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Directions
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1 15 D
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Total 75




Name D

Question 1 (15 points)

A rigid tank is divided into two equal parts by a partition. Initially, one side of the tank
contains 5 kg of water at 200 kPa and 25 °C, and the other side is evacuated. The partition
is then removed, and the water expands into the entire tank. The water is allowed to
exchange heat with its surroundings until the temperature in the tank returns to the initial
value of 25 °C. Determine

a) the volume of the tank

b) the final pressure

c) the heat transfer for this process



Name ID

Question 2 (15 points)

A mass of 15 kg of air in a piston-cylinder device is heated from 25 °C to 77 °C by passing
current through a resistance heater inside the cylinder. The pressure inside the cylinder is
held constant at 300 kPa during the process, and a heat loss of 60 kJ occurs. Determine the
electric energy supplied in kWh.



Name ID

Question 3 (15 points)

A heat pump with a COP of 2.55 supplies energy to a house at a rate of 68,500 kJ/h.
Determine

a) The electric power drawn by the heat pump (in unit of kW)

b) The rate of heat absorption from the outside air (in unit of kW)



Name ID

Question 4 (15 points)

A carnot heat engine receives heat from a reservoir at 927 °C at a rate of 740 kJ/min and
rejects the waste heat to the ambient air at 27 °C. The entire work output of the heat
engine is used to drive a refrigerator that removes heat from the refrigerated space at -7 °C
and transfers it to the same ambient air at 27 °C . Determine

a) the maximum rate of heat removal from the refrigerated space

b) the total rate of heat rejection to the ambient air



Name ID

Question 5 (15 points)

The efficiency of cooking appliance affects the internal heat gain from them since an
inefficient appliance consumes a greater amount of energy for the same task, and the
excess energy consumed shows up as heat in the living space. The efficiency of open
burners is determined to be 75 percent for electric units and 35 percent for gas units.
Consider a 2 kW electric burner at a location where the unit costs of electricity and natural
gas are 4 Baht/kWh and 24.5 Baht/therm, respectively. Determine the rate of energy
consumption by the burner and the unit cost of utilized energy for both electric and gas
burners. (Use 1 therm =29.3 kWh)



TABLE A.1 Thermo
TABLE A.1.1 Saturated Steam: Temperature Table

dynamic Pr

operties of Steam

Spcciﬁ;: Volume Internal Energy Enthalpy Entropy
m/kg kJ/kg kJ/kg kJ/kg K
Temp. Press. Sat. Sat. Vapor Sat. Sat. Sat. Sat. Sat. Sat.
S.'g ls;):. Liquid vp Liquid Evap. Vapor Liquid Evap. | Vapor | Liquid | Evap.: Vapor
Pa Ve 1y _ 1y he Iy Iy Sr Sp £

0.01 06113 0.001000 206.14 .00 23753 | 23753 01 25013 | 2501.4 | .0000 | 9.1562 | 9.1562
5 0.8721 0.001000 147.12 20.97 23613 | 23823 20.98 2489.6 | 25106 | .076] 89496 | 9.0257
10 1.2276 0.001000 106.38 42.00 23472 | 23892 42.01 24717 | 2519.8 1510 | 8.7498 | 8.9008
s 1.7051 0.001001 71.93 62.99 2333.1 | 2396.1 62.99 24659 | 25289 | .2245 8.5569 | 8.7814
v 20 2.339 0.001002 57.79 83.95 2319.0 | 24029 83.96 2454.1 o- 2538.1 2966 | 8.3706 | 8.6672
| 25 3.169 0.001003 43.36 104.88 23049 | 2409.8 104.89 24423 | 25472 3674 | 8.1905 | 85580
30 4.246 0.001004 32.89 125.78 2290.8 | 24166 125.79. | 2430.5 | 2556.3 4369 | 8.0164 | 84533
' 35 | 628 0.001006 25.22 146.67 2276.7 | 2423.4 146.68 2418.6 | 25653 5053 | 7.8478 | 8353}
i 40 | 7.384 0.001008 19.52 167.56 2262.6 | 2430.1 167.57 2406.7 | 25743 5725 | 7.6845 | 82570
pooas 9.593 0.001010 15.26 188.44 2248.4 | 24368 188.45 23948 | 2583.2 | .6387 | 7.5261 | B8.1648
;% I 12349 0.001012 12.03 209.32 22342 | 24435 209.33 2382.7 | 2592.1 7038 | 7.3725 | 20763
, | 15758 0.001015 9.568 230.21 2219.9 | 2450.1 230.23 2370.7 | 2600.9 7679 | 7.2234 | 7.9913
to6e0 ‘ 19.940 0.001017 7.671 251.11 2205.5 | 2456.6 251.13 23585 | 2609.6 | .8312 | 7.0784 | 7.9096
b8 | 25.03 0.001020 6.197 272.02 2191.1 | 2463.1 272.06 23462 | 26183 8935 | 69375 | 7.8310
170 3119 0.001023 5.042 292.95 2176.6 | 246%9.6 292.98 23338 | 26268 | 9549 | 6.8004 | 7.7553
;7 | 3838 0.001026 4.131 313.90 2162.0 | 24759 313.93 2321.4 | 26353 | 1.0155 | 6.6669 | 7.6824
; B | 4739 0.001029 3.407 334.86 21474 | 24822 334.91 2308.8 | 26437 { 1.0753 | 6.5369 | 7.6122
g | 5783 0.001033 2.828 355.84 2132.6 | 24884 355.90 2296.0 | 26519 | 1.1343 | 6.4102 | 7.5445
I 90 | 70.14 0.001036 2.361 376.85 2117.7 | 24945 37692, | 22832 | 2660.1 | 1.1925 | 6.2866 | 7.4791
Io9s 84.55 0.001040 1.982 397.88 21027 | 2500.6 397.96 22702 | 2668.1 | 1.2500 | 6.1659 | 74159
1 100 101.35 0.001044 1.6729 418.94 20876 | 2506.5 419.04 22570 | 2676.1 | 1.3069 | 6.0480 | 7.3549
po, 120.82 0.001048 1.4194 440.02 20723 | 25124 440.15 2243.7 | 2683.8 | 1.3630 | 59328 | 7.2958
| 116 143.27 0.001052 1.2102 461.14 2057.0 | 25181 461.30 2230.2 | 26915 | 1.4185 | 5.8202 | 7.2387
s 169.06 0.001056 1.0366 482.30 20414 | 25237 482.48 2216.5 | 2699.0 | 1.4734 | 57100 | 7.1833
I 120 198.53 0.001060 0.8919 503.50 20258 | 25293 503.71 22026 | 27063 | 1.5276 | 5.6020 | 7.1296
125 232.1 0.001065 0.7706 524.74 2009.9 2534.6 524.99 21885 | 2713.5 1.5813 5.4962 | 7.0775
130 270.1 0.001070 0.6685 546.02 19939 | 2539.9 546.31 2174.2 | 2720.5 | 1.6344 | 53925 | 7.0269
135 313.0 0.001075 0.5822 367.35 1977.7 | 2345.0 567.69 2159.6 | 27273 | 1.6870 | 5.2907 | 6.9777




J |

TABLE A.1.4 Compressed Liquid

VT vlu‘h]s vLu[hls vlulhls

P =3 MPa (263.99) P =10 MPa (311.06 P =15 MPa (342.24
Sat. 0012859 [ 1147.8 | 1154.2 [ 2.9202 | 0014524 | 1393.0 | 1407.6 | 3.3596 | 0016581 15856 | 1610.5 | 3.6848
0 0009977 04 5.04 0001 § .0009952 09 10.04 | .0002 0009928 A5 15.05 | .0004

20 0009995 | 8365 | 88.65 | 2956 | .0009972 | 83.36 3.33 2945 | 0009950 | 83.06 | 97.99 | .2934
40 0010056 | 166.95 | 171.97 | 5705 | 0010034 | 166.35 | 176.38 | 568¢ | 0010013 | 165.76 180.78 | .5666
60 0010149 | 250.23 | 255.30 | 8285 | 0010127 | 249.36 | 259.49 | 8258 | 0010105 | 248.51 263.67 | 8232
80 0010268 | 33372 | 338.85 | 1.0720 | .0010245 | 332.59 | 342.83 | 1.0688 | .0010222 331.48 | 346.81 | 1.0656
100 0010410 | 417.52 | 422.72 | 1.3030 | .0010385 | 416.12 | 426.50 | 12992 | 0010361 | 414.74 430.28 | 1.2955
120 0010576 | 501.80 | 507.09 | 1.5233 | 0010549 | 500.08 | 510.64 | 1.5189 | 0010522 | 498.40 514.19 | 1.5145
140 0010768 | 586.76 | 592.15 | 1.7343 | 0010737 | 584.68 | 595.42 | 1.7292 | .0010707 | 582.66 | 598.72 | 1 7242
160 0010988 | 672.62 | 678.12 | 1.9375 | 0010953 | 670.13 | 681.08 | 1.9317 | 0010918 | 667.71 | 684.09 1.9260
180 0011240 | 759.63 | 765.25 | 2.1341 | 0011199 | 756.65 | 767.84 | 2.1275 | .0011139 | 753.76 770.50 | 2.1210
200 0011530 | 8481 8539 | 2.3255 | 0011480 | 844.3 | 856.0 | 23178 | 00711433 | 841.0 | 858.2 | 2.3104
220 0011866 | 938.4 | 944.4 | 2.5128 | 0011805 | 9341 945.9 | 2.5039 | 0011748 | 929.9 | 9475 | 2.4953
240 0012264 | 1031.4 | 1037.5 | 2.6979 | 0012187 | 1026.0 | 1038.1 | 2.6872 | .0012114 | 1020.8 | 1039.0 | 2.677]
260 0012749 | 1127.9 | 1134.3 | 2.8830 | 0012645 | 1121.1 | 1133.7 | 2.8699 { .0012550 | 1114.6 | 1133.4 | 2.8576

—

280 0013216 | 1220.9 | 1234.1 | 3.0548 | 0013084 | 12125 | 1232.1 | 5.0393
300 0013972 | 13284 | 1342.3 | 3.2469 | .0013770 | 1316.6 | 1337.3 [ 3.2260
320 0014724 | 14311 | 1453.2 | 3.4247
340 0016311 | 1567.5 | 1591.9 { 3.6546

P=20 MPa(365.81) P=30 MPa P=50 MPa
Sat. 002036 | 1785.6 | 1826.3 | 4.0139 .

0 .0009904 19 20.01 .0004 | .0009856 25 29.82 | .0001 | .0009766 .20 49.03 | -.0014
2 0009928 | 82.77 | 102.62 | .2923 | .0009886 | 82.17 | 111.84 | .2899 | .0009804 | 81.00 | 130.02 | .2848
40 0009992 | 165.17 | 185.16 | .5646. | .0009951 | 164.04 | 193.89 | 5607 | .0009872 | 161.86 | 211.21 | .5527
60 0010084 | 247.68 | 267.85 | .8206 | .0010042 | 246.06 | 276.19 | .8154 | .0009962 | 242.98 | 292.79 | .8052
80 0010199 | 330.40 | 350.80 | 1.0624 | .0010156 | 328.30 | 358.77 | 1.0561 | .0010073 | 324.34 | 374.70 | 1.0440
100 0010337 | 413.39 | 434.06 | 1.2917 | .0010290 | 410.78 | 441.66 | 1.2844 | .0010201 | 405.88 | 456.89 | 1.2703
120 0010496 | 496.76 | 517.76 | 1.5102 | .0010445 | 493.59 | 524.93 | 1.5018 | .0010348 | 487.65 | 539.39 | 1.4857
140 0010678 | 580.69 | 602.04 | 1.7193 | .0010621 | 576.88 | 608.75 | 1.7098 | .0010515 | 569.77 | 622.35 | 1.6915
160 0010885 | 665.35 | 687.12 | 1.9204 | .0010821 | 660.82 | 693.28 | 1.9096 | .0010703 | 652.4]1 | 705.92 | 1.8891
180 0011120 | 750.95 | 773.20 | 2.1147 | 0011047 | 745.59 | 778.73 | 2.1024 | .0010912 | 735.69 | 790.25 | 2.0794
200 0011388 | 837.7 | 860.5 | 2.3031 | .0011302 | 8314 | 8653 | 22893} .0011146 | 819.7 | 8755 | 2.2634
220 0011693 | 925.9 | 949.3 | 2.4870 | .0011590 | 918.3 | 953.1 | 2.4711 | .0011408 | 904.7 | 961.7 | 2.4419
240 0012046 | 1016.0 | 1040.0 | 2.6674 | 0011920 | 1006.9 | 1042.6 | 2.6490 | .0011702 | 990.7 | 1049.2 | 2.6158
260 0012462 | 1108.6 | 1133.5 | 2.8459 | 0012303 | 1097.4 | 1134.3 | 2.8243 | .0012034 | 1078.1 | 1138.2 | 2.7860
280 0012965 | 1204.7 | 1230.6 | 3.0248 | .0012755 | 1190.7 | 1229.0 | 2.9986 | 0012415 | 1167.2 | 1229.3 | 2.9537
300 0013596 | 1306.1 | 13333 | 3.2071 | 0013304 | 1287.9 | 1327.8 | 3.1741 | 0012860 | 1258.7 | 1323.0 | 3.1200
320 0014437 | 14157 | 14446 | 3.3979 | 0013997 | 1390.7 | 1432.7 | 3.3539 | 0013388 | 1353.3 | 1420.2 | 3.2808
340 0015684 | 1539.7 | 1571.0 | 3.6075 | 0014920 | 1501.7 | 1546.5 | 3.5426 | 0014032 | 1452.0 { 1522.1 | 3.4557
360 0018226 | 1702.8 | 1739.3 | 3.8772 | 0016265 | 1626.6 | 1675.4 | 3.7494 | .0014838 | 1556.0 | 1630.2 | 3.629]
380 0018691 | 1781.4 | 1837.5 | 4.0012 | 0015884 | 1667.2 | 1746.6 | 3.8101




TABLE A.18 Properties of Air at Atmospheric Pressure *

Values of u. k. Cp. and Pr are not strongly pressure-dependent and may be used

over a fairly wide range of pressurcs.

T Cp ,uxlO(’ ¥x107 k a x10*

K kg/m'  kikg°C  ke/ms  mYs Wim °C m¥/s Pr
100 3.6010 1.0266 6.924 0.01923 0.009246 0.02501 0.770
130 2.3675 1.0099 10.283  0.04343  C.013733  0.05745.. 0.753
200 1.7684 1.0061 13289 0.674%  0.01809C  0.10165 0.739
250 1.4128 1.0053 13.990  0.11310 0022270 0.15675 0.722

" 300 1.1774 1.0057 18462  0.13690 0.026240 022160 0.708
350 0.9980 1.009Q 20.750 0.20760 0.03003C  0.29830 0.697
400 0.8826 10140 22.860 0.2590C 0.033650 0.37600 0.689
450 0.7833 1.0207 24.840 031710 0.037070 0.42220 0.683
500 0.7048 1.0293 26.71C  0.37900  0.040380  0.3364C  0.680
550 0.6423 1.05392 25480 044340 0043600 0.63320 0.680
600 0.3879 1033 30.180  0.51340  0.046590  0.75120 0.680
630 0.3430 1.0633 31.770  0.38510 0.04933 0.85780 0.682
700 0.5030 1.0752 33.320  0.66250 0.05230 0.96720 0.684
750 0.470¢9 1.0836 34810 0.7391C 0055090 107740 0.686
300 (4403 1.0978 36.230  0.82290 0.057790  1.19510 0.689
830 0.4149 L1095 37.650  0.90730  0.060280  1.30970 0.692
S00 0.3923 11212 38.990  0.99300 0.062790 142710 0.696
930 0.3716 11321 40.230  1.08200 0065250 1.55100 0.699
1000 0.3524 1417 41520 1.17800 0067520 1.67790 0.702
1100 0.3204 1.1600 44400 138600 0.073200 196900 0.704
1200 0.2947 1790 46,900  1.59100 0.078200 225100 0.707
1300 0.2707 L1970 49300 1.82100 0.085700 258300 0.705
{400 02315 1.2140 51706 2.05500 '0.089100 2.92000 0.705
1500 0.2333 1.2300 54.00¢ 2291000 0.094600 3.26200 0.705
1600 0.2211 1.2480 36.300  2.54500  0.100000  3.60900 G.703
1700 0.2082 1.267¢ 58300 2.80500 0.105000 3.9770C 0.705
1800 C.197¢ 1.2870 60.700  3.08100 0Q.111C00 4.37900 0.704
1900 0.1838 1.3090 62,900 , 3.38300 ©2.117000 4.81100 0.704
200G 0.1762 1.338C 65.000 3.69000 €.124000 526000 0.702
2100 0.1682 1.3720 67200 399600 C.131000  3.71500 0.700
2200 3.1602 14190 69300 432600 0.139000 6.12000 G.707
2300 0.1518 1.4820 71400  4.64000 0.149000  6.54000 G.71C
2400 0.i438 1.5740 73500 3.04000 C.161000 7.02000 0.718
2300 01394 1.6830 75700 545300 Q.173000 744100 0.730

* From Nail. Bur. Stand. (0.5 Cire 564,19
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