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Tables in Sl Units 719

TABLE A-1 Atomic or Molecular Weights and Critical Properties of Selected
Elements and Compounds

Chemical M T, De P

Substance Formula (kg/kmol) (K) (bar) Z = RT,
Acetylene C,H, 26.04 309 62.8 0.274
Air (equivalent) — 28.97 133 37.7 0.284
Ammonia NH; 17.03 406 112.8 0.242
Argon Ar 39.94 151 48.6 0.290
Benzene CeHg 78.11 563 49.3 0.274
Butane CHy, 58.12 425 38.0 0.274
Carbon C 12.01 — — —
Carbon dioxide Co, 44.01 304 73.9 0.276
Carbon monoxide (6(0] 28.01 133 35.0 0.294
Copper Cu 63.54 — — —
Ethane C,H; 30.07 305 48.8 0.285
Ethyl alcohol C,H;OH 46.07 516 63.8 0.249
Ethylene C,H, 28.05 283 51.2 0.270
Helium He 4.003 52 2.3 0.300
Hydrogen H, 2.016 332 13.0 0.304
Methane CH, 16.04 191 46.4 0.290
Methyl alcohol CH;0H 32.04 513 79.5 0.220
Nitrogen N, 28.01 126 339 0.291
Octane CgHi g 114.22 569 24.9 0.258
Oxygen 0, 32.00 154 50.5 0.290
Propane C;Hg 44.09 370 42.7 0.276
Propylene C;H, 42.08 365 46.2 0.276
Refrigerant 12 CCl,F, 120.92 385 41.2 0.278
Refrigerant 22 CHCIF, 86.48 369 49.8 0.267
Refrigerant 134a CF;CH,F 102.03 374 40.7 0.260
Sulfur dioxide SO, 64.06 431 78.7 0.268
Water H,0 18.02 647.3 220.9 0.233

Sources: Adapted from International Critical Tables and L. C. Nelson and E. F. Obert, Generalized Compressibility
Charts, Chem. Eng., 61: 203 (1954).
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TABLE A-2 Properties of Saturated Water (Liquid—Vapor): Temperature Table

Specific Volume Internal Energy Enthalpy Entropy
m’/kg kJ/kg kJ/kg kJ/kg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Temp. Press. Liquid Vapor Liquid Vapor | Liquid Evap. Vapor | Liquid | Vapor | Temp.

°C bar v X 10° v, us ity hy heg hy S Sg °C
.01 0.00611 1.0002 206.136 0.00 | 2375.3 0.01 | 2501.3 | 2501.4 | 0.0000 | 9.1562 .01

4 0.00813 1.0001 157.232 16.77 | 2380.9 16.78 | 2491.9 | 2508.7 | 0.0610 | 9.0514 4

5 0.00872 1.0001 147.120 20.97 | 2382.3 20.98 | 2489.6 | 2510.6 | 0.0761 | 9.0257 5

6 0.00935 1.0001 137.734 25.19 | 2383.6 2520 | 2487.2 | 2512.4 | 0.0912 | 9.0003 6

8 0.01072 1.0002 120.917 33.59 | 2386.4 33.60 | 24825 | 2516.1 | 0.1212 | 8.9501 8
10 0.01228 1.0004 106.379 42.00 | 2389.2 42.01 | 24777 | 2519.8 | 0.1510 | 8.9008 10
11 0.01312 1.0004 99.857 46.20 | 2390.5 46.20 | 2475.4 | 2521.6 | 0.1658 | 8.8765 11
12 0.01402 1.0005 93.784 50.41 | 2391.9 50.41 | 2473.0 | 2523.4 | 0.1806 | 8.8524 12
13 0.01497 1.0007 88.124 54.60 | 2393.3 54.60 | 2470.7 | 2525.3 | 0.1953 | 8.8285 13
14 0.01598 1.0008 82.848 58.79 | 2394.7 58.80 | 2468.3 | 2527.1 | 0.2099 | 8.8048 14
15 0.01705 1.0009 77.926 62.99 | 2396.1 62.99 | 2465.9 | 25289 | 0.2245 | 8.7814 15
16 0.01818 1.0011 73.333 67.18 | 23974 67.19 | 2463.6 | 2530.8 | 0.2390 | 8.7582 16
17 0.01938 1.0012 69.044 71.38 | 2398.8 71.38 | 2461.2 | 2532.6 | 0.2535 | 8.7351 17
18 0.02064 1.0014 65.038 75.57 | 2400.2 75.58 | 2458.8 | 2534.4 | 0.2679 | 8.7123 18
19 0.02198 1.0016 61.293 79.76 | 2401.6 79.77 | 2456.5 | 2536.2 | 0.2823 | 8.6897 19
20 0.02339 1.0018 57.791 83.95 | 2402.9 83.96 | 2454.1 | 2538.1 | 0.2966 | 8.6672 20
21 0.02487 1.0020 54.514 88.14 | 2404.3 88.14 | 2451.8 | 2539.9 | 0.3109 | 8.6450 21
22 0.02645 1.0022 51.447 92.32 | 2405.7 92.33 | 24494 | 2541.7 | 0.3251 | 8.6229 22
23 0.02810 1.0024 48.574 96.51 | 2407.0 96.52 | 2447.0 | 2543.5 | 0.3393 | 8.6011 23
24 0.02985 1.0027 45.883 100.70 | 2408.4 100.70 | 2444.7 | 2545.4 | 0.3534 | 8.5794 24
25 0.03169 1.0029 43.360 104.88 | 2409.8 104.89 | 24423 | 2547.2 | 0.3674 | 8.5580 25
26 0.03363 1.0032 40.994 109.06 | 2411.1 109.07 | 2439.9 | 2549.0 | 0.3814 | 8.5367 26
27 0.03567 1.0035 38.774 113.25 | 24125 113.25 | 2437.6 | 2550.8 | 0.3954 | 8.5156 27
28 0.03782 1.0037 36.690 117.42 | 2413.9 117.43 | 2435.2 | 2552.6 | 0.4093 | 8.4946 28
29 0.04008 1.0040 34.733 121.60 | 2415.2 121.61 | 2432.8 | 2554.5 | 0.4231 | 8.4739 29
30 0.04246 1.0043 32.894 125.78 | 2416.6 125.79 | 2430.5 | 2556.3 | 0.4369 | 8.4533 30
31 0.04496 1.0046 31.165 129.96 | 2418.0 129.97 | 2428.1 | 2558.1 | 0.4507 | 8.4329 31
32 0.04759 1.0050 29.540 134.14 | 2419.3 134.15 | 2425.7 | 2559.9 | 0.4644 | 8.4127 32
33 0.05034 1.0053 28.011 138.32 | 2420.7 138.33 | 2423.4 | 2561.7 | 0.4781 | 8.3927 33
34 0.05324 1.0056 26.571 142.50 | 2422.0 142.50 | 2421.0 | 2563.5 | 0.4917 | 8.3728 34
35 0.05628 1.0060 25.216 146.67 | 24234 146.68 | 2418.6 | 2565.3 | 0.5053 | 8.3531 35
36 0.05947 1.0063 23.940 150.85 | 2424.7 150.86 | 2416.2 | 2567.1 | 0.5188 | 8.3336 36
38 0.06632 1.0071 21.602 159.20 | 24274 159.21 | 2411.5 | 2570.7 | 0.5458 | 8.2950 38
40 0.07384 1.0078 19.523 167.56 | 2430.1 167.57 | 2406.7 | 2574.3 | 0.5725 | 8.2570 | 40
45 0.09593 1.0099 15.258 188.44 | 2436.8 188.45 | 2394.8 | 2583.2 | 0.6387 | 8.1648 45
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Specific Volume Internal Energy Enthalpy Entropy
m’/kg kJ/kg kJ/kg kJ/kg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Temp. Press. Liquid Vapor Liquid Vapor | Liquid Evap. Vapor | Liquid | Vapor | Temp.
°C bar v X 10° v, us ity hy heg hy S S °C
50 1235 1.0121 12.032 209.32 | 24435 209.33 | 2382.7 | 2592.1 7038 | 8.0763 50
55 1576 1.0146 9.568 230.21 | 2450.1 230.23 | 2370.7 | 2600.9 7679 | 7.9913 55
60 .1994 1.0172 7.671 251.11 | 2456.6 251.13 | 2358.5 | 2609.6 8312 | 7.9096 | 60
65 .2503 1.0199 6.197 272.02 | 2463.1 272.06 | 2346.2 | 2618.3 .8935 | 7.8310 | 65
70 3119 1.0228 5.042 292.95 | 2469.6 29298 | 2333.8 | 2626.8 .9549 | 7.7553 70
75 .3858 1.0259 4.131 313.90 | 2475.9 313.93 | 2321.4 | 26353 | 1.0155 | 7.6824 | 75
80 4739 1.0291 3.407 334.86 | 2482.2 33491 | 2308.8 | 2643.7 | 1.0753 | 7.6122 80
85 5783 1.0325 2.828 355.84 | 24884 355.90 | 2296.0 | 2651.9 | 1.1343 | 7.5445 85
90 7014 1.0360 2.361 376.85 | 2494.5 376.92 | 2283.2 | 2660.1 | 1.1925 | 7.4791 90
95 .8455 1.0397 1.982 397.88 | 2500.6 397.96 | 2270.2 | 2668.1 | 1.2500 | 7.4159 95
100 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 | 25684 | 675.55 | 2082.6 | 2758.1 | 1.9427 | 6.7502 | 160
170 7.917 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
190 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 26024 | 1085.4 1716.2 | 2801.5 | 2.7927 | 6.0730 | 250
260 46.88 1.2755 0.04221 1128.4 2599.0 | 11344 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 1227.5 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
300 85.81 1.4036 0.02167 1332.0 2563.0 | 1344.0 1404.9 | 2749.0 | 3.2534 | 5.7045 | 300
320 112.7 1.4988 0.01549 1444.6 2525.5 | 1461.5 1238.6 | 2700.1 | 3.4480 | 5.5362 | 320
340 145.9 1.6379 0.01080 1570.3 2464.6 | 1594.2 1027.9 | 2622.0 | 3.6594 | 5.3357 | 340
360 186.5 1.8925 0.006945 | 1725.2 2351.5 | 1760.5 720.5 | 2481.0 | 3.9147 | 5.0526 | 360
374.14 | 2209 3.155 0.003155 | 2029.6 2029.6 | 2099.3 0 2099.3 | 4.4298 | 4.4298 | 374.14

Source: Tables A-2 through A-5 are extracted from J. H. Keenan, F. G. Keyes, P. G. Hill, and J. G. Moore, Steam Tables, Wiley, New York, 1969.
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TABLE A-3 Properties of Saturated Water (Liquid—Vapor): Pressure Table

Specific Volume Internal Energy Enthalpy Entropy
m’/kg kJ/kg kJ/kg kJ/kg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press. Temp. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor Press.
bar °C ve X 10° Vg U Uy he he, hy S Sg bar
0.04 28.96 1.0040 34.800 121.45 | 2415.2 121.46 | 24329 | 25544 | 0.4226 | 8.4746 0.04
0.06 36.16 1.0064 23.739 151.53 | 2425.0 151.53 | 24159 | 2567.4 | 0.5210 | 8.3304 0.06
0.08 41.51 1.0084 18.103 173.87 | 2432.2 173.88 | 2403.1 | 2577.0 | 0.5926 | 8.2287 0.08
0.10 45.81 1.0102 14.674 191.82 | 24379 191.83 | 2392.8 | 2584.7 | 0.6493 | 8.1502 0.10
0.20 60.06 1.0172 7.649 251.38 | 2456.7 251.40 | 2358.3 | 2609.7 | 0.8320 | 7.9085 0.20
0.30 69.10 1.0223 5.229 289.20 | 24684 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 0.40
0.50 81.33 1.0300 3.240 340.44 | 24839 340.49 | 2305.4 | 26459 | 1.0910 | 7.5939 0.50
0.60 85.94 1.0331 2732 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 | 26709 | 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 | 1114 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 | 22019 | 2706.7 | 1.5301 | 7.1271 2.00
250 | 1274 1.0672 0.7187 535.10 | 2537.2 53537 | 21815 | 27169 | 1.6072 | 7.0527 2.50
3.00 | 133.6 1.0732 0.6058 561.15 | 2543.6 561.47 | 2163.8 | 27253 | 1.6718 | 6.9919 3.00
3.50 | 1389 1.0786 0.5243 583.95 | 2546.9 584.33 | 2148.1 | 27324 | 1.7275 | 6.9405 3.50
4.00 | 143.6 1.0836 0.4625 604.31 | 2553.6 604.74 | 2133.8 | 2738.6 | 1.7766 | 6.8959 4.00
450 | 1479 1.0882 0.4140 622.25 | 2557.6 623.25 | 2120.7 | 27439 | 1.8207 | 6.8565 4.50
5.00 | 151.9 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 | 1754 1.1212 0.2150 741.83 | 2580.5 742.83 | 2031.1 | 2773.9 | 2.0946 | 6.6226 9.00
10.0 179.9 1.1273 0.1944 761.68 | 2583.6 762.81 | 20153 | 2778.1 | 2.1387 | 6.5863 10.0
15.0 198.3 1.1539 0.1318 843.16 | 2594.5 844.84 | 1947.3 | 27922 | 23150 | 6.4448 15.0
20.0 212.4 1.1767 0.09963 906.44 | 2600.3 908.79 | 1890.7 | 2799.5 | 2.4474 | 6.3409 20.0
25.0 224.0 1.1973 0.07998 959.11 | 2603.1 962.11 | 1841.0 | 2803.1 | 2.5547 | 6.2575 25.0
30.0 233.9 1.2165 0.06668 1004.8 2604.1 | 1008.4 1795.7 | 2804.2 | 2.6457 | 6.1869 30.0
35.0 242.6 1.2347 0.05707 1045.4 2603.7 | 1049.8 1753.7 | 2803.4 | 2.7253 | 6.1253 35.0
40.0 250.4 1.2522 0.04978 1082.3 2602.3 | 1087.3 1714.1 | 2801.4 | 2.7964 | 6.0701 40.0
45.0 257.5 1.2692 0.04406 1116.2 2600.1 | 1121.9 1676.4 | 27983 | 2.8610 | 6.0199 45.0
50.0 264.0 1.2859 0.03944 1147.8 2597.1 | 1154.2 1640.1 | 2794.3 | 2.9202 | 5.9734 50.0
60.0 275.6 1.3187 0.03244 1205.4 2589.7 | 1213.4 1571.0 | 2784.3 | 3.0267 | 5.8892 60.0
70.0 285.9 1.3513 0.02737 1257.6 2580.5 | 1267.0 1505.1 | 2772.1 | 3.1211 | 5.8133 70.0
80.0 295.1 1.3842 0.02352 1305.6 2569.8 | 1316.6 1441.3 | 2758.0 | 3.2068 | 5.7432 80.0
90.0 303.4 1.4178 0.02048 1350.5 2557.8 | 1363.3 1378.9 | 2742.1 | 3.2858 | 5.6772 90.0
100. 311.1 1.4524 0.01803 1393.0 25444 | 1407.6 1317.1 | 27247 | 3.3596 | 5.6141 | 100.
110. 318.2 1.4886 0.01599 1433.7 2529.8 | 1450.1 1255.5 1| 2705.6 | 3.4295 | 5.5527 | 110.
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TABLE A-3 (Continued)

Specific Volume Internal Energy Enthalpy Entropy
m’/kg kJ/kg kJ/kg kJ/kg - K

Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.

Press. Temp. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor Press.
bar °C ve X 10° Vg U U, he B hy S Sg bar

120. 324.8 1.5267 0.01426 1473.0 2513.7 | 1491.3 1193.6 | 2684.9 | 3.4962 | 5.4924 | 120.
130. 330.9 1.5671 0.01278 1511.1 2496.1 | 1531.5 1130.7 | 2662.2 | 3.5606 | 5.4323 | 130.
140. 336.8 1.6107 0.01149 1548.6 2476.8 | 1571.1 1066.5 | 2637.6 | 3.6232 | 5.3717 | 140.
150. 3422 1.6581 0.01034 1585.6 24555 | 1610.5 1000.0 | 2610.5 | 3.6848 | 5.3098 | 150.
160. 347.4 1.7107 0.009306 | 1622.7 2431.7 | 1650.1 930.6 | 2580.6 | 3.7461 | 5.2455 | 160.
170. 352.4 1.7702 0.008364 | 1660.2 2405.0 | 1690.3 856.9 | 25472 | 3.8079 | 5.1777 | 170.
180. 357.1 1.8397 0.007489 | 1698.9 2374.3 | 1732.0 777.1 | 2509.1 | 3.8715 | 5.1044 | 180.
190. 361.5 1.9243 0.006657 | 1739.9 2338.1 | 1776.5 688.0 | 2464.5 | 3.9388 | 5.0228 | 190.
200. 365.8 2.036 0.005834 | 1785.6 2293.0 | 1826.3 583.4 | 2409.7 | 4.0139 | 4.9269 | 200.
220.9 374.1 3.155 0.003155 | 2029.6 2029.6 | 2099.3 0 2099.3 | 4.4298 | 4.4298 | 220.9

H,0
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TABLE A-4 Properties of Superheated Water Vapor

T v u h s v u h s
°C  m¥%kg kI/kg kI/kg Kkl/kg-K m¥kg  kl/kg  kI/kg  kl/kg-K
p = 0.06 bar = 0.006 MPa p = 0.35 bar = 0.035 MPa

(T = 36.16°C) (T = 72.69°C)
Sat. 23.739 | 2425.0 | 2567.4 | 8.3304 4.526 | 2473.0 | 2631.4 | 7.7158
80 27.132 | 2487.3 | 2650.1 8.5804 4.625 | 2483.7 | 2645.6 | 7.7564
120 30.219 | 2544.7 | 2726.0 | 8.7840 5.163 | 2542.4 | 2723.1 | 7.9644
160 33302 | 2602.7 | 2802.5 8.9693 5.696 | 2601.2 | 2800.6 | 8.1519
200 36.383 | 2661.4 | 2879.7 | 9.1398 6.228 | 2660.4 | 2878.4 | 8.3237
240 39.462 | 2721.0 | 2957.8 | 9.2982 6.758 | 27203 | 2956.8 | 8.4828
280 42.540 | 2781.5 | 3036.8 | 9.4464 7.287 | 2780.9 | 3036.0 | 8.6314
320 45.618 | 2843.0 | 3116.7 | 9.5859 7.815 | 2842.5 | 3116.1 | 8.7712
360 48.696 | 2905.5 | 3197.7 | 9.7180 8.344 | 2905.1 | 3197.1 | 8.9034
400 51.774 | 2969.0 | 3279.6 | 9.8435 8.872 | 2968.6 | 3279.2 | 9.0291
440 54.851 | 3033.5 | 3362.6 | 9.9633 9.400 | 3033.2 | 33622 | 9.1490
500 59.467 | 3132.3 | 3489.1 | 10.1336 10.192 | 3132.1 | 3488.8 | 9.3194

p = 0.70 bar = 0.07 MPa p = 1.0 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 2434 | 2509.7 | 2680.0 | 7.5341 1.696 | 2506.7 | 2676.2 | 7.3614
120 2.571 | 2539.7 | 2719.6 | 17.6375 1.793 | 25373 | 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 | 28753 | 7.8343
240  3.374 | 2719.3 | 2955.5 8.1611 2359 | 2718.5 | 2954.5 | 7.9949
280  3.640 | 2780.2 | 3035.0 | 8.3162 2.546 | 2779.6 | 30342 | 8.1445
320  3.905 | 2842.0 | 3115.3 8.4504 27732 | 2841.5 | 3114.6 | 8.2849
360  4.170 | 2904.6 | 3196.5 8.5828 2917 | 2904.2 | 31959 | 8.4175
400  4.434 | 2968.2 | 3278.6 | 8.7086 3.103 | 2967.9 | 32782 | 8.5435
440  4.698 | 3032.9 | 3361.8 | 8.8286 3.288 | 3032.6 | 3361.4 | 8.6636
500  5.095 | 3131.8 | 3488.5 8.9991 3.565 | 3131.6 | 3488.1 | 8.8342

p = 1.5 bar = 0.15 MPa p = 3.0 bar = 0.30 MPa

(T = 111.37°C) (T = 133.55°C)
Sat.  1.159 | 2519.7 | 2693.6 | 17.2233 0.606 | 2543.6 | 27253 | 6.9919
120  1.188 | 2533.3 | 2711.4 | 7.2693
160  1.317 | 2595.2 | 2792.8 | 7.4665 0.651 | 2587.1 | 27823 | 7.1276
200  1.444 | 2656.2 | 28729 | 7.6433 0.716 | 2650.7 | 2865.5 | 7.3115
240  1.570 | 2717.2 | 2952.7 | 7.8052 0.781 | 2713.1 | 29473 | 7.4774
280  1.695 | 2778.6 | 3032.8 | 7.9555 0.844 | 2775.4 | 3028.6 | 7.6299
320  1.819 | 2840.6 | 3113.5 8.0964 0.907 | 2838.1 | 3110.1 | 7.7722
360  1.943 | 2903.5 | 3195.0 | 8.2293 0.969 | 2901.4 | 3192.2 | 7.9061
400 2067 | 2967.3 | 32774 | 8.3555 1.032 | 2965.6 | 3275.0 | 8.0330
440  2.191 | 3032.1 | 3360.7 8.4757 1.094 | 3030.6 | 3358.7 | 8.1538
500 2376 | 3131.2 | 3487.6 | 8.6466 1.187 | 3130.0 | 3486.0 | 8.3251
600  2.685 | 3301.7 | 3704.3 8.9101 1.341 | 3300.8 | 3703.2 | 8.5892




Tables in Sl Units 725

TABLE A-4 (Continued)

T v u h s v u h s
°C  m¥kg klI/kg kl/kg Kklkg-K m¥kg kJkg  kl/kg kI/kg-K
p = 5.0 bar = 0.50 MPa p = 7.0 bar = 0.70 MPa
(T = 151.86°C) (T = 164.97°C)
Sat. 03749 | 25612 | 2748.7 | 6.8213 0.2729 | 2572.5 | 2763.5 | 6.7080
180  0.4045 | 2609.7 | 2812.0 | 6.9656 0.2847 | 2599.8 | 2799.1 | 6.7880
200 0.4249 | 26429 | 28554 | 7.0592 0.2999 | 2634.8 | 2844.8 | 6.8865
240  0.4646 | 2707.6 | 2939.9 | 7.2307 0.3292 | 2701.8 | 29322 | 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 | 31009 | 7.3697
360  0.5796 | 2898.7 | 3188.4 | 7.6660 0.4126 | 2895.8 | 3184.7 | 7.5063
400 0.6173 | 2963.2 | 32719 | 7.7938 0.4397 | 2960.9 | 3268.7 | 7.6350
440  0.6548 | 3028.6 | 3356.0 | 7.9152 0.4667 | 3026.6 | 33533 | 7.7571
500 0.7109 | 3128.4 | 3483.9 | 8.0873 0.5070 | 3126.8 | 3481.7 | 7.9299
600 0.8041 | 3299.6 | 3701.7 | 8.3522 0.5738 | 3298.5 | 3700.2 | 8.1956
700  0.8969 | 3477.5 | 39259 | 8.5952 0.6403 | 3476.6 | 3924.8 | 8.4391
p = 10.0 bar = 1.0 MPa p = 15.0 bar = 1.5 MPa
(T = 179.91°C) (T = 198.32°C)
Sat.  0.1944 | 2583.6 | 2778.1 | 6.5865 0.1318 | 2594.5 | 27922 | 6.4448
200 0.2060 | 2621.9 | 2827.9 | 6.6940 0.1325 | 2598.1 | 2796.8 | 6.4546
240 02275 | 2692.9 | 29204 | 6.8817 0.1483 | 2676.9 | 2899.3 | 6.6628
280 0.2480 | 2760.2 | 30082 | 7.0465 0.1627 | 2748.6 | 2992.7 | 6.8381
320 0.2678 | 2826.1 | 3093.9 | 7.1962 0.1765 | 2817.1 | 3081.9 | 6.9938
360 0.2873 | 2891.6 | 3178.9 | 7.3349 0.1899 | 2884.4 | 3169.2 | 7.1363
400 0.3066 | 2957.3 | 3263.9 | 7.4651 0.2030 | 2951.3 | 3255.8 | 7.2690
440 0.3257 | 3023.6 | 3349.3 | 7.5883 0.2160 | 3018.5 | 33425 | 7.3940
500 0.3541 | 3124.4 | 34785 | 7.7622 0.2352 | 3120.3 | 3473.1 | 7.5698
540 03729 | 3192.6 | 3565.6 | 7.8720 0.2478 | 3189.1 | 3560.9 | 7.6805
600 0.4011 | 3296.8 | 3697.9 | 8.0290 0.2668 | 3293.9 | 3694.0 | 7.8385
640 0.4198 | 3367.4 | 3787.2 | 8.1290 0.2793 | 3364.8 | 3783.8 | 7.9391
p = 20.0 bar = 2.0 MPa p = 30.0 bar = 3.0 MPa
(T = 212.42°C) (T = 233.90°C)
Sat.  0.0996 | 2600.3 | 2799.5 | 6.3409 0.0667 | 2604.1 | 28042 | 6.1869
240  0.1085 | 2659.6 | 2876.5 | 6.4952 0.0682 | 2619.7 | 28243 | 6.2265
280  0.1200 | 2736.4 | 2976.4 | 6.6828 0.0771 | 2709.9 | 2941.3 | 6.4462
320 0.1308 | 2807.9 | 3069.5 | 6.8452 0.0850 | 2788.4 | 3043.4 | 6.6245
360 0.1411 | 2877.0 | 31593 | 6.9917 0.0923 | 2861.7 | 3138.7 | 6.7801
400 0.1512 | 2945.2 | 3247.6 | 7.1271 0.0994 | 2932.8 | 32309 | 6.9212
440 0.1611 | 3013.4 | 3335.5 | 7.2540 0.1062 | 3002.9 | 3321.5 | 7.0520
500 0.1757 | 3116.2 | 3467.6 | 7.4317 0.1162 | 3108.0 | 3456.5 | 7.2338
540 0.1853 | 3185.6 | 3556.1 | 7.5434 0.1227 | 3178.4 | 3546.6 | 7.3474
600 0.1996 | 3290.9 | 3690.1 | 7.7024 0.1324 | 3285.0 | 3682.3 | 7.5085
640 02091 | 33622 | 3780.4 | 7.8035 0.1388 | 3357.0 | 3773.5 | 7.6106
700  0.2232 | 3470.9 | 3917.4 | 7.9487 0.1484 | 3466.5 | 3911.7 | 7.7571
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TABLE A-4 (Continued)

T v u h s v u h s
°C  m¥kg KkI/kg KkI/kg kl/kg-K m¥kg  kl/kg  kl/kg KkI/kg-K
p = 40 bar = 4.0 MPa p = 60 bar = 6.0 MPa

(T = 250.4°C) (T = 275.64°C)
Sat.  0.04978 | 2602.3 | 2801.4 | 6.0701 0.03244 | 2589.7 | 2784.3 | 5.8892
280  0.05546 | 2680.0 | 2901.8 | 6.2568 0.03317 | 2605.2 | 2804.2 | 5.9252
320 0.06199 | 2767.4 | 3015.4 | 6.4553 0.03876 | 2720.0 | 2952.6 | 6.1846
360 0.06788 | 2845.7 | 3117.2 | 6.6215 0.04331 | 2811.2 | 3071.1 | 6.3782
400 0.07341 | 2919.9 | 3213.6 | 6.7690 0.04739 | 2892.9 | 31772 | 6.5408
440  0.07872 | 2992.2 | 3307.1 | 6.9041 0.05122 | 2970.0 | 3277.3 | 6.6853
500 0.08643 | 3099.5 | 34453 | 7.0901 0.05665 | 3082.2 | 3422.2 | 6.8803
540 0.09145 | 3171.1 | 3536.9 | 7.2056 0.06015 | 3156.1 | 3517.0 | 6.9999
600 0.09885 | 3279.1 | 3674.4 | 7.3688 0.06525 | 3266.9 | 3658.4 | 7.1677
640 0.1037 | 3351.8 | 3766.6 | 7.4720 0.06859 | 3341.0 | 3752.6 | 7.2731
700 0.1110 | 3462.1 | 39059 | 7.6198 0.07352 | 3453.1 | 3894.1 | 7.4234
740 0.1157 | 3536.6 | 3999.6 | 7.7141 0.07677 | 3528.3 | 3989.2 | 7.5190

p = 80 bar = 8.0 MPa p = 100 bar = 10.0 MPa

(T = 295.06°C) (T, = 311.06°C)
Sat.  0.02352 | 2569.8 | 2758.0 | 5.7432 0.01803 | 2544.4 | 2724.7 | 5.6141
320 0.02682 | 2662.7 | 2877.2 | 5.9489 0.01925 | 2588.8 | 2781.3 | 5.7103
360 0.03089 | 2772.7 | 3019.8 | 6.1819 0.02331 | 2729.1 | 2962.1 | 6.0060
400 0.03432 | 2863.8 | 31383 | 6.3634 0.02641 | 2832.4 | 3096.5 | 6.2120
440  0.03742 | 2946.7 | 3246.1 | 6.5190 0.02911 | 2922.1 | 32132 | 6.3805
480 0.04034 | 3025.7 | 3348.4 | 6.6586 0.03160 | 3005.4 | 3321.4 | 6.5282
520 0.04313 | 3102.7 | 3447.7 | 6.7871 0.03394 | 3085.6 | 3425.1 | 6.6622
560 0.04582 | 3178.7 | 35453 | 6.9072 0.03619 | 3164.1 | 3526.0 | 6.7864
600 0.04845 | 3254.4 | 3642.0 | 7.0206 0.03837 | 3241.7 | 36253 | 6.9029
640  0.05102 | 3330.1 | 3738.3 | 7.1283 0.04048 | 3318.9 | 3723.7 | 7.0131
700 0.05481 | 3443.9 | 38824 | 7.2812 0.04358 | 3434.7 | 3870.5 | 7.1687
740  0.05729 | 3520.4 | 3978.7 | 7.3782 0.04560 | 3512.1 | 3968.1 | 7.2670

p = 120 bar = 12.0 MPa p = 140 bar = 14.0 MPa

(T, = 324.75°C) (Ty = 336.75°C)
Sat.  0.01426 | 2513.7 | 26849 | 5.4924 0.01149 | 2476.8 | 2637.6 | 53717
360 0.01811 | 2678.4 | 2895.7 | 5.8361 0.01422 | 2617.4 | 2816.5 | 5.6602
400 0.02108 | 2798.3 | 3051.3 | 6.0747 0.01722 | 2760.9 | 3001.9 | 5.9448
440  0.02355 | 2896.1 | 3178.7 | 6.2586 0.01954 | 2868.6 | 31422 | 6.1474
480 0.02576 | 2984.4 | 32935 | 6.4154 0.02157 | 2962.5 | 3264.5 | 6.3143
520 0.02781 | 3068.0 | 3401.8 | 6.5555 0.02343 | 3049.8 | 3377.8 | 6.4610
560 0.02977 | 3149.0 | 3506.2 | 6.6840 0.02517 | 3133.6 | 3486.0 | 6.5941
600 0.03164 | 3228.7 | 3608.3 | 6.8037 0.02683 | 3215.4 | 3591.1 | 6.7172
640  0.03345 | 3307.5 | 3709.0 | 6.9164 0.02843 | 3296.0 | 3694.1 | 6.8326
700 0.03610 | 3425.2 | 3858.4 | 7.0749 0.03075 | 3415.7 | 3846.2 | 6.9939
740 0.03781 | 3503.7 | 3957.4 | 7.1746 0.03225 | 3495.2 | 3946.7 | 7.0952
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TABLE A-4 (Continued)

T v u h K v u h s
°C m¥kg kl/kkg kl/kg KkI/kg-K m¥kg  kI/kg  Kkl/kg Kkl/kg-K

p = 160 bar = 16.0 MPa p = 180 bar = 18.0 MPa

(T = 347.44°C) (T = 357.06°C)

Sat.  0.00931 | 2431.7 | 2580.6 | 5.2455 0.00749 | 2374.3 | 2509.1 | 5.1044
360 0.01105 | 2539.0 | 2715.8 | 5.4614 0.00809 | 2418.9 | 2564.5 | 5.1922
400 0.01426 | 2719.4 | 2947.6 | 5.8175 0.01190 | 2672.8 | 2887.0 | 5.6887
440 0.01652 | 2839.4 | 3103.7 | 6.0429 0.01414 | 2808.2 | 3062.8 | 5.9428
480 0.01842 | 2939.7 | 32344 | 6.2215 0.01596 | 2915.9 | 3203.2 | 6.1345
520 0.02013 | 3031.1 | 3353.3 | 6.3752 0.01757 | 3011.8 | 3378.0 | 6.2960
560 0.02172 | 3117.8 | 34654 | 6.5132 0.01904 | 3101.7 | 3444.4 | 6.4392
600 0.02323 | 3201.8 | 3573.5 | 6.6399 0.02042 | 3188.0 | 3555.6 | 6.5696
640  0.02467 | 32842 | 3678.9 | 6.7580 0.02174 | 32723 | 3663.6 | 6.6905
700 0.02674 | 3406.0 | 3833.9 | 6.9224 0.02362 | 3396.3 | 3821.5 | 6.8580
740 0.02808 | 3486.7 | 39359 | 7.0251 0.02483 | 3478.0 | 3925.0 | 6.9623

p = 200 bar = 20.0 MPa p = 240 bar = 24.0 MPa

(Ty = 365.81°C)

Sat.  0.00583 | 2293.0 | 2409.7 | 4.9269
400 0.00994 | 2619.3 | 2818.1 | 5.5540 0.00673 | 2477.8 | 2639.4 | 5.2393
440 0.01222 | 27749 | 3019.4 | 5.8450 0.00929 | 2700.6 | 2923.4 | 5.6506
480 0.01399 | 2891.2 | 3170.8 | 6.0518 0.01100 | 2838.3 | 3102.3 | 5.8950
520 0.01551 | 2992.0 | 33022 | 6.2218 0.01241 | 2950.5 | 3248.5 | 6.0842
560 0.01689 | 3085.2 | 3423.0 | 6.3705 0.01366 | 3051.1 | 3379.0 | 6.2448
600 0.01818 | 3174.0 | 3537.6 | 6.5048 0.01481 | 31452 | 3500.7 | 6.3875
640  0.01940 | 3260.2 | 3648.1 | 6.6286 0.01588 | 3235.5 | 3616.7 | 6.5174
700 0.02113 | 3386.4 | 3809.0 | 6.7993 0.01739 | 3366.4 | 3783.8 | 6.6947
740 0.02224 | 3469.3 | 3914.1 | 6.9052 0.01835 | 3451.7 | 3892.1 | 6.8038
800  0.02385 | 3592.7 | 4069.7 | 7.0544 0.01974 | 3578.0 | 4051.6 | 6.9567

p = 280 bar = 28.0 MPa p = 320 bar = 32.0 MPa
400 0.00383 | 2223.5 | 2330.7 | 4.7494 0.00236 | 1980.4 | 2055.9 | 4.3239
440 0.00712 | 2613.2 | 2812.6 | 5.4494 0.00544 | 2509.0 | 2683.0 | 5.2327
480 0.00885 | 2780.8 | 3028.5 | 5.7446 0.00722 | 2718.1 | 2949.2 | 5.5968
520 0.01020 | 2906.8 | 3192.3 | 5.9566 0.00853 | 2860.7 | 3133.7 | 5.8357
560 0.01136 | 3015.7 | 3333.7 | 6.1307 0.00963 | 2979.0 | 3287.2 | 6.0246
600 0.01241 | 3115.6 | 3463.0 | 6.2823 0.01061 | 3085.3 | 3424.6 | 6.1858
640 0.01338 | 3210.3 | 3584.8 | 6.4187 0.01150 | 3184.5 | 3552.5 | 6.3290
700 0.01473 | 3346.1 | 37584 | 6.6029 0.01273 | 3325.4 | 3732.8 | 6.5203
740  0.01558 | 3433.9 | 3870.0 | 6.7153 0.01350 | 3415.9 | 3847.8 | 6.6361
800 0.01680 | 3563.1 | 4033.4 | 6.8720 0.01460 | 3548.0 | 4015.1 | 6.7966
900 0.01873 | 3774.3 | 4298.8 | 7.1084 0.01633 | 3762.7 | 4285.1 | 7.0372
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TABLE A-5 Properties of Compressed Liquid Water

T vXI10 u h s v X 10° u h s
°C  mlkg kJ/kg kJ/kg  kl/kg-K m’/kg kJ/kg kI’kg  kl/kg-K
p = 25 bar = 2.5 MPa p = 50 bar = 5.0 MPa
(T = 223.99°C) (T = 263.99°C)
20  1.0006 83.80 86.30 2961 .9995 83.65 88.65 2956
40  1.0067 167.25 | 169.77 5715 1.0056 166.95 | 171.97 .5705
80  1.0280 33429 | 336.86 | 1.0737 1.0268 333.72 | 338.85 | 1.0720
100 1.0423 | 418.24 | 420.85 | 1.3050 1.0410 | 41752 | 42272 | 1.3030
140 1.0784 587.82 | 590.52 | 1.7369 1.0768 586.76 | 592.15 | 1.7343
180  1.1261 761.16 | 763.97 | 2.1375 1.1240 | 759.63 | 765.25 | 2.1341
200  1.1555 849.9 852.8 2.3294 1.1530 848.1 853.9 2.3255
220  1.1898 940.7 943.7 2.5174 1.1866 | 938.4 944 .4 2.5128
Sat.  1.1973 959.1 962.1 2.5546 1.2859 | 1147.8 | 11542 2.9202
p = 75 bar = 7.5 MPa p = 100 bar = 10.0 MPa
(T = 290.59°C) (T = 311.06°C)
20 9984 83.50 90.99 2950 9972 83.36 93.33 2945
40  1.0045 166.64 | 174.18 .5696 1.0034 166.35 | 176.38 .5686
80  1.0256 333.15 | 340.84 | 1.0704 1.0245 33259 | 342.83 | 1.0688
100 1.0397 | 41681 | 424.62 | 1.3011 1.0385 416.12 | 42650 | 1.2992
140 1.0752 585.72 | 593.78 | 1.7317 1.0737 584.68 | 59542 | 1.7292
180  1.1219 | 758.13 | 766.55 | 2.1308 1.1199 756.65 | 767.84 | 2.1275
220 1.1835 936.2 945.1 2.5083 1.1805 934.1 945.9 2.5039
260 1.2696 | 11244 | 1134.0 2.8763 1.2645 | 1121.1 | 1133.7 2.8699
Sat.  1.3677 | 1282.0 | 1292.2 3.1649 1.4524 | 1393.0 | 1407.6 3.3596
p = 150 bar = 15.0 MPa p = 200 bar = 20.0 MPa
(T = 342.24°C) (T = 365.81°C)
20 9950 83.06 97.99 2934 19928 82.77 | 102.62 2923
40  1.0013 165.76 | 180.78 .5666 19992 165.17 | 185.16 .5646
80  1.0222 331.48 | 346.81 | 1.0656 1.0199 330.40 | 350.80 | 1.0624
100 1.0361 414.74 | 43028 | 1.2955 1.0337 | 41339 | 43406 | 1.2917
140 1.0707 582.66 | 598.72 | 1.7242 1.0678 580.69 | 602.04 | 1.7193
180  1.1159 | 753.76 | 770.50 | 2.1210 1.1120 | 75095 | 77320 | 2.1147
220 1.1748 929.9 947.5 2.4953 1.1693 925.9 949.3 2.4870
260 1.2550 | 1114.6 | 11334 2.8576 1.2462 | 1108.6 | 11335 2.8459
300 1.3770 | 1316.6 | 1337.3 3.2260 1.3596 | 1306.1 | 1333.3 3.2071
Sat.  1.6581 | 1585.6 | 1610.5 3.6848 2.036 1785.6 | 1826.3 4.0139
p = 250 bar = 25 MPa p = 300 bar = 30.0 MPa
20 9907 82.47 | 107.24 2911 9886 82.17 | 111.84 2899
40 9971 164.60 | 189.52 .5626 9951 164.04 | 193.89 .5607
100 1.0313 | 412.08 | 437.85 | 1.2881 1.0290 | 410.78 | 441.66 | 1.2844
200 1.1344 834.5 862.8 2.2961 1.1302 831.4 865.3 2.2893
300 13442 | 1296.6 | 1330.2 3.1900 1.3304 | 1287.9 | 13278 3.1741
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730 Tables in Sl Units

TABLE A-7 Properties of Saturated Refrigerant 22 (Liquid—Vapor): Temperature Table

Specific Volume Internal Energy Enthalpy Entropy
m’/kg kJ/kg kJ/kg kJ/kg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.

Temp. Press. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor Temp.
°C bar v X 10° v, ity ity h By hy St S °C
—60 0.3749 0.6833 0.5370 | —21.57 | 203.67 | —21.55 | 245.35 | 223.81 | —0.0964 | 1.0547 —60
=50 0.6451 0.6966 0.3239 | —10.89 | 207.70 | —10.85 | 239.44 | 228.60 | —0.0474 | 1.0256 =50
—45 0.8290 0.7037 0.2564 —5.50 | 209.70 —5.44 | 236.39 | 230.95 | —0.0235 | 1.0126 —45
—40 1.0522 0.7109 0.2052 —0.07 | 211.68 0.00 | 233.27 | 233.27 0.0000 | 1.0005 —40
—36 1.2627 0.7169 0.1730 429 | 213.25 438 | 230.71 | 235.09 0.0186 | 0.9914 —36

~ —32 1.5049 0.7231 0.1468 8.68 | 214.80 8.79 | 228.10 | 236.89 0.0369 | 0.9828 —-32
; =30 1.6389 0.7262 0.1355 10.88 | 215.58 11.00 | 226.77 | 237.78 0.0460 | 0.9787 —30
—28 1.7819 0.7294 0.1252 13.09 | 216.34 13.22 | 22543 | 238.66 0.0551 | 0.9746 —28
—26 1.9345 0.7327 0.1159 15.31 | 217.11 15.45 | 224.08 | 239.53 0.0641 | 0.9707 —26
=22 2.2698 0.7393 0.0997 19.76 | 218.62 19.92 | 22132 | 241.24 0.0819 | 0.9631 —22
—20 2.4534 0.7427 0.0926 21.99 | 219.37 22.17 | 21991 | 242.09 0.0908 | 0.9595 -20
—18 2.6482 0.7462 0.0861 2423 | 220.11 2443 | 21849 | 24292 0.0996 | 0.9559 —18
—16 2.8547 0.7497 0.0802 26.48 | 220.85 26.69 | 217.05 | 243.74 0.1084 | 0.9525 —16
—14 3.0733 0.7533 0.0748 28.73 | 221.58 28.97 | 21559 | 244.56 0.1171 | 0.9490 —14
—12 3.3044 0.7569 0.0698 31.00 | 222.30 31.25 | 214.11 | 24536 0.1258 | 0.9457 —12
—10 3.5485 0.7606 0.0652 3327 | 223.02 33.54 | 212.62 | 246.15 0.1345 | 0.9424 —10
-8 3.8062 0.7644 0.0610 3554 | 223.73 35.83 | 211.10 | 246.93 0.1431 | 0.9392 -8
-6 4.0777 0.7683 0.0571 37.83 | 224.43 38.14 | 209.56 | 247.70 0.1517 | 0.9361 -6
—4 4.3638 0.7722 0.0535 40.12 | 225.13 40.46 | 208.00 | 248.45 0.1602 | 0.9330 —4
-2 4.6647 0.7762 0.0501 4242 | 225.82 4278 | 206.41 | 249.20 0.1688 | 0.9300 =2
0 4.9811 0.7803 0.0470 44.73 | 226.50 45.12 | 204.81 | 249.92 0.1773 | 0.9271 0

2 5.3133 0.7844 0.0442 47.04 | 227.17 47.46 | 203.18 | 250.64 0.1857 | 0.9241 2

4 5.6619 0.7887 0.0415 49.37 | 227.83 49.82 | 201.52 | 251.34 0.1941 | 0.9213 4

6 6.0275 0.7930 0.0391 51.71 | 228.48 52.18 | 199.84 | 252.03 0.2025 | 0.9184 6

8 6.4105 0.7974 0.0368 54.05 | 229.13 54.56 | 198.14 | 252.70 0.2109 | 0.9157 8

10 6.8113 0.8020 0.0346 56.40 | 229.76 56.95 | 196.40 | 253.35 0.2193 | 0.9129 10
12 7.2307 0.8066 0.0326 58.77 | 230.38 59.35 | 194.64 | 253.99 0.2276 | 0.9102 12
16 8.1268 0.8162 0.0291 63.53 | 231.59 64.19 | 191.02 | 25521 0.2442 | 0.9048 16
20 9.1030 0.8263 0.0259 68.33 | 232.76 69.09 | 187.28 | 256.37 0.2607 | 0.8996 20
24 10.164 0.8369 0.0232 73.19 | 233.87 74.04 | 183.40 | 257.44 0.2772 | 0.8944 24
28 11.313 0.8480 0.0208 78.09 | 234.92 79.05 | 17937 | 258.43 0.2936 | 0.8893 28
32 12.556 0.8599 0.0186 83.06 | 23591 84.14 | 175.18 | 259.32 0.3101 | 0.8842 32
36 13.897 0.8724 0.0168 88.08 | 236.83 §9.29 | 170.82 | 260.11 0.3265 | 0.8790 36
40 15.341 0.8858 0.0151 93.18 | 237.66 94.53 | 166.25 | 260.79 0.3429 | 0.8738 40
45 17.298 0.9039 0.0132 99.65 | 238.59 101.21 | 160.24 | 261.46 0.3635 | 0.8672 45
50 19.433 0.9238 0.0116 106.26 | 239.34 108.06 | 153.84 | 261.90 0.3842 | 0.8603 50
60 24.281 0.9705 0.0089 120.00 | 240.24 122.35 | 139.61 | 261.96 0.4264 | 0.8455 60

Source: Tables A-7 through A-9 are calculated based on equations from A. Kamei and S. W. Beyerlein, “A Fundamental Equation for
Chlorodifluoromethane (R-22),” Fluid Phase Equilibria, Vol. 80, No. 11, 1992, pp. 71-86.



TABLE A-8 Properties of Saturated Refrigerant 22 (Liquid—Vapor): Pressure Table
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Specific Volume Internal Energy Enthalpy Entropy
m’/kg kJ/kg kJ/kg kJ/kg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.

Press. Temp. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor Press.
bar °C v X 10° v, U U, hye he, hy ¢ Sy bar
0.40 | —58.86 0.6847 0.5056 | —20.36 | 204.13 | —20.34 | 244.69 | 22436 | —0.0907 | 1.0512 0.40
0.50 | —54.83 0.6901 0.4107 | —16.07 | 205.76 | —16.03 | 24233 | 226.30 | —0.0709 | 1.0391 0.50
0.60 | —51.40 0.6947 0.3466 | —12.39 | 207.14 | —1235 | 240.28 | 22793 | —0.0542 | 1.0294 0.60
0.70 | —48.40 0.6989 0.3002 —9.17 | 208.34 —9.12 | 23847 | 22935 | —0.0397 | 1.0213 0.70
0.80 | —45.73 0.7026 0.2650 —6.28 | 209.41 —6.23 | 236.84 | 230.61 —0.0270 | 1.0144 0.80
090 | —43.30 0.7061 0.2374 —3.66 | 210.37 —3.60 | 23534 | 231.74 | —0.0155 | 1.0084 0.90
1.00 | —41.09 0.7093 0.2152 —1.26 | 211.25 —1.19 | 23395 | 23277 | —0.0051 | 1.0031 1.00
1.25 —36.23 0.7166 0.1746 4.04 | 213.16 4.13 | 230.86 | 234.99 0.0175 | 0.9919 1.25
1.50 | —32.08 0.7230 0.1472 8.60 | 214.77 8.70 | 228.15 | 236.86 0.0366 | 0.9830 1.50
1.75 —28.44 0.7287 0.1274 12.61 | 216.18 12.74 | 225.73 | 238.47 0.0531 | 0.9755 1.75
2.00 | —25.18 0.7340 0.1123 16.22 | 217.42 16.37 | 223.52 | 239.88 0.0678 | 0.9691 2.00
2.25 —22.22 0.7389 0.1005 19.51 | 218.53 19.67 | 221.47 | 241.15 0.0809 | 0.9636 2.25
250 | —19.51 0.7436 0.0910 22.54 | 219.55 22.72 | 219.57 | 242.29 0.0930 | 0.9586 2.50
2.75 —17.00 0.7479 0.0831 2536 | 22048 25.56 | 217.77 | 243.33 0.1040 | 0.9542 2.75
3.00 | —14.66 0.7521 0.0765 27.99 | 221.34 28.22 | 216.07 | 244.29 0.1143 | 0.9502 3.00
3.25 —12.46 0.7561 0.0709 3047 | 222.13 30.72 | 21446 | 245.18 0.1238 | 0.9465 3.25
3.50 | —10.39 0.7599 0.0661 32.82 | 222.88 33.09 | 21291 | 246.00 0.1328 | 0.9431 3.50
3.75 —8.43 0.7636 0.0618 35.06 | 223.58 3534 | 21142 | 246.77 0.1413 | 0.9399 3.75
4.00 —6.56 0.7672 0.0581 37.18 | 22424 37.49 | 209.99 | 247.48 0.1493 | 0.9370 4.00
4.25 —4.78 0.7706 0.0548 39.22 | 224.86 39.55 | 208.61 | 248.16 0.1569 | 0.9342 4.25
4.50 —3.08 0.7740 0.0519 41.17 | 225.45 41.52 | 207.27 | 248.80 0.1642 | 0.9316 4.50
4.75 —1.45 0.7773 0.0492 43.05 | 226.00 4342 | 205.98 | 249.40 0.1711 | 0.9292 4.75
5.00 0.12 0.7805 0.0469 44.86 | 226.54 45.25 | 204.71 | 249.97 0.1777 | 0.9269 5.00
5.25 1.63 0.7836 0.0447 46.61 | 227.04 47.02 | 203.48 | 250.51 0.1841 | 0.9247 5.25
5.50 3.08 0.7867 0.0427 48.30 | 227.53 48.74 | 202.28 | 251.02 0.1903 | 0.9226 5.50
5.75 4.49 0.7897 0.0409 49.94 | 227.99 50.40 | 201.11 | 251.51 0.1962 | 0.9206 5.75
6.00 5.85 0.7927 0.0392 51.53 | 228.44 52.01 199.97 | 251.98 0.2019 | 0.9186 6.00
7.00 10.91 0.8041 0.0337 57.48 | 230.04 58.04 | 195.60 | 253.64 0.2231 | 09117 7.00
8.00 15.45 0.8149 0.0295 62.88 | 23143 63.53 | 191.52 | 255.05 0.2419 | 0.9056 8.00
9.00 19.59 0.8252 0.0262 67.84 | 232.64 68.59 | 187.67 | 256.25 0.2591 | 0.9001 9.00

10.00 23.40 0.8352 0.0236 7246 | 233.71 73.30 | 183.99 | 257.28 0.2748 | 0.8952 | 10.00

12.00 30.25 0.8546 0.0195 80.87 | 235.48 81.90 | 177.04 | 258.94 0.3029 | 0.8864 | 12.00

14.00 36.29 0.8734 0.0166 88.45 | 236.89 89.68 | 170.49 | 260.16 0.3277 | 0.8786 | 14.00

16.00 41.73 0.8919 0.0144 95.41 | 238.00 96.83 | 164.21 | 261.04 0.3500 | 0.8715 16.00

18.00 46.69 0.9104 0.0127 101.87 | 238.86 103.51 158.13 | 261.64 0.3705 | 0.8649 18.00

20.00 51.26 0.9291 0.0112 107.95 | 239.51 109.81 152.17 | 261.98 0.3895 | 0.8586 | 20.00

24.00 59.46 0.9677 0.0091 119.24 | 240.22 121.56 | 140.43 | 261.99 0.4241 | 0.8463 | 24.00
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TABLE A-9 Properties of Superheated Refrigerant 22 Vapor

T v u h s v u h s
°C m¥kg  kI/kg  kl/kg kl/kg-K m¥kg  kl/kg  kl/kg kl/kg-K
p = 0.4 bar = 0.04 MPa p = 0.6 bar = 0.06 MPa
(T = —58.86°C) (T = —51.40°C)
Sat.  0.50559 | 204.13 | 224.36 | 1.0512 0.34656 | 207.14 | 227.93 | 1.0294
=55  0.51532 | 205.92 | 226.53 | 1.0612
—50 0.52787 | 208.26 | 229.38 | 1.0741 0.34895 | 207.80 | 228.74 | 1.0330
—45  0.54037 | 210.63 | 232.24 | 1.0868 0.35747 | 210.20 | 231.65 | 1.0459
—40 0.55284 | 213.02 | 235.13 | 1.0993 0.36594 | 212.62 | 234.58 | 1.0586
—35 0.56526 | 215.43 | 238.05 | 1.1117 0.37437 | 215.06 | 237.52 | 1.0711
—30 057766 | 217.88 | 240.99 | 1.1239 0.38277 | 217.53 | 240.49 | 1.0835
—25 0.59002 | 220.35 | 24395 | 1.1360 0.39114 | 220.02 | 24349 | 1.0956
—20 0.60236 | 222.85 | 246.95 | 1.1479 0.39948 | 222.54 | 246.51 | 1.1077
—15 0.61468 | 22538 | 249.97 | 1.1597 0.40779 | 225.08 | 249.55 | 1.1196
—10 0.62697 | 227.93 | 253.01 | 1.1714 0.41608 | 227.65 | 252.62 | 1.1314
-5 0.63925 | 230.52 | 256.09 | 1.1830 0.42436 | 230.25 | 255.71 | 1.1430
0 0.65151 | 233.13 | 259.19 | 1.1944 0.43261 | 232.88 | 258.83 | 1.1545
p = 0.8 bar = 0.08 MPa p = 1.0 bar = 0.10 MPa
(T, = —45.73°C) (T, = —41.09°C)
Sat.  0.26503 | 209.41 | 230.61 | 1.0144 0.21518 | 211.25 | 232.77 | 1.0031
—45  0.26597 | 209.76 | 231.04 | 1.0163
—40 027245 | 212.21 | 23401 | 1.0292 0.21633 | 211.79 | 233.42 | 1.0059
—35 0.27890 | 214.68 | 236.99 | 1.0418 0.22158 | 214.29 | 236.44 | 1.0187
—30 0.28530 | 217.17 | 239.99 | 1.0543 0.22679 | 216.80 | 239.48 | 1.0313
—25 029167 | 219.68 | 243.02 | 1.0666 0.23197 | 219.34 | 242.54 | 1.0438
—20 0.29801 | 222.22 | 246.06 | 1.0788 0.23712 | 221.90 | 245.61 | 1.0560
—15 0.30433 | 224.78 | 249.13 | 1.0908 0.24224 | 224.48 | 248.70 | 1.0681
—10 031062 | 227.37 | 25222 | 1.1026 0.24734 | 227.08 | 251.82 | 1.0801
-5 0.31690 | 229.98 | 255.34 | 1.1143 0.25241 | 229.71 | 25495 | 1.0919
0 032315 | 232.62 | 258.47 | 1.1259 0.25747 | 232.36 | 258.11 | 1.1035
5 0.32939 | 23529 | 261.64 | 1.1374 0.26251 | 235.04 | 261.29 | 1.1151
10 0.33561 | 237.98 | 264.83 | 1.1488 0.26753 | 237.74 | 264.50 | 1.1265
p = 1.5 bar = 0.15 MPa p = 2.0 bar = 0.20 MPa
(Te = —32.08°C) (T, = —25.18°C)
Sat. 0.14721 | 214.77 | 236.86 | 0.9830 0.11232 | 217.42 | 239.88 | 0.9691
—30 0.14872 | 215.85 | 238.16 | 0.9883
—25 0.15232 | 21845 | 24130 | 1.0011 0.11242 | 217.51 | 240.00 | 0.9696
—20 0.15588 | 221.07 | 244.45 | 1.0137 0.11520 | 220.19 | 24323 | 0.9825
—15 0.15941 | 223.70 | 247.61 | 1.0260 0.11795 | 222.88 | 246.47 | 0.9952
—10 0.16292 | 226.35 | 250.78 | 1.0382 0.12067 | 225.58 | 249.72 | 1.0076
—5 0.16640 | 229.02 | 253.98 | 1.0502 0.12336 | 228.30 | 25297 | 1.0199
0 0.16987 | 231.70 | 257.18 | 1.0621 0.12603 | 231.03 | 256.23 | 1.0310
5 0.17331 | 234.42 | 260.41 | 1.0738 0.12868 | 233.78 | 259.51 | 1.0438
10 0.17674 | 237.15 | 263.66 | 1.0854 0.13132 | 236.54 | 262.81 | 1.0555
15 0.18015 | 239.91 | 266.93 | 1.0968 0.13393 | 239.33 | 266.12 | 1.0671
20 0.18355 | 242.69 | 27022 | 1.1081 0.13653 | 242.14 | 269.44 | 1.0786
25 0.18693 | 24549 | 273.53 | 1.1193 0.13912 | 244.97 | 27279 | 1.0899




TABLE A-9 (Continued)

T v u h s v u h s
°C m¥kg  kI/kg  kl/kg kl/kg K m¥kg  kI/kg  kl/kg kl/kg-K
p = 2.5 bar = 0.25 MPa p = 3.0 bar = 0.30 MPa
(T = —19.51°C) (T = —14.66°C)
Sat.  0.09097 | 219.55 | 242.29 | 0.9586 0.07651 | 221.34 | 24429 | 0.9502
—15 0.09303 | 222.03 | 245.29 | 0.9703
—10 0.09528 | 224.79 | 248.61 | 0.9831 0.07833 | 223.96 | 247.46 | 0.9623
-5 0.09751 | 227.55 | 251.93 | 0.9956 0.08025 | 226.78 | 250.86 | 0.9751
0 0.09971 | 230.33 | 255.26 | 1.0078 0.08214 | 229.61 | 254.25 | 0.9876
5 0.10189 | 233.12 | 258.59 | 1.0199 0.08400 | 232.44 | 257.64 | 0.9999
10 0.10405 | 235.92 | 261.93 | 1.0318 0.08585 | 235.28 | 261.04 | 1.0120
15 0.10619 | 238.74 | 26529 | 1.0436 0.08767 | 238.14 | 264.44 | 1.0239
20 0.10831 | 241.58 | 268.66 | 1.0552 0.08949 | 241.01 | 267.85 | 1.0357
25 0.11043 | 244.44 | 272.04 | 1.0666 0.09128 | 243.89 | 271.28 | 1.0472
30 0.11253 | 247.31 | 275.44 | 1.0779 0.09307 | 246.80 | 274.72 | 1.0587
35 0.11461 | 250.21 | 278.86 | 1.0891 0.09484 | 249.72 | 278.17 | 1.0700
40 0.11669 | 253.13 | 282.30 | 1.1002 0.09660 | 252.66 | 281.64 | 1.0811
p = 3.5 bar = 0.35 MPa p = 4.0 bar = 0.40 MPa
(T = —10.39°C) (T = —6.56°C)
Sat.  0.06605 | 222.88 | 246.00 | 0.9431 0.05812 | 224.24 | 247.48 | 0.9370
—10 0.06619 | 223.10 | 246.27 | 0.9441
-5 0.06789 | 225.99 | 249.75 | 0.9572 0.05860 | 225.16 | 248.60 | 0.9411
0 0.06956 | 228.86 | 253.21 | 0.9700 0.06011 | 228.09 | 252.14 | 0.9542
5 007121 | 231.74 | 256.67 | 0.9825 0.06160 | 231.02 | 225.66 | 0.9670
10 0.07284 | 234.63 | 260.12 | 0.9948 0.06306 | 233.95 | 259.18 | 0.9795
15 0.07444 | 237.52 | 263.57 | 1.0069 0.06450 | 236.89 | 262.69 | 0.9918
20 0.07603 | 24042 | 267.03 | 1.0188 0.06592 | 239.83 | 266.19 | 1.0039
25  0.07760 | 243.34 | 270.50 | 1.0305 0.06733 | 242.77 | 269.71 | 1.0158
30 0.07916 | 246.27 | 273.97 | 1.0421 0.06872 | 245.73 | 27322 | 1.0274
35 0.08070 | 249.22 | 227.46 | 1.0535 0.07010 | 248.71 | 276.75 | 1.0390
40 0.08224 | 252.18 | 280.97 | 1.0648 0.07146 | 251.70 | 280.28 | 1.0504
45 0.08376 | 255.17 | 284.48 | 1.0759 0.07282 | 254.70 | 283.83 | 1.0616
p = 4.5 bar = 0.45 MPa p = 5.0 bar = 0.50 MPa
(T = —3.08°C) (T = 0.12°C)
Sat.  0.05189 | 225.45 | 248.80 | 0.9316 0.04686 | 226.54 | 249.97 | 0.9269
0 0.05275 | 227.29 | 251.03 | 0.9399
5 0.05411 | 230.28 | 254.63 | 0.9529 0.04810 | 229.52 | 253.57 | 0.9399
10 0.05545 | 233.26 | 258.21 | 0.9657 0.04934 | 232.55 | 257.22 | 0.9530
15 0.05676 | 236.24 | 261.78 | 0.9782 0.05056 | 235.57 | 260.85 | 0.9657
20 0.05805 | 239.22 | 265.34 | 0.9904 0.05175 | 238.59 | 264.47 | 0.9781
25 0.05933 | 242.20 | 268.90 | 1.0025 0.05293 | 241.61 | 268.07 | 0.9903
30  0.06059 | 245.19 | 272.46 | 1.0143 0.05409 | 244.63 | 271.68 | 1.0023
35 0.06184 | 248.19 | 276.02 | 1.0259 0.05523 | 247.66 | 275.28 | 1.0141
40 0.06308 | 251.20 | 279.59 | 1.0374 0.05636 | 250.70 | 278.89 | 1.0257
45 0.06430 | 254.23 | 283.17 | 1.0488 0.05748 | 253.76 | 282.50 | 1.0371
50 0.06552 | 257.28 | 286.76 | 1.0600 0.05859 | 256.82 | 286.12 | 1.0484
55  0.06672 | 260.34 | 290.36 | 1.0710 0.05969 | 259.90 | 289.75 | 1.0595
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TABLE A-9 (Continued)

T v u h s v u h s
°C m¥kg  kI/kg  kl/kg kl/kg-K m¥kg  kl/kg  kl/kg kl/kg-K
p = 5.5 bar = 0.55 MPa p = 6.0 bar = 0.60 MPa
Ty = 3.08°C) Ty = 5.85°C)
Sat.  0.04271 | 227.53 | 251.02 0.9226 0.03923 | 228.44 | 251.98 0.9186
5 0.04317 | 228.72 | 252.46 | 0.9278
10 0.04433 | 231.81 | 256.20 | 0.9411 0.04015 | 231.05 | 255.14 | 0.9299
15  0.04547 | 234.89 | 259.90 [ 0.9540 0.04122 | 234.18 | 258.91 0.9431
20 0.04658 | 237.95 | 263.57 0.9667 0.04227 | 237.29 | 262.65 0.9560
25 0.04768 | 241.01 | 267.23 0.9790 0.04330 | 240.39 | 266.37 0.9685
30 0.04875 | 244.07 | 270.88 0.9912 0.04431 | 243.49 | 270.07 0.9808
35  0.04982 | 247.13 | 274.53 1.0031 0.04530 | 246.58 | 273.76 | 0.9929
40 0.05086 | 250.20 | 278.17 1.0148 0.04628 | 249.68 | 277.45 1.0048
45 0.05190 | 253.27 | 281.82 1.0264 0.04724 | 252.78 | 281.13 1.0164
50 0.05293 | 256.36 | 285.47 1.0378 0.04820 | 255.90 | 284.82 1.0279
55 0.05394 | 259.46 | 289.13 1.0490 0.04914 | 259.02 | 288.51 1.0393
60 0.05495 | 262.58 | 292.80 1.0601 0.05008 | 262.15 | 292.20 1.0504
p = 7.0 bar = 0.70 MPa p = 8.0 bar = 0.80 MPa
(T = 10.91°C) (T = 15.45°C)
Sat.  0.03371 | 230.04 | 253.64 | 0.9117 0.02953 | 231.43 | 255.05 0.9056
15 0.03451 | 232.70 | 256.86 | 0.9229
20 0.03547 | 235.92 | 260.75 0.9363 0.03033 | 23447 | 258.74 | 0.9182
25 0.03639 | 239.12 | 264.59 0.9493 0.03118 | 237.76 | 262.70 | 0.9315
30  0.03730 | 242.29 | 268.40 | 0.9619 0.03202 | 241.04 | 266.66 | 0.9448
35 0.03819 | 24546 | 272.19 0.9743 0.03283 | 244.28 | 270.54 | 0.9574
40 0.03906 | 248.62 | 27596 | 0.9865 0.03363 | 247.52 | 274.42 0.9700
45 0.03992 | 251.78 | 279.72 0.9984 0.03440 | 250.74 | 278.26 | 0.9821
50 0.04076 | 254.94 | 283.48 1.0101 0.03517 | 253.96 | 282.10 | 0.9941
55 0.04160 | 258.11 | 287.23 1.0216 0.03592 | 257.18 | 285.92 1.0058
60 0.04242 | 261.29 | 290.99 1.0330 0.03667 | 260.40 | 289.74 1.0174
65 0.04324 | 264.48 | 294.75 1.0442 0.03741 | 263.64 | 293.56 1.0287
70 0.04405 | 267.68 | 298.51 1.0552 0.03814 | 266.87 | 297.38 1.0400
p = 9.0 bar = 0.90 MPa p = 10.0 bar = 1.00 MPa
(T = 19.59°C) (T = 23.40°C)
Sat.  0.02623 | 232.64 | 256.25 0.9001 0.02358 | 233.71 | 257.28 0.8952
20 0.02630 | 232.92 | 256.59 0.9013
30 0.02789 | 239.73 | 264.83 0.9289 0.02457 | 238.34 | 262.91 0.9139
40  0.02939 | 246.37 | 272.82 0.9549 0.02598 | 245.18 | 271.17 0.9407
50 0.03082 | 252.95 | 280.68 0.9795 0.02732 | 251.90 | 279.22 0.9660
60 0.03219 | 259.49 | 288.46 1.0033 0.02860 | 258.56 | 287.15 0.9902
70  0.03353 | 266.04 | 296.21 1.0262 0.02984 | 265.19 | 295.03 1.0135
80 0.03483 | 272.62 | 303.96 1.0484 0.03104 | 271.84 | 302.88 1.0361
90 0.03611 | 279.23 | 311.73 1.0701 0.03221 | 278.52 | 310.74 1.0580
100 0.03736 | 285.90 | 319.53 1.0913 0.03337 | 285.24 | 318.61 1.0794
110 0.03860 | 292.63 | 327.37 1.1120 0.03450 | 292.02 | 326.52 1.1003
120 0.03982 | 299.42 | 335.26 1.1323 0.03562 | 298.85 | 334.46 1.1207
130 0.04103 | 306.28 | 343.21 1.1523 0.03672 | 305.74 | 342.46 1.1408
140 0.04223 | 313.21 | 351.22 1.1719 0.03781 | 312.70 | 350.51 1.1605
150 0.04342 | 320.21 | 359.29 1.1912 0.03889 | 319.74 | 358.63 1.1790




TABLE A-9 (Continued)
T v u h s v u h s
°C m¥kg  kl/lkg kl/kg kl/kg K m¥kg  kl/kg kl/kg kl/kg-K
p = 12.0 bar = 1.20 MPa p = 14.0 bar = 1.40 MPa
(T, = 30.25°C) (T = 36.29°C)

Sat.  0.01955 | 235.48 | 25894 | 0.8864 0.01662 | 236.89 | 260.16 | 0.8786
40 0.02083 | 242.63 | 267.62 | 0.9146 0.01708 | 239.78 | 263.70 | 0.8900
50 0.02204 | 249.69 | 276.14 | 0.9413 0.01823 | 247.29 | 272.81 0.9186
60 0.02319 | 256.60 | 284.43 0.9666 0.01929 | 254.52 | 281.53 | 0.9452
70  0.02428 | 263.44 | 292.58 0.9907 0.02029 | 261.60 | 290.01 0.9703
80 0.02534 | 270.25 | 300.66 1.0139 0.02125 | 268.60 | 298.34 | 0.9942
90 0.02636 | 277.07 | 308.70 1.0363 0.02217 | 275.56 | 306.60 1.0172

100 0.02736 | 283.90 | 316.73 1.0582 0.02306 | 282.52 | 314.80 1.0395

110 0.02834 | 290.77 | 324.78 1.0794 0.02393 | 289.49 | 323.00 1.0612

120 0.02930 | 297.69 | 332.85 1.1002 0.02478 | 296.50 | 331.19 1.0823

130 0.03024 | 304.65 | 340.95 1.1205 0.02562 | 303.55 | 339.41 1.1029

140 0.03118 | 311.68 | 349.09 1.1405 0.02644 | 310.64 | 347.65 1.1231

150 0.03210 | 318.77 | 357.29 1.1601 0.02725 | 317.79 | 355.94 1.1429

160  0.03301 | 325.92 | 365.54 1.1793 0.02805 | 324.99 | 364.26 1.1624

170  0.03392 | 333.14 | 373.84 1.1983 0.02884 | 332.26 | 372.64 1.1815

p = 16.0 bar = 1.60 MPa p = 18.0 bar = 1.80 MPa
(T = 41.73°C) (T = 46.69°C)

Sat.  0.01440 | 238.00 | 261.04 | 0.8715 0.01265 | 238.86 | 261.64 | 0.8649
50 0.01533 | 244.66 | 269.18 0.8971 0.01301 | 241.72 | 265.14 | 0.8758
60 0.01634 | 252.29 | 278.43 0.9252 0.01401 | 249.86 | 275.09 | 0.9061
70 0.01728 | 259.65 | 287.30 | 0.9515 0.01492 | 257.57 | 284.43 | 0.9337
80 0.01817 | 266.86 | 295.93 0.9762 0.01576 | 265.04 | 293.40 | 0.9595
90 0.01901 | 274.00 | 304.42 | 0.9999 0.01655 | 272.37 | 302.16 | 0.9839

100 0.01983 | 281.09 | 312.82 1.0228 0.01731 | 279.62 | 310.77 1.0073

110  0.02062 | 288.18 | 321.17 1.0448 0.01804 | 286.83 | 319.30 1.0299

120  0.02139 | 295.28 | 329.51 1.0663 0.01874 | 294.04 | 327.78 1.0517

130  0.02214 | 302.41 | 337.84 1.0872 0.01943 | 301.26 | 336.24 1.0730

140  0.02288 | 309.58 | 346.19 1.1077 0.02011 | 308.50 | 344.70 1.0937

150  0.02361 | 316.79 | 354.56 1.1277 0.02077 | 315.78 | 353.17 1.1139

160  0.02432 | 324.05 | 362.97 1.1473 0.02142 | 323.10 | 361.66 1.1338

170 0.02503 | 331.37 | 371.42 1.1666 0.02207 | 330.47 | 370.19 1.1532

p = 20.0 bar = 2.00 MPa p = 24.0 bar = 2.4 MPa
(T = 51.26°C) Ty = 59.46°C)

Sat.  0.01124 | 239.51 | 261.98 0.8586 0.00907 | 240.22 | 261.99 | 0.8463
60 0.01212 | 247.20 | 271.43 0.8873 0.00913 | 240.78 | 262.68 | 0.8484
70  0.01300 | 255.35 | 281.36 | 0.9167 0.01006 | 250.30 | 274.43 | 0.8831
80 0.01381 | 263.12 | 290.74 | 0.9436 0.01085 | 258.89 | 284.93 | 0.9133
90 0.01457 | 270.67 | 299.80 | 0.9689 0.01156 | 267.01 | 294.75 | 0.9407

100 0.01528 | 278.09 | 308.65 0.9929 0.01222 | 274.85 | 304.18 | 0.9663

110  0.01596 | 285.44 | 317.37 1.0160 0.01284 | 282.53 | 313.35 | 0.9906

120  0.01663 | 292.76 | 326.01 1.0383 0.01343 | 290.11 | 322.35 1.0137

130  0.01727 | 300.08 | 334.61 1.0598 0.01400 | 297.64 | 331.25 1.0361

140 0.01789 | 307.40 | 343.19 1.0808 0.01456 | 305.14 | 340.08 1.0577

150 0.01850 | 314.75 | 351.76 1.1013 0.01509 | 312.64 | 348.87 1.0787

160 0.01910 | 322.14 | 360.34 1.1214 0.01562 | 320.16 | 357.64 1.0992

170 0.01969 | 329.56 | 368.95 1.1410 0.01613 | 327.70 | 366.41 1.1192

180  0.02027 | 337.03 | 377.58 1.1603 0.01663 | 335.27 | 375.20 1.1388
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TABLE A-10 Properties of Saturated Refrigerant 134a (Liquid—Vapor): Temperature Table

Specific Volume Internal Energy Enthalpy Entropy
m’/kg kJ/kg kJ/kg kJ/kg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.

Temp. Press. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor Temp.
°C bar vp X 10° U, Us Uy he hy, hg S S, °C
—40 0.5164 0.7055 0.3569 —0.04 | 204.45 0.00 | 222.88 | 222.88 | 0.0000 | 0.9560 —40
—36 0.6332 0.7113 0.2947 4.68 | 206.73 473 | 220.67 | 22540 | 0.0201 | 0.9506 —36
—32 0.7704 0.7172 0.2451 9.47 | 209.01 9.52 | 21837 | 22790 | 0.0401 | 0.9456 —32
—28 0.9305 0.7233 0.2052 14.31 211.29 1437 | 216.01 230.38 | 0.0600 | 0.9411 —28
—26 1.0199 0.7265 0.1882 16.75 | 21243 16.82 | 214.80 | 231.62 | 0.0699 | 0.9390 —26
—24 1.1160 0.7296 0.1728 19.21 213.57 19.29 | 213.57 | 23285 | 0.0798 | 0.9370 —24
—22 1.2192 0.7328 0.1590 21.68 | 214.70 21.77 | 212.32 | 234.08 | 0.0897 | 0.9351 —22
-20 1.3299 0.7361 0.1464 24.17 | 215.84 2426 | 211.05 | 23531 | 0.0996 | 0.9332 —20
—18 1.4483 0.7395 0.1350 26.67 | 216.97 26.77 | 209.76 | 236.53 | 0.1094 | 0.9315 —18
—16 1.5748 0.7428 0.1247 29.18 | 218.10 29.30 | 208.45 | 237.74 | 0.1192 | 0.9298 —16
—12 1.8540 0.7498 0.1068 3425 | 22036 3439 | 205.77 | 240.15 | 0.1388 | 0.9267 —12
g —8 2.1704 0.7569 0.0919 39.38 | 222.60 39.54 | 203.00 | 24254 | 0.1583 | 0.9239 —8
in —4 2.5274 0.7644 0.0794 44.56 | 224.84 4475 | 200.15 | 24490 | 0.1777 | 0.9213 —4
= 0 2.9282 0.7721 0.0689 49.79 | 227.06 50.02 197.21 247.23 | 0.1970 | 0.9190 0

4 3.3765 0.7801 0.0600 55.08 | 229.27 55.35 194.19 | 249.53 | 0.2162 | 0.9169 4
8 3.8756 0.7884 0.0525 60.43 | 231.46 60.73 191.07 | 251.80 | 0.2354 | 0.9150 8
12 4.4294 0.7971 0.0460 65.83 | 233.63 66.18 187.85 | 254.03 | 0.2545 | 0.9132 12
16 5.0416 0.8062 0.0405 71.29 | 235.78 71.69 184.52 | 256.22 | 0.2735 | 09116 16
20 5.7160 0.8157 0.0358 76.80 | 237.91 77.26 181.09 | 258.36 | 0.2924 | 0.9102 20
24 6.4566 0.8257 0.0317 82.37 | 240.01 82.90 177.55 | 26045 | 03113 | 0.9089 24
26 6.8530 0.8309 0.0298 85.18 | 241.05 85.75 175.73 | 261.48 | 0.3208 | 0.9082 26
28 7.2675 0.8362 0.0281 88.00 | 242.08 88.61 173.89 | 262.50 | 0.3302 | 0.9076 28
30 7.7006 0.8417 0.0265 90.84 | 243.10 91.49 172.00 | 263.50 | 0.3396 | 0.9070 30
32 8.1528 0.8473 0.0250 93.70 | 244.12 94.39 170.09 | 264.48 | 0.3490 | 0.9064 32
34 8.6247 0.8530 0.0236 96.58 | 245.12 97.31 168.14 | 265.45 | 0.3584 | 0.9058 34
36 9.1168 0.8590 0.0223 99.47 | 246.11 100.25 166.15 | 266.40 | 0.3678 | 0.9053 36
38 9.6298 0.8651 0.0210 102.38 | 247.09 103.21 164.12 | 267.33 | 03772 | 0.9047 38
40 10.164 0.8714 0.0199 105.30 | 248.06 106.19 162.05 | 268.24 | 0.3866 | 0.9041 40
42 10.720 0.8780 0.0188 108.25 | 249.02 109.19 15994 | 269.14 | 0.3960 | 0.9035 42
44 11.299 0.8847 0.0177 111.22 | 249.96 112.22 157.79 | 270.01 | 0.4054 | 0.9030 44
48 12.526 0.8989 0.0159 117.22 | 251.79 118.35 153.33 | 271.68 | 0.4243 | 0.9017 48
52 13.851 0.9142 0.0142 123.31 253.55 124.58 148.66 | 273.24 | 0.4432 | 0.9004 52
56 15.278 0.9308 0.0127 129.51 255.23 130.93 14375 | 274.68 | 0.4622 | 0.8990 56
60 16.813 0.9488 0.0114 135.82 | 256.81 137.42 138.57 | 275.99 | 0.4814 | 0.8973 60
70 21.162 1.0027 0.0086 152.22 | 260.15 154.34 124.08 | 27843 | 0.5302 | 0.8918 70
80 26.324 1.0766 0.0064 169.88 | 262.14 172.71 106.41 279.12 | 0.5814 | 0.8827 80
90 32.435 1.1949 0.0046 189.82 | 261.34 193.69 82.63 | 276.32 | 0.6380 | 0.8655 90
100 39.742 1.5443 0.0027 | 218.60 | 248.49 | 224.74 3440 | 259.13 | 0.7196 | 0.8117 100

Source: Tables A-10 through A-12 are calculated based on equations from D. P. Wilson and R. S. Basu, “Thermodynamic Properties of a New

Stratospherically Safe Working Fluid—Refrigerant 134a,” ASHRAE Trans., Vol. 94, Pt. 2, 1988, pp. 2095-2118.
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TABLE A-11 Properties of Saturated Refrigerant 134a (Liquid—Vapor): Pressure Table
Specific Volume Internal Energy Enthalpy Entropy
m’/kg kJ/kg kJ/kg kJ/kg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press. Temp. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor Press.
bar °C v; X 10° v, uy U, hy By hy S S bar
0.6 —37.07 0.7097 0.3100 341 206.12 3.46 221.27 224.72 0.0147 0.9520 0.6
0.8 —31.21 0.7184 0.2366 10.41 209.46 10.47 217.92 228.39 0.0440 0.9447 0.8
1.0 —26.43 0.7258 0.1917 16.22 212.18 16.29 215.06 231.35 0.0678 0.9395 1.0
1.2 —22.36 0.7323 0.1614 21.23 214.50 21.32 212.54 233.86 0.0879 0.9354 1.2
1.4 —18.80 0.7381 0.1395 25.66 216.52 25.77 210.27 236.04 | 0.1055 0.9322 1.4
1.6 —15.62 0.7435 0.1229 29.66 218.32 29.78 208.19 237.97 0.1211 0.9295 1.6
1.8 —12.73 0.7485 0.1098 33.31 219.94 33.45 206.26 239.71 0.1352 0.9273 1.8
2.0 —10.09 0.7532 0.0993 36.69 221.43 36.84 204.46 241.30 | 0.1481 0.9253 2.0
24 —5.37 0.7618 0.0834 42.77 224.07 42.95 201.14 244.09 0.1710 0.9222 24
2.8 —1.23 0.7697 0.0719 48.18 226.38 48.39 198.13 246.52 0.1911 0.9197 2.8
3.2 2.48 0.7770 0.0632 53.06 228.43 53.31 195.35 248.66 0.2089 0.9177 32
3.6 5.84 0.7839 0.0564 57.54 230.28 57.82 192.76 250.58 0.2251 0.9160 3.6
4.0 8.93 0.7904 0.0509 61.69 231.97 62.00 190.32 252.32 0.2399 0.9145 4.0
5.0 15.74 0.8056 0.0409 70.93 235.64 71.33 184.74 256.07 0.2723 0.9117 5.0
6.0 21.58 0.8196 0.0341 78.99 238.74 79.48 179.71 259.19 0.2999 0.9097 6.0
7.0 26.72 0.8328 0.0292 86.19 241.42 86.78 175.07 261.85 0.3242 0.9080 7.0
8.0 31.33 0.8454 0.0255 92.75 243.78 93.42 170.73 264.15 0.3459 0.9066 8.0
9.0 35.53 0.8576 0.0226 98.79 245.88 99.56 166.62 266.18 0.3656 0.9054 9.0
10.0 39.39 0.8695 0.0202 104.42 247.77 105.29 162.68 267.97 0.3838 0.9043 10.0
12.0 46.32 0.8928 0.0166 114.69 251.03 115.76 155.23 270.99 04164 0.9023 12.0
14.0 52.43 0.9159 0.0140 123.98 253.74 125.26 148.14 273.40 | 0.4453 0.9003 14.0
16.0 57.92 0.9392 0.0121 132.52 256.00 134.02 141.31 275.33 04714 0.8982 16.0
18.0 62.91 0.9631 0.0105 140.49 257.88 142.22 134.60 276.83 0.4954 0.8959 18.0
20.0 67.49 0.9878 0.0093 148.02 259.41 149.99 127.95 27794 | 0.5178 0.8934 20.0
25.0 77.59 1.0562 0.0069 165.48 261.84 168.12 111.06 279.17 0.5687 0.8854 25.0
30.0 86.22 1.1416 0.0053 181.88 262.16 185.30 92.71 278.01 0.6156 0.8735 30.0

R-134a
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TABLE A-12 Properties of Superheated Refrigerant 134a Vapor

T v u h s v u h s
°C m¥kg  kl/kg  kl/kg kl/kg-K m¥kg  kl/kg  kl/kg kl/kg-K
p = 0.6 bar = 0.06 MPa p = 1.0 bar = 0.10 MPa
(T = —37.07°C) (T = —26.43°C)
Sat.  0.31003 | 206.12 | 224.72 | 0.9520 0.19170 | 212.18 | 231.35 | 0.9395
—20 0.33536 | 217.86 | 237.98 1.0062 0.19770 | 216.77 | 236.54 | 0.9602
—10 0.34992 | 224.97 | 245.96 1.0371 0.20686 | 224.01 | 244.70 | 0.9918
0 0.36433 | 232.24 | 254.10 1.0675 0.21587 | 231.41 | 252.99 1.0227
10 0.37861 | 239.69 | 262.41 1.0973 0.22473 | 238.96 | 261.43 1.0531
20 0.39279 | 247.32 | 270.89 1.1267 0.23349 | 246.67 | 270.02 1.0829
30 0.40688 | 255.12 | 279.53 1.1557 0.24216 | 254.54 | 278.76 1.1122
40 0.42091 | 263.10 | 288.35 1.1844 0.25076 | 262.58 | 287.66 1.1411
50 0.43487 | 271.25 | 297.34 1.2126 0.25930 | 270.79 | 296.72 1.1696
60 0.44879 | 279.58 | 306.51 1.2405 0.26779 | 279.16 | 305.94 1.1977
70  0.46266 | 288.08 | 315.84 1.2681 0.27623 | 287.70 | 315.32 1.2254
80 0.47650 | 296.75 | 325.34 1.2954 0.28464 | 296.40 | 324.87 1.2528
90 0.49031 | 305.58 | 335.00 1.3224 0.29302 | 305.27 | 334.57 1.2799
p = 1.4 bar = 0.14 MPa p = 1.8 bar = 0.18 MPa
(T = —18.80°C) (T = —12.73°C)
Sat.  0.13945 | 216.52 | 236.04 | 0.9322 0.10983 | 219.94 | 239.71 0.9273
—10 0.14549 | 223.03 | 243.40 | 0.9606 0.11135 | 222.02 | 242.06 | 0.9362
0 0.15219 | 230.55 | 251.86 | 0.9922 0.11678 | 229.67 | 250.69 | 0.9684
10 0.15875 | 238.21 | 260.43 1.0230 0.12207 | 237.44 | 259.41 0.9998
20 0.16520 | 246.01 | 269.13 1.0532 0.12723 | 245.33 | 268.23 1.0304
30 0.17155 | 253.96 | 277.97 1.0828 0.13230 | 253.36 | 277.17 1.0604
40 0.17783 | 262.06 | 286.96 1.1120 0.13730 | 261.53 | 286.24 1.0898
50 0.18404 | 270.32 | 296.09 1.1407 0.14222 | 269.85 | 295.45 1.1187
60 0.19020 | 278.74 | 305.37 1.1690 0.14710 | 278.31 | 304.79 1.1472
70 0.19633 | 287.32 | 314.80 1.1969 0.15193 | 286.93 | 314.28 1.1753
80 0.20241 | 296.06 | 324.39 1.2244 0.15672 | 295.71 | 323.92 1.2030
90 0.20846 | 304.95 | 334.14 1.2516 0.16148 | 304.63 | 333.70 1.2303
100 0.21449 | 314.01 | 344.04 1.2785 0.16622 | 313.72 | 343.63 1.2573
p = 2.0 bar = 0.20 MPa p = 2.4 bar = 0.24 MPa
(T = —10.09°C) (T = —5.37°C)
Sat.  0.09933 | 221.43 | 241.30 | 0.9253 0.08343 | 224.07 | 244.09 | 0.9222
—10 0.09938 | 221.50 | 241.38 | 0.9256
0 0.10438 | 229.23 | 250.10 | 0.9582 0.08574 | 228.31 | 248.89 | 0.9399
10 0.10922 | 237.05 | 258.89 | 0.9898 0.08993 | 236.26 | 257.84 | 0.9721
20 0.11394 | 244.99 | 267.78 1.0206 0.09399 | 244.30 | 266.85 1.0034
30 0.11856 | 253.06 | 276.77 1.0508 0.09794 | 252.45 | 275.95 1.0339
40 0.12311 | 261.26 | 285.88 1.0804 0.10181 | 260.72 | 285.16 1.0637
50 0.12758 | 269.61 | 295.12 1.1094 0.10562 | 269.12 | 294.47 1.0930
60 0.13201 | 278.10 | 304.50 1.1380 0.10937 | 277.67 | 303.91 1.1218
70  0.13639 | 286.74 | 314.02 1.1661 0.11307 | 286.35 | 313.49 1.1501
80 0.14073 | 295.53 | 323.68 1.1939 0.11674 | 295.18 | 323.19 1.1780
90 0.14504 | 304.47 | 333.48 1.2212 0.12037 | 304.15 | 333.04 1.2055
100 0.14932 | 313.57 | 343.43 1.2483 0.12398 | 313.27 | 343.03 1.2326




TABLE A-12 (Continued)

T v u h s v u h s
°C m’/kg kJ/kg  kI/kg  kl/kg-K m’/kg kI/’kg  kI/kg  kl/kg-K
p = 2.8 bar = 0.28 MPa p = 3.2 bar = 0.32 MPa
(T = —1.23°C) (T = 248°0)
Sat. 0.07193 | 226.38 | 246.52 0.9197 0.06322 | 228.43 | 248.66 0.9177
0 0.07240 | 227.37 | 247.64 0.9238
10 0.07613 | 235.44 | 256.76 0.9566 0.06576 | 234.61 | 255.65 0.9427
20 0.07972 | 243.59 | 265.91 0.9883 0.06901 | 242.87 | 264.95 0.9749
30 0.08320 | 251.83 | 275.12 1.0192 0.07214 | 251.19 | 274.28 1.0062
40 0.08660 | 260.17 | 284.42 1.0494 0.07518 | 259.61 | 283.67 1.0367
50 0.08992 | 268.64 | 293.81 1.0789 0.07815 | 268.14 | 293.15 1.0665
60 0.09319 | 277.23 | 303.32 1.1079 0.08106 | 276.79 | 302.72 1.0957
70 0.09641 | 285.96 | 312.95 1.1364 0.08392 | 285.56 | 312.41 1.1243
80 0.09960 | 294.82 | 322.71 1.1644 0.08674 | 294.46 | 322.22 1.1525
90 0.10275 | 303.83 | 332.60 1.1920 0.08953 | 303.50 | 332.15 1.1802

100  0.10587 | 312.98 | 342.62 1.2193 0.09229 | 312.68 | 342.21 1.2076

110 0.10897 | 322.27 | 352.78 1.2461 0.09503 | 322.00 | 352.40 1.2345

120 0.11205 | 331.71 | 363.08 1.2727 0.09774 | 331.45 | 362.73 1.2611

p = 4.0 bar = 0.40 MPa p = 5.0 bar = 0.50 MPa
(T, = 8.93°C) (T, = 15.74°C)

Sat.  0.05089 | 231.97 | 252.32 0.9145 0.04086 | 235.64 | 256.07 09117
10 0.05119 | 232.87 | 253.35 0.9182
20 0.05397 | 241.37 | 262.96 0.9515 0.04188 | 239.40 | 260.34 0.9264
30 0.05662 | 249.89 | 272.54 0.9837 0.04416 | 248.20 | 270.28 0.9597
40 0.05917 | 258.47 | 282.14 1.0148 0.04633 | 256.99 | 280.16 0.9918
50 0.06164 | 267.13 | 291.79 1.0452 0.04842 | 265.83 | 290.04 1.0229
60 0.06405 | 275.89 | 301.51 1.0748 0.05043 | 274.73 | 299.95 1.0531
70 0.06641 | 284.75 | 311.32 1.1038 0.05240 | 283.72 | 309.92 1.0825
80 0.06873 | 293.73 | 321.23 1.1322 0.05432 | 292.80 | 319.96 1.1114
90 0.07102 | 302.84 | 331.25 1.1602 0.05620 | 302.00 | 330.10 1.1397

100 0.07327 | 312.07 | 341.38 1.1878 0.05805 | 311.31 | 340.33 1.1675

110  0.07550 | 321.44 | 351.64 1.2149 0.05988 | 320.74 | 350.68 1.1949

120  0.07771 | 330.94 | 362.03 1.2417 0.06168 | 330.30 | 361.14 1.2218

130 0.07991 | 340.58 | 372.54 1.2681 0.06347 | 339.98 | 371.72 1.2484

140 0.08208 | 350.35 | 383.18 1.2941 0.06524 | 349.79 | 382.42 1.2746

p = 6.0 bar = 0.60 MPa p = 7.0 bar = 0.70 MPa
(T, = 21.58°C) (T = 26.72°C)

Sat.  0.03408 | 238.74 | 259.19 0.9097 0.02918 | 241.42 | 261.85 0.9080
30 0.03581 | 246.41 | 267.89 0.9388 0.02979 | 244.51 | 265.37 0.9197
40 0.03774 | 255.45 | 278.09 0.9719 0.03157 | 253.83 | 275.93 0.9539
50 0.03958 | 264.48 | 288.23 1.0037 0.03324 | 263.08 | 286.35 0.9867
60 0.04134 | 273.54 | 298.35 1.0346 0.03482 | 272.31 | 296.69 1.0182
70 0.04304 | 282.66 | 308.48 1.0645 0.03634 | 281.57 | 307.01 1.0487
80 0.04469 | 291.86 | 318.67 1.0938 0.03781 | 290.88 | 317.35 1.0784
90 0.04631 | 301.14 | 328.93 1.1225 0.03924 | 300.27 | 327.74 1.1074

100  0.04790 | 310.53 | 339.27 1.1505 0.04064 | 309.74 | 338.19 1.1358

110  0.04946 | 320.03 | 349.70 1.1781 0.04201 | 319.31 | 348.71 1.1637

120  0.05099 | 329.64 | 360.24 1.2053 0.04335 | 328.98 | 359.33 1.1910

130 0.05251 | 339.38 | 370.88 1.2320 0.04468 | 338.76 | 370.04 1.2179

140  0.05402 | 349.23 | 381.64 1.2584 0.04599 | 348.66 | 380.86 1.2444

150 0.05550 | 359.21 | 392.52 1.2844 0.04729 | 358.68 | 391.79 1.2706

160 0.05698 | 369.32 | 403.51 1.3100 0.04857 | 368.82 | 402.82 1.2963
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TABLE A-12 (Continued)

T v u h s v u h s
°C m’/kg kJ/kg kJ/kg  kl/kg-K m’/kg kl/kg kJ/kg Kkl/kg-K
p = 8.0 bar = 0.80 MPa p = 9.0 bar = 0.90 MPa
(T = 31.33°C) (T = 35.53°C)

Sat.  0.02547 | 243.78 | 264.15 | 0.9066 0.02255 | 245.88 | 266.18 | 0.9054
40 0.02691 | 252.13 | 273.66 | 0.9374 0.02325 | 250.32 | 271.25 | 0.9217
50 0.02846 | 261.62 | 284.39 | 0.9711 0.02472 | 260.09 | 282.34 | 0.9566
60 0.02992 | 271.04 | 294.98 1.0034 0.02609 | 269.72 | 293.21 0.9897
70 0.03131 | 280.45 | 305.50 1.0345 0.02738 | 279.30 | 303.94 1.0214
80 0.03264 | 289.89 | 316.00 1.0647 0.02861 | 288.87 | 314.62 1.0521
90 0.03393 | 299.37 | 326.52 1.0940 0.02980 | 298.46 | 325.28 1.0819

100  0.03519 | 308.93 | 337.08 1.1227 0.03095 | 308.11 | 335.96 1.1109
110 0.03642 | 318.57 | 347.71 1.1508 0.03207 | 317.82 | 346.68 1.1392
120 0.03762 | 328.31 | 358.40 1.1784 0.03316 | 327.62 | 357.47 1.1670
130 0.03881 | 338.14 | 369.19 1.2055 0.03423 | 337.52 | 368.33 1.1943
140  0.03997 | 348.09 | 380.07 1.2321 0.03529 | 347.51 | 379.27 1.2211
150 0.04113 | 358.15 | 391.05 1.2584 0.03633 | 357.61 | 390.31 1.2475
160 0.04227 | 368.32 | 402.14 1.2843 0.03736 | 367.82 | 401.44 1.2735
170 0.04340 | 378.61 | 413.33 1.3098 0.03838 | 378.14 | 412.68 1.2992
180  0.04452 | 389.02 | 424.63 1.3351 0.03939 | 388.57 | 424.02 1.3245
p = 10.0 bar = 1.00 MPa p = 12.0 bar = 1.20 MPa
(T = 39.39°C) (T = 46.32°C)

Sat.  0.02020 | 247.77 | 267.97 | 0.9043 0.01663 | 251.03 | 270.99 | 0.9023
40 0.02029 | 248.39 | 268.68 | 0.9066
50 0.02171 | 258.48 | 280.19 | 0.9428 0.01712 | 254.98 | 275.52 | 0.9164
60 0.02301 | 268.35 | 291.36 | 0.9768 0.01835 | 265.42 | 287.44 | 0.9527
70 0.02423 | 278.11 | 302.34 1.0093 0.01947 | 275.59 | 298.96 | 0.9868
80 0.02538 | 287.82 | 313.20 1.0405 0.02051 | 285.62 | 310.24 1.0192
90 0.02649 | 297.53 | 324.01 1.0707 0.02150 | 295.59 | 321.39 1.0503

100 0.02755 | 307.27 | 334.82 1.1000 0.02244 | 305.54 | 332.47 1.0804
110  0.02858 | 317.06 | 345.65 1.1286 0.02335 | 315.50 | 343.52 1.1096
120 0.02959 | 326.93 | 356.52 1.1567 0.02423 | 325.51 | 354.58 1.1381
130 0.03058 | 336.88 | 367.46 1.1841 0.02508 | 335.58 | 365.68 1.1660
140 0.03154 | 346.92 | 378.46 1.2111 0.02592 | 345.73 | 376.83 1.1933
150  0.03250 | 357.06 | 389.56 1.2376 0.02674 | 355.95 | 388.04 1.2201
160 0.03344 | 367.31 | 400.74 1.2638 0.02754 | 366.27 | 399.33 1.2465
170  0.03436 | 377.66 | 412.02 1.2895 0.02834 | 376.69 | 410.70 1.2724
180 0.03528 | 388.12 | 423.40 1.3149 0.02912 | 387.21 | 422.16 1.2980
p = 14.0 bar = 1.40 MPa p = 16.0 bar = 1.60 MPa
(T = 52.43°C) (T = 57.92°C)

Sat.  0.01405 | 253.74 | 273.40 | 0.9003 0.01208 | 256.00 | 275.33 | 0.8982
60 0.01495 | 262.17 | 283.10 | 0.9297 0.01233 | 258.48 | 278.20 | 0.9069
70 0.01603 | 272.87 | 295.31 0.9658 0.01340 | 269.89 | 291.33 | 0.9457
80 0.01701 | 283.29 | 307.10 | 0.9997 0.01435 | 280.78 | 303.74 | 0.9813
90 0.01792 | 293.55 | 318.63 1.0319 0.01521 | 291.39 | 315.72 1.0148

100 0.01878 | 303.73 | 330.02 1.0628 0.01601 | 301.84 | 327.46 1.0467
110  0.01960 | 313.88 | 341.32 1.0927 0.01677 | 312.20 | 339.04 1.0773
120 0.02039 | 324.05 | 352.59 1.1218 0.01750 | 322.53 | 350.53 1.1069
130 0.02115 | 334.25 | 363.86 1.1501 0.01820 | 332.87 | 361.99 1.1357
140 0.02189 | 344.50 | 375.15 1.1777 0.01887 | 343.24 | 373.44 1.1638
150 0.02262 | 354.82 | 386.49 1.2048 0.01953 | 353.66 | 384.91 1.1912
160  0.02333 | 365.22 | 397.89 1.2315 0.02017 | 364.15 | 396.43 1.2181
170  0.02403 | 375.71 | 409.36 1.2576 0.02080 | 374.71 | 407.99 1.2445
180  0.02472 | 386.29 | 420.90 1.2834 0.02142 | 385.35 | 419.62 1.2704
190 0.02541 | 396.96 | 432.53 1.3088 0.02203 | 396.08 | 431.33 1.2960
200 0.02608 | 407.73 | 444.24 1.3338 0.02263 | 406.90 | 443.11 1.3212




TABLE A-13 Properties of Saturated Ammonia (Liquid—Vapor): Temperature Table
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Specific Volume Internal Energy Enthalpy Entropy
m’/kg kJ/kg kJ/kg kJ/kg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.

Temp. Press. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor | Temp.
°C bar v, X 10° U, U U, hy hy hy St S °C
=50 0.4086 1.4245 2.6265 | —43.94 | 1264.99 | —43.88 | 1416.20 | 137232 | —0.1922 | 6.1543 =50
—45 0.5453 1.4367 2.0060 | —22.03 | 1271.19 | —21.95 | 1402.52 | 1380.57 | —0.0951 | 6.0523 —45
—40 0.7174 1.4493 1.5524 —0.10 | 1277.20 0.00 | 1388.56 | 1388.56 0.0000 | 5.9557 —40
—36 0.8850 1.4597 1.2757 17.47 | 1281.87 17.60 | 1377.17 | 1394.77 0.0747 | 5.8819 —36
=32 1.0832 1.4703 1.0561 35.09 | 1286.41 35.25 | 1365.55 | 1400.81 0.1484 | 5.8111 =32
—30 1.1950 1.4757 0.9634 43.93 | 1288.63 44.10 | 1359.65 | 1403.75 0.1849 | 5.7767 —30
—28 1.3159 1.4812 0.8803 52.78 | 1290.82 52.97 | 1353.68 | 1406.66 0.2212 | 5.7430 —28
—26 1.4465 1.4867 0.8056 61.65 | 1292.97 61.86 | 1347.65 | 1409.51 0.2572 | 5.7100 —26
—22 1.7390 1.4980 0.6780 79.46 | 1297.18 79.72 | 133536 | 1415.08 0.3287 | 5.6457 —22
-20 1.9019 1.5038 0.6233 88.40 | 1299.23 88.68 | 1329.10 | 1417.79 0.3642 | 5.6144 -20
—18 2.0769 1.5096 0.5739 97.36 | 1301.25 97.68 | 1322.77 | 1420.45 0.3994 | 5.5837 —18
—16 2.2644 1.5155 0.5291 106.36 | 1303.23 106.70 | 1316.35 | 1423.05 0.4346 | 5.5536 —16
—14 2.4652 1.5215 0.4885 115.37 | 1305.17 115.75 | 1309.86 | 1425.61 0.4695 | 5.5239 —14
—12 2.6798 1.5276 0.4516 124.42 | 1307.08 124.83 | 1303.28 | 1428.11 0.5043 | 5.4948 —12
—10 2.9089 1.5338 0.4180 133.50 | 1308.95 133.94 | 1296.61 | 1430.55 0.5389 | 5.4662 —10
-8 3.1532 1.5400 0.3874 142.60 | 1310.78 143.09 | 1289.86 | 1432.95 0.5734 | 5.4380 -8
-6 3.4134 1.5464 0.3595 151.74 | 1312.57 152.26 | 1283.02 | 1435.28 0.6077 | 5.4103 —6
—4 3.6901 1.5528 0.3340 160.88 | 1314.32 161.46 | 1276.10 | 1437.56 0.6418 | 5.3831 —4
-2 3.9842 1.5594 0.3106 170.07 | 1316.04 170.69 | 1269.08 | 1439.78 0.6759 | 5.3562 -2

0 4.2962 1.5660 0.2892 179.29 | 1317.71 179.96 | 1261.97 | 1441.94 0.7097 | 5.3298 0
2 4.6270 1.5727 0.2695 188.53 | 1319.34 189.26 | 1254.77 | 1444.03 0.7435 | 5.3038 2
4 4.9773 1.5796 0.2514 197.80 | 1320.92 198.59 | 1247.48 | 1446.07 0.7770 | 5.2781 4
6 5.3479 1.5866 0.2348 207.10 | 1322.47 207.95 | 1240.09 | 1448.04 0.8105 | 5.2529 6
8 5.7395 1.5936 0.2195 216.42 | 1323.96 217.34 | 1232.61 | 1449.94 0.8438 | 5.2279 8
10 6.1529 1.6008 0.2054 225.77 | 132542 226.75 | 1225.03 | 1451.78 0.8769 | 5.2033 10
12 6.5890 1.6081 0.1923 235.14 | 1326.82 236.20 | 1217.35 | 1453.55 0.9099 | 5.1791 12
16 7.5324 1.6231 0.1691 253.95 | 1329.48 255.18 | 1201.70 | 1456.87 0.9755 | 5.1314 16
20 8.5762 1.6386 0.1492 272.86 | 1331.94 27426 | 1185.64 | 1459.90 1.0404 | 5.0849 20
24 9.7274 1.6547 0.1320 291.84 | 1334.19 29345 | 1169.16 | 1462.61 1.1048 | 5.03%4 24
28 10.993 1.6714 0.1172 310.92 | 1336.20 312,75 | 1152.24 | 1465.00 1.1686 | 4.9948 28
32 12.380 1.6887 0.1043 330.07 | 1337.97 332.17 | 1134.87 | 1467.03 1.2319 | 4.9509 32
36 13.896 1.7068 0.0930 349.32 | 1339.47 351.69 | 1117.00 | 1468.70 1.2946 | 4.9078 36
40 15.549 1.7256 0.0831 368.67 | 1340.70 371.35 | 1098.62 | 1469.97 1.3569 | 4.8652 40
45 17.819 1.7503 0.0725 393.01 | 1341.81 396.13 | 1074.84 | 1470.96 1.4341 | 4.8125 45
50 20.331 1.7765 0.0634 | 417.56 | 134242 | 421.17 | 1050.09 | 1471.26 1.5109 | 4.7604 50

Source: Tables A-13 through A-15 are calculated based on equations from L. Haar and J. S. Gallagher, “Thermodynamic Properties of Ammonia,”

J. Phys. Chem. Reference Data, Vol. 7, 1978, pp. 635-792.
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TABLE A-14 Properties of Saturated Ammonia (Liquid—Vapor):

Pressure Table

Specific Volume Internal Energy Enthalpy Entropy
m’/kg kJ/kg kJ/kg kJ/kg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.

Press. | Temp. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor | Press.
bar °C v; X 10° v, U g hy hyg hy Sp S bar
0.40 | —50.36 1.4236 2.6795 | —45.52 | 1264.54 | —45.46 | 1417.18 | 1371.72 | —0.1992 | 6.1618 0.40
0.50 | —46.53 1.4330 2.1752 | —28.73 | 1269.31 | —28.66 | 1406.73 | 1378.07 | —0.1245 | 6.0829 0.50
0.60 | —43.28 1.4410 1.8345 | —14.51 | 1273.27 | —14.42 | 1397.76 | 1383.34 | —0.0622 | 6.0186 0.60
0.70 | —40.46 1.4482 1.5884 —2.11 | 1276.66 —2.01 | 1389.85 | 1387.84 | —0.0086 | 5.9643 0.70
0.80 | —37.94 1.4546 1.4020 8.93 | 1279.61 9.04 | 1382.73 | 1391.78 0.0386 | 59174 0.80
0.90 | —35.67 1.4605 1.2559 18.91 | 1282.24 19.04 | 1376.23 | 1395.27 0.0808 | 5.8760 0.90
1.00 | —33.60 1.4660 1.1381 28.03 | 1284.61 28.18 | 1370.23 | 1398.41 0.1191 | 5.8391 1.00
1.25 | —29.07 1.4782 0.9237 48.03 | 1289.65 48.22 | 1356.89 | 1405.11 0.2018 | 5.7610 1.25
1.50 | —25.22 1.4889 0.7787 65.10 | 1293.80 65.32 | 134528 | 1410.61 0.2712 | 5.6973 1.50
1.75 | —21.86 1.4984 0.6740 80.08 | 1297.33 80.35 | 133492 | 1415.27 0.3312 | 5.6435 1.75
2.00 | —18.86 1.5071 0.5946 93.50 | 1300.39 93.80 | 1325.51 | 1419.31 0.3843 | 5.5969 2.00
225 | —16.15 1.5151 0.5323 105.68 | 1303.08 106.03 | 1316.83 | 1422.86 0.4319 | 5.5558 2.25
250 | —13.67 1.5225 0.4821 116.88 | 1305.49 117.26 | 1308.76 | 1426.03 0.4753 | 5.5190 2.50
275 | —11.37 1.5295 0.4408 127.26 | 1307.67 127.68 | 1301.20 | 1428.88 0.5152 | 5.4858 2.75
3.00 —9.24 1.5361 0.4061 136.96 | 1309.65 137.42 | 1294.05 | 1431.47 0.5520 | 5.4554 3.00
3.25 —7.24 1.5424 0.3765 146.06 | 1311.46 146.57 | 1287.27 | 1433.84 0.5864 | 5.4275 3.25
3.50 —5.36 1.5484 0.3511 154.66 | 1313.14 155.20 | 1280.81 | 1436.01 0.6186 | 5.4016 3.50
3.75 —3.58 1.5542 0.3289 162.80 | 1314.68 163.38 | 1274.64 | 1438.03 0.6489 | 5.3774 3.75
4.00 —1.90 1.5597 0.3094 170.55 | 1316.12 171.18 | 1268.71 | 1439.89 0.6776 | 5.3548 4.00
4.25 —0.29 1.5650 0.2921 177.96 | 1317.47 178.62 | 1263.01 | 1441.63 0.7048 | 5.3336 4.25
4.50 1.25 1.5702 0.2767 185.04 | 1318.73 185.75 | 1257.50 | 1443.25 0.7308 | 5.3135 4.50
4.75 2.72 1.5752 0.2629 191.84 | 1319.91 192.59 | 1252.18 | 1444.77 0.7555 | 5.2946 4.75
5.00 4.13 1.5800 0.2503 198.39 | 1321.02 199.18 | 1247.02 | 1446.19 0.7791 | 5.2765 5.00
5.25 5.48 1.5847 0.2390 204.69 | 1322.07 205.52 | 1242.01 | 1447.53 0.8018 | 5.2594 5.25
5.50 6.79 1.5893 0.2286 210.78 | 1323.06 211.65 | 1237.15 | 1448.80 0.8236 | 5.2430 5.50
5.75 8.05 1.5938 0.2191 216.66 | 1324.00 217.58 | 1232.41 | 1449.99 0.8446 | 5.2273 5.75
6.00 9.27 1.5982 0.2104 222.37 | 1324.89 223.32 | 1227.79 | 1451.12 0.8649 | 5.2122 6.00
7.00 13.79 1.6148 0.1815 243.56 | 1328.04 244.69 | 1210.38 | 1455.07 0.9394 | 5.1576 7.00
8.00 17.84 1.6302 0.1596 262.64 | 1330.64 263.95 | 1194.36 | 1458.30 1.0054 | 5.1099 8.00
9.00 21.52 1.6446 0.1424 280.05 | 1332.82 281.53 | 1179.44 | 1460.97 1.0649 | 5.0675 9.00

10.00 24.89 1.6584 0.1285 296.10 | 1334.66 297.76 | 1165.42 | 1463.18 1.1191 | 5.0294 | 10.00

12.00 30.94 1.6841 0.1075 32499 | 1337.52 327.01 | 1139.52 | 1466.53 1.2152 | 4.9625 | 12.00

14.00 36.26 1.7080 0.0923 350.58 | 1339.56 35297 | 1115.82 | 1468.79 1.2987 | 4.9050 | 14.00

16.00 41.03 1.7306 0.0808 373.69 | 1340.97 376.46 | 1093.77 | 1470.23 1.3729 | 4.8542 | 16.00

18.00 45.38 1.7522 0.0717 394.85 | 1341.88 398.00 | 1073.01 | 1471.01 1.4399 | 4.8086 | 18.00

20.00 49.37 1.7731 0.0644 414.44 | 1342.37 417.99 | 1053.27 | 1471.26 1.5012 | 4.7670 | 20.00




TABLE A-15 Properties of Superheated Ammonia Vapor

T v u h s v u h s
°C m’/kg kJ/kg kJ/kg  kl/kg-K m’/kg kJ/kg kJ/kg  kl/kg-K
p = 0.4 bar = 0.04 MPa p = 0.6 bar = 0.06 MPa
(T = —50.36°C) (T, = —43.28°C)
Sat. 2.6795 | 1264.54 | 1371.72 | 6.1618 1.8345 | 1273.27 | 1383.34 | 6.0186
—50 2.6841 | 1265.11 | 1372.48 | 6.1652
—45 27481 | 1273.05 | 138298 | 6.2118
—40 2.8118 | 1281.01 | 1393.48 | 6.2573 1.8630 | 1278.62 | 1390.40 | 6.0490
—35 2.8753 | 1288.96 | 1403.98 | 6.3018 1.9061 | 1286.75 | 1401.12 | 6.0946
—30 29385 | 1296.93 | 1414.47 | 6.3455 1.9491 | 1294.88 | 1411.83 | 6.1390
—25 3.0015 | 1304.90 | 142496 | 6.3882 1.9918 | 1303.01 | 1422.52 | 6.1826
—20 3.0644 | 1312.88 | 143546 | 6.4300 2.0343 | 1311.13 | 1433.19 | 6.2251
—15 3.1271 | 1320.87 | 144595 | 64711 2.0766 | 1319.25 | 1443.85 | 6.2668
—10 3.1896 | 1328.87 | 1456.45 | 6.5114 2.1188 | 1327.37 | 1454.50 | 6.3077
—5 32520 | 1336.88 | 1466.95 | 6.5509 2.1609 | 1335.49 | 1465.14 | 6.3478
0 33142 | 1344.90 | 1477.47 | 6.5898 22028 | 1343.61 | 1475.78 | 6.3871
5 33764 | 1352.95 | 1488.00 | 6.6280 22446 | 1351.75 | 1486.43 | 6.4257
p = 0.8 bar = 0.08 MPa p = 1.0 bar = 0.10 MPa
(T = —37.94°C) (Ty = —33.60°C)
Sat. 1.4021 | 1279.61 | 1391.78 | 5.9174 1.1381 | 1284.61 | 1398.41 | 5.8391
—35 14215 | 1284.51 | 1398.23 | 5.9446
—30 1.4543 | 1292.81 | 1409.15 | 5.9900 1.1573 | 1290.71 | 1406.44 | 5.8723
—25 1.4868 | 1301.09 | 1420.04 | 6.0343 1.1838 | 1299.15 | 1417.53 | 5.9175
—20 1.5192 | 1309.36 | 1430.90 | 6.0777 1.2101 | 1307.57 | 1428.58 | 5.9616
—15 1.5514 | 1317.61 | 1441.72 | 6.1200 1.2362 | 1315.96 | 1439.58 | 6.0046
—10 1.5834 | 1325.85 | 1452.53 | 6.1615 1.2621 | 132433 | 1450.54 | 6.0467
-5 1.6153 | 1334.09 | 146331 | 6.2021 1.2880 | 1332.67 | 1461.47 | 6.0878
0 1.6471 | 1342.31 | 1474.08 | 6.2419 1.3136 | 1341.00 | 1472.37 | 6.1281
5 1.6788 | 1350.54 | 1484.84 | 6.2809 1.3392 | 1349.33 | 1483.25 | 6.1676
10 1.7103 | 1358.77 | 1495.60 | 6.3192 1.3647 | 1357.64 | 1494.11 | 6.2063
15 1.7418 | 1367.01 | 1506.35 | 6.3568 1.3900 | 1365.95 | 1504.96 | 6.2442
20 1.7732 | 1375.25 | 1517.10 | 6.3939 1.4153 | 1374.27 | 1515.80 | 6.2816
p = 1.5 bar = 0.15 MPa p = 2.0 bar = 0.20 MPa
(T = —25.22°C) (T = —18.86°C)
Sat.  0.7787 | 1293.80 | 1410.61 | 5.6973 0.59460 | 1300.39 | 1419.31 | 5.5969
—25 0.7795 | 129420 | 1411.13 | 5.6994
—20 0.7978 | 1303.00 | 1422.67 | 5.7454
—15 0.8158 | 1311.75 | 1434.12 | 5.7902 0.60542 | 1307.43 | 1428.51 | 5.6328
—10 0.8336 | 1320.44 | 144549 | 5.8338 0.61926 | 1316.46 | 1440.31 | 5.6781
-5 08514 | 1329.08 | 1456.79 | 5.8764 0.63294 | 1325.41 | 1452.00 | 5.7221
0 0.8689 | 1337.68 | 1468.02 | 59179 0.64648 | 1334.29 | 1463.59 | 5.7649
5 0.8864 | 1346.25 | 1479.20 | 5.9585 0.65989 | 1343.11 | 1475.09 | 5.8066
10 0.9037 | 1354.78 | 1490.34 | 5.9981 0.67320 | 1351.87 | 1486.51 | 5.8473
15 09210 | 1363.29 | 1501.44 | 6.0370 0.68640 | 1360.59 | 1497.87 | 5.8871
20 09382 | 1371.79 | 151251 | 6.0751 0.69952 | 1369.28 | 1509.18 | 5.9260
25 0.9553 | 1380.28 | 1523.56 | 6.1125 0.71256 | 1377.93 | 1520.44 | 5.9641
30 0.9723 | 1388.76 | 1534.60 | 6.1492 0.72553 | 1386.56 | 1531.67 | 6.0014
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TABLE A-15 (Continued)

T v u h s v u h s
°C m’/kg kJ/kg kJ/kg  kl/kg-K m’/kg kJ/kg kJ/’kg  kl/kg-K
p = 2.5 bar = 0.25 MPa p = 3.0 bar = 0.30 MPa
(T = —13.67°C) (T = —9.24°C)

Sat.  0.48213 | 1305.49 | 1426.03 | 5.5190 0.40607 | 1309.65 | 1431.47 | 5.4554

—10 0.49051 | 1312.37 | 1435.00 | 5.5534
—5 0.50180 | 1321.65 | 1447.10 | 5.5989 0.41428 | 1317.80 | 1442.08 | 5.4953

0 0.51293 | 1330.83 | 1459.06 | 5.6431 0.42382 | 1327.28 | 1454.43 | 5.5409
5 052393 | 1339.91 | 1470.89 | 5.6860 0.43323 | 1336.64 | 1466.61 | 5.5851
10 0.53482 | 1348.91 | 1482.61 | 5.7278 0.44251 | 1345.89 | 1478.65 | 5.6280
15 0.54560 | 1357.84 | 1494.25 | 5.7685 0.45169 | 1355.05 | 1490.56 | 5.6697
20 0.55630 | 1366.72 | 1505.80 | 5.8083 0.46078 | 1364.13 | 1502.36 | 5.7103
25 0.56691 | 1375.55 | 1517.28 | 5.8471 0.46978 | 1373.14 | 1514.07 | 5.7499
30 0.57745 | 1384.34 | 1528.70 | 5.8851 0.47870 | 1382.09 | 1525.70 | 5.7886
35 0.58793 | 1393.10 | 1540.08 | 5.9223 0.48756 | 1391.00 | 1537.26 | 5.8264
40 0.59835 | 1401.84 | 1551.42 | 5.9589 0.49637 | 1399.86 | 1548.77 | 5.8635
45 0.60872 | 1410.56 | 1562.74 | 5.9947 0.50512 | 1408.70 | 1560.24 | 5.8998

p = 3.5 bar = 0.35 MPa p = 4.0 bar = 0.40 MPa
(To = —5.36°C) (T = —1.90°C)

Sat.  0.35108 | 1313.14 | 1436.01 | 5.4016 0.30942 | 1316.12 | 1439.89 | 5.3548
0 036011 | 1323.66 | 1449.70 | 5.4522 0.31227 | 1319.95 | 1444.86 | 5.3731
10 0.37654 | 1342.82 | 1474.61 | 5.5417 0.32701 | 1339.68 | 1470.49 | 5.4652
20 0.39251 | 1361.49 | 1498.87 | 5.6259 0.34129 | 1358.81 | 1495.33 | 5.5515
30 0.40814 | 1379.81 | 1522.66 | 5.7057 0.35520 | 1377.49 | 1519.57 | 5.6328
40 0.42350 | 1397.87 | 1546.09 | 5.7818 0.36884 | 1395.85 | 1543.38 | 5.7101
60 0.45363 | 1433.55 | 1592.32 | 5.9249 0.39550 | 1431.97 | 1590.17 | 5.8549
80 0.48320 | 1469.06 | 1638.18 | 6.0586 0.42160 | 1467.77 | 1636.41 | 5.9897

100 0.51240 | 1504.73 | 1684.07 | 6.1850 0.44733 | 1503.64 | 1682.58 | 6.1169

120  0.54136 | 1540.79 | 1730.26 | 6.3056 0.47280 | 1539.85 | 1728.97 | 6.2380

140  0.57013 | 1577.38 | 1776.92 | 6.4213 0.49808 | 1576.55 | 1775.79 | 6.3541

160 0.59876 | 1614.60 | 1824.16 | 6.5330 0.52323 | 1613.86 | 1823.16 | 6.4661

180 0.62728 | 1652.51 | 1872.06 | 6.6411 0.54827 | 1651.85 | 1871.16 | 6.5744

200 0.65572 | 1691.15 | 1920.65 | 6.7460 0.57322 | 1690.56 | 1919.85 | 6.6796

p = 4.5 bar = 0.45 MPa p = 5.0 bar = 0.50 MPa
(Te = 1.25°C) (T = 4.13°C)

Sat. 0.27671 | 1318.73 | 1443.25 | 5.3135 0.25034 | 1321.02 | 1446.19 | 5.2765
10 0.28846 | 1336.48 | 1466.29 | 5.3962 0.25757 | 1333.22 | 1462.00 | 5.3330
20 0.30142 | 1356.09 | 1491.72 | 5.4845 0.26949 | 1353.32 | 1488.06 | 5.4234
30 0.31401 | 1375.15 | 151645 | 5.5674 0.28103 | 1372.76 | 1513.28 | 5.5080
40 0.32631 | 1393.80 | 1540.64 | 5.6460 0.29227 | 1391.74 | 1537.87 | 5.5878
60 0.35029 | 1430.37 | 1588.00 | 5.7926 0.31410 | 1428.76 | 1585.81 | 5.7362
80 0.37369 | 1466.47 | 1634.63 | 5.9285 0.33535 | 1465.16 | 1632.84 | 5.8733

100 0.39671 | 1502.55 | 1681.07 | 6.0564 0.35621 | 1501.46 | 1679.56 | 6.0020

120 0.41947 | 153891 | 1727.67 | 6.1781 0.37681 | 1537.97 | 1726.37 | 6.1242

140 0.44205 | 1575.73 | 1774.65 | 6.2946 0.39722 | 1574.90 | 1773.51 | 6.2412

160 0.46448 | 1613.13 | 1822.15 | 6.4069 041749 | 161240 | 1821.14 | 6.3537

180 0.48681 | 1651.20 | 1870.26 | 6.5155 0.43765 | 1650.54 | 1869.36 | 6.4626

200 0.50905 | 1689.97 | 1919.04 | 6.6208 0.45771 | 1689.38 | 1918.24 | 6.5681




TABLE A-15 (Continued)

T v u h s v u h s
°C m’/kg kJ/kg kJ/kg  kl/kg-K m’/kg kJ/kg kJ/kg  kl/kg-K
p = 5.5 bar = 0.55 MPa p = 6.0 bar = 0.60 MPa
(T = 6.79°C) (T = 9.27°C)

Sat.  0.22861 | 1323.06 | 1448.80 | 5.2430 0.21038 | 1324.89 | 1451.12 | 5.2122
10 0.23227 | 1329.88 | 1457.63 | 5.2743 0.21115 | 1326.47 | 1453.16 | 5.2195
20 0.24335 | 1350.50 | 1484.34 | 5.3671 0.22155 | 1347.62 | 1480.55 | 5.3145
30 0.25403 | 1370.35 | 1510.07 | 5.4534 0.23152 | 1367.90 | 1506.81 | 5.4026
40 0.26441 | 1389.64 | 1535.07 | 5.5345 0.24118 | 1387.52 | 1532.23 | 5.4851
50 0.27454 | 1408.53 | 1559.53 | 5.6114 0.25059 | 1406.67 | 1557.03 | 5.5631
60 0.28449 | 1427.13 | 1583.60 | 5.6848 0.25981 | 1425.49 | 1581.38 | 5.6373
80 0.30398 | 1463.85 | 1631.04 | 5.8230 0.27783 | 1462.52 | 1629.22 | 5.7768

100 0.32307 | 1500.36 | 1678.05 | 5.9525 0.29546 | 1499.25 | 1676.52 | 5.9071

120 0.34190 | 1537.02 | 1725.07 | 6.0753 0.31281 | 1536.07 | 1723.76 | 6.0304

140 0.36054 | 1574.07 | 1772.37 | 6.1926 0.32997 | 1573.24 | 1771.22 | 6.1481

160 0.37903 | 1611.66 | 1820.13 | 6.3055 0.34699 | 1610.92 | 1819.12 | 6.2613

180 0.39742 | 1649.88 | 1868.46 | 6.4146 0.36390 | 1649.22 | 1867.56 | 6.3707

200 0.41571 | 1688.79 | 1917.43 | 6.5203 0.38071 | 1688.20 | 1916.63 | 6.4766

p = 7.0 bar = 0.70 MPa p = 8.0 bar = 0.80 MPa
(Te = 13.79°C) (T = 17.84°C)

Sat. 0.18148 | 1328.04 | 1455.07 | 5.1576 0.15958 | 1330.64 | 1458.30 | 5.1099
20 0.18721 | 1341.72 | 147277 | 5.2186 0.16138 | 1335.59 | 1464.70 | 5.1318
30 0.19610 | 1362.88 | 1500.15 | 5.3104 0.16948 | 1357.71 | 1493.29 | 5.2277
40 0.20464 | 1383.20 | 152645 | 5.3958 0.17720 | 1378.77 | 1520.53 | 5.3161
50  0.21293 | 1402.90 | 1551.95 | 5.4760 0.18465 | 1399.05 | 1546.77 | 5.3986
60 0.22101 | 1422.16 | 1576.87 | 5.5519 0.19189 | 1418.77 | 1572.28 | 5.4763
80 0.23674 | 1459.85 | 1625.56 | 5.6939 0.20590 | 1457.14 | 1621.86 | 5.6209

100 0.25205 | 1497.02 | 1673.46 | 5.8258 0.21949 | 1494.77 | 1670.37 | 5.7545

120 0.26709 | 1534.16 | 1721.12 | 5.9502 0.23280 | 1532.24 | 1718.48 | 5.8801

140 0.28193 | 1571.57 | 1768.92 | 6.0688 0.24590 | 1569.89 | 1766.61 | 5.9995

160 0.29663 | 1609.44 | 1817.08 | 6.1826 0.25886 | 1607.96 | 1815.04 | 6.1140

180 031121 | 1647.90 | 1865.75 | 6.2925 0.27170 | 1646.57 | 1863.94 | 6.2243

200 0.32571 | 1687.02 | 1915.01 | 6.3988 0.28445 | 1685.83 | 1913.39 | 6.3311

p = 9.0 bar = 0.90 MPa p = 10.0 bar = 1.00 MPa
(T = 21.52°C) (T = 24.89°C)

Sat.  0.14239 | 1332.82 | 1460.97 | 5.0675 0.12852 | 1334.66 | 1463.18 | 5.0294
30 0.14872 | 1352.36 | 1486.20 | 5.1520 0.13206 | 1346.82 | 1478.88 | 5.0816
40 0.15582 | 1374.21 | 1514.45 | 5.2436 0.13868 | 1369.52 | 1508.20 | 5.1768
50 0.16263 | 1395.11 | 1541.47 | 5.3286 0.14499 | 1391.07 | 1536.06 | 5.2644
60 0.16922 | 1415.32 | 1567.61 | 5.4083 0.15106 | 1411.79 | 1562.86 | 5.3460
80 0.18191 | 1454.39 | 1618.11 | 5.5555 0.16270 | 1451.60 | 1614.31 | 5.4960

100 0.19416 | 1492.50 | 1667.24 | 5.6908 0.17389 | 1490.20 | 1664.10 | 5.6332

120 0.20612 | 1530.30 | 1715.81 | 5.8176 0.18478 | 1528.35 | 1713.13 | 5.7612

140 021788 | 1568.20 | 176429 | 5.9379 0.19545 | 1566.51 | 1761.96 | 5.8823

160 0.22948 | 1606.46 | 1813.00 | 6.0530 0.20598 | 1604.97 | 1810.94 | 5.9981

180 0.24097 | 1645.24 | 1862.12 | 6.1639 0.21638 | 1643.91 | 1860.29 | 6.1095

200 0.25237 | 1684.64 | 1911.77 | 6.2711 0.22670 | 1683.44 | 1910.14 | 6.2171
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TABLE A-15 (Continued)

T v u h s v u h s
°C m’/kg kJ/kg kJ/kg  kl/kg-K m’/kg kJ/kg kI/’kg  KkJ/kg-K
p = 12.0 bar = 1.20 MPa p = 14.0 bar = 1.40 MPa
(T = 30.94°C) (Ty = 36.26°C)

Sat.  0.10751 | 1337.52 | 1466.53 | 4.9625 0.09231 | 1339.56 | 1468.79 | 4.9050
40 0.11287 | 1359.73 | 1495.18 | 5.0553 0.09432 | 1349.29 | 1481.33 | 4.9453
60 0.12378 | 1404.54 | 1553.07 | 5.2347 0.10423 | 1396.97 | 1542.89 | 5.1360
80 0.13387 | 144591 | 1606.56 | 5.3906 0.11324 | 1440.06 | 1598.59 | 5.2984

100 0.14347 | 1485.55 | 1657.71 5.5315 0.12172 | 1480.79 | 1651.20 | 5.4433

120 0.15275 | 1524.41 | 1707.71 5.6620 0.12986 | 1520.41 | 1702.21 5.5765

140 0.16181 | 1563.09 | 1757.26 | 5.7850 0.13777 | 1559.63 | 1752.52 | 5.7013

160 0.17072 | 1601.95 | 1806.81 | 5.9021 0.14552 | 1598.92 | 1802.65 | 5.8198

180 0.17950 | 1641.23 | 1856.63 | 6.0145 0.15315 | 1638.53 | 1852.94 | 5.9333

200 0.18819 | 1681.05 | 1906.87 | 6.1230 0.16068 | 1678.64 | 1903.59 | 6.0427

220  0.19680 | 1721.50 | 1957.66 6.2282 0.16813 | 1719.35 | 1954.73 6.1485

240 020534 | 1762.63 | 2009.04 | 6.3303 0.17551 | 1760.72 | 2006.43 | 6.2513

260 0.21382 | 1804.48 | 2061.06 | 6.4297 0.18283 | 1802.78 | 2058.75 | 6.3513

280 0.22225 | 1847.04 | 2113.74 | 6.5267 0.19010 | 184555 | 2111.69 | 6.4488

p = 16.0 bar = 1.60 MPa p = 18.0 bar = 1.80 MPa
(T = 41.03°C) (Ty = 45.38°C)

Sat.  0.08079 | 1340.97 | 1470.23 | 4.8542 0.07174 | 1341.88 | 1471.01 | 4.8086
60 0.08951 | 1389.06 | 1532.28 | 5.0461 0.07801 | 1380.77 | 1521.19 | 4.9627
80 0.09774 | 1434.02 | 1590.40 5.2156 0.08565 | 1427.79 | 1581.97 5.1399

100 0.10539 | 1475.93 | 1644.56 | 5.3648 0.09267 | 1470.97 | 1637.78 | 5.2937

120  0.11268 | 1516.34 | 1696.64 | 5.5008 0.09931 | 151222 | 1690.98 | 5.4326

140 0.11974 | 1556.14 | 1747.72 5.6276 0.10570 | 1552.61 | 1742.88 5.5614

160 0.12663 | 1595.85 | 1798.45 | 5.7475 0.11192 | 1592.76 | 1794.23 | 5.6828

180 0.13339 | 1635.81 | 1849.23 | 5.8621 0.11801 | 1633.08 | 1845.50 | 5.7985

200 0.14005 | 1676.21 | 1900.29 | 5.9723 0.12400 | 1673.78 | 1896.98 | 5.9096

220 0.14663 | 1717.18 | 1951.79 6.0789 0.12991 | 1715.00 | 1948.83 6.0170

240 0.15314 | 1758.79 | 2003.81 | 6.1823 0.13574 | 1756.85 | 2001.18 | 6.1210

260 0.15959 | 1801.07 | 2056.42 | 6.2829 0.14152 | 1799.35 | 2054.08 | 6.2222

280 0.16599 | 1844.05 | 2109.64 | 6.3809 0.14724 | 1842.55 | 2107.58 | 6.3207

p = 20.0 bar = 2.00 MPa
(T = 49.37°C)

Sat.  0.06445 | 1342.37 | 1471.26 47670
60 0.06875 | 1372.05 | 1509.54 | 4.8838
80 0.07596 | 1421.36 | 1573.27 | 5.0696

100 0.08248 | 1465.89 | 1630.86 | 5.2283

120 0.08861 | 1508.03 | 1685.24 | 5.3703

140  0.09447 | 1549.03 | 1737.98 | 5.5012

160 0.10016 | 1589.65 | 1789.97 | 5.6241

180 0.10571 | 1630.32 | 1841.74 | 5.7409

200 0.11116 | 1671.33 | 1893.64 | 5.8530

220  0.11652 | 1712.82 | 1945.87 | 5.9611

240  0.12182 | 1754.90 | 1998.54 | 6.0658

260 0.12706 | 1797.63 | 2051.74 6.1675

280 0.13224 | 1841.03 | 2105.50 | 6.2665




TABLE A-16 Properties of Saturated Propane (Liquid—Vapor): Temperature Table
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Specific Volume Internal Energy Enthalpy Entropy
m’/kg kJ/kg kJ/kg kJ/kg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Temp. Press. Liquid Vapor Liquid | Vapor | Liquid | Evap. | Vapor | Liquid | Vapor | Temp.
°C bar v; X 10° v, u; U, he By hy sp S °C

—100 0.02888 1.553 11.27 —1284 | 319.5 | —1284 | 4804 | 352.0 | —0.634 | 2.140 | —100
—90 0.06426 1.578 5.345 —107.8 | 3293 | —107.8 | 4714 | 363.6 | —0.519 [ 2.055 —90
—80 0.1301 1.605 2.774 —87.0 | 3393 —87.0 | 4624 | 3754 | —0.408 | 1.986 —80
=70 0.2434 1.633 1.551 —65.8 | 3495 —65.8 | 453.1 | 3873 | —0.301 | 1.929 =70
—60 0.4261 1.663 0.9234 —44.4 | 359.9 —44.3 | 4435 | 399.2 | —0.198 | 1.883 —60
—50 0.7046 1.694 0.5793 —225 | 3704 —224 | 4336 | 4112 | —0.098 | 1.845 —50
—40 1.110 1.728 0.3798 —0.2 | 381.0 0.0 | 4232 | 4232 0.000 | 1.815 —40
=30 1.677 1.763 0.2585 22.6 | 391.6 229 | 412.1 | 435.0 0.096 | 1.791 —30
-20 2.444 1.802 0.1815 459 | 4024 46.3 | 400.5 | 446.8 0.190 | 1.772 -20
—-10 3.451 1.844 0.1309 69.8 | 4132 70.4 | 388.0 | 4584 0.282 | 1.757 —10
0 4.743 1.890 0.09653 94.2 | 4238 95.1 | 3745 | 469.6 0.374 | 1.745 0
4 5.349 1.910 0.08591 104.2 | 428.1 105.3 | 368.8 | 474.1 0.410 | 1.741 4
8 6.011 1.931 0.07666 1143 | 4323 1155 | 3629 | 478.4 0.446 | 1.737 8
12 6.732 1.952 0.06858 124.6 | 436.5 125.9 | 356.8 | 482.7 0482 | 1.734 12
16 7.515 1.975 0.06149 135.0 | 440.7 136.4 | 350.5 | 486.9 0.519 | 1.731 16
20 8.362 1.999 0.05525 1454 | 444.8 147.1 | 3439 | 491.0 0.555 | 1.728 20
24 9.278 2.024 0.04973 156.1 | 4489 158.0 | 337.0 | 495.0 0.591 | 1.725 24
28 10.27 2.050 0.04483 166.9 | 4529 169.0 | 329.9 | 498.9 0.627 | 1.722 28
32 11.33 2.078 0.04048 177.8 | 456.7 180.2 | 3224 | 502.6 0.663 | 1.720 32
36 12.47 2.108 0.03659 188.9 | 460.6 191.6 | 314.6 | 506.2 0.699 | 1.717 36
40 13.69 2.140 0.03310 200.2 | 464.3 203.1 | 306.5 | 509.6 0.736 | 1.715 40
44 15.00 2.174 0.02997 211.7 | 4679 2149 | 298.0 | 5129 0.772 | 1.712 44
48 16.40 2211 0.02714 2234 | 4714 227.0 | 288.9 | 5159 0.809 | 1.709 48
52 17.89 2.250 0.02459 2353 | 474.6 2393 | 2793 | 518.6 0.846 | 1.705 52
56 19.47 2.293 0.02227 2474 | 4717 2519 | 269.2 | 521.1 0.884 | 1.701 56
60 21.16 2.340 0.02015 259.8 | 480.6 264.8 | 258.4 | 5232 0.921 | 1.697 60
65 23.42 2.406 0.01776 275.7 | 483.6 281.4 | 243.8 | 5252 0.969 | 1.690 65
70 25.86 2.483 0.01560 292.3 | 486.1 298.7 | 227.7 | 5264 1.018 | 1.682 70
75 28.49 2.573 0.01363 309.5 | 487.8 316.8 | 209.8 | 526.6 1.069 | 1.671 75
80 31.31 2.683 0.01182 327.6 | 488.2 336.0 | 189.2 | 525.2 1.122 | 1.657 80
85 34.36 2.827 0.01011 347.2 | 486.9 3569 | 164.7 | 521.6 1.178 | 1.638 85
90 37.64 3.038 0.008415 369.4 | 482.2 380.8 | 133.1 | 5139 1.242 | 1.608 90
95 41.19 3.488 0.006395 399.8 | 467.4 414.2 79.5 | 493.7 1.330 | 1.546 95

96.7 | 42.48 4.535 0.004535 4349 | 43409 454.2 0.0 | 4572 1.437 | 1.437 96.7

Source: Tables A-16 through A-18 are calculated based on B. A. Younglove and J. F. Ely, “Thermophysical Properties of Fluids. II. Methane,
Ethane, Propane, Isobutane and Normal Butane,” J. Phys. Chem. Ref. Data, Vol. 16, No. 4, 1987, pp. 577-598.
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TABLE A-17 Properties of Saturated Propane (Liquid—Vapor): Pressure Table

Specific Volume Internal Energy Enthalpy Entropy
m’/kg kJ/kg kJ/kg kJ/kg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.

Press. Temp. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor | Press.
bar °C v; X 10° v, u; ity hy hyg hy S S bar
0.05 —93.28 1.570 6.752 —114.6 | 326.0 —114.6 | 4744 | 359.8 —0.556 | 2.081 0.05
0.10 —83.87 1.594 3.542 —95.1 3354 —95.1 | 465.9 370.8 —0.450 | 2.011 0.10
0.25 —69.55 1.634 1.513 —64.9 | 350.0 —64.9 | 4527 387.8 —0.297 1.927 0.25
0.50 —56.93 1.672 0.7962 —37.7 | 363.1 —37.6 | 440.5 | 4029 —0.167 1.871 0.50
0.75 —48.68 1.698 0.5467 —19.6 | 371.8 —19.5 | 4323 | 4128 —0.085 1.841 0.75
1.00 —42.38 1.719 0.4185 —56 | 3785 —54 | 4257 | 4203 —0.023 1.822 1.00
2.00 —2543 1.781 0.2192 33.1 396.6 335 | 4069 | 4404 0.139 1.782 2.00
3.00 —14.16 1.826 0.1496 59.8 | 408.7 60.3 | 3933 | 453.6 0.244 1.762 3.00
4.00 —5.46 1.865 0.1137 80.8 | 418.0 81.5 | 382.0 | 463.5 0.324 1.751 4.00
5.00 1.74 1.899 0.09172 98.6 | 425.7 99.5 | 372.1 471.6 0.389 1.743 5.00
6.00 7.93 1.931 0.07680 1142 | 4322 1153 | 363.0 | 4783 0.446 1.737 6.00
7.00 13.41 1.960 0.06598 128.2 | 438.0 129.6 | 354.6 | 4842 0.495 1.733 7.00
8.00 18.33 1.989 0.05776 141.0 | 443.1 142.6 | 346.7 | 489.3 0.540 1.729 8.00
9.00 22.82 2.016 0.05129 152.9 | 447.6 154.7 | 339.1 493.8 0.580 1.726 9.00

10.00 26.95 2.043 0.04606 164.0 | 451.8 166.1 | 331.8 | 497.9 0.618 1.723 10.00

11.00 30.80 2.070 0.04174 1745 | 455.6 176.8 | 324.7 501.5 0.652 1.721 11.00

12.00 34.39 2.096 0.03810 1844 | 459.1 187.0 | 317.8 504.8 0.685 1.718 12.00

13.00 37.77 2.122 0.03499 193.9 | 462.2 196.7 | 311.0 | 507.7 0.716 1.716 13.00

14.00 40.97 2.148 0.03231 203.0 | 4652 206.0 | 3044 | 5104 0.745 1.714 14.00

15.00 44.01 2.174 0.02997 211.7 | 467.9 215.0 | 2979 | 5129 0.772 1.712 15.00

16.00 46.89 2.200 0.02790 220.1 470.4 223.6 | 2914 | 515.0 0.799 1.710 16.00

17.00 49.65 2227 0.02606 228.3 | 472.7 232.0 | 285.0 | 517.0 0.824 1.707 17.00

18.00 52.30 2.253 0.02441 236.2 | 4749 240.2 | 278.6 | 518.8 0.849 1.705 18.00

19.00 54.83 2.280 0.02292 243.8 | 4769 2482 | 2722 | 5204 0.873 1.703 19.00

20.00 57.27 2.308 0.02157 251.3 | 478.7 2559 | 2659 | 521.8 0.896 1.700 20.00

22.00 61.90 2.364 0.01921 265.8 | 481.7 271.0 | 253.0 | 524.0 0.939 1.695 22.00

24.00 66.21 2424 0.01721 279.7 | 4843 285.5 | 240.1 525.6 0.981 1.688 24.00

26.00 70.27 2.487 0.01549 293.1 486.2 299.6 | 2269 | 526.5 1.021 1.681 26.00

28.00 74.10 2.555 0.01398 306.2 | 487.5 3134 | 2132 | 5266 1.060 1.673 28.00

30.00 71.72 2.630 0.01263 319.2 | 488.1 327.1 198.9 | 526.0 1.097 1.664 30.00

35.00 86.01 2.862 0.009771 3514 | 486.3 3614 | 159.1 520.5 1.190 1.633 35.00

40.00 93.38 3.279 0.007151 387.9 | 474.7 401.0 102.3 503.3 1.295 1.574 | 40.00

42.48 96.70 4.535 0.004535 4349 | 4349 454.2 0.0 | 4542 1.437 1.437 42.48




TABLE A-18 Properties of Superheated Propane

T v u h s v u h s
°C m¥kg  kl/kg kJ/kg kl/kg-K m¥kg kJ/kg KkI/kg kl/kg-K
p = 0.05 bar = 0.005 MPa p = 0.1 bar = 0.01 MPa
(T = —93.28°C) (T = —83.87°C)
Sat. 6.752 326.0 | 359.8 2.081 3.542 367.3 | 370.8 2.011
—90 6.877 3294 | 363.8 2.103
—80 7.258 339.8 | 376.1 2.169 3.617 339.5 | 375.7 2.037
=70 7.639 350.6 | 388.8 2.233 3.808 350.3 | 3884 2.101
—60 8.018 361.8 | 401.9 2.296 3.999 361.5 | 401.5 2.164
—=50 8.397 3733 | 4153 2.357 4.190 373.1 | 415.0 2.226
—40 8.776 385.1 | 429.0 2418 4.380 385.0 | 428.8 2.286
=30 9.155 3974 | 443.2 2.477 4.570 397.3 | 443.0 2.346
—20 9.533 410.1 | 457.8 2.536 4.760 410.0 | 457.6 2.405
—10 9.911 4232 | 472.8 2.594 4.950 423.1 | 472.6 2.463
0 10.29 436.8 | 488.2 2.652 5.139 436.7 | 488.1 2.520
10 10.67 450.8 | 504.1 2.709 5.329 450.6 | 503.9 2.578
20 11.05 270.6 | 520.4 2.765 5.518 465.1 | 520.3 2.634
p = 0.5 bar = 0.05 MPa p = 1.0 bar = 0.1 MPa
(T = —56.93°C) (T = —42.38°C)
Sat. 0.796 363.1 | 402.9 1.871 0.4185 378.5 | 420.3 1.822
=50 0.824 371.3 | 412.5 1.914
—40 0.863 383.4 | 426.6 1.976 0.4234 381.5 | 4238 1.837
—30 0.903 396.0 | 441.1 2.037 0.4439 3942 | 438.6 1.899
—20 0.942 408.8 | 4559 2.096 0.4641 407.3 | 453.7 1.960
—10 0.981 422.1 | 471.1 2.155 0.4842 420.7 | 469.1 2.019
0 1.019 435.8 | 486.7 2213 0.5040 | 4344 | 484.8 2.078
10 1.058 449.8 | 502.7 2.271 0.5238 448.6 | 501.0 2.136
20 1.096 464.3 | 519.1 2.328 0.5434 | 463.3 | 517.6 2.194
30 1.135 479.2 | 5359 2.384 0.5629 478.2 | 534.5 2.251
40 1.173 494.6 | 553.2 2.440 0.5824 | 493.7 | 551.9 2.307
50 1.211 5104 | 570.9 2.496 0.6018 509.5 | 569.7 2.363
60 1.249 526.7 | 589.1 2.551 0.6211 525.8 | 587.9 2419
p = 2.0 bar = 0.2 MPa p = 3.0 bar = 0.3 MPa
(T = —25.43°C) (T = —14.16°C)
Sat. 0.2192 396.6 | 440.4 1.782 0.1496 | 408.7 | 453.6 1.762
—20 0.2251 404.0 | 449.0 1.816
—10 0.2358 417.7 | 464.9 1.877 0.1527 414.7 | 460.5 1.789
0 0.2463 431.8 | 481.1 1.938 0.1602 429.0 | 4771 1.851
10 0.2566 | 446.3 | 497.6 1.997 0.1674 | 443.8 | 494.0 1.912
20 0.2669 461.1 | 514.5 2.056 0.1746 | 458.8 | 511.2 1.971
30 0.2770 | 476.3 | 531.7 2.113 0.1816 | 474.2 | 528.7 2.030
40 0.2871 491.9 | 549.3 2.170 0.1885 490.1 | 546.6 2.088
50 0.2970 507.9 | 567.3 2.227 0.1954 506.2 | 564.8 2.145
60 0.3070 524.3 | 585.7 2.283 0.2022 522.7 | 583.4 2.202
70 0.3169 541.1 | 604.5 2.339 0.2090 539.6 | 602.3 2.258
80 0.3267 558.4 | 623.7 2.394 0.2157 557.0 | 621.7 2314
90 0.3365 576.1 | 643.4 2.449 0.2223 574.8 | 641.5 2.369
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TABLE A-18 (Continued)

T v u h s v u h s
°C m¥kg  kI/kg kl/kg KkI/kg-K m¥kg  kJ/kg KkI/kg kl/kg-K
p = 4.0 bar = 0.4 MPa p = 5.0 bar = 0.5 MPa
(T = —5.46°C) (T = 1.74°C)
Sat.  0.1137 | 418.0 | 463.5 1.751 0.09172 | 425.7 | 471.6 | 1.743
0 01169 | 426.1 | 4729 | 1.786
10 0.1227 | 441.2 | 490.3 1.848 0.09577 | 4384 | 486.3 | 1.796
20 0.1283 | 456.6 | 507.9 | 1.909 0.1005 | 454.1 | 504.3 1.858
30 0.1338 | 472.2 | 525.7 1.969 0.1051 | 470.0 | 522.5 1.919
40  0.1392 | 488.1 | 543.8 | 2.027 0.1096 | 486.1 | 540.9 | 1.979
50  0.1445 | 504.4 | 5622 | 2.085 0.1140 | 502.5 | 559.5 | 2.038
60  0.1498 | 521.1 | 581.0 | 2.143 0.1183 | 5194 | 578.5 | 2.095
70 0.1550 | 538.1 | 600.1 | 2.199 0.1226 | 536.6 | 597.9 | 2.153
80  0.1601 | 555.7 | 619.7 | 2255 0.1268 | 554.1 | 617.5 | 2.209
90  0.1652 | 573.5 | 639.6 | 2311 0.1310 | 572.1 | 637.6 | 2.265
100 0.1703 | 591.8 | 659.9 | 2.366 0.1351 | 590.5 | 658.0 | 2.321
110  0.1754 | 610.4 | 680.6 | 2421 0.1392 | 609.3 | 678.9 | 2.376
p = 6.0 bar = 0.6 MPa p = 7.0 bar = 0.7 MPa
(T = 7.93°C) (T = 13.41°C)
Sat.  0.07680 | 4322 | 478.3 1.737 0.06598 | 438.0 | 484.2 | 1.733
10 0.07769 | 435.6 | 482.2 | 1.751
20  0.08187 | 451.5 | 500.6 | 1815 0.06847 | 448.8 | 496.7 | 1.776
30 0.08588 | 467.7 | 5192 | 1.877 0.07210 | 465.2 | 515.7 | 1.840
40  0.08978 | 484.0 | 537.9 | 1.938 0.07558 | 481.9 | 534.8 1.901
50  0.09357 | 500.7 | 556.8 | 1.997 0.07896 | 498.7 | 554.0 | 1.962
60  0.09729 | 517.6 | 576.0 | 2.056 0.08225 | 5159 | 573.5 | 2.021
70 0.1009 | 535.0 | 595.5 | 2.113 0.08547 | 533.4 | 5932 | 2.079
80  0.1045 | 5527 | 6154 | 2.170 0.08863 | 551.2 | 613.2 | 2.137
90  0.1081 | 570.7 | 635.6 | 2.227 0.09175 | 569.4 | 633.6 | 2.194
100 0.1116 | 589.2 | 6562 | 2.283 0.09482 | 587.9 | 654.3 | 2.250
110 0.1151 | 608.0 | 677.1 | 2.338 0.09786 | 606.8 | 675.3 | 2.306
120 0.1185 | 627.3 | 6984 | 2393 0.1009 | 626.2 | 696.8 | 2.361
p = 8.0 bar = 0.8 MPa p = 9.0 bar = 0.9 MPa
(Tg = 18.33°C) (T, = 22.82°C)
Sat.  0.05776 | 443.1 | 489.3 1.729 0.05129 | 447.2 | 493.8 1.726
20  0.05834 | 4459 | 4926 | 1.740
30 0.06170 | 462.7 | 512.1 1.806 0.05355 | 460.0 | 508.2 | 1.774
40 0.06489 | 479.6 | 531.5 1.869 0.05653 | 477.2 | 528.1 1.839
50  0.06796 | 496.7 | 551.1 1.930 0.05938 | 494.7 | 548.1 1.901
60  0.07094 | 514.0 | 570.8 | 1.990 0.06213 | 512.2 | 568.1 1.962
70 0.07385 | 531.6 | 590.7 | 2.049 0.06479 | 530.0 | 588.3 | 2.022
80  0.07669 | 549.6 | 611.0 | 2.107 0.06738 | 548.1 | 608.7 | 2.081
90  0.07948 | 567.9 | 631.5 | 2.165 0.06992 | 566.5 | 629.4 | 2.138
100 0.08222 | 586.5 | 6523 | 2221 0.07241 | 585.2 | 650.4 | 2.195
110 0.08493 | 605.6 | 673.5 | 2277 0.07487 | 604.3 | 671.7 | 2252
120 0.08761 | 625.0 | 695.1 | 2.333 0.07729 | 623.7 | 693.3 | 2.307
130 0.09026 | 644.8 | 717.0 | 2.388 0.07969 | 643.6 | 7153 | 2.363
140 0.09289 | 665.0 | 739.3 | 2.442 0.08206 | 663.8 | 737.7 | 2.418




TABLE A-18 (Continued)

T v u h s v u h K

°C m’/kg kJ/kg kJ/kg kl/kg-K m¥kg  kl/kg kl/kg kl/kg K

p = 10.0 bar = 1.0 MPa p = 12.0 bar = 1.2 MPa
(T = 26.95°C) (T, = 34.39°C)

Sat. 0.04606 | 451.8 | 497.9 1.723 0.03810 | 459.1 | 504.8 1.718
30 0.04696 | 457.1 | 504.1 1.744
40 0.04980 | 474.8 | 524.6 1.810 0.03957 | 469.4 | 516.9 1.757
50 0.05248 | 492.4 | 5449 1.874 0.04204 | 487.8 | 538.2 1.824
60 0.05505 | 510.2 | 565.2 1.936 0.04436 | 506.1 | 559.3 1.889
70 0.05752 | 528.2 | 585.7 1.997 0.04657 | 524.4 | 580.3 1.951
80 0.05992 | 546.4 | 606.3 2.056 0.04869 | 543.1 | 601.5 2.012
90 0.06226 | 564.9 | 627.2 2.114 0.05075 | 561.8 | 622.7 2.071

100 0.06456 | 583.7 | 648.3 2.172 0.05275 | 580.9 | 644.2 2.129

110 0.06681 | 603.0 | 669.8 2.228 0.05470 | 600.4 | 666.0 2.187

120 0.06903 | 622.6 | 691.6 2.284 0.05662 | 620.1 | 688.0 2.244

130 0.07122 | 642.5 | 713.7 2.340 0.05851 | 640.1 | 710.3 2.300

140 0.07338 | 662.8 | 736.2 2.395 0.06037 | 660.6 | 733.0 2.355

p = 14.0 bar = 1.4 MPa p = 16.0 bar = 1.6 MPa
(T = 40.97°C) (T = 46.89°C)

Sat. 0.03231 | 465.2 | 510.4 1.714 0.02790 | 470.4 | 515.0 1.710
50 0.03446 | 482.6 | 530.8 1.778 0.02861 | 476.7 | 522.5 1.733
60 0.03664 | 501.6 | 552.9 1.845 0.03075 | 496.6 | 545.8 1.804
70 0.03869 | 520.4 | 574.6 1.909 0.03270 | 516.2 | 568.5 1.871
80 0.04063 | 539.4 | 596.3 1.972 0.03453 | 535.7 | 590.9 1.935
90 0.04249 | 558.6 | 618.1 2.033 0.03626 | 555.2 | 613.2 1.997

100 0.04429 | 577.9 | 639.9 2.092 0.03792 | 574.8 | 635.5 2.058

110 0.04604 | 597.5 | 662.0 2.150 0.03952 | 594.7 | 657.9 2.117

120 0.04774 | 617.5 | 684.3 2.208 0.04107 | 614.8 | 680.5 2.176

130 0.04942 | 637.7 | 706.9 2.265 0.04259 | 635.3 | 703.4 2.233

140 0.05106 | 658.3 | 729.8 2.321 0.04407 | 656.0 | 726.5 2.290

150 0.05268 | 679.2 | 753.0 2.376 0.04553 | 677.1 | 749.9 2.346

160 0.05428 | 700.5 | 776.5 2431 0.04696 | 698.5 | 773.6 2.401

p = 18.0 bar = 1.8 MPa p = 20.0 bar = 2.0 MPa
(T = 52.30°C) (T = 57.27°C)

Sat. 0.02441 | 4749 | 518.8 1.705 0.02157 | 478.7 | 521.8 1.700
60 0.02606 | 491.1 | 538.0 1.763 0.02216 | 484.8 | 529.1 1.722
70 0.02798 | 511.4 | 561.8 1.834 0.02412 | 506.3 | 554.5 1.797
80 0.02974 | 531.6 | 585.1 1.901 0.02585 | 527.1 | 578.8 1.867
90 0.03138 | 551.5 | 608.0 1.965 0.02744 | 547.6 | 602.5 1.933

100 0.03293 | 571.5 | 630.8 2.027 0.02892 | 568.1 | 625.9 1.997

110 0.03443 | 591.7 | 653.7 2.087 0.03033 | 588.5 | 649.2 2.059

120 0.03586 | 612.1 | 676.6 2.146 0.03169 | 609.2 | 672.6 2.119

130 0.03726 | 632.7 | 699.8 2.204 0.03299 | 630.0 | 696.0 2.178

140 0.03863 | 653.6 | 723.1 2.262 0.03426 | 651.2 | 719.7 2.236

150 0.03996 | 674.8 | 746.7 2.318 0.03550 | 672.5 | 743.5 2.293

160 0.04127 | 696.3 | 770.6 2.374 0.03671 | 694.2 | 767.6 2.349

170 0.04256 | 718.2 | 794.8 2.429 0.03790 | 716.2 | 792.0 2.404

180 0.04383 | 7404 | 819.3 2.484 0.03907 | 738.5 | 816.6 2.459
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TABLE A-18 (Continued)

T v u h s v u h s
°C m¥kg  kI/kg kl/kg KkI/kg-K m¥kg  kJ/kg KkI/kg kl/kg-K
p = 22.0 bar = 2.2 MPa p = 24.0 bar = 2.4 MPa
(T = 61.90°C) (T = 66.21°C)

Sat. 0.01921 | 481.8 | 524.0 1.695 0.01721 | 484.3 | 525.6 1.688
70 0.02086 | 500.5 | 546.4 1.761 0.01802 | 493.7 | 536.9 1.722
80 0.02261 | 522.4 | 572.1 1.834 0.01984 | 517.0 | 564.6 1.801
90 0.02417 | 543.5 | 596.7 1.903 0.02141 | 539.0 | 590.4 1.873

100 0.02561 | 564.5 | 620.8 1.969 0.02283 | 560.6 | 615.4 1.941

110 0.02697 | 585.3 | 644.6 2.032 0.02414 | 581.9 | 639.8 2.006

120 0.02826 | 606.2 | 668.4 2.093 0.02538 | 603.2 | 664.1 2.068

130 0.02949 | 627.3 | 692.2 2.153 0.02656 | 624.6 | 688.3 2.129

140 0.03069 | 648.6 | 716.1 2211 0.02770 | 646.0 | 712.5 2.188

150 0.03185 | 670.1 | 740.2 2.269 0.02880 | 667.8 | 736.9 2.247

160 0.03298 | 691.9 | 764.5 2.326 0.02986 | 689.7 | 761.4 2.304

170 0.03409 | 714.1 | 789.1 2.382 0.03091 | 711.9 | 786.1 2.360

180 0.03517 | 736.5 | 813.9 2437 0.03193 | 734.5 | 811.1 2416

p = 26.0 bar = 2.6 MPa p = 30.0 bar = 3.0 MPa
(T = 70.27°C) (T = 77.72°C)

Sat. 0.01549 | 486.2 | 526.5 1.681 0.01263 | 488.2 | 526.0 1.664
80 0.01742 | 511.0 | 556.3 1.767 0.01318 | 495.4 | 534.9 1.689
90 0.01903 | 534.2 | 583.7 1.844 0.01506 | 522.8 | 568.0 1.782

100 0.02045 | 556.4 | 609.6 1.914 0.01654 | 547.2 | 596.8 1.860

110 0.02174 | 578.3 | 634.8 1.981 0.01783 | 570.4 | 623.9 1.932

120 0.02294 | 600.0 | 659.6 2.045 0.01899 | 593.0 | 650.0 1.999

130 0.02408 | 621.6 | 684.2 2.106 0.02007 | 615.4 | 675.6 2.063

140 0.02516 | 643.4 | 708.8 2.167 0.02109 | 637.7 | 701.0 2.126

150 0.02621 | 665.3 | 733.4 2.226 0.02206 | 660.1 | 726.3 2.186

160 0.02723 | 687.4 | 758.2 2.283 0.02300 | 682.6 | 751.6 2.245

170 0.02821 | 709.9 | 783.2 2.340 0.02390 | 705.4 | 777.1 2.303

180 0.02918 | 732.5 | 808.4 2.397 0.02478 | 728.3 | 802.6 2.360

190 0.03012 | 755.5 | 833.8 2452 0.02563 | 751.5 | 828.4 2417

p = 35.0 bar = 3.5 MPa p = 40.0 bar = 4.0 MPa
(T = 86.01°C) (T = 93.38°C)

Sat. 0.00977 | 486.3 | 520.5 1.633 0.00715 | 474.7 | 503.3 1.574
90 0.01086 | 502.4 | 540.5 1.688

100 0.01270 | 5329 | 577.3 1.788 0.00940 | 512.1 | 549.7 1.700

110 0.01408 | 558.9 | 608.2 1.870 0.01110 | 544.7 | 589.1 1.804

120 0.01526 | 583.4 | 636.8 1.944 0.01237 | 572.1 | 621.6 1.887

130 0.01631 | 607.0 | 664.1 2.012 0.01344 | 597.4 | 651.2 1.962

140 0.01728 | 630.2 | 690.7 2.077 0.01439 | 621.9 | 679.5 2.031

150 0.01819 | 653.3 | 717.0 2.140 0.01527 | 645.9 | 707.0 2.097

160 0.01906 | 676.4 | 743.1 2.201 0.01609 | 669.7 | 734.1 2.160

170 0.01989 | 699.6 | 769.2 2.261 0.01687 | 693.4 | 760.9 2222

180 0.02068 | 722.9 | 795.3 2.319 0.01761 | 717.3 | 787.7 2.281

190 0.02146 | 746.5 | 821.6 2.376 0.01833 | 741.2 | 814.5 2.340

200 0.02221 | 770.3 | 848.0 2.433 0.01902 | 765.3 | 841.4 2.397
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TABLE A-19 Properties of Selected Solids and Liquids: ¢, p, and

Specific Density, Thermal
Heat, ¢, p Conductivity, k
Substance (kJ/kg - K) (kg/m*) (W/m - K)
Selected Solids, 300K
Aluminium 0.903 2700 237
Coal, anthracite 1.260 1350 0.26
Copper 0.385 8930 401
Granite 0.775 2630 2.79
Iron 0.447 7870 80.2
Lead 0.129 11300 35.3
Sand 0.800 1520 0.27
Silver 0.235 10500 429
Soil 1.840 2050 0.52
Steel (AISI 302) 0.480 8060 15.1
Tin 0.227 7310 66.6
Building Materials, 300K
Brick, common 0.835 1920 0.72
Concrete (stone mix) 0.880 2300 1.4
Glass, plate 0.750 2500 1.4
Hardboard, siding 1.170 640 0.094
Limestone 0.810 2320 2.15
Plywood 1.220 545 0.12
Softwoods (fir, pine) 1.380 510 0.12
Insulating Materials, 300K
Blanket (glass fiber) — 16 0.046
Cork 1.800 120 0.039
Duct liner (glass fiber, coated) 0.835 32 0.038
Polystyrene (extruded) 1.210 55 0.027
Vermiculite fill (flakes) 0.835 80 0.068
Saturated Liquids
Ammonia, 300K 4.818 599.8 0.465
Mercury, 300K 0.139 13529 8.540
Refrigerant 22, 300K 1.267 1183.1 0.085
Refrigerant 134a, 300K 1.434 1199.7 0.081
Unused Engine Oil, 300K 1.909 884.1 0.145
Water, 275K 4.211 999.9 0.574
300K 4.179 996.5 0.613
325K 4.182 987.1 0.645
350K 4.195 973.5 0.668
375K 4.220 956.8 0.681
400K 4.256 937.4 0.688

Source: Drawn from several sources, these data are only representative. Values can vary depending on
temperature, purity, moisture content, and other factors.

Table A-19
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TABLE A-20 Ideal Gas Specific Heats of Some Common Gases (kJ/kg - K)

cy Cp k c, Cp k c, Cp k

Temp. Temp.

K Air Nitrogen, N, Oxygen, O, K
250 1.003 | 0.716 | 1.401 | 1.039 | 0.742 | 1.400 0.913 0.653 | 1.398 250
300 1.005 | 0.718 | 1.400 | 1.039 | 0.743 | 1.400 0.918 0.658 | 1.395 300
350 1.008 | 0.721 | 1.398 | 1.041 | 0.744 | 1.399 0.928 0.668 | 1.389 350
400 1.013 | 0.726 | 1.395 | 1.044 | 0.747 | 1.397 0.941 0.681 | 1.382 400
450 1.020 | 0.733 | 1.391 1.049 | 0.752 | 1.395 0.956 0.696 | 1.373 450
500 1.029 | 0.742 | 1.387 | 1.056 | 0.759 | 1.391 0.972 0.712 | 1.365 500
550 1.040 | 0.753 | 1.381 1.065 | 0.768 | 1.387 0.988 0.728 | 1.358 550
600 1.051 | 0.764 | 1.376 | 1.075 | 0.778 | 1.382 1.003 0.743 | 1.350 600
650 1.063 | 0.776 | 1.370 | 1.086 | 0.789 | 1.376 1.017 0.758 | 1.343 650
700 1.075 | 0.788 | 1.364 | 1.098 | 0.801 | 1.371 1.031 0.771 | 1.337 700
750 1.087 | 0.800 | 1.359 | 1.110 | 0.813 | 1.365 1.043 0.783 | 1.332 750
800 1.099 | 0.812 | 1.354 | 1.121 | 0.825 | 1.360 1.054 0.794 | 1.327 800
900 1.121 | 0.834 | 1.344 | 1.145 | 0.849 | 1.349 1.074 0.814 | 1.319 900
1000 1.142 | 0.855 | 1.336 | 1.167 | 0.870 | 1.341 1.090 0.830 | 1.313 1000
Temp. Carbon Carbon Temp.

K Dioxide, CO, Monoxide, CO Hydrogen, H, K
250 0.791 | 0.602 | 1.314 | 1.039 | 0.743 | 1.400 | 14.051 9.927 | 1.416 250
300 0.846 | 0.657 | 1.288 | 1.040 | 0.744 | 1.399 | 14.307 | 10.183 | 1.405 300
350 0.895 | 0.706 | 1.268 | 1.043 | 0.746 | 1.398 | 14.427 | 10.302 | 1.400 350
400 0.939 | 0.750 | 1.252 | 1.047 | 0.751 | 1.395 | 14.476 | 10.352 | 1.398 400
450 0978 | 0.790 | 1.239 | 1.054 | 0.757 | 1.392 | 14.501 | 10.377 | 1.398 450
500 1.014 | 0.825 | 1.229 | 1.063 | 0.767 | 1.387 | 14.513 | 10.389 | 1.397 500
550 1.046 | 0.857 | 1.220 | 1.075 | 0.778 | 1.382 | 14.530 | 10.405 | 1.396 550
600 1.075 | 0.886 | 1.213 | 1.087 | 0.790 | 1.376 | 14.546 | 10.422 | 1.396 600
650 1.102 | 0913 | 1.207 | 1.100 | 0.803 | 1.370 | 14.571 | 10.447 | 1.395 650
700 1.126 | 0937 | 1.202 | 1.113 | 0.816 | 1.364 | 14.604 | 10.480 | 1.394 700
750 1.148 | 0959 | 1.197 | 1.126 | 0.829 | 1.358 | 14.645 | 10.521 | 1.392 750
800 1.169 | 0.980 | 1.193 | 1.139 | 0.842 | 1.353 | 14.695 | 10.570 | 1.390 800
900 1.204 | 1.015 | 1.186 | 1.163 | 0.866 | 1.343 | 14.822 | 10.698 | 1.385 900
1000 1.234 | 1.045 | 1.181 | 1.185 | 0.888 | 1.335 | 14.983 | 10.859 | 1.380 1000

Source: Adapted from K. Wark, Thermodynamics, 4th ed., McGraw-Hill, New York, 1983, as based on “Tables
of Thermal Properties of Gases,” NBS Circular 564, 1955.
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TABLE A-21 Variation of ¢, with Temperature for Selected Ideal Gases

o

%=a+BT+yT2+6T3+sT“

T is in K, equations valid from 300 to 1000 K

Gas a B x 10° vy X 10° 8 X 10° g X 1012
Cco 3.710 —1.619 3.692 —2.032 0.240
Co, 2.401 8.735 —6.607 2.002 0
H, 3.057 2.677 —5.810 5.521 —1.812
H,0 4.070 —1.108 4.152 —2.964 0.807
0, 3.626 —1.878 7.055 —6.764 2.156
N, 3.675 —1.208 2.324 —0.632 —0.226
Air 3.653 —1.337 3.294 —1.913 0.2763
SO, 3.267 5.324 0.684 —5.281 2.559
CH, 3.826 —3.979 24.558 —22.733 6.963
C,H, 1.410 19.057 —24.501 16.391 —4.135
C,H, 1.426 11.383 7.989 —16.254 6.749
Monatomic

gases” 2.5 0 0 0 0

“For monatomic gases, such as He, Ne, and Ar, ¢, is constant over a wide temperature range and is very nearly
equal to 5/2 R.

Source: Adapted from K. Wark, Thermodynamics, 4th ed., McGraw-Hill, New York, 1983, as based on NASA
SP-273, U.S. Government Printing Office, Washington, DC, 1971.
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TABLE A-22 Ideal Gas Properties of Air

T(K), h and u(kl/kg), s° (kI/kg - K)

when As = 0! when As = 0
T h u s° D: U, T h u s° D: v,
200 199.97 142.56  1.29559 0.3363 1707. 450 451.80 322,62 2.11161 5775 223.6
210 209.97 149.69 1.34444 0.3987 1512. 460 462.02 329.97 2.13407 6.245 2114
220 219.97 156.82 1.39105 0.4690 1346. 470 472.24 337.32  2.15604 6.742  200.1
230 230.02 164.00 1.43557 0.5477  1205. 480 482.49 34470  2.17760 7.268 189.5
240 240.02 171.13  1.47824 0.6355 1084. 490 492.74 352.08 2.19876 7.824 179.7
250 250.05 178.28 1.51917 0.7329 979. 500 503.02 359.49 2.21952 8.411 170.6
260 260.09 185.45 1.55848 0.8405 887.8 510 513.32 366.92 2.23993 9.031 162.1
270 270.11 192.60 1.59634 0.9590 808.0 520 523.63 37436  2.25997 9.684 154.1
280 280.13 199.75 1.63279 1.0889 738.0 530 533.98 381.84 2.27967 10.37 146.7
285 285.14 203.33  1.65055 1.1584 706.1 540 544.35 389.34  2.29906 11.10 139.7
290 290.16 206.91 1.66802 1.2311 676.1 550 554.74 396.86 2.31809 11.86 133.1
295 295.17 21049 1.68515 1.3068 647.9 560 565.17 404.42  2.33685 12.66 127.0
300 300.19 214.07 1.70203 1.3860 621.2 570 575.59 41197 2.35531 13.50 121.2
305 305.22 217.67 1.71865 1.4686 596.0 580 586.04 419.55 2.37348 14.38 115.7
310 310.24 221.25 1.73498 1.5546 572.3 590 596.52 427.15 2.39140 15.31 110.6
315 315.27 22485 1.75106 1.6442 549.8 600 607.02 43478  2.40902 16.28 105.8
320 320.29 228.42  1.76690 1.7375 528.6 610 617.53 442,42  2.42644 17.30 101.2
325 325.31 232.02 1.78249 1.8345 508.4 620 628.07 450.09 2.44356 18.36 96.92
330 330.34 235.61 1.79783 1.9352 489.4 630 638.63 45778  2.46048 19.84 92.84
340 340.42 242.82  1.82790 2.149 454.1 640 649.22 465.50 2.47716 20.64 88.99
350 350.49 250.02 1.85708 2.379 422.2 650 659.84 473.25 2.49364 21.86 85.34
360 360.58 257.24  1.88543 2.626 3934 660 670.47 481.01 2.50985 23.13 81.89
370 370.67 264.46 1.91313 2.892 367.2 670 681.14 488.81 2.52589 24.46 78.61
380 380.77 271.69  1.94001 3.176 3434 680 691.82 496.62 2.54175 25.85 75.50
390 390.88 27893  1.96633 3.481 321.5 690 702.52 504.45 2.55731 27.29 72.56
400 400.98 286.16 1.99194 3.806 301.6 700 713.27 512.33  2.57277 28.80 69.76
410 411.12 29343 2.01699 4.153 283.3 710 724.04 520.23 2.58810 30.38 67.07
420 421.26 300.69 2.04142 4.522 266.6 720 734.82 528.14  2.60319 32.02 64.53
430 431.43 307.99 2.06533 4915 251.1 730 745.62 536.07 2.61803 33.72 62.13
440 441.61 315.30 2.08870 5.332 236.8 740 756.44 544.02  2.63280 35.50 59.82

1. p, and v, data for use with Eqs. 6.43 and 6.44, respectively.
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TABLE A-22 (Continued)

T(K), h and u(kl/kg), s° (kI/kg - K)

when As = 0! when As = 0

T h u 5° D: v, T h u 50 Dy v,
750 767.29 551.99 2.64737 37.35 57.63 1300 1395.97 1022.82 3.27345 330.9 11.275
760 778.18 560.01 2.66176 39.27 55.54 1320 1419.76  1040.88 3.29160 352.5 10.747
770 789.11 568.07 2.67595 41.31 53.39 1340 1443.60 1058.94 3.30959 375.3 10.247
780 800.03 576.12  2.69013 43.35 51.64 1360 1467.49 1077.10 3.32724 399.1 9.780
790 810.99 584.21 2.70400 45.55 49.86 1380 1491.44 1095.26 3.34474 424.2 9.337
800 821.95 592.30 2.71787 47.75 48.08 1400 151542 1113.52 3.36200 450.5 8.919
820 843.98 608.59  2.74504 52.59 44.84 1420 1539.44 1131.77 3.37901 478.0 8.526
840 866.08 624.95 2.77170 57.60 41.85 1440 1563.51 1150.13 3.39586 506.9 8.153
860 888.27 641.40 2.79783 63.09 39.12 1460 1587.63 1168.49 3.41247 537.1 7.801
880 910.56 65795 2.82344 68.98 36.61 1480 1611.79 1186.95 3.42892 568.8 7.468
900 932.93 674.58 2.84856 75.29 34.31 1500 1635.97 1205.41 3.44516 601.9 7.152
920 955.38 691.28 2.87324 82.05 32.18 1520 1660.23 1223.87 3.46120 636.5 6.854
940 977.92 708.08 2.89748 89.28 30.22 1540 1684.51 124243 347712 672.8 6.569
960 1000.55 725.02  2.92128 97.00 28.40 1560 1708.82 1260.99 3.49276 710.5 6.301
980 1023.25 741.98 2.94468 | 105.2 26.73 1580 1733.17 1279.65 3.50829 750.0 6.046
1000  1046.04 75894 296770 | 114.0 25.17 1600 1757.57 1298.30 3.52364 791.2 5.804
1020 1068.89 776.10 2.99034 | 123.4 23.72 1620 1782.00 1316.96 3.53879 834.1 5.574
1040 1091.85 793.36  3.01260 | 133.3 22.39 1640 1806.46 1335.72 3.55381 878.9 5.355
1060 1114.86 810.62 3.03449 | 143.9 21.14 1660 1830.96 135448 3.56867 925.6 5.147
1080 1137.89 827.88 3.05608 | 155.2 19.98 1680 1855.50 1373.24 3.58335 974.2 4.949
1100 1161.07 845.33 3.07732 | 167.1 18.896 1700 1880.1 1392.7 3.5979 1025 4.761
1120 1184.28 862.79  3.09825 | 179.7 17.886 1750 1941.6 1439.8 3.6336 1161 4.328
1140 1207.57 880.35 3.11883 | 193.1 16.946 1800 2003.3 1487.2 3.6684 1310 3.944
1160  1230.92 897.91 3.13916 | 207.2 16.064 | 1850 2065.3 1534.9 3.7023 1475 3.601
1180 1254.34 915.57 3.15916 | 222.2 15.241 1900 21274 1582.6 3.7354 1655 3.295
1200 1277.79 933.33 3.17888 | 238.0 14.470 | 1950 2189.7 1630.6 3.7677 1852 3.022
1220  1301.31 951.09 3.19834 | 254.7 13.747 | 2000 2252.1 1678.7 3.7994 2068 2.776
1240 1324.93 968.95 3.21751 | 272.3 13.069 | 2050 2314.6 1726.8 3.8303 2303 2.555
1260  1348.55 986.90 3.23638 | 290.8 12.435 | 2100 23774 1775.3 3.8605 2559 2.356
1280 1372.24 1004.76  3.25510 | 310.4 11.835 | 2150 24403 1823.8 3.8901 2837 2.175
2200 2503.2 1872.4 39191 3138 2.012
2250 2566.4 1921.3 3.9474 3464 1.864

Source: Tables A-22 are based on J. H. Keenan and J. Kaye, Gas Tables, Wiley, New York, 1945.
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TABLE A-24 Constants for the van der Waals, Redlich-Kwong, and Benedict—Webb—Rubin Equations of State

1. van der Waals and Redlich-Kwong: Constants for pressure in bar, specific volume in m*kmol, and temperature in K

van der Waals Redlich-Kwong
a b a b
m )2 m ( m? )2 1 m’
/2
Substance bar ( mol cmol bar mol K emol
Air 1.368 0.0367 15.989 0.02541
Butane (C,H,() 13.86 0.1162 289.55 0.08060
Carbon dioxide (CO,) 3.647 0.0428 64.43 0.02963
Carbon monoxide (CO) 1.474 0.0395 17.22 0.02737
Methane (CH,) 2.293 0.0428 32.11 0.02965
Nitrogen (N,) 1.366 0.0386 15.53 0.02677
Oxygen (O,) 1.369 0.0317 17.22 0.02197
Propane (C;Hyg) 9.349 0.0901 182.23 0.06242
Refrigerant 12 10.49 0.0971 208.59 0.06731
Sulfur dioxide (SO,) 6.883 0.0569 144.80 0.03945
Water (H,0) 5.531 0.0305 142.59 0.02111
Source: Calculated from critical data.
2. Benedict—-Webb—Rubin: Constants for pressure in bar, specific volume in m*/kmol, and temperature in K
Substance a A b B c C 1o b%
CH 1.9073 10.218 0.039998 0.12436 3.206 X 10° 1.006 X 10° 1.101 x 1073 0.0340
CO, 0.1386 2.7737 0.007210 0.04991 1.512 x 10* 1.404 X 10° 847 X 107° 0.00539
CO 0.0371 1.3590 0.002632 0.05454 1.054 X 10° 8.676 X 10° 1.350 X 107* 0.0060
CH, 0.0501 1.8796 0.003380 0.04260 2.579 X 10° 2.287 X 10* 1.244 X 1074 0.0060
N, 0.0254 1.0676 0.002328 0.04074 7.381 X 10? 8.166 X 10° 1.272 X 1074 0.0053

Source: H. W. Cooper and J. C. Goldfrank, Hydrocarbon Processing, 46 (12): 141 (1967).



TABLE A-25 Thermochemical Properties of Selected Substances at 298K and 1 atm
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Heating Values

Enthalpy of Gibbs Function Absolute Higher, Lower,
Molar Mass, | Formation, A? of Formation, Entropy, 5° HHV LHV

Substance Formula M (kg/kmol) (kJ/kmol) g7 (kJ/kmol) (kJ/kmol - K) (kJ/kg) (kJ/kg)
Carbon C(s) 12.01 0 0 5.74 32,770 32,770
Hydrogen Ha(g) 2.016 0 0 130.57 141,780 | 119,950
Nitrogen Ny(g) 28.01 0 0 191.50 — —
Oxygen 0,(g) 32.00 0 0 205.03 — —
Carbon monoxide CO(g) 28.01 —110,530 —137,150 197.54 — —
Carbon dioxide CO,(g) 44.01 —393,520 —394,380 213.69 — —
Water H,0(g) 18.02 —241,820 —228,590 188.72 — —
Water H,0(1) 18.02 —285,830 —237,180 69.95 — —
Hydrogen peroxide | H,0,(g) 34.02 —136,310 —105,600 232.63 — =
Ammonia NH;(g) 17.03 —46,190 —16,590 192.33 — —
Oxygen O(g) 16.00 249,170 231,770 160.95 — —
Hydrogen H(g) 1.008 218,000 203,290 114.61 — —
Nitrogen N(g) 14.01 472,680 455,510 153.19 — —
Hydroxyl OH(g) 17.01 39,460 34,280 183.75 — —
Methane CHy(g) 16.04 —74,850 —50,790 186.16 55,510 50,020
Acetylene C,Hy(g) 26.04 226,730 209,170 200.85 49,910 48,220
Ethylene C,Hy(g) 28.05 52,280 68,120 219.83 50,300 47,160
Ethane C,Hq(g) 30.07 —84,680 —32,890 229.49 51,870 47,480
Propylene C;Hg(g2) 42.08 20,410 62,720 266.94 48,920 45,780
Propane C;Hs(2) 44.09 —103,850 —23,490 269.91 50,350 46,360
Butane CH(2) 58.12 —126,150 —15,710 310.03 49,500 45,720
Pentane CsH»(2) 72.15 —146,440 —8,200 348.40 49,010 45,350
Octane CsH,5(g) 114.22 —208,450 17,320 463.67 48,260 44,790
Octane CgH (D) 114.22 —249,910 6,610 360.79 47,900 44,430
Benzene CHy(2) 78.11 82,930 129,660 269.20 42,270 40,580
Methyl alcohol CH;0H(g) 32.04 —200,890 —162,140 239.70 23,850 21,110
Methyl alcohol CH;0H(1) 32.04 —238.,810 —166,290 126.80 22,670 19,920
Ethyl alcohol C,Hs;OH(g) 46.07 —235,310 —168,570 282.59 30,590 27,720
Ethyl alcohol C,H;0H(1) 46.07 —277,690 174,890 160.70 29,670 26,800

Source: Based on JANAF Thermochemical Tables, NSRDS-NBS-37, 1971; Selected Values of Chemical Thermodynamic Properties, NBS Tech.
Note 270-3, 1968; and API Research Project 44, Carnegie Press, 1953. Heating values calculated.
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TABLE A-26 Standard Molar Chemical Exergy, et (kJ/kmol), of
Selected Substances at 298 K and p,

Substance Formula Model I Model I’
Nitrogen Ny(g) 640 720
Oxygen O4(g) 3,950 3,970
Carbon dioxide CO,(g) 14,175 19,870
Water H,0(g) 8,635 9,500
Water H,O() 45 900
Carbon (graphite) C(s) 404,590 410,260
Hydrogen H,(g) 235,250 236,100
Sulfur S(s) 598,160 609,600
Carbon monoxide CO(g) 269,410 275,100
Sulfur dioxide SO,(g) 301,940 313,400
Nitrogen monoxide NO(g) 88,850 88,900
Nitrogen dioxide NO,(g) 55,565 55,600
Hydrogen sulfide H,S(g) 799,890 812,000
Ammonia NH;(g) 336,685 337,900
Methane CH,(g) 824,350 831,650
Ethane C,Hq(g) 1,482,035 1,495,840
Methyl alcohol CH;0H(g) 715,070 722,300
Methyl alcohol CH,;OH(1) 710,745 718,000
Ethyl alcohol C,H;OH(g) 1,348,330 1,363,900
Ethyl alcohol C,H;OH(1) 1,342,085 1,357,700

“J. Ahrendts, “Die Exergie Chemisch Reaktionsfédhiger Systeme,” VDI-
Forschungsheft, VDI-Verlag, Dusseldorf, 579, 1977. Also see “Reference
States,” Energy—The International Journal, 5: 667-677, 1980. In Model I,
po = 1.019 atm. This model attempts to impose a criterion that the reference
environment be in equilibrium. The reference substances are determined
assuming restricted chemical equilibrium for nitric acid and nitrates and
unrestricted thermodynamic equilibrium for all other chemical components of
the atmosphere, the oceans, and a portion of the Earth’s crust. The chemical
composition of the gas phase of this model approximates the composition of

the natural atmosphere.

by. Szargut, D. R. Morris, and F. R. Steward, Exergy Analysis of Thermal,
Chemical, and Metallurgical Processes, Hemisphere, New York, 1988. In Model
1L, po = 1.0 atm. In developing this model a reference substance is selected for
each chemical element from among substances that contain the element being
considered and that are abundantly present in the natural environment, even
though the substances are not in completely mutual stable equilibrium. An
underlying rationale for this approach is that substances found abundantly in
nature have little economic value. On an overall basis, the chemical composition
of the exergy reference environment of Model II is closer than Model I to the
composition of the natural environment, but the equilibrium criterion is not

always satisfied.



TABLE A-27 Logarithms to the Base 10 of the Equilibrium Constant K
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log;o K

Temp. 10, + 31N, H,0 = H,0 = CO, = CO, + H, = | Temp.

K H,=2H | 0,=20 | N,=2N = NO H, + 30, | OH + jH, | CO + 30, | CO + H,0 °R

208 | —71.224 | —81208 | —159.600 | —15.171 —40.048 | —46.054 —45.066 —5.018 537

500 | —40.316 | —45.880 —92.672 —8.783 | —22.886 | —26.130 —25.025 —2.139 900
1000 | —17.292 | —19.614 —43.056 —4.062 | —10.062 | —11.280 —10.221 —0.159 1800
1200 | —13.414 | —15208 —34.754 —3.275 —7.899 —8.811 —7.764 +0.135 2160
1400 | —10.630 | —12.054 —28.812 —2.712 —6.347 —7.021 —6.014 +0.333 2520
1600 —8.532 —9.684 —24.350 —2.290 —5.180 —5.677 —4.706 +0.474 2880
1700 —7.666 —8.706 —22.512 —2.116 —4.699 —5.124 —4.169 +0.530 3060
1800 —6.896 —7.836 —20.874 —1.962 —4.270 —4.613 —3.693 +0.577 3240
1900 —6.204 —17.058 —19.410 —1.823 —3.886 —4.190 —3.267 +0.619 3420
2000 —5.580 —6.356 —18.092 —1.699 —3.540 —3.776 —2.884 +0.656 3600
2100 —5.016 —5.720 —16.898 —1.586 —3.227 —3.434 —2.539 +0.688 3780
2200 —4.502 —5.142 —15.810 —1.484 —2.942 —3.091 —2.226 +0.716 3960
2300 —4.032 —4.614 —14.818 —1.391 —2.682 —2.809 —1.940 +0.742 4140
2400 —3.600 —4.130 —13.908 —1.305 —2.443 —2.520 —1.679 +0.764 4320
2500 —3.202 —3.684 —13.070 —1.227 —2.224 —2.270 —1.440 +0.784 4500
2600 —2.836 —3.272 —12.298 —1.154 —2.021 —2.038 —1.219 +0.802 4680
2700 —2.494 —2.892 —11.580 —1.087 —1.833 —1.823 —1.015 +0.818 4860
2800 —2.178 —2.536 —10.914 —1.025 —1.658 —1.624 —0.825 +0.833 5040
2900 —1.882 —2.206 —10.294 —0.967 —1.495 —1.438 —0.649 +0.846 5220
3000 —1.606 —1.898 —9.716 —0.913 —1.343 —1.265 —0.485 +0.858 5400
3100 —1.348 —-1.610 —9.174 —0.863 —1.201 —1.103 —0.332 +0.869 5580
3200 —1.106 —1.340 —8.664 —0.815 —1.067 —0.951 —0.189 +0.878 5760
3300 —0.878 —1.086 —8.186 —-0.771 —0.942 —0.809 —0.054 +0.888 5940
3400 —0.664 —0.846 —7.736 —0.729 —0.824 —0.674 +0.071 +0.895 6120
3500 —0.462 —0.620 -7.312 —0.690 —0.712 —0.547 +0.190 +0.902 6300

Source: Based on data from the JANAF Thermochemical Tables, NSRDS-NBS-37, 1971.
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TABLE A-1E  Atomic or Molecular Weights and Critical Properties of Some Selected Elements and
Compounds

Chemical M T, De P

Substance Formula (Ib/Ibmol) (°R) (atm) Z = RT.,
Acetylene C,H, 26.04 556 62 0.274
Air (equivalent) — 28.97 239 37.2 0.284
Ammonia NH; 17.03 730 111.3 0.242
Argon Ar 39.94 272 47.97 0.290
Benzene CeHg 78.11 1013 48.7 0.274
Butane CHy, 58.12 765 375 0.274
Carbon C 12.01 — — —
Carbon dioxide CO, 44.01 548 72.9 0.276
Carbon monoxide CO 28.01 239 34.5 0.294
Copper Cu 63.54 — — —
Ethane C,H; 30.07 549 48.2 0.285
Ethyl alcohol C,H;OH 46.07 929 63.0 0.249
Ethylene C,H, 28.05 510 50.5 0.270
Helium He 4.003 9.33 2.26 0.300
Hydrogen H, 2.016 59.8 12.8 0.304
Methane CH, 16.04 344 45.8 0.290
Methyl alcohol CH;0H 32.04 924 78.5 0.220
Nitrogen N, 28.01 227 335 0.291
Octane CgHi g 114.22 1025 24.6 0.258
Oxygen 0, 32.00 278 49.8 0.290
Propane C;Hg 44.09 666 42.1 0.276
Propylene C;H, 42.08 657 45.6 0.276
Refrigerant 12 CCl,F, 120.92 693 40.6 0.278
Refrigerant 22 CHCIF, 86.48 665 49.1 0.267
Refrigerant 134a CF;CH,F 102.03 673 40.2 0.260
Sulfur dioxide SO, 64.06 775 71.7 0.268
Water H,0 18.02 1165 218.0 0.233

Sources: Adapted from International Critical Tables and L. C. Nelson and E. F. Obert, Generalized
Compressibility Charts, Chem. Eng., 617: 203 (1954).
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TABLE A-2E Properties of Saturated Water (Liquid—Vapor): Temperature Table

Specific Volume Internal Energy Enthalpy Entropy
ft¥/1b Btu/Ib Btu/Ib Btu/Ib - °R
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Temp. Press. Liquid Vapor | Liquid Vapor Liquid Evap. Vapor Liquid Vapor Temp.
°F 1bf/in.2 Vs U, ug u, hg hy, hy S Sq °F
32 0.0886 | 0.01602 | 3305 —.01 1021.2 —.01 1075.4 1075.4 | —.00003 2.1870 32
35 0.0999 | 0.01602 | 2948 2.99 1022.2 3.00 1073.7 1076.7 0.00607 2.1764 35
40 0.1217 | 0.01602 | 2445 8.02 | 1023.9 8.02 1070.9 1078.9 0.01617 2.1592 40
45 0.1475 | 0.01602 | 2037 13.04 1025.5 13.04 1068.1 1081.1 0.02618 2.1423 45
50 0.1780 | 0.01602 | 1704 18.06 1027.2 18.06 1065.2 1083.3 0.03607 2.1259 50
52 0.1917 | 0.01603 | 1589 20.06 1027.8 20.07 1064.1 1084.2 0.04000 2.1195 52
54 0.2064 | 0.01603 | 1482 22.07 1028.5 22.07 1063.0 1085.1 0.04391 2.1131 54
56 0.2219 | 0.01603 | 1383 24.08 1029.1 24.08 1061.9 1085.9 0.04781 2.1068 56
58 0.2386 | 0.01603 | 1292 26.08 1029.8 26.08 1060.7 1086.8 0.05159 2.1005 58
60 0.2563 | 0.01604 | 1207 28.08 1030.4 28.08 1059.6 1087.7 0.05555 2.0943 60
62 0.2751 0.01604 | 1129 30.09 1031.1 30.09 1058.5 1088.6 0.05940 2.0882 62
64 0.2952 | 0.01604 | 1056 32.09 1031.8 32.09 1057.3 1089.4 0.06323 2.0821 64
66 0.3165 | 0.01604 988.4 34.09 1032.4 34.09 1056.2 1090.3 0.06704 2.0761 66
68 0.3391 0.01605 925.8 36.09 1033.1 36.09 1055.1 1091.2 0.07084 2.0701 68
70 0.3632 | 0.01605 867.7 38.09 1033.7 38.09 1054.0 1092.0 0.07463 2.0642 70
72 0.3887 | 0.01606 813.7 40.09 1034.4 40.09 1052.8 1092.9 0.07839 2.0584 72
74 0.4158 | 0.01606 763.5 42.09 1035.0 42.09 1051.7 1093.8 0.08215 2.0526 74
76 0.4446 | 0.01606 716.8 44.09 1035.7 44.09 1050.6 1094.7 0.08589 2.0469 76
78 0.4750 | 0.01607 673.3 46.09 1036.3 46.09 1049.4 1095.5 0.08961 2.0412 78
80 0.5073 | 0.01607 632.8 48.08 1037.0 48.09 1048.3 1096.4 0.09332 2.0356 80
82 0.5414 | 0.01608 595.0 50.08 1037.6 50.08 1047.2 1097.3 0.09701 2.0300 82
84 0.5776 | 0.01608 559.8 52.08 1038.3 52.08 1046.0 1098.1 0.1007 2.0245 84
86 0.6158 | 0.01609 527.0 54.08 1038.9 54.08 1044.9 1099.0 0.1044 2.0190 86
88 0.6562 | 0.01609 496.3 56.07 1039.6 56.07 1043.8 1099.9 0.1080 2.0136 88
90 0.6988 | 0.01610 467.7 58.07 1040.2 58.07 1042.7 1100.7 0.1117 2.0083 90
92 0.7439 | 0.01611 440.9 60.06 1040.9 60.06 1041.5 1101.6 0.1153 2.0030 92
94 0.7914 | 0.01611 415.9 62.06 1041.5 62.06 1040.4 1102.4 0.1189 1.9977 94
96 0.8416 | 0.01612 3924 64.05 1041.2 64.06 1039.2 1103.3 0.1225 1.9925 96
98 0.8945 | 0.01612 370.5 66.05 1042.8 66.05 1038.1 1104.2 0.1261 1.9874 98
100 0.9503 | 0.01613 350.0 68.04 1043.5 68.05 1037.0 1105.0 0.1296 1.9822 100
110 1.276 0.01617 265.1 78.02 1046.7 78.02 1031.3 1109.3 0.1473 1.9574 110
120 1.695 0.01621 203.0 87.99 1049.9 88.00 1025.5 1113.5 0.1647 1.9336 120
130 2.225 0.01625 157.2 97.97 1053.0 97.98 1019.8 1117.8 0.1817 1.9109 130
140 2.892 0.01629 122.9 | 107.95 1056.2 107.96 1014.0 1121.9 0.1985 1.8892 140
150 3.722 0.01634 97.0 | 117.95 1059.3 117.96 1008.1 1126.1 0.2150 1.8684 150
160 4.745 0.01640 772 | 127.94 1062.3 127.96 1002.2 1130.1 0.2313 1.8484 160
170 5.996 0.01645 62.0 | 137.95 1065.4 137.97 996.2 1134.2 0.2473 1.8293 170
180 7.515 0.01651 50.2 | 147.97 1068.3 147.99 990.2 1138.2 0.2631 1.8109 180
190 9.343 0.01657 41.0 | 158.00 1071.3 158.03 984.1 1142.1 0.2787 1.7932 190
200 11.529 0.01663 33.6 | 168.04 1074.2 168.07 977.9 1145.9 0.2940 1.7762 200
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Specific Volume Internal Energy Enthalpy Entropy
ft'/1b Btu/Ib Btu/lb Btu/Ib - °R
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.

Temp. Press. Liquid Vapor Liquid Vapor Liquid | Evap. Vapor Liquid Vapor Temp.

°F 1bf/in.? Vs U, ug U, hy hy, h, S S °F
210 14.13 | 0.01670 | 27.82 178.1 1077.0 178.1 971.6 1149.7 | 0.3091 1.7599 210
212 1470 | 0.01672 | 26.80 180.1 1077.6 180.2 970.3 1150.5 | 0.3121 1.7567 212
220 17.19 | 0.01677 | 23.15 188.2 1079.8 188.2 965.3 1153.5 | 0.3241 1.7441 220
230 20.78 | 0.01685 19.39 198.3 1082.6 198.3 958.8 1157.1 0.3388 1.7289 230
240 24.97 | 0.01692 16.33 208.4 1085.3 208.4 952.3 1160.7 | 0.3534 1.7143 240
250 29.82 | 0.01700 13.83 218.5 1087.9 218.6 945.6 1164.2 | 0.3677 1.7001 250
260 3542 | 0.01708 11.77 228.6 1090.5 228.8 938.8 1167.6 | 0.3819 1.6864 260
270 41.85 | 0.01717 10.07 238.8 1093.0 239.0 932.0 1170.9 | 0.3960 1.6731 270
280 49.18 | 0.01726 8.65 249.0 1095.4 249.2 924.9 1174.1 0.4099 1.6602 280
290 57.53 | 0.01735 7.47 259.3 1097.7 259.4 917.8 1177.2 | 0.4236 1.6477 290
300 66.98 | 0.01745 6.472 269.5 1100.0 269.7 910.4 1180.2 | 0.4372 1.6356 300
310 77.64 | 0.01755 5.632 279.8 1102.1 280.1 903.0 1183.0 | 0.4507 1.6238 310
320 89.60 | 0.01765 4.919 290.1 1104.2 290.4 895.3 1185.8 | 0.4640 1.6123 320
330 103.00 | 0.01776 4312 300.5 1106.2 300.8 887.5 1188.4 | 0.4772 1.6010 330
340 117.93 | 0.01787 3.792 310.9 1108.0 311.3 879.5 1190.8 | 0.4903 1.5901 340
350 134.53 | 0.01799 3.346 3214 1109.8 321.8 871.3 1193.1 0.5033 1.5793 350
360 152.92 | 0.01811 2.961 331.8 1111.4 3324 862.9 11952 | 0.5162 1.5688 360
370 173.23 | 0.01823 2.628 342.4 1112.9 343.0 854.2 1197.2 | 0.5289 1.5585 370
380 195.60 | 0.01836 2.339 353.0 1114.3 353.6 8454 1199.0 | 0.5416 1.5483 380
390 220.2 0.01850 2.087 363.6 1115.6 364.3 836.2 1200.6 | 0.5542 1.5383 390
400 247.1 0.01864 1.866 3743 1116.6 375.1 826.8 1202.0 | 0.5667 1.5284 400
410 276.5 0.01878 1.673 385.0 1117.6 386.0 817.2 1203.1 0.5792 1.5187 410
420 308.5 0.01894 1.502 395.8 1118.3 396.9 807.2 1204.1 0.5915 1.5091 420
430 343.3 0.01909 1.352 406.7 1118.9 407.9 796.9 1204.8 | 0.6038 1.4995 430
440 381.2 0.01926 1.219 417.6 1119.3 419.0 786.3 1205.3 | 0.6161 1.4900 440
450 422.1 0.01943 1.1011 428.6 1119.5 430.2 775.4 1205.6 | 0.6282 1.4806 450
460 466.3 0.01961 0.9961 439.7 1119.6 441.4 764.1 1205.5 | 0.6404 1.4712 460
470 514.1 0.01980 0.9025 450.9 11194 452.8 752.4 1205.2 | 0.6525 1.4618 470
480 565.5 0.02000 0.8187 462.2 1118.9 464.3 740.3 1204.6 | 0.6646 1.4524 480
490 620.7 0.02021 0.7436 473.6 1118.3 475.9 727.8 1203.7 | 0.6767 1.4430 490
500 680.0 0.02043 0.6761 485.1 1117.4 487.7 714.8 1202.5 | 0.6888 1.4335 500
520 811.4 0.02091 0.5605 508.5 1114.8 511.7 687.3 11989 | 0.7130 1.4145 520
540 961.5 0.02145 0.4658 532.6 1111.0 536.4 657.5 1193.8 | 0.7374 1.3950 540
560 1131.8 0.02207 0.3877 548.4 1105.8 562.0 625.0 1187.0 | 0.7620 1.3749 560
580 1324.3 0.02278 0.3225 583.1 1098.9 588.6 589.3 1178.0 | 0.7872 1.3540 580
600 1541.0 0.02363 0.2677 609.9 1090.0 616.7 549.7 1166.4 | 0.8130 1.3317 600
620 1784.4 0.02465 0.2209 638.3 1078.5 646.4 505.0 1151.4 | 0.8398 1.3075 620
640 2057.1 0.02593 0.1805 668.7 1063.2 678.6 453.4 1131.9 | 0.8681 1.2803 640
660 2362 0.02767 0.1446 702.3 1042.3 714.4 391.1 1105.5 | 0.8990 1.2483 660
680 2705 0.03032 0.1113 741.7 1011.0 756.9 309.8 1066.7 | 0.9350 1.2068 680
700 3090 0.03666 0.0744 801.7 947.7 822.7 167.5 990.2 | 0.9902 1.1346 700
705.4 3204 0.05053 0.05053 872.6 872.6 902.5 0 902.5 1.0580 1.0580 705.4

Source: Tables A-2E through A-6E are extracted from J. H. Keenan, F. G. Keyes, P. G. Hill, and J. G. Moore, Steam Tables, Wiley, New York,

1969.
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TABLE A-3E Properties of Saturated Water (Liquid—Vapor): Pressure Table

Specific Volume Internal Energy Enthalpy Entropy
ft'/1b Btu/lb Btu/Ib Btu/Ib - °R
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press. Temp. | Liquid Vapor Liquid | Vapor | Liquid | Evap. | Vapor | Liquid | Evap. | Vapor Press.
1bf/in.2 °F Vs U, Us 7 he hy, hy S Sty S Ibf/in.?
0.4 72.84 | 0.01606 | 792.0 40.94 | 1034.7 | 40.94 | 1052.3 | 1093.3 [ 0.0800 | 1.9760 | 2.0559 0.4
0.6 85.19 | 0.01609 | 540.0 53.26 | 1038.7 | 53.27 | 1045.4 | 1098.6 | 0.1029 | 1.9184 | 2.0213 0.6
0.8 94.35 | 0.01611 | 411.7 6241 | 1041.7 | 62.41 | 1040.2 | 1102.6 | 0.1195 | 1.8773 | 1.9968 0.8
1.0 101.70 | 0.01614 | 333.6 69.74 | 1044.0 | 69.74 | 1036.0 | 1105.8 | 0.1327 | 1.8453 | 1.9779 1.0
1.2 107.88 | 0.01616 | 280.9 75.90 | 1046.0 | 75.90 | 1032.5 | 1108.4 | 0.1436 | 1.8190 | 1.9626 1.2
1.5 115.65 | 0.01619 | 227.7 83.65 | 1048.5 | 83.65 | 1028.0 | 1111.7 | 0.1571 | 1.7867 | 1.9438 1.5
2.0 126.04 | 0.01623 | 173.75 94.02 | 1051.8 | 94.02 | 1022.1 | 1116.1 | 0.1750 | 1.7448 | 1.9198 2.0
3.0 141.43 | 0.01630 | 118.72 109.38 | 1056.6 | 109.39 | 1013.1 | 1122.5 | 0.2009 | 1.6852 | 1.8861 3.0
4.0 152.93 | 0.01636 | 90.64 120.88 | 1060.2 | 120.89 | 1006.4 | 1127.3 | 0.2198 | 1.6426 | 1.8624 4.0
5.0 162.21 | 0.01641 | 73.53 130.15 | 1063.0 | 130.17 | 1000.9 | 1131.0 | 0.2349 | 1.6093 | 1.8441 5.0
6.0 170.03 | 0.01645 | 61.98 137.98 | 1065.4 | 138.00 | 996.2 | 1134.2 | 0.2474 | 1.5819 | 1.8292 6.0
7.0 176.82 | 0.01649 | 53.65 144.78 | 1067.4 | 144.80 | 992.1 | 1136.9 | 0.2581 | 1.5585 | 1.8167 7.0
8.0 182.84 | 0.01653 | 47.35 150.81 | 1069.2 | 150.84 | 988.4 | 1139.3 | 0.2675 | 1.5383 | 1.8058 8.0
9.0 188.26 | 0.01656 | 42.41 156.25 | 1070.8 | 156.27 | 985.1 | 1141.4 | 0.2760 | 1.5203 | 1.7963 9.0
10 193.19 | 0.01659 | 38.42 161.20 | 1072.2 | 161.23 | 982.1 | 1143.3 | 0.2836 | 1.5041 | 1.7877 10
14.696 | 211.99 | 0.01672 | 26.80 180.10 | 1077.6 | 180.15 | 970.4 | 1150.5 | 0.3121 | 1.4446 | 1.7567 14.696
15 213.03 | 0.01672 | 26.29 181.14 | 1077.9 | 181.19 | 969.7 | 1150.9 | 0.3137 | 1.4414 | 1.7551 15
20 227.96 | 0.01683 | 20.09 196.19 | 1082.0 | 196.26 | 960.1 | 1156.4 | 0.3358 | 1.3962 | 1.7320 20
25 240.08 | 0.01692 | 16.31 208.44 | 1085.3 | 208.52 | 952.2 | 1160.7 | 0.3535 | 1.3607 | 1.7142 25
30 250.34 | 0.01700 | 13.75 218.84 | 1088.0 | 21893 | 9454 | 1164.3 | 0.3682 | 1.3314 | 1.6996 30
35 259.30 | 0.01708 | 11.90 227.93 | 1090.3 | 228.04 | 939.3 | 1167.4 | 0.3809 | 1.3064 | 1.6873 35
40 267.26 | 0.01715 | 10.50 236.03 | 1092.3 | 236.16 | 933.8 | 1170.0 | 0.3921 | 1.2845 | 1.6767 40
45 274.46 | 0.01721 9.40 243.37 | 1094.0 | 243.51 | 928.8 | 1172.3 | 0.4022 | 1.2651 | 1.6673 45
50 281.03 | 0.01727 8.52 250.08 | 1095.6 | 250.24 | 924.2 | 1174.4 | 0.4113 | 1.2476 | 1.6589 50
55 287.10 | 0.01733 7.79 256.28 | 1097.0 | 256.46 | 919.9 | 1176.3 | 0.4196 | 1.2317 | 1.6513 55
60 292.73 | 0.01738 7.177 | 262.1 | 1098.3 | 262.2 915.8 | 1178.0 | 0.4273 | 1.2170 | 1.6443 60
65 298.00 | 0.01743 6.647 | 267.5 | 1099.5 | 267.7 911.9 | 1179.6 | 0.4345 | 1.2035 | 1.6380 65
70 302.96 | 0.01748 6.209 | 272.6 | 1100.6 | 272.8 908.3 | 1181.0 | 0.4412 | 1.1909 | 1.6321 70
75 307.63 | 0.01752 5.818 | 2774 | 1101.6 | 277.6 904.8 | 1182.4 | 0.4475 | 1.1790 | 1.6265 75
80 312.07 | 0.01757 5474 | 2820 | 1102.6 | 282.2 901.4 | 1183.6 | 0.4534 | 1.1679 | 1.6213 80
85 316.29 | 0.01761 5.170 | 286.3 | 1103.5 | 286.6 898.2 | 1184.8 | 0.4591 | 1.1574 | 1.6165 85
90 320.31 | 0.01766 4.898 | 290.5 | 1104.3 | 290.8 895.1 | 11859 | 0.4644 | 1.1475 | 1.6119 90
95 324.16 | 0.01770 4.654 | 294.5 | 1105.0 | 294.8 892.1 | 1186.9 | 0.4695 | 1.1380 | 1.6075 95
100 327.86 | 0.01774 4.434 | 2983 | 1105.8 | 298.6 889.2 | 1187.8 | 0.4744 | 1.1290 | 1.6034 | 100
110 334.82 | 0.01781 4.051 | 305.5 | 1107.1 | 305.9 883.7 | 1189.6 | 0.4836 | 1.1122 | 1.5958 | 110
120 341.30 | 0.01789 3730 | 312.3 | 1108.3 | 312.7 878.5 | 1191.1 | 0.4920 | 1.0966 | 1.5886 | 120
130 347.37 | 0.01796 3.457 | 318.6 | 1109.4 | 319.0 873.5 | 1192.5 | 0.4999 | 1.0822 | 1.5821 | 130
140 353.08 | 0.01802 3.221 | 3246 | 11103 | 325.1 868.7 | 1193.8 | 0.5073 | 1.0688 | 1.5761 140
150 358.48 | 0.01809 3.016 | 3302 | 1111.2 | 330.8 864.2 | 11949 | 0.5142 | 1.0562 | 1.5704 | 150
160 363.60 | 0.01815 2.836 13356 | 1112.0 | 336.2 859.8 1 1196.0 | 0.5208 | 1.0443 | 1.5651 160
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Specific Volume Internal Energy Enthalpy Entropy
ft*/1b Btu/Ib Btu/Ib Btu/Ib - °R
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press. Temp. Liquid Vapor | Liquid | Vapor | Liquid | Evap. | Vapor | Liquid | Evap. Vapor Press.
1bf/in.? °F Vg U, Ug U, hy hg hy S Sty Sy 1bf/in.?
170 368.47 | 0.01821 | 2.676 340.8 | 1112.7 | 341.3 | 855.6 | 1196.9 | 0.5270 | 1.0330 | 1.5600 170
180 373.13 | 0.01827 | 2.553 3457 | 1113.4 | 3463 | 8515 | 1197.8 | 0.5329 | 1.0223 | 1.5552 180
190 377.59 | 0.01833 | 2.405 3504 | 1114.0 | 351.0 | 847.5 | 1198.6 | 0.5386 | 1.0122 | 1.5508 190
200 381.86 | 0.01839 | 2.289 3549 | 1114.6 | 355.6 | 843.7 | 1199.3 | 0.5440 | 1.0025 | 1.5465 200
250 401.04 | 0.01865 | 1.845 3754 | 1116.7 | 376.2 | 825.8 | 1202.1 | 0.5680 | 0.9594 | 1.5274 250
300 41743 | 0.01890 | 1.544 393.0 | 11182 | 394.1 | 809.8 | 1203.9 | 0.5883 | 0.9232 | 1.5115 300
350 431.82 | 0.01912 | 1.327 408.7 | 1119.0 | 409.9 | 795.0 | 1204.9 | 0.6060 | 0.8917 | 1.4977 350
400 44470 | 0.01934 | 1.162 4228 | 1119.5 | 4242 | 781.2 | 12055 | 0.6218 | 0.8638 | 1.4856 400
450 456.39 | 0.01955 | 1.033 435.7 | 1119.6 | 437.4 | 768.2 | 1205.6 | 0.6360 | 0.8385 | 1.4745 450
500 467.13 | 0.01975 | 0.928 4477 | 1119.4 | 4495 | 755.8 | 12053 | 0.6490 | 0.8154 | 1.4644 500
550 477.07 | 0.01994 | 0.842 4589 | 1119.1 | 4609 | 7439 | 1204.8 | 0.6611 | 0.7941 | 1.4451 550
600 486.33 | 0.02013 | 0.770 4694 | 1118.6 | 471.7 | 7324 | 1204.1 | 0.6723 | 0.7742 | 1.4464 600
700 503.23 | 0.02051 | 0.656 488.9 | 1117.0 | 4915 | 710.5 | 1202.0 | 0.6927 | 0.7378 | 1.4305 700
800 518.36 | 0.02087 | 0.569 506.6 | 1115.0 | 509.7 | 689.6 | 1199.3 | 0.7110 | 0.7050 | 1.4160 800
900 532.12 | 0.02123 | 0.501 523.0 | 1112.6 | 526.6 | 669.5 | 1196.0 | 0.7277 | 0.6750 | 1.4027 900
1000 544.75 | 0.02159 | 0.446 5384 | 1109.9 | 5424 | 650.0 | 11924 | 0.7432 | 0.6471 | 1.3903 | 1000
1100 556.45 | 0.02195 | 0.401 5529 | 1106.8 | 557.4 | 631.0 | 1188.3 | 0.7576 | 0.6209 | 1.3786 | 1100
1200 567.37 | 0.02232 | 0.362 566.7 | 1103.5 | 571.7 | 612.3 | 1183.9 | 0.7712 | 0.5961 | 1.3673 | 1200
1300 577.60 | 0.02269 | 0.330 5799 | 1099.8 | 5854 | 593.8 | 1179.2 | 0.7841 | 0.5724 | 1.3565 | 1300
1400 587.25 | 0.02307 | 0.302 592.7 | 1096.0 | 598.6 | 575.5 | 1174.1 | 0.7964 | 0.5497 | 1.3461 | 1400
1500 596.39 | 0.02346 | 0.277 605.0 | 1091.8 | 611.5 | 557.2 | 1168.7 | 0.8082 | 0.5276 | 1.3359 | 1500
1600 605.06 | 0.02386 | 0.255 616.9 | 1087.4 | 624.0 | 5389 | 11629 | 0.8196 | 0.5062 | 1.3258 | 1600
1700 613.32 | 0.02428 | 0.236 628.6 | 1082.7 | 636.2 | 520.6 | 1156.9 | 0.8307 | 0.4852 | 1.3159 | 1700
1800 621.21 | 0.02472 | 0.218 640.0 | 1077.7 | 648.3 | 502.1 | 1150.4 | 0.8414 | 0.4645 | 1.3060 | 1800
1900 628.76 | 0.02517 | 0.203 651.3 | 10723 | 660.1 | 483.4 | 1143.5 | 0.8519 | 0.4441 | 1.2961 | 1900
2000 636.00 | 0.02565 | 0.188 662.4 | 1066.6 | 6719 | 4644 | 11363 | 0.8623 | 0.4238 | 1.2861 | 2000
2250 652.90 | 0.02698 | 0.157 689.9 | 1050.6 | 701.1 | 414.8 | 11159 | 0.8876 | 0.3728 | 1.2604 | 2250
2500 668.31 | 0.02860 | 0.131 7177 | 1031.0 | 7309 | 360.5 | 10914 [ 09131 | 0.3196 | 1.2327 | 2500
2750 682.46 | 0.03077 | 0.107 7473 | 10059 | 763.0 | 297.4 | 1060.4 [ 0.9401 | 0.2604 | 1.2005 | 2750
3000 695.52 | 0.03431 | 0.084 783.4 968.8 | 802.5 | 213.0 | 1015.5 | 0.9732 | 0.1843 | 1.1575 | 3000
3203.6 | 705.44 | 0.05053 | 0.0505 | 872.6 872.6 | 902.5 0 902.5 | 1.0580 | 0 1.0580 | 3203.6
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TABLE A-4E Properties of Superheated Water Vapor

T v u h K v u h K
°F ft/lb  Btu/lb Btu/lb  Btu/lb-°R ft/lb  Btu/lb Btu/lb Btu/lb-°R
p = 11bffin.2 p = 5 Ibffin.2
(T, = 101.7°F) (T, = 162.2°F)
Sat. 333.6 | 1044.0 | 1105.8 1.9779 73.53 | 1063.0 | 1131.0 1.8441
150 362.6 | 1060.4 | 1127.5 2.0151
200 3925 | 1077.5 | 1150.1 2.0508 78.15 | 1076.0 | 1148.6 1.8715
250 4224 | 1094.7 | 1172.8 2.0839 84.21 | 1093.8 | 1171.7 1.9052
300 4523 | 1112.0 | 1195.7 2.1150 90.24 | 1111.3 | 1194.8 1.9367
400 5119 | 1147.0 | 1241.8 2.1720 102.24 | 1146.6 | 12412 1.9941
500 5715 | 1182.8 | 1288.5 2.2235 11420 | 1182.5 | 1288.2 2.0458
600 631.1 1219.3 | 1336.1 2.2706 126.15 | 1219.1 | 1335.8 2.0930
700 690.7 | 1256.7 | 1384.5 2.3142 138.08 | 1256.5 | 1384.3 2.1367
800 7503 | 1294.4 | 1433.7 2.3550 150.01 | 1294.7 | 14335 2.1775
900 809.9 | 1333.9 | 1483.8 2.3932 161.94 | 1333.8 | 1483.7 2.2158
1000  869.5 | 1373.9 | 1534.8 2.4294 173.86 | 1373.9 | 1534.7 2.2520
p = 10 Ibf/in.? p = 14.7 1bf/in.?
(Ty = 193.2°F) (Te = 212.0°F)
Sat. 3842 | 1072.2 | 1143.3 1.7877 26.80 | 1077.6 | 1150.5 1.7567
200 38.85 | 1074.7 | 1146.6 1.7927
250  41.95 | 1092.6 | 1170.2 1.8272 28.42 | 1091.5 | 1168.8 1.7832
300 4499 | 11104 | 1193.7 1.8592 30.52 | 1109.6 | 1192.6 1.8157
400  51.03 | 1146.1 | 1240.5 1.9171 34.67 | 1145.6 | 1239.9 1.8741
500  57.04 | 1182.2 | 1287.7 1.9690 38.77 | 1181.8 | 1287.3 1.9263
600  63.03 | 1218.9 | 1335.5 2.0164 42.86 | 1218.6 | 1335.2 1.9737
700  69.01 | 1256.3 | 1384.0 2.0601 46.93 | 1256.1 | 1383.8 2.0175
800  74.98 | 1294.6 | 1433.3 2.1009 51.00 | 1294.4 | 1433.1 2.0584
900  80.95 | 1333.7 | 1483.5 2.1393 55.07 | 1333.6 | 1483.4 2.0967
1000 8691 | 1373.8 | 1534.6 2.1755 59.13 | 1373.7 | 15345 2.1330
1100 92.88 | 1414.7 | 1586.6 2.2099 63.19 | 1414.6 | 1586.4 2.1674
p = 20 Ibf/in.? p = 40 Ibf/in.?
(T, = 228.0°F) (T, = 267.3°F)
Sat.  20.09 | 1082.0 | 1156.4 1.7320 10.50 | 1093.3 | 1170.0 1.6767
250  20.79 | 1090.3 | 1167.2 1.7475
300 2236 | 1108.7 | 1191.5 1.7805 11.04 | 1105.1 | 1186.8 1.6993
350 23.90 | 11269 | 12154 1.8110 11.84 | 11242 | 1211.8 1.7312
400 2543 | 11451 | 1239.2 1.8395 12.62 | 1143.0 | 12364 1.7606
500 28.46 | 1181.5 | 1286.8 1.8919 14.16 | 1180.1 | 1284.9 1.8140
600 31.47 | 1218.4 | 1334.8 1.9395 15.69 | 1217.3 | 1333.4 1.8621
700 3447 | 12559 | 1383.5 1.9834 17.20 | 1255.1 | 13824 1.9063
800  37.46 | 1294.3 | 14329 2.0243 18.70 | 1293.7 | 1432.1 1.9474
900  40.45 | 1333.5 | 1483.2 2.0627 20.20 | 1333.0 | 14825 1.9859
1000  43.44 | 1373.5 | 15343 2.0989 21.70 | 1373.1 | 1533.8 2.0223
1100 4642 | 1414.5 | 1586.3 2.1334 23.20 | 14142 | 1585.9 2.0568
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T v u h K v u h s
°F ft/lb  Btu/lb Btu/lb  Btu/lb-°R ft’/lb  Btu/lb Btu/lb Btu/lb-°R
p = 60 Ibf/in.? p = 80 Ibf/in.?
(T = 292.7°F) (T, = 312.1°F)
Sat. 7.17 | 1098.3 | 1178.0 1.6444 547 | 1102.6 | 1183.6 1.6214
300 726 | 1101.3 | 1181.9 1.6496
350 7.82 | 1121.4 | 1208.2 1.6830 5.80 | 1118.5 | 1204.3 1.6476
400 8.35 | 1140.8 | 1233.5 1.7134 6.22 | 1138.5 | 1230.6 1.6790
500 940 | 1178.6 | 1283.0 1.7678 7.02 | 11772 | 1281.1 1.7346
600 1043 | 12163 | 1332.1 1.8165 7.79 | 1215.3 | 1330.7 1.7838
700 1144 | 1254.4 | 1381.4 1.8609 8.56 | 1253.6 | 1380.3 1.8285
800 1245 | 1293.0 | 1431.2 1.9022 932 | 12924 | 1430.4 1.8700
900 1345 | 1332.5 | 1481.8 1.9408 10.08 | 1332.0 | 1481.2 1.9087
1000 1445 | 13727 | 1533.2 1.9773 10.83 | 13723 | 1532.6 1.9453
1100 1545 | 1413.8 | 1585.4 2.0119 11.58 | 1413.5 | 1584.9 1.9799
1200 1645 | 1455.8 | 1638.5 2.0448 12.33 | 1455.5 | 1638.1 2.0130
p = 100 Ibf/in.? p = 120 Ibf/in.?
(T, = 327.8°F) (T, = 341.3°F)
Sat. 4.434 | 1105.8 | 1187.8 1.6034 3.730 | 1108.3 | 1191.1 1.5886
350 4592 | 11154 | 1200.4 1.6191 3.783 | 11122 | 1196.2 1.5950
400 4.934 | 1136.2 | 1227.5 1.6517 4.079 | 1133.8 | 12244 1.6288
450 5.265 | 1156.2 | 1253.6 1.6812 4360 | 1154.3 | 1251.2 1.6590
500 5.587 | 1175.7 | 1279.1 1.7085 4.633 | 1174.2 | 1277.1 1.6868
600 6.216 | 12142 | 1329.3 1.7582 5.164 | 1213.2 | 1327.8 1.7371
700 6.834 | 1252.8 | 1379.2 1.8033 5.682 | 1252.0 | 1378.2 1.7825
800 7.445 | 1291.8 | 1429.6 1.8449 6.195 | 1291.2 | 1428.7 1.8243
900 8.053 | 1331.5 | 1480.5 1.8838 6.703 | 1330.9 | 1479.8 1.8633
1000 8.657 | 1371.9 | 1532.1 1.9204 7.208 | 1371.5 | 1531.5 1.9000
1100 9.260 | 1413.1 | 1584.5 1.9551 7711 | 1412.8 | 1584.0 1.9348
1200 9.861 | 1455.2 | 1637.7 1.9882 8.213 | 14549 | 1637.3 1.9679
p = 140 Ibf/in.2 p = 160 Ibf/in.2
(T, = 353.1°F) (T, = 363.6°F)
Sat. 3.221 | 11103 | 1193.8 1.5761 2.836 | 1112.0 | 1196.0 1.5651
400 3466 | 11314 | 1221.2 1.6088 3.007 | 1128.8 | 1217.8 1.5911
450 3.713 | 1152.4 | 1248.6 1.6399 3.228 | 1150.5 | 1246.1 1.6230
500 3.952 | 11727 | 1275.1 1.6682 3.440 | 1171.2 | 1273.0 1.6518
550 4.184 | 1192.5 | 1300.9 1.6945 3.646 | 1191.3 | 1299.2 1.6785
600 4.412 | 1212.1 | 13264 1.7191 3.848 | 1211.1 | 1325.0 1.7034
700 4.860 | 1251.2 | 1377.1 1.7648 4243 | 12504 | 1376.0 1.7494
800 5.301 | 1290.5 | 1427.9 1.8068 4.631 | 1289.9 | 1427.0 1.7916
900 5.739 | 1330.4 | 1479.1 1.8459 5.015 | 1329.9 | 1478.4 1.8308
1000 6.173 | 1371.0 | 1531.0 1.8827 5.397 | 1370.6 | 1530.4 1.8677
1100 6.605 | 1412.4 | 1583.6 1.9176 5.776 | 1412.1 | 1583.1 1.9026
1200 7.036 | 1454.6 | 1636.9 1.9507 6.154 | 1454.3 | 1636.5 1.9358
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TABLE A-4E (Continued )

T v u h s v u h K

°F ft’/lb  Btu/lb  Btu/lb Btu/lb-°R f/lb  Btu/lb  Btu/lb Btu/lb-°R

p = 180 Ibf/in. p = 200 Ibf/in.2

(T, = 373.1°F) (T, = 381.8°F)
Sat. 2.533 | 1113.4 | 1197.8 1.5553 2.289 | 1114.6 | 1199.3 1.5464
400 2.648 | 11262 | 1214.4 1.5749 2361 | 1123.5 | 1210.8 1.5600
450 2.850 | 1148.5 | 1243.4 1.6078 2.548 | 1146.4 | 1240.7 1.5938
500 3.042 | 1169.6 | 1270.9 1.6372 2724 | 1168.0 | 1268.8 1.6239
550 3.228 | 1190.0 | 1297.5 1.6642 2.893 | 1188.7 | 1295.7 1.6512
600 3.409 | 1210.0 | 13235 1.6893 3.058 | 1208.9 | 1322.1 1.6767
700 3.763 | 1249.6 | 1374.9 1.7357 3.379 | 1248.8 | 1373.8 1.7234
800 4.110 | 1289.3 | 1426.2 1.7781 3.693 | 1288.6 | 14253 1.7660
900 4.453 | 1329.4 | 1477.7 1.8174 4.003 | 1328.9 | 1477.1 1.8055
1000 4.793 | 1370.2 | 1529.8 1.8545 4310 | 1369.8 | 1529.3 1.8425
1100 5.131 | 1411.7 | 1582.6 1.8894 4615 | 14114 | 15822 1.8776
1200 5.467 | 1454.0 | 1636.1 1.9227 4918 | 1453.7 | 1635.7 1.9109

p = 250 Ibf/in.? p = 300 Ibf/in.

(Ty = 401.0°F) (T, = 417 .4°F)
Sat. 1.845 | 1116.7 | 1202.1 1.5274 1.544 | 1118.2 | 1203.9 1.5115
450 2.002 | 1141.1 | 1233.7 1.5632 1.636 | 11354 | 12262 1.5365
500 2.150 | 1163.8 | 1263.3 1.5948 1.766 | 1159.5 | 1257.5 1.5701
550 2290 | 11853 | 1291.3 1.6233 1.888 | 1181.9 | 1286.7 1.5997
600 2.426 | 1206.1 | 1318.3 1.6494 2.004 | 1203.2 | 1314.5 1.6266
700 2.688 | 1246.7 | 1371.1 1.6970 2227 | 1244.0 | 1368.3 1.6751
800 2.943 | 1287.0 | 1423.2 1.7301 2442 | 1285.4 | 1421.0 1.7187
900 3.193 | 1327.6 | 14753 1.7799 2.653 | 13263 | 1473.6 1.7589
1000 3.440 | 1368.7 | 1527.9 1.8172 2.860 | 1367.7 | 1526.5 1.7964
1100 3.685 | 1410.5 | 1581.0 1.8524 3.066 | 1409.6 | 1579.8 1.8317
1200 3.929 | 1453.0 | 1634.8 1.8858 3.270 | 14522 | 1633.8 1.8653
1300 4.172 | 1496.3 | 1689.3 1.9177 3.473 | 1495.6 | 1688.4 1.8973

p = 350 Ibf/in.2 p = 400 Ibf/in.

(T, = 431.8°F) (T, = 444.7°F)
Sat. 1.327 | 1119.0 | 1204.9 1.4978 1.162 | 1119.5 | 1205.5 1.4856
450 1.373 | 1129.2 | 1218.2 1.5125 1.175 | 1122.6 | 1209.5 1.4901
500 1.491 | 11549 | 1251.5 1.5482 1.284 | 1150.1 | 1245.2 1.5282
550 1.600 | 1178.3 | 1281.9 1.5790 1.383 | 1174.6 | 1277.0 1.5605
600 1.703 | 1200.3 | 1310.6 1.6068 1.476 | 1197.3 | 1306.6 1.5892
700 1.898 | 12425 | 1365.4 1.6562 1.650 | 12404 | 1362.5 1.6397
800 2.085 | 1283.8 | 1418.8 1.7004 1.816 | 1282.1 | 1416.6 1.6844
900 2.267 | 1325.0 | 1471.8 1.7409 1.978 | 1323.7 | 1470.1 1.7252
1000 2.446 | 1366.6 | 1525.0 1.7787 2.136 | 1365.5 | 1523.6 1.7632
1100 2.624 | 1408.7 | 1578.6 1.8142 2.292 | 1407.8 | 1577.4 1.7989
1200 2.799 | 1451.5 | 1632.8 1.8478 2446 | 1450.7 | 1621.8 1.8327
1300 2.974 | 1495.0 | 1687.6 1.8799 2.599 | 1494.3 | 1686.8 1.8648
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TABLE A-4E (Continued)

T v u h K v u h s
°F ft/lb  Btu/lb  Btu/lb Btu/lb-°R ft/lb  Btu/lb  Btu/lb Btu/lb-°R
p = 450 Ibf/in. p = 500 Ibf/in.?
(T = 456.4°F) (T, = 467.1°F)
Sat. 1.033 | 1119.6 | 1205.6 1.4746 0.928 | 11194 | 1205.3 1.4645
500 1.123 | 1145.1 | 1238.5 1.5097 0.992 | 1139.7 | 1231.5 1.4923
550 1.215 | 1170.7 | 1271.9 1.5436 1.079 | 1166.7 | 1266.6 1.5279
600 1.300 | 1194.3 | 1302.5 1.5732 1.158 | 1191.1 | 1298.3 1.5585
700 1.458 | 1238.2 | 1359.6 1.6248 1.304 | 1236.0 | 1356.7 1.6112
800 1.608 | 1280.5 | 1414.4 1.6701 1.441 | 1278.8 | 1412.1 1.6571
900 1.752 | 1322.4 | 1468.3 1.7113 1.572 | 1321.0 | 1466.5 1.6987
1000 1.894 | 1364.4 | 1522.2 1.7495 1.701 | 1363.3 | 1520.7 1.7371
1100 2.034 | 1406.9 | 1576.3 1.7853 1.827 | 1406.0 | 1575.1 1.7731
1200 2.172 | 1450.0 | 1630.8 1.8192 1.952 | 1449.2 | 1629.8 1.8072
1300 2.308 | 1493.7 | 1685.9 1.8515 2.075 | 1493.1 | 1685.1 1.8395
1400 2.444 | 1538.1 | 1741.7 1.8823 2.198 | 1537.6 | 1741.0 1.8704
p = 600 Ibf/in. p = 700 Ibf/in.?
(T = 486.3°F) (Ty = 503.2°F)
Sat. 0.770 | 1118.6 | 1204.1 1.4464 0.656 | 1117.0 | 1202.0 1.4305
500 0.795 | 1128.0 | 1216.2 1.4592
550 0.875 | 1158.2 | 1255.4 1.4990 0.728 | 1149.0 | 1243.2 1.4723
600 0.946 | 1184.5 | 1289.5 1.5320 0.793 | 1177.5 | 1280.2 1.5081
700 1.073 | 1231.5 | 1350.6 1.5872 0.907 | 1226.9 | 1344.4 1.5661
800 1.190 | 1275.4 | 1407.6 1.6343 1.011 | 1272.0 | 1402.9 1.6145
900 1.302 | 13184 | 1462.9 1.6766 1.109 | 1315.6 | 1459.3 1.6576
1000 1.411 | 1361.2 | 1517.8 1.7155 1.204 | 1358.9 | 1514.9 1.6970
1100 1.517 | 1404.2 | 1572.7 1.7519 1.296 | 1402.4 | 1570.2 1.7337
1200 1.622 | 1447.7 | 1627.8 1.7861 1.387 | 1446.2 | 1625.8 1.7682
1300 1.726 | 1491.7 | 1683.4 1.8186 1.476 | 14904 | 1681.7 1.8009
1400 1.829 | 1536.5 | 1739.5 1.8497 1.565 | 1535.3 | 1738.1 1.8321
p = 800 Ibf/in.? p = 900 Ibf/in.?
(T, = 518.3°F) (T, = 532.1°F)
Sat. 0.569 | 1115.0 | 1199.3 1.4160 0.501 | 1112.6 | 1196.0 1.4027
550 0.615 | 1138.8 | 1229.9 1.4469 0.527 | 1127.5 | 12152 1.4219
600 0.677 | 1170.1 | 1270.4 1.4861 0.587 | 1162.2 | 1260.0 1.4652
650 0.732 | 1197.2 | 1305.6 1.5186 0.639 | 1191.1 | 1297.5 1.4999
700 0.783 | 1222.1 | 1338.0 1.5471 0.686 | 1217.1 | 1331.4 1.5297
800 0.876 | 1268.5 | 1398.2 1.5969 0.772 | 12649 | 1393.4 1.5810
900 0.964 | 1312.9 | 1455.6 1.6408 0.851 | 1310.1 | 1451.9 1.6257
1000 1.048 | 1356.7 | 1511.9 1.6807 0.927 | 1354.5 | 1508.9 1.6662
1100  1.130 | 1400.5 | 1567.8 1.7178 1.001 | 1398.7 | 1565.4 1.7036
1200 1.210 | 1444.6 | 1623.8 1.7526 1.073 | 1443.0 | 1621.7 1.7386
1300  1.289 | 1489.1 | 1680.0 1.7854 1.144 | 1487.8 | 1687.3 1.7717
1400 1.367 | 1534.2 | 1736.6 1.8167 1.214 | 1533.0 | 1735.1 1.8031
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TABLE A-4E (Continued )

T v u h s v u h K

°F ft/lb  Btu/lb  Btu/lb  Btu/lb-°R ft/Ib  Btu/lb Btu/lb Btu/lb-°R

p = 1000 Ibf/in. p = 1200 Ibf/in.

(T, = 544.7°F) (T, = 567.4°F)
Sat. 0.446 | 1109.0 | 11924 1.3903 0.362 | 1103.5 | 11839 | 1.3673
600 0.514 | 1153.7 | 1248.8 1.4450 0.402 | 11344 | 1223.6 | 1.4054
650 0.564 | 1184.7 | 1289.1 1.4822 0.450 | 1170.9 | 1270.8 | 1.4490
700 0.608 | 1212.0 | 1324.6 1.5135 0.491 | 1201.3 | 13102 | 1.4837
800 0.688 | 1261.2 | 1388.5 1.5665 0.562 | 1253.7 | 1378.4 | 1.5402
900 0.761 | 1307.3 | 1448.1 1.6120 0.626 | 1301.5 | 14404 | 1.5876
1000 0.831 | 1352.2 | 1505.9 1.6530 0.685 | 1347.5 | 1499.7 | 1.6297
1100 0.898 | 1396.8 | 1562.9 1.6908 0.743 | 1393.0 | 1557.9 | 1.6682
1200 0.963 | 1441.5 | 1619.7 1.7261 0.798 | 1438.3 | 1615.5 | 1.7040
1300 1.027 | 1486.5 | 1676.5 1.7593 0.853 | 1483.8 | 1673.1 1.7377
1400  1.091 | 1531.9 | 1733.7 1.7909 0.906 | 1529.6 | 1730.7 | 1.7696
1600 1.215 | 1624.4 | 1849.3 1.8499 1.011 | 1622.6 | 1847.1 1.8290

p = 1400 Ibf/in.2 p = 1600 Ibf/in.2

(T, = 587.2°F) (T, = 605.1°F)
Sat. 0.302 | 1096.0 | 1174.1 1.3461 0.255 | 10874 | 11629 | 1.3258
600 0.318 | 1110.9 | 1193.1 1.3641
650 0.367 | 1155.5 | 1250.5 1.4171 0.303 | 1137.8 | 1227.4 | 1.3852
700 0.406 | 1189.6 | 1294.8 1.4562 0.342 | 1177.0 | 1278.1 1.4299
800 0.471 | 12458 | 1367.9 1.5168 0.403 | 1237.7 | 1357.0 | 1.4953
900 0.529 | 1295.6 | 14325 1.5661 0.466 | 1289.5 | 14244 | 1.5468
1000 0.582 | 1342.8 | 1493.5 1.6094 0.504 | 1338.0 | 1487.1 1.5913
1100 0.632 | 1389.1 | 1552.8 1.6487 0.549 | 1385.2 | 1547.7 | 1.6315
1200 0.681 | 1435.1 | 1611.4 1.6851 0.592 | 1431.8 | 1607.1 1.6684
1300 0.728 | 1481.1 | 1669.6 1.7192 0.634 | 1478.3 | 1666.1 1.7029
1400 0.774 | 1527.2 | 1727.8 1.7513 0.675 | 15249 | 17248 | 1.7354
1600 0.865 | 1620.8 | 1844.8 1.8111 0.755 | 1619.0 | 1842.6 | 1.7955

p = 1800 Ibf/in. p = 2000 Ibf/in.

(T, = 621.2°F) (T, = 636.0°F)
Sat. 0218 | 1077.7 | 1150.4 1.3060 0.188 | 1066.6 | 1136.3 | 1.2861
650 0251 | 1117.0 | 1200.4 1.3517 0.206 | 1091.1 | 1167.2 | 1.3141
700 0.291 | 1163.1 | 1259.9 1.4042 0.249 | 1147.7 | 1239.8 | 1.3782
750  0.322 | 1198.6 | 1305.9 1.4430 0.280 | 1187.3 | 1291.1 1.4216
800 0.350 | 1229.1 | 1345.7 1.4753 0.307 | 1220.1 | 1333.8 | 1.4562
900 0.399 | 1283.2 | 1416.1 1.5291 0.353 | 1276.8 | 1407.6 | 1.5126
1000 0.443 | 1333.1 | 1480.7 1.5749 0.395 | 1328.1 | 1474.1 1.5598
1100 0.484 | 1381.2 | 1542.5 1.6159 0433 | 13772 | 15372 | 1.6017
1200 0.524 | 1428.5 | 1602.9 1.6534 0.469 | 1425.2 | 1598.6 | 1.6398
1300 0.561 | 1475.5 | 1662.5 1.6883 0.503 | 1472.7 | 1659.0 | 1.6751
1400 0.598 | 1522.5 | 1721.8 1.7211 0.537 | 15202 | 1718.8 | 1.7082
1600 0.670 | 1617.2 | 1840.4 1.7817 0.602 | 16154 | 18382 | 1.7692
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TABLE A-4E (Continued)

T v u h K v u h K
°F ft/lb  Btuw/lb Btu/lb Btu/lb-°R ft/lb  Btu/lb Btu/lb Btu/lb-°R
p = 2500 Ibf/in. p = 3000 Ibf/in.
(T, = 668.3°F) (T, = 695.5°F)
Sat.  0.1306 | 1031.0 | 1091.4 1.2327 0.0840 | 968.8 | 1015.5 1.1575
700 0.1684 | 1098.7 | 1176.6 1.3073 0.0977 | 1003.9 | 1058.1 1.1944
750 0.2030 | 1155.2 | 1249.1 1.3686 0.1483 | 1114.7 | 1197.1 1.3122
800 0.2291 | 1195.7 | 1301.7 1.4112 0.1757 | 1167.6 | 1265.2 1.3675
900 0.2712 | 1259.9 | 1385.4 1.4752 0.2160 | 1241.8 | 1361.7 1.4414
1000  0.3069 | 1315.2 | 1457.2 1.5262 0.2485 | 1301.7 | 1439.6 1.4967
1100 0.3393 | 1366.8 | 1523.8 1.5704 0.2772 | 1356.2 | 1510.1 1.5434
1200 0.3696 | 1416.7 | 1587.7 1.6101 0.3086 | 1408.0 | 1576.6 1.5848
1300 0.3984 | 1465.7 | 1650.0 1.6465 0.3285 | 1458.5 | 1640.9 1.6224
1400 0.4261 | 1514.2 | 1711.3 1.6804 0.3524 | 1508.1 | 1703.7 1.6571
1500 0.4531 | 1562.5 | 1772.1 1.7123 0.3754 | 1557.3 | 1765.7 1.6896
1600 0.4795 | 1610.8 | 1832.6 1.7424 0.3978 | 1606.3 | 1827.1 1.7201
p = 3500 Ibf/in.2 p = 4000 Ibf/in.?
650 0.0249 | 663.5 | 679.7 0.8630 0.0245 | 657.7 | 675.8 0.8574
700 0.0306 | 759.5 | 779.3 0.9506 0.0287 | 742.1 | 763.4 0.9345
750 0.1046 | 1058.4 | 1126.1 1.2440 0.0633 | 960.7 | 1007.5 1.1395
800 0.1363 | 1134.7 | 1223.0 1.3226 0.1052 | 1095.0 | 1172.9 1.2740
900 0.1763 | 1222.4 | 1336.5 1.4096 0.1462 | 1201.5 | 1309.7 1.3789
1000  0.2066 | 1287.6 | 1421.4 1.4699 0.1752 | 12729 | 1402.6 1.4449
1100 0.2328 | 1345.2 | 1496.0 1.5193 0.1995 | 1333.9 | 1481.6 1.4973
1200 0.2566 | 1399.2 | 1565.3 1.5624 0.2213 | 1390.1 | 1553.9 1.5423
1300 0.2787 | 1451.1 | 1631.7 1.6012 0.2414 | 1443.7 | 16224 1.5823
1400  0.2997 | 1501.9 | 1696.1 1.6368 0.2603 | 1495.7 | 1688.4 1.6188
1500 0.3199 | 1552.0 | 1759.2 1.6699 0.2784 | 1546.7 | 1752.8 1.6526
1600 0.3395 | 1601.7 | 1831.6 1.7010 0.2959 | 1597.1 | 1816.1 1.6841
p = 4400 1bf/in.2 p = 4800 Ibf/in.2
650 0.0242 | 653.6 | 6733 0.8535 0.0237 | 649.8 | 671.0 0.8499
700 0.0278 | 7327 | 7553 0.9257 0.0271 | 725.1 | 749.1 0.9187
750 0.0415 | 870.8 | 904.6 1.0513 0.0352 | 832.6 | 863.9 1.0154
800 0.0844 | 1056.5 | 1125.3 1.2306 0.0668 | 1011.2 | 1070.5 1.1827
900 0.1270 | 1183.7 | 1287.1 1.3548 0.1109 | 1164.8 | 1263.4 1.3310
1000 0.1552 | 1260.8 | 1387.2 1.4260 0.1385 | 1248.3 | 1317.4 1.4078
1100 0.1784 | 1324.7 | 1469.9 1.4809 0.1608 | 1315.3 | 1458.1 1.4653
1200 0.1989 | 1382.8 | 1544.7 1.5274 0.1802 | 1375.4 | 1535.4 1.5133
1300 02176 | 1437.7 | 1614.9 1.5685 0.1979 | 1431.7 | 1607.4 1.5555
1400 0.2352 | 1490.7 | 1682.3 1.6057 0.2143 | 1485.7 | 1676.1 1.5934
1500  0.2520 | 1542.7 | 1747.6 1.6399 0.2300 | 1538.2 | 1742.5 1.6282
1600 0.2681 | 1593.4 | 1811.7 1.6718 0.2450 | 1589.8 | 1807.4 1.6605
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TABLE A-5E Properties of Compressed Liquid Water

T v u h s v u h K
°F ft3/1b Btu/lb  Btu/lb  Btu/lb-°R ft'/1b Btu/lb  Btu/lb  Btu/lb-°R
p = 500 Ibf/in.? p = 1000 Ibf/in.?
(T, = 467.1°F) (T = 544.7°F)
32  0.015994 0.00 1.49 | 0.00000 0.015967 0.03 2.99 | 0.00005
50 0.015998 | 18.02 | 19.50 | 0.03599 0.015972 | 17.99 | 20.94 | 0.03592
100 0.016106 | 67.87 | 69.36 | 0.12932 0.016082 | 67.70 | 70.68 | 0.12901
150 0.016318 | 117.66 | 119.17 | 0.21457 0.016293 | 117.38 | 120.40 | 0.21410
200 0.016608 | 167.65 | 169.19 | 0.29341 0.016580 | 167.26 | 17032 | 0.29281
300 0.017416 | 268.92 | 270.53 | 0.43641 0.017379 | 268.24 | 271.46 | 0.43552
400 0.018608 | 373.68 | 375.40 | 0.56604 0.018550 | 372.55 | 37598 | 0.56472
Sat.  0.019748 | 447.70 | 449.53 | 0.64904 0.021591 | 538.39 | 542.38 | 0.74320
p = 1500 Ibf/in.2 p = 2000 Ibf/in.?
(T, = 596.4°F) (T, = 636.0°F)
32 0.015939 0.05 4.47 | 0.00007 0.015912 0.06 5.95 | 0.00008
50 0.015946 | 17.95 | 2238 | 0.03584 0.015920 | 17.91 | 23.81 0.03575
100 0.016058 | 67.53 | 71.99 | 0.12870 0.016034 | 67.37 | 7330 | 0.12839
150 0.016268 | 117.10 | 121.62 | 0.21364 0.016244 | 116.83 | 122.84 | 0.21318
200 0.016554 | 166.87 | 17146 | 0.29221 0.016527 | 166.49 | 172.60 | 0.29162
300 0.017343 | 267.58 | 272.39 | 0.43463 0.017308 | 266.93 | 273.33 | 0.43376
400 0.018493 | 371.45 | 376.59 | 0.56343 0.018439 | 37038 | 377.21 0.56216
500 0.02024 | 481.8 | 4874 0.6853 0.02014 | 479.8 | 487.3 0.6832
Sat. 0.02346 | 605.0 | 611.5 0.8082 0.02565 | 662.4 | 671.9 0.8623
p = 3000 Ibf/in. p = 4000 Ibf/in.
(T, = 695.5°F)
32 0.015859 0.09 8.90 | 0.00009 0.015807 0.10 | 11.80 | 0.00005
50 0.015870 | 17.84 | 26.65 | 0.03555 0.015821 17.76 | 2947 | 0.03534
100 0.015987 | 67.04 | 75.91 0.12777 0.015942 | 66.72 | 78.52 | 0.12714
150 0.016196 | 116.30 | 12529 | 0.21226 0.016150 | 115.77 | 12773 | 0.21136
200 0.016476 | 165.74 | 174.89 | 0.29046 0.016425 | 165.02 | 177.18 | 0.28931
300  0.017240 | 265.66 | 275.23 | 0.43205 0.017174 | 264.43 | 277.15 | 0.43038
400 0.018334 | 368.32 | 378.50 | 0.55970 0.018235 | 366.35 | 379.85 | 0.55734
500 0.019944 | 476.2 | 487.3 0.6794 0.019766 | 472.9 | 487.5 0.6758
Sat. 0.034310 | 783.5 | 802.5 0.9732
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Specific Volume Internal Energy Enthalpy Entropy
ft*/1b Btu/lb Btu/lb Btu/lb - °R

Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Temp. Press. | Solid Vapor Solid Subl. | Vapor Solid Subl. | Vapor | Solid | Subl. | Vapor

°F 1bf/in.2 v; v, X 1073 u; Uig Uy h; hig hy 5 Sig S
32.018 | .0887 | .01747 3.302 —143.34 | 1164.6 | 1021.2 | —143.34 | 1218.7 | 1075.4 | —.292 | 2.479 | 2.187
32 .0886 | .01747 3.305 —143.35 | 1164.6 | 1021.2 | —143.35 | 1218.7 | 1075.4 | —.292 | 2.479 | 2.187
30 .0808 | .01747 3.607 —144.35 | 1164.9 | 1020.5 | —144.35 | 1218.9 | 1074.5 | —.294 | 2.489 | 2.195
25 .0641 | .01746 4.506 —146.84 | 1165.7 | 10189 | —146.84 | 1219.1 | 1072.3 | —.299 | 2.515 | 2.216
20 .0505 | .01745 5.655 —149.31 | 1166.5 | 1017.2 | —149.31 | 12194 | 1070.1 | —.304 | 2.542 | 2.238
15 .0396 | .01745 7.13 —151.75 | 1167.3 | 1015.5 | —151.75 | 1219.7 | 1067.9 | —.309 | 2.569 | 2.260
10 .0309 | .01744 9.04 —154.17 | 1168.1 | 1013.9 | —154.17 | 1219.9 | 1065.7 | —.314 | 2.597 | 2.283
5 .0240 | .01743 11.52 —156.56 | 1168.8 | 1012.2 | —156.56 | 1220.1 | 1063.5 | —.320 | 2.626 | 2.306
0 .0185 | .01743 14.77 —158.93 | 1169.5 | 1010.6 | —158.93 | 1220.2 | 1061.2 | —.325 | 2.655 | 2.330
=5 0142 | .01742 19.03 —161.27 | 1170.2 | 1008.9 | —161.27 | 1220.3 | 1059.0 | —.330 | 2.684 | 2.354
-10 .0109 | .01741 24.66 —163.59 | 1170.9 | 1007.3 | —163.59 | 1220.4 | 1056.8 | —.335 | 2.714 | 2.379
—15 .0082 | .01740 322 —165.89 | 1171.5 | 1005.6 | —165.89 | 1220.5 | 1054.6 | —.340 | 2.745 | 2.405
—20 .0062 | .01740 422 —168.16 | 1172.1 | 1003.9 | —168.16 | 1220.6 | 1052.4 | —.345 | 2.776 | 2.431
=25 .0046 | .01739 55.7 —170.40 | 1172.7 | 1002.3 | —170.40 | 1220.6 | 1050.2 | —.351 | 2.808 | 2.457
=30 .0035 | .01738 74.1 —172.63 | 1173.2 | 1000.6 | —172.63 | 1220.6 | 1048.0 | —.356 | 2.841 | 2.485
=35 .0026 | .01737 99.2 —174.82 | 1173.8 | 998.9 | —174.82 | 1220.6 | 1045.8 | —.361 | 2.874 | 2.513
—40 .0019 | .01737 133.8 —177.00 | 11743 | 997.3 | —177.00 | 1220.6 | 1043.6 | —.366 | 2.908 | 2.542
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TABLE A-7E Properties of Saturated Refrigerant 22 (Liquid—Vapor): Temperature Table

Specific Volume Internal Energy Enthalpy Entropy
ft'/1b Btu/Ib Btu/lb Btu/Ib - °R

Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Temp. Press. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor | Temp.

F Ibf/in.? Vg v, Us Uy hy hy, hy S S F
—80 4781 | 0.01090 | 9.6984 | —10.30 87.24 | —10.29 [ 106.11 05.82 | —0.0257 | 0.2538 —80
—60 8.834 | 0.01113 | 5.4744 —5.20 89.16 —5.18 | 103.30 98.12 | —0.0126 | 0.2458 —60
=55 10.187 | 0.01120 | 4.7933 —3.91 89.64 —3.89 [ 102.58 98.68 | —0.0094 | 0.2441 =55
=50 11.701 | 0.01126 | 4.2123 —2.62 90.12 —2.60 | 101.84 99.24 | —0.0063 | 0.2424 =50
—45 13.387 | 0.01132 | 3.7147 —1.33 90.59 —1.30 | 101.10 99.80 | —0.0031 | 0.2407 —45
=40 15.261 | 0.01139 | 3.2869 —0.03 91.07 0.00 | 100.35 | 100.35 0.0000 | 0.2391 —40
=35 17.335 | 0.01145 | 29176 1.27 91.54 1.31 99.59 | 100.90 0.0031 | 0.2376 =35
=30 19.624 | 0.01152 | 2.5976 2.58 92.00 2.62 08.82 | 101.44 0.0061 | 0.2361 =30
=25 22.142 | 0.01159 | 2.3195 3.89 92.47 3.94 98.04 | 101.98 0.0092 | 0.2347 =25
-20 24906 | 0.01166 | 2.0768 5.21 92.93 5.26 97.24 | 102.50 0.0122 | 0.2334 —20
—15 27.931 | 0.01173 | 1.8644 6.53 93.38 6.59 96.43 | 103.03 0.0152 | 0.2321 —15
—10 31.233 | 0.01181 | 1.6780 7.86 93.84 7.93 95.61 103.54 0.0182 | 0.2308 —10

=5 34.829 | 0.01188 | 1.5138 9.19 94.28 9.27 94.78 | 104.05 0.0211 | 0.2296 =5

0 38.734 | 0.01196 | 1.3688 10.53 94.73 10.62 93.93 | 104.55 0.0240 | 0.2284 0
5 42967 | 0.01204 | 1.2404 11.88 95.17 11.97 93.06 | 105.04 0.0270 | 0.2272 5
10 47.545 | 0.01212 | 1.1264 13.23 95.60 13.33 92.18 | 105.52 0.0298 | 0.2261 10
15 52.486 | 0.01220 | 1.0248 14.58 96.03 14.70 91.29 | 105.99 0.0327 | 0.2250 15

20 57.808 | 0.01229 | 0.9342 15.95 96.45 16.08 90.38 | 106.45 0.0356 | 0.2240 20
25 63.529 | 0.01237 | 0.8531 17.31 96.87 17.46 89.45 | 106.90 0.0384 | 0.2230 25
30 69.668 | 0.01246 | 0.7804 18.69 97.28 18.85 88.50 | 107.35 0.0412 | 0.2220 30
35 76.245 | 0.01255 | 0.7150 20.07 97.68 20.25 87.53 | 107.78 0.0441 | 0.2210 35

40 83.278 | 0.01265 | 0.6561 21.46 98.08 21.66 86.54 | 108.20 0.0468 | 0.2200 40
45 90.787 | 0.01275 | 0.6029 22.86 98.47 23.07 85.53 | 108.60 0.0496 | 0.2191 45
50 98.792 | 0.01285 | 0.5548 24.27 98.84 24.50 84.49 | 108.99 0.0524 | 0.2182 50
55 107.31 0.01295 | 0.5112 25.68 99.22 25.94 83.44 | 109.37 0.0552 | 0.2173 55
60 116.37 0.01306 | 0.4716 27.10 99.58 27.38 82.36 | 109.74 0.0579 | 0.2164 60
65 125.98 0.01317 | 0.4355 28.53 99.93 28.84 81.25 | 110.09 0.0607 | 0.2155 65

70 136.18 0.01328 | 0.4027 29.98 | 100.27 30.31 80.11 110.42 0.0634 | 0.2147 70
75 146.97 0.01340 | 0.3726 31.43 | 100.60 31.79 7895 | 110.74 0.0661 | 0.2138 75
80 158.38 0.01352 | 0.3452 32.89 | 100.92 33.29 7775 | 111.04 0.0689 | 0.2130 80
85 170.44 0.01365 | 0.3200 3436 | 101.22 34.80 76.53 | 111.32 0.0716 | 0.2121 85
90 183.16 0.01378 | 0.2969 35.85 | 101.51 36.32 7526 | 111.58 0.0743 | 0.2113 90
95 196.57 0.01392 | 0.2756 37.35 | 101.79 37.86 73.96 | 111.82 0.0771 | 0.2104 95

100 210.69 0.01407 | 0.2560 38.86 | 102.05 39.41 72.63 | 112.04 0.0798 | 0.2095 100
105 225.54 0.01422 | 0.2379 40.39 | 102.29 40.99 7124 | 112.23 0.0825 | 0.2087 105
110 241.15 0.01438 | 0.2212 41.94 | 102.52 42.58 69.82 | 112.40 0.0852 | 0.2078 110
115 257.55 0.01455 | 0.2058 43.50 | 102.72 44.19 68.34 | 11253 0.0880 | 0.2069 115
120 274.75 0.01472 | 0.1914 45.08 | 102.90 45.83 66.81 | 112.64 0.0907 | 0.2060 120
140 352.17 0.01555 | 0.1433 51.62 | 103.36 52.64 60.06 | 112.70 0.1019 | 0.2021 140

Source: Tables A-7E through A-9E are calculated based on equations from A. Kamei and S. W. Beyerlein, “A Fundamental Equation for
Chlorodifluoromethane (R-22),” Fluid Phase Equilibria, Vol. 80, No. 11, 1992, pp. 71-86.



TABLE A-8E Properties of Saturated Refrigerant 22 (Liquid—Vapor): Pressure Table

Tables in English Units 781

Specific Volume Internal Energy Enthalpy Entropy
ft¥/1b Btu/Ib Btu/Ib Btu/Ib - °R
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press. Temp. Liquid Vapor | Liquid Vapor | Liquid Evap. Vapor Liquid Vapor Press.
1bf/in.? °F Vg v, ug Uy hy hy, hy S S 1bf/in.?

5 —78.62 | 0.01091 | 9.3014 | —9.95 8737 | —9.93 105.92 95.98 | —0.0248 | 0.2532 5
10 —55.66 | 0.01119 | 4.8769 | —4.08 89.58 | —4.06 | 102.67 98.61 —0.0098 | 0.2443 10
15 —40.67 | 0.01138 | 3.3402 | —0.21 91.00 | —0.17 | 100.45 | 100.28 | —0.0004 | 0.2393 15
20 —29.22 | 0.01153 | 2.5518 2.78 92.07 2.83 98.70 | 101.52 0.0066 | 0.2359 20
25 —19.84 | 0.01166 | 2.0695 5.25 92.94 5.31 97.22 | 102.52 0.0123 | 0.2333 25
30 —11.82 | 0.01178 | 1.7430 7.38 93.67 7.44 95.91 103.35 0.0171 | 0.2313 30
35 —4.77 | 0.01189 | 1.5068 9.25 94.30 9.33 94.74 | 104.07 0.0212 | 0.2295 35
40 1.54 | 0.01198 | 1.3277 10.94 94.86 11.03 93.66 | 104.70 0.0249 | 0.2280 40
45 7.27 | 0.01207 | 1.1870 12.49 95.37 12.59 92.67 | 105.26 0.0283 | 0.2267 45
50 12.53 | 0.01216 | 1.0735 13.91 95.82 14.03 91.73 | 105.76 0.0313 | 0.2256 50
55 17.41 | 0.01224 | 0.9799 15.24 96.23 15.36 90.85 | 106.21 0.0341 | 0.2245 55
60 21.96 | 0.01232 | 0.9014 16.48 96.62 16.62 90.01 106.63 0.0367 | 0.2236 60
65 26.23 | 0.01239 | 0.8345 17.65 96.97 17.80 89.21 | 107.01 0.0391 | 0.2227 65
70 30.26 | 0.01247 | 0.7768 18.76 97.30 18.92 88.45 | 107.37 0.0414 | 0.2219 70
75 34.08 | 0.01254 | 0.7265 19.82 97.61 19.99 87.71 107.70 0.0435 | 0.2212 75
80 37.71 | 0.01260 | 0.6823 20.83 97.90 21.01 86.99 | 108.00 0.0456 | 0.2205 80
85 41.18 | 0.01267 | 0.6431 21.79 98.17 21.99 86.30 | 108.29 0.0475 | 0.2198 85
90 44.49 | 0.01274 | 0.6081 22.72 98.43 22.93 85.63 | 108.56 0.0494 | 0.2192 90
95 47.67 | 0.01280 | 0.5766 23.61 98.67 23.84 84.98 | 108.81 0.0511 | 0.2186 95
100 50.73 | 0.01286 | 0.5482 24.47 98.90 24.71 84.34 | 109.05 0.0528 | 0.2181 100
110 56.52 | 0.01298 | 0.4988 26.11 99.33 26.37 83.11 109.49 0.0560 | 0.2170 110
120 61.92 | 0.01310 | 0.4573 27.65 99.71 27.94 81.93 | 109.88 0.0590 | 0.2161 120
130 67.00 | 0.01321 | 0.4220 29.11 100.07 29.43 80.80 | 110.22 0.0618 | 0.2152 130
140 71.80 | 0.01332 | 0.3915 30.50 | 100.39 30.84 79.70 | 110.54 0.0644 | 0.2144 140
150 76.36 | 0.01343 | 0.3649 31.82 | 100.69 32.20 78.63 | 110.82 0.0669 | 0.2136 150
160 80.69 | 0.01354 | 0.3416 33.09 | 100.96 33.49 77.59 | 111.08 0.0693 | 0.2128 160
170 84.82 | 0.01365 | 0.3208 34.31 101.21 34.74 76.57 | 111.31 0.0715 | 0.2121 170
180 88.78 | 0.01375 | 0.3023 3549 | 101.44 35.95 75.57 | 111.52 0.0737 | 0.2115 180
190 92.58 | 0.01386 | 0.2857 36.62 | 101.66 37.11 74.60 | 111.71 0.0757 | 0.2108 190
200 96.24 | 0.01396 | 0.2706 37.72 | 101.86 38.24 73.64 | 111.88 0.0777 | 0.2102 200
225 104.82 | 0.01422 | 0.2386 40.34 | 102.28 40.93 7129 | 112.22 0.0824 | 0.2087 225
250 112.73 | 0.01447 | 0.2126 4279 | 102.63 43.46 69.02 | 112.47 0.0867 | 0.2073 250
275 120.07 | 0.01473 | 0.1912 45.10 | 102.91 45.85 66.79 | 112.64 0.0908 | 0.2060 275
300 126.94 | 0.01499 | 0.1732 4730 | 103.11 48.14 64.60 | 112.73 0.0946 | 0.2047 300
325 133.39 | 0.01525 | 0.1577 49.42 | 103.26 50.33 6242 | 112.75 0.0982 | 0.2034 325
350 139.49 | 0.01552 | 0.1444 51.45 103.35 52.46 60.25 | 112.71 0.1016 | 0.2022 350
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TABLE A-9E Properties of Superheated Refrigerant 22 Vapor

T v u h K v u h s
°F ft*/1b Btu/lb  Btw/lb Btu/lb-°R ft/lb  Btu/lb Btu/lb Btu/lb-°R
p = 5 Ibffin2 p = 10 Ibf/in.?
(T, = —78.62°F) (T, = —55.66°F)
Sat.  9.3014 | 87.37 | 95.98 0.2532 48769 | 89.58 | 98.61 0.2443
—70  9.5244 | 8831 | 97.13 0.2562
—60 9.7823 | 89.43 | 98.48 0.2596
—50 10.0391 | 90.55 | 99.84 0.2630 49522 | 90.23 | 99.40 0.2462
—40 10.2952 | 91.69 | 101.22 0.2663 5.0846 | 91.39 | 100.81 0.2496
—30 10.5506 | 92.84 | 102.61 0.2696 52163 | 92.57 | 102.23 0.2530
—20 10.8054 | 94.01 | 104.01 0.2728 53472 | 93.75 | 103.65 0.2563
—10 11.0596 | 95.19 | 105.43 0.2760 54775 | 94.95 | 105.09 0.2595
0 113133 | 96.39 | 106.87 0.2791 5.6073 | 96.16 | 106.55 0.2627
10 11.5666 | 97.60 | 108.31 0.2822 5.7366 | 97.39 | 108.01 0.2658
20 11.8195 | 98.83 | 109.77 0.2853 5.8655 | 98.63 | 109.49 0.2690
30 12.0720 | 100.07 | 111.25 0.2884 5.9941 | 99.88 | 110.98 0.2720
40 12.3242 | 101.33 | 112.74 0.2914 6.1223 | 101.15 | 112.49 0.2751
p = 15 Ibffin. p = 20 Ibf/in.?
(T = —40.67°F) (Ty = —29.22°F)
Sat.  3.3402 | 91.00 | 100.28 0.2393 2.5518 | 92.07 | 101.52 0.2359
—40  3.3463 | 91.08 | 100.38 0.2396
—30 34370 | 92.28 | 101.83 0.2430
—20  3.5268 | 93.49 | 103.28 0.2463 2.6158 | 93.21 | 102.90 0.2391
—10  3.6160 | 94.70 | 104.75 0.2496 2.6846 | 94.45 | 104.39 0.2424
0 3.7046 | 95.93 | 106.22 0.2529 27528 | 95.69 | 105.89 0.2457
10 37927 | 97.17 | 107.71 0.2561 2.8204 | 96.95 | 107.39 0.2490
20 3.8804 | 98.43 | 109.20 0.2592 2.8875 | 98.22 | 108.91 0.2522
30 3.9677 | 99.69 | 110.71 0.2623 2.9542 | 99.49 | 110.43 0.2553
40  4.0546 | 100.97 | 112.23 0.2654 3.0205 | 100.78 | 111.97 0.2584
50  4.1412 | 102.26 | 113.76 0.2684 3.0865 | 102.09 | 113.52 0.2615
60 42275 | 103.57 | 115.31 0.2714 3.1522 | 103.40 | 115.08 0.2645
70 43136 | 104.89 | 116.87 0.2744 32176 | 104.73 | 116.65 0.2675
p = 25 Ibf/in.? p = 30 Ibf/in.?
(T, = —19.84°F) (T, = —11.82°F)
Sat.  2.0695 | 92.94 | 102.52 0.2333 1.7430 | 93.67 | 103.35 0.2313
—10  2.1252 | 94.18 | 104.02 0.2367 1.7518 | 93.91 | 103.64 0.2319
0 21812 | 9545 | 105.54 0.2400 1.7997 | 95.19 | 105.19 0.2353
10 22365 | 96.72 | 107.07 0.2433 1.8470 | 96.48 | 106.74 0.2386
20 22914 | 98.00 | 108.61 0.2466 1.8937 | 97.78 | 108.30 0.2419
30 23458 | 99.29 | 110.15 0.2498 1.9400 | 99.09 | 109.86 0.2451
40  2.3998 | 100.59 | 111.70 0.2529 1.9858 | 100.40 | 111.43 0.2483
50 2.4535 | 101.91 | 113.27 0.2560 2.0313 | 101.73 | 113.01 0.2514
60  2.5068 | 103.23 | 114.84 0.2590 2.0764 | 103.06 | 114.60 0.2545
70 2.5599 | 104.57 | 116.42 0.2621 2.1213 | 10441 | 116.19 0.2576
80  2.6127 | 105.92 | 118.01 0.2650 2.1659 | 105.77 | 117.80 0.2606
90  2.6654 | 107.28 | 119.62 0.2680 22103 | 107.13 | 119.41 0.2635
100 27178 | 108.65 | 121.24 0.2709 2.2545 | 108.52 | 121.04 0.2665




TABLE A-9E (Continued)
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T v 7 h K v u h K
°F ft3/1b Btu/lb  Btu/lb  Btu/lb-°R ft/lb Btu/lb Btu/lb Btu/lb-°R
p = 40 Ibf/in.? p = 50 Ibf/in.”
(T, = 1.54°F) (T, = 12.53°F)
Sat.  1.3277 | 94.86 | 104.70 0.2280 1.0735 | 95.82 | 105.76 0.2256
10 13593 | 95.99 | 106.06 0.2310
20 1.3960 | 97.33 | 107.67 0.2343 1.0965 | 96.85 | 107.00 0.2282
30 1.4321 | 98.66 | 109.27 0.2376 1.1268 | 98.22 | 108.65 0.2316
40  1.4678 | 100.01 | 110.88 0.2409 1.1565 | 99.59 | 110.30 0.2349
50  1.5032 | 101.35 | 112.49 0.2441 1.1858 | 100.97 | 111.95 0.2382
60  1.5381 | 102.71 | 114.10 0.2472 1.2147 | 102.35 | 113.60 0.2414
70  1.5728 | 104.08 | 115.73 0.2503 1.2433 | 103.74 | 115.25 0.2445
80  1.6071 | 105.45 | 117.36 0.2534 1.2716 | 105.13 | 116.90 0.2476
90  1.6413 | 106.84 | 118.99 0.2564 1.2996 | 106.53 | 118.57 0.2507
100 1.6752 | 108.23 | 120.64 0.2593 1.3274 | 107.95 | 120.24 0.2537
110 1.7089 | 109.64 | 122.30 0.2623 1.3549 | 109.37 | 121.91 0.2567
120 1.7424 | 111.06 | 123.97 0.2652 1.3823 | 110.80 | 123.60 0.2596
p = 60 Ibf/in.? p = 70 Ibf/in.2
(T, = 21.96°F) (T, = 30.26°F)
Sat.  0.9014 | 96.62 | 106.63 0.2236 0.7768 | 97.30 | 107.37 0.2219
30  0.9226 | 97.75 | 108.00 0.2264
40  0.9485 | 99.16 | 109.70 0.2298 0.7994 | 98.71 | 109.07 0.2254
50  0.9739 | 100.57 | 111.39 0.2332 0.8221 | 100.15 | 110.81 0.2288
60  0.9988 | 101.98 | 113.07 0.2365 0.8443 | 101.59 | 112.53 0.2321
70 1.0234 | 103.39 | 114.76 0.2397 0.8660 | 103.03 | 114.25 0.2354
80  1.0476 | 104.80 | 116.44 0.2428 0.8874 | 104.46 | 115.97 0.2386
90 1.0716 | 106.22 | 118.13 0.2459 0.9086 | 105.90 | 117.68 0.2418
100 1.0953 | 107.65 | 119.82 0.2490 0.9294 | 107.35 | 119.40 0.2449
110 1.1188 | 109.09 | 121.52 0.2520 0.9500 | 108.80 | 121.12 0.2479
120 1.1421 | 110.53 | 123.22 0.2549 0.9704 | 110.26 | 122.84 0.2509
130 1.1653 | 111.99 | 124.93 0.2579 0.9907 | 111.73 | 124.57 0.2539
140  1.1883 | 113.45 | 126.65 0.2608 1.0107 | 113.21 | 126.31 0.2568
p = 80 Ibf/in.? p = 90 Ibf/in.2
(T, =37.71°F) (T, = 44.49°F)
Sat.  0.6823 | 97.90 | 108.00 0.2205 0.6081 | 98.43 | 108.56 0.2192
40  0.6871 | 98.24 | 108.42 0.2213
50 0.7079 | 99.72 | 110.20 0.2248 0.6186 | 99.26 | 109.57 0.2212
60  0.7280 | 101.19 | 111.97 0.2283 0.6373 | 100.77 | 111.39 0.2247
70  0.7478 | 102.65 | 113.73 0.2316 0.6555 | 102.27 | 113.19 0.2282
80  0.7671 | 104.11 | 115.48 0.2349 0.6733 | 103.76 | 114.98 0.2315
90  0.7861 | 105.58 | 117.22 0.2381 0.6907 | 105.24 | 116.75 0.2348
100 0.8048 | 107.04 | 118.97 0.2412 0.7078 | 106.73 | 118.52 0.2380
110  0.8233 | 108.51 | 120.71 0.2443 0.7246 | 108.22 | 120.29 0.2411
120 0.8416 | 109.99 | 122.45 0.2474 0.7412 | 109.71 | 122.06 0.2442
130 0.8596 | 111.47 | 124.20 0.2504 0.7576 | 111.20 | 123.83 0.2472
140  0.8775 | 112.96 | 125.96 0.2533 0.7739 | 112.71 | 125.60 0.2502
150  0.8953 | 114.46 | 127.72 0.2562 0.7899 | 114.22 | 127.38 0.2531
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TABLE A-9E (Continued )

T v u h K v u h s
°F ft*/1b Btu/lb Btu/lb  Btu/lb:°R f/lb  Bt/lb Btu/lb Btu/lb-°R
p = 100 Ibf/in. p = 120 Ibf/in.?
(T, = 50.73°F) (T, = 61.92°F)
Sat.  0.5482 | 98.90 | 109.05 0.2181 0.4573 | 99.71 | 109.88 0.2161
60  0.5645 | 100.33 | 110.79 0.2214
80  0.5980 | 103.38 | 114.46 0.2284 0.4846 | 102.60 | 113.37 0.2227
100 0.6300 | 106.40 | 118.07 0.2349 0.5130 | 105.73 | 117.13 0.2295
120 0.6609 | 109.42 | 121.66 0.2412 0.5400 | 108.83 | 120.83 0.2360
140  0.6908 | 112.45 | 125.24 0.2473 0.5661 | 111.92 | 124.50 0.2422
160  0.7201 | 115.50 | 128.83 0.2532 0.5914 | 115.02 | 128.16 0.2482
180  0.7489 | 118.58 | 132.45 0.2589 0.6161 | 118.15 | 131.84 0.2541
200  0.7771 | 121.69 | 136.08 0.2645 0.6404 | 121.30 | 135.53 0.2597
220 0.8051 | 124.84 | 139.75 0.2700 0.6642 | 124.48 | 139.24 0.2653
240  0.8327 | 128.04 | 143.45 0.2754 0.6878 | 127.69 | 142.98 0.2707
260  0.8600 | 131.27 | 147.19 0.2806 0.7110 | 130.95 | 146.75 0.2760
280  0.8871 | 134.54 | 150.97 0.2858 0.7340 | 134.24 | 150.55 0.2812
300  0.9140 | 137.85 | 154.78 0.2909 0.7568 | 137.57 | 154.39 0.2863
p = 140 1bf/in.? p = 160 Ibf/in.?
(T, = 71.80°F) (T, = 80.69°F)
Sat.  0.3915 | 100.39 | 110.54 0.2144 0.3416 | 100.96 | 111.08 0.2128
80  0.4028 | 101.76 | 112.20 0.2175
100 0.4289 | 105.02 | 116.14 0.2246 0.3653 | 104.26 | 115.08 0.2201
120 0.4534 | 108.21 | 119.96 0.2313 0.3881 | 107.56 | 119.06 0.2271
140  0.4768 | 111.37 | 123.73 0.2377 0.4095 | 110.81 | 122.94 0.2337
160  0.4993 | 114.53 | 127.48 0.2439 0.4301 | 114.03 | 126.77 0.2400
180  0.5212 | 117.70 | 131.21 0.2498 0.4499 | 117.25 | 130.57 0.2460
200  0.5426 | 120.89 | 134.96 0.2556 0.4692 | 120.47 | 134.37 0.2518
220  0.5636 | 124.10 | 138.71 0.2612 0.4880 | 123.72 | 138.18 0.2575
240  0.5842 | 127.35 | 142.49 0.2666 0.5065 | 126.99 | 142.00 0.2631
260  0.6045 | 130.62 | 146.30 0.2720 0.5246 | 130.30 | 145.84 0.2685
280  0.6246 | 133.94 | 150.13 0.2773 0.5425 | 133.63 | 149.70 0.2738
300  0.6445 | 137.29 | 154.00 0.2824 0.5602 | 137.00 | 153.60 0.2790
320  0.6642 | 140.68 | 157.89 0.2875 0.5777 | 140.41 | 157.62 0.2841
p = 180 Ibf/in. p = 200 Ibf/in.?
(T, = 88.78°F) (T = 96.24°F)
Sat.  0.3023 | 101.44 | 111.52 0.2115 0.2706 | 101.86 | 111.88 0.2102
100  0.3154 | 103.44 | 113.95 0.2159 0.2748 | 102.56 | 112.73 0.2117
120  0.3369 | 106.88 | 118.11 0.2231 0.2957 | 106.15 | 117.10 0.2194
140  0.3570 | 110.21 | 122.11 0.2299 0.3148 | 109.59 | 121.25 0.2264
160  0.3761 | 113.50 | 126.04 0.2364 0.3327 | 11296 | 125.28 0.2330
180  0.3943 | 116.78 | 129.92 0.2425 0.3497 | 116.29 | 129.25 0.2393
200  0.4120 | 120.05 | 133.78 0.2485 0.3661 | 119.61 | 133.17 0.2454
220  0.4292 | 123.33 | 137.64 0.2542 0.3820 | 122.94 | 137.08 0.2512
240  0.4459 | 126.64 | 141.50 0.2598 0.3975 | 126.27 | 140.99 0.2569
260  0.4624 | 129.96 | 14538 0.2653 0.4126 | 129.63 | 144.91 0.2624
280  0.4786 | 133.32 | 149.28 0.2706 0.4275 | 133.01 | 148.84 0.2678
300  0.4946 | 136.71 | 153.20 0.2759 0.4422 | 136.42 | 152.79 0.2731
320 0.5104 | 140.13 | 157.15 0.2810 0.4566 | 139.86 | 156.77 0.2782
340  0.5260 | 143.59 | 161.12 0.2860 0.4709 | 143.33 | 160.77 0.2833
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T v 7 h K v u h K
°F ft3/1b Btu/lb  Btu/lb  Btu/lb-°R ft/lb Btu/lb Btu/lb Btu/lb-°R

p = 225 Ibf/in.? p = 250 Ibf/in.?

(T, = 104.82°F) (T, = 112.73°F)
Sat.  0.2386 | 102.28 | 112.22 0.2087 0.2126 | 102.63 | 112.47 0.2073
120  0.2539 | 105.17 | 115.75 0.2149 0.2198 | 104.10 | 114.27 0.2104
140  0.2722 | 108.78 | 120.12 0.2223 0.2378 | 107.90 | 118.91 0.2183
160 0.2891 | 112.26 | 124.30 0.2291 0.2540 | 111.51 | 123.27 0.2255
180  0.3050 | 115.67 | 128.38 0.2356 0.2690 | 115.02 | 127.48 0.2321
200  0.3202 | 119.06 | 132.40 0.2418 0.2833 | 118.48 | 131.59 0.2385
220  0.3348 | 122.43 | 136.38 0.2477 0.2969 | 121.91 | 135.66 0.2445
240  0.3490 | 125.81 | 140.35 0.2535 0.3101 | 125.33 | 139.69 0.2504
260  0.3628 | 129.20 | 144.32 0.2591 0.3229 | 128.76 | 143.71 0.2560
280  0.3764 | 132.61 | 148.29 0.2645 0.3354 | 132.21 | 147.73 0.2616
300  0.3896 | 136.05 | 152.28 0.2699 0.3476 | 135.67 | 151.76 0.2669
320  0.4027 | 139.51 | 156.29 0.2751 0.3596 | 139.16 | 155.81 0.2722
340  0.4156 | 143.00 | 160.32 0.2802 0.3715 | 142.67 | 159.87 0.2773
360  0.4284 | 146.33 | 164.38 0.2852 0.3831 | 146.22 | 163.95 0.2824

p = 275 Ibf/in.? p = 300 Ibf/in.?

(T, = 120.07°F) (T, = 126.94°F)
Sat.  0.1912 | 102.91 | 112.64 0.2060 0.1732 | 103.11 | 112.73 0.2047
140  0.2092 | 106.96 | 117.61 0.2144 0.1849 | 105.93 | 116.20 0.2105
160  0.2250 | 110.73 | 122.19 0.2219 0.2006 | 109.89 | 121.04 0.2185
180  0.2395 | 144.35 | 126.54 0.2288 0.2146 | 133.64 | 125.56 0.2257
200  0.2530 | 117.88 | 130.77 0.2353 0.2276 | 117.26 | 129.91 0.2324
220 02659 | 121.38 | 134.91 0.2415 0.2399 | 120.83 | 134.15 0.2387
240 02782 | 124.85 | 139.02 0.2475 0.2516 | 124.35 | 138.33 0.2447
260  0.2902 | 128.32 | 143.10 0.2532 0.2629 | 127.87 | 142.47 0.2506
280  0.3018 | 131.80 | 147.17 0.2588 0.2739 | 131.38 | 146.59 0.2562
300 03132 | 135.29 | 151.24 0.2642 0.2845 | 134.90 | 150.71 0.2617
320  0.3243 | 138.80 | 155.32 0.2695 0.2949 | 138.44 | 154.83 0.2671
340 03353 | 142.34 | 159.41 0.2747 0.3051 | 142.00 | 158.95 0.2723
360  0.3461 | 145.90 | 163.53 0.2798 0.3152 | 145.58 | 163.09 0.2774

p = 325 Ibf/in. p = 350 Ibf/in.?

(T, = 133.39°F) (T = 139.49°F)
Sat.  0.1577 | 103.26 | 112.75 0.2034 0.1444 | 103.35 | 112.71 0.2022
140  0.1637 | 104.78 | 114.63 0.2066 0.1448 | 103.48 | 112.86 0.2024
160  0.1796 | 109.00 | 119.81 0.2151 0.1605 | 107.90 | 118.30 0.2113
180  0.1934 | 112.89 | 124.53 0.2226 0.1747 | 112.06 | 123.38 0.2194
200 02061 | 116.62 | 129.02 0.2295 0.1874 | 115.95 | 128.10 0.2267
220 02179 | 120.26 | 133.37 0.2360 0.1987 | 119.65 | 132.53 0.2333
240  0.2291 | 123.84 | 137.63 0.2422 0.2095 | 123.31 | 136.89 0.2396
260  0.2398 | 127.40 | 141.83 0.2481 0.2199 | 126.93 | 141.18 0.2457
280  0.2501 | 130.96 | 146.01 0.2538 0.2297 | 130.52 | 145.41 0.2514
300 0.2602 | 134.51 | 150.17 0.2593 0.2393 | 134.12 | 149.62 0.2571
320  0.2700 | 138.08 | 154.33 0.2647 0.2486 | 137.71 | 153.82 0.2626
340  0.2796 | 141.66 | 158.49 0.2700 0.2577 | 141.32 | 158.02 0.2679
360  0.2891 | 145.26 | 162.66 0.2752 0.2666 | 144.95 | 162.23 0.2730
380  0.2983 | 148.89 | 166.85 0.2802 0.2754 | 148.59 | 166.43 0.2781
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TABLE A-10E Properties of Saturated Refrigerant 134a (Liquid—Vapor): Temperature Table

Specific Volume Internal Energy Enthalpy Entropy
ft'/1b Btu/lb Btu/Ib Btu/Ib - °R
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.

Temp. Press. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor Temp.
°F 1bf/in.2 Vg U, ug u, hy hgy hy S S °F
—40 7.490 0.01130 5.7173 —0.02 87.90 0.00 95.82 95.82 0.0000 0.2283 —40
=30 9.920 0.01143 4.3911 2.81 89.26 2.83 94.49 97.32 0.0067 0.2266 —30
—20 12.949 0.01156 3.4173 5.69 90.62 5.71 93.10 98.81 0.0133 0.2250 —20
—15 14.718 0.01163 3.0286 7.14 91.30 7.17 92.38 99.55 0.0166 0.2243 —15
—10 16.674 0.01170 2.6918 8.61 91.98 8.65 91.64 100.29 0.0199 0.2236 —10
-5 18.831 0.01178 2.3992 10.09 92.66 10.13 90.89 101.02 0.0231 0.2230 -5

0 21.203 0.01185 2.1440 11.58 93.33 11.63 90.12 101.75 0.0264 0.2224 0

5 23.805 0.01193 1.9208 13.09 94.01 13.14 89.33 102.47 0.0296 0.2219 5
10 26.651 0.01200 1.7251 14.60 94.68 14.66 88.53 103.19 0.0329 0.2214 10
15 29.756 0.01208 1.5529 16.13 95.35 16.20 87.71 103.90 | 0.0361 0.2209 15
20 33.137 0.01216 1.4009 17.67 96.02 17.74 86.87 104.61 0.0393 0.2205 20
25 36.809 0.01225 1.2666 19.22 96.69 19.30 86.02 105.32 0.0426 0.2200 25
30 40.788 0.01233 1.1474 20.78 97.35 20.87 85.14 106.01 0.0458 0.2196 30
40 49.738 0.01251 0.9470 23.94 98.67 24.05 83.34 107.39 0.0522 0.2189 40
50 60.125 0.01270 | 0.7871 27.14 99.98 27.28 81.46 108.74 0.0585 0.2183 50
60 72.092 0.01290 | 0.6584 30.39 101.27 30.56 79.49 110.05 0.0648 0.2178 60
70 85.788 0.01311 0.5538 33.68 102.54 33.89 77.44 111.33 0.0711 0.2173 70
80 101.37 0.01334 | 0.4682 37.02 103.78 37.27 75.29 112.56 0.0774 0.2169 80
85 109.92 0.01346 | 0.4312 38.72 104.39 38.99 74.17 113.16 0.0805 0.2167 85
90 118.99 0.01358 0.3975 40.42 105.00 40.72 73.03 113.75 0.0836 0.2165 90
95 128.62 0.01371 0.3668 42.14 105.60 42.47 71.86 114.33 0.0867 0.2163 95
100 138.83 0.01385 0.3388 43.87 106.18 44.23 70.66 114.89 0.0898 0.2161 100
105 149.63 0.01399 0.3131 45.62 106.76 46.01 69.42 115.43 0.0930 0.2159 105
110 161.04 0.01414 | 0.2896 47.39 107.33 47.81 68.15 115.96 0.0961 0.2157 110
115 173.10 0.01429 0.2680 49.17 107.88 49.63 66.84 116.47 0.0992 0.2155 115
120 185.82 0.01445 0.2481 50.97 108.42 51.47 65.48 116.95 0.1023 0.2153 120
140 243.86 0.01520 | 0.1827 58.39 110.41 59.08 59.57 118.65 0.1150 0.2143 140
160 314.63 0.01617 0.1341 66.26 111.97 67.20 52.58 119.78 0.1280 0.2128 160
180 400.22 0.01758 0.0964 74.83 112.77 76.13 43.78 119.91 0.1417 0.2101 180
200 503.52 0.02014 | 0.0647 84.90 111.66 86.77 30.92 117.69 0.1575 0.2044 200
210 563.51 0.02329 0.0476 91.84 108.48 94.27 19.18 113.45 0.1684 0.1971 210

Source: Tables A-10E through A-12E are calculated based on equations from D. P. Wilson and R. S. Basu, “Thermodynamic Properties of a New

Stratospherically Safe Working Fluid—Refrigerant 134a,” ASHRAE Trans., Vol. 94, Pt. 2, 1988, pp. 2095-2118.



TABLE A-11E Properties of Saturated Refrigerant 134a (Liquid—Vapor): Pressure Table
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Specific Volume Internal Energy Enthalpy Entropy
ft/1b Btu/lb Btu/Ib Btu/Ib - °R
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press. Temp. Liquid Vapor Liquid Vapor Liquid | Evap. Vapor Liquid Vapor Press.
1bf/in.? °F Vg U, ug Uy he h, hy S S 1bf/in.?

5 —53.48 | 0.01113 | 8.3508 —3.74 86.07 | —3.73 | 97.53 93.79 | —0.0090 | 0.2311 5
10 —29.71 | 0.01143 | 4.3581 2.89 89.30 291 | 94.45 97.37 0.0068 | 0.2265 10
15 —14.25 | 0.01164 | 2.9747 7.36 91.40 740 | 92.27 99.66 0.0171 | 0.2242 15
20 —248 | 0.01181 | 2.2661 10.84 93.00 10.89 | 90.50 | 101.39 0.0248 | 0.2227 20
30 15.38 | 0.01209 | 1.5408 16.24 95.40 16.31 87.65 103.96 0.0364 | 0.2209 30
40 29.04 | 0.01232 | 1.1692 20.48 97.23 20.57 | 85.31 105.88 0.0452 | 0.2197 40
50 40.27 | 0.01252 | 0.9422 24.02 98.71 24.14 | 83.29 | 10743 0.0523 | 0.2189 50
60 49.89 | 0.01270 | 0.7887 27.10 99.96 27.24 | 81.48 | 108.72 0.0584 | 0.2183 60
70 5835 | 0.01286 | 0.6778 29.85 101.05 30.01 | 79.82 | 109.83 0.0638 | 0.2179 70
80 6593 | 0.01302 | 0.5938 32.33 102.02 3253 | 7828 | 110.81 0.0686 | 0.2175 80
90 72.83 | 0.01317 | 0.5278 34.62 102.89 34.84 | 76.84 | 111.68 0.0729 | 0.2172 90
100 79.17 | 0.01332 | 0.4747 36.75 103.68 36.99 | 75.47 | 112.46 0.0768 | 0.2169 100
120 90.54 | 0.01360 | 0.3941 40.61 105.06 4091 | 7291 113.82 0.0839 | 0.2165 120
140 100.56 | 0.01386 | 0.3358 44.07 106.25 4443 | 70.52 | 114.95 0.0902 | 0.2161 140
160 109.56 | 0.01412 | 0.2916 47.23 107.28 47.65 | 68.26 | 11591 0.0958 | 0.2157 160
180 117.74 | 0.01438 | 0.2569 50.16 108.18 50.64 | 66.10 | 116.74 0.1009 | 0.2154 180
200 125.28 | 0.01463 | 0.2288 52.90 108.98 5344 | 64.01 117.44 0.1057 | 0.2151 200
220 132.27 | 0.01489 | 0.2056 55.48 109.68 56.09 | 61.96 | 118.05 0.1101 | 0.2147 220
240 138.79 | 0.01515 | 0.1861 57.93 110.30 58.61 59.96 | 118.56 0.1142 | 0.2144 240
260 14492 | 0.01541 | 0.1695 60.28 110.84 61.02 | 5797 | 118.99 0.1181 | 0.2140 260
280 150.70 | 0.01568 | 0.1550 62.53 111.31 63.34 | 56.00 | 119.35 0.1219 | 0.2136 280
300 156.17 | 0.01596 | 0.1424 64.71 111.72 65.59 | 54.03 | 119.62 0.1254 | 0.2132 300
350 168.72 | 0.01671 | 0.1166 69.88 112.45 7097 | 49.03 | 120.00 0.1338 | 0.2118 350
400 179.95 | 0.01758 | 0.0965 74.81 112.77 76.11 | 43.80 | 11991 0.1417 | 0.2102 400
450 190.12 | 0.01863 | 0.0800 79.63 112.60 81.18 | 38.08 | 119.26 0.1493 | 0.2079 450
500 199.38 | 0.02002 | 0.0657 84.54 111.76 86.39 | 31.44 | 117.83 0.1570 | 0.2047 500
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TABLE A-12E Properties of Superheated Refrigerant 134a Vapor

T v u h s v u h K
°F f/lb  Btu/lb Btu/lb Btu/lb-°R ft/lb  Btu/lb Btu/lb Btu/lb-°R
p = 10 Ibf/in.? p = 15 Ibf/in.?
(T, = —29.71°F) (T, = —14.25°F)
Sat. 4.3581 | 89.30 | 97.37 0.2265 29747 | 9140 | 99.66 0.2242
—20 44718 | 90.89 | 99.17 0.2307
0 47026 | 94.24 | 102.94 0.2391 3.0893 | 93.84 | 102.42 0.2303
20 4.9297 | 97.67 | 106.79 0.2472 3.2468 | 97.33 | 106.34 0.2386
40 5.1539 | 101.19 | 110.72 0.2553 3.4012 | 100.89 | 110.33 0.2468
60 5.3758 | 104.80 | 114.74 0.2632 3.5533 | 104.54 | 114.40 0.2548
80 5.5959 | 108.50 | 118.85 0.2709 3.7034 | 108.28 | 118.56 0.2626
100 5.8145 | 112.29 | 123.05 0.2786 3.8520 | 112.10 | 122.79 0.2703
120 6.0318 | 116.18 | 127.34 0.2861 3.9993 | 116.01 | 127.11 0.2779
140 6.2482 | 120.16 | 131.72 0.2935 4.1456 | 120.00 | 131.51 0.2854
160 6.4638 | 124.23 | 136.19 0.3009 42911 | 124.09 | 136.00 0.2927
180 6.6786 | 128.38 | 140.74 0.3081 4.4359 | 128.26 | 140.57 0.3000
200 6.8929 | 132.63 | 145.39 0.3152 4.5801 | 132.52 | 145.23 0.3072
p = 20 Ibffin.2 p = 30 Ibf/in.2
(T = —2.48°F) (Ty = 15.38°F)
Sat.  2.2661 | 93.00 | 101.39 0.2227 1.5408 | 95.40 | 103.96 0.2209
0 22816 | 9343 | 101.88 0.2238
20 24046 | 96.98 | 105.88 0.2323 1.5611 | 96.26 | 104.92 0.2229
40  2.5244 | 100.59 | 109.94 0.2406 1.6465 | 99.98 | 109.12 0.2315
60 2.6416 | 104.28 | 114.06 0.2487 1.7293 | 103.75 | 113.35 0.2398
80 2.7569 | 108.05 | 118.25 0.2566 1.8098 | 107.59 | 117.63 0.2478
100 2.8705 | 111.90 | 122.52 0.2644 1.8887 | 111.49 | 121.98 0.2558
120 29829 | 115.83 | 126.87 0.2720 1.9662 | 115.47 | 126.39 0.2635
140 3.0942 | 119.85 | 131.30 0.2795 2.0426 | 119.53 | 130.87 0.2711
160 3.2047 | 123.95 | 135.81 0.2869 2.1181 | 123.66 | 135.42 0.2786
180 3.3144 | 128.13 | 140.40 0.2922 2.1929 | 127.88 | 140.05 0.2859
200 3.4236 | 132.40 | 145.07 0.3014 22671 | 132.17 | 144.76 0.2932
220 3.5323 | 136.76 | 149.83 0.3085 2.3407 | 136.55 | 149.54 0.3003
p = 40 Ibf/in.? p = 50 Ibf/in.?
(T, = 29.04°F) (T, = 40.27°F)
Sat. 1.1692 | 97.23 | 105.88 0.2197 0.9422 | 98.71 | 107.43 0.2189
40 1.2065 | 99.33 | 108.26 0.2245
60 1.2723 | 103.20 | 112.62 0.2331 0.9974 | 102.62 | 111.85 0.2276
80 1.3357 | 107.11 | 117.00 0.2414 1.0508 | 106.62 | 116.34 0.2361
100 13973 | 111.08 | 121.42 0.2494 1.1022 | 110.65 | 120.85 0.2443
120 1.4575 | 115.11 | 125.90 0.2573 1.1520 | 114.74 | 125.39 0.2523
140 15165 | 119.21 | 130.43 0.2650 1.2007 | 118.88 | 129.99 0.2601
160 1.5746 | 123.38 | 135.03 0.2725 1.2484 | 123.08 | 134.64 0.2677
180 1.6319 | 127.62 | 139.70 0.2799 1.2953 | 127.36 | 139.34 0.2752
200 1.6887 | 131.94 | 144.44 0.2872 1.3415 | 131.71 | 144.12 0.2825
220 1.7449 | 136.34 | 149.25 0.2944 1.3873 | 136.12 | 148.96 0.2897
240 1.8006 | 140.81 | 154.14 0.3015 1.4326 | 140.61 | 153.87 0.2969
260 1.8561 | 145.36 | 159.10 0.3085 1.4775 | 145.18 | 158.85 0.3039
280 1.9112 | 149.98 | 164.13 0.3154 1.5221 | 149.82 | 163.90 0.3108
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TABLE A-12E (Continued)

T v u h K v u h s

°F ft/lb  Btu/lb Btu/lb Btu/lb-°R f/lb  Bt/lb Btu/lb Btu/lb-°R
p = 60 Ibf/in.? p = 70 Ibf/in.2
(T, = 49.89°F) (T, = 58.35°F)

Sat. 0.7887 | 99.96 | 108.72 0.2183 0.6778 | 101.05 | 109.83 0.2179
60 0.8135 | 102.03 | 111.06 0.2229 0.6814 | 101.40 | 110.23 0.2186
80 0.8604 | 106.11 | 115.66 0.2316 0.7239 | 105.58 | 114.96 0.2276

100 0.9051 | 110.21 | 120.26 0.2399 0.7640 | 109.76 | 119.66 0.2361

120 0.9482 | 114.35 | 124.88 0.2480 0.8023 | 113.96 | 124.36 0.2444

140  0.9900 | 118.54 | 129.53 0.2559 0.8393 | 118.20 | 129.07 0.2524

160 1.0308 | 122.79 | 134.23 0.2636 0.8752 | 122.49 | 133.82 0.2601

180 1.0707 | 127.10 | 138.98 0.2712 0.9103 | 126.83 | 138.62 0.2678

200 1.1100 | 131.47 | 143.79 0.2786 0.9446 | 131.23 | 143.46 0.2752

220 1.1488 | 135.91 | 148.66 0.2859 0.9784 | 135.69 | 148.36 0.2825

240 1.1871 | 140.42 | 153.60 | 0.2930 1.0118 | 140.22 | 153.33 0.2897

260 1.2251 | 145.00 | 158.60 | 0.3001 1.0448 | 144.82 | 158.35 0.2968

280 1.2627 | 149.65 | 163.67 0.3070 1.0774 | 149.48 | 163.44 0.3038

300 1.3001 | 154.38 | 168.81 0.3139 1.1098 | 154.22 | 168.60 0.3107

p = 80 Ibf/in.2 p = 90 Ibf/in.2
(T, = 65.93°F) (T, = 72.83°F)

Sat.  0.5938 | 102.02 | 110.81 0.2175 0.5278 | 102.89 | 111.68 0.2172
80 0.6211 | 105.03 | 114.23 0.2239 0.5408 | 104.46 | 113.47 0.2205

100  0.6579 | 109.30 | 119.04 | 0.2327 0.5751 | 108.82 | 118.39 0.2295

120 0.6927 | 113.56 | 123.82 0.2411 0.6073 | 113.15 | 123.27 0.2380

140 0.7261 | 117.85 | 128.60 | 0.2492 0.6380 | 117.50 | 128.12 0.2463

160 0.7584 | 122.18 | 133.41 0.2570 0.6675 | 121.87 | 132.98 0.2542

180 0.7898 | 126.55 | 138.25 0.2647 0.6961 | 126.28 | 137.87 0.2620

200 0.8205 | 130.98 | 143.13 0.2722 0.7239 | 130.73 | 142.79 0.2696

220 0.8506 | 135.47 | 148.06 0.2796 0.7512 | 135.25 | 147.76 0.2770

240 0.8803 | 140.02 | 153.05 0.2868 0.7779 | 139.82 | 152.77 0.2843

260  0.9095 | 144.63 | 158.10 | 0.2940 0.8043 | 144.45 | 157.84 0.2914

280 09384 | 149.32 | 163.21 0.3010 0.8303 | 149.15 | 162.97 0.2984

300 09671 | 154.06 | 168.38 0.3079 0.8561 | 153.91 | 168.16 0.3054

320  0.9955 | 158.88 | 173.62 0.3147 0.8816 | 158.73 | 173.42 0.3122

p = 100 Ibf/in.? p = 120 Ibf/in.?
(T, = 79.17°F) (T, = 90.54°F)

Sat. 04747 | 103.68 | 112.46 0.2169 0.3941 | 105.06 | 113.82 0.2165
80 0.4761 | 103.87 | 112.68 0.2173

100  0.5086 | 108.32 | 117.73 0.2265 0.4080 | 107.26 | 116.32 0.2210

120 0.5388 | 112.73 | 122.70 | 0.2352 0.4355 | 111.84 | 121.52 0.2301

140 05674 | 117.13 | 127.63 0.2436 0.4610 | 116.37 | 126.61 0.2387

160  0.5947 | 121.55 | 132.55 0.2517 0.4852 | 120.89 | 131.66 0.2470

180 0.6210 | 125.99 | 137.49 0.2595 0.5082 | 125.42 | 136.70 0.2550

200 0.6466 | 130.48 | 142.45 0.2671 0.5305 | 129.97 | 141.75 0.2628

220 0.6716 | 135.02 | 147.45 0.2746 0.5520 | 134.56 | 146.82 0.2704

240  0.6960 | 139.61 | 152.49 0.2819 0.5731 | 139.20 | 151.92 0.2778

260 0.7201 | 144.26 | 157.59 0.2891 0.5937 | 143.89 | 157.07 0.2850

280 0.7438 | 148.98 | 162.74 | 0.2962 0.6140 | 148.63 | 162.26 0.2921

300 0.7672 | 153.75 | 167.95 0.3031 0.6339 | 153.43 | 167.51 0.2991

320 0.7904 | 158.59 | 173.21 0.3099 0.6537 | 158.29 | 172.81 0.3060
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TABLE A-12E (Continued)

T v u h s v u h K
°F ft/lb  Btu/lb Btu/lb Btu/lb-°R ft/lb  Btu/lb Btw/lb Btu/lb-°R

p = 140 Ibf/in.? p = 160 Ibf/in.

(T, = 100.56°F) (T, = 109.55°F)
Sat.  0.3358 | 106.25 | 114.95 0.2161 0.2916 | 107.28 | 115.91 0.2157
120 0.3610 | 110.90 | 120.25 0.2254 0.3044 | 109.88 | 118.89 0.2209
140 0.3846 | 115.58 | 125.54 | 0.2344 0.3269 | 114.73 | 124.41 0.2303
160 0.4066 | 120.21 | 130.74 | 0.2429 0.3474 | 119.49 | 129.78 0.2391
180 0.4274 | 124.82 | 135.89 0.2511 0.3666 | 124.20 | 135.06 0.2475
200 0.4474 | 129.44 | 141.03 0.2590 0.3849 | 128.90 | 140.29 0.2555
220 0.4666 | 134.09 | 146.18 0.2667 0.4023 | 133.61 | 145.52 0.2633
240 04852 | 138.77 | 151.34 | 0.2742 04192 | 138.34 | 150.75 0.2709
260 0.5034 | 143.50 | 156.54 | 0.2815 0.4356 | 143.11 | 156.00 | 0.2783
280 0.5212 | 148.28 | 161.78 0.2887 04516 | 147.92 | 161.29 0.2856
300 0.5387 | 153.11 | 167.06 | 0.2957 04672 | 15278 | 166.61 0.2927
320 0.5559 | 157.99 | 172.39 0.3026 0.4826 | 157.69 | 171.98 0.2996
340 0.5730 | 162.93 | 177.78 0.3094 0.4978 | 162.65 | 177.39 0.3065
360 0.5898 | 167.93 | 183.21 0.3162 0.5128 | 167.67 | 182.85 0.3132

p = 180 Ibf/in.? p = 200 Ibf/in.?

(T = 117.74°F) (T, = 125.28°F)
Sat. 0.2569 | 108.18 | 116.74 | 0.2154 0.2288 | 108.98 | 117.44 0.2151
120 0.2595 | 108.77 | 117.41 0.2166
140 0.2814 | 113.83 | 123.21 0.2264 0.2446 | 112.87 | 121.92 0.2226
160 03011 | 118.74 | 128.77 0.2355 0.2636 | 117.94 | 127.70 | 0.2321
180  0.3191 | 123.56 | 134.19 0.2441 0.2809 | 122.88 | 133.28 0.2410
200 0.3361 | 128.34 | 139.53 0.2524 0.2970 | 127.76 | 138.75 0.2494
220 03523 | 133.11 | 144.84 | 0.2603 0.3121 | 132.60 | 144.15 0.2575
240 0.3678 | 137.90 | 150.15 0.2680 0.3266 | 137.44 | 149.53 0.2653
260 0.3828 | 142.71 | 15546 | 0.2755 0.3405 | 142.30 | 15490 | 0.2728
280 0.3974 | 147.55 | 160.79 0.2828 0.3540 | 147.18 | 160.28 0.2802
300 0.4116 | 152.44 | 166.15 0.2899 0.3671 | 152.10 | 165.69 0.2874
320 0.4256 | 157.38 | 171.55 0.2969 0.3799 | 157.07 | 171.13 0.2945
340 0.4393 | 162.36 | 177.00 | 0.3038 0.3926 | 162.07 | 176.60 | 0.3014
360 0.4529 | 167.40 | 182.49 0.3106 0.4050 | 167.13 | 182.12 0.3082

p = 300 Ibf/in.? p = 400 Ibf/in.?

(T, = 156.17°F) (T, = 179.95°F)
Sat. 0.1424 | 111.72 | 119.62 | 0.2132 0.0965 | 112.77 | 119.91 0.2102
160 0.1462 | 112.95 | 121.07 0.2155
180 0.1633 | 118.93 | 128.00 | 0.2265 0.0965 | 112.79 | 119.93 0.2102
200 0.1777 | 12447 | 13434 | 0.2363 0.1143 | 120.14 | 128.60 | 0.2235
220  0.1905 | 129.79 | 140.36 | 0.2453 0.1275 | 126.35 | 135.79 0.2343
240  0.2021 | 134.99 | 146.21 0.2537 0.1386 | 132.12 | 142.38 0.2438
260 0.2130 | 140.12 | 151.95 0.2618 0.1484 | 137.65 | 148.64 0.2527
280 0.2234 | 145.23 | 157.63 0.2696 0.1575 | 143.06 | 154.72 0.2610
300 0.2333 | 150.33 | 163.28 0.2772 0.1660 | 148.39 | 160.67 0.2689
320 0.2428 | 155.44 | 168.92 | 0.2845 0.1740 | 153.69 | 166.57 0.2766
340 0.2521 | 160.57 | 17456 | 0.2916 0.1816 | 158.97 | 172.42 0.2840
360 02611 | 165.74 | 180.23 0.2986 0.1890 | 164.26 | 178.26 0.2912
380 0.2699 | 170.94 | 185.92 | 0.3055 0.1962 | 169.57 | 184.09 0.2983
400 02786 | 176.18 | 191.64 | 0.3122 0.2032 | 174.90 | 189.94 0.3051
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Temperature Table

Specific Volume Internal Energy Enthalpy Entropy
ft¥/1b Btu/Ib Btu/lb Btu/lb - °R
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.

Temp. Press. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor | Temp.
°F 1bf/in.? Vg U, Us U, hg hgy h, S S °F
—60 5.548 | 0.02278 | 44.7537 | —21.005 | 543.61 | —20.97 | 610.56 | 589.58 | —0.0512 | 1.4765 —60
=55 6.536 | 0.02288 | 38.3991 | —15.765 | 545.11 | —15.73 | 607.31 | 591.58 | —0.0381 | 1.4627 =55
=50 7.664 | 0.02299 | 33.0880 | —10.525 | 546.59 | —10.49 | 604.04 | 593.54 [ —0.0253 | 1.4492 =50
—45 8.949 | 0.02310 | 28.6284 —5.295 | 548.04 —5.25 | 600.72 | 595.48 | —0.0126 | 1.4361 —45
—40 10.405 | 0.02322 | 24.8672 —0.045 | 549.46 0.00 | 597.37 | 597.37 0.0000 | 1.4235 —40
=35 12.049 | 0.02333 | 21.6812 5.20 550.86 526 | 593.98 | 599.24 0.0124 | 1.4111 =35
=30 13.899 | 0.02345 | 18.9715 10.46 552.24 10.52 | 590.54 | 601.06 0.0247 | 1.3992 =30
—25 15972 | 0.02357 | 16.6577 15.73 553.59 15.80 | 587.05 | 602.85 0.0369 | 1.3875 —25
—20 18.290 | 0.02369 | 14.6744 21.01 554.91 21.09 | 583.51 | 604.61 0.0490 | 1.3762 —20
—15 20.871 | 0.02381 | 12.9682 26.31 556.20 2640 | 579.92 | 606.32 0.0610 | 1.3652 —15
—10 23.738 | 0.02393 | 11.4951 31.63 557.46 31.73 | 576.26 | 607.99 0.0729 | 1.3544 —10
=5 26912 | 0.02406 | 10.2190 36.96 558.70 37.08 | 572.54 | 609.62 0.0847 | 1.3440 =5

0 30.416 | 0.02419 9.1100 42.32 559.91 4245 | 568.76 | 611.22 0.0964 | 1.3338 0
5 34275 | 0.02432 8.1430 47.69 561.08 47.85 | 564.92 | 612.76 0.1080 | 1.3238 5
10 38.512 | 0.02446 7.2974 53.09 562.23 53.27 | 561.00 | 614.27 0.1196 | 1.3141 10
15 43.153 | 0.02460 6.5556 58.52 563.34 58.72 | 557.01 | 615.73 0.1311 | 1.3046 15
20 48.224 | 0.02474 5.9032 63.97 564.43 64.19 | 55295 | 617.14 0.1425 | 1.2953 20
25 53.752 | 0.02488 5.3278 69.43 565.48 69.68 | 548.82 | 618.51 0.1539 | 1.2862 25
30 59.765 | 0.02503 4.8188 74.93 566.49 7520 | 544.62 | 619.82 0.1651 | 1.2774 30
35 66.291 | 0.02517 4.3675 80.44 567.48 80.75 | 540.34 | 621.09 0.1764 | 1.2687 35
40 73.359 | 0.02533 3.9664 85.98 568.42 86.33 | 53597 | 622.30 0.1875 | 1.2602 40
45 81.000 | 0.02548 3.6090 91.55 569.33 91.93 | 531.54 | 623.46 0.1986 | 1.2518 45
50 89.242 | 0.02564 3.2897 97.13 570.21 97.55 | 527.02 | 624.57 0.2096 | 1.2436 50
55 98.118 | 0.02581 3.0040 102.73 571.04 103.20 | 522.42 | 625.62 0.2205 | 1.2356 55
60 107.66 0.02597 2.7476 108.35 571.83 108.87 | 517.74 | 626.61 0.2314 | 1.2277 60
65 117.90 0.02614 25171 113.99 572.59 114.56 | 512.97 | 627.54 0.2422 | 1.2199 65
70 128.87 0.02632 2.3095 119.65 573.29 120.28 | 508.12 | 628.40 0.2530 | 1.2123 70
75 140.60 0.02650 2.1220 125.33 573.95 126.02 | 503.18 | 629.20 0.2636 | 1.2048 75
80 153.13 0.02668 1.9524 131.02 574.57 131.78 | 498.15 | 629.93 0.2742 | 1.1973 80
85 166.50 0.02687 1.7988 136.73 575.13 137.56 | 493.03 | 630.59 0.2848 | 1.1900 85
90 180.73 0.02707 1.6593 142.46 575.65 143.37 | 487.81 | 631.18 0.2953 | 1.1827 90
95 195.87 0.02727 1.5324 148.21 576.10 149.20 | 482.49 | 631.68 0.3057 | 1.1756 95
100 211.96 0.02747 1.4168 153.98 576.51 155.05 | 477.06 | 632.11 0.3161 | 1.1685 100
105 229.02 0.02768 1.3113 159.76 576.85 160.94 | 471.52 | 632.46 0.3264 | 1.1614 105
110 247.10 0.02790 1.2149 165.58 577.13 166.85 | 465.86 | 632.71 0.3366 | 1.1544 110
115 266.24 0.02813 1.1266 171.41 577.34 172.80 | 460.08 | 632.88 0.3469 | 1.1475 115
120 286.47 0.02836 1.0456 177.28 577.48 178.79 | 454.16 | 632.95 0.3570 | 1.1405 120

Source: Tables A-13E through A-15E are calculated based on equations from L. Haar and J. S. Gallagher, “Thermodynamic Properties of
Ammonia,” J. Phys. Chem. Reference Data, Vol. 7, 1978, pp. 635-792.

Ammonia



Ammonia

792 Tables in English Units

TABLE A-14E Properties of Saturated Ammonia (Liquid—Vapor):

Pressure Table

Specific Volume Internal Energy Enthalpy Entropy
ft¥/1b Btu/Ib Btu/Ib Btu/Ib - °R
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press. Temp. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor Press.
1bf/in.? °F Vs v, Us U, he hgg hy S Sy 1bf/in.2

5 —63.10 | 0.02271 | 49.320 —24.24 | 542.67 | —24.22 | 612.56 | 588.33 | —0.0593 | 1.4853 5

6 —57.63 | 0.02283 | 41.594 —1851 | 54432 | —18.49 | 609.02 | 590.54 | —0.0450 | 1.4699 6

7 —52.86 | 0.02293 | 36.014 —13.52 | 545.74 | —13.49 | 60592 | 592.42 | —0.0326 | 1.4569 7

8 —48.63 | 0.02302 | 31.790 —9.09 | 546.98 —9.06 | 603.13 | 594.08 | —0.0218 | 1.4456 8

9 —44.81 | 0.02311 | 28.477 —5.09 | 548.09 —5.05 | 600.60 | 595.55 | —0.0121 | 1.4357 9
10 —41.33 | 0.02319 | 25.807 —1.44 | 549.09 —1.40 | 598.27 | 596.87 | —0.0033 | 1.4268 10
12 —35.14 | 0.02333 | 21.764 5.06 | 550.82 511 | 594.08 | 599.18 0.0121 | 1.4115 12
14 —29.74 | 0.02345 | 18.843 10.73 | 552.31 10.79 | 590.36 | 601.16 0.0254 | 1.3986 14
16 —24.94 | 0.02357 | 16.631 15.80 | 553.60 15.87 | 587.01 | 602.88 0.0371 | 1.3874 16
18 —20.60 | 0.02367 | 14.896 20.38 | 554.75 20.46 | 583.94 | 604.40 0.0476 | 1.3775 18
20 —16.63 | 0.02377 | 13.497 24.58 | 555.78 24.67 | 581.10 | 605.76 0.0571 | 1.3687 20
25 —7.95 | 0.02399 | 10.950 33.81 | 557.97 33.92 | 574.75 | 608.67 0.0777 | 1.3501 25
30 —0.57 | 0.02418 9.229 41.71 | 559.77 41.84 | 569.20 | 611.04 0.0951 | 1.3349 30
35 5.89 | 0.02435 7.984 48.65 | 561.29 48.81 | 564.22 | 613.03 0.1101 | 1.3221 35
40 11.65 | 0.02450 7.041 54.89 | 562.60 55.07 | 559.69 | 614.76 0.1234 | 1.3109 40
45 16.87 | 0.02465 6.302 60.56 | 563.75 60.76 | 555.50 | 616.26 0.1354 | 1.3011 45
50 21.65 | 0.02478 5.705 65.77 | 564.78 66.00 | 551.59 | 617.60 0.1463 | 1.2923 50
55 26.07 | 0.02491 5.213 70.61 | 565.70 70.86 | 547.93 | 618.79 0.1563 | 1.2843 55
60 30.19 | 0.02503 4.801 75.13 | 566.53 7541 | 544.46 | 619.87 0.1656 | 1.2770 60
65 34.04 | 0.02515 4.450 79.39 | 567.29 79.69 | 541.16 | 620.85 0.1742 | 1.2703 65
70 37.67 | 0.02526 4.1473 83.40 | 567.99 83.73 | 538.01 | 621.74 0.1823 | 1.2641 70
75 41.11 | 0.02536 3.8837 87.21 | 568.63 87.57 | 535.00 | 622.56 0.1900 | 1.2583 75
80 44.37 | 0.02546 3.6520 90.84 | 569.22 91.22 | 532.10 | 623.32 0.1972 | 1.2529 80
85 4747 | 0.02556 3.4466 94.30 | 569.77 94.71 | 529.31 | 624.02 0.2040 | 1.2478 85
90 50.44 | 0.02566 3.2632 97.62 | 570.28 98.05 | 526.62 | 624.66 0.2106 | 1.2429 90
100 56.01 | 0.02584 2.9497 103.87 | 571.21 104.35 | 521.48 | 625.82 0.2227 | 1.2340 100
110 61.17 | 0.02601 2.6913 109.68 | 572.01 110.20 | 516.63 | 626.83 0.2340 | 1.2259 110
120 65.98 | 0.02618 2.4745 115.11 | 572.73 115.69 | 512.02 | 627.71 0.2443 | 1.2184 120
130 70.50 | 0.02634 2.2899 120.21 | 573.36 120.85 | 507.64 | 628.48 0.2540 | 1.2115 130
140 74.75 | 0.02649 2.1309 125.04 | 573.92 125.73 | 503.43 | 629.16 0.2631 | 1.2051 140
150 78.78 | 0.02664 1.9923 129.63 | 574.42 130.37 | 499.39 | 629.76 0.2717 | 1.1991 150
175 88.02 | 0.02699 1.7128 140.19 | 57545 141.07 | 489.89 | 630.95 0.2911 | 1.1856 175
200 96.31 | 0.02732 1.5010 149.72 | 576.21 150.73 | 481.07 | 631.80 0.3084 | 1.1737 200
225 103.85 | 0.02764 1.3348 158.43 | 576.77 159.58 | 472.80 | 632.38 0.3240 | 1.1630 225
250 110.78 | 0.02794 1.2007 166.48 | 577.16 167.77 | 464.97 | 632.74 0.3382 | 1.1533 250
275 117.20 | 0.02823 1.0901 173.99 | 577.41 17543 | 457.49 | 632.92 0.3513 | 1.1444 275
300 123.20 | 0.02851 0.9974 181.05 | 577.54 182.63 | 45031 | 632.94 0.3635 | 1.1361 300
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TABLE A-15E Properties of Superheated Ammonia Vapor

T v 7 h K v u h K
°F ft3/1b Btu/lb  Btu/lb  Btu/lb-°R ft3/1b Btu/lb  Btu/lb Btu/lb-°R
p = 6 1bffin.? p = 8 Ibffin.?
(T, = —57.63°F) (T, = —48.63°F)
Sat. 41.594 | 544.32 | 590.54 1.4699 31.790 | 546.98 | 594.08 1.4456
—50 42435 | 547.22 | 594.37 1.4793
—40 43533 | 551.03 | 599.40 1.4915 32,511 | 550.32 | 598.49 1.4562
—30 44.627 | 554.84 | 604.42 1.5033 33.342 | 554.19 | 603.58 1.4682
—20 45715 | 558.66 | 609.45 1.5149 34.169 | 558.06 | 608.68 1.4799
—10 46.800 | 562.47 | 614.47 1.5261 34992 | 561.93 | 613.76 1.4914
0 47.882 | 566.29 | 619.49 1.5372 35.811 | 565.79 | 618.84 1.5025
10 48.960 | 570.12 | 624.51 1.5480 36.627 | 569.66 | 623.91 1.5135
20 50.035 | 573.95 | 629.54 1.5586 37.440 | 573.52 | 628.99 1.5241
30 51.108 | 577.78 | 634.57 1.5690 38.250 | 577.40 | 634.06 1.5346
40 52.179 | 581.63 | 639.60 1.5791 39.058 | 581.27 | 639.13 1.5449
50 53.247 | 585.49 | 644.64 1.5891 39.865 | 585.16 | 644.21 1.5549
60 54314 | 589.35 | 649.70 1.5990 40.669 | 589.05 | 649.29 1.5648
p = 10 Ibf/in.2 p = 12 Ibffin.2
(T, = —41.33°F) (T = —35.14°F)
Sat. 25.807 | 549.09 | 596.87 1.4268 21.764 | 550.82 | 599.18 1.4115
—40 25.897 | 549.61 | 597.56 1.4284
—30 26.571 | 553.54 | 602.74 1.4406 22.056 | 552.87 | 601.88 1.4178
—20 27241 | 557.46 | 607.90 1.4525 22.621 | 556.85 | 607.12 1.4298
—-10 27.906 | 561.37 | 613.05 1.4641 23.182 | 560.82 | 612.33 1.4416
0 28.568 | 565.29 | 618.19 1.4754 23.739 | 564.78 | 617.53 1.4530
10 29227 | 569.19 | 623.31 1.4864 24293 | 568.73 | 622.71 1.4642
20 29.882 | 573.10 | 628.43 1.4972 24.843 | 572.67 | 627.88 1.4750
30 30.535 | 577.01 | 633.55 1.5078 25.392 | 576.61 | 633.03 1.4857
40 31.186 | 580.91 | 638.66 1.5181 25.937 | 580.55 | 638.19 1.4961
50 31.835 | 584.82 | 643.77 1.5282 26481 | 584.49 | 643.33 1.5063
60 32.482 | 588.74 | 648.89 1.5382 27.023 | 588.43 | 648.48 1.5163
70 33.127 | 592.66 | 654.01 1.5479 27.564 | 592.38 | 653.63 1.5261
p = 14 Ibffin.2 p = 16 Ibffin.2
(T, = —29.74°F) (T, = —24.94°F)
Sat. 18.843 | 552.31 | 601.16 1.3986 16.631 | 553.60 | 602.88 1.3874
—20 19.321 | 556.24 | 606.33 1.4105 16.845 | 555.62 | 605.53 1.3935
—10 19.807 | 560.26 | 611.61 1.4223 17.275 | 559.69 | 610.88 1.4055
0 20.289 | 564.27 | 616.86 1.4339 17.701 | 563.75 | 616.19 1.4172
10 20.768 | 568.26 | 622.10 1.4452 18.124 | 567.79 | 621.48 1.4286
20 21.244 | 57224 | 627.31 1.4562 18.544 | 571.81 | 626.75 1.4397
30 21717 | 576.22 | 632.52 1.4669 18.961 | 575.82 | 632.00 1.4505
40 22.188 | 580.19 | 637.71 1.4774 19.376 | 579.82 | 637.23 1.4611
50 22.657 | 584.16 | 642.89 1.4877 19.789 | 583.82 | 642.45 1.4714
60 23.124 | 588.12 | 648.07 1.4977 20.200 | 587.81 | 647.66 1.4815
70  23.590 | 592.09 | 653.25 1.5076 20.609 | 591.80 | 652.86 1.4915
80 24.054 | 596.07 | 658.42 1.5173 21.017 | 595.80 | 658.07 1.5012
90 24.517 | 600.04 | 663.60 1.5268 21424 | 599.80 | 663.27 1.5107
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TABLE A-15E (Continued)

T v u h s v u h K

°F ft’/lb  Btu/lb Btu/lb  Btu/lb-°R f/lb  Btu/lb Btu/lb Btu/lb-°R
p = 18 Ibffin.? p = 20 Ibf/in.?
(T = —20.60°F) (T = —16.63°F)

Sat. 14.896 | 554.75 | 604.40 1.3775 13.497 | 555.78 | 605.76 1.3687

—20 14919 | 555.00 | 604.72 1.3783

—10 15306 | 559.13 | 610.14 1.3905 13.730 | 558.55 | 609.40 1.3769

0 15688 | 563.23 | 615.52 1.4023 14.078 | 562.70 | 614.84 1.3888
10 16.068 | 567.31 | 620.87 1.4138 14.422 | 566.83 | 620.24 1.4005
20 16.444 | 571.37 | 626.18 1.4250 14764 | 570.94 | 625.61 1.4118
30 16.818 | 575.42 | 631.47 1.4359 15.103 | 575.02 | 630.95 1.4228
40 17.189 | 579.46 | 636.75 1.4466 15.439 | 579.09 | 636.26 1.4335
50 17.558 | 583.48 | 642.00 1.4570 15773 | 583.14 | 641.55 1.4440
60 17.925 | 587.50 | 647.25 1.4672 16.105 | 587.19 | 646.83 1.4543
70 18291 | 591.52 | 652.48 1.4772 16.436 | 591.23 | 652.10 1.4643
80 18.655 | 595.53 | 657.71 1.4869 16.765 | 595.26 | 657.35 1.4741
90 19.018 | 599.55 | 662.94 1.4965 17.094 | 599.30 | 662.60 1.4838

p = 30 Ibf/in.? p = 40 Ibf/in.?
(T = —0.57°F) (T = 11.65°F)

Sat. 92286 | 559.77 | 611.04 1.3349 7.0414 | 562.60 | 614.76 1.3109

0  9.2425 | 560.02 | 611.36 1.3356
10 9.4834 | 564.38 | 617.07 1.3479
20 9.7209 | 568.70 | 622.70 1.3598 7.1965 | 566.39 | 619.69 1.3213
30 9.9554 | 572.97 | 628.28 1.3713 7.3795 | 570.86 | 625.52 1.3333
40 10.187 | 577.21 | 633.80 1.3824 7.5597 | 575.28 | 631.28 1.3450
50 10.417 | 581.42 | 639.28 1.3933 7.7376 | 579.65 | 636.96 1.3562
60 10.645 | 585.60 | 644.73 1.4039 7.9134 | 583.97 | 642.58 1.3672
70 10.871 | 589.76 | 650.15 1.4142 8.0874 | 588.26 | 648.16 1.3778
80 11.096 | 593.90 | 655.54 1.4243 8.2598 | 592.52 | 653.69 1.3881
90 11.319 | 598.04 | 660.91 1.4342 8.4308 | 596.75 | 659.20 1.3982

100 11541 | 602.16 | 666.27 1.4438 8.6006 | 600.97 | 664.67 1.4081

110 11.762 | 606.28 | 671.62 1.4533 8.7694 | 605.17 | 670.12 1.4178

p = 50 Ibf/in.? p = 60 Ibf/in.?
(T = 21.65°F) (T, = 30.19°F)

Sat.  5.7049 | 564.78 | 617.60 1.2923 4.8009 | 566.53 | 619.87 1.2770
40  5.9815 | 573.30 | 628.68 1.3149 4.9278 | 571.25 | 626.00 1.2894
60  6.2733 | 582.31 | 640.39 1.3379 5.1788 | 580.60 | 638.14 1.3133
80  6.5574 | 591.10 | 651.82 1.3595 5.4218 | 589.66 | 649.90 1.3355

100 6.8358 | 599.75 | 663.04 1.3799 5.6587 | 598.52 | 661.39 1.3564

120 7.1097 | 608.30 | 674.13 1.3993 5.8910 | 607.23 | 672.68 1.3762

140  7.3802 | 616.80 | 685.13 1.4180 6.1198 | 615.86 | 683.85 1.3951

160  7.6480 | 625.28 | 696.09 1.4360 6.3458 | 624.44 | 694.95 1.4133

200  8.1776 | 642.27 | 717.99 1.4702 6.7916 | 641.59 | 717.05 1.4479

240  8.7016 | 659.44 | 740.00 1.5026 7.2318 | 658.87 | 739.21 1.4805

280  9.2218 | 676.88 | 762.26 1.5336 7.6679 | 676.38 | 761.58 1.5116

320 9.7391 | 694.65 | 784.82 1.5633 8.1013 | 694.21 | 784.22 1.5414

360 10.254 | 712.79 | 807.73 1.5919 8.5325 | 712.40 | 807.20 1.5702
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TABLE A-15E (Continued)

T v 7 h K v u h K
°F ft3/1b Btu/lb  Btu/lb  Btu/lb-°R ft3/1b Btu/lb  Btu/lb Btu/lb-°R

p = 70 Ibf/in.2 p = 80 Ibffin.2
(T, = 37.67°F) (T, = 44.37°F)

Sat.  4.1473 | 567.99 | 621.74 1.2641 3.6520 | 569.22 | 623.32 1.2529
40  4.1739 | 569.15 | 623.25 1.2671
60  4.3962 | 578.85 | 635.84 1.2918 3.8084 | 577.06 | 633.48 1.2727
80  4.6100 | 588.19 | 647.95 1.3147 4.0006 | 586.69 | 645.95 1.2963

100 4.8175 | 597.26 | 659.70 1.3361 4.1862 | 595.98 | 657.99 1.3182

120 5.0202 | 606.14 | 671.22 1.3563 43668 | 605.04 | 669.73 1.3388

140 52193 | 614.91 | 682.56 1.3756 4.5436 | 613.94 | 681.25 1.3583

160  5.4154 | 623.60 | 693.79 1.3940 47175 | 622.74 | 692.63 1.3770

200 5.8015 | 640.91 | 716.11 1.4289 5.0589 | 640.22 | 715.16 1.4122

240  6.1818 | 658.29 | 738.42 1.4617 5.3942 | 657.71 | 737.62 1.4453

280  6.5580 | 675.89 | 760.89 1.4929 5.7256 | 675.39 | 760.20 1.4767

320 6.9314 | 693.78 | 783.62 1.5229 6.0540 | 693.34 | 783.02 1.5067

360  7.3026 | 712.02 | 806.67 1.5517 6.3802 | 711.63 | 806.15 1.5357

400  7.6721 | 730.63 | 830.08 1.5796 6.7047 | 730.29 | 829.61 1.5636

p = 90 Ibf/in.? p = 100 Ibf/in.2
(T, = 50.44°F) (T, = 56.01°F)

Sat.  3.2632 | 570.28 | 624.66 1.2429 2.9497 | 571.21 | 625.82 1.2340
60  3.3504 | 575.22 | 631.05 1.2553 2.9832 | 573.32 | 628.56 1.2393
80  3.5261 | 585.15 | 643.91 1.2796 3.1460 | 583.58 | 641.83 1.2644

100 3.6948 | 594.68 | 656.26 1.3021 3.3014 | 593.35 | 654.49 1.2874

120 3.8584 | 603.92 | 668.22 1.3231 34513 | 602.79 | 666.70 1.3088

140  4.0180 | 612.97 | 679.93 1.3430 3.5972 | 611.98 | 678.59 1.3290

160  4.1746 | 621.88 | 691.45 1.3619 3.7401 | 621.01 | 690.27 1.3481

200 44812 | 639.52 | 714.20 1.3974 4.0189 | 638.82 | 713.24 1.3841

240  4.7817 | 657.13 | 736.82 1.4307 42916 | 656.54 | 736.01 1.4176

280  5.0781 | 674.89 | 759.52 1.4623 45600 | 674.39 | 758.82 1.4493

320 5.3715 | 692.90 | 782.42 1.4924 4.8255 | 692.47 | 781.82 1.4796

360  5.6628 | 711.24 | 805.62 1.5214 5.0888 | 710.86 | 805.09 1.5087

400  5.9522 | 729.95 | 829.14 1.5495 5.3503 | 729.60 | 828.68 1.5368

p = 110 Ibf/in.? p = 120 Ibf/in.?
(T, = 61.17°F) (T, = 65.98°F)

Sat.  2.6913 | 572.01 | 626.83 1.2259 2.4745 | 57273 | 627.71 1.2184
80  2.8344 | 581.97 | 639.71 1.2502 2.5744 | 580.33 | 637.53 1.2369

100 2.9791 | 592.00 | 652.69 1.2738 2.7102 | 590.63 | 650.85 1.2611

120  3.1181 | 601.63 | 665.14 1.2957 2.8401 | 600.46 | 663.57 1.2834

140 3.2528 | 610.98 | 677.24 1.3162 2.9657 | 609.97 | 675.86 1.3043

160  3.3844 | 620.13 | 689.07 1.3356 3.0879 | 619.24 | 687.86 1.3240

200 3.6406 | 638.11 | 712.27 1.3719 3.3254 | 637.40 | 711.29 1.3606

240  3.8905 | 655.96 | 735.20 1.4056 3.5563 | 655.36 | 734.39 1.3946

280  4.1362 | 673.88 | 758.13 1.4375 3.7829 | 673.37 | 757.43 1.4266

320 43788 | 692.02 | 781.22 1.4679 4.0065 | 691.58 | 780.61 1.4572

360  4.6192 | 71047 | 804.56 1.4971 42278 | 710.08 | 804.02 1.4864

400  4.8578 | 729.26 | 828.21 1.5252 4.4473 | 728.92 | 827.74 1.5147
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TABLE A-15E (Continued)

T v u h K v u h s
°F ft*/1b Btu/lb  Btw/lb Btu/lb-°R ft}/1b Btu/lb  Btu/lb Btu/lb-°R

p = 130 Ibf/in.2 p = 140 Ibf/in.2

(T, = 70.50°F) (T, = T4.75°F)
Sat.  2.2899 | 573.36 | 628.48 1.2115 2.1309 | 573.92 | 629.16 1.2051
80 23539 | 578.64 | 635.30 1.2243 2.1633 | 576.80 | 632.89 1.2119
100  2.4824 | 589.23 | 648.98 1.2492 2.2868 | 587.79 | 647.08 1.2379
120  2.6048 | 599.27 | 661.97 1.2720 2.4004 | 597.85 | 660.08 1.2604
140  2.7226 | 608.94 | 674.48 1.2932 2.5140 | 607.90 | 673.07 1.2828
160  2.8370 | 618.34 | 686.64 1.3132 2.6204 | 617.34 | 685.27 1.3025
180  2.9488 | 627.57 | 698.55 1.3321 2.7268 | 626.77 | 697.46 1.3222
200  3.0585 | 636.69 | 710.31 1.3502 2.8289 | 635.93 | 709.27 1.3401
240 32734 | 654.77 | 733.57 1.3844 3.0304 | 654.17 | 732.73 1.3747
280  3.4840 | 672.87 | 756.73 1.4166 3.2274 | 672.38 | 756.04 1.4071
320  3.6915 | 691.14 | 780.00 1.4472 3.4212 | 690.73 | 779.42 1.4379
360  3.8966 | 709.69 | 803.49 1.4766 3.6126 | 709.34 | 802.99 1.4674
400  4.1000 | 728.57 | 827.27 1.5049 3.8022 | 728.27 | 826.84 1.4958

p = 150 Ibf/in.2 p = 200 Ibf/in.?

(T, = 78.78°F) (T, = 96.31°F)
Sat.  1.9923 | 574.42 | 629.76 1.1991 1.5010 | 576.21 | 631.80 1.1737
100 2.1170 | 586.33 | 645.13 1.2271 1.5190 | 578.52 | 634.77 1.1790
140  2.3332 | 606.84 | 671.65 1.2729 1.6984 | 601.34 | 664.24 1.2299
180  2.5343 | 625.95 | 696.35 1.3128 1.8599 | 621.77 | 690.65 1.2726
220  2.7268 | 644.43 | 720.17 1.3489 2.0114 | 641.07 | 715.57 1.3104
260 29137 | 662.70 | 743.63 1.3825 2.1569 | 659.90 | 739.78 1.3450
300 3.0968 | 681.02 | 767.04 1.4141 2.2984 | 678.62 | 763.74 1.3774
340 32773 | 699.54 | 790.57 1.4443 2.4371 | 697.44 | 787.70 1.4081
380  3.4558 | 718.35 | 814.34 1.4733 2.5736 | 716.50 | 811.81 1.4375
420  3.6325 | 737.50 | 838.39 1.5013 2.7085 | 735.86 | 836.17 1.4659
460  3.8079 | 757.01 | 862.78 1.5284 2.8420 | 755.57 | 860.82 1.4933
500 3.9821 | 776.91 | 887.51 1.5548 2.9742 | 775.65 | 885.80 1.5199
540  4.1553 | 797.19 | 912.60 1.5804 3.1054 | 796.10 | 911.11 1.5457
580  4.3275 | 817.85 | 938.05 1.6053 3.2357 | 816.94 | 936.77 1.5709

p = 250 Ibf/in.? p = 300 Ibf/in.?

(T, = 110.78°F) (T, = 123.20°F)
Sat.  1.2007 | 577.16 | 632.74 1.1533 0.9974 | 577.54 | 632.94 1.1361
140  1.3150 | 595.40 | 656.28 1.1936 1.0568 | 588.94 | 647.65 1.1610
180  1.4539 | 617.38 | 684.69 1.2395 1.1822 | 612.75 | 678.42 1.2107
220  1.5816 | 637.61 | 710.82 1.2791 1.2944 | 634.01 | 705.91 1.2524
260  1.7025 | 657.03 | 735.85 1.3149 1.3992 | 654.09 | 731.82 1.2895
300  1.8191 | 676.17 | 760.39 1.3481 1.4994 | 673.69 | 756.98 1.3235
340  1.9328 | 695.32 | 784.79 1.3794 1.5965 | 693.16 | 781.85 1.3554
380  2.0443 | 714.63 | 809.27 1.4093 1.6913 | 712.74 | 806.70 1.3857
420  2.1540 | 734.22 | 833.93 1.4380 1.7843 | 732.55 | 831.67 1.4148
460 22624 | 754.12 | 858.85 1.4657 1.8759 | 752.66 | 856.87 1.4428
500 23695 | 774.38 | 884.07 1.4925 1.9663 | 773.10 | 882.33 1.4699
540  2.4755 | 795.01 | 909.61 1.5186 2.0556 | 793.90 | 908.09 1.4962
580  2.5807 | 816.01 | 935.47 1.5440 2.1440 | 815.07 | 934.17 1.5218
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TABLE A-16E Properties of Saturated Propane (Liquid—Vapor): Temperature Table

Specific Volume Internal Energy Enthalpy Entropy
ft'/1b Btu/lb Btu/Ib Btu/Ib - °R
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.

Temp. Press. Liquid Vapor Liquid Vapor Liquid | Evap. | Vapor Liquid | Vapor | Temp.
°F 1bf/in’ s U, us u, hg hy, hyg S S °F
—140 0.6053 | 0.02505 | 128.00 —51.33 | 139.22 | —51.33 | 204.9 | 153.6 —0.139 | 0.501 | —140
—120 1.394 0.02551 58.88 —41.44 | 14395 | —41.43 | 200.6 | 159.1 —0.109 | 0.481 | —120
—100 2.888 0.02601 29.93 —31.34 | 148.80 | —31.33 | 196.1 | 164.8 —0.080 | 0.465 | —100
—80 5.485 0.02653 16.52 —21.16 | 153.73 | —21.13 | 191.6 | 170.5 —0.053 | 0.452 —80
—60 9.688 0.02708 9.75 —10.73 | 158.74 | —10.68 | 186.9 | 176.2 —0.026 | 0.441 —60
—40 16.1 0.02767 6.08 —0.08 | 163.80 0.00 | 1819 | 181.9 0.000 | 0.433 —40
-20 254 0.02831 3.98 10.81 | 168.88 10.94 | 176.6 | 187.6 0.025 | 0.427 -20

0 384 0.02901 2.70 21.98 | 174.01 22.19 | 171.0 | 193.2 0.050 | 0.422 0
10 46.5 0.02939 2.25 27.69 | 176.61 2794 | 168.0 | 196.0 0.063 | 0.420 10
20 55.8 0.02978 1.89 3347 | 179.15 3378 | 164.9 | 198.7 0.074 | 0.418 20
30 66.5 0.03020 1.598 39.34 | 181.71 39.71 | 161.7 | 201.4 0.087 | 0.417 30
40 78.6 0.03063 1.359 45.30 | 184.30 45.75 | 1583 | 204.1 0.099 | 0.415 40
50 92.3 0.03110 1.161 51.36 | 186.74 51.89 | 154.7 | 206.6 0.111 | 0.414 50
60 107.7 0.03160 0.9969 57.53 | 189.30 58.16 | 151.0 | 209.2 0.123 | 0.413 60
70 124.9 0.03213 0.8593 63.81 | 191.71 64.55 | 147.0 | 211.6 0.135 | 0.412 70
80 144.0 0.03270 0.7433 70.20 | 194.16 71.07 | 1429 | 214.0 0.147 | 0.411 80
90 165.2 0.03332 0.6447 76.72 | 196.46 77.74 | 1384 | 216.2 0.159 | 0.410 90

100 188.6 0.03399 0.5605 83.38 | 198.71 84.56 | 133.7 | 2183 0.171 | 0.410 100
110 2143 0.03473 0.4881 90.19 | 200.91 91.56 | 128.7 | 220.3 0.183 | 0.409 110
120 242.5 0.03555 0.4254 97.16 | 202.98 98.76 | 123.3 | 222.1 0.195 | 0.408 120
130 2733 0.03646 0.3707 104.33 | 204.92 106.17 | 117.5 | 223.7 0.207 | 0.406 130
140 306.9 0.03749 0.3228 111.70 | 206.64 113.83 | 111.1 | 225.0 0.220 | 0.405 140
150 343.5 0.03867 0.2804 119.33 | 208.05 121.79 | 104.1 | 2259 0.233 | 0.403 150
160 383.3 0.04006 0.2426 127.27 | 209.16 130.11 96.3 | 226.4 0.246 | 0.401 160
170 426.5 0.04176 0.2085 135.60 | 209.81 138.90 87.4 | 2263 0.259 | 0.398 170
180 473.4 0.04392 0.1771 144.50 | 209.76 148.35 769 | 2253 0.273 | 0.394 180
190 524.3 0.04696 0.1470 154.38 | 208.51 158.94 63.8 | 222.8 0.289 | 0.387 190
200 579.7 0.05246 0.1148 166.65 | 204.16 172.28 442 | 216.5 0.309 | 0.376 200
206.1 | 616.1 0.07265 0.07265 186.99 | 186.99 195.27 0.0 | 195.27 0.343 | 0.343 206.1

Propane



Propane

798 Tables in English Units

TABLE A-17E Properties of Saturated Propane (Liquid—Vapor): Pressure Table

Specific Volume Internal Energy Enthalpy Entropy
ft¥/1b Btu/Ib Btu/Ib Btu/Ib - °R
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press. Temp. Liquid Vapor Liquid Vapor Liquid Evap. | Vapor Liquid Vapor | Press.
1bf/in? °F Vg v, ug U, hg hy, hy S¢ S 1bf/in?
0.75 | —135.1 | 0.02516 | 104.8 —4893 | 14036 | —4893 | 203.8 1549 | —0.132 | 0.496 0.75
1.5 —118.1 | 0.02556 54.99 —40.44 | 144.40 | —40.43 | 200.1 159.7 —0.106 | 0.479 1.5
3 —98.9 | 0.02603 28.9 —30.84 | 149.06 | —30.83 | 196.0 | 165.1 —0.079 | 0.464 3
5 —83.0 | 0.02644 18.00 —2275 | 15296 | —22.73 | 1924 | 169.6 | —0.057 | 0.454 5
1.5 —69.3 | 0.02682 12.36 —15.60 [ 156.40 [ —15.56 | 189.1 173.6 | —0.038 | 0.446 7.5
10 —58.8 | 0.02711 9.468 —10.10 | 159.04 | —10.05 | 186.6 | 176.6 | —0.024 | 0.441 10
20 —30.7 | 0.02796 4971 493 | 166.18 5.03 | 179.5 184.6 0.012 | 0.430 20
30 —12.1 | 0.02858 3.402 15.15 | 170.93 15.31 174.5 189.8 0.035 | 0.425 30
40 2.1 | 0.02909 2.594 23.19 | 174.60 23.41 1704 | 193.8 0.053 | 0.422 40
50 13.9 | 0.02954 2.099 29.96 | 177.63 30.23 | 166.8 197.1 0.067 | 0.419 50
60 24.1 | 0.02995 1.764 35.86 | 180.23 36.19 | 163.6 | 199.8 0.079 | 0.418 60
70 33.0 | 0.03033 1.520 41.14 | 182.50 4153 | 160.6 | 202.2 0.090 | 0.416 70
80 41.1 | 0.03068 1.336 4595 | 184.57 46.40 | 1579 | 2043 0.100 | 0.415 80
90 484 | 0.03102 1.190 50.38 | 186.36 50.90 | 1553 | 206.2 0.109 | 0.414 90
100 55.1 | 0.03135 1.073 54.52 | 188.07 55.10 | 152.8 | 2079 0.117 | 0.414 | 100
120 67.2 | 0.03198 0.8945 62.08 | 191.07 62.79 | 148.1 | 2109 0.131 | 0.412 | 120
140 78.0 | 0.03258 0.7650 68.91 | 193.68 69.75 | 143.7 | 2135 0.144 | 0412 | 140
160 87.6 | 0.03317 0.6665 75.17 | 195.97 76.15 | 139.5 | 215.7 0.156 | 0.411 160
180 96.5 | 0.03375 0.5890 80.99 | 197.97 82.12 | 1355 | 217.6 0.166 | 0.410 | 180
200 104.6 | 0.03432 0.5261 86.46 | 199.77 87.73 | 131.4 | 219.2 0.176 | 0.409 | 200
220 112.1 | 0.03489 0.4741 91.64 | 201.37 93.06 | 127.6 | 220.7 0.185 | 0.408 | 220
240 119.2 | 0.03547 0.4303 96.56 | 202.76 98.14 | 123.7 | 2219 0.194 | 0.408 | 240
260 125.8 | 0.03606 0.3928 101.29 | 204.07 103.0 120.0 | 223.0 0.202 | 0.407 | 260
280 132.1 | 0.03666 0.3604 105.83 | 205.27 107.7 116.1 | 2239 0.210 | 0.406 | 280
300 138.0 | 0.03727 0.3319 110.21 | 206.27 112.3 112.4 | 2247 0.217 | 0.405 | 300
320 143.7 | 0.03790 0.3067 114.47 | 207.17 116.7 108.6 | 2253 0.224 | 0.404 | 320
340 149.1 | 0.03855 0.2842 118.60 | 207.96 121.0 104.7 | 2258 0.231 | 0.403 | 340
360 1542 | 0.03923 0.2639 122.66 | 208.58 125.3 100.9 | 226.2 0.238 | 0.402 | 360
380 159.2 | 0.03994 0.2455 126.61 | 209.07 129.4 97.0 | 226.4 0.245 | 0.401 | 380
400 164.0 | 0.04069 0.2287 130.51 | 209.47 1335 93.0 | 2265 0.251 | 0.400 | 400
450 175.1 | 0.04278 0.1921 140.07 | 209.87 143.6 822 | 225.9 0.266 | 0.396 | 450
500 185.3 | 0.04538 0.1610 149.61 | 209.27 153.8 704 | 2242 0.282 | 0.391 | 500
600 203.4 | 0.05659 0.1003 172.85 | 200.27 179.1 322 | 2114 0.319 | 0.367 | 600
616.1 206.1 | 0.07265 0.07265 186.99 | 186.99 195.3 0.0 | 1953 0.343 | 0.343 | 6l6.1
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TABLE A-18E Properties of Superheated Propane

T v u h K v u h K
°F ft*/1b Btu/lb Btu/lb Btu/lb-°R f/lb  Btu/lb Btu/lb Btu/lb-°R
p = 0.75 Ibffin p = 1.5 Ibf/in’
(T, = —135.1°F) (T, = —118.1°F)
Sat. 104.8 1404 | 1549 0.496 54.99 1444 | 159.7 0.479
—130 106.5 141.6 | 156.4 0.501
—110 113.1 146.6 | 162.3 0.518 56.33 146.5 | 162.1 0.486
—-90 119.6 151.8 | 168.4 0.535 59.63 151.7 | 168.2 0.503
-70 126.1 1572 | 174.7 0.551 62.92 157.1 | 1745 0.520
—-50 1327 162.7 | 181.2 0.568 66.20 162.6 | 181.0 0.536
—30 139.2 168.6 | 187.9 0.584 69.47 1684 | 187.7 0.552
—10 145.7 1744 | 194.7 0.599 72.74 1744 | 194.6 0.568
10 1522 180.7 | 201.9 0.615 76.01 180.7 | 201.8 0.583
30  158.7 187.1 | 209.2 0.630 79.27 187.1 | 209.1 0.599
50 1652 193.8 | 216.8 0.645 82.53 193.8 | 216.7 0.614
70 1717 200.7 | 224.6 0.660 85.79 200.7 | 224.5 0.629
90 1782 207.8 | 232.6 0.675 89.04 207.8 | 2325 0.644
p = 5.0 Ibf/in’ p = 10.0 Ibffin’
(Ty = —83.0°F) (T, = —58.8°F)
Sat.  18.00 153.0 | 169.6 0.454 9.468 159.0 | 176.6 0.441
—80  18.15 153.8 | 170.6 0.456
—-60  19.17 1594 | 177.1 0.473
—40  20.17 165.1 | 183.8 0.489 9.957 80.9 99.3 1.388
-20 21.17 171.1 | 190.7 0.505 10.47 86.9 | 106.3 1.405
0 2217 1772 | 197.7 0.521 10.98 93.1 | 113.4 1.421
20 23.16 183.5 | 205.0 0.536 11.49 99.5 | 120.8 1.436
40  24.15 190.1 | 2125 0.552 11.99 106.1 | 128.3 1.452
60 25.14 196.9 | 220.2 0.567 12.49 113.0 | 136.1 1.467
80  26.13 204.0 | 228.2 0.582 12.99 120.0 | 144.1 1.482
100 27.11 211.3 | 236.4 0.597 13.49 1273 | 1523 1.497
120  28.09 218.8 | 2448 0.611 13.99 134.9 | 160.7 1.512
140  29.07 226.5 | 253.4 0.626 14.48 142.6 | 169.4 1.526
p = 20.0 Ibf/in® p = 40.0 Ibf/in’
(T, = —30.7°F) (T, = 2.1°F)
Sat. 4.971 166.2 | 184.6 0.430 2.594 174.6 | 193.8 0.422
—20 5.117 169.5 | 188.5 0.439
0 5.385 175.8 | 195.8 0.455
20 5.648 1824 | 2033 0.471 2.723 180.6 | 200.8 0.436
40 5.909 189.1 | 211.0 0.487 2.864 187.6 | 208.8 0.453
60 6.167 1959 | 218.8 0.502 3.002 194.6 | 216.9 0.469
80 6.424 | 203.1 | 2269 0.518 3.137 | 201.8 | 225.1 0.484
100 6.678 | 210.5 | 2352 0.533 3.271 209.4 | 233.6 0.500
120 6.932 | 218.0 | 2437 0.548 3.403 217.0 | 2422 0.515
140 7.184 | 2258 | 2524 0.562 3.534 | 2249 | 251.1 0.530
160 7.435 2339 | 2614 0.577 3.664 | 2329 | 260.1 0.545
180 7.685 242.1 | 270.6 0.592 3.793 2413 | 269.4 0.559
200 7.935 250.6 | 280.0 0.606 3.921 249.8 | 278.9 0.574
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TABLE A-18E (Continued)

T v u h K v u h s
°F ft}/1b Btu/Ib Btu/lb Btu/lb-°R ft/lb  Btu/lb Btu/lb Btu/lb-°R
p = 60.0 Ibf/in’ p = 80.0 Ibf/in
(T, = 24.1°F) (T, = 41.1°F)
Sat. 1.764 180.2 | 199.8 0.418 1.336 184.6 | 204.3 0.415
30 1.794 1824 | 2023 0.384
50 1.894 189.5 | 210.6 0.400 1.372 187.9 | 208.2 0.423
70 1.992 196.9 | 219.0 0.417 1.450 1954 | 216.9 0.440
90 2.087 2044 | 227.6 0.432 1.526 | 203.1 | 225.7 0.456
110 2.179 | 212.1 | 236.3 0.448 1.599 | 2109 | 234.6 0.472
130 2.271 220.0 | 245.2 0.463 1.671 218.8 | 243.6 0.487
150 2.361 228.0 | 2542 0.478 1.741 227.0 | 252.8 0.503
170 2450 | 236.3 | 263.5 0.493 1.810 | 2354 | 2622 0.518
190 2.539 | 244.8 | 273.0 0.508 1.879 | 244.0 | 271.8 0.533
210 2.626 | 253.5 | 282.7 0.523 1.946 | 2527 | 281.5 0.548
230 2.713 2623 | 2925 0.537 2.013 261.7 | 291.5 0.562
250 2.800 | 271.6 | 302.7 0.552 2.079 | 270.9 | 301.7 0.577
p = 100 Ibf/in? p = 120 Ibf/in’
(Tsat = SSIOF) (Tsat = 6720F)
Sat. 1.073 188.1 | 207.9 0.414 0.8945 | 191.1 | 210.9 0.412
60 1.090 189.9 | 210.1 0.418
80 1.156 197.8 | 219.2 0.435 0.9323 | 196.2 | 216.9 0.424
100 1.219 | 205.7 | 2283 0.452 0.9887 | 204.3 | 226.3 0.441
120 1.280 | 213.7 | 2374 0.468 1.043 212.5 | 2357 0.457
140 1.340 | 2219 | 246.7 0.483 1.094 | 220.8 | 245.1 0.473
160 1.398 230.2 | 256.1 0.499 1.145 2292 | 254.7 0.489
180 1.454 | 238.8 | 265.7 0.514 1.194 | 2379 | 2644 0.504
200 1.510 | 2475 | 2755 0.529 1.242 | 246.7 | 2743 0.520
220 1.566 | 2564 | 285.4 0.544 1.289 | 255.6 | 284.3 0.534
240 1.620 | 265.6 | 295.6 0.559 1.336 | 264.8 | 294.5 0.549
260 1.674 | 2749 | 305.9 0.573 1.382 | 2742 | 304.9 0.564
280 1.728 2844 | 3164 0.588 1.427 | 283.8 | 315.5 0.579
p = 140 Ibf/in® p = 160 Ibf/in’
(T, = 78.0°F) (T, = 87.6°F)
Sat. 0.7650 | 193.7 | 2135 0.412 0.6665 | 196.0 | 215.7 0.411
80 0.7705 | 213.3 | 2145 0.413
100 0.8227 | 2229 | 2242 0.431 0.6968 | 201.2 | 221.9 0.422
120 0.8718 | 2324 | 233.8 0.448 0.7427 | 209.9 | 231.9 0.439
140 0.9185 | 242.1 | 2435 0.464 0.7859 | 2184 | 241.7 0.456
160 0.9635 | 251.7 | 2532 0.480 0.8272 | 2272 | 251.7 0.472
180 1.007 | 2614 | 263.0 0.496 0.8669 | 235.9 | 261.6 0.488
200 1.050 | 2714 | 273.0 0.511 0.9054 | 2449 | 271.7 0.504
220 1.091 281.5 | 2832 0.526 0.9430 | 254.0 | 282.0 0.519
240 1.132 | 291.7 | 293.5 0.541 0.9797 | 2634 | 2924 0.534
260 1.173 302.1 | 303.9 0.556 1.016 | 272.8 | 302.9 0.549
280 1.213 3127 | 314.6 0.571 1.051 282.6 | 313.7 0.564
300 1.252 | 323.6 | 3255 0.585 1.087 2024 | 3246 0.578




TABLE A-18E (Continued)
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T v u h K v u h K
°F ft*/1b Btu/lb Btu/lb Btu/lb-°R f/lb  Btu/lb Btu/lb Btu/lb-°R

p = 180 Ibf/in® p = 200 Ibf/in®

(T, = 96.5°F) (T, = 104.6°F)
Sat. 0.5890 | 198.0 | 217.6 0.410 0.5261 | 199.8 | 219.2 0.409
100 0.5972 | 199.6 | 219.5 0.413
120 0.6413 | 2084 | 229.8 0.431 0.5591 | 206.8 | 227.5 0.424
140 0.6821 | 217.1 | 239.9 0.449 0.5983 | 215.8 | 238.0 0.441
160 0.7206 | 226.1 | 250.1 0.465 0.6349 | 2249 | 2484 0.458
180 0.7574 | 2349 | 260.2 0.481 0.6694 | 233.9 | 258.7 0.475
200 0.7928 | 244.0 | 270.4 0.497 0.7025 | 243.1 | 269.1 0.491
220 0.8273 | 253.2 | 280.8 0.513 0.7345 | 2524 | 279.6 0.506
240 0.8609 | 262.6 | 291.3 0.528 0.7656 | 261.7 | 290.1 0.522
260 0.8938 | 272.1 | 301.9 0.543 0.7960 | 271.4 | 300.9 0.537
280 0.9261 | 281.8 | 3127 0.558 0.8257 | 281.1 | 311.7 0.552
300 0.9579 | 291.8 | 3237 0.572 0.8549 | 291.1 | 322.8 0.567
320 0.9894 | 301.9 | 3349 0.587 0.8837 | 301.3 | 334.0 0.581

p = 220 Ibf/in® p = 240 Ibf/in®

(T, = 112.1°F) (T, = 119.2°F)
Sat. 04741 | 2014 | 2207 0.408 0.4303 | 202.8 | 2219 0.408
120 0.4906 | 205.1 | 225.1 0.416 0.4321 | 203.2 | 2224 0.409
140 0.5290 | 214.4 | 236.0 0.435 0.4704 | 212.9 | 233.8 0.428
160 0.5642 | 223.6 | 246.6 0.452 0.5048 | 222.4 | 2448 0.446
180 0.5971 | 2329 | 2572 0.469 0.5365 | 231.6 | 255.5 0.463
200 0.6284 | 242.1 | 267.7 0.485 0.5664 | 241.1 | 266.3 0.480
220 0.6585 | 251.5 | 2783 0.501 0.5949 | 250.5 | 277.0 0.496
240 0.6875 | 261.0 | 289.0 0.516 0.6223 | 260.1 | 287.8 0.511
260 0.7158 | 270.6 | 299.8 0.532 0.6490 | 269.8 | 298.7 0.527
280 0.7435 | 280.5 | 310.8 0.547 0.6749 | 279.8 | 309.8 0.542
300 0.7706 | 290.5 | 321.9 0.561 0.7002 | 289.8 | 320.9 0.557
320 0.7972 | 300.6 | 333.1 0.576 0.7251 | 300.1 | 332.3 0.571
340 0.8235 | 311.0 | 344.6 0.591 0.7496 | 310.5 | 343.8 0.586

p = 260 Ibf/in® p = 280 Ibf/in®

(T, = 125.8°F) (T, = 132.1°F)
Sat. 0.3928 | 204.1 | 223.0 0.407 0.3604 | 205.3 | 223.9 0.406
130 0.4012 | 206.3 | 225.6 0.411
150 04374 | 216.1 | 237.2 0.431 0.3932 | 214.5 | 234.9 0.424
170 0.4697 | 2258 | 248.4 0.449 0.4253 | 2244 | 2465 0.443
190 0.4995 | 235.2 | 259.3 0.466 0.4544 | 234.1 | 257.7 0.461
210 0.5275 | 244.8 | 2702 0.482 0.4815 | 243.8 | 268.8 0.477
230 0.5541 | 2544 | 281.1 0.498 0.5072 | 253.5 | 279.8 0.494
250 0.5798 | 264.2 | 292.1 0.514 0.5317 | 263.3 | 290.9 0.510
270 0.6046 | 274.1 | 303.2 0.530 0.5553 | 273.3 | 302.1 0.525
290 0.6288 | 284.0 | 3143 0.545 0.5783 | 2834 | 3134 0.540
310 0.6524 | 2943 | 3257 0.560 0.6007 | 293.5 | 324.7 0.555
330 0.6756 | 304.7 | 337.2 0.574 0.6226 | 304.0 | 336.3 0.570
350 0.6984 | 315.2 | 348.8 0.589 0.6441 | 314.6 | 348.0 0.585

Propane



Propane
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TABLE A-18E (Continued)

T v u h K v u h s
°F ft}/1b Btu/Ib Btu/lb Btu/lb-°R ft/lb  Btu/lb Btu/lb Btu/lb-°R

p = 320 Ibf/in? p = 360 Ibf/in’

(T, = 143.7°F) (T, = 154.2°F)
Sat. 0.3067 | 207.2 | 2253 0.404 0.2639 | 208.6 | 2262 0.402
150 0.3187 | 210.7 | 229.6 0.412
170 0.3517 | 2214 | 2423 0.432 0.2920 | 217.9 | 237.4 0.420
190 0.3803 | 231.7 | 254.2 0.450 0.3213 | 228.8 | 2502 0.440
210 0.4063 | 241.6 | 265.7 0.468 0.3469 | 239.3 | 2624 0.459
230 0.4304 | 251.6 | 277.1 0.485 0.3702 | 249.5 | 2742 0.476
250 0.4533 | 261.6 | 288.5 0.501 0.3919 | 259.8 | 285.9 0.493
270 0.4751 | 271.7 | 299.9 0.517 0.4124 | 270.1 | 297.6 0.509
290 0.4961 | 2819 | 311.3 0.532 0.4320 | 280.4 | 309.2 0.525
310 0.5165 | 292.3 | 3229 0.548 0.4510 | 290.8 | 320.9 0.540
330 0.5364 | 302.7 | 334.5 0.563 0.4693 | 301.4 | 3327 0.556
350 0.5559 | 313.4 | 346.3 0.577 0.4872 | 3122 | 3447 0.570
370 0.5750 | 324.2 | 3583 0.592 0.5047 | 323.0 | 356.7 0.585

p = 400 Ibf/in? p = 450 Ibf/in’

(Tsat = 16400F) (Tsat = 1751°F)
Sat. 0.2287 | 209.5 | 2265 0.400 0.1921 | 209.9 | 2259 0.396
170 0.2406 | 213.6 | 231.4 0.408
190 0.2725 | 225.6 | 2458 0.430 0.2205 | 220.7 | 239.1 0.416
210 0.2985 | 236.7 | 258.8 0.450 0.2486 | 233.0 | 253.7 0.439
230 0.3215 | 2474 | 2712 0.468 0.2719 | 244.3 | 267.0 0.458
250 0.3424 | 257.8 | 283.2 0.485 0.2925 | 255.2 | 279.6 0.476
270 0.3620 | 268.3 | 295.1 0.502 0.3113 | 266.0 | 292.0 0.493
290 0.3806 | 278.8 | 307.0 0.518 0.3290 | 276.8 | 304.2 0.510
310 0.3984 | 289.4 | 318.9 0.534 0.3457 | 287.6 | 316.4 0.526
330 0.4156 | 300.1 | 330.9 0.549 0.3617 | 298.4 | 328.5 0.542
350 0.4322 | 311.0 | 343.0 0.564 0.3772 | 309.4 | 340.8 0.557
370 0.4484 | 3219 | 355.1 0.579 0.3922 | 3204 | 353.1 0.572
390 0.4643 | 333.1 | 367.5 0.594 0.4068 | 331.7 | 365.6 0.587

p = 500 Ibf/in® p = 600 Ibf/in’

(Ty = 185.3°F) (T, = 203.4°F)
Sat. 0.1610 | 209.3 | 2242 0.391 0.1003 | 200.3 | 2114 0.367
190 0.1727 | 213.8 | 229.8 0.399
210 0.2066 | 228.6 | 247.7 0.426 0.1307 | 214.3 | 228.8 0.394
230 0.2312 | 2409 | 262.3 0.448 0.1661 | 232.2 | 250.7 0.426
250 0.2519 | 2524 | 275.7 0.467 0.1892 | 245.8 | 266.8 0.449
270 0.2704 | 263.6 | 288.6 0.485 0.2080 | 258.1 | 281.2 0.469
290 0.2874 | 274.6 | 301.2 0.502 0.2245 | 269.8 | 294.8 0.487
310 0.3034 | 285.6 | 313.7 0.519 0.2396 | 281.4 | 308.0 0.505
330 0.3186 | 296.6 | 326.1 0.534 0.2536 | 292.8 | 321.0 0.521
350 0.3331 | 307.7 | 338.6 0.550 0.2669 | 304.2 | 333.9 0.538
370 0.3471 | 318.9 | 351.0 0.565 0.2796 | 315.7 | 346.8 0.553
390 0.3607 | 330.2 | 363.6 0.580 0.2917 | 327.3 | 359.7 0.569
410 0.3740 | 341.7 | 3763 0.595 0.3035 | 338.9 | 3726 0.584
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TABLE A-19E Properties of Selected Solids and Liquids: c,, p, and

Specific Density, Thermal
Heat, c, p Conductivity, k
Substance (Btu/lb - °R) (Ib/ft) (Btu/h - ft - °R)
Selected Solids, 540°R
Aluminum 0.216 169 137
Coal, anthracite 0.301 84.3 0.15
Copper 0.092 557 232
Granite 0.185 164 1.61
Iron 0.107 491 46.4
Lead 0.031 705 20.4
Sand 0.191 94.9 0.16
Silver 0.056 656 248
Soil 0.439 128 0.30
Steel (AISI 302) 0.115 503 8.7
Tin 0.054 456 38.5
Building Materials, 540°R
Brick, common 0.199 120 0.42
Concrete (stone mix) 0.210 144 0.81
Glass, plate 0.179 156 0.81
Hardboard, siding 0.279 40 0.054
Limestone 0.193 145 1.24
Plywood 0.291 34 0.069
Softwoods (fir, pine) 0.330 31.8 0.069
Insulating Materials, 540°R
Blanket (glass fiber) — 1.0 0.027
Cork 0.43 7.5 0.023
Duct liner (glass fiber, coated) 0.199 2.0 0.022
Polystyrene (extruded) 0.289 3.4 0.016
Vermiculite fill (flakes) 0.199 5.0 0.039
Saturated Liquids
Ammonia, 540°R 1.151 37.5 0.269
Mercury, 540°R 0.033 845 4.94
Refrigerant 22, 540°R 0.303 74.0 0.049
Refrigerant 134a, 540°R 0.343 75.0 0.047
Unused Engine Oil, 540°R 0.456 55.2 0.084
Water, 495°R 1.006 62.42 0.332
540°R 0.998 62.23 0.354
585°R 0.999 61.61 0.373
630°R 1.002 60.79 0.386
675°R 1.008 59.76 0.394
720°R 1.017 58.55 0.398

Source: Drawn from several sources, these data are only representative. Values can vary depending on
temperature, purity, moisture content, and other factors.

Table A-19E
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TABLE A-20E Ideal Gas Specific Heats of Some Common Gases (Btu/Ib - °R)
[ c, k C, Cy k c, cy k
Temp. Temp.
°F Air Nitrogen, N, Oxygen, O, °F
40 0.240 | 0.171 1.401 | 0.248 | 0.177 | 1.400 | 0.219 | 0.156 | 1.397 40
100 0.240 | 0.172 | 1.400 | 0.248 | 0.178 | 1.399 | 0.220 | 0.158 | 1.394 100
200 0.241 | 0.173 1.397 | 0.249 | 0.178 | 1.398 | 0.223 | 0.161 1.387 200
300 0.243 | 0.174 | 1.394 | 0.250 | 0.179 | 1.396 | 0.226 | 0.164 | 1.378 300
400 0.245 | 0.176 | 1.389 | 0.251 | 0.180 | 1.393 | 0.230 | 0.168 | 1.368 400
500 0.248 | 0.179 | 1.383 | 0.254 | 0.183 | 1.388 | 0.235 | 0.173 | 1.360 500
600 0.250 | 0.182 | 1.377 | 0.256 | 0.185 1.383 | 0.239 | 0.177 | 1.352 600
700 0.254 | 0.185 1.371 | 0.260 | 0.189 | 1.377 | 0.242 | 0.181 1.344 700
800 0.257 | 0.188 | 1.365 | 0.262 | 0.191 1.371 | 0.246 | 0.184 | 1.337 800
900 0.259 | 0.191 1.358 | 0.265 | 0.194 | 1.364 | 0.249 | 0.187 | 1.331 900
1000 0.263 | 0.195 1.353 | 0.269 | 0.198 | 1.359 | 0.252 | 0.190 | 1.326 1000
1500 0.276 | 0.208 | 1.330 | 0.283 | 0.212 | 1.334 | 0.263 | 0.201 1.309 1500
2000 0.286 | 0.217 | 1.312 | 0.293 | 0.222 | 1.319 | 0270 | 0.208 | 1.298 2000
Temp. Carbon Carbon Temp.
°F Dioxide, CO, Monoxide, CO Hydrogen, H, °F
40 0.195 | 0.150 | 1.300 | 0.248 | 0.177 | 1.400 | 3.397 | 2412 | 1.409 40
100 0.205 | 0.160 | 1.283 | 0.249 | 0.178 | 1.399 | 3.426 | 2.441 1.404 100
200 0.217 | 0.172 | 1.262 | 0.249 | 0.179 | 1.397 | 3.451 | 2.466 | 1.399 200
300 0.229 | 0.184 | 1.246 | 0.251 | 0.180 | 1.394 | 3.461 | 2476 | 1.398 300
400 0.239 | 0.193 1.233 | 0.253 | 0.182 | 1.389 | 3.466 | 2.480 | 1.397 400
500 0.247 | 0.202 | 1.223 | 0.256 | 0.185 1.384 | 3.469 | 2.484 | 1.397 500
600 0.255 | 0.210 | 1.215 | 0.259 | 0.188 | 1.377 | 3473 | 2.488 | 1.396 600
700 0.262 | 0.217 | 1.208 | 0.262 | 0.191 1.371 | 3477 | 2492 | 1.395 700
800 0.269 | 0.224 | 1.202 | 0.266 | 0.195 1.364 | 3.494 | 2.509 | 1.393 800
900 0.275 | 0.230 | 1.197 | 0.269 | 0.198 | 1.357 | 3.502 | 2.519 | 1.392 900
1000 0.280 | 0.235 1.192 | 0.273 | 0.202 | 1.351 | 3.513 | 2.528 | 1.390 1000
1500 0.298 | 0.253 1.178 | 0.287 | 0.216 | 1.328 | 3.618 | 2.633 | 1.374 1500
2000 0.312 | 0.267 | 1.169 | 0.297 | 0.226 | 1.314 | 3.758 | 2.773 | 1.355 2000

Source: Adapted from K. Wark, Thermodynamics, 4th ed., McGraw-Hill, New York, 1983, as based on “Tables
of Thermal Properties of Gases,” NBS Circular 564, 1955.
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Variation of ¢, with Temperature for Selected Ideal Gases
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[

D

§=a+,BT+yT2+6T3+sT“

T is in °R, equations valid from 540 to 1800 °R

Gas a B x 10° v X 10° 5 X 10° e X 10"
(¢(0) 3.710 —0.899 1.140 —0.348 0.0228
CcoO, 2.401 4.853 —2.039 0.343 0
H, 3.057 1.487 —1.793 0.947 —0.1726
H,0 4.070 —0.616 1.281 —0.508 0.0769
0, 3.626 —1.043 2.178 —1.160 0.2053
N, 3.675 —0.671 0.717 —0.108 —0.0215
Air 3.653 —0.7428 1.017 —0.328 0.02632
NH; 3.591 0.274 2.576 —1.437 0.2601
NO 4.046 —1.899 2.464 —1.048 0.1517
NO, 3.459 1.147 2.064 —1.639 0.3448
SO, 3.267 2.958 0.211 —0.906 0.2438
SO; 2.578 8.087 —2.832 —0.136 0.1878
CH, 3.826 —2.211 7.580 —3.898 0.6633
C,H, 1.410 10.587 —7.562 2.811 —0.3939
C,H, 1.426 6.324 2.466 —2.787 0.6429
Monatomic

gases® 2.5 0 0 0 0

“For monatomic gases, such as He, Ne, and Ar, ¢, is constant over a wide temperature range and is very nearly

equal to 5/2 R.

Source: Adapted from K. Wark, Thermodynamics, 4th ed., McGraw-Hill, New York, 1983, as based on NASA
SP-273, U.S. Government Printing Office, Washington, DC, 1971.

Table A-21E
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TABLE A-22E Ideal Gas Properties of Air

T(°R), h and u(Btu/Ib), s°(Btu/lb - °R)

when As = 0! when As = 0
T h u s° D: v, T h u 5° D: U,
360 85.97 61.29 0.50369 0.3363 396.6 940 226.11 161.68  0.73509 9.834 3541
380 90.75 64.70 0.51663 0.4061 346.6 960 231.06 165.26  0.74030 10.61  33.52
400 95.53 68.11 0.52890 0.4858 305.0 980 236.02 168.83  0.74540 1143 31.76
420 100.32 71.52  0.54058 0.5760 270.1 1000 240.98 172.43  0.75042 12.30 30.12
440 105.11 74.93  0.55172 0.6776  240.6 1040 250.95 179.66  0.76019 14.18 27.17
460 109.90 78.36  0.56235 0.7913  215.33 1080 260.97 186.93  0.76964 16.28 24.58
480 114.69 81.77 0.57255 09182 193.65 1120 271.03 194.25 0.77880 18.60 22.30
500 119.48 85.20 0.58233 1.0590 174.90 1160 281.14 201.63  0.78767 21.18 20.29
520 124.27 88.62 0.59172 1.2147  158.58 1200 291.30 209.05 0.79628 24,01 18.51
537 128.34 91.53  0.59945 1.3593 146.34 1240 301.52 216.53  0.80466 27.13 1693
540 129.06 92.04 0.60078 1.3860 144.32 1280 311.79 224.05 0.81280 30.55 15.52
560 133.86 95.47  0.60950 1.5742  131.78 1320 322.11 231.63  0.82075 3431 14.25
580 138.66 98.90 0.61793 1.7800 120.70 1360 332.48 239.25 0.82848 3841 13.12
600 143.47 102.34 0.62607 2.005 110.88 1400 342.90 24693  0.83604 42.88 12.10
620 148.28 105.78 0.63395 2.249 102.12 1440 353.37 254.66  0.84341 4775 11.17
640 153.09 109.21 0.64159 2.514 94.30 1480 363.89 262.44  0.85062 53.04 10.34
660 157.92  112.67 0.64902 2.801 87.27 1520 374.47 270.26  0.85767 58.78 9.578
680 162.73  116.12 0.65621 3.111 80.96 1560 385.08 278.13  0.86456 65.00 8.890
700 167.56 119.58 0.66321 3.446 75.25 1600 395.74 286.06 0.87130 71.73 8.263
720 172.39  123.04 0.67002 3.806 70.07 1650 409.13 296.03  0.87954 80.89 7.556
740 177.23  126.51 0.67665 4.193 65.38 1700 422.59 306.06 0.88758 90.95 6.924
760 182.08 129.99 0.68312 4.607 61.10 1750 436.12 316.16  0.89542 101.98 6.357
780 186.94 133.47 0.68942 5.051 57.20 1800 449.71 326.32  0.90308 114.0 5.847
800 191.81 136.97 0.69558 5.526 53.63 1850 463.37 336.55 0.91056 127.2 5.388
820 196.69 140.47 0.70160 6.033 50.35 1900 477.09 346.85 0.91788 141.5 4.974
840 201.56 143.98 0.70747 6.573 47.34 1950 490.88 357.20 0.92504 157.1 4.598
860 20646 147.50 0.71323 7.149 44.57 2000 504.71 367.61  0.93205 174.0 4.258
880 211.35 151.02 0.71886 7.761 42.01 2050 518.61 378.08 0.93891 192.3 3.949
900 21626  154.57 0.72438 8.411 39.64 2100 532.55 388.60 0.94564 212.1 3.667
920 221.18 158.12 0.72979 9.102 37.44 2150 546.54 399.17  0.95222 233.5 3.410

1. p, and v, data for use with Egs. 6.43 and 6.44, respectively.
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TABLE A-22E (Continued)

T(°R), h and u(Btu/Ib), s°(Btu/lb - °R)

when As = 0! when As = 0
T h u s° D: v, T h u 5° Dy U,

2200 560.59 409.78 0.95868 256.6 3.176 3700 998.11 74448  1.10991 2330 5882
2250 574.69 420.46 0.96501 281.4 2.961 3750 1013.1 756.04 1.11393 2471 5621
2300 588.82 431.16 0.97123 308.1 2.765 3800 1028.1 767.60 1.11791 2618 5376
2350 603.00 44191 097732 336.8 2.585 3850 1043.1 779.19  1.12183 2773 5143
2400 617.22 452770 0.98331 367.6 2.419 3900 1058.1 790.80 1.12571 2934 4923
2450 631.48 463.54 0.98919 400.5 2.266 3950 1073.2 802.43  1.12955 3103 4715
2500 645.78  474.40 0.99497 435.7 2.125 4000 1088.3 814.06 1.13334 3280 4518
2550 660.12  485.31 1.00064 473.3 1.996 4050 11034 825.72  1.13709 3464 4331
2600 67449 496.26 1.00623 513.5 1.876 4100 1118.5 837.40  1.14079 3656 4154
2650 688.90 507.25 1.01172 556.3 1.765 4150 1133.6 849.09 1.14446 3858 .3985
2700 703.35 518.26 1.01712 601.9 1.662 4200 1148.7 860.81  1.14809 4067 .3826
2750 717.83 529.31 1.02244 650.4 1.566 4300 1179.0 884.28  1.15522 4513 .3529
2800 732.33  540.40 1.02767 702.0 1.478 4400 1209.4 907.81 1.16221 4997 3262
2850 746.88 551.52 1.03282 756.7 1.395 4500 1239.9 931.39  1.16905 5521 .3019
2900 761.45 562.66 1.03788 814.8 1.318 4600 1270.4 955.04 1.17575 6089 2799
2950 776.05 573.84 1.04288 876.4 1.247 4700  1300.9 978.73  1.18232 6701 2598
3000 790.68 585.04 1.04779 9414 1.180 4800 1331.5 1002.5 1.18876 7362 2415
3050 805.34 596.28 1.05264 1011 1.118 4900 1362.2 1026.3 1.19508 8073 2248
3100 820.03 607.53 1.05741 1083 1.060 5000 1392.9 1050.1 1.20129 8837 .2096
3150 834.75 618.82 1.06212 1161 1.006 5100 1423.6 1074.0 1.20738 9658 .1956
3200 84948 630.12 1.06676 1242 0.9546 5200 1454.4 1098.0 1.21336 10539 1828
3250 86424 64146 1.07134 1328 0.9069 5300 1485.3 1122.0 1.21923 11481 1710
3300 879.02 652.81 1.07585 1418 0.8621

3350 893.83 664.20 1.08031 1513 0.8202

3400 908.66 675.60 1.08470 1613 0.7807

3450 923.52 687.04 1.08904 1719 0.7436

3500 938.40 698.48 1.09332 1829 0.7087

3550 953.30 709.95 1.09755 1946 0.6759

3600 968.21 721.44 1.10172 2068 0.6449

3650 983.15 73295 1.10584 2196 0.6157
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812 Tables in English Units

TABLE A-24E Constants for the van der Waals, Redlich-Kwong, and Benedict—Webb—Rubin Equations of State

1. van der Waals and Redlich-Kwong: Constants for pressure in atm, specific volume in ft*/lbmol, and temperature in °R

Table A-24E

van der Waals Redlich—-Kwong
a b a b
ft3 2 ft3 3 >2 ft3
°R 172
Substance atm <lbmol) Ibmol bmot ) (®) Ibmol
Air 345 0.586 5,409 0.4064
Butane (C4H,() 3,509 1.862 98,349 1.2903
Carbon dioxide (CO,) 926 0.686 21,972 0.4755
Carbon monoxide (CO) 372 0.632 5,832 0.4382
Methane (CH,) 581 0.685 10,919 0.4751
Nitrogen (N,) 346 0.618 5,280 0.4286
Oxygen (O,) 349 0.509 5,896 0.3531
Propane (C;Hyg) 2,369 1.444 61,952 1.0006
Refrigerant 12 2,660 1.558 70,951 1.0796
Sulfur dioxide (SO,) 1,738 0.910 49,032 0.6309
Water (H,0) 1,400 0.488 48,418 0.3380
Source: Calculated from critical data.
2. Benedict—-Webb—Rubin: Constants for pressure in atm, specific volume in ft*/Ibmol, and temperature in °R
Substance a A b B c C 16 b%
CH 7736.7 2587.6 10.26 1.9921 4214 X 10° 8.254 X 108 4.527 8.724
CO, 562.3 702.4 1.850 0.7995 1.987 x 108 1.152 X 108 0.348 1.384
CcoO 150.6 344.1 0.675 0.8737 1.385 X 10’ 7.118 X 10° 0.555 1.540
CH, 203.0 476.0 0.867 0.6824 3.389 x 107 1.876 x 107 0.511 1.540
N, 103.2 270.4 0.597 0.6526 9.700 X 10° 6.700 X 10° 0.523 1.360

Source: H. W. Cooper and J. C. Goldfrank, Hydrocarbon Processing, 46 (12): 141 (1967).



TABLE A-25E Thermochemical Properties of Selected Substances at 537°R and 1 atm

Tables in English Units 813

Heating Values

Enthalpy of Gibbs Function Absolute Higher, Lower,
Molar Mass, Formation, ﬁ? of Formation, Entropy, s° HHV LHV

Substance Formula M (Ib/1bmol) (Btu/lbmol) g¢ (Btu/lbmol) | (Btu/lbmol - °R) | (Btu/Ib) | (Btu/lb)
Carbon C(s) 12.01 0 0 1.36 14,100 14,100
Hydrogen Hy(g) 2.016 0 0 31.19 61,000 | 51,610
Nitrogen N,(g) 28.01 0 0 45.74 — —
Oxygen 0,(g) 32.00 0 0 48.98 — —
Carbon monoxide CO(g) 28.01 —47,540 —59,010 47.27 — —
Carbon dioxide CO,(g2) 44.01 —169,300 —169,680 51.03 — —
Water H,0(g) 18.02 —104,040 —98,350 45.08 — —
Water H,0() 18.02 —122,970 —102,040 16.71 — —
Hydrogen peroxide | H,0,(g) 34.02 —58,640 —45,430 55.60 — —
Ammonia NH;(g) 17.03 —19,750 —17,140 45.97 — —
Oxygen O(g) 16.00 107,210 99,710 38.47 — —
Hydrogen H(g) 1.008 93,780 87,460 27.39 — —
Nitrogen N(g) 14.01 203,340 195,970 36.61 — —
Hydroxyl OH(g) 17.01 16,790 14,750 43.92 — —
Methane CHy(g) 16.04 —32,210 —21,860 44.49 23,880 21,520
Acetylene C,Hx(g) 26.04 97,540 87,990 48.00 21,470 20,740
Ethylene C,Hy(2) 28.05 22,490 29,306 52.54 21,640 20,290
Ethane C,Hq(2) 30.07 —36,420 — 14,150 54.85 22,320 20,430
Propylene C;Hg(2) 42.08 8,790 26,980 63.80 21,050 19,700
Propane C;Hq(g) 44.09 —44,680 —10,105 64.51 21,660 19,950
Butane C.H,((2) 58.12 —54,270 —6,760 74.11 21,300 19,670
Pentane CsHix(g) 72.15 —62,960 —3,530 83.21 21,090 19,510
Octane CsHi5(2) 114.22 —89,680 7,110 111.55 20,760 19,270
Octane CsH 5(1) 114.22 —107,530 2,840 86.23 20,610 19,110
Benzene CeHe(g) 78.11 35,680 55,780 64.34 18,180 17,460
Methyl alcohol CH;0H(g) 32.04 —86,540 —69,700 57.29 10,260 9,080
Methyl alcohol CH;0H(1) 32.04 —102,670 —71,570 30.30 9,760 8,570
Ethyl alcohol C,H;OH(g) 46.07 —101,230 —72,520 67.54 13,160 11,930
Ethyl alcohol C,H;OH(1) 46.07 —119,470 75,240 38.40 12,760 11,530

Source: Based on JANAF Thermochemical Tables, NSRDS-NBS-37, 1971; Selected Values of Chemical Thermodynamic Properties, NBS Tech.
Note 270-3, 1968; and API Research Project 44, Carnegie Press, 1953. Heating values calculated.

Table A-25E
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Reduced pressure, pg

Generalized compressibility chart, pg = 1.0. Source: E. F. Obert, Concepts of
Thermodynamics, McGraw-Hill, New York, 1960.



Figures and Charts 815

<
# o
~t
% o
[ o
\
A
\
1
PN
\ A S
/ .,”,,/// )
,,,
i\ ,,/
T
,__/,,
oo A o
- A 4
¥ il 1 ~
5 \
_—
Q —’
@ 1Yy
e o
<1, o
,,
1
\
\
]
\ o
T "
i\ /
: \
\
\ \
| ,// o
\ SN ¢
A\
B\ /
by f/
o\ o)
NS (=)
SR =
\ \
\ y
-] \ N rf/.//
N TN B
N 3
R N \ S N g o
KV aND W B o
4/ NN \ /1/
N N . N h D
AN LA
~ v N
“ (%Y ,)\j ¥
AL .V\IJIAVA\A NP
L BN e
.NA Lt —
S
[ o (= - <o o (=] (=] f= < < < o 00
N ~ e N - < o « ~ e n < b N
- — —~ o~ — — L=} < (=) (=] f=) < o o

14/ad = 7 ‘10108} Angissasdwon

Reduced pressure, pg

Figure A-2 Generalized compressibility chart, pg = 10.0. Source: E. E. Obert, Concepts of

Thermodynamics, McGraw-Hill, New York, 1960.

(=
=) AR e - .h_aaﬂ IR 4
» & =3 AT arﬂ S SHTUMUA T S
WY 1 EAYITS AT A NORIBY 4
A o bW A X a__ma
\ \ SHRARNRAR-SISrS
AN AT AT
///o,mw.,wﬂ \SEAEAVE! WL W
AR -
g\ 1.
A2 A AW WRINIATANEY
N VALYAN /m”// YR 'TIIRTAN
-5 L\ X WY 1\ \ “ag
EANANALANAN A
NN MIWAYATAVIE W \
N VIV 1
AVAY SRV [ WA i}
ALTANAVATA \ VAR
AVWAMUAR NN LSRR AN 2
NN \ NI 1
AVAN AL WANATAYAY v Suten
/// \ w/ﬂ /__ ‘M, M
LY
/ AVAVAVLAYAYRLNANAR BN EA!
A \ VU Y
AR WAUAY R 1RIUBHIE
AR L AVAYAAY L}
NN ANAYAY Vi B i
NS MR RS S RN 9
AAANSLE W TN !
NATMBAUATWATRTIE T H
UAVAN [1AN R 1A
ANS Y ¥ V\Y VR
\ LU
AN LV TAN AR A A
AYVAR AV e LURTINAL A
N AL JERURIA
//“, ///, :_ aw
\ o
\NATRLIN'E ™
A ALY
N 111
3 \ -
AN\ AN [\ |
ANV TR
AN i
N
1
n
, i
X\ .
\
k'
(=]
Q Q S ™
< o o~ -

1Miad = 7 Jojoe) Aygissaiduion

Reduced pressure, pp
Figure A-3 Generalized compressibility chart, 10 = pr = 40. Source: E. F. Obert. Concepts of

Thermodynamics, McGraw-Hill, New York, 1960.



816 Figures and Charts

T 7 AP 477
a7 eIy A7
Wi laddaa
\ \\ \\\\\\ \\\\\\N&\&\\ \ _\— uﬂ \ \-\\
fii RSk — R\ &5
s 817 2 ] efalslalal= \ s\ g mynm/M/ s mﬁ.
R SR A A SN ENANAREN N
WA SRR\ NN NN
EREIRINNNNSSSNNN
T A==
S~ AW
S AN
e
7 N N I B\
Vi B I N N --.;m,@/
= s 3 33 s 2 ° 2
H-.y

30

20

10

03 0405 10 20 30 4050
Reduced pressure, pg

0.2

01

Figure A-4 Generalized enthalpy correction chart. Source: Adapted from G. J. Van Wylen
and R. E. Sonntag, Fundamentals of Classical Thermodynamics, 3rd. ed., English/SI, Wiley,

New York, 1986.



Figures and Charts 817

S—

\ ::_
\ il
— T
1 [ AT
/ L J TV

[ JJYT]]

0.65

0.50

0.70

N \
N
N .

s

| AR VNP

| e

~N

ANANAY

N

— o ——

30

20

30 4050 10

20

10
Reduced pressure, pp

0.3 04 05

02

Figure A-5 Generalized entropy correction chart. Source: Adapted from G. J. Van

Wylen and R. E. Sonntag, Fundamentals of Classical Thermodynamics, 3rd. ed.,

English/SI, Wiley, New York, 1986.



818 Figures and Charts

) 17

. s

1.2

11 ’
misz/ll

\
\
5 A
2
Y

o /
£\ s NN
RN N\
AR NN 77
SRR NN 277

MANEARIN\NEsiz77)
S, NN
IR WIS 7
NN S
) \“”“\\ \%:::\:EE:TQ:&@_‘;;V/
%.1 02 03 04 05 1.0 20 30 4050 - MOIO 70 30

Reduced pressure, pg

Figure A-6 Generalized fugacity coefficient chart. Source: G. J. Van Wylen and R. E. Sonntag,
Fundamentals of Classical Thermodynamics, 3rd. ed., English/SI, Wiley, New York, 1986.



Figures and Charts 819

:: TN ‘q\ 2l EN 3 \glrﬁg, g "’:m
A d m W{ @ -

V) NI KT

5 &

AT R RN
700 I% / :\1 Il / ’{\ | X [\'{”Tm 00
”’[I N “ 7 { I mﬁ]{' [71}?“),1 i

o 2N f } 8
NN AT

5 ] N NN INE”
P VN VSN NSNS ST K I BRI TF
A%/X AR YT NPT
VAYVA T VKA AN e
ARV R O S R LT
avg 740) 3

3.15
=
40
[
—
S
<
(! 3]
—
; m“'\
Sl
S b
A > ]
'y
.
f
—
T T T T 17

R E

e

04

E ‘
<
t—

—{ &
2

o

4

2

[
<4
B 50000
T
Temperat C

2
—

S
=
L
=
</'
=
pg
C—
o

22l
A
’/J
g
]
—
P—
>
Sy
4

R

(, S VAN k- S& _____ ) r\_\ ;:’ > B
IVASSimavmaT R S N AN far e |
IS ”’__4 ‘:‘ -—N AN\—“ -\*i\\ 3 N A \%\ & N

- i 1 N
IRRARRERSRSRACEEREAEEEARSERERRAN T
Kl ] N
Entropy, kJ/{kg K)

7

FTTrTTrTrrTrTrrTreT AR AREERASSARRAARALREEEE
# 7 H “ 0

Figure A-7 Temperature—entropy diagram for water (SI units). Source: J. H. Keenan, F. G. Keyes,
P. G. Hill, and J. G. Moore, Steam Tables, Wiley, New York, 1978.



820 Figures and Charts

Entropy, kJ/kg-K
6.5 7.0 7.5 8.0 9.0 9.5 10

T
i

.
/ — / 3400
f ,/ ,/ ,/,/ }3300

e, [ LTI
Y/ 719 T
= i 77710 ]
////// ayava/i /m

jfﬁ”/// v
W/
WA

2500

() a3 ”
2400 - IS0, 2400
I ok
oib QF
2300 3 2300
()
171/ /s 4
2200 o
45 50 55 60 65 70 75 2200

Entropy, kJ/kg-K

Figure A-8 Enthalpy—entropy diagram for water (SI units). Source: J. B. Jones and G. A.
Hawkins, Engineering Thermodynamics, 2nd ed., Wiley, New York, 1986.

Enthalpy, ki/kg



Figures and Charts 821

ate Axp By/as3zem 6Y ‘orzex X3Tprung

o @ w0 - N Q «© w <« o~ o ] © < o~
g ¢ & & 8§ & 3 3 2 =2 2 8 8 s 8 s
- 4 A p 1/ y
- § e LN AT ). A /| wrdly,
L1 / ame h Y adP4 -t / P4
ZERN yaur= 3 FOA Y Sav NARD ARV =
=@y, L <] P p. / - o
4 y = 825V, ARBVZaV AEDSAVARD 4 v
™ o 17 L4 / / . 4804 a /
o2 X P EaNVAEEDANRYS= 4 - 40y >
1 N LT Y — \ ryé’ 4
4 / b A L1A A /
7 o N = yARP AT~ AT
- <L 1 A /] - y V 11 A 61.'13 alt o
A1 17 p. y, / V| LA y A 1%G T/
4 LT A 4 / , = r‘”f Y
~ = A o A
JaN ATV T TN Z 7o VO % AT o
y f 1 V| N A S L eC 35 TN T AT R Y -
4 oy 59 \,‘\3 74
£ A / g A h, LAl ) /)
> I~ L4 Y N Y 1 /T TY ] y % 7 7
= / i NuB® ST
/ N A V1 -
- AR3D - ; / : 4 ’/ A8y, Y *‘73
. -~ -y A o, N v,
] b SEP D ARDAED BV =/ D4 SHT
S < = s (1Y = dily, AR Sy 4RNN4NY 3
/ 54 ™~ v 7 1A » o
K L4 PR r N /N LA AL 10 fl e
AL LA N/ / AN a v AW AV, 8 )
4 AN 7 ARPR ARy S eV &Y \V AV, B
JaNPAE ANIA | Vol AL/ b 4 L 5
- N - _io :'__o\g\ VAR Z 8‘
3 4 :0 e NATY - av. £
/ /~ 2, <i¢r.60 S W TN e N LA 3
& / s UDANGANZNV.RY VAV EY. a
g / O ALLNY LA —
Y SN AN AN R TR G AV o3
o / / 7 '-?17_? ‘\? 45 )( ] 1( Vi w#— o
i Y4 & /\ N /, o
/ / / /o TN X 14 4 a
o ;S ¥/ VAN / /
@ / QO? : Xi/ f
Ry /e 4y,
»?“79
N S
o
.)‘\ 9 V. 11 f=]
& N 7/ /( X -
% / / 280
%y,
> /
0.3, 3 A / AALL
x v / /
o 2 3 /f 4
% W / Yok
@J ’
o —
K o )Y °
Ze, ™ :
%
0@
9, 4
'JP "\,
£
%
~
<o
~
1

Figure A-9 Psychrometric chart for 1 atm (SI units). Source: Z. Zhang and M. B. Pate, “A
Methodology for Implementing a Psychrometric Chart in a Computer Graphics System,” ASHRAE
Transactions, Vol. 94, Pt. 1, 1988.



Answer to Selected Problems

1.10
1.11
1.13
1.14
1.16
1.18
1.21
1.26
1.27
1.28
1.29
1.30
1.32
1.40
141
1.42
2.2

2.3

24

2.6

2.7

2.16
2.19
217
2.18
2.20
2.22
2.26
231
2.33
2.37
2.44
245
2.46

2.49

2.50
2.56
2.57
3.1

822

2551

9.5, 98.1

6.131

3.92,0.125

29.62

68.67

(a) 1.33, 0.67

(a) 0.2, 2.67

58 (vacuum)
decreases

A:2.68, B: 1.28
0.8

1.893 Mpa, 14.73
71.6

—33.33, 166.67, 1.5
no

97.8

—4800

(a) 56,520, 489,000 (b) 162.8
210 kJ

(b) 32.57 X 10*, 914
(c) 0.5 m, 53.01

0.02

150, 100 k, —0.125
—40
80.47
1.843
300, 9.42
—1.96
0.842
0.064
+350 kJ
109.8
—1.747

(a) 112.6 Kpa
(b) 68.89 J
(¢) 131.39J

(b) 8.28 kJ (c) 18.78 kJ
(d) =369 kJ

15 kJ, 30%
300 kJ, 200 kJ
1.34 kW

(a) two-phase, liquid—vapor
mixture, (b) superheated vapor,

3.8

3.9

3.10
3.11
3.14
3.16
3.18
3.19
3.24
3.27
3.30

3.32
3.34
3.37
341
3.42
345
3.47

3.48
3.49
3.50
3.52
3.57
3.62
3.64
3.65
3.69
4.3

4.4

4.8

4.10
4.14
4.17
4.18
4.20
4.22
4.23
4.24

(c) subcooled (compressed)
liquid, (d) superheated vapor,
(e) solid

1.36

234

6.189

0.025

0.188, 10.5

140, 0.8520, 0.002
33.86, 153.13
0.0296

—734

10.4, —32.31

1.6386 X 107% m%/kg,
274.26 kl/kg

1751.1
2.392 kJ/kg, 20.23
52.1,42.0

24,239.8

—66.7, 105

493

me(dT/di) = hA(T, — T) = W,
T(r) = T, — (W/hA)
{1 — exp[—(hA/mc)t]}
() 0.79 (b) 0.791
0.103

7.88 X 1073, 148

(a) 6.685 (b) 6.973

460

425.6, 2.462

—297.9, 24.1, 1167.7, 0
1.041

(a) —252.4, (b) —245
35.3,4.17

tf = 15.36

0.3717, 6.095

5.04, 0.65

0.73, 0.042

—44.6

(a) 664.1, (b) 17, 6.2
—25.3 kl/kg

319.6 K

102.5

7.53, 0.108

4.25
4.28
4.31
4.32
4.36
4.40
4.42

4.46
4.53
4.61
4.64
4.66
4.69
5.15
5.16

517

5.20

5.21

5.23
5.27
5.29
5.30
5.34
5.36
5.39
5.40
5.46

6.1

6.2

6.6
6.10

6.12

25 bars
10,400
—14.08 kW
—0.14
15.98

56.1

(a) 3.673 kg/min
(b) 615.3 kJ/min

18

54.7

143.5

(a) 474 kg

83.39

2.9, 1043

decrease T¢

(@) = (Ty + To)/2,

(b) = (TyTo)"”?

@) (1/Nma) = 1 (0) 1/ Mg

TC[TH - To]
(@) =
TH[TO - TC]
Ty — T, T T
w="1 ; f], (b) - <
TH[TH - Tc] e Ty
952
75
(a) 6.7%

possible but uneconomical
no

900

3.33, 041

no

(b) 1-2: 2914, 330, 2-3: 0,
983.0, 3-4: —2140.2, —167.1,
4-1: 0, —373.0, (c) 26.5

(a) —0.667, imp

(b) 0, internally reversible

(c) +0.667, possible,

and irreversible

_ WR - W]
@:=—>r—

= (1 = To/TY/(1 — Ty/T,)

(@): W =mp(v, — vy, O =
m(hg - hf)

FETEF



6.15

6.16
6.19

6.22
6.24
6.28
6.29
6.34
6.36
6.37
6.39
6.41
6.45
6.49
6.52
6.56
6.60
6.62

6.66
6.71
6.74
6.87
6.91

6.96

6.99

6.101
6.104
6.108
6.111
6.114

6.119
6.120
7.2
7.5

7.9

7.10
7.14
7.16

T
(©): = QH{I - C]

Ty
(b): = me[Ty + Te — 2(TyTc)"?)

—4.9128, 0.4337, 0.97515,
—22.163

6.9, 4.12, 0.188

—25.224

—471.5, —2391.8

(b): 153.81, 153.81

(b): 28.6, (c) 68.2%

18.1%, 26.5%

+, 0, —, +, +, indeterminate
o = 0: 56.20

no

no
.057 W/K

436.7, 1.189, 0.428, —0.762
(a); 0.3709

0.59

equal, less, greater,
indeterminate, greater

from right to left, —1741
12.75

1

(a): 0.2223, 0.217
0.8146, 1.3394

(@) = (V% N 2kRT,
k—1

-G

354.8

1020.5, 89.8%

809.7

(a): 207.9, 0.0698
(b): —162.17, —30.66

(pump work/compressor work)
= 0.34%

no

629.7, 81.7

(a) 542.27, (b) 12.51, (c) 21.94
(a) 17.86 (b) 3.53 (c) 3.04

T T
(b) = cpTO{ e ln}

Ty Ty
co,
51,711
0, —153.6, 29.53

717
7.19
7.25
7.28
7.36
7.43
7.48
7.54
7.56
7.62
7.67
7.70
71.77
7.80
8.1

8.6

8.10
8.11
8.13
8.18
8.23
8.29
8.30
8.31
8.34
8.36
8.37
8.39
8.42
8.45
8.50

8.52

9.1
9.2
9.13
9.14
9.18

9.19
9.26
9.27

—411.2, 339.2

—40.14, 13.42

1.87 x 107

0.481, 0.044

101.9

21.6%, 0.9%

173.3, 2.8

$40,900/year

25.06, 27.73

5.6%

(a) 1927, 340.8, (b) 85%
382.9, 8.94 X 10* 45.9%
(b): Capital, 75%

(b): 0.59

(a) 4.01 X 10°, 258.4 X 10°,
158.4 X 10°, 38.7

921.6, 2339.5, 39.4, 1417.9
25

24, 59.7, 1304.2, 990.9

33.6, 3.38 X 10°, 8.48 x 10°
442

235 X 10°% 42.5, 5.825 X 10°
1268.3, 47.6, 1394.1

1100.7, 41.4, 1558.3

243 X 10°, 41.2, 6.14 X 10°
36.8, 1.17 X 10°

1218.6, 45.6, 1453.8

1062.2, 39.7, 1610.1

43.18, 3.375 X 10°

39.2, 1.1 X 10°

43.9

(a) 9.529 X 108, 236, 500,
3.032 X 10°

(a) 191 X 10° kW (b) 133.2 X
10 kW (c) 57.8 X 10° kW
(d) 69.7%

721.12, 51.5%, 949.2, 2331 K
805.2, 57.5%, 1060 KPa, 2656 K
23.19, 2.19, 59.7%, 975

22.01, 2.081, 65.7, 883

r. = 1.5: 1301.5, 189.2, 297.5
594

7.389, .543, 727.6
37.47, 14.26, 31.44, 20.29, 60.8

pressure ratio = 6: 37.7%,
0.345, 2218.6
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9.30
9.33

9.36

9.40

9.45
9.53
9.55
9.56
9.57
9.60
9.62
9.63
9.65
9.69

9.73

9.76

9.79
9.84

10.1
10.2
10.3
10.7
10.10
10.14

10.16
10.17

10.20
10.24
10.26
10.34
11.1

11.2
11.5

11.11

372.6, 833.3, 55.3

pressure ratio = 8, n, = 1, =
80%, (a) 24.1%, (b) 0.582,
(c) 1271.9, (d) 186.6, 255.1

pressure ratio = 8, n, = 1, =
80%, (a) 36.4%, (b) 0.582,
(c) 1271.9, (d) 65.64

(a) 365.68, 370.94, (b) 365.7,
(¢) % increase = 15.2

49.68, single stage: 60.11

(b) 1009 m/s

1080

766.5, 1348

10, 296.4

3635, 78.6, 0.214

(a) 4.19 (b) 69% (c) 5.89

37.95 (opposite to direction of flow)
—48.33

—1007 N, 1.452 kW

inlet: 0.054, 340.2, 15.01
exit: 0.819, 340.2, 9.67

(a) 418.2, 4.238
(b) 446.6, 4.456
(c) 432, 4.344

(a) 4047, .5943

(a) 1.81, (b) 2.87, (c) 461,
(d) 5.94 X 1072

25.8, 3.85, 151.94, 6.92
7.251, 1.062, 6.83
2.21,3.62,5.75

4.05, 15.51
3.73,3.4,3.21,0.71, 0.58

0.241, 5.647, —0.0606,
6.227, 0.9743

6.61, 6.86, 2.61

(a) 55.3, 10.7 (b) 44.66, 4.85
(c) 3.57

2.126, 7.055, 19.53

1.868, 1.687

16.0, 43.86, 2.74, 6.75
46.2, 60.48

125.29, 80.1, 79.5, 79.2,
100

79.5,80.1,79.5,79.2,79.35, 85.53
767.5, 1145.7, 1076.5
Uk B 27/64

b=
vp — 1/8

viTk
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11.16

11.19
11.22

11.27
11.29
11.33
11.36

11.39

11.44

11.49

11.50

11.54

11.57

11.66

11.71
11.75
11.79
11.80
11.85
11.88
11.94
11.98
12.3

124

p= =+ cons tant
v —

(a) positive, (b) zero, (c) negative

p =RT/v,s = Rln(v/v’) +
¢ In(T/T")

271.3 K, 269.5 K

0.292

(a) 0.0424 bar, (b) 36.19°C
¢, =¢ +R

@ P’ [R 3AR}
a) = —| — — |,
RT|p T*

P> 3AR

(b)=—R ln; + 7+ (P> — pi]
1/0Z

B +(a>,
Z\or),

_ 1
T
1 1<az>
K=———\—
p  Z\dp/r
kR
=——J[4 — 37
“ k—l[ ]
R
1 — 2a(v — b)*/RTv*’

(b)

2
(© uz—u1=J ¢,(T)dT —
e
al — - =
v, U
no

2a b\ ]

f =1~ ()
_ (dB) _ d(TB)

R dT, Pr» = PR dT,
—29.7
349.7 (table: 369.8)
221.7, 148.5, 166.9
0.031
0.1125, 0.1163
95.1, —1.96
101.1
18.2, 6.37

(a) Ny: 50.61%, CO,: 39.76%;
0,: 9.64%, (b) N,: 0.06, CO,:
0.03, O,: 0.01, (¢) 37.3

(a) C;Hg: 0.5365, C,Hy: 0.3659,
CH,: 0.0976,

12.7

12.9

12.11
12.14
12.21
12.22
12.24
12.27
12.29
12.30
12.32
12.33
12.39
12.40
12.41
12.42
12.43
12.45
12.49
12.51
12.56
12.58
12.59
12.60
13.1

13.5

13.8

13.11
13.14
13.17
13.18

13.19

13.23
13.26
13.29
13.31
13.34
13.37

(b) C;H,, C,H,: 0.4, CH,: 0.2,
() 26.71

0.337, 4.84

—291.46, .3159

—3014, —8.485

—110.8, .0505

440.2, 6.295, 0.175

387, 3.628, —2510.3, 3010.3
234, 2.094

claim invalid

15.5%

no

.00865, 2.0234

10.4

2.24,228.1

—537.3, —0.1774

3.7%, 30.3, 0.022
7.08,3.3 X 1073

(a): 68%, 0.0182, 76.3

20, 68%

(a) —38.31, (b) .007.7
12.3, 0.0144 (removed)
52%, 32

(a) 81.8%, 14.4 (b) .048
290.8, 11338

82.65, 28

162

(b) 8.25, 12.05

SO,: 0.029 kg/kg(O,)
0.116, 9.777

0.038

C: 7.0322, H: 15.61, 1.361
(b) 9.19, (c) CO,: .15, CO: 0.1,
N,: .75

(c) CO,: 5.54%, CO: 11.09%,
N,: 83.37%

115%, 51
(b) CO: 5991, SO,: 666
1.269 (rich)

—2.19 X 10°

0.037

—82,670

13.39
13.41
13.43
13.47
13.50

13.52
13.57
13.59
13.64

13.68
13.74

13.80
14.3
14.5

14.9
14.16
14.21

14.25

14.30

14.34
14.35
14.37
14.39
14.40
14.42
14.44
14.48
14.52
14.54

14.59
14.65

—1,299, 202, 1.68
—45,720, —49,500
849,100, 46,810
89.2%, 10.8%

(a) 1859, 6.42 (b) .9985,
—5.343 X 10°

165.3
(a) —800, 770 (b) —800, 792
8.18 X 10°

(b): (a) 34,212, (b) 116,554,
(c) 51,756

(a) 544.5, (b) 546 Model 1 546.7

(a) 275,364, (b) 226,105,
(c) 49,259, (d) ¢ = 82.1%

(a) 0, (b) 0.31, (c) 1.97
(a) 5.018

() —2.224, (b) 2.224,
(c) —4.448

(b) —5.018
(a) increase, (b) no change

CO,: 0.528, CO: 0.472,
0,: 0.736, Nj: 3.76

CO,: 45.54%, CO: 21.43%,
0,: 33.04%

CO,: 2, H,0: 1.428, NO: 0.1134,
0,: 0.9433, Ny: 13.1033

—593,269

(a) 322,386, 31,816
(a) 139.18, (b) 139.66
108%

4.04

4.89

Est.: 278,100

0.84

0.015

CO,: 0.28808, H,0: 0.71105,
CO: 0.71192, O,: 0.000435,
H,: 0.28895

0.072%
(@) 3. (4. (©)5



Absolute entropy, 648-651, 653, 655, 657,
661, 670
Absolute pressure, 12, 99, 102
Absolute temperature scale, 191
Absorption refrigeration cycle, 469
Acid rain, 329
Activity, 547, 548, 646, 694, 695
Additive pressure, rule of, 532, 533, 535,
536, 545, 564
Additive volume, rule of, 533, 546, 564
Adiabatic engine,
Adiabatic Flame temperature, 641, 642,
643, 645, 669, 695
Adiabatic Process, 14, 45, 196, 197, 198,
218, 224, 226
Adiabatic-saturation temperature, 588, 589,
590, 593
Adiabatic wall, 14
Afterburner, 415
Air
atmospheric, 560, 609
for combustion, 272
dry air, approximate composition of, 560
excess, 404, 623, 624, 625, 628, 669
ideal gas properties of, 756
moist air, 603, 604, 606
percent of theoretical, 623, 627
saturated, 580
theoretical (stoichiometric), 622, 645
Aircraft engines, 137, 418
Air-fuel ratio, 622
Air-standard analysis
for gas turbines, 388
for internal combustion engines, 373
Air-standard cycles:
Brayton cycle, 389-390
Diesel cycle, 381-383
dual cycle, 385-388
Otto cycle, 375-379
Air-water vapor mixtures, 558, 579-580,
587, 611
Allotropic transformation, 120
Amagat model, 562, 564, 611
Ammonia, properties of, 76, 81, 82, 84, 85,
211, 356, 465, 469, 470, 471, 663, 664,
710
Area interpretation, 38, 218
Atkinson cycle, 446
Atmospheric air, 175, 388, 560, 609, 610
Atmospheric Pressure, standard, 12
Atomic and molecular weights, table of, 719,
767
Availability, see Exergy

Back pressure, 432, 433, 434, 435, 438, 439,
441, 442, 444, 445

Back work ratio, 329, 331, 332, 333, 356, 390,
392, 393, 394, 397, 399, 403, 412, 414

Base unit, 8, 9, 18, 41

Beattie-Bridgeman equation of state, 493

Benedict-Webb-Rubin equation of state, 493
table of constants, 762, 812

Bernoulli equation, 255

Berthelot equation of state, 490

Binary vapor power cycle, 356

Biomass, 371

Boiler, 149, 197, 198, 310, 311, 312, 313,
314, 325, 326, 327, 328, 329, 330, 331,
332, 333, 334, 335, 337, 338, 339, 340,
343, 346, 352, 356, 357, 358, 359, 360,
361, 362, 363

Boltzmann’s constant, 231

Bore (of cylinder), 373, 374

Boundary, 4

Brayton cycle, 389, 390, 391, 392, 393, 394,
395, 397, 399, 401, 404, 405, 444, 445,
454, 474, 478, 479

Capacity, refrigeration, 458
Capillary tube, 15
Carnahan-Starling-Desantis equation of state,
550, 554
Carnot corollaries, 186, 187, 190, 193
Carnot cycle, 196, 197, 198, 199, 218, 335,
336, 425, 426, 456, 472
engine, 199
heat pump, 198, 199, 200, 201
power, 197, 198, 199
refrigeration, 198, 199
Carnot efficiency, 192, 193, 194, 196
Cascade cycles, 467, 468, 479, 480
Cavitation, 271
Celsius (Centigrade) temperature scale, 18, 19
Chemical equilibrium, 7, 558, 648, 652, 679,
683, 684, 687, 695, 696, 700, 706, 711
Chemical exergy, 620, 655, 656, 657, 658,
659, 660, 661, 662, 663, 664, 665, 666,
667, 668, 669, 670
Chemical potential, 539, 540, 547, 548, 681,
682, 683, 685, 687, 694, 706, 707, 708,
709, 710, 711
as escaping tendency, 707
for ideal gas mixtures, 547, 548
for ideal solutions, 547, 548
for pure substance, 682, 683
Chlorofluorocarbon (CFC) compounds,
120, 465
Choked flow, 433, 434, 444
Clapeyron equation, 504, 505, 506, 507, 520,
521, 548, 705, 706
Clausius, inequality of, 177, 206-208, 220,
506, 706
Clausius-Clapeyron equation, 706
Clausius statement of the second law, 177
equivalence with Kelvin-Planck
statement, 200

Closed feedwater heaters, 350, 352
Closed system:
Definition, 3
energy balance for, 48-58
entropy balance for, 220-222, 652
exergy balance for, 283-285
Coefficient of performance:
heat pump cycle, 61, 184, 188,
190, 192
maximum for two reservoirs, 192—196
refrigeration cycles, 60, 189, 456
Coefficient of volume expansion, 514
Cogeneration, 308, 310, 311, 312, 313, 315,
356, 357, 358, 365, 519, 647
Combined cycle, 399, 419, 420, 421, 424,
467, 667
Combustion,
air for, 632, 633, 642
complete, 620, 649, 669
products of, 620, 645, 649, 669
Compressed liquids, see Liquids
Compressibility:
isentropic, 513-515
isothermal, 513-515
Compressibility chart, 94, 95, 96, 97, 98, 99,
101, 110, 141, 147, 488, 491, 493, 533,
535
Compressibility factor, 94, 95, 96, 99, 100,
102, 114, 487, 488, 490, 491, 524, 525,
528, 532, 533, 535, 543
Compressible flow, 373, 426, 427, 429, 430,
437, 444
Compressible flow functions, table of, 437,
438
Compression ratio, 374, 377, 378, 379, 382,
383, 384, 386, 444, 445
Compression with intercooling, 404, 406,
407, 408, 425, 444, 445, 467, 468, 479,
480
Compressor, 247, 306, 389
isentropic efficiency of, 247-249, 252
Condenser, 2, 144, 145, 148, 149, 198, 238,
239, 240, 302, 303, 326, 327, 328, 329,
330, 331, 333, 334, 335, 337, 338, 340,
341, 342, 344, 346, 348, 349, 350, 351,
352, 353, 354, 356, 357, 358, 359, 360,
363, 364, 365, 366, 419, 421, 423, 424,
455, 456, 457, 458, 459, 460, 461, 462,
463, 464, 466, 467, 468, 469, 470, 471,
472, 473, 610
Conduction, energy transfer by, 20, 45, 46,
55, 62, 184
Conservation of Energy, 18, 20, 29, 32, 33,
49, 58, 59, 62, 121, 128, 129, 174, 175,
187, 188, 228, 254, 326, 327, 351, 358,
359, 564, 587, 589, 620, 629, 631,
633, 635, 637, 639, 642, 648, 679,
684

825
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Conservation of mass, 20, 121, 122, 123, 124,
125, 127, 133, 153, 162, 174, 209, 232,
236, 272, 327, 330, 347, 358, 361, 365,
426, 428, 431, 566, 587, 589, 590, 594,
598, 599, 601, 605, 610, 612, 620, 623,
624, 626, 627, 628, 629, 642, 684, 689,
690, 693, 703, 704

Constant-pressure, specific heat, 74, 101, 110,
112, 243, 336, 381, 385, 386, 407, 415,
521

Constant-volume, specific heat, 16, 17, 18,
112, 191, 243, 375, 376, 381, 385, 386,
425, 680

Constraints, design, 19, 149, 178, 240

Continuum hypothesis, 10

Control mass, 3

Control surface, 3, 4, 130, 134

Control volume:

definition, 3

energy balance for, 121, 128-131, 162
entropy balance for, 231-240

exergy balance for, 293-303

mass balance for, 123-125
momentum equation for, 426427

Convection, energy transfer by, 46

Cooling tower, 326, 579, 609, 610, 612

Corresponding states, principles of, 96, 97

Cost:

annualized, 28, 309
capital, 309-310
fuel, 309-310
owning and operating, 310-315
total, 310
unit, 196, 305
Critical constants, 97
table of, 719

Critical point, 71, 72, 73, 79, 212, 489,
490, 491

Critical Pressure in nozzel, 72, 74, 75, 96, 97,
100, 341, 433, 439, 488, 489, 491,
524, 532

Cryogenic refrigeration,2, 646

Cutoff ratio, 382, 383, 384

Cycle, thermodynamic, 5

Dalton model, 545, 562, 563, 611, 612

Dead State, 275, 276, 277, 278, 282, 285,
286, 290

Deaeration, 352

Dehumidification, 594, 598, 599, 612

Density, 10-13

Design, 1, 5, 19, 20

Dessicant dehumidification, 619

Dew point, 583, 584, 585, 586, 587, 592, 598,
611, 612, 625, 626, 627, 636

Differentials, exact vs. inexact,, 35, 49, 223,
494, 495, 497, 498, 499, 500, 515, 548

Diesel cycle, 381, 382, 383, 385, 386

Diffuser, 134, 135, 183, 414, 415, 416, 417,
418, 430, 432, 434, 443

Dimensions, 8, 9, 56, 134, 491

Displacement volume, 374, 375, 380

Disorder, 230, 231

Dissociation, 620, 645, 693, 694, 695,
696, 700

District heating, 358

Dry-bulb temperature, 590, 591, 592, 593,
597, 598, 602, 603, 604, 607

Dry compression, 456, 457

Dry product analysis, 625, 626

Dual cycle, 375, 385, 386, 387, 444, 468

Economics, engineering economics, 20,
28, 309
Effectiveness, 303, 306, 307, 308, 400, 401,
402, 403, 405, 412, 413, 425
compressors, 307
heat exchanger, 308
regenerator, 400
pumps, 308
turbine, 306
Efficiency:
Carnot, 192
exergetic, 302-309
isentropic compressor, 246, 248
isentropic nozzle, 246
isentropic pump, 246, 248
isentropic turbine, 246
rational, 324
second law, 303-307
thermal, 60
Elastic systems, simple, 70
Electricity:
off-peak, 172, 371
peak demand, 172, 371
Electric power, expression for, 4, 41, 57, 146,
147, 293, 309, 329, 420, 645, 647
Electronic cooling, 2, 172
Emissivity, 46
Endothermic reactions, 645
Energy:
conservation of, 18, 20, 32, 33, 49, 58, 59,
129, 679, 684
internal, 43
kinetic, 29, 30, 43, 44, 48
potential, 29, 31
solar, 67, 189, 202, 204
total, of a system, 43
transfer, 143
Energy balance:
for closed systems, 48-58
for control volumes, 121, 128-131,
162
for psychrometric systems, 579,
for reacting systems, 631-635
Engineering design, 18, 19, 22, 325
Engineering model, 20
Engines:
Adiabatic, 452
Carnot, 205
internal combustion, 374, 375,
turbojet, 414, 415, 416
Stirling, 426
English engineering units, 10

Enthalpy:
approximation using saturated liquid data,
92,93
change upon mixing, 568
of combustion, 638-641
definition, 83
departure, 524-526
of formation, 630, 631, 633, 636
of ideal gas, 103, 112
of ideal gas mixtures,
of ideal solutions,
of incompressible substances, 93
of moist air, 603
of reaction, 700
reference states and reference values, 84,
85
stagnation (total), 430, 431
Enthalpy correction chart, generalized,
524-526
Enthalpy-entropy diagram, 212, 240
for water, 582
Entropy:
absolute, 210-212, 648
of air-water vapor mixtures, 582, 611
approximation using saturated liquid data,
211, 212
Boltzmann relation for, 231
change upon mixing, 546, 573
definition, 209
departure, 528, 529
and disorder, 230-231
general comments, 210
of ideal gas, 213-215
of ideal gas mixtures, 546
of incompressible substances, 213, 214
principle of increase of, 228-229
production, 181, 221-224
of reacting systems, 648, 649
transfer, 218, 221-223, 231-233
Entropy balance:
for closed systems, 220-222, 652
for control volumes, 231, 232,
for reacting systems, 649
Entropy correction chart, generalized,
524-526
Environment, exergy reference, 273-275, 655,
656, 657, 659-664
Equations of state
Beattie-Bridgeman, 493
Benedict-Webb-Rubin, 493
table of constants, 762, 812
Berthelot, 490
Carnahan-Starling-Desantis, 550, 554
ideal gas, 100, 101, 113
Redlich-Kwong, 490-493
table of constants, 762, 812
van der Waals, 488, 489
table of constants, 762, 812
virial, 99, 488
Equilibrium:
chemical, 7, 648, 652, 679, 684-686
criteria for, 7, 679-681, 711



definition, 7
flame temperature, 695, 696
mechanical, 7, 655, 664, 679
multicomponent, multiphase, 679, 681
phase, 7, 679-682, 704-706
reaction, equation of, 684—686
state, 7
test for, 7
thermal, 7, 655, 664
thermodynamic, 7, 679, 681
Equilibrium constant:
for ideal gas mixtures, 687-692
for ideal solutions, 694
table of, 765
Equivalence ratio, 623
Ericsson cycle, 425, 426
Evaporative cooling, 604, 606, 612
Evaporator, 148, 238, 240, 455, 456, 457,
458, 459, 460, 461, 462, 463, 464, 466,
467, 468, 469, 470, 471, 472, 473
Exact differentials, 35, 497, 498, 500, 548
test for exactness, 494
Excess air, 404, 623, 624, 625, 628, 669
Exergy (Availability):
analysis, general comments, 272, 273, 283
chemical, 620, 655-659
definition, 273
destruction, 273, 283, 284, 285
evaluation of, 295
flow exergy, 664—666
reference environment for, 273-275, 278,
655, 656, 659, 660
standard chemical, 659-664
thermomechanical, 278, 655-657, 664
transfer, 283-285,
Exergy analysis:
reacting systems, 667-670
vapor power plant, 359, 360
Exergy balance:
for closed systems, 283, 284
for control volumes, 293, 303
Exothermic reactions, 630, 631
Extensive Property, 6, 31, 32, 43, 62, 129,
209, 228, 229, 230, 231, 257, 277, 278,
315, 536, 537, 538, 681
Extent of reaction, 686
External combustion engines, 426
External irreversibility, 469

Fahrenheit temperature scale, 18
Fanno line, 436
Feedwater heater, 125, 143, 346, 347, 348,
349, 350, 351, 352, 354, 356
First law of Thermodynamics, 30, 32, 34, 36,
38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58,
60, 62, 64, 66, 68
Flame temperature
adiabatic, 641, 642, 643, 645
equilibrium, 695, 696
Flash chamber, 469
Flow exergy, 290, 291, 292, 293, 295, 296,
297, 298, 306, 307, 315, 664, 665, 666

Flow work, 130, 135, 144, 152, 157, 290,
291, 292, 293, 294, 595
Flowmeter, 172
Fluidized bed combustion, 329
Fluid mechanics, 1, 11, 125, 162, 255, 309, 427
Flywheel, 185
Fourier’s law, 45, 46
Freon-12, see Refrigerant
Friction, 52, 58, 176, 180, 181, 182, 183,
222, 225, 228, 240, 252, 298, 302,
362, 375, 396
Fuel-air ratio, 622, 623
Fuel cells, 2, 519, 645, 646, 647, 667, 670, 685
Fuels, 646, 647
Fugacity
of ideal solutions, 545, 546
multicomponent systems, 541-545
Fundamental thermodynamic function, 497,
503, 520, 521, 540, 541, 548
use in developing property tables, 466, 710

Gage pressure, 12
Gas chromatograph, 625
Gas constant, universal, 94, 95, 215, 493
Gas turbine
air-standard analysis, 387, 389
with intercooling, 404—-406
open to atmosphere, 389
for propulsion, 414-418
regenerative, 399—402
with reheat, 404—406
steam-injected, 452, 619
Generalized charts
compressibility, 94-97, 490, 491, 493,
enthalpy correction, 524-531
entropy correction, 524-531
fugacity, 695
Gibbs-Duhem equation, 540, 541, 556
Gibbs function:
definition, 498
of formation, 654, 658
of ideal gas mixture, 683, 684
partial molal, 539, 711
Gibbs phase rule, 706, 709, 710, 711
Global warming, 84, 626
Gravimetric analysis, 559, 560, 561
Gravitational potential energy, 32, 33, 43,
48, 62

Head loss, 271
Heat:
capacity, see Specific heat
definition, 14
energy transfer by, 44—48
entropy transfer accompanying, 218,
221,222
exergy transfer accompanying, 284,
285, 286
flux, 45
sign convention, 45, 47
transfer modes, 45—47
waste, 308
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Heat engine, see Power cycle
heat exchanger, 134, 143, 144, 162, 296, 297,
298, 302, 307, 308, 309, 310, 326, 327,
328, 340, 346, 356, 358, 359, 360, 361,
362, 388, 389, 390, 391, 392, 393, 395,
396, 398, 399, 400, 401, 402, 405, 406,
413, 419, 420, 421, 422, 423, 424, 456,
459, 467, 468, 469, 470, 473, 474, 475,
476, 477, 478, 479, 645
Heat index, 619
Heat islands, 189
Heat pump, 60-62, 471473
air source, 472, 473
Carnot cycle, 472, 473
vapor-compression, 472, 473
Heat rate, 328
Heat recovery steam generator, 150,
302, 309
Heat transfer coefficient, 47, 54, 55, 56
table of typical values, 47
Heating values, 638, 639, 640, 661
Helmbholtz function, definition, 498
use in developing steam tables, 522-524
HFCs (hydrofluorocarbons), 465
Higher Heating values, 638, 639, 640, 661
Humid air turbine (HAT) cycle, 619
Humidification, 594, 601, 602, 612
Humidity ratio (specific humidity), 581
Hybrid electric vehicle, 31
Hydrocarbon fuels, 620, 621, 625, 641,
663, 670
Hydroelectric, 293, 325, 685
Hydrogen economy, 685
Hygrometer, 582
Hypersonic, 429

Ice point, 18, 19
Ideal gas:
enthalpy, 103, 112
entropy, 213-215
equation of state, 100, 101, 113
internal energy, 100, 101, 105
model, definition of, 70, 91, 94
polytropic process of, 243, 256
specific heat relations, 103-105
tables of properties of, 756, 758,
806, 808
Ideal gas mixtures
chemical potential for, 547, 548
Ideal solutions, 546, 547, 548, 695
Inclined manometer, 13, 27
Incomplete combustion, 645, 670, 695
Incompressible substance, 92, 93, 94, 213,
217, 230
Increase of entropy, principle of, 228, 229,
230, 285, 680
Independent Property, 70, 151
Inequality of Clausius, 177, 206-208, 220,
506, 706
Inexact differential, 35
Infrared analyzer, 625
Intake stroke, 374
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Intensive Property, 6, 10, 14, 42, 43, 69, 75,
281, 429, 539, 682, 710
Intercepts, method of, 537, 538, 548
Intercooling, compression with, 404, 405,
406, 407, 408, 409, 410, 411, 412, 413,
414, 424, 425, 444, 445, 467, 468, 469,
479, 480
internal combustion Engines, 280, 308, 325,
373, 374, 375, 378, 385, 391, 426, 444,
622, 645, 667
nomenclature, 375
internal Energy
approximation using saturated liquid
data, 101
change upon mixing, 43, 44
general comments, 43
of ideal gas, 100, 101, 105
of incompressible substances, 93-101
microscopic interpretation of, 44
Internal irreversibility, 337, 461
internally reversible Process, 184, 197, 198,
199, 208, 209, 213, 214, 217, 218, 219,
220, 221, 225, 287, 330, 334, 354, 376,
381, 425, 455
International System of Units, see SI units
International Temperature Scale, 191, 192
Interpolation, 77, 78, 114, 191, 211, 241, 251,
253, 281, 332, 362, 382, 461, 572, 585,
587, 644, 691
Inversion states, 518
Tonization, 625, 646, 695, 700, 701
Irreversibilities, 179, 180, 181, 183, 184, 185,
186, 189, 196, 199, 207, 208, 220, 221,
222,223, 224, 226, 227, 228, 232, 233,
234, 237, 240, 245, 246, 247, 249, 253,
254, 255, 257, 273, 274, 277, 283, 284,
285, 288, 289, 290, 294, 298, 302, 303,
304, 308, 311, 315, 327, 329, 330, 336,
337, 338, 340, 344, 345, 349, 358, 365,
375, 391, 396, 397, 399, 406, 411, 415,
420, 425, 444, 454, 458, 459, 463, 464,
465, 474, 476, 477, 478, 479, 645, 646,
657, 660, 667, 680
Irreversibility, see Exergy destruction
Irreversible process, 180, 182, 184, 224, 436,
459, 681
Isentropic compressibility, 513, 514, 515, 517
Isentropic efficiency
compressor, 246, 248
nozzle, 246
pump, 246, 248
turbine, 246
Isentropic process, 218, 240
ideal gas relations for, 240-245
Isolated system, 231, 280, 282, 285
Isothermal compressibility, 514, 515, 517
Isothermal process, 14, 196, 198, 218, 426

JANAF tables, 717, 761, 765

Jet engine, 2, 414, 415, 416, 426, 479
Joule’s experiments, 44, 48
Joule-Thompson coefficient, 518, 519

Kay’s rule, 532, 533, 534, 535, 536, 548
Kelvin-Planck statement of the second law,
178, 179
analytical expression of, 184, 185
equivalence with Clausius statement, 188,
189
interpretation for cycles, 207, 218
Kelvin temperature scale, 190, 191, 199
Kinetic energy, 22, 29, 30, 31, 32, 33, 43, 44,
48, 52, 132, 135, 137, 138, 139, 141,
142, 143, 147, 148, 247, 251, 252, 276,
416, 417, 431, 693
Kinetic theory, 104

Laminar flow, 164
Lewis-Randall rule, 545, 546
Linear interpolation, 77, 78, 114, 572
Liquids:
compressed (subcooled), 74
incompressible model for, 92
saturated, 92, 93, 94
Lithium bromide absorption cycle, 470
Log mean temperature difference, 68
Lower heating value, 639, 640
Low-head dam, 172

Mach number, 426, 427, 429, 432, 433, 434,
437, 438, 439, 440, 441, 442, 443, 444
Macroscopic viewpoint, 5
Magnetic systems, simple, 70
Manometer, 13, 16
Mass,
units for, 8-10
Mass balance, 123, 125, 131, 149, 152, 594,
598, 606, 608, 610
Mass flow rate, 122—124
Mass flux, 125
Mass fraction, 559, 560, 561, 562, 566, 581,
611, 612, 621
Maxwell relations, 497, 499, 500, 501, 504,
541, 548
Mean effective pressure, 375, 379, 380, 383,
384, 388
Mechanical equilibrium, 278, 655, 664, 679
Melting, 71, 75, 76, 192, 504, 505, 506
MEMS, (microelectromechanical systems),
134
Method of intercepts, 537, 538
Methodology for solving problems, 330, 333
Micromachines, 270
Microscopic viewpoint, 41, 100, 230
Microturbines, 519
Mixtures:
ideal gas, 611, 683, 684
ideal solutions, 536, 546
p-v-T relations for, 611
Model, engineering, 20
Moist air, 603, 604
Molar (volumetric) analysis, 559, 564
Molar basis, 10, 11
Molecular weight,
table of values, 719, 767

Mole fraction, 559562

Mollier diagram,, 212, 246, 247, 504, 582
for water, 582

Momentum equation for control
volumes, 451-452

Montreal Protocols, 120

Natural gas, 3, 272, 303, 313, 420, 454, 469,
621, 628, 646
Natural Refrigerant, 84
Newton’s law of cooling, 47, 56
Newton’s second law of motion, 30
Normal shock, 430, 434, 435, 436, 440, 441,
442, 443, 444, 445
table of functions, 441
Normal stress, 11, 40, 42
Nozzle,
choked flow,, 433, 434, 444
converging,
converging-diverging,
isentropic efficiency, 246
Nuclear power, 28, 68

Ocean thermal energy conversion

(OTEC), 271

One-dimensional flow, 121, 124, 125, 126,
129, 162, 290, 292, 294, 426, 427, 433,
435, 444, 595

Open feedwater heater, 143, 346, 348, 349,
352, 354

Open system, see Control volume 4

Optical Pyrometer, 16

Orsat analyzer, 625

Otto cycle, 375, 376, 377, 378, 379, 381, 382,
383, 386

Optimization, 19, 310, 312, 407, 661, 666

Partial molal properties, 536, 537, 539, 548
Partial pressure, 544, 545, 563, 566, 567, 568,
570, 572, 576, 578, 580, 581, 582, 583,
584, 585, 586, 588, 590, 592, 596, 597,
598, 601, 605, 606, 611, 627, 649, 651,
652, 653, 654, 656, 658, 660, 683, 707,
708, 709
Partial volume, 564
Peak demand, 172, 371
Peng-Robinson equation of state
Perfect gas, see Ideal gas
Perpetual motion machine, 204, 205
Phase
change, 71, 73, 74, 75, 198, 214, 341, 504,
505, 506, 548
diagram, 71, 72, 73, 76, 77, 496, 506
equilibrium, 708, 709, 711
rule, Gibbs, 679, 706, 709, 710, 711
Photovoltaic cell, 371
Piezoelectric effect, 13
Pinch analysis (technology), 324
Planck’s equation, 191
Polytropic process, 41, 271
of an ideal gas, 112-114, 243, 256
Potential energy, 29, 31, 32



Power,
electrical, 3, 56
transmitted by a shaft, 41, 56
Power cycle, 59, 60
Pressure:
absolute, 12, 99, 102
atmospheric, standard, 12
critical, 72, 74, 75, 96, 97, 100
critical, in nozzle, 341, 433, 439, 488, 489,
491, 524, 532
definition, 8, 11
gage, 12
mean effective, 375, 376
partial,, 544, 545, 563, 566, 567, 568, 570,
572, 576, 578, 580, 581, 582, 583,
584, 585, 586, 588, 590, 592, 596,
597, 598, 601, 605, 606, 611, 627,
649, 651, 652, 653, 654, 656, 658,
660, 683, 707, 708, 709
reduced, 96, 97
relative, 242
saturation, 71-73
sensors, 13
stagnation (total), 430, 437
vacuum, 12
Pressure-enthalpy diagram, 466, 467
Pressure-temperature diagram (phase—
diagram), 71, 72
Pressure-volume diagram, 73, 74
Pressure-volume-temperature surface, 73, 74
Principle of increase of entropy, 228, 229,
230, 285, 680
Problem-solving methodology, 330, 333
Process:
adiabatic, 14, 45, 196, 197, 198, 218,
224,226
definition, 5
internally reversible, 184, 197, 198, 199,
208, 209, 213, 214, 217, 218, 219,
220, 221, 225, 287, 330, 334, 354,
376, 381, 425, 455
irreversible, 180, 182, 184, 224, 436,
459, 681
isentropic, 218, 240
polytropic, 243, 256
quasiequilibrium (quasistatic),, 7, 22, 42,
43, 70, 88
reversible, 180—-184
throttling, 148, 149, 238, 295, 296, 354,
458, 459, 460, 461, 462, 464, 518
Propane,properties of 76, 84, 85, 97, 465
Property:
definition, 5
extensive, 6, 31, 32, 43, 62, 129, 209, 228,
229, 230, 231, 257, 2717, 278, 315,
536, 537, 538, 681
independent, 70, 151
intensive, 6, 10, 14, 42, 43, 69, 75, 281,
429, 539, 682, 710
reduced, 524-526
relations from exact differentials, 35, 494,
497, 498, 500, 548

test for, 5, 38
thermometric, 14, 15, 16

pseudoreduced specific volume, 97, 242, 490,
491, 492

Psychrometer, 590, 591, 593

Psychrometric chart, 592, 593, 597, 598, 599,
600, 601, 602, 603, 604, 606, 607, 608,
611, 612

Pump,

isentropic efficiency, 246, 248

Pure substance, 6, 7, 69, 70, 71, 73, 74, 503,
546, 682, 705

Pyrometer, optical, 16

Quality, definition, 14, 75, 78, 79, 80, 81, 83,
86, 89, 90, 91, 138, 139, 144, 145, 148,
149, 150, 151, 153, 154, 210, 211, 212,
213, 238, 241, 331, 340, 342, 343, 349,
354, 456, 464, 469, 585, 587

Quasiequilibrium (quasistatic) processes, 7,
22, 42, 43,70, 88

Radiation, thermal, 8, 16, 45, 46, 60, 62, 191,
326, 591
Radiation thermometer, 16
Ram effect, 414, 419
Ramjet, 418, 419
Rankine cycle, 327, 329, 330, 331, 333, 334,
335, 336, 337, 338, 339, 340, 341, 355,
356, 365, 366
Rankine temperature scale, 18, 194, 198, 218
Rayleigh line, 436
Reacting systems, 620, 629, 630, 637, 639,
643, 648, 649, 654, 667, 669, 670, 679,
684, 692, 704
energy balances for, 631-635
entropy balances for, 649
exergy analysis of, 667-670
Reaction equilibrium, equation of, 684, 685,
686, 687, 694
Reciprocating compressor, 139, 466
Rectifier, 470, 471
Recuperator
Redlich-Kwong equation of state, 490-493
table of constants, 762, 812
Reduced property, 524-526
Reference state, 84, 85, 106, 107, 210, 211,
215, 216, 430, 547, 592, 629, 648, 655
Refrigerant, 61, 76
Refrigerant 22, properties of, 22, 76, 85
Refrigerant 134a, properties of, 76, 83, 85
Refrigerant, natural, 84, 85
Refrigerants, 84, 85, 210, 211, 465, 466, 468,
479, 520
Refrigeration,
absorption, 2
Brayton cycle, 474, 478, 479
capacity, 458
Carnot cycle, 196, 197, 198, 199, 218, 335,
336, 425, 426, 456, 472
Cascade cycles, 467-468
cryogenic, 646
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gas systems, 454, 479
magnetic, 486
multistage compression with intercooling,
404, 406-411
steam jet, 482
thermoelectric, 68
ton of, 458
vapor-compression, 457, 458
Regelation of ice, 556
Regeneration:
Ericsson cycle, 425, 426
in gas refrigeration, 473, 474
in gas turbines, 399-401
Stirling cycles, 196, 424, 425, 426, 444, 445
Regenerator, 399, 400- 405, 411-413, 419, 425
Effectiveness, 400—404
Reheat:
in gas turbines, 404, 405
in vapor power plants, 325, 329, 340, 341
Relative humidity, 581, 582, 584, 585, 586,
592, 595-98, 600, 601, 604-607, 610-612
Relative pressure, 242
Relative volume, 242
Reservoir, thermal, 16, 178, 179, 181, 182,
183, 184, 185, 186, 187, 188, 189, 190,
191, 192, 193, 196, 197, 198, 206, 207,
208, 222
Resistance temperature detector, 16
Reversible Process, 180184
internally reversible,184, 197, 198, 199,
208, 209, 213, 214, 217, 218, 219,
220, 221, 225, 287, 330, 334, 354,
376, 381, 425, 455

Saturated air, 580
Saturated liquid, 71-73
Saturated vapor,71-73
Saturation pressure,71-73
Saturation Temperature, 73, 74, 75, 77, 78,
81, 83, 89, 210, 583, 585, 586, 588, 589,
590, 591, 593
Second law efficiency, 303-306
heat exchangers, 327
turbines, compressors, pumps, 134
Second law of thermodynamics:
Clausius statement, 177
general remarks, 177-180
Kelvin-Planck statement, 178, 179
Semiconductor, 16
Sign convention:
for cycles, 376
for heat, 45, 47
for work, 34, 35
Simple compressible system, 69, 70
Simple system, 70
ST units, 8, 9, 10, 22, 86, 90, 91, 159, 212,
217, 592
Solar energy, 189
Solid oxide fuel cell, 645, 646, 647
Solutions:
equilibrium constant for, 694
ideal, 546
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Sound, velocity of, 427-429
Specific heat:
constant-pressure, 74, 101, 110, 112, 243,
336, 381, 385, 386, 407, 415, 521

constant-volume, 16, 17, 18, 112, 191, 243,

375, 376, 381, 385, 386, 425, 680

of ideal gases, 91, 103, 104, 105, 106, 565,

569
of ideal gas mixtures, 564, 566
of monatomic ideal gases, 119
relations, 113
of solids and liquids, 92, 93
zero-pressure, 92, 105
Specific heat ratio, 91, 104, 243, 244, 377,
392, 394, 395, 410, 429, 441, 444, 516,
517, 548, 565
Specific humidity (humidity ratio), 581
Specific volume, 11
approximation using saturated liquid data,
92,93
critical, 71, 72, 77
molar, 12
pseudoreduced, 97
reduced, 97
Stagnation state, 426, 430, 436, 437,
442, 444
Standard state, 629, 630, 631, 648, 654
State:
dead, 275
definition, 5
equilibrium, 7
reference, 210, 211, 215
stagnation, 426
steady, 5, 125-162, 233, 254
triple, 71, 73
State principle, 69, 70, 79, 114
Statistical thermodynamics, 5, 230, 231, 630,
648, 700
Steady state, 5, 125-162, 233, 254
Steam generator, 2, 150, 151, 300, 301, 302,
309, 340, 341, 346, 348, 349, 351, 353,
354, 356, 358, 361, 366
Steam point, 18, 19
Stagnation Temperature, 437, 440, 443
Steam-injected gas turbine, 452
Steam jet refrigeration, 482
Steam rate, 271
Steam tables, 76, 349, 487, 503, 507, 508,
522, 582, 589, 631, 665
Stefan-Boltzmann law, 46, 47
Stirling cycles, 196, 424, 425, 426,
444, 445
Stoichiometric coefficient, 621, 685, 686,
688, 702
Stress, 11, 35, 40, 42, 114, 138
Stroke (piston), 373-376
Subcooled liquids, see Liquids
Sublimation, 71, 75, 76, 504, 505, 506
Subsonic, 429, 430, 432, 433, 434, 435, 436,
437, 439, 443, 444, 445
Superheat, 89, 210, 211, 340, 341, 343, 345,
347, 356, 365, 420

Superheated vapor, 75, 77, 79, 81, 82, 83, 84,
98, 99, 212, 213, 238, 240, 241, 340,
342, 354, 457, 460, 462, 463, 584, 710

Supersonic, 429, 430, 432, 434, 435, 436,
437, 443, 444, 445

Surface tension, 40, 42

Surroundings, 3, 173, 175

Sustainable development, 28

System:

boundary, 3
closed, 3
definition, 3
isolated, 3, 228, 230, 273
open (control volume), 3
simple compressible, 69, 70, 213, 274
simple, 3,70
System integration, 134, 149

T dS equations, 213, 214, 498
Temperature:
absolute, 46, 49, 191, 206, 207
adiabatic flame, 641-645
dew point, 583-588
dry-bulb, 590, 591
equality of, 14
equilibrium flame, 695-699
gas scale of, 17, 18
Kelvin scale of, 17, 18, 190, 191
reduced, 96
saturation, 73
sensors, 15
stagnation, 430
thermodynamic scale of, 190, 191
triple point, 18, 19, 71, 73, 76, 192
various scales of, 18
wet-bulb, 590, 591
Temperature-entropy diagram, 211, 212
for water, 581
Temperature-specific volume diagram, 73, 74
Theoretical air, for combustion,622, 623, 624,
626, 627, 628, 629, 643, 644, 649, 650,
651, 665, 666, 668, 670
Thermal conductivity, 46, 466
Thermal efficiency, 60
of a Carnot cycle, 186
Thermal equilibrium, 14, 16
Thermal pollution, 326
Thermal radiation, energy transfer by,45, 46
Thermal reservoir, 178, 182, 184, 185, 186, 188,
189, 190, 191, 192, 193, 196, 199, 207
Thermistor, 16
Thermodynamics:
first law of, 29-48
general comments, 1
second law of, 18, 43, 58, 61, 84
statistical, 5, 230, 231
third law of, 210, 648, 649, 651, 653
zeroth law of, 14
Thermodynamic tables, Appendix
Thermoeconomics, 309, 310, 311, 313
Thermometer, 14, 15, 16, 17, 18, 148, 191,
590, 591

Thermometric property, 14, 15, 16

Thermostatic expansion valve, 485

Thermosyphon, 372

Third law of thermodynamics, 210, 648, 649,
651, 653

Throat, 432, 434, 435, 443, 444

Throttling calorimeter, 148, 149

Throttling process, 148, 149, 238, 295, 296,
354, 458, 459, 460, 461, 462,
464, 518

Thrust, 415, 418, 419

Ton of refrigeration, 458, 601

Topping cycle, 356, 357, 419

Transient analysis of control volumes, 153

Transonic, 429

Triple point, 17, 18, 19, 71, 72, 73, 75, 76,
84, 191, 192

Turbine,

effectiveness, 306

isentropic efficiency, 345, 477

Turbofan engine, 418

Turbojet engine, 2, 414, 415, 416

Turboprop engine, 418

Ulitmate analysis, 621-622
Units:
English engineering, 9-11
ST (Systeme Internationale d’Unités), 8-9
Universal gas constant, 95
Urban heat islands, 189
U-tube manometer, 26

Vacuum pressure, 12
Valves, 3, 134, 373, 374
Van der Waals equation of state, 489,
491, 496
table of constants, 762, 812
van’t Hoff equation, 695, 699, 700,
706, 711
Vapor, saturated, 75, 77
Vapor-compression heat pumps, 471-473
Vapor-compression refrigeration, 148, 457,
458, 459, 461, 462, 463, 467, 472,
479, 430
Vaporization, 71, 75, 76, 79, 83, 341, 457,
504, 506, 631
Vapor power cycle, 329, 336, 338, 340, 341,
346, 347, 348, 349, 350, 351, 352, 353,
355, 356, 358, 365, 394, 419, 421,
422, 423
Velocity of sound, 426, 427, 429, 433, 444,
514, 515, 516, 517, 522
Virial equation of state, 488
Volume:
change upon mixing, 538
critical specific, 72
partial, 564
pseudoreduced specific, 97
reduced specific, 97
relative, 242
specific, 10
Volume expansivity, 513, 514, 515, 517, 548



Volumetric analysis, 559, 564

Volumetric flow rate, 124, 125, 126, 141, 142,
392, 393, 475, 476, 478, 577, 595, 596,
597, 600, 604, 605, 607, 608

Vortex tube, 237

Waste heat, 150, 300, 308, 469, 473, 668
Water:
steam tables, 76, 77, 582, 589, 631

Water-gas reaction, 712

Wet-bulb temperature, 590, 591, 593, 602,
603, 604, 606, 611

Wet compression, 456

‘Wind chill index, 591

Wind tunnels, 426

Wind turbines, 293
Work:

electrical, 56

energy transfer by, 35, 41, 42, 130

exergy transfer accompanying, 284, 286,
289

expansion or compression, 36—40

extension of a solid bar, 33

flow work, 130, 131

in mechanics, definition of, 34

polarization and magnetization, 41-43

in quasiequilibrium processes, 42, 70

sign convention for, 34

thermodynamic definition of, 34

transmitted by a shaft, 41, 42
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Working fluid, 325, 326, 328, 329, 330, 331,
332, 333, 334, 335, 336, 337, 338, 339,
341, 342, 343, 344, 346, 348, 349, 351,
352, 353, 354, 356, 358, 359, 365, 373,
375, 381, 388, 390, 393, 395, 396, 398,
399, 401, 402, 405, 406, 410, 411, 413,
415, 416, 421, 425, 426, 444, 459, 462,
465, 471, 473, 476, 477

Young’s modulus, 64

Z-chart, see generalized compressibility chart
Zeldovich mechanism, 716

Zero-pressure specific heat, 105

Zeroth law of thermodynamics, 14






