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1. A homogeneous hot spherical object of radius R , specific heat C, and thermal conductivity k is initially
maintained at a uniform temperature of 7;. Now the object is allowed to cool in ambient air by convection with a
heat transfer coefficient of A as well as by radiation. The ambient air is stationary at 7w and has an effective sky
temperature of Tsky for radiation. The emissivity of the outer surface of the object is €.

(a) What is the so-called effective sky temperature? (5%)

(b) Assume constant properties and one-dimensional thermal conduction. Writing an energy balance on an
spherical shell volume element, derive the differential equation that describes the variation of temperature of the
object with space and time, 7(r,f). (15%)

(¢) Write down all the boundary conditions required for solving the problem in (b). (10%)

(d) Someone suggests to simplify the analysis in (b) by applying lumped system analysis. How do you judge if
lumped system analysis is applicable or not? What are the resulting governing equation and initial condition then?
(10%)

(e) The object is now insulted to reduce the heat loss from it. Will the critical radius of insulation be greater with
or without considering the thermal contact resistance? Why? Will the critical radius of insulation be greater on
calm days or on windy days? Why? (10%)

2. It is proposed to build a 1000 MW electric power plant with steam as the working fluid that operates in an
ideal Rankine cycle. The condensers are to be cooled with river water (see Figure below). The boiler pressure is

2 MPa, and the pressure in the condensers will be 10 kPa. The steam leaves the boiler as saturated vapor.
Determine:

(a) the thermal efficiency of this cycle. (10%)

(b) the mass flow rate of the steam (5%).

(c) the temperature rise of the river downstream from
the power plant (C, = 4.182 kJ/kg'K for water) (5%)
(d) How can we increase the efficiency of this cycle?
(5%)

River mean speed

T 10miminute

3. An ideal gas goes through a constant-temperature reversible heat addition process. How do the properties (v
u, h, s, P) change (up, down or constant) and why? (1 0%)

)

4. An ideal gas cycle with four reversible processes is sketched in the T-s diagram below. In each process,
temperature and entropy are linearly related. The specific heat at constant pressure is assumed constant, C, = 1
kJ/kg'K, and the gas constant is R = 0.3 kJ/kg-K. Determine:

(@) the cycle thermal efficiency (5%) A 3
(b) the pressure ratio, P3/Py. (10%) & 500 frorrmemrerenne s ]
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TABLE A-5

Saturated water—Pressure table

Specific volume, Internal energy, Enthalpy, Entropy,
mi/kg kJ/kg ki/kg kJ/kg-K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.

Press., temp., liquid, vapor, liquid,  Evap., vapor, liquid,  Evap., vapor, liquid, Evap., vapor,
PkPa T,°C v, Ve Uy Ugy u, hy hy hy s, Sp Sy

1.0 6.97 0.001000 129.19 29.302 2355.2 2384.5 29.303 2484.4 2513.7 0.1059 8.8690 8.9749
1.5 13.02 0.001001 87.964 54.686 2338.1 2392.8 54.688 2470.1 2524.7 0.1956 8.6314 8.8270
2.0 17.50 0.001001 66.990 73.431 23255 23989 73.433 2459.5 25329 0.2606 8.4621 8.7227
2.5 21.08 0.001002 54.242 88.422 23154 2403.8 88.424 2451.0 2539.4 0.3118 8.3302 8.6421]
3.0 24.08 0.001003 45.654 100.98 2306.3 2407.9 100.98 2443.9 2544.8 0.3543 8.2222 85765
4.0 28.96 0.001004 34.791 121.39  2293.1 24145 121.39 24323 2553.7 0.4224 B8.0510 8.4734
5.0 32.87 0.001005 28.185 137.75 2282.1 2419.8 137.75 2423.0 2560.7 0.4762 7.9176 8.3938
7.5 40.29 0.001008 19.233 168.74 2261.1 2429.8 168.75 24053 2574.0 0.5763 7.6738 8.2501
10 4581 0.001010 14.670 191.79 22454 2437.2 191.81 2392.1 2583.9 0.6492 7.4996 8.1488
15 53.97 0.001014 10.020 225,93 22221 24480 225.94 23723 25983 0.7549 7.2522 8.0071
20 60.06 0.001017 7.6481 251.40 2204.6 2456.0 251.42 2357.5 2608.9 0.8320 7.0752 7.9073
25 64.96 0.001020 6,2034 271.93  2190.4 24624 271.96 23455 2617.5 0.8932 6.9370 7.8302
30 69.09 0.001022 5.2287 289.24 2178.5 24677 289.27 23353 26246 09441 6.8234 7.7675
40 7586 0.001026 3.9933 317.58 21588 2476.3 317.62 2318.4 2636.1 1.0261 6.6430 7.6691
50 81.32 0.001030  3.2403 340.49 21427 2483.2 340.54 2304.7 26452 1.0912 6.5019 7.5931
75 91.76 0.001037 22172 38436 2111.8 2496.1 384.44 22780 2662.4 12132 6.2426 7.4558
100 99.61 0.001043 1.6941 41740 20882 25056 417.51 2257.5 2675.0 1.3028 6.0562 7.3589
101.325 99.97 0.001043 1.6734 418.95 2087.0 2506.0 419.06 2256.5 2675.6 1.3069 6.0476 7.3545
125 105.97 0.001048 1.3750 44423 2068.8 2513.0 444.36 22406 2684.9 1.3741 5.9100 7.2841
150 111.35 0.001053 1.1594 466.97 20523 2519.2 467.13 2226.0 2693.1 1.4337 5.7894 7.2231

TABLE A-5

Saturated water—Pressure table (Concluded)

Specific volume, Internal energy, Enthalpy, Entropy,
m3fkg kltkg kitkg kilkg-K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.

Press., temp., liquid, vapor, liquid, Evap., vapor, liquid, Evap., vapor, liquid, Evap., vapor,
P kPa 7T.°C v Vg u; Upy u, h; hy, h, S Si S

800 170.41 0.001115 0.24035 719.97 1856.1 2576.0 720.87 2047.5 27683 2.0457 4.6160 6.6616
850 172.94 0.001118 0.22690 731.00 1846.9 2577.9 731.95 2038.8 2770.8 2.0705 4.5705 6.6409
900 17535 0.001121 0.21489 74155 1838.1 2579.6 742.56 2030.5 2773.0 2.0941 4.5273 6.6213
950 177.66 0.001124 0.20411 751.67 1829.6 2581.3 752.74 2022.4 27752 2.1166 4.4862 6.6027
1000 179.88 0.001127 0.19436 761.39 1821.4 25828 762.51 2014.6 2777.1 2.1381 4.4470 6.5850
1100 184.06 0.001133 0.17745 779.78 1805.7 2585.5 781.03 1999.6 2780.7 2.1785 4.3735 6.5520
1200 187.96 0.001138 0.16326 796.96 1790.9 2587.8 798.33 1985.4 2783.8 2.2159 4.3058 6.5217
1300 191.60 0.001144 0.15119 813.10 1776.8 2589.9 814.58 1971.9 2786.5 2.2508 4.2428 6.4936
1400  195.04 0.001149 0.14078 828.35 1763.4 2591.8 829.96 19589 2788.9 2.2835 4.1840 6.4675
1500 198.29 0.001154 0.13171 842.82 1750.6 25934 84455 1946.4 2791.0 23143 4.1287 6.4430
1750  205.72 0.001166 0.11344 876.12 1720.6 2596.7 878.16 1917.1 2795.2 2.3844 4.0033 6.3877
2000 212.38 0.001177 0.099587 906.12 1693.0 2539.1 908.47 1889.8 2798.3 24467 3.8923 6.3390
2250 218.41 0.001187 0.088717 933.54 1667.3 2600.9 936.21 1864.3 2800.5 2.5029 3.7926 6.2954
2500 223.95 0.001197 0.079952 958.87 1643.2 2602.1 961.87 1840.1 2801.9 2.5542 3.7016 6.2558
3000 233.85 0.001217 0.066667 1004.6 1598.5 2603.2 1008.3 1794.9 2803.2 2.6454 3.5402 6.1856
3500 242,56 0.001235 0.057061 10454 1557.6 2603.0 1049.7 1753.0 28027 2.7253 3.3991 6.1244
4000 250.35 0.001252 0.049779 1082.4 1519.3 2601.7 1087.4 1713.5 2800.8 2.7966 3.2731 6.0696
5000 263.94 0.001286 0.039448 1148.1 14489 2597.0 1154.5 1639.7 2794.2 2.9207 3.0530 5.9737
6000 27559 0.001319 0.032449 12058 1384.1 2589.9 1213.8 1570.9 2784.6 3.0275 2.8627 5.8902
7000 28583 0.001352 0.027378 1258.0 1323.0 2581.0 1267.5 1605.2 27726 3.1220 2.6927 58148
8000 295.01 0.001384 0.023525 1306.0 1264.5 2570.5 1317.1 1441.6 2758.7 3.2077 2.5373 5.7450
9000 303.35 0.001418 0.020489 1350.9 1207.6 2558.5 1363.7 1379.3 27429 3.2866 2.3925 5.6791
10,000 311.00 0.001452 0.018028 1393.3 1151.8 2545.2 1407.8 1317.6 2725.5 3.3603 2.2556 5.6159
11,000 318.08 0.001488 0.015988 1433.9 1096.6 2530.4 1450.2 1256.1 2706.3 3.4299 2.1245 5.5544
12,000 324.68 0.001526 0.014264 1473.0 1041.3 2514.3 1491.3 1194.1 2685.4 3.4964 1.9975 5.4939
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