmme the work done by the pump (4%) the quahty at state . (4%) and the

thermal efhmeney of the cycle (B%)
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Saturated Steam: Pressire Table.

%2R £4F

Specific Volume Internal Energy Enthalpy Entropy
Press. Temp.  Sat Sat.  Sat Sat. Sat. Sat.  Sar Sat,
kP: : f’Cp Licuid Vapor . Liquid Evap. Vapor Liquid Evap. Vapor Liquid Ewvap. Vapor
P T ) Up C Uy  Up U Ay hy by A1 w S
6113 0.01 - 0061 000 206.14 00 23753 28753 01 25013 250L4 .0000 9.1562 9.1562
061].0 £08 0001000 199.21  20.30 23657 2385.0 20.30 2484.9 25142 .1059 B.8697 8.9756
15 13.03  0.001 001  87.98 54.71 2838.6 2998.3- 5471 2470.6 25253 1957 B.6382 8.8279
2.0 1750  ©.001 001  67.00 73.48 2326,0' 2309.5  73.48 2460.0 25835 2607 B.4620 2.7297
2.5 2108  0.001 002 54.25 88.48 25159 24044  88.49 2451.6 2540.0 3120 8.53811 8.6482
3.0 24.08 - 0.001 003  45.67  101.04 2307.5 2408.5 - 101.05 24445 25455 3545 8.2281 8.5776
40 2896 0001004 3480 12145 29987 24152 12146 2432.0 25544 4226 B.0520 8.4746
5.0 32.88 0001005 . 28.18  157.81 22827 24205 187.82 2428.7 25615 4764 Y7.9187 £.3951
75 4020 0001 008 10.24  168.78 29617 24505 16879 2406.0 25748 5764 7.6750 B.2515
.10 45.81  0.001 010  14.67  191.82 2246.1 24379 191.83 23028 25847 6493 7.5009 B.1502
i5 .53.97 0001014 1002 22592 2222.8 24487 2250423731 2609.1 7548 7.2536 B.0085
20 60.06  0.001 017 7.649 '251.38 22054 - 2456.7 251.40 2858.3 2609.7 8320 7.0766 7.9085
25 6497 0.001 020  6.204 271.00 2191.2 2468.1 271.93 $346.3 2618.2- - .895]1 6.9383 7.8314
30 66.10 0.001.022  5.920° 289.20 2170.2- 2468.4  289.23 2336.1" 26253 9439 6.8247 7.7686
40 75.87  0.001 027 3.903 317.58 21595 2477.0° 21758 23192 26368 1,0259 6.6441 7.6700
50 8133 0.001 030 3.240 54044 21434 24859 34040 23054 26459 1.0810 6.502% 7.593%
75 91,78 0001087 . 2217 88431 21124 24967 384.39 22786 26680 1.2130 6.2434 7.4564
Mo 1 41746 2558 0.‘ 2675 5. 1.3026 6.0568 7.3594
100 99.63  0.001 043 1.6940 417.36 2088.7 2506.1 417, 258.0. 5L . .
8,125 105.99 G001 048  1.3740. 44419 2069.3 25185 44432 2941.0 2685.4 1.3740 59104 7.2844
0.150. 111.37 0.0GI 053  1.1595 “466.94 20527 25197 467.11 22265 ,2698.6 1.4336 57897 7.2238
0.175 116.06 0001 057 . . 1.0036 486,80 2088.1 2524.9 - 486,99 2213:6- 2700.6 14849 56868 7.1717
0.200 120.23 0001 061  0.8857 504.49 2025.0 25205 504.70 22019 2706.7 1.5301 55970 7.1271
0.225 124.00 0.001 064  0.7933  520.47 2013.1 25386 520.72 21913 27121 15706 55178 . 7.0878
0.250 12744 0001067 0.7187 53510 2002.1 2537.2 535387 21815 27160 16072 b.4455 7.0527
0.275 13060 0.001 070 0.6573  548.50 1991.9- 25405 54880 21724 2721.%3 1.6408 5.3801 7.0209
0.300 13355 0.001 073 06058  561.15 19824 95436 56147 2163.8 27253 16718 5.5201 6.9919
0.325 136,50, 0,001 076 .0.5620 - . .572.90 ‘19785 2546.4 573.25 21558 27290 1.7006 5.2646 6.9652
0.850 13888 0.001 07¢ 0.5943  583.95 '1065.0° 25480 58433 21481 27324 17275 52130 5.9405
0.375  141.32 0.001 081 0.4914 '~ 584:40 1956.9° 25613 504.81 2140.8 27356 1.7528 51647 69175
0.40 143.63 0.001 084 0.4625.. . 604.8] 1049.3 2563.6 " 604.74 21338 "2Y88.6" 1.7766 *5.1199 ~6.8059
0.45 147.93 - 0.001 088 0.4140 62277 '1934.9 2557.6 623.25 2120.7 27439 18207 5.0859 6.8565
0.50 151.86 0.001'095 0.3740  680.68 10216 2561.2 640.25. 21085 27487 1.8607 .4.9506 . 6,821%
0.55 15548 = 0.001.097 0.3427 - 655.32 1909.2 2564.5 ' 65593 2097.0. 2758.0 1.8973 ‘48020 - 6.7898
0.60  ° 158.85 - 0.001 101 0.3157 669,90 . 18975 2567.4 670.56 2086.5 2756.8° 1.9%12 48288 6.7600
065 - 16201 0.001-104, 0.2927 - - -683.56  1886.5 -2570.1 - 684.28 - 2076.0 2760.3 1.9627 4.7703 67331
0.70. 16497 . 0.001 108" 0.2729°  £96.44 1876.1 25725 697.22 20663 2768.5 19922 47158 6.7080
0.75 167.78 0001 112 0,2556 - 708.64 1866.1 2574.7  709.47 2057.0. 2766.4 2.0200 '4.6647 6.6847
10807 17043 0.001115 0.2404 © '720.22 18566 2576.8 - 72101 2048.0 2760.1 2.0462 4.6166 6.6628
0.85 17296 0.001 118 0.2270 . 731.27 18474 2578.7 732.22 '2030.4 2771.6. 2.0710 .45711 6.642]
090 17538 -0.001121 0.2150°  741.83 {838.6 25805 742.8% 2051.1 92773.0 2.0046 4.5280 - 6.6226
0.95 177.69  0.001 124 0.2042  751.95 1830.2 25821 . 753.02. 2093.1 2776.1 2.1172 44860 6.604]
1.00 17991 - 0.001-127 0.19444 ~ 761.68 1822.0 2585.6 762:81 20153 27781 2.1887 4.4478 6.5865
1.10 184.09 0.001 133 0.17753  780.09: 1806.3 .2586.4 781.84 2000.4 27817 21792 4.3744: 65536
120 18799 - 0.001 139. 0.16333 797.20 17915 2588.8 798.65 1086.2° 27848 29166 43067 6.5233
1.80 151.64 0.001 144 0.151 25 81344 1777.5 2591.0 81493 19727 2787.6 2.3515 4.2438 6.4953
1.40 19507  0.001 149 0.140 84 82870 1764.1 9592.8 88030 1059.7 2790.0  9.9842 4.1850 G6.469%
1.50 19832  0.001 154 0.13177 B48.16 1751.8 25045 844.89 1947.3 27922 23150 4.1298 6.4448
1.75 205.76  0.001 166 0.11349 87646 1721.4 2597.8 B878.50 1317.0 3796.4 ~2.3851 4.0044 6.3306
2,00 21242 0.001 177 0.099 6% 906.44. 1693.8 2600.3 ' 008.79 1890.7 97995 2.4474 $.8035 6.3409
2.25 21845 0.001 187 0.088 75 933.88 1668.2 2602.0 05649 18652 28017 2.5085  5.7937 6.2972
2.5 223.90  0.001 197" 0.07998  950.11 1644.0 -2608.1 962.11 1841.0 2803.1 2.5547 5.702% 6.2575
3.0 .238.90  0.001 217 1004.78  1599.3 2604,1 1795.7° 2804.2 3.5412

0.066 68

1008.42

2.6457

6.1869
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2. An insulated spring-loaded piston!éylirider, shown in the fdflb@iﬁg ﬁghré; 1s conriectsd to an
air supply line by a valve. The air in the supply line is at 0.8 MPa and 800 K.“Ihitial‘]y, the
piston is evacuated and the volume for the chamber B is zero, x = 0. The spring constant is k =
800 kg/m. The valve is then opened and thc axr flows into the chamber from the air supply. line
until the pressure in chamber B reaches its maximum value PB =Pp mex- -

(1) Please set a control volume system for the analysis of the air inlet process. (5%)
(2) When the pressure of the cylinder préssuré reaches its maximum value, Py, find the
values of Py max, Py, Ta, and Xinux-(10%) . | . . |

(3) Assume the air behaves like an ideal gas ﬁnd the mass of .:ur in the chamber B when Pe=

P max; and, find Py, T, x and the mass of 4ir in the chambm B when P = —P L (1 0%)

oo 0.8MPa
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T[k\ Bl u[kJ,’kL) ¥ (k]!kg k)

\\I As = 8

T h o s’ P o T ir 1" A » v,
TR0 76729 55199 264737 37.33 5763 | 1300 (39597 - 02282 327M3 3309 11275
7e0 TIRAS SeO1 266176 3927 §5.53 111320 141976 104088 329160 3525 10047
T TROAL Se8HT 267545 41.31 5339 | 130 bAATA0 105894 - 330059 35310247
O BB 57612 269013 4338 0 5164 | 1360 146749 1077000 332724 99,1 4740
T RINYY $§4.21 2.70400 45.55. 49.86 | 1380 149L4d 100526 334474 424.2 9.337
WM 2195 59230 271787 4773 4808 | 1400 151342 111232 336200 4505 KO1Y
SN 08 GU8SY 274504 5259 4484 | 1420 (33944 115177 337008 4780 8520
840 XERAR. 62495 LTTIT0 5760 4188 | 14dir 156351 11A03 0 330sEe | S68 5.5
860 BSR27 . 64140 279783 6309 30420 | 1460 - 158763 LIG84Y - 341247 5371 7401
S8 OJ0E6 . 65795 2234 aRUN 61| R0 61079 118685 342892 S6HR 7 465
SO0 9R293 67438 284856 75.29 LI5S0 163507 120541 . 34dSie 61y 752
92 93538 - 60128 247324 ] H20S . 2208|1520 166023 1223.87 346120 | 6365 4N
DE0 97797 70808 280748 89,28 3022 | 1540 168451 124243 347712 F728 6560
960 L00SS 72502 292128 $7.00 2840 | 1560 AT08A2 0 (260100 349276 703 6.301
9RUIUZ32S 74498, 2O446R.L 1052 . 22673 | U580 . I7IBAT 127965 . 350829 7500 6046
OO0 1046.04 - TIRGE AR T 40 34T HGO0 1TSTST 129830 ,Svm LN SR04
1020 16889 7 77600 200034 T 1234 ¢ 237200 1620 1TR200 C R3I696 508 $34.) 3574
040 1091 T9R36 30260 1323 IRAG L IA0 (ROBAE 133873 -3 | w18e 5258
OG0 11456 - BIO62 0 30340 [ 139 T R0t | 160 189G (35448 ﬁm«»? 9256 A.t47
050 113789 S2TRE 305608 155.2 19.98 | 168D 185330 137324 358335 9742 494y
TOD B6LOT7 84533 307732 167.1 18896 | 1700 TEROT 13027 35479 1025 4.761
P20 118426 86279 300825 179.7 17886 | 1750 19416 - 14398 1 36336 1161 4378
IR0 20757 880,35 3.11883 1930 16946 | 18000 20033 14872 36684 [ 1310 354
Mol 123092 ®97.91  3.03916 | 207.2 16064 | 1850 20653 15349 37023 1475 2.60)
TR0 125434 Y1557 . 305916 2122 IR241 1900 " 21274 15826 - 37954 | . 1655 3705
B2 F27270 0 93333 3.7HEN 2380 14470 [ 1950 URYT O leMb 37677 g2 - 3o
12200 136131 VALY 349834 2347 (3747 | 2000 22521 16787 a7904 268 2770
[24) 432493 - 96895 a5 2m2a 12069 12030 23046 76K IRY [ 2w 2553
1260 134835 Useon T 3.23638 0.5 12435 | 200 23774 17753 38805 2559 1350
1280137234 HAT6 325315 3104 1IN3S | 29500 24403 IN23AC 3RO | ooew 2,175
200 25032 18724 391n 3138 2012
. 2250 25664 19213 3474 3464 |56

3. Demonstrate:

(a) Tds=du+ pdv and Tds = a’h vdp where u, h, and § represent the specific internal energy,
enthalpy and enerpy, respectwely (4%)

(b) ¢,~¢, =R for an jdeal gas, where cp and ¢y are the constant-pressure and
constant-volume specific _hea‘ts, r_espééti#ely; and R s the with the gas constant, (3%)

T . . . '
(¢) As=s5,—5 = cInuTi for an incompressible substance with constant specific heat of ¢. (3%)
1 . . .
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4. At steady state. a 750- MW power plant receives enérgy by héat transfer from combustion of
fuel at an avemge temperature of 307°C.. The plant dlscharges encrgy by heat transter 10 a

river whose mass flow rate is 1. 65x105 kg/s. Upstrcam of the power plant the river is at 17°C.

Determine the theoretical minimum. temperature increase of the r:ver ATM, in °C. Assume the
water behaves like an 1ncompressable fluid with: constant specific hedt, ¢, = 4.0 kJ/kgK. {(9%)

' . o
750 MW - TU e
J y

Power-plant

- River, m=1.65% 10F kg/s

An isolated system of total mass m is formed by mixing two equal masses of the same liquid
mmally at temperaturc TH and Tc. Eventually, the.system attains an equilibrium state. If the

liquid is assumed to be incompressible and with constant specific heat ¢. Show that the

. ‘ T e
ent duction, g, is =mcln| =H—C_| (g
ropy‘pro uction ..1 e {Z(THTC)M (6 . 6)

d Liquid with"spcciﬁ'{; heate, | Liquid with specific heat ¢, |

Initially 'Am_ass m/2, -t_emperature‘:"l'” ' mass - m/2, temperature T
| Mixing
Finally ~® ° Liquid with spedific heat ¢, mass m
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6. A film at 25 °Chas a surface tension of 30.5 mN/m and is maintained on a wire frame as shown
in the following ﬁgurc Consider the film with two surfaces as a control mass and find the

work done when the wire is moved 5 mim to make the film from 30 mm x 30 mm to 30 mm x
35 mm. (10%)

30mm
“30mm -] ¢ Bilm Wue:“‘ B
Frame
Ly

7. The mass rate of flow into a stedm turbme is 1.5 kg/s, and the heat transfer from the turbine is
10.5 kW The following data are known for the steam entering and leaving the turbine.

_ TInlet " QOutlet
Pressure ' ‘ 2.0 MPa 0.8 MPa
Temperature ' - 400C |
Quality 100 %
Velocity . R 50 mss ' 250 m/s
-Elevauon about reference plane 9 m . 3m

(l)Please state the first law of thcnnodynarmcs for the steady state, steady-flow process. (5%}
© (2) Please find the power output of the turbme (10%)

Reference: Part of “Thermodynarmc Pmpernes of Superheated Vapor Water” Tables are listed
for reference : . ‘

P=800kPa - . | = [0 -p=200MPa

F I T R N O o e e 'S =
Sat. | 0.24043 | 2576.8 | 2769.1 | 6.6627 | | Sar. | 0.09963 | 2600.3 | 2799.5 | 6.3408
200 |0.26080 | 26306 | 2839.2 | 6.8158 | | 225 | 0.10377 | 2628.3 | 2835.8 | 6.4146
250°| 0.29314 | 2715.5 | 2950.0 | 7.0384 | . | 250°| 0.11144.] 26796 | 2902.5 | 6.5452
300 | 032411 | 27971 | 30564 | 7,2327 | | 300 | 0.12547 | 2772.6.| 3023.5 | 6.7663

| 350 | 0.35439 | 2878.2 | 3161.7 | 74088 | | 350 | 0.13857 | 2859:8 | 3137.0 | 6.9562
400 | 038426 | 2959.7 | 3267.1 | 7.5715 [ 400.] 0.15120 | 29452 | 3247.6 | 7.1270
500 °| 044331 | 3125.9 | 3480.6 | 7.8672 S00-| 0.17568. | 3116.2 | 3467.6 | 7.4316




