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Table A-1

926

Tables in SI Units

TABLE A-1

Atomic or Molecular Weights and Critical Properties of Selected
Elements and Compounds

Chemical M T, pe 7 = PVe
Substance ... Formula  _ (Gkg/kmo) O .. ban . SR
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 C4Hqo 58.12 425 38.0 0.274
Carbon C 12.01 - — —
Carbon dioxide Co, 44.01 304 73.9 0.276
Carbon monoxide Cco 28.01 133 35.0 0.294
Copper Cu 63.54 - - -
Ethane C,H 30.07 305 48.8 0.285
Ethanol C,Hs0H 46.07 516 63.8 0.249
Ethylene C,H, 28.05 283 51.2 0.270
Helium He 4.003 5.2 2.3 0.300
Hydrogen H, 2.016 33.2 13.0 0.304
Methane CH, 16.04 191 46.4 0.290
Methanol CH50H 32.04 513 79.5 0.220
Nitrogen N, 28.01 126 33.9 0.291
Octane CgHyg 114.22 569 24.9 0.258
Oxygen 0, 32.00 154 50.5 0.290
Propane CsHg 44.09 370 42.7 0.276
Propylene C3Hg 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 S0, 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).

Sources for Tables A-2 through A-18.

Tables A-2 through A-6 are extracted from J. H. Keenan, F. G. Keyes, P. G. Hill, and J. G. Moore, Steam Tables,
Wiley, New York, 1969.

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.

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.

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.

Tables A-16 through A-18 are calculated based on B. A. Younglove and J. F. Ely, “Thermophysical Properties of
Fluids. Il. Methane, Ethane, Propane, Isobutane and Normal Butane,” J. Phys. Chem. Ref. Data, Vol. 16, No. 4, 1987,
pp. 577-598.



pressure Conv
1 bar =

TABLE A-2

Properties of Saturated Water (Liquid—Vapor): Temperature Table
0.1 MPa

ersions:

Press.

0.00611

0.00813
0.00872
0.00935
0.01072

0.01228
0.01312
0.01402
0.01497
0.01598

0.01705
0.01818
0.01938
0.02064
0.02198

0.02339
0.02487
0.02645
0.02810
0.02985

0.03169

0.03363
0.03567
0.03782
0.04008

0.04246
0.04496
0.04759
0.05034
0.05324

0.05628
0.05947
0.06632
0.07384

0.09593

Specific Volume

m3/kg
Sat. Sat
Liquid Vapor
vs X 103 v

1.0002 | 206.136
1.0001 157.232
1.0001 147.120
1.0001 137.734
1.0002 120.917

1.0004 | 106.379
1.0004 99.857
1.0005 93.784
1.0007 88.124
1.0008 82.848

1.0009 77.926
1.00M 73.333
1.0012 69.044
1.0014 65.038
1.0016 61.293

1.0018 57.791
1.0020 54.514
1.0022 51.447
1.0024 48.574
1.0027 45.883

1.0029 43.360
1.0032 40.994
1.0035 38.774
1.0037 36.690
1.0040 34.733

1.0043 32.894
1.0046 31.165
1.0050 29.540
1.0053 28.011
1.0056 26.571

1.0060 25.216
1.0063 23.940
1.0071 21.602
1.0078 19.523
1.0099 15.258

v; = (table value)/10001_|

Internal Energy
k)/ kg

Sat. Sat.
Liquid Vapor

ug ug
0.00 | 2375.3
16.77 | 2380.9
20.97 | 2382.3
25.19 | 2383.6
33.59 | 2386.4
42.00 | 2389.2
46.20 | 2390.5
50.41 | 2391.9
54.60 | 2393.3
58.79 | 2394.7
62.99 | 2396.1
67.18 | 2397.4
71.38 | 2398.8
75.57 | 2400.2
79.76 | 2401.6
83.95 | 2402.9
88.14 | 2404.3
92.32 | 2405.7
96.51 | 2407.0
100.70 | 2408.4
104.88 | 2409.8
109.06 | 24111
113.25 | 2412.5
117.42 | 2413.9
121.60 | 2415.2
125.78 | 2416.6
129.96 | 2418.0
13414 | 2419.3
138.32 | 2420.7
142.50 | 2422.0
146.67 | 2423.4
150.85 | 2424.7
159.20 | 2427.4
167.56 | 2430.1
188.44 | 2436.8

Enthalpy
k)/ kg

Tables in Sl Units 927

Entropy
kj/kg - K

10
1
12
13
14

15
16
17
18
19

20
21
22
23
24

25
26
27
28
29

30
31
32
33
34

35
36
38
40

45
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(Continued)

Pressure 6 10 oL CC L

Specific Volume Internal Energy Enthalpy Entropy
m?/kg k)/kg k)/kg kl/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° vg u; ug h; hg hq st Sg °C
50 1235 1.0121 12.032 209.32 | 2443.5 209.33 | 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 25111 | 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 | 2469.6 292.98 | 2333.8 | 2626.8 9549 | 7.7553 70
75 3858 1.0259 4131 313.90 | 2475.9 313.93 | 2321.4 | 2635.3 | 1.0155 | 7.6824 75
80 4739 1.0291 3.407 334.86 | 2482.2 334.91 | 2308.8 | 2643.7 | 1.0753 | 7.6122 80
85 5783 1.0325 2.828 355.84 | 2488.4 355.90 | 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 | 21M4.3 | 2746.5 | 1.8418 | 6.8379 | 150
160 6.178 1.1020 0.3071 674.86 | 2568.4 675.55 | 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 2602.4 | 1085.4 1716.2 | 2801.5 | 2.7927 | 6.0730 | 250
260 46.88 1.2755 0.04221 1128.4 2599.0 | 1134.4 1662.5 | 2796.6 | 2.8838 | 6.0019 | 260
270 54.99 1.3023 0.03564 177.4 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 14771 | 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
37414 | 220.9 3.155 0.003155 | 2029.6 2029.6 | 2099.3 0 2099.3 | 4.4298 | 4.4298 | 374.14

v; = (table value)/10001_|




Pressur
1 bar =

TABLE A-3

Conversions: Properties of Saturated Water (Liquid-Vapor): Pressure Table
e CO * iqeceeeccccececsccccccneeeeeenanan

0.1 MPa

Specific Volume
m?/kg
Sat. Sat
Temp Liquid Vapor
°C vs X 10° Vg

179.9 1.1273 0.1944
198.3 1.1539 0.1318
212.4 11767 0.09963
224.0 1.1973 0.07998
233.9 1.2165 0.06668

242.6 1.2347 0.05707
250.4 1.2522 0.04978
257.5 1.2692 0.04406
264.0 1.2859 0.03944
275.6 1.3187 0.03244

285.9 1.3513 0.02737

2951 1.3842 0.02352
303.4 1.4178 0.02048
31.1 1.4524 0.01803

318.2 1.4886 0.01599

v; = (table value)/10001_|

Tables in SI Units 929
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pressure C

(Continued)

onvefSionS: heeeceseesssserrsssssssssssssssnnns

m’/kg
Sat. Sat
Temp Liquid Vapor
°C vs X 10° Vg

324.8 1.5267 0.01426
330.9 1.5671 0.01278
336.8 1.6107 0.01149
342.2 1.6581 0.01034
347.4 1.7107 0.009306

352.4 1.7702 0.008364

3571 1.8397 0.007489
361.5 1.9243 0.006657
365.8 2.036 0.005834
374.1 3.155 0.003155

S/ S
Sat. Sat.
Liquid Vapor
ug Ug
1473.0 2513.7
1511.1 24961
1548.6 2476.8
1585.6 2455.5
1622.7 2431.7
1660.2 2405.0
1698.9 2374.3
1739.9 2338.1
1785.6 2293.0
2029.6 2029.6

Entropy
kj/kg - K
Sat. Sat.
Liquid Vapor
S¢ Sg
3.4962 | 5.4924
3.5606 | 5.4323
3.6232 | 5.3717
3.6848 | 5.3098
3.7461 5.2455
3.8079 | 5.777
3.8715 5.1044
3.9388 | 5.0228
4.0139 | 4.9269
4.4298 | 4.4298

v; = (table value)/1000—|_'




TABLE A-4

Sat.
80
120

160
200
240

280
320
360

400
440
500

Sat.
100
120

160
200
240

280
320
360

400
440
500

Sat.
120
160

200
240
280

320
360
400

440
500
600

Properties of Superheated Water Vapor

9.8435
9.9633

u h
k)/ kg k)/ kg
p = 0.06 bar = 0.006 MPa
o {oa = 36.16°0)
2425.0 | 2567.4
2487.3 | 2650.1
2544.7 | 2726.0
2602.7 | 2802.5
2661.4 | 2879.7
2721.0 | 2957.8
2781.5 | 3036.8
2843.0 | 3116.7
2905.5 | 3197.7
2969.0 | 3279.6
3033.5 | 3362.6
3132.3 | 3489.1

10.1336

p = 0.70 bar = 0.07 MPa

(Tsat =

89.95°C)

p = 1.5 bar = 0.15 MPa

T =
2519.7
2533.3

2595.2

2656.2
2717.2
2778.6

2840.6
2903.5
2967.3

30321
3131.2
3301.7

111.37°C)

p = 0.35 bar = 0.035 MPa
(Tear = 72.69°C)

p = 1.0 bar = 0.10 MPa
(Teat = 99.63°C)

p = 3.0 bar = 0.30 MPa
(Tsar = 133.55°0)

Tables in Sl Units
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pressure Co

nversions:

TABLE A-4

(Continued)
T v u h s
°C m3/kg kl/kg ki/kg  kJ/kg - K
p = 5.0 bar = 0.50 MPa
_______________ (T = 151.86°C) ..
Sat. 0.3749 | 2561.2 | 2748.7 6.8213
180 0.4045 | 2609.7 | 2812.0 6.9656
200 0.4249 | 2642.9 | 2855.4 7.0592
240 0.4646 | 2707.6 | 2939.9 7.2307
280 0.5034 | 2771.2 | 3022.9 7.3865
320 0.5416 | 2834.7 | 3105.6 7.5308
360 0.5796 | 2898.7 | 3188.4 7.6660
400 0.6173 | 2963.2 | 3271.9 7.7938
440 0.6548 | 3028.6 | 3356.0 7.9152
500 0.7109 | 3128.4 | 3483.9 8.0873
600 0.8041 | 3299.6 | 3701.7 8.3522
700 0.8969 | 3477.5 | 3925.9 8.5952
""""" p = 10.0 bar = 1.0 MPa
............... (T = 179970 ..
Sat. 0.1944 | 2583.6 | 2778.1 6.5865
200 0.2060 | 2621.9 | 2827.9 6.6940
240 0.2275 | 2692.9 | 2920.4 6.8817
280 0.2480 | 2760.2 | 3008.2 7.0465
320 0.2678 | 2826.1 | 3093.9 7.1962
360 0.2873 | 2891.6 | 3178.9 7.3349
400 0.3066 | 2957.3 | 3263.9 7.4651
440 0.3257 | 3023.6 | 3349.3 7.5883
500 0.3541 | 3124.4 | 3478.5 7.7622
540 0.3729 | 3192.6 | 3565.6 7.8720
600 0.4011 | 3296.8 | 3697.9 8.0290
640 0.4198 | 3367.4 | 3787.2 8.1290
""""" p = 20.0 bar = 2.0 MPa
(To = 212.42°C)
Sat. 0.0996 | 2600.3 | 2799.5 6.3409
240 0.1085 | 2659.6 | 2876.5 6.4952
280 0.1200 | 2736.4 | 2976.4 6.6828
320 0.1308 | 2807.9 | 3069.5 6.8452
360 0.14M 2877.0 | 3159.3 6.9917
400 0.1512 2945.2 | 3247.6 7.1271
440 0.161 3013.4 | 3335.5 7.2540
500 0.1757 | 3116.2 | 3467.6 7.4317
540 0.1853 | 3185.6 | 3556.1 7.5434
600 0.1996 | 3290.9 | 3690.1 7.7024
640 0.2091 | 3362.2 | 3780.4 7.8035
700 0.2232 | 3470.9 | 3917.4 7.9487

p = 7.0 bar = 0.70 MPa
(Tsat = 164.97°C)

2572.5 | 2763.5
2599.8 | 2799.1
2634.8 | 2844.8
2701.8 | 2932.2
2766.9 | 30171
2831.3 | 3100.9
2895.8 | 3184.7
2960.9 | 3268.7
3026.6 | 3353.3
3126.8 | 3481.7
3298.5 | 3700.2
3476.6 | 3924.8
= 15.0 bar = 1.5 MPa
(T = 198.32°C)
2594.5 | 2792.2
2598.1 | 2796.8
2676.9 | 2899.3
2748.6 | 2992.7
28171 3081.9
2884.4 | 3169.2
2951.3 | 3255.8
3018.5 | 3342.5
3120.3 | 3473.1
3189.1 | 3560.9
3293.9 | 3694.0
3364.8 | 3783.8
= 30.0 bar = 3.0 MPa
(T = 233.90°0)
2604.1 | 2804.2
2619.7 | 2824.3
2709.9 | 2941.3
2788.4 | 3043.4
2861.7 | 3138.7
2932.8 | 3230.9
3002.9 | 3321.5
3108.0 | 3456.5
3178.4 | 3546.6
3285.0 | 3682.3
3357.0 | 3773.5
3466.5 | 3911.7




TABLE A-4

(Continued)
T v u h s
°C m3/kg k)/ kg kj/kg  kJ/kg - K
p = 40 bar = 4.0 MPa
.............. (T =2504°0) .
Sat. 0.04978 | 2602.3 | 2801.4 6.0701
280 0.05546 | 2680.0 | 2901.8 6.2568
320 0.06199 | 2767.4 | 3015.4 6.4553
360 0.06788 | 2845.7 3117.2 6.6215
400 0.07341 2919.9 | 3213.6 6.7690
440 0.07872 | 2992.2 | 33071 6.9041
500 0.08643 | 3099.5 | 3445.3 7.0901
540 0.09145 3171.1 | 3536.9 7.2056
600 0.09885 | 3279.1 | 3674.4 7.3688
640 0.1037 3351.8 | 3766.6 7.4720
700 0.1110 3462.1 | 3905.9 7.6198
740  0.1157 3536.6 | 3999.6 7.7141
"""""" p = 80 bar = 8.0 MPa
e (2t 5 295.06°0)
Sat. 0.02352 | 2569.8 | 2758.0 5.7432
320 0.02682 | 2662.7 | 2877.2 5.9489
360 0.03089 | 2772.7 | 3019.8 6.1819
400 0.03432 | 2863.8 | 3138.3 6.3634
440 0.03742 | 2946.7 | 3246.1 6.5190
480 0.04034 | 3025.7 | 3348.4 6.6586
520 0.04313 | 3102.7 | 3447.7 6.7871
560 0.04582 | 3178.7 | 3545.3 6.9072
600 0.04845 | 3254.4 | 3642.0 7.0206
640 0.05102 | 3330.1 3738.3 7.1283
700 0.05481 | 3443.9 | 3882.4 7.2812
740 0.05729 | 3520.4 | 3978.7 7.3782
""""" p = 120 bar = 12.0 MPa
.............. (T =324.75°C) .
Sat. 0.01426 | 2513.7 | 2684.9 5.4924
360 0.01811 2678.4 | 2895.7 5.8361
400 0.02108 | 2798.3 | 3051.3 6.0747
440 0.02355 | 2896.1 3178.7 6.2586
480 0.02576 | 2984.4 | 3293.5 6.4154
520 0.02781 | 3068.0 | 3401.8 6.5555
560 0.02977 | 3149.0 | 3506.2 6.6840
600 0.03164 | 3228.7 | 3608.3 6.8037
640 0.03345 | 3307.5 | 3709.0 6.9164
700 0.03610 | 3425.2 | 3858.4 7.0749
740 0.03781 | 3503.7 | 3957.4 71746

0.03244
0.03317
0.03876

0.04331
0.04739
0.05122

0.05665
0.06015
0.06525

0.06859
0.07352
0.07677

u

(Toae = 275.64°C)

S

p = 60 bar = 6.0 MPa

p = 100 bar = 10.0 MPa
(Toae = 311.06°C)

0.01803
0.01925
0.02331

0.02641
0.0291
0.03160

0.03394
0.03619
0.03837

0.04048
0.04358
0.04560

p = 140 bar = 14.0 MPa
(T.at = 336.75°C)

0.01149
0.01422
0.01722

0.01954
0.02157
0.02343

0.02517
0.02683
0.02843

0.03075
0.03225

Tables in Sl Units
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TABLE A-4

(Continued)
T v u h s v u h s
°C m3/kg kl/kg ki/kg  kl/kg - K m3/kg kl/kg ki/kg  kj/kg - K
Pressure Conversions: p = 160 bar = 16.0 MPa p = 180 bar = 18.0 MPa
______________ (T = 347.84°00 .. e T T 357.06°0)
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 | 3234.4 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 | 3465.4 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 | 3284.2 | 3678.9 6.7580 0.02174 | 3272.3 | 3663.6 6.6905
700 0.02674 | 3406.0 | 3833.9 6.9224 0.02362 | 3396.3 | 38215 6.8580
740 0.02808 | 3486.7 | 3935.9 7.0251 0.02483 | 3478.0 | 3925.0 6.9623
""""" p = 200 bar = 20.0 MPa TP’ =240 bar = 24.0 MPa
_____________ (T =36581°0 ..
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 | 2774.9 | 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 | 3302.2 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 | 3145.2 | 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
DS 280bar =280 MPa D= 320b2 =320 NP2
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 | 3758.4 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




TABLE A-5

100
140
180

200
220
Sat.

20
40
80

100
140
180

220
260
Sat.

20
40
80

100
140
180

220
260
300
Sat.

20
40
100

200
300

u h

p = 25 bar = 2.5 MPa
(Tear = 223.99°0)

Properties of Compressed Liquid Water

p =75 bar = 7.5 MPa
(Tear = 290.59°C)

p = 150 bar = 15.0 MPa

(T = 342.24°C)

p = 50 bar = 5.0 MPa
(Tear = 263.99°C)

p = 100 bar = 10.0 MPa
(T = 311.06°C)

p = 200 bar = 20.0 MPa
(T.ae = 365.81°C)

.9928 82.77
.9992 165.17
1.0199 330.40

1.0337 413.39
1.0678 580.69
1.1120 750.95

1.1693 925.9
1.2462 | 1108.6
1.3596 | 1306.1

2.036 1785.6

v = (table value)/1000 1_|

v = (table value)/1000 1_|
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Tables in SI Units 937

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

e ConVETSionsz e -

Pressur
Specific Volume Internal Energy Enthalpy Entropy
m3/kg k)/kg k)/kg k)/kg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.

Temp Press Liquid Vapor Liquid Vapor Liquid Evap Vapor Liquid Vapor Temp
°C bar vs X 10° Vg us ug hy heg hg S¢ Sq °C
—60 0.3749 0.6833 0.5370 —21.57 | 203.67 =2155 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 4.29 213.25 4.38 | 230.71 235.09 0.0186 | 0.9914 —36
=52 1.5049 0.7231 0.1468 8.68 | 214.80 8.79 | 228.10 | 236.89 0.0369 | 0.9828 =52
—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 | 225.43 | 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 19.92 221.32 241.24 0.0819 | 0.9631 —22
—20 2.4534 0.7427 0.0926 21.99 219.37 2217 219.91 242.09 0.0908 | 0.9595 —20
—18 2.6482 0.7462 0.0861 24.23 | 220.1 24.43 218.49 | 242.92 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 28.97 215.59 | 244.56 0.1171 0.9490 —14
—12 3.3044 0.7569 0.0698 31.00 | 222.30 31.25 214.1 245.36 0.1258 0.9457 —-12
—10 3.5485 0.7606 0.0652 33.27 | 223.02 33.54 212.62 | 246.15 0.1345 0.9424 —10
-8 3.8062 0.7644 0.0610 35.54 | 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 42.42 | 225.82 42.78 | 206.41 249.20 0.1688 | 0.9300 -2
0 4,981 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 | 22717 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 | 255.21 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 79.05 179.37 | 258.43 0.2936 | 0.8893 28
32 12.556 0.8599 0.0186 83.06 | 235.91 84.14 175.18 259.32 0.3101 0.8842 32
36 13.897 0.8724 0.0168 88.08 | 236.83 89.29 170.82 | 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

v = (table value)/10001_|
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938 Tables in SI Units

TABLE A-8

e Conversions:

Specific Volume Internal Energy Enthalpy Entropy
m>?/kg kl/kg k)/kg ki/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° Vg ug ug he hig hg St Se bar

0.60 —51.40 0.6947 0.3466 —12.39 207.14 —12.35 | 240.28 | 227.93 —0.0542 | 1.0294 0.60
0.70 | —48.40 0.6989 0.3002 —9.17 | 208.34 —9.12 | 238.47 | 229.35 —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
m 0.90 —43.30 0.7061 0.2374 —3.66 210.37 —3.60 | 235.34 231.74 —0.0155 1.0084 0.90
& 1.00 —41.09 0.7093 0.2152 —1.26 211.25 —1.19 | 233.95 | 232.77 —0.0051 1.0031 1.00
1.25 —36.23 0.7166 0.1746 4.04 213.16 413 | 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
2.50 —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 25.36 | 220.48 25.56 217.77 243.33 0.1040 | 0.9542 2.75

3.50 —10.39 0.7599 0.0661 32.82 | 222.88 33.09 212.91 246.00 0.1328 | 0.9431 3.50
3.75 —8.43 0.7636 0.0618 35.06 | 223.58 35.34 21.42 246.77 0.1413 0.9399 3.75
4.00 —6.56 0.7672 0.0581 3718 | 224.24 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 4117 | 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 43.42 | 205.98 | 249.40 0.171 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 50.40 201.1 251.51 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 0.9117 7.00
8.00 15.45 0.8149 0.0295 62.88 231.43 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 72.46 233.71 73.30 | 183.99 257.28 0.2748 | 0.8952 | 10.00

v = (table value)/10001_|




TABLE A-9

Sat.
—45
—40

—35
—30
—25

—20
=15
—10

=5

10

Sat.
—30
=25

—-20
—15
—10

=5

10
15
20
25

Properties of Superheated Refrigerant 22 Vapor

p = 0.4 bar = 0.04 MPa

(Tsax = —58.86°C)

0.50559
0.51532
0.52787

0.54037
0.55284
0.56526

0.57766
0.59002
0.60236

0.61468
0.62697
0.63925
0.65151

p = 0.8 bar = 0.08 MPa

0.26503
0.26597
0.27245

0.27890
0.28530
0.29167

0.29801
0.30433
0.31062

0.31690
0.32315
0.32939
0.33561

(Tear = —45.73°C)

209.41 | 230.61
209.76 | 231.04
212.21 | 234.01

214.68 | 236.99
21717 | 239.99
219.68 | 243.02

222.22 | 246.06
224.78 | 249.13
227.37 | 252.22

229.98 | 255.34
232.62 | 258.47
235.29 | 261.64
237.98 | 264.83

p = 1.5 bar = 0.15 MPa

0.14721
0.14872
0.15232

0.15588
0.15941
0.16292

0.16640
0.16987
0.17331

0.17674
0.18015
0.18355
0.18693

(Tsat = —32.08°C)

0.34656

0.34895

0.35747
0.36594
0.37437

0.38277
0.39114
0.39948

0.40779
0.41608
0.42436
0.43261

(Tsa = —51.40°C)

p = 0.6 bar = 0.06 MPa

p = 1.0 bar = 0.10 MPa

0.21518

0.21633

0.22158
0.22679
0.23197

0.23712
0.24224
0.24734

0.25241
0.25747
0.26251

0.26753

(Toar = —41.09°C)

p = 2.0 bar = 0.20 MPa

0.11232

0.11242

0.11520
0.11795
0.12067

0.12336
0.12603
0.12868

0.13132
0.13393
0.13653

0.13912

(Toa = —25.18°C)

Tables in Sl Units
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nversions:

pressure Co

R-22

TABLE A-9

p = 3.0 bar = 0.30 MPa
(Toar = —14.66°C)

(Continued)

T v u h s

°C m3/kg k)/ kg k)/kg kl/kg - K
p = 2.5 bar = 0.25 MPa

_______________ (oo = 219570 ...
Sat. 0.09097 | 219.55 | 242.29 0.9586
=15 0.09303 | 222.03 | 245.29 0.9703
—10 0.09528 | 224.79 | 248.61 0.9831
=5 0.09751 227.55 251.93 0.9956
0 0.09971 | 230.33 | 255.26 1.0078
5 0.10189 233.12 | 258.59 1.0199
10 0.10405 | 235.92 | 261.93 1.0318
15 0.10619 | 238.74 | 265.29 1.0436
20 0.10831 241.58 | 268.66 1.0552
25 0.11043 | 244.44 | 272.04 1.0666
30 0.11253 247.31 275.44 1.0779
35 0.11461 250.21 278.86 1.0891
40 0.11669 | 253.13 | 282.30 1.1002
"""""" p = 3.5 bar = 0.35 MPa
............... (T = 710.39°0) .
Sat. 0.06605 | 222.88 | 246.00 0.9431
=10 0.06619 | 223.10 | 246.27 0.9441
—5 0.06789 | 225.99 | 249.75 0.9572
0 0.06956 | 228.86 | 253.21 0.9700
5 0.07121 231.74 | 256.67 0.9825
10 0.07284 | 234.63 | 260.12 0.9948
15 0.07444 | 237.52 | 263.57 1.0069
20 0.07603 | 240.42 | 267.03 1.0188
25 0.07760 | 243.34 | 270.50 1.0305
30 0.07916 | 246.27 | 273.97 1.0421
35 0.08070 | 249.22 | 227.46 1.0535
40 0.08224 | 252.18 | 280.97 1.0648
45  0.08376 | 255.17 | 284.48 1.0759
"""""" p = 4.5 bar = 0.45 MPa
________________ (T = 73.08°0) ..
Sat. 0.05189 | 225.45 | 248.80 0.9316
0 0.05275 | 227.29 | 251.03 0.9399
5 0.05411 230.28 | 254.63 0.9529
10 0.05545 | 233.26 | 258.21 0.9657
15  0.05676 | 236.24 | 261.78 0.9782
20 0.05805 | 239.22 | 265.34 0.9904
25 0.05933 | 242.20 | 268.90 1.0025
30 0.06059 | 245.19 | 272.46 1.0143
35 0.06184 | 248.19 | 276.02 1.0259
40 0.06308 | 251.20 | 279.59 1.0374
45  0.06430 | 254.23 | 283.17 1.0488
50 0.06552 | 257.28 | 286.76 1.0600
55 0.06672 | 260.34 | 290.36 1.0710

0.07651

0.07833

0.08025
0.08214
0.08400

0.08585
0.08767
0.08949

0.09128
0.09307
0.09484
0.09660

p = 4.0 bar = 0.40 MPa
(Toar = —6.56°C)

0.05812

0.05860

0.06011
0.06160
0.06306

0.06450
0.06592
0.06733

0.06872
0.07010
0.07146
0.07282

p = 5.0 bar = 0.50 MPa
(Tt = 0.12°C)

0.04686

0.04810

0.04934
0.05056
0.05175

0.05293
0.05409
0.05523

0.05636
0.05748
0.05859
0.05969




TABLE A-9

(Continued)
T v u h
°C m?/kg kl/kg k)/kg
p = 5.5 bar = 0.55 MPa
SRR (T = 3.08°0)
Sat. 0.04271 227.53 251.02
5 0.04317 | 228.72 | 252.46
10 0.04433 | 231.81 | 256.20
15  0.04547 | 234.89 | 259.90
20 0.04658 | 237.95 | 263.57
25 0.04768 | 241.01 267.23
30 0.04875 | 244.07 | 270.88
35 0.04982 | 24713 | 274.53
40 0.05086 | 250.20 | 278.17
45 0.05190 | 253.27 | 281.82
50 0.05293 | 256.36 | 285.47
55 0.05394 | 259.46 | 289.13
60 0.05495 | 262.58 | 292.80
"""""" p = 7.0 bar = 0.70 MPa
e Tsat = 10.91°C)
Sat. 0.03371 | 230.04 | 253.64
15  0.03451 | 232.70 | 256.86
20 0.03547 | 235.92 | 260.75
25 0.03639 | 239.12 | 264.59
30 0.03730 | 242.29 | 268.40
35 0.03819 | 245.46 | 272.19
40 0.03906 | 248.62 | 275.96
45 0.03992 | 251.78 | 279.72
50 0.04076 | 254.94 | 283.48
55 0.04160 | 258.11 287.23
60 0.04242 | 261.29 | 290.99
65 0.04324 | 264.48 | 294.75
70 0.04405 | 267.68 | 298.51
T p="9.0 bar = 0.90 MPa
e Tsat = 19.59°C)
Sat. 0.02623 | 232.64 | 256.25
20 0.02630 | 232.92 | 256.59
30 0.02789 | 239.73 | 264.83
40 0.02939 | 246.37 | 272.82
50 0.03082 | 252.95 | 280.68
60 0.03219 | 259.49 | 288.46
70 0.03353 | 266.04 | 296.21
80 0.03483 | 272.62 | 303.96
90 0.03611 279.23 311.73
100 0.03736 | 285.90 | 319.53
110 0.03860 | 292.63 | 327.37
120 0.03982 | 299.42 | 335.26
130 0.04103 | 306.28 | 343.21
140 0.04223 | 313.21 351.22
150  0.04342 | 320.21 359.29

v u h s
m?/kg k)/kg k)/kg
p = 6.0 bar = 0.60 MPa
_______________ (T = 5850 ...
0.03923 | 228.44 | 251.98
0.04015 231.05 | 255.14
0.04122 | 234.18 | 258.91
0.04227 | 237.29 | 262.65
0.04330 | 240.39 | 266.37 .
0.04431 | 243.49 | 270.07 0.9808
0.04530 | 246.58 | 273.76 0.9929
0.04628 | 249.68 | 277.45 1.0048
0.04724 | 252.78 | 281.13 1.0164
0.04820 | 255.90 | 284.82 1.0279
0.04914 | 259.02 | 288.51 1.0393
0.05008 | 262.15 | 292.20 1.0504
""""" p = 8.0 bar = 0.80 MPa
______________ (T = 15.45°0 ...
0.02953 | 231.43 | 255.05 0.9056
0.03033 | 234.47 | 258.74 0.9182
0.03118 237.76 | 262.70 0.9315
0.03202 | 241.04 | 266.66 0.9448
0.03283 | 244.28 | 270.54 0.9574
0.03363 | 247.52 | 274.42 0.9700
0.03440 | 250.74 | 278.26 0.9821
0.03517 | 253.96 | 282.10 0.9941
0.03592 | 257.18 | 285.92 1.0058
0.03667 | 260.40 | 289.74 1.0174
0.03741 | 263.64 | 293.56 1.0287
0.03814 | 266.87 | 297.38 1.0400
""""" p = 10.0 bar = 1.00 MPa
ey T 5238000
0.02358 | 233.71 257.28 0.8952
0.02457 | 238.34 | 262.91 0.9139
0.02598 | 245.18 27117 0.9407
0.02732 | 251.90 | 279.22 0.9660
0.02860 | 258.56 | 287.15 0.9902
0.02984 | 265.19 | 295.03 1.0135
0.03104 | 271.84 | 302.88 1.0361
0.03221 | 278.52 | 310.74 1.0580
0.03337 | 285.24 | 318.61 1.0794
0.03450 | 292.02 | 326.52 1.1003
0.03562 | 298.85 | 334.46 1.1207
0.03672 | 305.74 | 342.46 1.1408
0.03781 312.70 | 350.51 1.1605
0.03889 | 319.74 | 358.63 1.1790
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onversions:

R-22

TABLE A-9

p = 12.0 bar = 1.20 MPa
(Tsar = 30.25°C)

p = 16.0 bar = 1.60 MPa

=
238.00
244.66
252.29
259.65
266.86
274.00
281.09
288.18
295.28
302.41
309.58
316.79

324.05

41.73°C)

331.37

p = 20.0 bar = 2.00 MPa

(Continued)
T v
°C m?/kg
Sat. 0.01955
40 0.02083
50 0.02204
60 0.02319
70 0.02428
80 0.02534
90 0.02636
100 0.02736
10 0.02834
120  0.02930
130  0.03024
140 0.03118
150  0.03210
160 0.03301
170  0.03392
Sat. 0.01440
50 0.01533
60 0.01634
70 0.01728
80 0.01817
90 0.01901
100 0.01983
110 0.02062
120 0.02139
130 0.02214
140 0.02288
150  0.02361
160 0.02432
170  0.02503
Sat. 0.01124
60 0.01212
70 0.01300
80 0.01381
90 0.01457
100 0.01528
110 0.01596
120 0.01663
130 0.01727
140 0.01789
150 0.01850
160 0.01910
170  0.01969
180  0.02027

(Tsat =

51.26°C)

p = 14.0 bar = 1.40 MPa
(Tsa! = 36-290(-)

0.01662
0.01708
0.01823
0.01929
0.02029
0.02125
0.02217
0.02306
0.02393
0.02478
0.02562
0.02644
0.02725
0.02805
0.02884

= 18.0 bar = 1.80 MPa
(Toat = 46.69°C)

0.01265
0.01301
0.01401
0.01492
0.01576
0.01655
0.01731
0.01804
0.01874
0.01943
0.020M
0.02077
0.02142
0.02207

p = 24.0 bar = 2.4 MPa
(T = 59.46°C)

0.00907
0.00913
0.01006
0.01085
0.01156
0.01222
0.01284
0.01343
0.01400
0.01456
0.01509
0.01562
0.01613
0.01663
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TABLE A-10

e Conversions:

Specific Volume Internal Energy Enthalpy Entropy
m*/kg k)/kg k)/kg k)/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° vg us ug he hgg hg St Sg °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 4.73 220.67 225.40 0.0201 0.9506 —36
—32 0.7704 0.7172 0.2451 9.47 209.01 9.52 218.37 227.90 0.0401 0.9456 —32
—28 0.9305 0.7233 0.2052 14.31 211.29 14.37 216.01 230.38 0.0600 0.941M —28
—26 1.0199 0.7265 0.1882 16.75 212.43 16.82 214.80 231.62 0.0699 0.9390 —26
—24 1.1160 0.7296 0.1728 19.21 213.57 19.29 213.57 232.85 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 2417 215.84 24.26 211.05 235.31 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 34.25 220.36 34.39 205.77 240.15 0.1388 0.9267 —-12
-8 2.1704 0.7569 0.0919 39.38 222.60 39.54 203.00 242.54 0.1583 0.9239 -8
—4 2.5274 0.7644 0.0794 44,56 224.84 44.75 200.15 244,90 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 0.9116 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 82.90 177.55 260.45 0.3113 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 24412 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 0.3772 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 108.25 249.02 109.19 159.94 269.14 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 129.51 255.23 130.93 143.75 274.68 0.4622 0.8990 56
60 16.813 0.9488 0.014 135.82 256.81 137.42 138.57 275.99 0.4814 0.8973 60
70 21.162 1.0027 0.0086 | 152.22 260.15 154.34 124.08 278.43 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 34.40 259.13 0.7196 0.8117 100

v; = (table value)/10001_|
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TABLE A-11

e Conversions:

m?/kg
Sat. Sat
Temp Liquid Vapor
°C v; X 10° v

kl/kg
Sat. Sat.
Liquid Vapor
us ug
3.41 206.12
10.41 209.46
16.22 212.18
21.23 214.50
25.66 216.52
29.66 218.32
33.31 219.94
36.69 221.43
42.77 224.07
48.18 226.38
53.06 | 228.43
57.54 230.28
61.69 231.97
70.93 235.64
78.99 238.74
86.19 241.42
92.75 243.78
98.79 245.88
104.42 247.77
114.69 251.03
123.98 253.74
132.52 256.00
140.49 257.88
148.02 259.41
165.48 261.84
181.88 | 262.16

Entropy
kj/kg - K
Sat. Sat.
Liquid Vapor
S¢ Sg

0.0147 0.9520
0.0440 | 0.9447
0.0678 | 0.9395
0.0879 | 0.9354
0.1055 0.9322
0.121 0.9295
0.1352 0.9273
0.1481 0.9253
0.1710 0.9222
0.1911 0.9197
0.2089 | 0.9177
0.2251 0.9160
0.2399 | 0.9145
0.2723 0.9117

0.2999 | 0.9097
0.3242 | 0.9080
0.3459 | 0.9066
0.3656 | 0.9054
0.3838 | 0.9043
0.4164 0.9023
0.4453 | 0.9003
0.4714 0.8982
0.4954 | 0.8959
0.5178 0.8934
0.5687 | 0.8854
0.6156 0.8735

v; = (table value)/10001_|




TABLE A-12

Properties of Superheated Refrigerant 134a Vapor

p = 0.6 bar = 0.06 MPa
(Teae = —37.07°C)

Sat. 0.31003 | 206.12 | 224.72 | 0.9520
—20 0.33536 | 217.86 | 237.98 1.0062
—10 0.34992 | 224.97 | 245.96 1.0371
0 0.36433 | 232.24 | 254.10 1.0675
10 0.37861 | 239.69 | 262.41 1.0973
20 0.39279 | 247.32 | 270.89 1.1267
30 0.40688| 255.12 | 279.53 1.1557
40 0.42091 | 263.10 | 288.35 1.1844
50 0.43487 | 271.25 | 297.34 1.2126
60 0.44879 | 279.58 | 306.51 1.2405
70 0.46266| 288.08 | 315.84 1.2681
80 0.47650 | 296.75 | 325.34 1.2954
90 0.49031 | 305.58 | 335.00 1.3224

p = 1.4 bar = 0.14 MPa
(Toar = —18.80°C)

Sat.  0.13945 | 216.52 | 236.04 | 0.9322
—10  0.14549 | 223.03 | 243.40 | 0.9606
0 0.15219 | 230.55 | 251.86 | 0.9922
10 0.15875 | 238.21 | 260.43 1.0230
20 0.16520 | 246.01 | 269.13 1.0532
30 0.17155 | 253.96 | 277.97 1.0828
40 0.17783 | 262.06 | 286.96 1.1120
50 0.18404 | 270.32 | 296.09 1.1407
60 0.19020 | 278.74 | 305.37 1.1690
70  0.19633 | 287.32 | 314.80 1.1969
80 0.20241 | 296.06 | 324.39 1.2244
90 0.20846 | 304.95 | 334.14 1.2516
100 0.21449 | 314.01 | 344.04 1.2785

p = 2.0 bar = 0.20 MPa
(Toae = —10.09°C)

Sat.  0.09933 | 221.43 | 24130 | 0.9253
—10 0.09938 | 221.50 | 241.38 | 0.9256
0 0.10438 | 229.23 | 250.10 0.9582
10  0.10922 | 237.05 | 258.89 | 0.9898
20 0.11394 | 244.99 | 267.78 1.0206
30 0.11856 | 253.06 | 276.77 1.0508
40 012311 | 261.26 | 285.88 1.0804
50 0.12758 | 269.61 | 295.12 1.1094
60 0.13201 | 278.10 | 304.50 1.1380
70  0.13639 | 286.74 | 314.02 1.1661
80 0.14073 | 295.53 | 323.68 1.1939
90  0.14504 | 304.47 | 333.48 1.2212
100 0.14932 | 313.57 | 343.43 1.2483

p = 1.0 bar = 0.10 MPa
(Toar = —26.43°C)

0.19170 212.18 231.35
0.19770 | 216.77 236.54
0.20686 | 224.01 244.70
0.21587 | 231.41 252.99
0.22473 | 238.96 261.43
0.23349 | 246.67 270.02
0.24216 | 254.54 278.76
0.25076 | 262.58 287.66
0.25930 | 270.79 296.72
0.26779 | 279.16 305.94
0.27623 | 287.70 315.32
0.28464 | 296.40 324.87 .
0.29302 | 305.27 334.57 1.2799
T =18 bar = 018 MPa
__________ (T = 71273°0 ..
0.10983 | 219.94 239.71 0.9273
0.11135 222.02 242.06 0.9362
0.11678 | 229.67 250.69 0.9684
0.12207 | 237.44 259.41 0.9998
0.12723 | 245.33 268.23 1.0304
0.13230 | 253.36 27717 1.0604
0.13730 | 261.53 286.24 1.0898
0.14222 | 269.85 295.45 1.1187
0.14710 | 278.31 304.79 1.1472
0.15193 | 286.93 314.28 1.1753
0.15672 | 295.71 323.92 1.2030
0.16148 | 304.63 333.70 1.2303
0.16622 | 313.72 343.63 1.2573
--------- p = 2.4 bar = 0.24 MPa
e = 753770
0.08343 | 224.07 | 244.09 | 0.9222
0.08574 | 228.31 248.89 0.9399
0.08993 | 236.26 257.84 | 0.9721
0.09399 | 244.30 266.85 1.0034
0.09794 | 252.45 275.95 1.0339
0.10181 | 260.72 285.16 1.0637
0.10562 | 269.12 294.47 1.0930
0.10937 | 277.67 303.91 1.1218
0.11307 | 286.35 313.49 1.1501
0.11674 | 295.18 323.19 1.1780
0.12037 | 304.15 333.04 1.2055
0.12398 | 313.27 343.03 1.2326
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pressure Co

nversions:

TABLE A-12

(Continued)
T v u h s
°C m3/kg kl/kg kl/kg kl/kg - K
p = 2.8 bar = 0.28 MPa
_________________ (T =-123°0 ..
Sat. 0.07193 | 226.38 | 246.52 0.9197
0 0.07240 | 227.37 | 247.64 0.9238
10 0.07613 | 235.44 | 256.76 0.9566
20 0.07972 | 243.59 | 265.91 0.9883
30 0.08320| 251.83 | 275.12 1.0192
40 0.08660| 260.17 | 284.42 1.0494
50 0.08992| 268.64 | 293.81 1.0789
60 0.09319 | 277.23 | 303.32 1.1079
70 0.09641 | 285.96 | 312.95 1.1364
80 0.09960| 294.82 | 322.71 1.1644
90 0.10275 | 303.83 | 332.60 1.1920
100 0.10587 | 312.98 | 342.62 1.2193
110  0.10897 | 322.27 | 352.78 1.2461
120  0.11205 331.71 | 363.08 1.2727
T P =40 bar = 0.40 MPa
_________________ (T =8930 ..
Sat. 0.05089 | 231.97 | 252.32 0.9145
10 0.05119 | 232.87 | 253.35 0.9182
20 0.05397 | 241.37 | 262.96 0.9515
30 0.05662 | 249.89 | 272.54 0.9837
40  0.05917 | 258.47 | 282.14 1.0148
50 0.06164 | 267.13 291.79 1.0452
60 0.06405| 275.89 | 301.51 1.0748
70 0.06641 | 284.75 311.32 1.1038
80 0.06873| 293.73 | 321.23 1.1322
90 0.07102 | 302.84 | 331.25 1.1602
100 0.07327 | 312.07 | 341.38 1.1878
10  0.07550 | 321.44 | 351.64 1.2149
120 0.07771 | 330.94 | 362.03 1.2417
130 0.07991 | 340.58 | 372.54 1.2681
140 0.08208| 350.35 | 383.18 1.2941
T p='6.0 bar = 0.60 MPa
e T 2 2158°0)
Sat. 0.03408 | 238.74 | 259.19 0.9097
30 0.03581 | 246.41 267.89 0.9388
40 0.03774 | 255.45 | 278.09 0.9719
50 0.03958 | 264.48 | 288.23 1.0037
60 0.04134 | 273.54 | 298.35 1.0346
70 0.04304| 282.66 | 308.48 1.0645
80 0.04469| 291.86 | 318.67 1.0938
90 0.04631 | 301.14 | 328.93 1.1225
100 0.04790 | 310.53 | 339.27 1.1505
110  0.04946 | 320.03 | 349.70 1.1781
120 0.05099 | 329.64 | 360.24 1.2053
130  0.05251 | 339.38 | 370.88 1.2320
140 0.05402 | 349.23 | 381.64 1.2584
150  0.05550 | 359.21 | 392.52 1.2844
160 0.05698 | 369.32 | 403.51 1.3100

0.06322

0.06576

0.06901
0.07214
0.07518

0.07815
0.08106
0.08392

0.08674
0.08953
0.09229

0.09503

u h
kl/kg kl/kg
p = 3.2 bar = 0.32 MPa
LT =248°0
228.43 | 248.66
234.61 255.65
242.87 | 264.95
251.19 274.28
259.61 283.67
268.14 293.15
276.79 | 302.72
285.56 312.41
294.46 | 322.22
303.50 332.15
312.68 | 342.21
322.00 | 352.40
331.45 | 362.73

0.09774

p = 5.0 bar = 0.50 MPa
(Tsae = 15.74°C)

0.04086

0.04188

0.04416
0.04633
0.04842

0.05043
0.05240
0.05432

0.05620
0.05805
0.05988

0.06168
0.06347

0.06524

p = 7.0 bar = 0.70 MPa
(Toa = 26.72°C)

0.02918
0.02979
0.03157

0.03324
0.03482
0.03634

0.03781
0.03924
0.04064

0.04201
0.04335
0.04468

0.04599
0.04729

0.04857

241.42
244.51
253.83

263.08
272.31
281.57

290.88
300.27
309.74

319.31
328.98
338.76

348.66
358.68
368.82

261.85
265.37
275.93

286.35
296.69
307.01

317.35
327.74
338.19

348.71
359.33
370.04

380.86
391.79

402.82



TABLE A-12

(Continued)
T v u h s
°C m?/kg k)/ kg kl/kg  kJ/kg-K
p = 8.0 bar = 0.80 MPa
e T =3133°0
Sat. 0.02547 | 243.78 | 264.15 0.9066
40 0.02691 | 252.13 | 273.66 0.9374
50 0.02846| 261.62 | 284.39 0.971
60 0.02992 | 271.04 | 294.98 1.0034
70 0.03131 | 280.45 | 305.50 1.0345
80 0.03264 | 289.89 | 316.00 1.0647
90 0.03393 | 299.37 | 326.52 1.0940
100 0.03519 | 308.93 | 337.08 1.1227
110 0.03642 | 318.57 | 347.71 1.1508
120 0.03762 | 328.31 358.40 1.1784
130 0.03881 | 338.14 | 369.19 1.2055
140 0.03997 | 348.09 | 380.07 1.2321
150 0.04113 | 358.15 391.05 1.2584
160 0.04227 | 368.32 | 402.14 1.2843
170  0.04340 | 378.61 413.33 1.3098
180 0.04452 | 389.02 | 424.63 1.3351
"""""" p = 10.0 bar = 1.00 MPa
................. (T2 =39390 .
Sat.  0.02020 | 247.77 | 267.97 0.9043
40 0.02029 | 248.39 | 268.68 0.9066
50 0.02171 | 258.48 | 280.19 0.9428
60 0.02301 | 268.35 291.36 0.9768
70 0.02423 | 278.11 302.34 1.0093
80 0.02538 | 287.82 | 313.20 1.0405
90 0.02649 | 297.53 | 324.01 1.0707
100 0.02755 | 307.27 | 334.82 1.1000
110 0.02858 | 317.06 | 345.65 1.1286
120  0.02959 | 326.93 | 356.52 1.1567
130 0.03058 | 336.88 | 367.46 1.1841
140 0.03154 | 346.92 | 378.46 1.21M
150 0.03250 | 357.06 | 389.56 1.2376
160 0.03344 | 367.31 | 400.74 1.2638
170  0.03436 | 377.66 | 412.02 1.2895
180 0.03528 | 388.12 | 423.40 1.3149
"""""" p = 14.0 bar = 1.40 MPa
................. (@ =52430
Sat.  0.01405 | 253.74 | 273.40 0.9003
60 0.01495 | 262.17 | 283.10 0.9297
70 0.01603 | 272.87 | 295.31 0.9658
80 0.01701 | 283.29 | 307.10 0.9997
90 0.01792 | 293.55 318.63 1.0319
100 0.01878 | 303.73 | 330.02 1.0628
110 0.01960 | 313.88 | 341.32 1.0927
120  0.02039 | 324.05 | 352.59 1.1218
130 0.02115 | 334.25 | 363.86 1.1501
140 0.02189 | 344.50 | 375.15 11777
150 0.02262 | 354.82 | 386.49 1.2048
160 0.02333 | 365.22 | 397.89 1.2315
170  0.02403 | 375.71 | 409.36 1.2576
180 0.02472 | 386.29 | 420.90 1.2834
190 0.02541 | 396.96 | 432.53 1.3088
200 0.02608 | 407.73 | 444.24 1.3338

0.02255
0.02325
0.02472

0.02609
0.02738
0.02861

0.02980
0.03095
0.03207

0.03316
0.03423
0.03529

0.03633
0.03736
0.03838

0.03939

(Tt = 35.53°C)

245.88
250.32
260.09

269.72
279.30
288.87

298.46
308.11
317.82

327.62
337.52
347.51

357.61
367.82
378.14
388.57

p = 9.0 bar = 0.90 MPa

p = 12.0 bar = 1.20 MPa
(Toar = 46.32°C)

0.01663

0.01712

0.01835
0.01947
0.02051

0.02150
0.02244
0.02335

0.02423
0.02508
0.02592

0.02674
0.02754
0.02834

0.02912

p = 16.0 bar = 1.60 MPa
(Tear = 57.92°C)

0.01208
0.01233
0.01340

0.01435
0.01521
0.01601

0.01677
0.01750
0.01820

0.01887
0.01953
0.02017

0.02080
0.02142
0.02203

0.02263

275.33
278.20
291.33

303.74
315.72
327.46

339.04
350.53
361.99

373.44
384.91
396.43

407.99
419.62
431.33

443.11
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TABLE A-13
[

Conversions: roperties of Saturated Ammonia (Liquid-Vapor): Temperature Table
Pressure

Specific Volume Internal Energy Enthalpy Entropy
m3/kg ki/kg k)/kg k)/kg - K
Sat Sat Sat Sat. Sat Sat Sat Sat

Temp Press Liquid Vapor Liquid Vapor Liquid Evap Vapor Liquid Vapor Temp

°C bar vs X 10° vg ug ug he hg hg S Sq °C
=50 0.4086 1.4245 2.6265 | —43.94 | 1264.99 | —43.88 | 1416.20 | 1372.32 | —0.1922 | 6.1543 —50
=5 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 | 137717 | 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 | 5.81M —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 | 1335.36 | 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 =5
—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 | 1325.42 226.75 | 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 | 1331.94 274.26 1185.64 | 1459.90 1.0404 | 5.0849 20
24 9.7274 1.6547 0.1320 291.84 | 1334.19 293.45 1169.16 | 1462.61 1.1048 | 5.0394 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 | 1342.42 421.17 | 1050.09 | 1471.26 15109 | 4.7604 50

v = (table value)/10001_|




Pressur

TABLE A-14
[

e Conversions:

Specific Volume

m?/kg
Sat. Sat
Temp Liquid Vapor
°C vs X 10° Vg

k)/ kg

Sat. Sat.

Liquid Vapor
Us g

—45.52 | 1264.54
—28.73 | 1269.31
—14.51 1273.27
=2 1276.66
8.93 | 1279.61
18.91 1282.24
28.03 | 1284.61
48.03 | 1289.65
65.10 1293.80
80.08 | 1297.33
93.50 | 1300.39
105.68 | 1303.08
116.88 | 1305.49
127.26 | 1307.67
136.96 | 1309.65
146.06 1311.46
154.66 1313.14
162.80 | 1314.68
170.55 1316.12
177.96 1317.47
185.04 | 1318.73
191.84 1319.91
198.39 1321.02
204.69 | 1322.07
210.78 | 1323.06
216.66 | 1324.00
222.37 | 1324.89
243.56 | 1328.04
262.64 | 1330.64
280.05 | 1332.82
296.10 1334.66
324.99 1337.52
350.58 | 1339.56
373.69 | 1340.97
394.85 1341.88
414.44 | 1342.37

roperties of Saturated Ammonia (Liquid-Vapor): Pressure Table

Sat.

1417.18
1406.73
1397.76
1389.85
1382.73
1376.23

1370.23
1356.89
1345.28
1334.92
1325.51

1316.83
1308.76
1301.20
1294.05
1287.27

1280.81
1274.64
1268.71
1263.01
1257.50

1252.18
1247.02
1242.01
1237.15
1232.41

1227.79
1210.38
1194.36
1179.44
1165.42

1139.52
1115.82
1093.77
1073.01

1053.27

1371.72
1378.07
1383.34
1387.84
1391.78
1395.27

1398.41
1405.11

1410.61
1415.27
1419.31

1422.86
1426.03
1428.88
1431.47
1433.84

1436.01
1438.03
1439.89
1441.63
1443.25

1444.77
1446.19
1447.53
1448.80
1449.99

1451.12
1455.07
1458.30
1460.97
1463.18

1466.53
1468.79
1470.23
1471.01
1471.26

Tables in Sl Units 949

Entropy
kj/kg - K
Sat. Sat.
Liquid Vapor
S¢ Sg
—0.1992 | 6.1618
—0.1245 | 6.0829
—0.0622 | 6.0186
—0.0086 | 5.9643
0.0386 | 5.9174
0.0808 | 5.8760
0.1191 5.8391
0.2018 | 5.7610
0.2712 5.6973
0.3312 | 5.6435
0.3843 | 5.5969
0.4319 | 5.5558
0.4753 | 5.5190
0.5152 5.4858
0.5520 | 5.4554
0.5864 | 5.4275
0.6186 | 5.4016
0.6489 | 5.3774
0.6776 | 5.3548
0.7048 | 5.3336
0.7308 | 5.3135
0.7555 5.2946
0.7791 5.2765
0.8018 | 5.2594
0.8236 | 5.2430
0.8446 | 5.2273
0.8649 | 5.2122
0.9394 | 5.1576
1.0054 | 5.1099
1.0649 | 5.0675
1.1191 5.0294
1.2152 | 4.9625
1.2987 | 4.9050
1.3729 | 4.8542
1.4399 | 4.8086
1.5012 | 4.7670

v = (table value)/10001_|
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TABLE A-15

Properties of Superheated Ammonia Vapor
T v u h s v u h s
°C_..m/kg  K/kg  K/kg  K/kg-K mkg . Wikg _W/kg _ K/kg: K
Pressure Conversions: p = 0.4 bar = 0.04 MPa p = 0.6 bar = 0.06 MPa
............... (T = 750.36°0) ... oo T = —43.28°0)
Sat. 2.6795 1264.54 1371.72 6.1618 1.8345 1273.27 | 1383.34 6.0186
=50 2.6841 1265.1 1372.48 6.1652
—45  2.7481 1273.05 | 1382.98 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 2.9385 1296.93 | 1414.47 6.3455 1.9491 1294.88 1411.83 6.1390
—25 3.0015 1304.90 | 1424.96 6.3882 1.9918 1303.01 | 1422.52 6.1826
—20 3.0644 1312.88 | 1435.46 6.4300 2.0343 1311.13 | 1433.19 6.2251
=15  3.1271 1320.87 | 1445.95 6.471 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 3.2520 1336.88 | 1466.95 6.5509 2.1609 1335.49 | 1465.14 6.3478
0 3.3142 1344.90 | 1477.47 6.5898 2.2028 1343.61 1475.78 6.3871
5 3.3764 1352.95 | 1488.00 6.6280 2.2446 1351.75 | 1486.43 6.4257
T p=08bar=o0.08MPa p = 1.0 bar = 0.10 MPa
............... (T = 7379470 ... ooy T = —33.60°0)
Sat.  1.4021 1279.61 1391.78 5.9174 1.1381 1284.61 | 1398.41 5.8391
—35  1.4215 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 15834 1325.85 | 1452.53 6.1615 1.2621 1324.33 | 1450.54 6.0467
-5 1.6153 1334.09 | 1463.31 6.2021 1.2880 1332.67 | 1461.47 6.0878
0 16471 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 17732 1375.25 1517.10 6.3939 1.4153 1374.27 1515.80 6.2816
"""""" p = 15 bar = 0.15 MPa T p="2.0bar = 0.20 MPa
............... (T = 72522°0 oo T = 718.86°0)
Sat. 0.7787 1293.80 | 1410.61 5.6973 0.59460 | 1300.39 | 1419.31 5.5969
—25 0.7795 1294.20 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 | 1445.49 5.8338 0.61926 | 1316.46 | 1440.31 5.6781
=5 0.8514 1329.08 | 1456.79 5.8764 0.63294 | 1325.41 1452.00 5.7221
0 0.8689 1337.68 | 1468.02 5.9179 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 0.9210 1363.29 | 1501.44 6.0370 0.68640 | 1360.59 | 1497.87 5.8871
20 0.9382 1371.79 1512.51 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




TABLE A-15

(Continued)

T v
°C m’/kg
Sat. 0.48213
—10 0.49051
-5 0.50180
0 0.51293
5 0.52393
10 0.53482
15  0.54560
20 0.55630
25 0.56691
30 0.57745
35 0.58793
40 0.59835
45  0.60872
Sat. 0.35108
0 0.36011
10 0.37654
20 0.39251
30  0.40814
40 0.42350
60 0.45363
80 0.48320
100 0.51240
120 0.54136
140 0.57013
160 0.59876
180 0.62728
200 0.65572
Sat. 0.27671
10 0.28846
20 0.30142
30 0.31401
40 0.32631
60 0.35029
80 0.37369
100 0.39671
120  0.41947
140  0.44205
160 0.46448
180  0.48681
200 0.50905

p = 2.5 bar = 0.25 MPa
(Tt = —13.67°C)

1305.49 | 1426.03 5.5190
1312.37 | 1435.00 5.5534
1321.65 | 1447.10 5.5989

1330.83 | 1459.06 5.6431
1339.91 | 1470.89 5.6860
1348.91 | 1482.61 5.7278

1357.84 | 1494.25 5.7685
1366.72 | 1505.80 5.8083
1375.55 1517.28 5.8471

1384.34 | 1528.70 5.8851
1393.10 | 1540.08 5.9223
1401.84 | 1551.42 5.9589
1410.56 | 1562.74 5.9947

p = 3.5 bar = 0.35 MPa
(Toat = —5.36°C)

1313.14 | 1436.01 5.4016
1323.66 | 1449.70 5.4522
1342.82 | 1474.61 5.5417

1361.49 | 1498.87 5.6259
1379.81 | 1522.66 5.7057
1397.87 | 1546.09 5.7818

1433.55 | 1592.32 5.9249
1469.06 | 1638.18 6.0586
1504.73 | 1684.07 | 6.1850

1540.79 | 1730.26 6.3056
1577.38 | 1776.92 6.4213
1614.60 | 1824.16 6.5330

1652.51 | 1872.06 | 6.6411
1691.15 | 1920.65 6.7460

p = 4.5 bar = 0.45 MPa
(Toae = 1.25°C)

1318.73 | 1443.25 5.3135
1336.48 | 1466.29 5.3962
1356.09 | 1491.72 5.4845

1375.15 1516.45 5.5674
1393.80 | 1540.64 5.6460
1430.37 | 1588.00 5.7926

1466.47 | 1634.63 5.9285
1502.55 | 1681.07 6.0564
1538.91 | 1727.67 6.1781

1575.73 | 1774.65 6.2946
1613.13 | 1822.15 6.4069
1651.20 | 1870.26 6.5155
1689.97 | 1919.04 | 6.6208

0.40607

0.41428

0.42382
0.43323
0.44251

0.45169
0.46078
0.46978

0.47870
0.48756
0.49637
0.50512

p = 3.0 bar = 0.30 MPa
(Teae = —9.24°C)

1309.65

1317.80

1327.28
1336.64
1345.89

1355.05
1364.13
1373.14

1382.09
1391.00
1399.86

1408.70

1431.47

1442.08

1454.43
1466.61
1478.65

1490.56
1502.36
1514.07

1525.70
1537.26
1548.77
1560.24

p = 4.0 bar = 0.40 MPa

0.30942
0.31227
0.32701

0.34129
0.35520
0.36884

0.39550
0.42160
0.44733

0.47280
0.49808
0.52323

0.54827
0.57322

_____ (Toar =,
1316.12
1319.95

1339.68

1358.81
1377.49
1395.85

1431.97
1467.77
1503.64

1539.85
1576.55
1613.86

1651.85
1690.56

—1.90°C)

1439.89
1444.86
1470.49

1495.33
1519.57
1543.38

1590.17
1636.41
1682.58

1728.97
1775.79
1823.16

1871.16
1919.85

p = 5.0 bar = 0.50 MPa
(Tear = 4.13°C)

0.25034
0.25757
0.26949

0.28103
0.29227
0.31410

0.33535
0.35621
0.37681

0.39722
0.41749
0.43765
0.45771

1321.02
1333.22
1353.32

1372.76
1391.74
1428.76

1465.16
1501.46
1537.97

1574.90
1612.40
1650.54

1689.38

1446.19
1462.00
1488.06

1513.28
1537.87
1585.81

1632.84
1679.56
1726.37

1773.51

1821.14
1869.36
1918.24
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onversions:

TABLE A-15

(Continued)
T v u h s
°C m?/kg k)/ kg k)/ kg k)/kg - K
p = 5.5 bar = 0.55 MPa
________________ (T =679°C) ...
Sat. 0.22861 | 1323.06 | 1448.80 5.2430
10 0.23227 | 1329.88 | 1457.63 5.2743
20 0.24335 | 1350.50 | 1484.34 5.3671
30 0.25403 | 1370.35 1510.07 5.4534
40 0.26441 | 1389.64 | 1535.07 5.5345
50 0.27454 | 1408.53 1559.53 5.6114
60 0.28449 | 1427.13 1583.60 5.6848
80 0.30398 | 1463.85 | 1631.04 5.8230
100 0.32307 | 1500.36 | 1678.05 5.9525
120  0.34190 1537.02 1725.07 6.0753
140 0.36054 | 1574.07 | 1772.37 6.1926
160 0.37903 1611.66 | 1820.13 6.3055
180 0.39742 | 1649.88 | 1868.46 6.4146
200 0.41571 1688.79 1917.43 6.5203
"""""" p = 7.0 bar = 0.70 MPa
e Tt =1379°Q)
Sat. 0.18148 1328.04 | 1455.07 5.1576
20 0.18721 1341.72 1472.77 5.2186
30 0.19610 1362.88 | 1500.15 5.3104
40 0.20464 | 1383.20 | 1526.45 5.3958
50 0.21293 1402.90 1551.95 5.4760
60 0.22101 1422.16 1576.87 5.5519
80 0.23674 | 1459.85 | 1625.56 5.6939
100 0.25205 1497.02 | 1673.46 5.8258
120 0.26709 | 1534.16 172112 5.9502
140 0.28193 1571.57 | 1768.92 6.0688
160 0.29663 | 1609.44 1817.08 6.1826
180 0.31121 1647.90 | 1865.75 6.2925
200 0.32571 1687.02 1915.01 6.3988
T p='9.0 bar = 0.90 MPa
e T = 215220
Sat. 0.14239 | 1332.82 | 1460.97 5.0675
30 0.14872 1352.36 | 1486.20 5.1520
40 0.15582 1374.21 1514.45 5.2436
50 0.16263 1395.11 1541.47 5.3286
60 0.16922 1415.32 1567.61 5.4083
80 0.18191 1454.39 1618.11 5.5555
100 0.19416 1492.50 | 1667.24 5.6908
120 0.20612 | 1530.30 1715.81 5.8176
140 0.21788 | 1568.20 | 1764.29 5.9379
160 0.22948 | 1606.46 1813.00 6.0530
180 0.24097 | 1645.24 | 1862.12 6.1639
200 0.25237 | 1684.64 1911.77 6.271

0.21038
0.21115
0.22155

0.23152
0.24118
0.25059

0.25981
0.27783
0.29546

0.31281
0.32997
0.34699

0.36390
0.38071

u

S

p = 6.0 bar = 0.60 MPa
(Tear = 9.27°C)

1324.89
1326.47
1347.62

1367.90
1387.52
1406.67

1425.49
1462.52
1499.25

1536.07
1573.24
1610.92

1649.22
1688.20

1451.12
1453.16
1480.55

1506.81
1532.23
1557.03

1581.38
1629.22
1676.52

1723.76
1771.22
1819.12

1867.56
1916.63

p = 8.0 bar = 0.80 MPa
(Toae = 17.84°C)

0.15958
0.16138
0.16948

0.17720
0.18465
0.19189

0.20590
0.21949
0.23280

0.24590
0.25886
0.27170
0.28445

1330.64
1335.59
1357.71

1378.77
1399.05
1418.77

1457.14
1494.77
1532.24

1569.89
1607.96
1646.57
1685.83

1458.30
1464.70
1493.29

1520.53
1546.77
1572.28

1621.86
1670.37
1718.48

1766.61
1815.04
1863.94
1913.39

0.12852
0.13206
0.13868

0.14499
0.15106
0.16270

0.17389
0.18478
0.19545

0.20598
0.21638
0.22670

(Tsat = 24.89°C)

1334.66
1346.82
1369.52

1391.07
1411.79
1451.60

1490.20
1528.35
1566.51

1604.97
1643.91
1683.44

1463.18
1478.88
1508.20

1536.06
1562.86
1614.31

1664.10
1713.13
1761.96

1810.94
1860.29
1910.14

= 10.0 bar = 1.00 MPa



TABLE A-15

(Continued)
T v u h s
°C m3/kg kl/ kg kl/ kg kl/kg - K
p = 12.0 bar = 1.20 MPa
................ (T =30.94°Q) ..
Sat. 0.10751 1337.52 | 1466.53 4.9625
40 0.11287 1359.73 | 1495.18 5.0553
60 0.12378 | 1404.54 1553.07 5.2347
80 0.13387 | 1445.91 | 1606.56 5.3906
100 0.14347 1485.55 1657.71 5.5315
120  0.15275 1524.41 1707.71 5.6620
140 0.16181 1563.09 1757.26 5.7850
160 0.17072 1601.95 | 1806.81 5.9021
180 0.17950 1641.23 | 1856.63 6.0145
200 0.18819 1681.05 | 1906.87 6.1230
220 0.19680 1721.50 1957.66 6.2282
240 0.20534 | 1762.63 | 2009.04 6.3303
260 0.21382 | 1804.48 | 2061.06 6.4297
280 0.22225 1847.04 2113.74 6.5267
"""""" p = 16.0 bar = 1.60 MPa
____________ (=800
Sat. 0.08079 | 1340.97 | 1470.23 4.8542
60 0.08951 | 1389.06 | 1532.28 5.0461
80 0.09774 | 1434.02 | 1590.40 5.2156
100 0.10539 1475.93 | 1644.56 5.3648
120 0.11268 1516.34 | 1696.64 5.5008
140 0.11974 1556.14 1747.72 5.6276
160 0.12663 1595.85 | 1798.45 5.7475
180 0.13339 1635.81 | 1849.23 5.8621
200 0.14005 | 1676.21 | 1900.29 5.9723
220 0.14663 1717.18 1951.79 6.0789
240 0.15314 1758.79 | 2003.81 6.1823
260 0.15959 1801.07 | 2056.42 6.2829
280 0.16599 | 1844.05 2109.64 6.3809
"""""" p = 20.0 bar = 2.00 MPa
................ (T =4937°0 ..
Sat. 0.06445 | 1342.37 1471.26 4.7670
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

0.09231
0.09432
0.10423

0.11324
0.12172
0.12986

0.13777
0.14552
0.15315

0.16068
0.16813
0.17551

0.18283
0.19010

0.07174
0.07801
0.08565

0.09267
0.09931
0.10570

0.11192
0.11801
0.12400

0.12991
0.13574
0.14152
0.14724

u h s
k)/ kg k)/ kg kj/kg - K
p = 14.0 bar = 1.40 MPa
_____ (T =36.26°0 .
1339.56 | 1468.79 4.9050
1349.29 | 1481.33 4.9453
1396.97 | 1542.89 5.1360
1440.06 | 1598.59 5.2984
1480.79 | 1651.20 5.4433
1520.41 | 1702.21 5.5765
1559.63 | 1752.52 5.7013
1598.92 | 1802.65 5.8198
1638.53 | 1852.94 5.9333
1678.64 | 1903.59 6.0427
1719.35 | 1954.73 6.1485
1760.72 | 2006.43 6.2513
1802.78 | 2058.75 6.3513
1845.55 2111.69 6.4488
p =18.0 bar = 1.80 MPa
_____ (T = 453870 .
1341.88 | 1471.01 4.8086
1380.77 | 1521.19 4.9627
1427.79 | 1581.97 5.1399
1470.97 | 1637.78 5.2937
1512.22 | 1690.98 5.4326
1552.61 | 1742.88 5.5614
1592.76 | 1794.23 5.6828
1633.08 | 1845.50 5.7985
1673.78 | 1896.98 5.9096
1715.00 | 1948.83 6.0170
1756.85 | 2001.18 6.1210
1799.35 | 2054.08 6.2222
1842.55 | 2107.58 6.3207
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TABLE A-16
Properties of Saturated Propane (Liquid-Vapor): Temperature Table

e (_onverSiOT\5= _________________________________________________________________________________________________________________________________________ -

Pressur
Specific Volume Internal Energy Enthalpy Entropy
m3/kg ki/kg kl/kg kl/kg - K
Sat Sat Sat Sat. Sat Sat Sat Sat
Temp Press Liquid Vapor Liquid Vapor Liquid Evap Vapor Liquid Vapor Temp
b o X100 | LI . LU g | he L he | he | s ] S <.
—100 0.02888 1.553 1.27 —128.4 | 319.5 —128.4 | 480.4 | 352.0 | —0.634 | 2.140 | —100
—90 0.06426 1.578 5.345 —107.8 | 329.3 —107.8 | 471.4 | 363.6 | —0.519 2.055 -90
—80 0.1301 1.605 2.774 —87.0 | 339.3 —87.0 | 462.4 | 375.4 | —0.408 | 1.986 —80
=70 0.2434 1.633 1.551 —65.8 | 349.5 —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 —22.5 | 370.4 —22.4 | 433.6 411.2 | —0.098 | 1.845 —50
—40 1.110 1.728 0.3798 —0.2 | 381.0 0.0 | 423.2 | 423.2 0.000 | 1.815 —40
—30 1.677 1.763 0.2585 22.6 | 391.6 22.9 | 4121 435.0 0.096 | 1.791 —-30
—20 2.444 1.802 0.1815 45.9 | 402.4 46.3 | 400.5 | 446.8 0.190 1.772 —20
—10 3.451 1.844 0.1309 69.8 | 413.2 70.4 | 388.0 | 458.4 0.282 | 1757 —10
0 4.743 1.890 0.09653 94.2 | 423.8 95.1 374.5 | 469.6 0.374 1.745 0
4 5.349 1.910 0.08591 104.2 | 42841 105.3 | 368.8 | 47441 0.410 1.741 4
8 6.011 1.931 0.07666 14.3 | 4323 115.5 | 362.9 | 478.4 0.446 | 1.737 8
12 6.732 1.952 0.06858 124.6 | 436.5 125.9 | 356.8 | 482.7 0.482 | 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 145.4 | 444.8 1471 | 343.9 | 491.0 0.555 1.728 20
24 9.278 2.024 0.04973 156.1 | 448.9 158.0 | 337.0 | 495.0 0.591 1.725 24
28 10.27 2.050 0.04483 166.9 | 452.9 169.0 | 329.9 | 498.9 0.627 | 1.722 28
32 11.33 2.078 0.04048 177.8 | 456.7 180.2 | 322.4 | 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 2174 0.02997 211.7 | 467.9 214.9 | 298.0 512.9 0.772 1.712 44
48 16.40 2.21 0.02714 223.4 | 471.4 227.0 | 288.9 515.9 0.809 | 1.709 48
52 17.89 2.250 0.02459 2353 | 474.6 239.3 | 279.3 | 518.6 0.846 | 1.705 52
56 19.47 2.293 0.02227 247.4 | 477.7 251.9 | 269.2 521.1 0.884 | 1.701 56
60 21.16 2.340 0.02015 259.8 | 480.6 264.8 | 258.4 | 523.2 0.921 1.697 60
65 23.42 2.406 0.01776 275.7 | 483.6 281.4 | 243.8 | 525.2 0.969 | 1.690 65
70 25.86 2.483 0.01560 292.3 | 48641 298.7 | 227.7 | 526.4 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 | 486.9 356.9 | 164.7 521.6 1.178 1.638 85
90 37.64 3.038 0.008415 369.4 | 482.2 380.8 | 133.1 513.9 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 434.9 | 434.9 454.2 0.0 | 454.2 1.437 | 1.437 96.7

v = (table value)/10001'—|
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Properties of Saturated Propane (Liquid-Vapor): Pressure Table

e (_onVETSionS: e el e e e e e oo e e e e e e e e e e e e m e oo e e o e e e e e e e e oo o oo e e oo e e e oo e e e o e e e e e e e e e e oo

Pressur o=
Specific Volume Internal Energy Enthalpy Entropy
m3/kg kl/kg ki/kg ki/kg - K
Sat Sat Sat Sat. Sat Sat Sat Sat
Press Temp Liquid Vapor Liquid Vapor Liquid Evap Vapor Liquid Vapor | Press
Jbar | L o X100 | I . L Ug | he ... he L. he ... St S bar__
0.05 —93.28 1.570 6.752 —114.6 326.0 —114.6 474.4 359.8 —0.556 2.081 0.05
0.10 —83.87 1.594 3.542 —95.1 335.4 —95.1 465.9 370.8 —0.450 2.0M 0.10
0.25 =@E55 1.634 1.513 —64.9 350.0 —64.9 452.7 387.8 =0.227 1.927 0.25
0.50 —56.93 1.672 0.7962 =Sl 363.1 —37.6 | 440.5 402.9 —0.167 1.871 0.50
0.75 —48.68 1.698 0.5467 —19.6 371.8 —19.5 432.3 412.8 —0.085 1.841 0.75
1.00 —42.38 1.719 0.4185 —5.6 378.5 —5.4 425.7 420.3 —0.023 1.822 1.00
2.00 —25.43 1.781 0.2192 33.1 396.6 33.5 | 406.9 | 440.4 0.139 1.782 2.00
3.00 —14.16 1.826 0.1496 59.8 | 408.7 60.3 393.3 453.6 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 37241 471.6 0.389 1.743 5.00
6.00 7.93 1.931 0.07680 114.2 432.2 115.3 363.0 478.3 0.446 1.737 6.00
7.00 13.41 1.960 0.06598 128.2 438.0 129.6 354.6 | 484.2 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 174.5 455.6 176.8 | 324.7 501.5 0.652 1.721 11.00
12.00 34.39 2.096 0.03810 184.4 459.1 187.0 317.8 504.8 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 203.0 465.2 206.0 | 304.4 510.4 0.745 1.714 14.00
15.00 44.01 2174 0.02997 21.7 467.9 215.0 297.9 512.9 0.772 1.712 15.00
16.00 46.89 2.200 0.02790 220.1 470.4 223.6 291.4 515.0 0.799 1.710 16.00
17.00 49.65 2.227 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 236.2 474.9 240.2 278.6 518.8 0.849 1.705 18.00
19.00 54.83 2.280 0.02292 243.8 476.9 248.2 272.2 520.4 0.873 1.703 19.00
20.00 57.27 2.308 0.02157 251.3 478.7 255.9 265.9 521.8 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 2.424 0.01721 279.7 | 484.3 285.5 24041 525.6 0.981 1.688 | 24.00
26.00 70.27 2.487 0.01549 2931 486.2 299.6 | 226.9 526.5 1.021 1.681 26.00
28.00 74.10 2.555 0.01398 306.2 487.5 313.4 213.2 526.6 1.060 1.673 | 28.00
30.00 77.72 2.630 0.01263 319.2 | 488.1 3271 198.9 526.0 1.097 1.664 | 30.00
35.00 86.01 2.862 0.009771 351.4 | 486.3 361.4 159.1 520.5 1.190 1.633 35.00
40.00 93.38 3.279 0.007151 387.9 474.7 401.0 102.3 503.3 295 1.574 40.00
42.48 96.70 4.535 0.004535 434.9 434.9 454.2 0.0 454.2 1.437 1.437 | 42.48

v; = (table value)/10001_|
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TABLE A-18

Properties of Superheated Propane Vapor
T v u h s v u h s
°C m?/kg kl/kg kl/kg klJ/kg - K m3/kg ki/kg  kl/kg kJ/kg - K
onversions: | [ T e e
p = 0.05 bar = 0.005 MPa p = 0.1 bar = 0.01 MPa
e T = 793280 S (T = —83.87°0) .
Sat. 6.752 326.0 | 359.8 2.081 3.542 367.3 | 370.8 2.0M
—-90 6.877 329.4 | 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 | 388.4 2.101
—-60 8.018 361.8 | 401.9 2.296 3.999 361.5 | 401.5 2.164
—50 8.397 373.3 | 415.3 2.357 4.190 3731 415.0 2.226
—40 8.776 385.1 429.0 2.418 4.380 385.0 | 428.8 2.286
—30 9.155 397.4 | 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 9.911 423.2 | 472.8 2.594 4.950 4231 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 T p’=1.0bar = 0.1 MPa
e Tt = 756.93°) e Tor = —42.38°0)
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 | 423.8 1.837
—30 0.903 396.0 | 4411 2.037 0.4439 394.2 | 438.6 1.899
—-20 0.942 408.8 | 455.9 2.096 0.4641 407.3 | 453.7 1.960
—10 0.981 4221 4711 2.155 0.4842 420.7 | 469.1 2.019
0 1.019 435.8 | 486.7 2.213 0.5040 434.4 | 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 | 535.9 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 1.21 510.4 | 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 2.419
"""""" p = 2.0 bar = 0.2 MPa T p=3.0bar=03MPa
e L= 72543 ] (T = —1406°0
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 | 4811 1.938 0.1602 429.0 | 4774 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 2.314
90 0.3365 576.1 | 643.4 2.449 0.2223 574.8 | 641.5 2.369




TABLE A-18

(Continued)
T v u h s
°C m*/kg  kl/kg kj/kg kl/kg-K
p = 4.0 bar = 0.4 MPa
___________ (T = —5.46°0) .
Sat. 0.1137 418.0 | 463.5 1.751
0 0.1169 426.1 472.9 1.786
10 0.1227 441.2 | 490.3 1.848
20 0.1283 456.6 | 507.9 1.909
30 0.1338 472.2 | 525.7 1.969
40 0.1392 488.1 | 543.8 2.027
50 0.1445 504.4 | 562.2 2.085
60 0.1498 521.1 581.0 2.143
70 0.1550 538.1 | 600.1 2.199
80 0.1601 555.7 | 619.7 2.255
90 0.1652 573.5 | 639.6 2.31
100 0.1703 591.8 | 659.9 2.366
110 0.1754 610.4 | 680.6 2.421
U p=6.0bar = 0.6 MPa
______________ T@=79%0_ ...
Sat. 0.07680 | 432.2 | 478.3 1.737
10 0.07769 | 435.6 | 482.2 1.751
20 0.08187 | 451.5 | 500.6 1.815
30 0.08588 | 467.7 519.2 1.877
40 0.08978 | 484.0 | 537.9 1.938
50 0.09357 | 500.7 | 556.8 1.997
60 0.09729 | 517.6 | 576.0 2.056
70 0.1009 5350 | 5555 2.113
80 0.1045 552.7 615.4 2.170
90 0.1081 570.7 | 635.6 2.227
100 0.1116 589.2 | 656.2 2.283
110 0.1151 608.0 | 677.1 2.338
120 0.1185 627.3 | 698.4 2.393
T p=8.0bar=08MPa
e T =1833°Q
Sat. 0.05776 | 443.1 | 489.3 1.729
20 0.05834 | 445.9 | 492.6 1.740
30 0.06170 | 462.7 | 512.1 1.806
40 0.06489 | 479.6 | 531.5 1.869
50 0.06796 | 496.7 551.1 1.930
60 0.07094 | 514.0 | 570.8 1.990
70 0.07385 | 531.6 | 590.7 2.049
80 0.07669 | 549.6 611.0 2.107
90 0.07948 | 567.9 | 631.5 2.165
100 0.08222 | 586.5 | 652.3 2.221
110 0.08493 | 605.6 | 673.5 2.277
120 0.08761 | 625.0 | 695.1 2.333
130 0.09026 | 644.8 717.0 2.388
140 0.09289 | 665.0 | 739.3 2.442

u
k)/kg

k)/kg

s
k)/kg - K

p = 5.0 bar = 0.5 MPa
(Toar = 1.74°C)

0.09172

0.09577

0.1005
0.1051
0.1096

0.1140
0.1183
0.1226

0.1268
0.1310
0.1351

0.1392

p = 7.0 bar = 0.7 MPa

0.06598

0.06847

0.07210
0.07558
0.07896

0.08225
0.08547
0.08863

0.09175
0.09482
0.09786

0.1009

(Tsat =

13.41°C)

p = 9.0 bar = 0.9 MPa
(Toue = 22.82°C)

0.05129

0.05355

0.05653
0.05938
0.06213

0.06479
0.06738
0.06992

0.07241
0.07487
0.07729

0.07969

0.08206
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TABLE A-18

u h
kl/kg  kl/kg

s
kj/kg - K

p = 10.0 bar = 1.0 MPa

(Tt = 26.95°C)

451.8 | 497.9
457.1 | 504.1
474.8 | 524.6
492.4 | 544.9
510.2 | 565.2
528.2 | 585.7
546.4 | 606.3
564.9 | 627.2
583.7 | 648.3
603.0 | 669.8
622.6 | 691.6
6425 | 713.7
662.8 | 736.2

p = 14.0 bar = 1.4 MPa

(Tsat = 40.97°C)

465.2 | 510.4
482.6 | 530.8
501.6 | 552.9
520.4 | 574.6
539.4 | 596.3
558.6 | 618.1
577.9 | 639.9
597.5 | 662.0
617.5 | 684.3
637.7 | 706.9
658.3 | 729.8
679.2 | 753.0
700.5 | 776.5

p = 18.0 bar = 1.8 MPa

(Continued)
T v
°C m’/kg
Sat. 0.04606
30 0.04696
40 0.04980
50 0.05248
60 0.05505
70 0.05752
80 0.05992
90 0.06226
100 0.06456
110 0.06681
120 0.06903
130 0.07122
140 0.07338
Sat.  0.03231
50 0.03446
60 0.03664
70 0.03869
80 0.04063
90 0.04249
100 0.04429
110 0.04604
120 0.04774
130 0.04942
140 0.05106
150  0.05268
160 0.05428
Sat. 0.02441
60 0.02606
70 0.02798
80 0.02974
90 0.03138
100 0.03293
110 0.03443
120 0.03586
130 0.03726
140 0.03863
150 0.03996
160 0.04127
170 0.04256
180 0.04383

(Toae = 52.30°C)

474.9 | 518.8
491.1 | 538.0
51.4 | 561.8
531.6 | 585.1
551.5 | 608.0
571.5 | 630.8
591.7 | 653.7
612.1 | 676.6
632.7 | 699.8
653.6 | 723.1
674.8 | 746.7
696.3 | 770.6
718.2 | 794.8
740.4 | 819.3

u

s

p = 12.0 bar = 1.2 MPa
(Tear = 34.39°C)

0.03810

0.03957

0.04204
0.04436
0.04657

0.04869
0.05075
0.05275

0.05470
0.05662
0.05851

0.06037

p = 16.0 bar = 1.6 MPa
(Toar = 46.89°C)

0.02790
0.02861
0.03075

0.03270
0.03453
0.03626

0.03792
0.03952
0.04107

0.04259
0.04407
0.04553

0.04696

470.4
476.7
496.6

516.2
535.7
555.2

574.8
594.7
614.8

635.3
656.0
6771
698.5

p = 20.0 bar = 2.0 MPa

0.02157
0.02216
0.02412

0.02585
0.02744
0.02892

0.03033
0.03169
0.03299

0.03426
0.03550
0.03671

0.03790

(Toat =

0.03907

57.27°C)




TABLE A-18

kj/kg  kl/kg

kj/kg - K

p = 22.0 bar = 2.2 MPa

(To = 61.90°C)

481.8 | 524.0
500.5 | 546.4
522.4 | 57241
543.5 | 596.7
564.5 | 620.8
585.3 | 644.6
606.2 | 668.4
627.3 | 692.2
648.6 | 716.1
670.1 | 740.2
691.9 | 764.5
7141 | 789.1
736.5 | 813.9

26.0 bar = 2.6 MPa

(Toa = 70.27°C)

35.0 bar = 3.5 MPa

(Continued)
T v
°C m3/kg
Sat.  0.01921
70 0.02086
80 0.02261
90  0.02417
100 0.02561
10  0.02697
120  0.02826
130 0.02949
140 0.03069
150  0.03185
160 0.03298
170 0.03409
180  0.03517
p =
Sat. 0.01549
80 0.01742
90 0.01903
100 0.02045
10  0.02174
120 0.02294
130 0.02408
140 0.02516
150 0.02621
160 0.02723
170 0.02821
180  0.02918
190 0.03012
p=
Sat. 0.00977
90 0.01086
100 0.01270
110 0.01408
120  0.01526
130 0.01631
140 0.01728
150 0.01819
160 0.01906
170 0.01989
180  0.02068
190 0.02146
200  0.02221

(Toae = 86.01°C)

p
0.01721
0.01802
0.01984

0.02141
0.02283
0.02414

0.02538
0.02656
0.02770

0.02880
0.02986
0.03091
0.03193

0.01263
0.01318
0.01506

0.01654
0.01783
0.01899

0.02007
0.02109
0.02206

0.02300
0.02390
0.02478
0.02563

0.00715

0.00940

0.01110
0.01237
0.01344

0.01439
0.01527
0.01609

0.01687
0.01761
0.01833
0.01902

= 24.0 bar = 2.4 MPa
(Tot = 66.21°C)

= 30.0 bar = 3.0 MPa
(Tear = 77.72°C)

= 40.0 bar = 4.0 MPa
(Tear = 93.38°C)
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Table A-19
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Properties of Selected Solids and Liquids: c,, p, and k
Specific Density, Thermal
Heat, c, p Conductivity, «
Substance (kJ/kg - K) (kg/m>) (W/m - K)
Selected Solids, 300K
Aluminum 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 4.21 999.9 0.574
300K 4179 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

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



TABLE A-20

900
1000

[ ] c, [ k
Air
o030 | o
1.005 | 0.718 | 1.400
1.008 | 0.721 | 1.398
1.013 | 0.726 | 1.395
1.020 | 0.733 1.391
1.029 | 0.742 | 1.387
1.040 | 0.753 1.381
1.051 0.764 | 1.376
1.063 | 0.776 | 1.370
1.075 | 0.788 | 1.364
1.087 | 0.800 | 1.359
1.099 | 0.812 | 1.354
1.121 0.834 | 1.344
1.142 0.855 | 1.336
Carbon
Dioxide, CO,
0791 | 0.602 [ 1314
0.846 | 0.657 | 1.288
0.895 | 0.706 | 1.268
0.939 | 0.750 | 1.252
0.978 | 0.790 | 1.239
1.014 | 0.825 | 1.229
1.046 | 0.857 | 1.220
1.075 | 0.886 | 1.213
1.102 0.913 | 1.207
1.126 | 0.937 | 1.202
1.148 | 0.959 | 1.197
1.169 | 0.980 | 1.193
1.204 1.015 1.186
1.234 | 1.045 1.181

Ideal Gas Specific Heats of Some Common Gases (k)/kg - K)

[ c, k [
Nitrogen, N,

1,039 | 0742 | 1.400 | 0.913
1.039 | 0.743 | 1.400 0.918
1.041 | 0.744 | 1.399 0.928
1.044 | 0.747 | 1.397 0.941
1.049 0.752 1.395 0.956
1.056 | 0.759 | 1.391 0.972
1.065 | 0.768 | 1.387 0.988
1.075 | 0.778 | 1.382 1.003
1.086 | 0.789 | 1.376 1.017
1.098 | 0.801 | 1.371 1.031
1.110 0.813 1.365 1.043
1.121 0.825 | 1.360 1.054
1.145 | 0.849 | 1.349 1.074
1.167 0.870 1.341 1.090

Carbon
Monoxide, CO H

1,039 | 0.743 [ 1.400 | 14.051
1.040 | 0.744 | 1.399 | 14.307
1.043 | 0.746 | 1.398 | 14.427
1.047 0.751 1.395 14.476
1.054 0.757 1.392 14.501
1.063 0.767 1.387 14.513
1.075 | 0.778 | 1.382 | 14.530
1.087 | 0.790 | 1.376 14.546
1.100 0.803 | 1.370 14.571
1.113 0.816 | 1.364 | 14.604
1.126 | 0.829 | 1.358 14.645
1.139 0.842 1.353 14.695
1.163 | 0.866 | 1.343 | 14.822
1.185 | 0.888 | 1.335 14.983

""" o |k
Oxygen, 0,
0.653 | 1.398
0.658 | 1.395
0.668 | 1.389
0.681 | 1.382
0.696 | 1.373
0.712 1.365
0.728 | 1.358
0.743 | 1.350
0.758 | 1.343
0.771 1.337
0.783 | 1.332
0.794 | 1.327
0.814 1.319
0.830 | 1.313
ydrogen, H,
9927 | 1416
10.183 | 1.405
10.302 | 1.400
10.352 | 1.398
10.377 | 1.398
10.389 | 1.397
10.405 | 1.396
10.422 | 1.396
10.447 | 1.395
10.480 | 1.394
10.521 1.392
10.570 | 1.390
10.698 | 1.385
10.859 | 1.380

900
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

Gas & BXIO o] YXI00 8xXA0 e x 107
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
CyH, 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, T, is constant over a wide temperature range and is very nearly
equalto 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-22

Ideal Gas Properties of Air
T h u s°

200 199.97 142.56  1.29559
210 209.97 149.69  1.34444
220 219.97 156.82  1.39105
230 230.02 164.00  1.43557
240 240.02 17113 1.47824
250 250.05  178.28 151917
260 260.09 185.45  1.55848
270 270.11 192.60 159634
280 280.13 199.75 1.63279
285 285.14 203.33  1.65055
290 290.16  206.91 1.66802
295 295.17 210.49  1.68515
300 300.19 214.07 1.70203
305 305.22 217.67  1.71865
310 310.24 221.25 1.73498
315 315.27 224.85 1.75106
320 320.29  228.42 1.76690
325 325.31 232.02 1.78249
330 330.34 235.61 1.79783
340 340.42 242.82 1.82790
350 350.49 250.02 1.85708
360 360.58 257.24  1.88543
370 370.67 264.46 1.91313
380 380.77 271.69  1.94001
390 390.88 278.93 1.96633
400 400.98 286.16  1.99194
410 41112 293.43  2.01699
420 42126  300.69 2.04142
430 431.43 307.99 2.06533
440 441.61 315.30 2.08870

Tables in SI Units

T h u s°
450 451.80 322.62 2.11161
460  462.02 329.97 2.13407
470 472.24 33732 2.15604
480  482.49  344.70 2.17760
490  492.74 352.08 2.19876
500 503.02 359.49  2.21952
510 513.32  366.92 2.23993
520 523.63 374.36  2.25997
530 533.98 381.84 2.27967
540 544.35 389.34 2.29906
550 554.74 396.86 2.31809
560 565.17 404.42  2.33685
570 575.59 411.97  2.35531
580 586.04 419.55 2.37348
590 596.52 42715  2.39140
600 607.02  434.78 2.40902
610 617.53 442.42  2.42644
620  628.07  450.09 2.44356
630 638.63 457.78  2.46048
640 649.22 465.50 2.47716
650 659.84  473.25 2.49364
660  670.47 481.01 2.50985
670 681.14 488.81 2.52589
680 691.82  496.62 2.54175
690 702.52 504.45 2.55731
700 713.27 512.33  2.57277
710 724.04  520.23 2.58810
720 734.82 528.14  2.60319
730 745.62 536.07 2.61803
740 756.44  544.02 2.63280

when As = 0
Pr Ur
5.775 223.6
6.245 211.4
6.742 200.1
7.268 189.5
7.824 179.7
8.41 170.6
9.031 162.1
9.684 154.1
10.37 146.7
11.10 139.7
11.86 133.1
12.66 127.0
13.50 121.2
14.38 115.7
15.31 110.6
16.28 105.8
17.30 101.2
18.36 96.92
19.84 92.84
20.64 88.99
21.86 85.34
23.13 81.89
24.46 78.61
25.85 75.50
27.29 72.56
28.80 69.76
30.38 67.07
32.02 64.53
33.72 62.13
35.50 59.82

963

1. p, and v, data for use with Egs. 6.41 and 6.42, respectively.
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TABLE A-22

(Continued)

T h u s°
750 767.29 551.99 2.64737
760 778.18 560.01 2.66176
770  789.1 568.07 2.67595
780 800.03 576.12  2.69013
790 810.99 584.21 2.70400
800 821.95 592.30 2.71787
820 843.98 608.59  2.74504
840  866.08  624.95 2.77170
860 888.27 641.40 2.79783
880 910.56 657.95 2.82344
900 932.93 674.58 2.84856
920 955.38 691.28 2.87324
940 977.92 708.08 2.89748
960 1000.55 725.02 2.92128
980 1023.25 741.98 2.94468
1000 1046.04 758.94 2.96770
1020 1068.89  776.10  2.99034
1040 1091.85 793.36 3.01260
1060  1114.86  810.62 3.03449
1080 1137.89 827.88 3.05608
1100 1161.07 845.33  3.07732
1120 1184.28 862.79 3.09825
1140 1207.57 880.35 3.11883
1160 1230.92 897.91 3.13916
1180 1254.34 915.57  3.15916
1200 127779  933.33 3.17888
1220 1301.31 951.09 3.19834
1240  1324.93  968.95 3.21751
1260  1348.55 986.90 3.23638
1280 1372.24 1004.76  3.25510

Pr Uy
37.35 57.63
39.27 55.54
41.31 53.39
43.35 51.64
45.55 49.86
47.75 48.08
52.59 44.84
57.60 41.85
63.09 39.12
68.98 36.61
75.29 34.31
82.05 32.18
89.28 30.22
97.00 28.40

105.2 26.73
114.0 25.17
123.4 23.72
133.3 22.39
143.9 21.14
155.2 19.98
167.1 18.896
179.7 17.886
193.1 16.946
207.2 16.064
222.2 15.241
238.0 14.470
254.7 13.747
272.3 13.069
290.8 12.435
310.4 11.835

T h u s°
1300 1395.97 1022.82 3.27345
1320 1419.76  1040.88 3.29160
1340 1443.60 1058.94 3.30959
1360 1467.49 1077.10 3.32724
1380  1491.44 1095.26 3.34474
1400 1515.42 1113.52  3.36200
1420 1539.44  1131.77  3.37901
1440 1563.51 1150.13  3.39586
1460 1587.63 1168.49 3.41247
1480 1611.79  1186.95 3.42892
1500 1635.97 1205.41 3.44516
1520 1660.23 1223.87 3.46120
1540 1684.51  1242.43 3.47712
1560 1708.82 1260.99 3.49276
1580 1733.17  1279.65 3.50829
1600 1757.57 1298.30 3.52364
1620 1782.00 1316.96 3.53879
1640 1806.46 1335.72 3.55381
1660 1830.96 1354.48 3.56867
1680 1855.50 1373.24 3.58335
1700 1880.1 1392.7 3.5979
1750  1941.6 1439.8  3.6336
1800 2003.3 1487.2 3.6684
1850 2065.3 1534.9  3.7023
1900 2127.4 1582.6  3.7354
1950 2189.7 1630.6 3.7677
2000 2252.1 1678.7 3.7994
2050 2314.6 1726.8 3.8303
2100 2377.4 1775.3 3.8605
2150 2440.3 1823.8 3.8901
2200 2503.2 1872.4  3.9191
2250 2566.4 1921.3 3.9474

Source: Table A-22 is based on J. H. Keenan and ). Kaye, Gas Tables, Wiley, New York, 1945.




€C-Y @\qel

99°LLe
6%70°LLT
8¢S olLe
666°60C
L9%7°60¢

716°80¢C
85€°80¢
¢6/°20C
9lLT’/0c
0€9°90C

£€0°90¢
%7Z7°90C
£08'70C
0/L'%70¢C
€75°€0C

€98°¢0c¢
68L°c0c
66%7°L0C
%76/°00C
120°00¢C

Lee'66l
/586l
©76/°L6L
566961
€196l

8re 6l
6SY7'176L
99°¢6l
8€9°C6L
89°L6L

cos’LelL
569°06L
€/9°68L
719°88L
719°/8L

0/€°98L
08L°58L
8€6°¢€8L
8€9°¢8l

9se‘TL
6€L°TL
€T6°LL
L0411
6L

LLTLL
T90°LL
8%78‘0L
qe9‘ol
€TrioL

oLz‘oL
166°6
98/‘6
%/5'6
£9¢€°6
€5L'6
€768
€€/
€748
71€°8
70L‘8
G682
189/
8/%°
0.2,
190
€589
G799
VAAL)
629
06L‘9
1209
€18°G
%709°S
96€‘G
838L°g
616

79T/L
79691
799°9L
€9€‘9L
790°9L

99/°6L
691Gl
AN}
9/8'%7L
186 7L

S8TYL
886°¢€lL
€69°cL
66€£‘€L
soL‘el

Lg‘el
8lLs‘eL
(T44rd)
TE6LL
0%79°LL

LYELL
SS0°LL
€9/‘L
LZ7oL
osL‘ol
8886
1656
90€‘6
710°6
€T/'8
6998
(434}
718
6%8°L
845%
99T
G269
€899

Qowny/p 0 =3y)

N ‘uaSoiuN

808°5ZC | €0s'tL
9Tsee | Lo
80/'%TT | TeT'tL
ofL'7TT | 866°LL
9/G°€TT | S9/°LL
166°TCC | €€5°1L
60%°22C | LOELL
718°lee | LLOLL
90¢°LTT | T8Ol
685°0CC | 7l9‘OlL
€96'6LT | 98€‘0L
97E6LT | 09L°0L
9/9'8LT | 9€6'6
oL0'8LT | OLL'6
el | L8Y'6
959°9LC | 79T‘6
GS6°GLT | £0°6
Lyz'sle | ¢z8‘s
0LS'7L | €098
G9/°€lT | %78€‘8
C00°€LT | 9918
e | 646
cerLe | €€l
709°0LC | 8LS‘Z
69/°60C | €0€‘Z
%06°80C | 060°Z
020°80C | //8°9
TLL20e | 7999
2/1°90T | €5%7°9
€17°50C | ¢¥7T‘9
€€0°50C | €0T'9
8LT' 70T | TE0‘9
L6L'€0T | Tes's
871'C0C | €19°S
£T0°L0T | S0%‘S
G88°66L | L6L‘G
969°'86L | 6861
L9%°26L | T8LY
LZL96L | G/S‘W
0 0
s n
Qouny/p 0 =34
20 ‘uasAxo

609°/L
06T°/L
L2691
75991
8€€9L

Tzo9L
80/°GlL
s6e‘al
780°sl
0/L%1L

09491

gL'yl
8el
qeq'el
8TT€L

€T6°TL
8L9‘CL
yLETL
zo‘cL

LLZLL

60%7°LL
60L°LL
608°0L
Ls‘ol
€Lzol
9L6‘6
079°6
STe6
0€0°6
9€/‘8
789°8
€Y'
0sL‘8
898/
995,
QLT
7869
7699

oce'ele
0/l
S/0°LLe
o7 oLe
962°60C

6€L°60C
S/%°80¢C
66/°/0C
(4344
€L7°90C

50/£°50¢
86'70¢C
IyTy0¢
16%7°€0C
%€/c0C

§96°L0C
09L°L0¢C
05€°00¢
LZa'66L
€/9°86L

£08°/6L
0C6'96L
71096l
180°56L
qTl6l

7L e6l
9€L'T6lL
860°L6L
0€0°06L
876°88L

0c/'88lL
16/°/8L
919'98L
66£°G8L
6€L°78L

LEB'C8L
L7718l
75008l
945°8/L

reL'al
948yl
6151
€0EyL
8C0‘yL

GGL'EL
T8h'elL

LLTEL
o%76°CL
1291

eov‘el
qeLeL
698°LL
€09°LL
6€€°LL

GL0°LL
€18°0L
1§50l
062C°0L
0€0‘0L
L2/°6
€156
§ST'6
8668
w8
/8%‘8
zee's
816/
STl
(A
(744
6Lz,
8969
91/‘9
99%°9
[ral°]
596°G
VA
99%7°g

6£0°0C
8/9°6L
8LE‘6L
6568l
L09°gL

T8l
688°/L
7€S/L

L8LZL
8789l

LlY7'9L
9zL9L
112°61
8Ty sl
080°sL

wELYL
88E‘YL
€701
669°€L
9s€el

710°€L
/9t
LEETL
T66°LL
T99°lL

#LELL
9/6°0L
6€9°0L
cog‘oL
996°6
7066
LE9‘6
966
1968
1798
7628
1962
879

€69°/lC
S/L/1e
6179°9LC
SlL9Le
[@AN 14

0corsle
0917°yLC
068°¢€lLC
oLetele
6LLtle

VA a4
705°LLC
088°0LC
€veoLe
€65°60C

676°80C
SC80¢
6%75°£0C
048°90C
Scl'90¢

€8€°50¢
c9'0¢
78°€0¢
0%70°€0C
pAardvra

LZ€°10C
005°00¢C
€09°66L
8/9'86l
€cLL6lL

E75L6L
G€/961
€/ls6l
799°76L
7656l

LLyz6l
LzeLel
086°68L
£89°88L

Low‘cL
L1gLcL
19611
€vLilL
7TsLL

LO€°LL
060°LL
#/8°0L
899°0L
evoL

8zzioL
710°0L
0086
/85'6
G/€°6
€916
156‘8
0%7/‘8
675‘8
6L£‘8
80L‘8
668/
689/
08Y%7‘/
1.2
790/
%589
G799
VASAL)
62C‘9
06L°9
0209
718's
709°G
96€‘G
88L‘g
616
L/LY
795y

L0€'/L
€001
1029L
66£°9L
£60°9L

L6161
L6%°GL
L6LsL
86871
009‘7L

zoeL
S00°7L
80/°¢clL
TI'eEL
aLLeL

Lzg‘cL
9Ts‘TL
4344k
8€6°LL
779°LL

LSE‘LL
850°LL
S9/°0L
€70l

LgL‘ol
688°6
1656
90€°6
7106
€08
699°8
TEY's
o#L‘8
6782
845
99T,
G269
€899

(ouny /M 0gs‘0LL— = &Y
0) ‘apixouoly uoqie)

S0Y7° T | To69L £08°1T 065
c09°Ly7¢e ql6‘9L LE€°1T 08¢
68.°0%C | LEL9L 0/8°0¢ 048
796°6€T | 1G2°GL 10%°0¢ 099
GEL'6ET | TiE'ql a6°6L 0SS
T6T°8ET | 96671 a8Y°6L (007417
6EY°LET | TTIYL 620°6L 0€S
GLS79€ET | €9TYL 9/6°8lL 0c¢s
00/°S€T | 988°€L 9zL‘8L oLS
L8 7ET | LTSEL 8/9°/L 00S
ol6'€eT | 84Gl'el e/l 06%
%700°€€C | 008‘CL L6291 08%
080°z€T | wh‘TL LGE9L 0%
7yLLET | L60°CL oL6‘al 097
76L°0€T | Th/lL €876l oSl
0€T'6TC | €6€°LL #7506l o7y
7SC°8TC | €90°LL 879yl (01974
86T/TT | wLLOL 90C‘yL ozy
052°92C | 8/€°0L /8/°€lL oLy
§TT°STT | 9700l leelL (0]0)/4
8Lee | 8LL6 096°‘CL 06¢
cTLreee | t6e'6 zss‘aL 08¢
#7%0°CCC | 8906 8yLCl 0/¢
876°0CT | TSl‘8 ¥/l 09¢
LE]6LT | 6EWS 1GE°LL 0s€
769°8LC LEL' 656°0L (0149
wE€S/LT | 978 0/5°0L 0€e€
Lse9Le | 925 98L0L 0ze
oL'sle | 0€T. 1086 oLe
GL6'ELT | 6€£6°9 LEV‘6 00€
989°€lC | 9889 79€°6 86¢C
099°Clz | 1999 €906 06¢C
9/€°LLT | 69€°9 169°8 08¢
790°0LC | 1609 qee’s 0/t
/12°80T | /18‘S 616°L 09¢
1€€°/0T | 8%5°G 129/ 0sc
026°S0C | 98T°‘S 08¢ ore
%#9%'%0C | 920°‘S 8€6°9 0€C
996°C0C | T/ll'Y 1099 0zc
0 0 0 0

oS n y oL

(owny/p 0ZS‘€6€— =Y

¢0) ‘apixoiq uoqie)

sasen pa)29)as Jo salladold seo jeap|

€£¢-V 37av.l

965



066 | 8tllte
086 | 86€'/tT
0/6 | %90°/tC
096 | 87/'9TC
0$6 | 68€'9¢C
o6 | /%70°9¢7C
0€6 | L0/°STT
0C6 | €5€°5TC
0L6 | T00°STT
006 | /¥9'%¢CC
068 | 88Tt
088 | /z6'€Te
0/8 | 795°€Te
098 | w6lL'€Te
0s8 | tzstee
or8 | Lvrzee
0€8 | Z90°Tee
078 | #89°Lee
oL8 | serLTe
008 | £06°02C
06/ | ws0ce
087 €11°02¢
0/, | 60/°6LC
09/ | L0€'6LT
0s/ | 688'8LT
owL | TrsLe
0€/ | 650°8LT
0T/ | ¥T9°/1T
oLs (4 W4¥4
00Z | 95/°9LC
069 | #lLE9lT
089 | 998°SLT
09 | €v'sle
099 | %7S6°%LC
059 | 68%°%LC
079 | 8LO'#LT
0€9 | LYS'€le
079 | SS0°€LT
0L9 | %95°Tle
009 |990°CIC
oL oS

LsLe
8zele
980°Le
#7%8°0¢
€09°0¢

[4°1 114
ceL‘oe
€881
77961
L0761

89L°6L
Le6‘sl
G569°8L
6578l
728l

066°ZL
VAV
7Ts/L
T6T/L
190°ZL

0€8‘9L
66591
0/€91L
LyL‘9L
€16°GL

989°GL
0917l
yeTial
800°slL
v8.7L

09571
Le€L
7Lyl
68l
LL9‘EL

0S¥7‘€L
0€T €L

LLO‘EL
z6LtL

€08°6¢
9/%7°6¢

LSL°6C
9788t
105‘8¢

8/1°8C
798°/C
Tes/e
oLe'le
068°9C

895°9C
8729t
8C6°St
0195t
(4 YAT4

7L6'7C
899°7C
(42974
£T0'%7T
wLL'€T

86€°€T
S80°€T
cll'ce
09%‘ce
67Lce

6€8°LT
6C5°LC
0zeLe
216‘0t
%09°0C

167°0C
166°6L
589°6L
08€‘6L
S/0°6L

TlL'8L
89%°8L
99L‘8L

(ouni/M 0 =3y)

0zL'ewe | 608°cT | LYO‘LE
89/t | ¥%S‘TT | T69°0€
L'z | 08¢‘ce | ave‘oe
7S0°Che | £10°TT | 666°6C
689°'L7C | %S.lT | T99°6C
€CELYT | L6%LT | 90€°6C
€56°0%C | 8¢TlT | 096°8C
085°0%C | £96°0C | 9L9°8C
€0C°0%C | 904°0C | T/T‘8T
€C8°6€C | V0T | 8T6°LL
6E£7°6€C | S8L0C | ¥785°/C
LS0'6€C | GT6'6L | TvT'LT
099'8€T | 9996l | 668°9C
%92°8€T | 80%7‘6L | 695°9C
%98°/€C | 0SL‘6L | 8LT‘9C
TO°LET | €68°8L | £/8°ST
GS0°LET | L€9°8L | LES°ST
7%9°9€T | ¢8E‘8L | 66L°SC
0€C°9€C | 9TL'8L | 198‘%C
0L8'GET | T/8/L | €T4‘T
/8€°9€T | 8L9°/L | 98LWT
096'7€T | 79€/L | 098°€ET
8CS'ET LLLZL €15'eT
L60'7ET | 6989l | 8/L‘€T
679°€€T | L0991 | #¥8‘CT
LOT'€€T | £9€9L | OLS‘CT
8%/°CET | LOL9L | Z/lL‘TT
L6T'CET | 698°GL | G¥8°LT
1T8°LET 1L9‘qlL 716°1C
8GELET | 9€‘al | w8LilL
G88°0€C | 9LL‘GL | 7S8°0C
S0%7°0€T | LL8'WL | %TS‘0T
026°62C | 979wl | Lé6L‘0C
0EY°6CT | €8€'YL | 0/8°6L
7€6°87C | oWL'yL | wiS6L
6C7°8TC | 868°€L | 6LT6L
8l6°/CT | £99°€L | 9688l
00%7°/TT | ZLW'eL | T/S‘8L
/789t | 8/L‘cl | 0ST‘8L
o€ 9CC | O76°CL | 6T6°LL
R R y
(ouni/M o =3y)
20 ‘uasAxo

78L°CET
19/°1€C
LYETLET
%726°0€C
66%7°0€C

0£0°0€¢
1£9°6TC
cocece
€9/°8¢C
Lze'8ee

6/8°/TC
9¢i7°/TC
€26'9¢CC
/15°9¢t
/50°9¢C

765°9CC
[ XANT44
L99°%7¢e
w/L'vee
£€69°€cC

20T°€ce
yAYAraad
Leereee
oc/llee
slLerLee

£0/°0¢C
68L°0cc
899'61LC
rLele
0L9'8lc

L£0°8lC
£TS'/1e
926°9LC
6L17°9LC
948°Sle

§8T’Sle
£0/9L¢
e
6C5°€LT
0cé6'tle

ovzLe
€16°9C
885°9C
S99t
£76°ST

1z9‘st
00€°sT
086‘7¢C
799°%¢
Shewe

620‘7¢
SlLL'€eT
[ LA X4
060°€T
611°TT

0/%°te
9Lce
668°le
6%75°1C
STl

L76°0C
6€9°0¢
6££°0C
6€0°0¢
w6l

7761
87161
7988l
1958l
89T°8L

8/6°/L
889°/1L
66€°/L

412}
9789l

L7691
VATall
G/6°Gl
€69l

A1
190s€
€997€
LYTYE
L8

9en‘ee
Te0‘ce
679°CE
gceite
878°LE

6Thile
TE0LE
S€9°0€
o%z‘o€
986

757°6C
790°6C
T/9°8T
¥87°8¢
968/t

0Ls'2T
T4 A4
87874
89€°9C
116°ST

£65°SC
8lLzise
078*%¢C
79177
880‘7C

wLL'€T
et
0/6°ct
009°ce
ogz'ee

798°lLe
S6Y°LT
0Ll

880°17€C
[4 7 3X4
El7reee
cl0°eec
1el°tee

6/€7CEC
8¢0'cec
%.9°LET
/LETLET
1596°0€C

€65°0¢€C
1TC0¢€C
948'6C¢C
87°6TL
9ol6ce

%7¢/°8¢C
6€£€£°8CC
¢h86°LcCT
645°/TC
ollee

9/°9¢cC
18€°9C¢
L%6°5CC
€€6°6TC

qlLece

69°7¢e
S9Cee
£€8'€CC
96¢°€Ct
€56°CTC

506°Cee
¢so0°cece
64°LTC
lZellee
949°0¢c

6/1°0Cc
G969°6LC
s0z6Le
80/°8lC
70¢°8LC

€6/°lC
SSLT
86C°LT
150°LT
508‘0¢

695°0C
7LE0T
0£0‘0¢
9786l
€859°6L

L7e‘6l
660°6L
8488l
/19°8L
6/£°8L

orL‘sL
T06°/L
G991
6C°/L
€611

£56°9L
€C/91
8849l
S9T9L
Teo9L

68/°Gl
865°SL
8reisl
660°GL
0/8‘L

L79‘yL
VAl
/8L'7L
796l
9¢e/'el
TuseL
68T°¢cL
990°cL
78Tl

#20°0€
€69°6C
T9€‘6T
€€0°6C
€04°8¢

G/€8T
9%70‘8¢
6LLC
T6€'LT
990°/¢

0%.2‘9t
Slyot
160°9¢
89/°St
9trt°aT

LANT4
€087
€87
9L
7%78°€t

9TS'€T
80T‘ct
068°Ct
€/5'te
89C°TT

£76°1C
879°LT

Sle‘le
T00°LT
069°0C

8/£°0C
890°0C
866l
61717°6L

L6l

€€8°8L
LTS8l
LezisL
SL6°/L

(ouny /M 0gS‘0LL— = 3y
0) ‘opixouoly uoqgie)

0£9°89¢

611"89¢
996°£9C
£00°29¢
Y71717°99¢

1/8°99¢C
70€°59¢
8¢/ 79¢
L' 79¢
695°€9¢C

896°C9C
L2€7¢9¢C
04/°19¢
79L°19¢
195°09¢

7€6°65C

LLE'6ST
89°84¢
8%70°85¢
80%°L4C

¢9/'94¢
0LL"94C
[A1AT4
181'75¢C
YA AT

6E£7°€5C
§99/°CSe
590°¢sc
89€°LSC
€99°04¢

56°6%C
[XXAL Y14
£05°8%C
€17°/%C
[4X\WA k4

8T 9%7¢C
Y¢S ae
849/'17C
€86°€l7C
66L°EnT

S66°€E
L€S'EE
180‘ce
ST9‘ce

LLTe

6LLLE
89T°LE
818°0€
69€°0€
TT6'6t

9/%°6T
LE0‘6T
885°8C
T4 14
90/°/T

19T°lT
678°9C
76€9¢C
656°SC
1TSSt

160°ST
699°7¢C
e
/18'€T
€6c'ct

Tl6‘te
zes‘ee
weL‘ee
6Lt
S0€‘le

768°0¢
78%7°0¢
8£0°0C
AN
0/z'6L

698°8L
L8l
9/0°8lL

- oun|/fy ui .S “joun|/[y ui n pue y

(ouny /M 0zs‘€6€— =3y
0D ‘apixoiq uoqie)

€C-v @\qel

9zz'ey | 066
G89°LY 086
ayLiLy 046
£09°0% 096
0£0°0% 056
SES'6E | O%6
000°6E 0€6
19%7°8€ 0¢6
GE6°LE oL6
S0%°LE 006
9/8°9¢ 068
VA ]S 088
Lz8°se 0/8
96C°9E 098
€L1'¢ 048
[Keran 49 078
0gL'ce 0€8
[AYA LS 0c8
%769°CE oL8
6/LCE 008
S99°1L€ 06/
VAT 082
779°0€ (7
qeL‘oe 094
679°6C 052
AN Y4 (174
[44° 214 0€s
121'8¢ 0cs
TT9Le oLZ
(TAWk4 004
1€9°9T | 069
8€1°9T 089
8%79°6t 049
09L‘st 099
%/97¢ 099
06L7¢ 079
60/°€T 0€9
LeTiee 0¢9
VATARA4 0L9
08c‘ce 009

Y Oz

(panupuo))

£¢-v 37av.L

O
O
(=)



€C-Y @\qel

o/l | 066°917¢C
0¢/ZL | 089°917¢C
00ZL | 99L'917¢C

089L | Zw/'a¥C
099l | eeare
079l | 968'7¥%7C
0C9L | 797" w¥7¢
009l | 8¢0'¥7¢C

084l | 989°EWC
094l | Zel'ewe
oSl | 989°CWC
0cal | 8etrewe
004l | 89/°L¥C

08#7L | LOELYT
0917l | L8 0%¢C
o7l | 0SE°0%7C
0Tl | 998°6€C
o0owl | S/€'6€C

08€L | 8/8'8¢€C
09€L | 9/¢€°8¢€C
OvEL | £98°LET
0cel | €9€°/€C
00€L | LE€89€EL

08¢l | c0€'9¢eC
09¢L | 99/°%€C
oweL | €CTeET
0cel | €49'mee
00cL | all'wee

08LL | 6%79°€ET
09LL | €46°C€ET
oLl | L6€°TET
0ClL | 66/°LEC
00LL | 66l°LEC

080L | L69°0€T
090L | €46'6CC
o0l | #ve'6CcC
0coL | 904'8¢c
000l | £50°8¢c

670°LY
£05°0%
996°6€

yTh6€
788‘8¢
77€‘8€
908°/€
89T°/€

[AVA]S
£61°9€
§99G€
€€L'6E
109‘v€

LL0*%7€
£vsee
710°€€
68%°Ce
796°LE

Li7t7'Le
6L6°0€
86£°0¢
8/8°6C
19€6C

88T
LEE‘8T
618°/¢
80€°/t
66.°9T

162°9C
98/°St
78T°St
08/'%7¢
08zt

78/°€t
88T°ct
S6.°Ct
70€Ce
algfle

914°sS
£08‘7S
6607

€6£°€S
989°CS
086°L9
S/TiLS
A0

698°6Y
89L6Y
0/%7°8Y
LLLLY
€L0°LY

LL€°9Y
789°ay
886‘17¥
S6T Y
S09‘ey

sL6‘cy
LTe'Ty
6€S°LY
€98°0%
0/L‘0%

88%°6€
£08°8¢€
6CL‘8€
(44
1/71°9¢

70L°9€
0€tse
092'%7€
T60°7€
9ThEE

79/°te
LoL‘ze
TriLe
782°0€
6¢L°0€

GEV'E9T | 699°El | 9€1°8S
G00°€9T | €60°€l | 76€°LS
L/S°T9T | L1S°Th | T59°9S
CELT9T | w6°Ly | Tl6°SS
069°L9T | 0/€Lyy | T/L‘SS
rTL9T | 6640 | wEY'YS
L6£°09C | LTT'0Y | 969°€S
€€€°09C | 859°6E | 196°CS
0/8'65C | 880°6€ | 7TT'cs
07°6SC | 0TS‘8E | 06%°LS
876°85C | TS6°LE | 992°0G
0S%7°8ST | /8€°/€ | 72005
696°/SC | LT8‘9¢c | T6T'6Y
W/%°LST | 99C°9€ | 195°8%
8/6'9SC | T69°GE | L£8LY
G/%7°9ST | 6TL'SE | TOL'LY
896°G5T | 294‘VE | wLE9%
¥S%7°S5C | 800‘7E | 879Gy
TE6'YST | 6Y0°EE | €C6'Y
70%'7ST | 168°TE | 86L‘WY
898°€ST | WeE‘Te | vy
GTE'EST | 8/2°LE | €8Lty
9//°TST | ¥TT'LE | €€0°CY
6LT°7SC | 049°0€ | TLELY
€59°15C | 8LL‘0OE | 765°0%
610°L9C | 895°6T | L/8'6€
16%7°0SC | 8L0‘6T | T9L'6€
906°6%7C | 69%7°8C | LWi7‘8¢E
10€°6YC | €T6'LT | weL'lE
869°8%7T | 6/€/T | €20°L€
180°8%C | 9€8°9C | tLE‘9€
YSY7°LyT | ¥62°9C | 909°GE
8L8'917C | €6/°ST | 668‘WE
LL9YT | wLT'sT | w6LvE
€19°SYT | £29'WT | 06%°€E
w787y | TyLvT | 68L°CE
¥9L'7%Z | L09‘€T | 880°CE
LY E€%T | GL0°€T | 68E°LE
s T n | y
(ouny/M 0 =2y)
20 ‘uasAxo

685°/4C
(A4 WAT4
05%7°94¢

€/8°95C
06C°5SC
€0/2'74¢

LLL'7SC
ELSEST

l6'cse
§0€'¢aC
£69°1L5C
%7/0°15¢
05%7°05¢

0¢8'6%7¢
a8L6Y%7¢
£75°8%C
568°/7C
Wwe'lve

85°9%C
al6°at
£vCare
794 7%7¢
1/8°ewC

€8Lreye
a8 ehe
€//°1y¢
/50°LY7¢
egeetone

009°6¢€C
6498°8¢€C

0LL"8€C
(AT WA
7849°9¢€C

908°5€C
0¢0°S€C
e€ceee
SLY7"eee
165°CEC

€80°GS
19T
qS7es

979°Cs
Ly8°LS
6€0°LS
(\zards
Sty

9598y
898y
780°LY
70€°9%
8Cs‘ay

98y
686l
9oTTiey
99Ty

Ly

096°0%
cLeor
0/%°6€
(4 VA1
000‘8€

0/T'L€
975‘9¢€
£T8°se

Tuse
€0Y*ve

869°€E
L66°CE
Lo€‘ze

LL9‘LE
ST6°0€

£VT o€
£95°6T
568°8T
87T‘8t
894°/C

(ouny/P 0Z8‘LrT—
O°%H “10dep 193em

055°69
£95°89
68929

71999
£79°69
S2979
602°€9
8%/'C9

T6/°19
8€8°09
88865
Tr6°8S
666°LS

790°/S
8¢1°99
86165
€425
LGE‘€S

vERTS
(R4 yRe
71909
£02°6Y
£08‘8%

TL6'Ly
Teo'Ly
LEL'OY
95T sy
08€‘Y

605°cY
9ty
08Z°LY
€T6°0Y
LL0‘0Y

€TT6€
08€°8€
[4/4V4s

=)

M - jounj/ ul .S “joun| /[ ui n pue y

89°€SC
69L°€SC
BV 4T4

(YA W4T
L06°LSC
04%7°LS¢C
€€0°LSC
65°04C

/%71°04C
969°6%7C
ovzewe
8//°8%7C
lLege

6£8°L7¢
09¢€'/7¢
918°9%C
S8E°9%C
688°5%7¢

88¢E°a¥¢
088'1717¢
99¢e 7T
778'eve
oLeTewe

08/°¢e
9ecene
989°L¥7¢
8clilire
£€99°0%C

686°6¢£C
L0%7°6€C
/18'8€T
L1T°8EC
609°/€¢

66°9¢C
79€°9¢€¢
8¢/'S€EC
640°9€C
L vee

(VAN
€20°LY
w/Y°0%

1T6°6€
78€‘6€
££8°8€
€67°8€
0S¢

£0T°L€
999°9¢
7T1°9€
785°s€
970°sE

805°7€
LL6°€E
wEYEE
006°CE
£9€°TE

9€8°LE
90€°LE
8//'0¢
Lsz og
qTL'6t

Loz‘6c
8/9°8T
9T‘8t
£€9°/¢
8LL%T

2099t
880°9C
VAN T4
5909
£85%C

6%0%7C
779°€C
L70‘€T
075°ce
L70‘ce

6€0°9S
£7€°sS
60975

G68°€S
78L°cS
(A4
€9/°16§
€50°15

77€°09
SE9‘6Y
8768y
sy
YARWA/

€18°9%
oLL‘9Y
80%‘sy
VAYA 4/
£00‘7Y

60€‘c
€19°tY
6L6°LY
99Z'Ly
7ES‘0Y

788°6€
79L°6€
99%°8€
08/°2€
S60°L€

90%7°9€
€e/'qe
750°G€
VA% £
c0/'ee

620°€E
£S€°CE
889°1€
0T0°LE
SGE0€E

(ouny/P 0gs‘oLL— = 2y)
0) ‘apixouoly uoqie)

£98°00¢
//1°00¢
87°66¢

18/°86¢C
¢/0°86C
96€°26C
€9°96¢
106°56C

LoL's6¢
L' 76¢C
799°26C
888°C6C
71L°T6C

EEEL6C
75°06C
€%7/°68C
%7€6°88C
901°88¢

€8C°/8C
6€17°98C
984°98¢C
el w8e
/178°€8¢C

96°C8¢C
990°¢8¢
841°18¢
8€C°08¢C
10€°6/¢

9¢€'8/¢C
€0%7°2LC
0€%7°9/C
17°9.¢
Sir'7/C

0ev°ele
00%°¢c/c
7e€’LLC
£€6C°04C

qlLT'69¢

%92°0L Lez'ss ow/L
.69 | €708 oz/L
1z/89 | 998‘C8 00ZL

T0/29 0£9°18 0891l
76599 | 98%°‘08 0991
89999 €0€°6/ o9l
€59‘79 €71°8L (14°)"
LWL'€9 | #%76°9L 0091

0€9C9 | £92'9/ | 084l
02919 | 065‘%. 0951
€19'09 | /Zl¥'es oSl
60965 | 9wT‘TL 0zslL
909‘8S | 8/0°LL 0061

90925 L1669 0871
60995 8%/'89 09l
71965 98529 oyl
12979 £T7°99 ocyL
LE9‘€ES 1£2°99 oowl

£79°CS 9LLY9 08¢el
999°L9 €96°C9 09¢L
T/9°09 €189 owveEL
16967 | 999°09 ocel
€LL'87 | TTS'6S 00¢€l

6€LLY 18E‘8S 08cL
89/9% | w%T'LS 09clL
66.°GY 80195 owelL
vE8WY | LL6*%S ocel
L/8°€h | 8%78°€S 00cL

16Ty | wTL'Ts 08LL
/S6°Ly7 | T09LS 09LL
900°Ly | 78%7‘0S owLL
150°0% | 69€‘6Y oziL
Tu'ee | 8sz'sy | 0oLl

7/1°8€ €12y 080l
8€T /€ 150°9Y o090l
90€°9¢ €567y ool
8/€°GE 698°cY ocol
savre | 694ty oooL

(louny /M 0zs‘c6€— =3UY
Q) ‘apixoiq uogie)

(panunuo))

€£¢-v 37av.l

967



"LL6L Z€-SAN-SQYSN ‘S31qel |ediwaydouay] J¥NY( 3yl uo paseq si €Z-y 3]qe| :32/n0S

0SCE | €9/°69T | 899°€8 | 069°0LL | ¥19°/8C | #0868 | Zr8°9LL | 992°06C | 0ST‘€rl | T/T‘0SL | 6%7°9/T | €178 | #ESLLL | 690°6€€ | L08°0SL | TT8ZZL | 0SCE
00Z€E | 98L°69C | #TT'T8 | 0€8°80L | 686°98T | €0T‘88 | 608*7LL | #88°68T | LS8‘0CL | LSW'Z¥L | ¥16°9LT | L90°E8 | £99°60L | 60L°8EE | 680°8YL | 9697/l | 00TE
0SLE | 109°89C | 782°08 | TZ6°90L | SSE°98T | L0998 | S6/°CLL | 666°88T | 8S7‘8LL | 8790yl | 9TE'SLT | TL9'LY | TO8Z0L | #TL'Ze€ | S8€'ayL | 9/S°LZL | 0SLE

00LE | £00°89C | LWE€'6L | SLL'GOL | €LL°S8T | 600°G8 | #78°0LL | TOL'88T | TZOOLL | 9%8‘LyL | 0EL /T | #9L°08 | 6€6°SOL | 9TL'9EE | L8I‘THL | 95%7°89L | OOLE
0S0€ | ¥0%°£9T | T06°ZL | 09T°EOL | 090°98T | 6L¥‘€8 | 8//°80L | ¥6L'48T | T69‘ELL | LSO6EL | €TL%/T | SLL'8L | €L0WO0L | #LL'SEE | T86°6EL | LYE‘GIL | 0SO€
000€ | €6£°99C | ¥9%°9L | LO%‘LOL | 66E 78T | LE8LY | 082°90L | €£T°98T | LTELLL | ¥9T'9EL | 80S'E€LT | £9T°ZL | OLT‘TOL | #80'WEE | €8TLEL | 9TTTIL | 000€E
0S6C | 0/1°99T | 8T0‘SL | 995°66 8T/'€8T | 89C°08 | 9870l | 8€E'98T | 656°80L | 98Y‘CEL | #88'TLT | GT8'GL | TSE'OOL | LEO'EEE | 68SWEL | ZLL'6SL | 0S6T
006C | 8€59°99C | €65°€L | S0L°L6 8%70°€8T | 789°8L | €6/TOL | 06E€°%8T | S09°90L | ZLL'OEL | 6%C'TLT | €8EWL | S6%°86 G/6°LEE | 868°LEL | 600°95L | 006C

0S8 | 968'79T | €9LCL | 649896 £S€°T8T | TLLZL | 808°00L | 6T7°€8T | 9SCWOL | TS6°LTL | TO9'LLT | SY6°TL | 6€9°96 | 968°0€€ | TlT‘6TL | 806°CSL | 098C
008C | LYT%9T | 7€2°0L | #L0*W6 | ¥S9°L8T | 975 | 97886 €9Y7°T8C | LL6°10L | 86LSTL | €¥6°0LT | 70S'LL | #8/'W6 | 008°6TZE | 8TS‘9TL | 808°6%7L | 008C
0S/T | £/5°€9T | 90€%69 | LLLT6 | Tv6'08T | L86°E€L | TS8°96 | ¥9%7°'L8T | 88566 €GY°TTL | S8T°0/T | 990°0Z | 0€6°T6 | ¥89'8TE | 6%8‘€TL | €LL°9YL | 0SLC
00/T | T06°T9T | 08829 | 8TE‘06 61L7°08C | €€v‘CL | L8876 | T9%°08CT | 69T°L6 L12°6LL | 965°69C | 8T9‘89 | LL0°l6 6%5°LTE | T/LLTL | 0T9‘eEWl | 004C
0S9C | €1T°T9T | SS9%7°99 | 88%‘88 | 98%°6/T | €88°0Z | 9L6°C6 Li7%7°6/C | 85676 L66°9LL | S06°89T | L6LL9 | 0€T‘68 96€°9T€ | 00S°8LL | €€5°0%L | 099C

009C | TLS'L9T | €€0°99 | 099°98 | 8€/'8/T | 6€€69 | 956°06 | LO¥'8LT | 999°C6 €LTYLL | TOT'89T | 99/°99 | €8€/8 TTTsee | Te8SLL | 6¥LEL | 009C
0SST | 66/°09C | €19°€9 | #18W8 | 6/6°LLT | TO8Z9 | 70068 %S€°2LT | ¥9€°06 S9S‘LLL | 98%7°/9T | SEEW9 | LES'S8 | 9TOWTE | 99LELL | 89EWEL | 0SSC
00ST | €£0°09T | S6L°T9 | 186°T8 | L0T'LLT | LLT99 | £S0°%/8 987°9/T | 780°88 | 898°80L | SS2°99T | 906°C9 | T69°€8 | 808°TTE | #0SOLL | 06T°LEL | 00ST
0SYT | TEE'6ST | 6/2°09 | 6¥L°l8 wTy'9LT | THL'Y9 | TLLS8 L0T'S/T | 118°S8 €8L°90L | TL0°99C | T8¥‘L9 | TS8‘L8 995°LTE | 678°0L | 6LT°8TL | 0S¥C
00%Z | 0859°85C | 99€65 | 0TE‘6L SC9°'9LT | 61T°€9 | W/L'€8 | 860°%/T | €95°€8 | 80S‘E0L | €9T°99T | 090°09 | SLO‘08 | TOE'0TE | Z6L'SOL | TSL'STL | 00%C

0SET | 0L8'/ST | 896°LS | 96%°LL 608'7.C | ¥0L19 | €¥T'L8 8/6'T/T | 80€°18 9%8‘00L | 08%'¥9C | 0¥9°8S | 8/L°8L LLO6LE | TSSOl | L60‘TTL | 0S€ET
00€T | £T0°/ST | €95°99 | 9/9°L L86'€LT | €6L°09 | 9LE‘6L 6€8°LLT | 920°6. 66L86 | T69°€9T | TTTLS | SvE9L S69°/LE | TL6'66 SE0‘6LL | 00€T
0STT | £TT'9ST | 64195 | 998°¢€/ 9€L'ELT | 069°8S | L6€LL 6/9°0/T | 998°9Z 7949°96 | /88°T9T | 608°9S | 9LSWL 9sE9LE | LLTL6 ¥86°all | 05T
00TT | TLY'SST | 6%2°€s | 0%0°TL 8/T°tltT | T6LLS | ¥8Y°GL 00S'69C | 6¥97L | O%6C6 | S90°T9T | 96£S | 889CL | 886°7LE | 87976 | 6£6°TLL | 00TC
0SLT | 849°%ST | LSE'TS | 9TT°0L | 66€°LLT | £69°9S | €45°€L L0€°89T | ¥S%°CL 0€€06 | 9TT'L9T | 886°CS | #98°0L | 68S°€LE | €20C6 | 868°60L | 04SLT

00LT | 9TL'€ST | £S6°0S | ZL¥‘89 | #0S°04T | 80T‘#S | 899°LL 180°£9C | S/T‘0L S€L/8 0/€09C | ¥85°LS | 77069 ooL'zLe | 0768 | ¥98°90L | 00LT
0S0T | 898°TST | £95°6Y | TL9°99 | 889°69T | LTLTS | TLL'69 | 8€8°99C | LLL‘89 96168 | ¥6%°6SC | 6/L°05 | ¥TTL9 L0Z'0LE | 16498 | SEB‘EOL | 0S0T
000C | 696°LSC | L8L‘8Y | 0L8‘W9 G99°89C | €9T°LS | 1889 LLSH79C | 99699 €65°C8 | 009'85C | 08/8% | 80%°99 0Lz'60€ | S8L‘y8 | #08°00L | 000T
086l | £09°LST | LT9°L% | 060‘79 S/T°89C | 999°0S | Ztl/9 65079 | LLL‘99 €/5°18 9€T°8ST | LTT'8Y | Y8979 | #09°80€ | #YL'E8 | 909°66 086l
096l | T¥T'LST | SL0°LY | L8E‘E9 168°£9C | 82005 | %/£°99 TYS'€9T | 6STY9 GG95°08 | 898°/ST | 999L% | 196°€9 | T66'L0E | SOLC8 L0Y‘86 0961

o%76L | %#/8°09C | ¥Ts‘9y | ¥99°C9 S05°£9T | 06%°6%7 | 0T9°99 TT0°€9T | Lw'e9 07562 L6%°/ST | 80LLY | 8€T'€9 ¥2€°20€ | £/90°L8 L61°26 o6l
0T6L | TOS'0ST | €£6°SY | 9€6°L9 SLLZ9T | 706°8Y | 898%9 | L6%°C9T | ¥95°T9 £T5'8. TTL’/ST | TSS9y | 91s‘T9 162°90€ | LE0‘08 | S66°96 ozel
006l | 8TL'0SC | €T'sy | 0TTl9 TTL'99T | 6LE8Y | 9LL'Y9 | 696°L9C | 0TLL9 VARWY) €Y2°99C | L66°S | 76/°19 TTL'90€ | 966°8L €6/%6 0061
088L | 872°6%T | €/8'%% | 70509 | 9TE'99T | WELLY | G9€°E9 | 9EV'LIT | 08809 L1592 L9€°99T | L¥Y'sy | TZ0°L9 /8%°S0€ | T96°LL €65°€6 088l
098L | S9€'6YT | 7TEDY | 06L°6S ST6'G9T | LSLZ¥ | 919°T9 | 868°09C | T#0°09 | 90S°S/ 9/6°95T | 9887 | LSE‘09 | S¥8'Y0E | 6T6°9L 76£T6 098l

078l | 646°8YC | LLL°€Y | SL0°6S 12S'99C | 895°9% | 998°L9 £S€°09C | £L0T6S 9057/ /89°99C | LEEY | 679°6S 86L70€ | £68°5L 96L°L6 o8l
0T8L | 689°8%7T | LET'EY | €9€°8S €LL°99T | 986°GY7 | 8LLL9 L18'65T | S/£°8S £0S°€L %61°95C | 8//°€h | 0L6°8S #%9°€0€ | 8987 | 000°06 0csl
008L | S6L°'8%CT | 989°CY | 199%S L0Z%79T | SO%‘a | LLE09 | T9T'6ST | LYSLS €15/ £6/°%ST | STT'el | L6L°8S | ¥88°TOE | 078‘€L | 908°88 | 008l
08/l | 86/°L7T | 6€L°TH | 8€6°95 | €8T'Y9T | ST8WY | #T9'6S 80/°85T | €T/°99 €T5°LL 86E7ST | €£9°Ch | €LY°LS LLT'ToE | T18‘eL 7198 08/L
09/L | 96€'/%T | #765°LY | LTT'9s L98°€9¢C | L¥T'y | 008°8S LGL'8ST | T06°9S S€5°0Z L66°€SC | €TlTy | 99299 EVSLOE | £8L°LL 0T7°98 09/L

oL oS n y oS n y oS n y oS n y oS n y ONL
(ouni/M 0 =2y) (ouny/pl 0 = 2y) (ouny/M 0z8‘Lhz— =3Yy) (ouny/p 0€S‘0LL— =Y (louny /M 0zs‘€6€— =3y
N ‘uaSoiuN 20 ‘uasAxo O°%H “10dep 193em 0@ t0) ‘@pixoiq uoqie)

M - 10w /[ ul .S “jow /[ ur o pue y

(panupuo))

£¢-v 37avil

€C-v @\qel

968



Tables in SI Units 969

TABLE A-24

Constants for the van der Waals, Redlich-Kwong, and Benedict-Webb-Rubin Equations of State
1. Van der Waals and RediichKwong: Constants for pressare in bar, specifc volume in m3jkmol, and temperature in K
oo YA derWaals e RedlichKwong
a b a b
m3\2 m3 m? \2 s m3
Substance bar(kmol) kmol bar(km l) kmol
Air 1.368 0.0367 15.989 0.02541
Butane (C4Hqo) 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 (0,) 1.369 0.0317 17.22 0.02197
Propane (C;Hg) 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 0.021M1
Source: Calculated from critical data.
2. Benedict-Webb-Rubin: Constants for pressure in bar, specific volume in m?/kmol, and temperature in K
Substance . R A B e S e Y.
C,Hqo 1.9073 10.218 0.039998 0.12436 3.206 x 10° 1.006 x 10° 1.101 x 103 0.0340
Co, 0.1386 2.7737 0.007210 0.04991 1.512 x 10* 1.404 x 10° 8.47 x 10° 0.00539
(€(0) 0.0371 1.3590 0.002632 0.05454 1.054 x 10° 8.676 x 10° 1.350 x 10~* 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 10°* 0.0053
Source: H. W. Cooper and J. C. Goldfrank, Hydrocarbon Processing, 46 (12): 141 (1967).
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TABLE A-25

Hydrogen
Nitrogen
Oxygen

Carbon monoxide
Carbon dioxide
Water

Water

Hydrogen peroxide
Ammonia

Oxygen

Hydrogen

Nitrogen
Hydroxyl
Methane
Acetylene

Ethylene
Ethane
Propylene
Propane

Butane
Pentane
Octane
Octane
Benzene

Methanol
Methanol
Ethanol
Ethanol

Units

C(s)

H,(g)
N,(g)
0,(g)

Co(g)

C0,(g)
H,0(g)
H,0()

H,0,(g)
NH;(g)
0(g)
H(g)

N(g)
OH(g)
CHA(g)
C,H,(g)

CoHu(g)
C,Hq(g)
C5Hq(g)
C5Hg(g)

CHio(g)
CsHi(g)
CgHis(g)
CgHig(D
CeHe(8)
CH;0H(g)
CH;0H(l)
C,Hs0H(g)

C,HsOH()

Molar Mass,
M (kg/kmol)

Enthalpy of
Formation, h¢
(k)/kmol)

—110,530
—393,520
—241,820
—285,830

—136,310
—46,190
249,170
218,000

472,680

39,460
—74,850
226,730

52,280
—84,680
20,410
—103,850

~126,150
~146,440
~208,450
~249,910

82,930

—200,890
—238,810
—235,310
—277,690

Thermochemical Properties of Selected Substances at 298K and 1 atm

Gibbs Function
of Formation,
g (kJ/kmol)

—137,150
—394,380
—228,590
—237,180

—105,600
—16,590
231,770
203,290

455,510
34,280
—50,790
209,170

68,120
—32,890
62,720
—23,490

—15,710
—8,200
17,320
6,610
129,660

—162,140
—166,290
—168,570
—174,890

Absolute
Entropy, 5°
(kJ/kmol - K)

Higher,
HHV
| (K/kg) |

32,770
141,780

55,510
49,910

50,300
51,870
48,920
50,350

49,500
49,010
48,260
47,900
42,270

23,850
22,670
30,590

Lower,

LHV
| (k)

32,770
119,950

50,020
48,220

47,160
47,480
45,780
46,360

45,720
45,350
44,790
44,430
40,580

21,110
19,920
27,720

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.



TABLE A-26

Nitrogen
Oxygen

Carbon dioxide
Water

Water

Carbon (graphite)
Hydrogen

Sulfur

Carbon monoxide
Sulfur dioxide

Nitrogen monoxide
Nitrogen dioxide
Hydrogen sulfide
Ammonia

Methane
Acetylene
Ethylene

Ethane

Propylene
Propane
Butane
Pentane
Benzene
Octane

Methanol
Methanol
Ethanol
Ethanol

N»(g)
0,(g)
C0,(g)
H,0(g)
H,0(D)

C(s)
H,(g)
S(s)
CO(g)
S0,(g)

NO(g)
NO,(g)
H,S(g)
NH;(g)
CH,(g)

C,Hy(g)
CoHy(g)
CoHq(g)

C5Hq(g)
C5Hs(g)
C4Hio(g)
CsHyx(g)
CeHe(8)
CgHys(D)

CH;0H(g)

CH;0H()
C,Hs0H(g)
C,H;OH(D)

3,950
14,175
8,635

45

404,590
235,250
598,160
269,410
301,940

88,850
55,565
799,890
336,685
824,350

1,482,035

715,070
710,745
1,348,330
1,342,085

Standard Molar Chemical Exergy, &" (k]/kmol), of Selected Substances at 298 K and p,

3,970
19,870
9,500
900

410,260
236,100
609,600
275,100
313,400

88,900
55,600
812,000
337,900
831,650
1,265,800
1,361,100
1,495,840

2,003,900
2,154,000
2,805,800
3,463,300
3,303,600

5,413,100

722,300
718,000
1,363,900
1,357,700

9). Ahrendts, “Die Exergie Chemisch Reaktionsfahiger Systeme,” VDI-Forschungsheft, VDI-Verlag, Dusseldorf, 579,
1977. Also see “Reference States,” Energy—The International Journal, 5: 667—677, 1980. In Model I, p, = 1.019 atm.
This model attempts to impose a criterion that the reference environment be in equilibrium. The reference sub-
stances 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 nat-

ural atmosphere.

by, Szargut, D. R. Morris, and F. R. Steward, Exergy Analysis of Thermal, Chemical, and Metallurgical Processes,
Hemisphere, New York, 1988. In Model I, p, = 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
Il is closer than Model | to the composition of the natural environment, but the equilibrium criterion is not always

satisfied.
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TABLE A-27

1200
1400

1600
1700
1800
1900
2000

2100
2200
2300
2400
2500

2600
2700
2800
2900
3000

3100
3200
3300
3400
3500

Tables in SI Units

Logarithms to the Base 10 of the Equilibrium Constant K

—159.600
—92.672
—43.056
—34.754
—28.812

—24.350
—22.512

—20.874
—19.410
—18.092

—16.898
—15.810
—14.818
—13.908
—13.070

—12.298
—11.580
—10.914
—10.294

—9.716

—9.174

—8.664
—8.186
—7.736

—7.312

Source: Based on data from the JANAF Thermochemical Tables, NSRDS-NBS-37, 1971.
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Table A-1E

974 Tables in English Units

TABLE A-1E

Atomic or Molecular Weights and Critical Properties of Some Selected
Elements and Compounds

Chemical M T. P. 7 = Pcvc
Substance Formula (b/tbmo) (R @m “ ¢ RT._
Acetylene C;H, 26.04 556 62 0.274
Air (equivalent) — 28.97 239 37.2 0.284
Ammonia NH; 17.03 730 1Mm.3 0.242
Argon Ar 39.94 272 47.97 0.290
Benzene CeHe 78.11 1013 48.7 0.274
Butane C4Hqo 58.12 765 37.5 0.274
Carbon C 12.01 — — —
Carbon dioxide Co, 44.01 548 72.9 0.276
Carbon monoxide (€(0) 28.01 239 34.5 0.294
Copper Cu 63.54 — — -
Ethane C,Hg 30.07 549 48.2 0.285
Ethanol C,Hs0H 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
Methanol CH50H 32.04 924 78.5 0.220
Nitrogen N, 28.01 227 33.5 0.291
Octane CgHyg 114.22 1025 24.6 0.258
Oxygen 0, 32.00 278 49.8 0.290
Propane C5Hg 44.09 666 421 0.276
Propylene C5Hg 42.08 657 45.6 0.276
Refrigerant 12 CCl,F, 120.92 693 40.6 0.278
Refrigerant 22 CHCIF, 86.48 665 491 0.267
Refrigerant 134a CF5CH,F 102.03 673 40.2 0.260
Sulfur dioxide S0, 64.06 775 77.7 0.268
Water H,O0 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).



TABLE A-2E

100

110
120
130
140
150

160
170
180
190

200

Specific Volume

ft/lb
Sat. Sat.
Liquid Vapor
Vs Ug
0.01602 | 3305
0.01602 | 2948
0.01602 | 2445
0.01602 | 2037
0.01602 | 1704
0.01603 | 1589
0.01603 | 1482
0.01603 | 1383
0.01603 | 1292
0.01604 | 1207
0.01604 1129
0.01604 | 1056
0.01604 988.4
0.01605 925.8
0.01605 867.7
0.01606 813.7
0.01606 763.5
0.01606 716.8
0.01607 673.3
0.01607 632.8
0.01608 595.0
0.01608 559.8
0.01609 527.0
0.01609 496.3
0.01610 467.7
0.01611 440.9
0.01611 415.9
0.01612 392.4
0.01612 370.5
0.01613 350.0
0.01617 265.1
0.01621 203.0
0.01625 157.2
0.01629 122.9
0.01634 97.0
0.01640 77.2
0.01645 62.0
0.01651 50.2
0.01657 41.0
0.01663 33.6

Internal Energy

Properties of Saturated Water (Liquid—Vapor): Temperature Table
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Btu/lb

Sat. Sat.
Liquid Vapor

ug ug
—.01 1021.2
2.99 1022.2
8.02 1023.9
13.04 1025.5
18.06 1027.2
20.06 1027.8
22.07 1028.5
24.08 1029.1
26.08 1029.8
28.08 1030.4
30.09 1031.1
32.09 1031.8
34.09 1032.4
36.09 1033.1
38.09 1033.7
40.09 1034.4
42.09 1035.0
44.09 1035.7
46.09 1036.3
48.08 1037.0
50.08 1037.6
52.08 1038.3
54.08 1038.9
56.07 1039.6
58.07 1040.2
60.06 1040.9
62.06 1041.5
64.05 1041.2
66.05 1042.8
68.04 1043.5
78.02 1046.7
87.99 1049.9
97.97 1053.0
107.95 1056.2
117.95 1059.3
127.94 1062.3
137.95 1065.4
147.97 1068.3
158.00 1071.3
168.04 1074.2

Btu/lb

Entropy
Btu/lb - °R

0.00607 2.1764
0.01617 2.1592
0.02618 2.1423
0.03607 2.1259

0.04000 2.1195
0.04391 2.1131
0.04781 2.1068
0.05159 2.1005
0.05555 2.0943

0.05940 2.0882
0.06323 2.0821
0.06704 2.0761
0.07084 2.0701
0.07463 2.0642

0.07839 2.0584
0.08215 2.0526
0.08589 2.0469
0.08961 2.0412
0.09332 2.0356

0.09701 2.0300
0.1007 2.0245
0.1044 2.0190
0.1080 2.0136

0.1117 2.0083
0.1153 2.0030
0.1189 1.9977
0.1225 1.9925
0.1261 1.9874
0.1296 1.9822
0.1473 1.9574
0.1647 1.9336
0.1817 1.9109

0.1985 1.8892
0.2150 1.8684

0.2313 1.8484
0.2473 1.8293
0.2631 1.8109
0.2787 1.7932

0.2940 1.7762

100

110
120
130
140
150

160
170
180
190

200
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0.01670
0.01672
0.01677
0.01685
0.01692

0.01700
0.01708
0.01717
0.01726
0.01735

0.01745
0.01755
0.01765
0.01776
0.01787

0.01799
0.01811

0.01823
0.01836
0.01850

0.01864
0.01878
0.01894
0.01909
0.01926

0.01943
0.01961
0.01980
0.02000
0.02021

0.02043
0.02091
0.02145
0.02207
0.02278

0.02363
0.02465
0.02593
0.02767
0.03032

0.03666

(Continued)
Temp Press.
°F Ibf/in.?
210 14.13
212 14.70
220 17.19
230 20.78
240 24.97
250 29.82
260 35.42
270 41.85
280 49.18
290 57.53
300 66.98
310 77.64
320 89.60
330 103.00
340 117.93
350 134.53
360 152.92
370 173.23
380 195.60
390 220.2
400 2471
410 276.5
420 308.5
430 343.3
440 381.2
450 4221
460 466.3
470 5141
480 565.5
490 620.7
500 680.0
520 811.4
540 961.5
560 1131.8
580 1324.3
600 1541.0
620 1784.4
640 20571
660 2362
680 2705
700 3090
705.4 3204

0.05053

0.0744

0.05053

Btu/lb
Sat. Sat.
Liquid Vapor
ug ug
178.1 1077.0
180.1 1077.6
188.2 1079.8
198.3 1082.6
208.4 1085.3
218.5 1087.9
228.6 1090.5
238.8 1093.0
249.0 1095.4
259.3 1097.7
269.5 1100.0
279.8 1102.1
290.1 1104.2
300.5 1106.2
310.9 1108.0
321.4 1109.8
331.8 1M111.4
342.4 1112.9
353.0 1114.3
363.6 1115.6
374.3 1116.6
385.0 1117.6
395.8 1118.3
406.7 1118.9
417.6 1119.3
428.6 1119.5
439.7 1119.6
450.9 1119.4
462.2 1118.9
473.6 1118.3
485.1 1117.4
508.5 1114.8
532.6 1111.0
548.4 1105.8
583.1 1098.9
609.9 1090.0
638.3 1078.5
668.7 1063.2
702.3 1042.3
741.7 1011.0
801.7 947.7
872.6 872.6

Entropy
Btu/lb - °R

700
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’/lb Btu/lb Btu/lb Btu/lb - °R
Sat Sat Sat Sat Sat Sat Sat Sat
Press. Temp. Liquid Vapor Liquid | Vapor Liquid Evap. Vapor Liquid Evap. Vapor Press.
Ibf/in.? °F v g ug ug hy heg hg S¢ Stg Sg 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 62.41 | 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 | 218.93 | 945.4 | 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 | 1M74.4 | 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 7177 262.1 1098.3 | 262.2 915.8 | 1178.0 | 0.4273 | 1.2170 | 1.6443 60
65 298.00 | 0.01743 6.647 | 2675 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 5.818 277.4 1101.6 | 277.6 904.8 | 1182.4 | 0.4475 | 11790 | 1.6265 75
80 312.07 | 0.01757 5.474 | 282.0 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 | 1185.9 | 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 | 298.3 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 3.730 312.3 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 3.221 324.6 1110.3 | 325.1 868.7 | 1193.8 | 0.5073 | 1.0688| 1.5761 140
150 358.48 | 0.01809 3.016 | 330.2 1111.2 | 330.8 864.2 | 1194.9 | 0.5142 | 1.0562 | 1.5704 150

160 363.60 | 0.01815 2.836 | 335.6 1112.0 | 336.2 859.8 | 1196.0 | 0.5208 | 1.0443 | 1.5651 160
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ft3/

0.01821
0.01827
0.01833
0.01839
0.01865

0.01890
0.01912
0.01934
0.01955
0.01975

0.01994
0.02013
0.02051
0.02087
0.02123

0.02159
0.02195
0.02232
0.02269
0.02307

0.02346
0.02386
0.02428
0.02472
0.02517

0.02565
0.02698
0.02860
0.03077
0.03431

(Continued)
Press. [ Temp.
Ibf/in.? °F
170 368.47
180 373.13
190 377.59
200 381.86
250 401.04
300 417.43
350 431.82
400 444.70
450 456.39
500 467.13
550 477.07
600 486.33
700 503.23
800 518.36
900 532.12

1000 544.75

1100 556.45

1200 567.37

1300 577.60

1400 587.25

1500 596.39

1600 605.06

1700 613.32

1800 621.21

1900 628.76

2000 636.00

2250 652.90

2500 668.31

2750 682.46

3000 695.52

3203.6 | 705.44

0.05053

b

Btu/lb
Sat Sat
Liquid Vapor
Us Ug

538.4 1109.9
552.9 1106.8
566.7 1103.5
579.9 | 1099.8
592.7 | 1096.0
605.0 1091.8
616.9 1087.4

651.3 1072.3
662.4 | 1066.6
689.9 | 1050.6
717.7 1031.0
747.3 1005.9
783.4 968.8
872.6 872.6

Btu/lb

Entropy
Btu/lb - °R

Press.
Ibf/in.?
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TABLE A-4E

Properties of Superheated Water Vapor
T v u h s v u h s
°F f’/lb  Btu/lb  Btu/lb Btu/lb - °R f®/lb  Btu/lb  Btu/lb Btu/lb-°R
p = 11bf/in.? p = 5 Ibf/in.?
(Toae = 101.7°F) (Toae = 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
200 392.5 1077.5 1150.1 2.0508 78.15 1076.0 | 1148.6 1.8715
250 422.4 1094.7 1172.8 2.0839 84.21 | 1093.8 171.7 1.9052
300 452.3 1112.0 1195.7 2.1150 90.24 1M11.3 1194.8 1.9367
400 511.9 1147.0 | 1241.8 2.1720 102.24 | 1146.6 | 1241.2 1.9941
500 571.5 1182.8 | 1288.5 2.2235 114.20 | 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
800 750.3 1294.4 | 1433.7 2.3550 150.01 | 1294.7 | 1433.5 21775
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 bf/in.?
________________ (T =193.2°) .. e Tt = 2120°0)
Sat. 38.42 | 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 44.99 1110.4 | 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 86.91 1373.8 | 1534.6 2.1755 59.13 1373.7 | 1534.5 2.1330
1100 92.88 | 1414.7 | 1586.6 2.2099 63.19 1414.6 | 1586.4 2.1674
p = 20 lbf/in.2 p = 40 lbf/in.?
e T = 2280°0) (T =2673°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 22.36 | 1108.7 1191.5 1.7805 11.04 | 1105.1 1186.8 1.6993
350 23.90 | 1126.9 1215.4 1.8110 11.84 | 1124.2 1211.8 1.7312
400 25.43 11451 1239.2 1.8395 12.62 1143.0 | 1236.4 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 34.47 | 1255.9 | 1383.5 1.9834 17.20 | 1255.1 | 1382.4 1.9063
800 37.46 | 1294.3 | 1432.9 2.0243 18.70 | 1293.7 | 1432.1 1.9474
900 40.45 | 1333.5 | 1483.2 2.0627 20.20 | 1333.0 | 1482.5 1.9859
1000 43.44 | 1373.5 | 1534.3 2.0989 21.70 | 1373.1 1533.8 2.0223
1100 46.42 | 1414.5 | 1586.3 21334 23.20 | 1414.2 | 1585.9 2.0568

H,0
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u h
Btu/lb Btu/lb
p = 60 lbf/in.?
oo (Tt = 292.7°F)
1098.3 1178.0
1101.3 1181.9
1121.4 | 1208.2
1140.8 | 1233.5
1178.6 | 1283.0
1216.3 | 1332.1
1254.4 1381.4
1293.0 | 1431.2
1332.5 1481.8
1372.7 | 1533.2
1413.8 | 1585.4
1455.8 | 1638.5

S
Btu/lb - °R

p = 100 Ibf/in.?
(T.ae = 327.8°F)

1105.8 | 1187.8
1115.4 | 1200.4
1136.2 | 12275
1156.2 | 1253.6
1175.7 | 12791
1214.2 | 1329.3
1252.8 | 1379.2
1291.8 | 1429.6
1331.5 | 1480.5
1371.9 | 1532.1
1413.1 | 1584.5
1455.2 | 1637.7

(Continued)
T v
°F ft3/lb
Sat. 717
300 7.26
350 7.82
400 8.35
500 9.40
600 10.43
700 .44
800 12.45
900 13.45
1000 14.45
1100 15.45
1200 16.45
Sat. 4.434
350 4.592
400 4.934
450 5.265
500 5.587
600 6.216
700 6.834
800 7.445
900 8.053
1000 8.657
1100 9.260
1200 9.861
Sat. 3.221
400 3.466
450 3.713
500 3.952
550 4.184
600 4.412
700 4.860
800 5.301
900 5.739
1000 6.173
1100 6.605
1200 7.036

p = 140 Ibf/in.?
(Tear = 353.1°F)

1110.3 | 1193.8
1314 | 1221.2
1152.4 | 1248.6
1172.7 | 12751
1192.5 | 1300.9
12121 | 1326.4
1251.2 | 13771
1290.5 | 1427.9
1330.4 | 14791
1371.0 | 1531.0
1412.4 | 1583.6
1454.6 | 1636.9

5.80

6.22
7.02
7.79

8.56
9.32
10.08

10.83
11.58

u h
Btu/lb Btu/lb

p = 80 lbf/in.?

(Teae = 312.1°F)
1102.6 | 1183.6
1118.5 | 1204.3
1138.5 | 1230.6
177.2 12811
1215.3 | 1330.7
1253.6 | 1380.3
1292.4 | 1430.4
1332.0 | 1481.2
1372.3 | 1532.6
1413.5 | 1584.9
1455.5 | 1638.1

12.33

s
Btu/lb - °R

p = 120 Ibf/in.?
(Tt = 341.3°F)

1108.3 | 11911
1112.2 | 1196.2
1133.8 | 1224.4
1154.3 | 1251.2
1174.2 | 12771
1213.2 | 1327.8
1252.0 | 1378.2
1291.2 | 1428.7
1330.9 | 1479.8
13715 | 15315
1412.8 | 1584.0
1454.9 | 1637.3

p = 160 Ibf/in.?
(Tsar = 363.6°F)

1112.0 | 1196.0
1128.8 | 1217.8
1150.5 | 1246.1
1171.2 | 1273.0
1191.3 | 1299.2
1211.1 | 1325.0
1250.4 | 1376.0
1289.9 | 1427.0
1329.9 | 1478.4
1370.6 | 1530.4
14121 | 1583.1
1454.3 | 1636.5
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u
Btu/lb

Btu/lb

Btu/lb - °R

p = 180 lbf/in.?
(T.o = 373.1°P)

p = 250 Ibf/in.?
(Tsar = 401.0°F)

p = 350 lbf/in.?
(T.oc = 431.8°F)

(Continued)
T v
°F f3/1b
Sat. 2.533
400 2.648
450 2.850
500 3.042
550 3.228
600 3.409
700 3.763
800 4.110
900 4.453
1000 4.793
1100 5.131
1200 5.467
Sat.  1.845
450 2.002
500 2.150
550 2.290
600 2.426
700 2.688
800 2.943
900 3.193
1000 3.440
1100 3.685
1200 3.929
1300 4.172
Sat. 1.327
450 1.373
500 1.491
550 1.600
600 1.703
700 1.898
800 2.085
900 2.267
1000 2.446
1100 2.624
1200 2.799
1300 2.974

1119.0
1129.2
1154.9

1178.3
1200.3
1242.5

1283.8
1325.0
1366.6

1408.7
1451.5
1495.0

1204.9
1218.2
1251.5

1281.9
1310.6
1365.4

1418.8
1471.8
1525.0

1578.6
1632.8
1687.6

u
Btu/lb

Btu/lb

Tables in English Units

Btu/lb - °R

p = 200 lbf/in.?
(T..e = 381.8°F)

p = 300 lbf/in.?
(Toar = 417.4°F)

p = 400 lbf/in.?
(Toae = 444.7°F)

1119.5
1122.6
1150.1

174.6
1197.3
1240.4

1282.1
1323.7
1365.5

1407.8
1450.7

1494.3
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Tables in English Units

TABLE A-4E

(Continued)
T v u h s
°F f/lb  Btu/lb Btu/lb  Btu/lb - °R
p = 450 Ibf/in.?
_____________ (T = 456.4°0)
Sat. 1.033 1119.6 | 1205.6 1.4746
500 1.123 1145.1 1238.5 1.5097
550 1.215 1170.7 1271.9 1.5436
600 1.300 | 1194.3 | 1302.5 1.5732
700  1.458 | 1238.2 | 1359.6 1.6248
800 1.608 | 1280.5 1414.4 1.6701
900 1.752 | 1322.4 | 1468.3 1.7113
1000 1.894 | 1364.4 | 1522.2 1.7495
1100 2.034 | 1406.9 | 1576.3 1.7853
1200 2.172 1450.0 | 1630.8 1.8192
1300 2.308 | 1493.7 | 1685.9 1.8515
1400  2.444 | 1538.1 | 1741.7 1.8823
p = 600 lbf/in.?
____________ (T = 4863°D)
Sat. 0.770 1118.6 | 1204.1 1.4464
500 0.795 1128.0 | 1216.2 1.4592
550 0.875 1158.2 | 1255.4 1.4990
600 0.946 | 1184.5 | 1289.5 1.5320
700 1.073 1231.5 | 1350.6 1.5872
800 1.190 | 1275.4 | 1407.6 1.6343
900 1.302 | 1318.4 | 1462.9 1.6766
1000 1.4M 1361.2 1517.8 1.7155
100 1517 | 1404.2 | 1572.7 1.7519
1200 1.622 | 1447.7 | 1627.8 1.7861
1300 1.726 | 1491.7 | 1683.4 1.8186
1400 1.829 | 1536.5 1739.5 1.8497
p = 800 Ibf/in.?
_______________ (T =51830) ..
Sat. 0.569 1115.0 1199.3 1.4160
550 0.615 1138.8 | 1229.9 1.4469
600 0.677 | 1170.1 1270.4 1.4861
650 0.732 | 1197.2 | 1305.6 1.5186
700 0.783 | 1222.1 1338.0 1.5471
800 0.876 | 1268.5 | 1398.2 1.5969
900 0.964 | 1312.9 | 1455.6 1.6408
1000 1.048 | 1356.7 | 1511.9 1.6807
1100 1.130 | 1400.5 1567.8 1.7178
1200 1.210 | 1444.6 | 1623.8 1.7526
1300 1.289 | 1489.1 | 1680.0 1.7854
1400 1.367 | 1534.2 | 1736.6 1.8167

u h s
Btu/lb  Btu/lb Btu/lb-°R
p = 500 Ibf/in.?

_______ (T = 467.1°0) .
1119.4 | 1205.3 1.4645
1139.7 1231.5 1.4923
1166.7 | 1266.6 1.5279
1191.1 1298.3 1.5585
1236.0 | 1356.7 1.6112
1278.8 14121 1.6571
1321.0 | 1466.5 1.6987
1363.3 | 1520.7 1.7371
1406.0 | 1575.1 1.7731
1449.2 | 1629.8 1.8072
14931 1685.1 1.8395
1537.6 1741.0 1.8704

p = 700 Ibf/in.?

_______ (T =503.2°D) ...
1117.0 | 1202.0 1.4305
1149.0 | 1243.2 1.4723
1177.5 | 1280.2 1.5081
1226.9 | 1344.4 1.5661
1272.0 | 1402.9 1.6145
1315.6 | 1459.3 1.6576
1358.9 1514.9 1.6970
1402.4 | 1570.2 1.7337
1446.2 | 1625.8 1.7682
1490.4 | 1681.7 1.8009
1535.3 | 1738.1 1.8321

p = 900 lbf/in.2

_______ (T =5321H) .
112.6 | 1196.0 1.4027
1127.5 1215.2 1.4219
1162.2 | 1260.0 1.4652
11911 1297.5 1.4999
12171 1331.4 1.5297
1264.9 | 1393.4 1.5810
1310.1 1451.9 1.6257
1354.5 | 1508.9 1.6662
1398.7 | 1565.4 1.7036
1443.0 | 1621.7 1.7386
1487.8 | 1687.3 1.7717
1533.0 | 1735.1 1.8031




TABLE A-4E

u
Btu/lb

Btu/lb

s
Btu/lb - °R

p = 1000 Ibf/in.?
(Toae = 544.7°F)

p = 1400 lbf/in.?
(Toar = 587.2°F)

p = 1800 lbf/in.2
(Toae = 621.2°F)

(Continued)
T v
°F ft3/lb
Sat. 0.446
600 0.514
650 0.564
700 0.608
800 0.688
900 0.761
1000 0.831
1100 0.898
1200 0.963
1300 1.027
1400 1.091
1600  1.215
Sat. 0.302
600 0.318
650 0.367
700 0.406
800 0.471
900 0.529
1000 0.582
1100  0.632
1200 0.681
1300 0.728
1400 0.774
1600 0.865
Sat. 0.218
650 0.251
700 0.291
750 0.322
800 0.350
900 0.399
1000 0.443
1100 0.484
1200 0.524
1300 0.561
1400 0.598
1600 0.670

u
Btu/lb

Btu/lb

Tables in English Units

s
Btu/lb - °R

p = 1200 lbf/in.?
(T.at = 567.4°F)

p = 1600 lbf/in.?
(T.ae = 605.1°F)

p = 2000 lbf/in.?
(Teat = 636.0°F)
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TABLE A-4E

(Continued)
T v u h s v u h s
°F f’/lb  Btu/lb Btu/lb Btu/lb - °R f’/lb  Btu/lb  Btu/lb Btu/lb - °R
p = 2500 Ibf/in.? p = 3000 Ibf/in.?
(Tsae = 668.3°F) (Tt = 6955°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 | 11971 1.3122
800 0.2291 | 1195.7 | 13017 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 bffin . ey DT AO0O WS
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 | 74241 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 | 12015 | 1309.7 1.3789
1000 0.2066 | 1287.6 | 1421.4 1.4699 0.1752 | 1272.9 | 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 | 14511 | 1631.7 1.6012 0.2414 | 1443.7 | 1622.4 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 lbf/in.> p = 4800 lbf/in.2
650 0.0242 | 653.6 | 673.3 0.8535 0.0237 | 649.8 671.0 0.8499
700 0.0278 | 732.7 755.3 0.9257 0.0271 725.1 7491 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 0.2176 | 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




TABLE A-5E

100

150
200
300

400
Sat.

32
50
100

150
200
300

400
500
Sat.

32
50
100

150
200
300

400
500
Sat.

0.015994
0.015998
0.016106

0.016318
0.016608
0.017416

0.018608

0.019748

p = 500 Ibf/in.?
(Tear = 467.1°F)

0.00 1.49
18.02 19.50
67.87 69.36

117.66 | 119.17
167.65 | 169.19
268.92 | 270.53

373.68 | 375.40
447.70 | 449.53

Properties of Compressed Liquid Water

0.00000
0.03599
0.12932

0.21457
0.29341
0.43641

0.56604
0.64904

0.015939
0.015946
0.016058

0.016268
0.016554
0.017343

0.018493
0.02024

0.02346

p = 1500 Ibf/in.?
(Toat = 596.4°F)

0.05 4.47
17.95 22.38
67.53 71.99

0.00007
0.03584
0.12870

0.21364
0.29221
0.43463

0.56343
0.6853
0.8082

0.015859
0.015870
0.015987

0.016196
0.016476
0.017240

0.018334
0.019944
0.034310

p = 3000 Ibf/in.?
(Teat = 695.5°F)

0.09 8.90
17.84 | 26.65
67.04 75.91

0.00009
0.03555
0.12777

0.21226
0.29046
0.43205

0.55970
0.6794
0.9732

0.015967
0.015972
0.016082

0.016293
0.016580
0.017379

0.018550

Btu/lb  Btu/lb

p = 1000 Ibf/in.?
(Toar = 544.7°F)

0.03 2.99
17.99 | 20.94
67.70 70.68

117.38 | 120.40
167.26 | 170.32
268.24 | 271.46

372.55 | 375.98

0.021591

538.39 | 542.38

Tables in English Units

Btu/lb - °R

0.00005
0.03592
0.12901

0.21410
0.29281
0.43552

0.56472
0.74320

0.015912
0.015920
0.016034

0.016244
0.016527
0.017308

0.018439
0.02014

0.02565

p = 2000 lbf/in.?
(Tear = 636.0°F)

0.06 5.95
17.91 23.81
67.37 73.30

0.00008
0.03575
0.12839

0.21318
0.29162
0.43376

0.56216
0.6832
0.8623

0.015807
0.015821
0.015942

0.016150
0.016425
0.017174

0.018235
0.019766

0.10 11.80
17.76 29.47
66.72 78.52

0.00005
0.03534
0.12714

0.21136
0.28931
0.43038

0.55734
0.6758
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TABLE A-6E

Properties of Saturated Water (Solid-Vapor): Temperature Table
Specific Volume Internal Energy Enthalpy Entropy
ft3/lb Btu/lb Btu/lb Btu/Ib - °R
Sat Sat Sat. Sat. Sat Sat Sat Sat
Temp Press Solid Vapor Solid Subl Vapor Solid Subl Vapor Solid | Subl. | Vapor
S L7 T LT el N O LI WL oLt LR L s | s | Ss
32.018 | .0887 | .01747 3.302 —143.34 | 164.6 | 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 | 1018.9 | —146.84 | 1219.1 | 1072.3 | —.299 | 2.515 |2.216
20 0505 01745 5.655 —149.31 | 1166.5 | 1017.2 | —149.31 1219.4 | 1070.1 | —.304 | 2.542 |2.238
15 0396 01745 7.3 —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 32.2 —165.89 | 1171.5 | 1005.6 | —165.89 | 1220.5 | 1054.6 | —.340 | 2.745 |2.405
—20 0062 | .01740 42.2 —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 | 1174.3 | 9973 | —177.00 | 1220.6 | 1043.6 | —.366 | 2.908 |2.542




TABLE A-7E

Temp Press
°F Ibf/in.?
—80 4.781
—60 8.834
—55 10.187
—50 11.701
—45 13.387
—40 15.261
—35 17.335
—30 19.624
—25 22142
—20 24.906
=15 27.931
—10 31.233
=5 34.829
0 38.734
5 42.967
10 47.545
15 52.486
20 57.808
25 63.529
30 69.668
35 76.245
40 83.278
45 90.787
50 98.792
55 107.31
60 116.37
65 125.98
70 136.18
75 146.97
80 158.38
85 170.44
90 183.16
95 196.57
100 210.69
105 225.54
110 241.15
115 257.55
120 274.75
140 352.17

Specific Volume

Internal Energy

ft’/lb
st | sat. |
Liquid Vapor
vg Ug

0.01090 | 9.6984
0.01113 5.4744
0.01120 4.7933
0.01126 4.2123
0.01132 3.7147
0.01139 3.2869
0.01145 2.9176
0.01152 2.5976
0.01159 2.3195
0.01166 2.0768
0.01173 1.8644
0.01181 1.6780
0.01188 1.5138
0.01196 1.3688
0.01204 1.2404
0.01212 1.1264
0.01220 1.0248
0.01229 | 0.9342
0.01237 | 0.8531
0.01246 | 0.7804
0.01255 0.7150
0.01265 | 0.6561
0.01275 0.6029
0.01285 | 0.5548
0.01295 | 0.5112
0.01306 | 0.4716
0.01317 0.4355
0.01328 | 0.4027
0.01340 | 0.3726
0.01352 | 0.3452
0.01365 | 0.3200
0.01378 | 0.2969
0.01392 | 0.2756
0.01407 | 0.2560
0.01422 | 0.2379
0.01438 | 0.2212
0.01455 0.2058
0.01472 | 0.1914
0.01555 0.1433

Btu/lb
Usat. | sat.
Liquid Vapor
us Ug
—10.30 87.24
—5.20 89.16
—3.91 89.64
=262 90.12
—1.33 90.59
—0.03 91.07
1.27 91.54
2.58 92.00
3.89 92.47
5.21 92.93
6.53 93.38
7.86 93.84
9.19 94.28
10.53 94.73
11.88 95.17
13.23 95.60
14.58 96.03
15.95 96.45
17.31 96.87
18.69 97.28
20.07 97.68
21.46 98.08
22.86 98.47
24.27 98.84
25.68 99.22
27.10 99.58
28.53 99.93
29.98 | 100.27
31.43 | 100.60
32.89 | 100.92
34.36 101.22
35.85 101.51
37.35 101.79
38.86 | 102.05
40.39 | 102.29
41.94 | 102.52
43.50 | 102.72
45.08 | 102.90
51.62 | 103.36

Properties of Saturated Refrigerant 22 (Liquid—Vapor): Temperature Table

Tables in English Units 987

Enthalpy
Btu/lb

Entropy
Btu/lb - °R
" Usat. | sat
Liquid Vapor
S¢ Sg
—0.0257 | 0.2538
—0.0126 | 0.2458
—0.0094 | 0.2441
—0.0063 | 0.2424
—0.0031 0.2407
0.0000 | 0.2391
0.0031 0.2376
0.0061 | 0.2361
0.0092 | 0.2347
0.0122 0.2334
0.0152 0.2321
0.0182 | 0.2308
0.021 0.2296
0.0240 | 0.2284
0.0270 | 0.2272
0.0298 | 0.2261
0.0327 | 0.2250
0.0356 | 0.2240
0.0384 | 0.2230
0.0412 | 0.2220
0.0441 | 0.2210
0.0468 | 0.2200
0.0496 | 0.2191
0.0524 | 0.2182
0.0552 | 0.2173
0.0579 | 0.2164
0.0607 | 0.2155
0.0634 | 0.2147
0.0661 | 0.2138
0.0689 | 0.2130
0.0716 0.2121
0.0743 | 0.2113
0.0771 0.2104
0.0798 | 0.2095
0.0825 | 0.2087
0.0852 | 0.2078
0.0880 | 0.2069
0.0907 | 0.2060
0.1019 0.2021

100
105
110
115
120
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.

R-22
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TABLE A-8E

Properties of Saturated Refrigerant 22 (Liquid—Vapor): Pressure Table
Specific Volume Internal Energy Enthalpy Entropy
ft}/lb Btu/lb Btu/lb Btu/lb - °R
Sat Sat Sat Sat. Sat Sat Sat Sat
Press Temp Liquid Vapor Liquid Vapor Liquid Evap Vapor Liquid Vapor Press
Ibf/in.2 °F v v, ug ug hy heg hg St Sg Ibf/in.
5 —78.62 | 0.01091 9.3014 —9.95 87.37 —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
g 30 —11.82 | 0.01178 1.7430 7.38 93.67 7.44 95.91 103.35 0.0171 0.2313 30
o= 35 —4.77 | 0.01189 1.5068 9.25 94.30 9.33 94.74 104.07 0.0212 | 0.2295 35
40 154 | 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 4118 | 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 0.051 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 26.1 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 29.1 100.07 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 35.49 101.44 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 1M1.71 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 71.29 112.22 0.0824 | 0.2087 225
250 12.73 | 0.01447 | 0.2126 42.79 102.63 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 47.30 103.11 48.14 64.60 112.73 0.0946 | 0.2047 300
325 133.39 | 0.01525 0.1577 49.42 103.26 50.33 62.42 112.75 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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—70
—60
—50
—40
—30

—20
—10

10
20
30
40

Sat.
—40
—30
-20
—-10

10
20
30

40
50
60
70

Sat.
-10

10
20
30

40
50
60

70
80
90
100

Sat.

10.0391
10.2952
10.5506

10.8054
11.0596
11.3133

11.5666
11.8195
12.0720
12.3242

u h
Btu/lb  Btu/lb
p = 5 |bf/in.?
(Teet = —78.62°F)
87.37 95.98
88.31 97.13
89.43 98.48
90.55 99.84
91.69 | 101.22
92.84 | 102.61
94.01 | 104.01
95.19 | 105.43
96.39 | 106.87
97.60 | 108.31
98.83 | 109.77
100.07 111.25
101.33 12.74

Properties of Superheated Refrigerant 22 Vapor

p = 15 Ibf/in.2
(T = —40.67°F)

91.00 | 100.28
91.08 | 100.38
92.28 | 101.83
93.49 | 103.28
94.70 | 104.75
95.93 | 106.22
97.17 107.71
98.43 | 109.20
99.69 110.71
100.97 112.23
102.26 113.76
103.57 115.31
104.89 116.87

p = 25 Ibf/in.?
(T = —19.84°F)
92.94 | 102.52
94.18 104.02
95.45 | 105.54
96.72 107.07
98.00 | 108.61
99.29 110.15

100.59 111.70
101.91 113.27
103.23 | 114.84

104.57 | 116.42
105.92 | 118.01
107.28 | 119.62
108.65 | 121.24

4.9522
5.0846
5.2163

5.3472
5.4775
5.6073

5.7366
5.8655
5.9941
6.1223
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0.2462
0.2496
0.2530

0.2563
0.2595
0.2627

0.2658
0.2690
0.2720
0.2751

2.6158
2.6846
2.7528

2.8204
2.8875
2.9542

3.0205
3.0865
3.1522
3.2176

0.2391
0.2424
0.2457

0.2490
0.2522
0.2553

0.2584
0.2615
0.2645
0.2675

1.7430
1.7518
127997

1.8470
1.8937
1.9400

1.9858
2.0313
2.0764

2.1213

2.1659
2.2103
2.2545

u h

Btu/lb  Btu/lb
p = 10 Ibf/in.2

. (Tt = —55.66°F)
89.58 98.61
90.23 99.40
91.39 | 100.81
92.57 | 102.23
93.75 | 103.65
94.95 | 105.09
96.16 | 106.55
97.39 | 108.01
98.63 | 109.49
99.88 | 110.98
10115 | 112.49
p = 20 lbf/in.?

(Tor = —29.22°F)
92.07 | 101.52
93.21 | 102.90
94.45 | 104.39
95.69 | 105.89
96.95 107.39
98.22 | 108.91
99.49 | 110.43
100.78 1M1.97
102.09 | 113.52
103.40 115.08
104.73 | 116.65
p = 30 Ibf/in.2

(Toat = —11.82°F)
93.67 | 103.35
93.91 | 103.64
95.19 | 105.19
96.48 | 106.74
97.78 | 108.30
99.09 | 109.86
100.40 | 111.43
101.73 | 113.01
103.06 | 114.60
104.41 | 116.19
105.77 | 117.80
107.13 | 119.41
108.52 | 121.04
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TABLE A-9E

(Continued)
T v u h s v u h s
°F f’/lb  Btu/lb Btu/lb Btu/lb - °R f’/lb  Btu/lb Btu/lb Btu/lb-°R
p = 40 lbf/in.? p = 50 Ibf/in.?
................. (T = 1.54°F) . e T =1253°0)
Sat. 1.3277 94.86 | 104.70 0.2280 1.0735 95.82 | 105.76 0.2256
10 1.3593 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
o 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 lbf/in.” = 70 Ibf/in.2
(Tsat = 21'96°F) ___________________________ (_ 7_.5_3}__:__3_9'_?_6:52 _______________
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 1M1.73 | 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 =37.71F) ... e Tt = 4449°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 11.97 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 0.241
120 0.8416 109.99 | 122.45 0.2474 0.7412 109.71 122.06 0.2442
130 0.8596 1M1.47 | 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 s v u h s
°F ft’/lb  Btu/lb Btu/lb Btu/lb-°R f’/lb  Btu/lb Btu/lb Btu/lb - °R
ST S 00 bffin T 2 20 bffin
(Tsat = 50'73°F) _________ (_ .’_-s_a_t__=__6_1_'_9__2_°_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 1M1.92 | 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 Ibf/in.? p = 160 Ibf/in.?
(T.oe = 71.80°F) (T..e = 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 lbf/in.? p = 200 lbf/in.?
(T.,. = 88.78°F) (Tt = 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 112.96 | 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 | 145.38 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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Sat.
120
140

160
180
200

220
240
260

280
300
320

340
360

Sat.
140
160

180
200
220

240
260
280

300
320
340
360

Sat.
140
160

180
200
220

240
260
280
300
320
340

360
380

TABLE A-9E
(Continued)
T v u h
°F ft*/1b Btu/lb  Btu/lb

p = 225 Ibf/in.?
(T..c = 104.82°F)

s
Btu/lb - °R

p = 275 lbf/in.?
(T.e = 120.07°F)

102.91 112.64
106.96 | 117.61
110.73 | 122.19

144.35 | 126.54
117.88 | 130.77
121.38 | 134.91

124.85 | 139.02
128.32 | 143.10
131.80 | 147.17

135.29 | 151.24
138.80 | 155.32
142.34 | 159.41
145.90 | 163.53

p = 325 Ibf/in.?
(Tear = 133.39°F)

103.26 | 112.75
104.78 | 114.63
109.00 | 119.81

112.89 | 124.53
116.62 | 129.02
120.26 | 133.37

123.84 | 137.63
127.40 | 141.83
130.96 | 146.01
134.51 | 150.17
138.08 | 154.33
141.66 | 158.49

145.26 | 162.66
148.89 | 166.85

p = 250 Ibf/in.?
(T = 112.73°F)

p = 300 lbf/in.2
(Tear = 126.94°F)

103.11 112.73
105.93 | 116.20
109.89 | 121.04

133.64 | 125.56
117.26 | 129.91
120.83 | 134.15

124.35 | 138.33
127.87 | 142.47
131.38 | 146.59

134.90 | 150.71
138.44 | 154.83
142.00 | 158.95
145.58 | 163.09

p = 350 lbf/in.?
(Teat = 139.49°F)

103.35 | 12.71
103.48 | 112.86
107.90 | 118.30

112.06 | 123.38
115.95 | 128.10
119.65 | 132.53

123.31 | 136.89
126.93 | 141.18
130.52 | 145.41
134.12 | 149.62
137.71 | 153.82
141.32 | 158.02

144.95 | 162.23
148.59 | 166.43
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TABLE A-10E

Properties of Saturated Refrigerant 134a (Liquid—Vapor): Temperature Table
Specific Volume Internal Energy Enthalpy Entropy
ft*/lb Btu/lb 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 Ibf/in. ve g ug ug hy heg hg St Sg °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 | 0.0M143 | 4.391 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 =200
=15 14.718 0.01163 | 3.0286 7.14 91.30 7.7 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 =1
=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 0.0131 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 38.99 747 113.16 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 4214 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 1563.51 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.
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TABLE A-T1E

100
120
140
160

180
200
220
240
260

280
300
350
400
450
500

Specific Volume

ft*/lb
Sat Sat
Liquid Vapor
Vs Ug

0.01113 8.3508
0.01143 4.3581
0.01164 2.9747
0.01181 2.2661
0.01209 1.5408

0.01232 1.1692
0.01252 | 0.9422
0.01270 | 0.7887
0.01286 | 0.6778
0.01302 | 0.5938

0.01317 0.5278
0.01332 | 0.4747
0.01360 | 0.3941
0.01386 | 0.3358
0.01412 0.2916

0.01438 | 0.2569
0.01463 | 0.2288
0.01489 | 0.2056
0.01515 0.1861
0.01541 0.1695

0.01568 | 0.1550
0.01596 | 0.1424
0.01671 0.1166
0.01758 | 0.0965
0.01863 | 0.0800

0.02002 | 0.0657

Btu/lb

Sat. Sat.
Liquid Vapor

ug ug
—3.74 86.07

2.89 89.30

7.36 91.40
10.84 93.00
16.24 95.40
20.48 97.23
24.02 98.71
27.10 99.96
29.85 101.05
32.33 102.02
34.62 102.89
36.75 103.68
40.61 105.06
44.07 106.25
47.23 107.28
50.16 108.18
52.90 108.98
55.48 109.68
57.93 110.30
60.28 110.84
62.53 111.31
64.71 111.72
69.88 112.45
74.81 12.77
79.63 112.60
84.54 111.76

Properties of Saturated Refrigerant 134a (Liquid-Vapor): Pressure Table

""""" Entropy
Btu/lb - °R

100
120
140
160

180
200
220
240
260

280
300
350
400
450
500
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TABLE A-12E

Properties of Superheated Refrigerant 134a Vapor

T v u h s v u h s
°F ft3/1b Btu/lb  Btu/lb Btu/lb-°R ft3/lb Btu/lb  Btu/lb Btu/lb - °R
p = 10 Ibf/in.2 p = 15 Ibf/in.?
(Tsal = _29'71°F) ___________ g‘_’-f»gt__?__?_‘l_[_"_'_z_s_in _________________
Sat.  4.3581 89.30 97.37 0.2265 2.9747 91.40 99.66 | 0.2242
=20  4.4718 90.89 99.17 0.2307
0 4.7026 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 | 14.74 | 0.2632 3.5533 104.54 14.40 | 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 41456 120.00 131.51 0.2854
160  6.4638 | 124.23 | 136.19 | 0.3009 4.2911 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
T =20 wffin T T p =30 bf/in2
____________ (T = —2.48°F) e Tt = 15.38°F)
Sat.  2.2661 93.00 | 101.39 | 0.2227 1.5408 95.40 | 103.96 | 0.2209
0 2.2816 93.43 | 101.88 | 0.2238
20  2.4046 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  2.9829 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 | 0.271
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 2.2671 132.17 | 144.76 | 0.2932
220 3.5323 136.76 | 149.83 | 0.3085 2.3407 | 136.55 | 149.54 | 0.3003
.................... T p=50lbf/|nz
____________ (Tt = 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 1.3973 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 1M4.74 | 125.39 | 0.2523
140  1.5165 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 14412 | 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

u h
Btu/lb Btu/lb

p = 60 lbf/in.”

(Tsae = 49.89°F)

S
Btu/lb - °R

= 80 Ibf/in.?
(ot = 65.93°F)

(Continued)
T v
°F ft3/1b
Sat. 0.7887
60 0.8135
80 0.8604
100 0.9051
120 0.9482
140 0.9900
160 1.0308
180 1.0707
200 1.1100
220 1.1488
240 1.1871
260 1.2251
280 1.2627
300 1.3001
Sat. 0.5938
80 0.6211
100 0.6579
120 0.6927
140 0.7261
160 0.7584
180 0.7898
200 0.8205
220 0.8506
240 0.8803
260 0.9095
280 0.9384
300 0.9671
320 0.9955
Sat. 0.4747
80 0.4761
100 0.5086
120 0.5388
140 0.5674
160  0.5947
180 0.6210
200 0.6466
220 0.6716
240 0.6960
260 0.7201
280 0.7438
300 0.7672
320 0.7904

p = 100 Ibf/in.?
(Tt = 79.17°F)

s

u h
Btu/lb Btu/lb
p = 70 Ibf/in.?
(Toae = 58.35°F)
101.05 | 109.83
101.40 | 110.23
105.58 | 114.96
109.76 | 119.66
113.96 | 124.36
118.20 | 129.07
122.49 | 133.82
126.83 | 138.62
131.23 | 143.46
135.69 |148.36
140.22 | 153.33
144.82 | 158.35
149.48 | 163.44
154.22 |168.60
p = 90 Ibf/in.2
T = 72.83°F)
102.89 | 111.68
104.46 | 113.47
108.82 | 118.39
13.15 | 123.27
117.50 | 128.12
121.87 | 132.98
126.28 | 137.87
130.73 | 142.79
135.25 | 147.76
139.82 | 152.77
144.45 | 157.84
149.15 | 162.97
153.91 |[168.16
158.73 | 173.42
p = 120 Ibf/in.?
T = 90.54°F)
105.06 | 113.82
107.26 | 116.32
11.84 | 121.52
116.37 | 126.61
120.89 | 131.66
125.42 | 136.70
129.97 | 141.75
134.56 |146.82
139.20 | 151.92
143.89 | 157.07
148.63 | 162.26
153.43 | 167.51
158.29 | 172.81




TABLE A-12E

Btu/lb Btu/lb
p = 140 Ibf/in.2

(Toae = 100.56°F)

106.25 | 114.95
110.90 | 120.25
115.58 | 125.54
120.21 | 130.74
124.82 | 135.89
129.44 | 141.03
134.09 | 146.18
138.77 | 151.34
143.50 | 156.54
148.28 | 161.78
153.11 167.06
157.99 | 172.39
162.93 | 177.78
167.93 1183.21

108.18 116.74
108.77 117.41
113:.83 |1123.21
118.74 | 128.77
123.56 | 134.19
128.34 | 139.53
133211 144.84
137.90 | 150.15
142.71 155.46
147.55 | 160.79
152.44 | 166.15
15738 | ‘171.55
162.36 | 177.00
167.40 |182.49

(Continued)
T v
°F ft/lb
Sat. 0.3358
120 0.3610
140 0.3846
160 0.4066
180  0.4274
200 0.4474
220 0.4666
240  0.4852
260 0.5034
280 0.5212
300 0.5387
320 0.5559
340 0.5730
360 0.5898
Sat. 0.2569
120  0.2595
140 0.2814
160 0.301
180  0.3191
200 0.3361
220 0.3523
240 0.3678
260 0.3828
280 0.3974
300 0.4116
320 0.4256
340  0.4393
360 0.4529
Sat. 0.1424
160 0.1462
180 0.1633
200 0.1777
220 0.1905
240 0.2021
260 0.2130
280 0.2234
300 0.2333
320 0.2428
340 0.2521
360 0.2611
380 0.2699
400 0.2786

p = 300 Ibf/in.?
(T.oc = 156.17°F)

111.72 119.62
112.95 | 121.07
118.93 | 128.00
124.47 | 134.34
129.79 | 140.36
134.99 | 146.21
140.12 151295
145.23 | 157.63
150.33 | 163.28
155.44 | 168.92
160.57 | 174.56
165.74 | 180.23
170.94 | 185.92
176.18 191.64

Btu/lb Btu/lb
p = 160 Ibf/in.2

(Tsar = 109.55°F)

107.28 | 115.91
109.88 | 118.89
14.73 | 124.41
119.49 | 129.78
124.20 | 135.06
128.90 |140.29
133.61 | 145.52
138.34 | 150.75
143.11 156.00
147.92 | 161.29
152.78 | 166.61
157.69 | 171.98
162.65 | 177.39
167.67 1182.85

Tables in English Units

p = 200 lbf/in.?

(Toae = 125.28°F)

108.98 117.44
112.87 | 121.92
117.94 | 127.70
122.88 | 133.28
127.76 | 138.75
132.60 | 144.15
137.44 | 149.53

142.30 | 154.90
14718 | 160.28
152.10 | 165.69
157.07 | 171.13

162.07 | 176.60
167.13 |182.12

p = 400 Ibf/in.?
(Toar = 179.95°F)

11277 119.91
112.79 119:93
120.14 | 128.60
126.35 | 135.79
132.12 | 142.38
137.65 | 148.64
143.06 | 154.72
148.39 | 160.67
153.69 | 166.57
158.97 | 172.42
164.26 | 178.26
169.57 | 184.09
174.90 | 189.94

997
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TABLE A-13E

Properties of Saturated Ammonia (Liquid-Vapor): Temperature Table

Specific Volume

Temp. Press
°F Ibf/in.2
—60 5.548
—55 6.536
—50 7.664
—45 8.949
—40 10.405
—-35 12.049
—-30 13.899
—-25 15.972
—-20 18.290
—15 20.871
—10 23.738
=5 26.912

0 30.416
5 34.275
10 38.512
15 43.153
20 48.224
25 53.752
30 59.765
35 66.291
40 73.359
45 81.000
50 89.242
55 98.118
60 107.66
65 117.90
70 128.87
75 140.60
80 153.13
85 166.50
90 180.73
95 195.87
100 211.96
105 229.02
110 247.10
115 266.24
120 286.47

ft*/lb
Sat. Sat.
Liquid Vapor
Vs Vg

0.02278 | 44.7537
0.02288 | 38.3991
0.02299 | 33.0880
0.02310 | 28.6284
0.02322 | 24.8672
0.02333 21.6812
0.02345 | 18.9715
0.02357 16.6577
0.02369 | 14.6744
0.02381 12.9682
0.02393 11.4951
0.02406 | 10.2190
0.02419 9.1100
0.02432 8.1430
0.02446 7.2974
0.02460 6.5556
0.02474 5.9032
0.02488 5.3278
0.02503 4.8188
0.02517 4.3675
0.02533 3.9664
0.02548 3.6090
0.02564 3.2897
0.02581 3.0040
0.02597 2.7476
0.02614 2.5171

0.02632 2.3095
0.02650 2.1220
0.02668 1.9524
0.02687 1.7988
0.02707 1.6593
0.02727 1.5324
0.02747 1.4168
0.02768 1.3113

0.02790 1.2149
0.02813 1.1266
0.02836 1.0456

Btu/lb

Sat. Sat.

Liquid Vapor
ug Ug

—21.005| 543.61
—15.765 545.11
—10.525 546.59
—5.295| 548.04
—0.045| 549.46
5.20 550.86
10.46 552.24
15.73 553.59
21.01 554.91
26.31 556.20
31.63 557.46
36.96 558.70
42.32 559.91
47.69 561.08
53.09 562.23
58.52 563.34
63.97 564.43
69.43 565.48
74.93 566.49
80.44 567.48
85.98 568.42
91.55 569.33
97.13 570.21
102.73 571.04
108.35 571.83
113.99 572.59
119.65 573.29
125.33 573.95
131.02 574.57
136.73 575.13
142.46 575.65
148.21 576.10
153.98 576.51
159.76 576.85
165.58 577.13
171.41 577.34
177.28 577.48

Entropy
Btu/lb - °R

Sat. Sat.

Liquid Vapor
S¢ Sg

—0.0512 1.4765
—0.0381 1.4627
—0.0253 1.4492
—0.0126 1.4361
0.0000 | 1.4235

0.0124 1.41M
0.0247 | 1.3992
0.0369 | 1.3875
0.0490 | 1.3762
0.0610 1.3652
0.0729 | 1.3544
0.0847 | 1.3440
0.0964 | 1.3338
0.1080 1.3238
0.1196 1.3141
0.1311 1.3046
0.1425 1.2953
0.1539 1.2862
0.1651 1.2774
0.1764 1.2687
0.1875 1.2602
0.1986 1.2518
0.2096 | 1.2436
0.2205 1.2356
0.2314 1.2277
0.2422 | 1.2199
0.2530 1.2123
0.2636 | 1.2048
0.2742 1.1973
0.2848 | 1.1900
0.2953 1.1827
0.3057 1.1756
0.3161 1.1685
0.3264 | 1.1614
0.3366 | 1.1544
0.3469 | 1.1475
0.3570 1.1405

95
100
105
110

115
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.



TABLE A-14E

Properties of Saturated Ammonia (Liquid-Vapor): Pressure Table

Press. Temp.
Ibf/in.? °F
5 —63.10
6 —57.63
7 —52.86
8 —48.63
9 —44.81
10 —41.33
12 —35.14
14 —29.74
16 —24.94
18 —20.60
20 —16.63
25 —7.95
30 —0.57
35 5.89
40 11.65
45 16.87
50 21.65
55 26.07
60 30.19
65 34.04
70 37.67
75 411
80 44.37
85 47.47
90 50.44
100 56.01
110 61.17
120 65.98
130 70.50
140 74.75
150 78.78
175 88.02
200 96.31
225 103.85
250 110.78
275 117.20
300 123.20

Specific Volume

ft*/1b
Sat. Sat.
Liquid Vapor
vg vg

0.02271 | 49.320
0.02283 | 41.594
0.02293 | 36.014
0.02302 | 31.790
0.02311 28.477
0.02319 | 25.807
0.02333 | 21.764
0.02345 | 18.843
0.02357 | 16.631
0.02367 | 14.896
0.02377 | 13.497
0.02399 | 10.950
0.02418 9.229
0.02435 7.984
0.02450 7.041
0.02465 6.302
0.02478 5.705
0.02491 5.213
0.02503 4.801
0.02515 4.450
0.02526 41473
0.02536 3.8837
0.02546 3.6520
0.02556 3.4466
0.02566 3.2632
0.02584 2.9497
0.02601 2.6913
0.02618 2.4745
0.02634 2.2899
0.02649 2.1309
0.02664 1.9923
0.02699 1.7128
0.02732 1.5010
0.02764 1.3348
0.02794 1.2007
0.02823 1.0901
0.02851 0.9974

Internal
Btu

Energy
/b

Tables in English Units

Enthalpy
Btu/lb

Entropy
Btu/lb - °R
Sat. Sat.
Liquid Vapor
S¢ Sg
—0.0593 | 1.4853
—0.0450 | 1.4699
—0.0326 | 1.4569
—0.0218 1.4456
—0.0121 1.4357
—0.0033 | 1.4268
0.0121 1.4115
0.0254 | 1.3986
0.0371 1.3874
0.0476 | 1.3775
0.0571 1.3687
0.0777 | 1.3501
0.0951 1.3349
0.1101 1.3221
0.1234 1.3109
0.1354 1.30M
0.1463 1.2923
0.1563 1.2843
0.1656 1.2770
0.1742 1.2703
0.1823 1.2641
0.1900 | 1.2583
0.1972 1.2529
0.2040 | 1.2478
0.2106 1.2429
0.2227 | 1.2340
0.2340 | 1.2259
0.2443 | 1.2184
0.2540 | 1.2115
0.2631 1.2051
0.2717 1.1991
0.2911 1.1856
0.3084 | 1.1737
0.3240 | 1.1630
0.3382 | 1.1533
0.3513 1.1444
0.3635 | 1.1361

999

100
110
120
130
140
150

175
200
225
250
275
300
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TABLE A-15E

°F

Sat.
—-50
—40

—30
—20
—10

10
20

30
40
50
60

Sat.
—40
—30

—20
—10

10
20
30

40
50
60
70

Sat.
20
-10

10
20

30
40
50

60
70
80
90

ft*/lb

Properties of Superheated Ammonia Vapor

Btu/lb - °R

u h
Btu/lb Btu/lb
p = 6 Ibf/in.?
(Tt = —57.63°F)
544.32 | 590.54
547.22 | 594.37
551.03 | 599.40
554.84 | 604.42
558.66 | 609.45
562.47 | 614.47
566.29 | 619.49
570128862451
573.95 | 629.54
577.78 | 634.57
581.63 | 639.60
585.49 | 644.64
589.35 | 649.70
p = 10 |bf/in.?
(Toat = —41.33°F)
549.09 | 596.87
549.61 597.56
553.54 | 602.74
557.46 | 607.90
561.37 613.05
565.29 | 618.19
569.19 | 623.31
573.10 | 628.43
577-015|8633:55
580.91 | 638.66
584.82 | 643.77
588.74 | 648.89
592.66 | 654.01
p = 14 lbf/in.?
(Toat = —29.74°F)
552.31 601.16
556.24 | 606.33
560.26 611.61
564.27 | 616.86
568.26 | 622.10
572.24 | 627.31
576220 |N632:52
580.19 637.71
584.16 | 642.89
588.12 | 648.07
592.09 | 653.25
596.07 | 658.42
600.04 | 663.60

u h
Btu/lb Btu/lb
p = 8 Ibf/in.?

(Tear = —48.63°F)

Btu/lb - °R

p = 12 |bf/in.2
(Toe = —35.14%F)

p = 16 Ibf/in.2
(Tt = —24.94°F)




TABLE A-15E

u h
Btu/lb Btu/lb
p = 18 Ibf/in.?

(Tsat = —20.60°F)

s
Btu/lb - °R

p = 30 Ibf/in.?
(Teat = —0.57°F)

559.77 | 611.04
560.02 | 611.36
564.38 | 617.07

568.70 | 622.70
572.97 | 628.28
577.21 | 633.80

581.42 | 639.28
585.60 | 644.73
589.76 | 650.15

593.90 | 655.54
598.04 | 660.91
602.16 | 666.27
606.28 | 671.62

(Continued)
T v
°F ft3/lb
Sat. 14.896
—20 14.919
—10 15.306
0 15.688
10 16.068
20 16.444
30 16.818
40 17.189
50 17.558
60 17.925
70 18.291
80 18.655
90 19.018
Sat. 9.2286
0 9.2425
10 9.4834
20 9.7209
30 9.9554
40 10.187
50 10.417
60 10.645
70 10.871
80 11.096
90 11.319
100 11.541
110 11.762
Sat. 5.7049
40 5.9815
60 6.2733
80 6.5574
100 6.8358
120 7.1097
140 7.3802
160 7.6480
200 8.1776
240 8.7016
280 9.2218
320 9.7391
360 10.254

p = 50 Ibf/in.?
(Toae = 21.65°F)

Tables in English Units

s
Btu/lb - °R

7.1965
7:3795
7.5597

7376
7.9134
8.0874

8.2598
8.4308
8.6006
8.7694

1.3213
1.3333
1.3450

1.3562
1.3672
1.3778

1.3881
1.3982
1.4081

1.4178

u h
Btu/lb Btu/lb
p = 20 Ibf/in.?
(Tsae = —16.63°F)
555.78 | 605.76
558.55 | 609.40
562.70 | 614.84
566.83 | 620.24
570.94 | 625.61
575.02 | 630.95
579.09 | 636.26
583.14 641.55
587.19 | 646.83
591.23 | 652.10
595.26 | 657.35
599.30 | 662.60
p = 40 Ibf/in.?
(.ot = 11.65°F)
562.60 | 614.76
566.39 | 619.69
570.86 | 625.52
575.28 | 631.28
579.65 | 636.96
583.97 | 642.58
588.26 | 648.16
592.52 | 653.69
596.75 | 659.20
600.97 | 664.67
605.17 | 670.12
p = 60 Ibf/in.
(Toae = 30.19°F)
566.53 | 619.87
571.25 | 626.00
580.60 | 638.14
589.66 | 649.90
598.52 | 661.39
607.23 | 672.68
615.86 | 683.85
624.44 | 694.95
641.59 717:05
658.87 | 739.21
676.38 | 761.58
694.21 | 784.22
712.40 | 807.20

1001
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TABLE A-15E

u

(Continued)
T v
Sat. 41473
40 41739
60 4.3962
80 4.6100
100 4.8175
120 5.0202
140 5.2193
160 5.4154
200 5.8015
240 6.1818
280 6.5580
320 6.9314
360 7.3026
400 7.6721
Sat. 3.2632
60 3.3504
80 3.5261
100 3.6948
120 3.8584
140 4.0180
160 41746
200 4.4812
240 4.7817
280 5.0781
320 5.3715
360 5.6628
400 5.9522
Sat. 2.6913
80 2.8344
100 2.9791
120 3.1181
140 3.2528
160 3.3844
200 3.6406
240 3.8905
280 4.1362
320 4.3788
360 4.6192
400 4.8578

p = 70 Ibf/in.?

(Toar = 37.67°F)
567.99 | 621.74
569.15 | 623.25
578.85 | 635.84
588.19 | 647.95
597.26 | 659.70
606.14 | 671.22
614.91 | 682.56
623.60 | 693.79
640.91 | 716.11
658.29 | 738.42
675.89 | 760.89
693.78 | 783.62
712.02 | 806.67
730.63 | 830.08

p = 90 lbf/in.2

(Tsat = 50.44°F)
570.28 | 624.66
575.22 | 631.05
585.15 | 643.91
594.68 | 656.26
603.92 | 668.22
612.97 | 679.93
621.88 | 691.45
639.52 | 714.20
657.13 | 736.82
674.89 | 759.52
692.90 | 782.42
711.24 | 805.62
729.95 | 829.14

p = 110 Ibf/in.?

(T = 61.17°F)
572.01 | 626.83
581.97 | 639.71
592.00 | 652.69
601.63 | 665.14
610.98 | 677.24
620.13 | 689.07
638.11 | 712.27
655.96 | 735.20
673.88 | 758.13
692.02 | 781.22
710.47 | 804.56
729.26 | 828.21

u
Btu/lb

Btu/lb

p = 80 Ibf/in.?

(T2t = 44.37°F)
569.22 | 623.32
577.06 | 633.48
586.69 | 645.95
595.98 | 657.99
605.04 | 669.73
613.94 | 681.25
622.74 | 692.63
640.22 715.16
657.71 737.62
675.39 | 760.20
693.34 | 783.02
711.63 | 806.15
730.29 | 829.61

Btu/lb - °R

p = 100 Ibf/in.?
(Tt = 56.01°F)

p = 120 Ibf/in.?
(T.st = 65.98°F)




TABLE A-15E

s
Btu/lb - °R

(Continued)
T v u h
°F ft3/lb Btu/lb  Btu/lb
p = 130 Ibf/in.?
____________ (Toae = 70.50°F)
Sat. 2.2899 | 573.36 | 628.48
80 2.3539 | 578.64 | 635.30
100 2.4824 | 589.23 | 648.98
120 2.6048 | 599.27 | 661.97
140 2.7226 | 608.94 | 674.48
160 2.8370 | 618.34 | 686.64
180 2.9488 | 627.57 | 698.55
200 3.0585 | 636.69 | 710.31
240 3.2734 | 654.77 | 733.57
280 3.4840 | 672.87 | 756.73
320  3.6915 | 691.14 | 780.00
360 3.8966 | 709.69 | 803.49
400  4.1000 | 728.57 | 827.27
Sat.
100
140
180
220
260
300
340
380
420
460
500
540
580
................... .
____________ (T.at = 110.78°F)
Sat. 1.2007 | 577.16 | 632.74
140 1.3150 | 595.40 | 656.28
180 1.4539 617.38 | 684.69
220 1.5816 637.61 710.82
260 1.7025 | 657.03 | 735.85
300 1.8191 676.17 | 760.39
340 1.9328 | 695.32 | 784.79
380 2.0443 | 714.63 | 809.27
420 2.1540 | 734.22 | 833.93
460  2.2624 | 754.12 | 858.85
500 2.3695 | 774.38 | 884.07
540 2.4755 | 795.01 | 909.61
580 2.5807 | 816.01 | 935.47

u
Btu/lb

Btu/lb

p = 140 Ibf/in.?
(Tsat = 74.75°F)

Tables in English Units

s
Btu/lb - °R

p = 300 Ibf/in.?

(T =

123.20°F)
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TABLE A-16E

100
110
120

130
140
150
160
170

180
190
200
206.1

Press.
Ibf/in.?

Specific Volume

ft3/1b
Sat. Sat
Liquid Vapor
Us Ug

0.02505 | 128.00
0.02551 58.88
0.02601 29.93
0.02653 16.52
0.02708 9.75

0.02767 6.08
0.02831 3.98
0.02901 2.70
0.02939 2.25
0.02978 1.89

0.03020 1.598
0.03063 1.359
0.03110 1.161
0.03160 0.9969
0.03213 0.8593

0.03270 0.7433
0.03332 0.6447
0.03399 0.5605
0.03473 0.4881
0.03555 0.4254

0.03646 0.3707
0.03749 0.3228
0.03867 0.2804
0.04006 0.2426
0.04176 0.2085

0.04392 0.1771
0.04696 0.1470
0.05246 0.1148

0.07265 0.07265

Internal Energy
Btu/lb

Sat. Sat.
Liquid Vapor

ug ug
—51.33 | 139.22
—41.44 | 143.95
—31.34 | 148.80
—21.16 153.73
—10.73 | 158.74
—0.08 | 163.80
10.81 | 168.88
21.98 | 174.01
27.69 | 176.61
33.47 | 179.15
39.34 | 181.71
45.30 | 184.30
51.36 | 186.74
57.53 | 189.30
63.81 191.71
70.20 | 194.16
76.72 | 196.46
83.38 | 198.71
90.19 | 200.91
97.16 | 202.98
104.33 | 204.92
111.70 | 206.64
119.33 | 208.05
127.27 | 209.16
135.60 | 209.81
144.50 | 209.76
154.38 | 208.51
166.65 | 204.16
186.99 | 186.99

Properties of Saturated Propane (Liquid-Vapor): Temperature Table

Enthalpy
Btu/lb

100
110
120

130
140
150
160
170

180
190
200

Entropy
Btu/lb - °R
Sat. Sat.
Liquid Vapor
S¢ Sg
—0.139 | 0.501
—0.109 | 0.481
—0.080 | 0.465
—0.053 | 0.452
—0.026 | 0.441
0.000 | 0.433
0.025 | 0.427
0.050 | 0.422
0.063 | 0.420
0.074 | 0.418
0.087 | 0.417
0.099 | 0.415
0.1M 0.414
0.123 | 0.413
0.135 0.412
0.147 | 0.4M
0.159 | 0.410
0.171 0.410
0.183 | 0.409
0.195 | 0.408
0.207 | 0.406
0.220 | 0.405
0.233 | 0.403
0.246 | 0.401
0.259 | 0.398
0.273 | 0.394
0.289 | 0.387
0.309 | 0.376
0.343 | 0.343

206.1
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TABLE A-17E

Properties of Saturated Propane (Liquid-Vapor): Pressure Table
Specific Volume Internal Energy Enthalpy Entropy
ft’/lb Btu/lb Btu/lb Btu/lb - °R
Sat Sat Sat Sat. Sat Sat Sat Sat
Press Temp Liquid Vapor Liquid Vapor Liquid Evap Vapor Liquid Vapor Press
bf/in.? °F vs Vg ug ug hy hig hg s Sg lbf/ln2
0.75| —135.1 0.02516 104.8 —48.93 | 140.36 | —48.93 | 203.8 154.9 —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 —22.75 152.96 | —22.73 192.4 169.6 —0.057 | 0.454 5
7.5 —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 | 0.0271 9.468 —10.10 159.04 —10.05 | 186.6 176.6 —0.024 | 0.441 10
20 —30.7 | 0.02796 4.971 4,93 | 166.18 5.03 179.5 184.6 0.012 0.430 20
30 —121 0.02858 3.402 15.15 170.93 15.31 174.5 189.8 0.035 | 0.425 30
40 241 0.02909 2.594 23.19 174.60 23.41 170.4 193.8 0.053 | 0.422 40
50 13.9 | 0.02954 2.099 29.96 177.63 30.23 | 166.8 1971 0.067 | 0.419 50
60 241 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 41.53 160.6 | 202.2 0.090 | 0.416 70
80 411 0.03068 1.336 45.95 | 184.57 46.40 157.9 | 204.3 0.100 0.415 80
90 48.4 | 0.03102 1.190 50.38 | 186.36 50.90 155.3 | 206.2 0.109 0.414 90
100 55.1 0.03135 1.073 54.52 188.07 55.10 152.8 207.9 0.117 0.414 100
120 67.2 | 0.03198 0.8945 62.08 191.07 62.79 | 148.1 210.9 0.131 0.412 120
140 78.0 | 0.03258 0.7650 68.91 193.68 69.75 143.7 213.5 0.144 0.412 140
160 87.6 | 0.03317 0.6665 75.17 195.97 76.15 139.5 215.7 0.156 0.41 160
180 96.5 | 0.03375 0.5890 80.99 197.97 82.12 135.5 217.6 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 1121 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 98.14 123.7 221.9 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 1321 0.03666 0.3604 105.83 | 205.27 107.7 116.1 223.9 0.210 0.406 | 280
300 138.0 | 0.03727 0.3319 110.21 206.27 112.3 12.4 | 224.7 0.217 0.405 | 300
320 143.7 | 0.03790 0.3067 14.47 | 207.17 16.7 108.6 225.3 0.224 | 0.404 | 320
340 149.1 0.03855 0.2842 118.60 | 207.96 121.0 104.7 225.8 0.231 0.403 | 340
360 154.2 | 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 130.51 209.47 133.5 93.0 | 226.5 0.251 0.400 | 400
450 1751 0.04278 0.1921 140.07 | 209.87 143.6 82.2 225.9 0.266 | 0.396 | 450
500 185.3 | 0.04538 0.1610 149.61 209.27 153.8 70.4 | 224.2 0.282 | 0.391 500
600 203.4 | 0.05659 0.1003 172.85 | 200.27 1791 32.2 211.4 0.319 0.367 | 600
616.1 206.1 0.07265 0.07265 186.99 | 186.99 195.3 0.0 195.3 0.343 | 0.343 616.1

Propane
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TABLE A-18E

Properties of Superheated Propane Vapor

T v u h s v u h s
°F ft3/lb Btu/lb Btu/lb Btu/lb - °R ft*/lb Btu/lb Btu/lb Btu/lb - °R
p = 0.75 Ibf/in.? p = 1.5 Ibf/in.?
............. (T = =135.1°F) . ey Tt = 8D
Sat. 104.8 140.4 | 154.9 0.496 54.99 144.4 | 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
-70 126.1 157.2 | 174.7 0.551 62.92 1571 | 174.5 0.520
-50 132.7 162.7 | 181.2 0.568 66.20 162.6 | 181.0 0.536
-30 139.2 168.6 | 187.9 0.584 69.47 168.4 | 187.7 0.552
—10  145.7 174.4 | 194.7 0.599 72.74 174.4 | 194.6 0.568
10  152.2 180.7 | 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  165.2 193.8 | 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
90 178.2 207.8 | 232.6 0.675 89.04 207.8 | 232.5 0.644

A p = 10 bf/in.
(T..: = —83.0°F) (Toe = —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 19.17 159.4 771 0.473
—40 20.17 165.1 183.8 0.489 9.957 164.5 183.0 0.456
—20 2117 17141 190.7 0.505 10.47 170.5 190.0 0.473
0 22.17 177.2 197.7 0.521 10.98 176.7 1971 0.489
20 23.16 183.5 205.0 0.536 11.49 183.1 204.5 0.504
40 24.15 190.1 2125 0.552 11.99 189.7 212.0 0.520
60 25.14 196.9 | 220.2 0.567 12.49 196.6 219.8 0.535
80 26.13 204.0 228.2 0.582 12.99 203.6 227.8 0.550
100 27.11 211.3 236.4 0.597 13.49 210.9 236.0 0.565
120 28.09 218.8 244.8 0.611 13.99 218.5 244.4 0.580
140 29.07 226.5 253.4 0.626 14.48 226.2 25341 0.594
""""""""" p = 20.0 bf/in2 T 2 40,0 bffin:
_____________ T = BOTE) ... oo e R BN B ...
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 5.648 182.4 203.3 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 6.167 195.9 218.8 0.502 3.002 194.6 216.9 0.469
80 6.424 203.1 226.9 0.518 3137 201.8 2251 0.484
100 6.678 210.5 235.2 0.533 3.271 209.4 233.6 0.500
120 6.932 218.0 243.7 0.548 3.403 217.0 242.0 0.515
140 7.184 225.8 252.4 0.562 3.534 224.9 251.1 0.530
160 7.435 233.9 261.4 0.577 3.664 232.9 | 260.1 0.545
180 7.685 2421 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




TABLE A-18E

u h
Btu/lb Btu/lb
p = 80.0 lbf/in.?

(Teae = 41.1°F)

184.6 | 204.3
187.9 | 208.2
195.4 | 216.9
203.1 225.7
210.9 | 234.6
218.8 | 243.6
227.0 | 252.8
235.4 | 262.2
244.0 271.8
252.7 281.5
261.7 291.5
270.9 | 3017

Tables in English Units

s
Btu/lb - °R

(Continued)
T v u h
°F ft3/lb Btu/lb Btu/lb
p = 60.0 bf/in.?
(Teae = 24.1°F)
Sat. 1.764 | 180.2 | 199.8 0.418
30 1.794 | 182.4 | 202.3 0.384
50 1.894 | 189.5 | 210.6 0.400
70 1992 | 196.9 | 219.0 0.417
90 2.087 | 204.4 | 227.6 0.432
110 2.179 2121 | 236.3 0.448
130 2.271 220.0 | 245.2 0.463
150 2.361 | 228.0 | 254.2 0.478
170 2.450 | 236.3 | 263.5 0.493
190 2.539 | 244.8 | 273.0 0.508
210 2,626 | 253.5 | 282.7 0.523
230 2.713 262.3 | 292.5 0.537
250 2.800 | 271.6 | 302.7 0.552
Sat. 1.073 | 188.1 | 207.9 0.414
60 1.090 | 189.9 | 210.1 0.418
80 1.156 197.8 | 219.2 0.435
100 1.219 | 205.7 | 228.3 0.452
120 1.280 | 213.7 | 237.4 0.468
140 1340 | 221.9 | 246.7 0.483
160 1.398 23009 256.1 0.499
180 1.454 | 238.8 | 265.7 0.514
200 1.510 2475 | 275.5 0.529
220 1566 | 256.4 | 285.4 0.544
240 1.620 | 265.6 | 295.6 0.559
260 1.674 | 274.9 | 305.9 0.573
280 1728 | 284.4 | 316.4 0.588
""""""""" p = 140 bffin2
(T = 78.0°F)
Sat. 0.7650 | 193.7 | 213.5 0.412
80 0.7705 | 213.3 | 214.5 0.413
100 0.8227 | 222.9 | 224.2 0.431
120 0.8718 | 232.4 | 233.8 0.448
140 0.9185 | 242.1 | 243.5 0.464
160 0.9635 | 251.7 | 253.2 0.480
180 1.007 | 261.4 | 263.0 0.496
200 1.050 271.4 | 273.0 0.511
220 1.091 281.5 | 283.2 0.526
240 1.132 291.7 | 293.5 0.541
260 1173 302.1 | 303.9 0.556
280 1.213 312.7 | 314.6 0.571
300 1.252 | 323.6 | 3255 0.585

0.8945 | 191.1 210.9
0.9323 | 196.2 | 216.9
0.9887 | 204.3 | 226.3
1.043 212:5 || :235:7
1.094 220.8 | 24541
1.145 229.2 | 254.7
1.194 237.9 | 264.4
1.242 246.7 | 2743
1.289 255.6 | 284.3
1.336 264.8 | 294.5
1.382 274.2 | 304.9
1.427 283.8 315:5
p=1601bf/m2 .................
(Tsat = 87.6°F)
0.6665 | 196.0 2157
0.6968 | 201.2 22129
0.7427 | 209.9 231.9
0.7859 | 218.4 | 241.7
0.8272 | 227.2 251.7
0.8669 | 235.9 | 261.6
0.9054 | 244.9 2747
0.9430 | 254.0 | 282.0
0.9797 | 263.4 | 292.4
1.016 272.8 | 302.9
1.051 282.6 337
1.087 292.4 | 324.6
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TABLE A-18E

Sat.
120
140

160
180
200

220
240
260

280
300
320
340

Sat.
130
150

170
190
210

230
250
270

290
310
330
350

(Continued)
T v
°F ft>/lb
Sat. 0.5890
100 0.5972
120 0.6413
140 0.6821
160 0.7206
180 0.7574
200 0.7928
220 0.8273
240 0.8609
260 0.8938
280 0.9261
300 0.9579
320 0.9894

u
Btu/lb

Btu/lb

p = 180 lbf/in.2
(Teat = 96.5°F)

198.0
199.6
208.4

2171
226.1
234.9
244.0

25320
262.6

2721
281.8

p = 220 Ibf/in.
(Tear ="112.1°F)
201.4 220.7
205.1 225.1
214.4 236.0
223.6 246.6
232.9 257.2
2421 267.7
251.5 278.3
261.0 289.0
270.6 299.8
280.5 310.8
290.5 321.9
300.6 333.1
311.0 344.6

s
Btu/lb - °R

p = 260 Ibf/in.?

(Toar =

125.8°F)

u h
Btu/lb Btu/lb
p = 200 lbf/in.?

(Teae = 104.6°F)
199.8 219.2
206.8 227.5
215.8 | 238.0
224.9 | 248.4
233:9 | 2587
2431 269.1
252.4 279.6
261.7 | 290.1
271.4 | 300.9
281.1 Nz
2911 322.8
301.3 | 334.0

p = 240 |bf/in.
(Toae = 119.2°F)
202.8 221.9
203.2 222.4
212.9 233.8
222.4 244.8
231.6 | 255.5
2411 266.3
250.5 277.0
260.1 287.8
269.8 | 298.7
279.8 | 309.8
289.8 320.9
300.1 332.3
310.5 | 343.8

s
Btu/lb - °R

p = 280 Ibf/in.?
(Teat = 132.1°F)




TABLE A-18E

170
190

210
230
250

270
290
310

330
350
370
390

Sat.

(Continued)
T v
°F ft3/lb
Sat. 0.3067
150 0.3187
170 0.3517
190 0.3803
210 0.4063
230 0.4304
250 0.4533
270 0.4751
290 0.4961
310 0.5165
330 0.5364
350 0.5559
370 0.5750

u
Btu/lb

(Teat =

Btu/lb

143.7°F)

164.0°F)

p = 500 lbf/in.?

(Tt =

185.3°F)

u
Btu/lb

Btu/lb

p = 360 lbf/in.2
(Tear = 154.2°F)

p = 450 Ibf/in.

(T.oe = 175.1°F)
209.9 225.9
220.7 | 239.1
233.0 | 253.7
244.3 | 267.0
255.2 | 279.6
266.0 | 292.0
276.8 | 304.2
287.6 316.4
298.4 3285
309.4 | 340.8
320.4 | 353.1

331.7 | 365.6

Tables in English Units

s
Btu/lb - °R

p = 320 Ibf/in.?
(Tsat =

p = 600 lbf/in.?

(Tt =

203.4°F)
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TABLE A-19E

Properties of Selected Solids and Liquids: ¢,, p, and x
Specific Density, Thermal
Heat, ¢, p Conductivity, «
Substance (Btu/lb - °R) (lb/ft3) (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 tempera-
ture, purity, moisture content, and other factors.



Tables in English Units 101

TABLE A-20E

Ideal Gas Specific Heats of Some Common Gases (Btu/lb - °R)

. [ [ [ | k ¢, [ (- [ k [ ] ¢, [ k .
Temp Temp
A Nivogem N, Oxygen, 0, .. l..F.

40 0.240 0.171 1.401 0.248 | 0.177 | 1.400 | 0.219 0.156 1.397 40

Temp Carbon Carbon Temp
LA Dioxide, CO; | Monoxide, €O | ... Hydrogen, H, . |.°F.
40 0.195 | 0.150 | 1.300 | 0.248 | 0.177 | 1.400 | 3.397 | 2.412 | 1.409 40

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 1178 | 0.287 | 0.216 | 1.328 | 3.618 | 2.633 | 1.374 1500
2000 0.312 | 0.267 | 1169 | 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.

Table A-20E
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TABLE A-21E

Variation of ¢, with Temperature for Selected Ideal Gases
Ep=a+ﬁT+ yT? + 8T + £T*
T is in °R, equations valid from 540 to 1800 °R
Gas « B x 10° v x 108 5 x 10° £ X 10"
co 3.710 —0.899 1.140 —0.348 0.0228
Co, 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
S0, 3.267 2.958 0.211 —0.906 0.2438
SO; 2.578 8.087 —2.832 —0.136 0.1878
CH, 3.826 —2.21 7.580 —3.898 0.6633
GH, 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, T, is constant over a wide temperature range and is very nearly
equalto 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-22E

Ideal Gas Properties of Air

T h u s°

360 85.97 61.29 0.50369
380 90.75 64.70 0.51663
400 95.53 68.11 0.52890
420 100.32 7152  0.54058
440 105.11 74.93  0.55172
460  109.90  78.36 0.56235
480 114.69 81.77 0.57255
500 119.48  85.20 0.58233
520 124.27 88.62 0.59172
537 128.34 91.53  0.59945
540 129.06 92.04 0.60078
560 133.86 95.47 0.60950
580 138.66 98.90 0.61793
600 143.47 102.34 0.62607
620 148.28 105.78 0.63395
640 153.09 109.21  0.64159
660 157.92  112.67 0.64902
680 162.73 116.12  0.65621
700 167.56  119.58 0.66321
720 172.39  123.04 0.67002
740 177.23  126.51 0.67665
760 182.08 129.99 0.68312
780 186.94 133.47 0.68942
800 191.81 136.97 0.69558
820 196.69 140.47 0.70160
840  201.56 143.98 0.70747
860 206.46  147.50 0.71323
880 211.35  151.02 0.71886
900 216.26  154.57  0.72438
920 22118  158.12  0.72979

Tables in English Units

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

Pr Uy
0.3363 396.6
0.4061 346.6
0.4858 305.0
0.5760 270.1
0.6776  240.6
0.7913  215.33
0.9182  193.65
1.0590  174.90
1.2147  158.58
1.3593  146.34
1.3860  144.32
1.5742 131.78
1.7800 120.70
2.005 110.88
2.249 102.12
2.514 94.30
2.801 87.27
3.1M 80.96
3.446 75.25
3.806 70.07
4.193 65.38
4.607 61.10
5.051 57.20
5.526 53.63
6.033 50.35
6.573 47.34
7.149 44.57
7.761 42.01
8.41 39.64
9.102 37.44

1013
[ whenAs=0
T o
9.834 35.41
10.61  33.52
11.43 3176
12.30 30.12
1418 2717
16.28  24.58
18.60 22.30
21.18  20.29
24.01  18.51
2713 16.93
30.55  15.52
3431 14.25
38.41  13.12
42.88 12.10
47.75 1.7
53.04 10.34
58.78 9.578
65.00 8.890
71.73 8.263
80.89 7.556
90.95 6.924
101.98 6.357
114.0 5.847
127.2 5.388
141.5 4.974
1571 4.598
174.0 4.258
192.3 3.949
2121 3.667
233.5 3.410

T h u s°
940 226.11 161.68 0.73509
960 231.06 165.26  0.74030
980 236.02 168.83  0.74540
1000 240.98 172.43  0.75042
1040 250.95 179.66  0.76019
1080 260.97 186.93 0.76964
1120 271.03 194.25 0.77880
1160 281.14 201.63 0.78767
1200 291.30 209.05 0.79628
1240 301.52 216.53  0.80466
1280 311.79 224.05 0.81280
1320 322.11 231.63 0.82075
1360 332.48 239.25 0.82848
1400 342.90 246.93 0.83604
1440 353.37 254.66 0.84341
1480 363.89 262.44 0.85062
1520 374.47 270.26  0.85767
1560 385.08 278.13  0.86456
1600 395.74 286.06 0.87130
1650 409.13 296.03 0.87954
1700 422.59 306.06 0.88758
1750 436.12 316.16  0.89542
1800 449.71 326.32 0.90308
1850 463.37 336.55 0.91056
1900 477.09  346.85 0.91788
1950 490.88 357.20 0.92504
2000 504.71 367.61  0.93205
2050 518.61 378.08 0.93891
2100 532.55 388.60 0.94564
2150 546.54 399.177  0.95222

1. p; and v, data for use with Egs. 6.41 and 6.42, respectively.

Table A-22E



Table A-22E

1014 Tables in English Units

TABLE A-22E

(Continued)
T(°R), h and u(Btu/lb), s°(Btu/lb - °R)
when As = 0' when As = 0
T h u s° p: v, T h u s° p: v,

2200 560.59 409.78 0.95868 256.6 3.176 3700 998.11 744.48  1.10991 2330 0.5882
2250 574.69 420.46 0.96501 281.4 2.961 3750 1013.1 756.04  1.11393 2471 0.5621
2300 588.82 431.16 0.97123 308.1 2.765 3800 1028.1 767.60 1.11791 2618 0.5376
2350 603.00 44191 0.97732 336.8 2.585 3850 104341 779.19 1.12183 2773 0.5143
2400 617.22  452.70 0.98331 367.6 2.419 3900 1058.1 790.80 1.12571 2934 0.4923
2450 631.48 463.54 0.98919 400.5 2.266 3950 1073.2 802.43 1.12955 3103 0.4715
2500 645.78  474.40 0.99497 435.7 2.125 4000 1088.3 814.06 1.13334 3280 0.4518
2550 660.12 485.31 1.00064 473.3 1.996 4050 1103.4 825.72 1.13709 3464 0.4331
2600 674.49 496.26 1.00623 513.5 1.876 4100 1118.5 837.40 1.14079 3656 0.4154
2650 688.90 507.25 1.01172 556.3 1.765 4150 1133.6 849.09 114446 3858 0.3985
2700 703.35 518.26  1.01712 601.9 1.662 4200 1148.7 860.81 1.14809 4067 0.3826
2750 717.83  529.31 1.02244 650.4 1.566 4300 1179.0 884.28  1.15522 4513 0.3529
2800 732.33 540.40 1.02767 702.0 1.478 4400 1209.4 907.81 1.16221 4997 0.3262
2850 746.88  551.52 1.03282 756.7 1.395 4500 1239.9 931.39  1.16905 5521 0.3019
2900 761.45 562.66 1.03788 814.8 1.318 4600 1270.4 955.04  1.17575 6089 0.2799
2950 776.05 573.84 1.04288 876.4 1.247 4700 1300.9 978.73 1.18232 6701 0.2598
3000 790.68 585.04 1.04779 941.4 1.180 4800 1331.5 1002.5 1.18876 7362 0.2415
3050 805.34 596.28 1.05264 101 1.118 4900 1362.2 1026.3 1.19508 8073 0.2248
3100 820.03 607.53 1.05741 1083 1.060 5000 1392.9 1050.1 1.20129 8837 0.2096
3150 834.75 618.82 1.06212 1161 1.006 5100 1423.6 1074.0 1.20738 9658 0.1956
3200 849.48 630.12 1.06676 1242 0.9546 5200 1454.4 1098.0 1.21336 10539 0.1828
3250 864.24 641.46 1.07134 1328 0.9069 5300 1485.3 1122.0 1.21923 11481 0.1710
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 983.15 732.95 1.10584 2196 0.6157
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TABLE A-24E

Constants for the van der Waals, Redlich-Kwong, and Benedict-Webb-Rubin Equations of State

Substance

Air
Butane (C4H,o)
Carbon dioxide (CO,)

Carbon monoxide (CO)
Methane (CH,)
Nitrogen (N,)

Oxygen (0,)
Propane (CsHg)
Refrigerant 12

Sulfur dioxide (S0O,)
Water (H,0)

Substance a

C,Hqo 7736.7
Co, 562.3
co 150.6
CH, 203.0
N, 103.2

Source: Calculated from critical data.

2587.6
702.4
344.1

476.0
270.4

1. van der Waals and Redlich—-Kwong: Constants for pressure in atm, spec

3 \2
t
@ m(lbmol)

4.214 X 10°
1.987 X 108
1.385 X 107

3.389 X 107
9.700 X 10°

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

Tables in English Units

volume in ft*/lbmol, and temperature

1019

2. Benedict-Webb-Rubin: Constants for pressure in atm, specific volume in ft*/lbmol, and temperature in °R

8\ e ft’
atm(lbmol) CR) tbmol

5,409 0.4064
98,349 1.2903
21,972 0.4755
5,832 0.4382
10,919 0.4751
5,280 0.4286
5,896 0.3531
61,952 1.0006
70,951 1.0796
49,032 0.6309
48,418 0.3380

C «@ y
8.254 x 108 4.527 8.724
1.152 X 108 0.348 1.384
7.118 X 10° 0.555 1.540
1.876 X 107 0.5M 1.540
6.700 X 10° 0.523 1.360

Table A-24E



Table A-25E
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TABLE A-25E

Carbon
Hydrogen
Nitrogen
Oxygen

Carbon monoxide
Carbon dioxide
Water

Water

Hydrogen peroxide
Ammonia

Oxygen

Hydrogen

Nitrogen
Hydroxyl
Methane
Acetylene

Ethylene
Ethane
Propylene
Propane

Butane
Pentane
Octane
Octane
Benzene

Methanol
Methanol
Ethanol
Ethanol

Tables in English Units

C(s)

H,(g)
N,(g)
0,(g)

Co(g)

C0,(g)
H,0(g)
H,0()

H,0,(g)
NH;(g)
0(g)
H(g)

N(g)
OH(g)
CH,(8)
CH,(g)

CoH,(8)
C,Hq(g)
C5Hq(g)
C5Hs(g)

CHio(g)
CsHin(g)
CsHis(g)
CgHig(D
CeHg(8)
CH;O0H(g)
CH50H(l)
C,HsOH(g)

C,Hs0H()

Molar Mass,
M (lb/lbmol)

Enthalpy of
Formation, h¢
(Btu/lbmol)

—47,540
—169,300
—104,040
—122,970

—58,640
—19,750
107,210
93,780

203,340
16,790
—32,210
97,540

22,490
—36,420
8,790
—44,680

—54,270
—62,960
—89,680
—107,530
35,680

—86,540
—102,670
—101,230

—119,470

Thermochemical Properties of Selected Substances at 537°R and 1 atm

Gibbs Function
of Formation,
g% (Btu/lbmol)

—59,010
—169,680
—98,350
—102,040

—45,430
—7,140
99,710
87,460

195,970
14,750
—21,860
87,990

29,306
—14,150
26,980
—10,105

—6,760
—3,530
7,110
2,840
55,780

—69,700
—71,570
—72,520
—75,240

Absolute
Entropy, 5°
(Btu/lbmol - °R)

Higher,
HHV
(Btu/lb)

61,000

23,880
21,470

21,640
22,320
21,050
21,660

21,300
21,090
20,760
20,610
18,180

10,260
9,760
13,160

Lower,
LHV
(Btu/lb)

21,520
20,740

20,290
20,430
19,700
19,950

19,670
19,510
19,270
19,110
17,460

9,080
8,570
11,930

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.
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A
Absolute entropy, 837-838
Absolute pressure, 14, 16, 17
Absolute zero, 261
Absorber (absorption refrigeration systems),
626-627
Absorption refrigeration systems, 626-628
Additive pressure rule, 700, 736
Additive volume model, 737
Additive volume rule, 700-701
Adiabatic flame temperature (adiabatic
combustion temperature), 828-832
Adiabatic processes, 57, 60-61
Adiabatic-saturation temperature, 763-764
Acrodynamic drag, 46
Afterburners, 562
Air:
atmospheric, 733
and combustion, 807-810
compressed, for energy storage, 166, 187, 194
compressed, storing, 211-213
dry, 733
excess, 808
excess, burning natural gas with, 813-814
ideal gas properties of, 963, 1013
as ideal gas undergoing a cycle, 133-135
isentropic process of, 328-330
moist, 753-754, 756-762
polytropic compression of, 342-343
saturated, 754
theoretical, 808
Air-conditioning processes, 767-784
adiabatic mixing of two moist air streams,
781-784
applying mass and energy balances to, 767-768
dehumidification, 772-775
evaporative cooling, 778-781
humidification, 776-778
moist air at constant composition, 769-771
Aircraft cabin cooling, 638
Aircraft propulsion, gas turbines for, 562-566
Air-fuel ratio, 807-808
Air-source heat pumps, 629, 630
Air-standard analysis, 511-512, 526
Air-standard dual cycle, 522-524
Algae growth, 479
Amagat model, 737
Ammonia:
heating, at constant pressure, 106-107
as natural refrigerant, 104, 621-622
pressure table for saturated, 949, 999
standard chemical exergy of, 853-854
superheated (table), 950-953, 1000-1003
temperature table for saturated, 948, 998
Anaerobic digestion, 435
Analysis, engineering, 23-24
Apparent molecular weight (average molecular
weight), 733
Archimedes’ principle, 16
Arrhythmia, 178
Atkinson cycle, 591
Atmospheric air, 733
Atmospheric pressure, 17, 18
Atomic weights, of selected elements/compounds
(table), 926, 974
Automotive air conditioning systems, 622, 638-639
Avogadro’s number, 14

B
Back pressure, 477, 574-576, 579-581
Back-pressure heating plants, 477, 478

1036

Back work ratio (bwr), 447
Bar:
hot metal, quenching, 313-315
solid, extension of, 52
Barometer, 15-16
Base units, 11
Batteries, 76, 77, 836. See also specific types of
batteries, e.g.: Lithium-ion
safe disposal, 76
Beattie-Bridgeman equation, 661-662
Benedict-Webb-Rubin equation, 662, 969, 1019
Bernoulli equation, 341
Binary vapor power cycle (binary cycle), 476
Biomass-fueled power plants, 439
Biomechanics, 682
Blood pressure measurements, 18
Body forces, 53
Boiler:
in Rankine cycle, 447 453-455
at steady state, 406408
Boiling-water reactors, 444
Boil-off gas, 526
Boltzmann relation, 316
Boltzmann’s constant, 58, 316
Bore (of engine cylinder), 510
Boundaries, 4, 7-8
Bourdon tube gage, 16
Brayton cycle, 526-537
ideal, 528-534
with irreversibilities, 534-537
power plants based on, 439, 440
with regeneration, 537-541
Brayton refrigeration cycle, 633-638
Building-related illness, 753
Buoyancy, 16-17
Bypass flow (turboprop engine), 565, 566

C
Calorimeters, 828
constant-volume, 62
throttling, 201-202
Cap-and-trade programs, 441
Carbon capture and storage, 448, 477-479
Carbon dioxide:
in automotive air conditioning systems, 622,
638-639
carbon capture and storage, 477-479
from coal combustion, 448, 478
emissions trading, 441
and enhanced oil recovery, 479
as natural refrigerant, 104, 622
Carnot corollaries, 257-259, 260
Carnot cycle, 270-273, 302-303
ideal Rankine cycle vs., 454-455
power cycles, 257-259, 265-267, 270-272
Carnot efficiency, 265
Carnot heat pump cycle, 260-261, 267-268,
269-270, 272, 629
Carnot refrigeration cycle, 260-261, 267-268, 272,
611-612
Cascade refrigeration systems, 625-626
Cellulosic ethanol, 402
Celsius temperature scale, 22
CFCs, see Chlorofluorocarbons
Change in entropy, see Entropy change
Change in exergy, 378
Chemical equilibrium, 887-904
and equation of reaction equilibrium,
887-880
with ideal gas mixtures, 889-898
and ionization, 904-905

with mixtures and solutions, 897-898
with simultaneous reactions, 905-908
Chemical exergy, 375, 844-854
conceptualizing, 845-846
evaluating, 847-849
exergy reference environment, 844, 845
standard, 849-854
working equations for, 847
Chemical potential, 706-707, 713-714
defined, 884
and equilibrium, 883-884
Chemotherapy, 57
Chlorine-containing refrigerants, 104, 621
Chlorofluorocarbons (CFCs), 621, 690
Choked flow, 575
Clapeyron equation, 672-675, 909
Classical thermodynamics, 8
Clausius-Clapeyron equation, 674-675, 909
Clausius inequality, 273-275, 306
Clausius statement, 245
Closed feedwater heaters, 470-471
Closed systems, 4, 6
energy balance for, 60-72
entropy balance for, 305-312
entropy change in internally reversible
processes of, 302-305
entropy rate balance for, 310-312
exergy balance for, 378-387
processes of, 64-65
Coal, 438, 448
Coal-fueled power plants, 439, 448, 477, 478,
561, 562
Coefficient(s) of performance, 75-76
of heat pump cycle, 629, 630
of refrigeration cycle, 611, 613
Cogeneration, 477
Cogeneration system, exergy costing of, 408-412
Cold air-standard analysis, 511
Cold storage, 624-625
Combined power cycle (combined cycle), 553-560
exergy accounting for, 555-559
H-class power plants, 555
Combustion, 806-815
and air, 808-810
of coal, 448
complete, 806
determining products of, 810-814
enthalpy of, 825-828
of fuels, 807
of methane with oxygen at constant volume,
824-825
in power plants, 439
Complete combustion, 806
Compounds, atomic/molecular weights of,
926, 974
Compressed air:
for energy storage, 187 194
storing in tanks, 211-213
Compressed liquids, 102
Compressed liquid tables, 105
Compressibility:
isentropic, 681
isothermal, 681
Compressibility factor (Z), 127-131, 658, 659
Compressible flow(s), 566-585
and area change in subsonic and supersonic
flows, 571-573
defined, 566
effects of back pressure on mass flow rate,
574-576
and flow across normal shock, 576-577



for ideal gases with constant specific heats,
577-585
in nozzles and diffusers, 571-585
sound waves, 568-570
steady one-dimensional flow, 567, 568, 571-577
Compression-ignition engines, 510
Compression ratio, 510
Compression work:
minimum theoretical, 309-310
modeling, 48-50
Compressors, 190-191, 194
defined, 190
exergetic efficiency of, 403
and intercooling, 544-548
isentropic efficiency of, 337-339
modeling considerations with, 190
power of, 190-191
and refrigerant performance, 620-621
Condensation, 102, 757-758
Condensors, 195-198
in Rankine cycle, 446-447, 453-455
vapor cycle exergy analysis of, 485-486
Conduction, 57, 58
Conservation of energy, 43-44, 61, 178-180
Conservation of mass, for control volumes,
170-178
Constant-temperature coefficient, 686
Constraints, design, 23
Continuum hypothesis, 13
Control mass, 4
Control surface, 4
Control volume(s), 4, 6-7
analyzing, at steady state, 181-183
compressors/pumps, 190
conservation of energy for, 178-180
conservation of mass for, 170-178
energy rate balance for, 178-179
evaluating work for, 179
exergy accounting for, at steady state, 395-399
exergy balance for, at steady state, 387-399
heat exchangers, 195-196
nozzles/diffusers, 183-186
and system integration, 202-205
throttling devices, 200-202
and transient analysis, 205-215
turbines, 188-189
Control volume entropy rate balance, 317-325
Convection, 59
Cooking oil, measuring calorie value of, 125-126
Cooling:
biomedical applications of, 195-196
cold storage, 624-625
evaporative, 778-781
of gas, in piston-cylinder, 64-65
Newton’s law of, 59
of superconducting cable, 386
thermoelectric, 623-624
in vapor power plants, 446-447
Cooling towers, 445, 784-787
Corresponding states, principle of, 128
Cost engineering, 405-406
Costing, 405-406
and cap-and-trade programs, 441
of cogeneration systems, 408-412
cost engineering, 405-406
environmental costs in, 406
Cost rate balance, 409
Criteria, equilibrium, 882-883
Critical point, 99
Critical pressure, 99, 574
Critical specific volume, 99
Critical temperature, 99
Cryobiology, 22
Cryopreservation, 22
Cryosurgery, 104
Currents, power generation from, 439, 440
Cutoff ratio, 519
Cycles, 72-76. See also specific types of cycles,
e.g.: Brayton

defined, 72

heat pump, 74-76

power, 73-74

refrigeration, 74-75
thermodynamic, 72, 256-275

D
Dalton model, 736-737, 753-754
Dead state, 372, 375
Deaeration, 471
Degrees of freedom, 913
Dehumidification, 772-775
Density, 13-14
Design:
concurrent, 506
engineering, 22-23
using exergy in, 406408
Design constraints, 23
Dew point temperature, 757-758
Diastolic blood pressure, 18
Diesel cycle, 518-521
and effect of compression ratio on performance,
519-520
Diesel engines, 525
Diffusers, 183-186
defined, 183
flow of ideal gases in, with constant specific
heats, 577-579, 581-582
modeling considerations with, 184
one-dimensional steady flow in, 571-577
Direct-methanol fuel cells, 835
Disorder, 293, 316-317
Displacements, generalized, 54-55
Displacement volume (internal combustion
engine), 510
Distributed generation, 442, 687
District heating, 477, 478
Drafting, 47
Drag coefficient, 46
Drag reduction, 47
Dry air, 733
Dry-bulb temperature, 764-765
Dry product analysis, 811-812
Dual cycle, 522-524
Ducts, heating moist air in, 769-771

E
E, see Exergy
E, see Energy
Efficiency, thermal, 74
Elastic waves, 682
Electricity:
demand for, 76, 194
from hydropower, 186, 438, 439
from renewable resources, 439
storage and recapture of, 76-77, 116
U.S. generation of, by source, 438
from wind-turbine plants, 186, 187
Electric power, 53
distributed generation systems, 442, 687
generation of, 438-442
from renewable and nonrenewable sources, 439
smart grids, 442
superconducting cable for, 386
Electrolysis, 253, 728
Electrolysis reaction, 77
Elements, atomic/molecular weights of selected,
926, 974
Emergency power generation, using steam for,
209-210
Emissions trading, 441
Energy (E), 40-44, 55-56
conservation of, 43-44, 61, 178-180
exergy vs., for control volumes at steady state, 390
internal, 55-56
kinetic, 4041
net amount of transfer, 61
potential, 42
units for, 43
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Energy balance(s), 60-72, 178-183
in air-conditioning systems, 768
applying, 115-117
for closed systems, 60-72
for control volumes, 178-183
cycle, 73
defined, 61
and dehumidification, 773
and property tables, 116-119
for reacting systems, 817-825
and software, 119-121
time rate form of, 62
transient analysis of control volumes,
206-207
Energy rate balance:
for control volumes, 178-193
defined, 180
integral form of, 180
Energy resources, 4, 6
coal, 438, 448, 477, 478, 561, 562
currents, 439, 440
hydropower, 186, 438, 439
natural gas, 438, 526, 813-814
nuclear, 438, 439, 442
oil, 402, 438, 479, 512-513
and power generation, 438-442
solar, 116, 439, 440, 442, 444445
tides, 439, 440
waves, 439, 440
wind, 186-187 341, 439
Energy storage, 76-77
compressed-air, 187 194
pumped-hydro, 187 194
thermal, 116
Energy transfer by heat, 56. See also Heat
transfer
Engineering analysis, 23-24
Engineering design, 22-23
Engineering models, 23-24
English base units, 12-13
Enhanced oil recovery, 479
Enthalpy (H), 111-113
evaluating, for reacting systems, 815-817
generalized charts for, 692-695, 1023
of ideal gas mixture, 737-738
of moist air, 755
stagnation, 571
Enthalpy departure, 692-695
Enthalpy-entropy diagram, 296, 1028-1029
Enthalpy of combustion, 825-828
Enthalpy of formation, 816-817
Entropy (S), 292-296
absolute, 837-838
data retrieval for, 293-296
defined, 292
and disorder, 316-317
evaluating, 293
evaluating, for reacting systems, 837-838
generalized departure chart for, 695-698, 1024
heat transfer and transfer of, 307
of ideal gas mixture, 738-739
and increase of entropy principle, 312-315
of moist air, 756
and Mollier diagram, 296, 1028-1029
and probability, 293, 315-316
production of, 306-307, 319-320, 323-325
statistical interpretation of, 315-316
transfer accompanying heat, 306
Entropy balance, 305
closed system, 305-312
control volumes, 317-325
for reacting systems, 838-843
Entropy change, 292-293
of ideal gas, 299-302
of incompressible substance, 298-299
in internally reversible processes of, closed
systems, 302-305
T ds equations for determining, 296-298
Entropy departure, 695-698, 1024
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Entropy rate balance:
closed system, 310-312
control volume, 317-325
integral form of, 317-318
steady-state form of, 318
Entropy statement of the second law, 247-248
Environment:
costs related to, 406
as exergy reference environment, 372, 844, 845
thermal pollution, 445
Environmental impacts:
of coal combustion, 448
of power plants, 438, 439, 441
of refrigerants, 621, 622
Equation of reaction equilibrium, 887-889
Equation(s) of state, 656-662
comparing, 660-661
defined, 657
ideal gas, 132
multiconstant, 661-662
two-constant, 657-659
virial, 131-132, 657
Equilibrium, 10, 882-914
chemical, 887-908
and chemical potential, 883-884
criteria for, 882-883
defined, 10
homeostatic, 886
phase, 908-914
thermal, 19
thermodynamic, 882
Equilibrium constant:
defined, 890
for ideal gas mixtures, 889-897
logarithms to base 10 of, 972
for mixtures and solutions, 897-898
Equilibrium flame temperature, 899-903
Equilibrium state, 10
Equivalence ratio, 809
Ericsson cycle, 552
Ethylene, 243
Eutectic (molten) salts, 116
Evaporative cooling, 778-781
Evaporator, 195, 612
Evapotranspiration, 202-203
Exact differentials:
defined, 662
principal, 666
property relations from, 666-671
Exergetic efficiency(-ies), 399-404
of heat exchangers, 403-404
and matching end use to source, 400-402
of turbines, 402-403
using, 404-405
Exergy (E), 370-378
aspects of, 375
chemical, 375, 844-854
defined, 372
destruction/loss of, 379-383, 384-385, 390-395
energy vs., for control volumes at steady state,
390
specific, 376
specific flow, 388-389
of a system, 372-378
total, 854-860
transfer of, 380
and work, 371
Exergy accounting, 386-387, 395-399
for combined cycle, 555-559
of vapor power plant, 480-486
Exergy balance:
for closed systems, 378-387
for control volumes at steady state, 387-399
developing, 379
steady-state form of, 383-385
Exergy change, 378
Exergy reference environment (environment),
372, 844, 845
Exergy transfer accompanying heat, 380

Exergy transfer accompanying work, 380
Exergy unit cost, 409

Expansion work, modeling, 47-52
Expansivity, volume, 681

Extensive properties, 9-10

Extent of reaction, 888-889

External irreversibilities, 249

External reforming, 833

Extraction district heating plants, 478

F
Factory farms, 375
Fahrenheit temperature scale, 21, 22
Fanno line, 577
Feedwater heater, at steady state, 174175, 465-475
First law of thermodynamics, 60-61
First T dS equation, 297
Fissionable material, production peak for, 438
Flame temperature, equilibrium, 899-903
Flash chambers, 627
Flow:
choked, 575
one-dimensional, 172
Flow rates:
mass, 170-172
volumetric, 173
Flow work, 179, 389
Fluid mechanics, 15, 341
Flux, mass, 173-174
Flywheels, 77
Food production and transportation:
fossil fuels used in, 126
ripening, 243
Forces, generalized, 54-55
Fossil-fueled power plants, 74, 438-445
carbon dioxide emissions from, 478
fuel processing and handling for, 445
Fourier’s Law, 58
Fracking, 438
Free body, 4
Friction, 250-251, 456
friction factor, 252
Fuels, 807 See also specific fuels
Fuel cells, 439, 440, 832-836
direct-methanol, 835
internal reforming, 833
molten carbonate (MCFCs), 834
phosphoric acid (PAFCs), 834
proton exchange membrane, 834-836
solid oxide, 836
stacks, 832
vehicles, 835
Fuel processing and handling, 445
Fuel-tank-to-wheel efficiency, 405
Fugacity, 709-712, 1025
defined, 709
generalized chart, 710, 1025
of a mixture component, 712
in single-component systems, 709-712
Fundamental thermodynamic functions, 671-672
developing tables by differentiating, 689-692

G
Gage pressure, 17, 18
Galileo Galilei, 40
Gases:
cooling, in a piston-cylinder, 64-65
exergy of exhaust, 376-378
ideal gas properties of, 965, 1015
ideal gas specific heats of, 961, 1011
microscopic interpretation of internal energy
for, 56
Gas mixtures, p-v-T relations for, 699-703,
732-740
Gas refrigeration systems, 633—639
Gas thermometer, 263-264
Gas turbine power plants, 525-566
for aircraft propulsion, 562-566
and Brayton cycle, 526-537

combined with vapor power cycle, 553-559
and Ericsson cycle, 552
fueled with methane, 821-823
integrated gasification combined-cycle, 560-562
modeling, 525-526
regenerative, 537-541
and Stirling engine, 552-553
Gearboxes:
exergy accounting for, 386-387
at steady state, 68—69
Generalized compressibility chart, 128-131,
1021-1022
Generalized displacements, 54-55
Generalized forces, 54-55
Generator (absorption refrigeration systems), 628
Geothermal power plants, 439, 440, 442, 444, 445
Gibbs-Duhem equation, 707
Gibbs function, 666, 883
Gibbs function of formation, 843-844
Gibbs phase rule, 912-914
Gliders, thermal, 255
Global climate change, 438
and coal use, 448
and methane in atmosphere, 898
Global warming, 41, 621
Global Warming Potential (GWP), 621-622
Gram mole (mol), 14
Gravimetric analysis, 732
Gravitational potential energy (PE), 42
Greenhouse gases, 448. See also specific gases,
e.g. Carbon dioxide
GWP (Global Warming Potential), 621-622

H
H, see Enthalpy
HCFCs (hydrochlorofluorocarbons), 104, 621
H-class power plants, 555
Head injuries, 682
Heart, human, 177-178
Heat:
energy transfer by, 56. See also Heat transfer
exergy transfer by, 380
Heat exchangers, 195-200
in computers, 198-200
exergetic efficiency of, 403-404
exergy destruction in, 392-394
modeling considerations with, 196
power plant condensers as, 197-198
types of, 195
vapor cycle exergy analysis of, 482-484
Heat flux, 57
Heat (thermal) interaction, 19
“Heat islands,” 260-261
Heat pump components, entropy production in,
323-325
Heat pump cycles, 74-76
Carnot, 272, 629
coefficient of performance for, 75-76
corollaries of the second law for, 260-261
limits on coefficients of performance for, 259
maximum performance measures for, 267-268,
269-270
vapor-compression, analyzing, 629-632
Heat pump systems, 629-631
Heat rate, 447
Heat-recovery steam generator, 397-399
Heat transfer, 56-60
area representation of, 303
by conduction, 57, 58
by convection, 59
entropy transfer accompanying, 306
in internally reversible, steady-state flow
processes, 339-340
for moist air at constant volume, 761-762
and Newton’s law of cooling, 59
by radiation, 58-59
rate of, 57
sign convention for, 56
from steam turbine, 188-189



Helmbholtz function, 666
Higher heating value (HHV), 825-826
Holes (electron vacancies), 623, 624
Homeostasis, 886
Hooke’s law, 85
Human-health impacts:
of coal combustion, 448
of power plants, 438, 441
Humidification, 776-778
Humidity:
relative, 755
specific, 754
Humidity ratio, 754-755
calculating, 765
defined, 754
evaluating, using adiabatic-saturation tempera-
ture, 763-764
and influenza, 756
Hybrid vehicles, 41
nanotechnology-based batteries for, 76
ultra-capacitors for, 77
Hydraulic fracturing, 438
Hydraulic turbines, 186187
Hydrocarbons:
as fuels, 807
as natural refrigerant, 622
reforming, 833
Hydrochlorofluorocarbons (HCFCs), 621
Hydroelectric power (hydropower), 186, 438
Hydroelectric power plants, 439
Hydrogen:
as energy storage medium, 77
production by reforming, 833
and second law, 253
Hypersonic flow, 570

1
Ideal gases:
entropy change of, 299-302
and polytropic processes, 146-148
variation of ¢, with temperature for, 135-138,
962, 1012
Ideal gas equation of state, 132
Ideal gas mixtures, 732-753
adiabatic mixing at constant total volume,
747-750
adiabatic mixing of two streams, 750-752
and Amagat model, 737
apparent molecular weight of, 733
calculation of equilibrium compositions for
reacting, 892-897
and chemical exergy, 847-849
compression of, 742-744
constant composition, mixture processes at,
740-747
and Dalton model, 736-737
describing mixture composition for, 732-735
energy, enthalpy, and entropy for, 815
equilibrium constant for, 889-897
evaluating entropy of, 738-740
evaluating internal energy and enthalpy of,
737-740
evaluating specific heats of, 738
expanding isentropically through nozzle,
744-747
gravimetric analysis of, 736
molar analysis of, 733
property relations on mass basis for, 739
relating p, V, and T for, 736-737
volumetric analysis of, 733, 737
Ideal gas model, 132-133
and isentropic processes, 326-328
specific heat in, 135-138
specific internal energy in, 135-136
Ideal gas tables, 138-140, 299-301, 741, 963, 965,
1013, 1015
Ideal Rankine cycle, 449452
Ideal solution, 712-713
Ideal vapor-compression cycle, 613-616

IGCC, see Integrated gasification combined-cycle
plant
Incompressible substances, entropy change of,
298-299
Incompressible substance model, 124-126
Increase of entropy principle, 312-315
Indoor air quality, 753
Influenza, 756
Integrated gasification combined-cycle plant
(IGCC), 448, 560-562
Intensive properties, 9-10, 96-97
Intensive state, of closed systems, 96
Interactive Thermodynamics (software tool), 114
Intercoolers, 544-548
Intercooling, multistage compression refrigeration
system with, 626-627
Internal combustion engines, 510-525
air-standard analysis of, 511
compression-ignition, 510
and Diesel cycle, 518-521
and dual cycle, 522-524
exergetic efficiency of, 861-862
fueled with liquid octane, 819-821
and Otto cycle, 513-517
spark-ignition, 510
terminology related to, 510-513
Internal energy (U), 55-56
of ideal gas mixture, 737-738
microscopic interpretation of, 56
thermal energy as, 116
Internal irreversibilities, 249, 456
Internally reversible processes:
heat transfer and work in steady-state,
339-343
and second law of thermodynamics, 253-254
of water, 303-305
Internal reforming, 833
International Temperature Scale of 1990
(ITS-90), 264
Interpolation, linear, 105
Inverse reaction, 77
Tonization, 904-905
Irreversibilities, 249-252
Brayton cycle with, 534-537
Brayton refrigeration cycle with, 636-637
demonstrating, 250-252
in Rankine cycle, 455-459
Irreversible processes, 248-252
Isentropic compressibility, 681
Isentropic efficiencies:
of compressors and pumps, 337-339
of nozzles, 335-337
of turbines, 332-335
Isentropic processes, 325-331
of air, 327-331
and ideal gas model, 326-328
Isolated systems, 6
Isothermal compressibility, 681
ITS-90 (International Temperature Scale of 1990),
264

J

Joule (J), 43

Joule, James Prescott, 60-61
Joule-Thomson coefficient, 685-687
Joule-Thomson expansion, 200, 686

K

Kalina cycle, 877

Kay’s rule, 699-700

KE, see Kinetic energy

Kelvin Planck statement, 245-247, 254-255
analytical form of, 254
and thermodynamic cycles, 254-256

Kelvin temperature scale, 21, 261-262

Kilogram, 11

Kilojoule (kJ), 43

Kinetic energy (KE), 40-41
translational, 56
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L
Lb (pound mass), 13
Lbf (pound force), 13
Lead-acid batteries, 76
Lenoir cycle, 591
Lewis-Randall rule, 712-713
LHV (lower heating value), 825-826
Linear interpolation, 105
Liquids:
compressed, 102, 105-106
evaluating properties of, 123-126
properties of, 960, 1010
saturated, 123-124
Liquid data (for entropy), 294-295
Liquid film, stretching of, 52-53
Liquid-in-glass fever thermometers, 20
Liquid nitrogen,103, 104
Liquid octane:
adiabatic flame temperature for complete
combustion of, 830-832
evaluating chemical exergy of, 851-853
Liquid states, 101-102
Liquid tables, 105-106
Liquefied natural gas (LNG), 438, 526
Lithium bromide, 628-629
Lithium-ion batteries, 76
Living things:
as control volumes, 7, 177, 201-202
and disorder, 317
elastic waves causing injury in, 682
as integrated systems, 201-202
mimicking processes of, 479
LNG, see Liquefied natural gas
Logarithms to base 10, of equilibrium constant
(table), 972
Lower heating value (LHV), 825-826
Low-wind turbines, 187

M
M, see Mach number
m (meter), 11
Machines, nanoscale, 45, 316
Mach number (M), 570, 682
Magnetization, work due to, 53
Manometer, 15-16
Mass:
conservation of, for control volumes, 170-171
control, 4
Mass balance:
in air-conditioning systems, 768
for control volumes, 170-171
and dehumidification, 772-773
Mass flow, entropy transfer accompanying, 317
Mass flow rates, 170-172
Mass flux, 173-174
Mass fractions, 732, 734-735
Mass rate balance:
applications of, 174-178
defined, 170
integral form of, 173-174
one-dimensional flow form of, 172-173
steady-state form of, 173
Maxwell relations, 668-671
MCFCs (molten carbonate fuel cells), 834
Mean effective pressure, 511
Melting, 103
MEMS (microelectromechanical systems), 182
Mercury-filled thermometers, 20
Meso-scale systems, 182
Metal bar, quenching a hot, 313-315
Meter (m), 11
Methane, 375
in atmosphere, 898
enthalpy of combustion of, 826-827
gas turbines fueled with, 821-823
steam reforming of, 833
Methane hydrate, 898
Methanol, and fuel cell performance, 832
Method of intercepts, 705
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Microelectromechanical systems (MEMS), 182
Microscopic interpretation of internal energy, 56
Microstates, 316
Micro systems, 182
Mixture enthalpy, 738, 755
Mixture entropy, 739, 756
Moist air, 753-754, 756-762
conditioning, at constant composition, 769-771
cooling, at constant pressure, 758-759
cooling, at constant volume, 759-761
equilibrium of, in contact with liquid water,
911-912
heat transfer for, at constant volume, 761-762
Mol (gram mole), 14
Molar analysis, 733-735
Molar basis, 14
Molecular weights:
apparent of mixtures, 735
of selected elements/compounds (table), 926, 974
Mole fractions, 732-735
Mollier diagram, 296, 1028-1029
Molten carbonate fuel cells (MCFCs), 834
Molten (eutectic) salts, 116
Momentum equation, 567-568
Motor, transient operation of, 70-72
Multicomponent systems, 704-714, 883
chemical potential of components in, 706-707,
713-714
fugacity in, 709-712, 1025
fundamental thermodynamic functions for,
707-709
modeling of, as ideal solution, 712-713
multiphase, equilibrium of, 910-914
partial molal properties for, 704-706
Multiconstant equations of state, 661-662
Multiple feedwater heaters, 471-475
Multistage vapor-compression refrigeration
systems, 626-627

N
N (newton), 12
Nanoscale machines (nanomachines), 45, 316
Nanoscience, 15
Nanotechnology, 15, 45
batteries, nanotechnology-based, 76
and second law, 316
National Institute of Standards and Technology
(NIST), 620, 690
Natural gas:
burning, with excess air, 813-814
electricity generation by, 438
for power generation, 438, 526
production peak for, 438
uses of, 438
Natural gas-fueled power plants, 439
Natural refrigerants, 104, 622
Newton (N), 12
Newton, Isaac, 40
Newton’s law of cooling, 59
Newton’s second law of motion, 12, 567-568
Nickel-metal hydride batteries, 76
NIST (National Institute of Standards and
Technology), 620, 690
Nitric oxides, from coal combustion, 448, 525
Nitrogen,103
Nitrogen oxides (NOy), 448, 525
Nonrenewable energy, in power generation,
438-439
Normal shock, 576-577
Normal stress, 15
NO, (nitrogen oxides), 448, 525
Nozzles, 183-186
and choked flow, 575
defined, 183
exit area of steam, 185-186
flow in, of ideal gases with constant specific
heats, 577-585
gas mixture expanding isentropically through,
744-747
isentropic efficiency of, 335-337

modeling considerations with, 184

one-dimensional steady flow in, 571-577
Nuclear-fueled power plants, 439, 442-445
Nuclear power, 438

(@)
Off-peak electricity demand, 194, 624
Oil:
electricity generation by, 438
enhanced oil recovery, 479
Oil-fueled power plants, 439
Oil supply:
oil shale and oil sand deposits, 402
production peak for, 438, 512-513
One-dimensional flow, 172
One-inlet, one-exit control volumes at steady
state, 181, 318-319
On-peak electricity demand, 194
Open feedwater heaters, 465-469
Open systems, 4
Optical pyrometers, 20
Organs, as control volumes, 7, 177
Organic Rankine cycles, 476
Otto cycle, 513-517
cycle analysis, 514-501
and effect of compression ratio on
performance, 515

P
Pa (Pascal), 17
PAFCs (phosphoric acid fuel cells), 834
Paraffins, 121
Partial molal properties, 704-706
Partial pressure, 736
Partial volume, 737
Particle emissions, from coal combustion, 448
Pascal (Pa), 17
PCMs (phase-change materials), 121
PE (gravitational potential energy), 42
Peak loads, 442
Peltier effect, 623
PEMFCs (proton exchange membrane fuel cells),
834-836
Percent excess air, 808
Percent of theoretical air, 808
Perfectly executed processes, 252
Phase(s):
defined, 96
single-phase regions, evaluating, 675-680
Phase-change materials (PCMs), 121
Phase changes, 101-104
and Clapeyron equation, 672-675
Phase-change systems, energy storage in, 116
Phase diagrams, 100
Phase equilibrium, 908-914
of multicomponent, multiphase systems,
910-914
between two phases of a pure substance,
908-909
P-h diagrams, 620, 1032-1035
Phosphoric acid fuel cells (PAFCs), 834
Photosynthesis, 7
Piezoelectric effect, 16
Pipe friction, 251-252
Piston-cylinder, cooling of gas in, 64-65
Plasmas, 904
Plug-in hybrid vehicles, 41
Polarization, work due to, 53
Pollution, thermal, 445
Polycrystalline turbine blades, 555
Polytropic processes, 146-148
defined, 50
work in, 341-343
Potential energy (PE), 42
Poultry industry, 375
Pound force (Ibf), 13
Pound mass (Ib), 13
Power:
of a compressor, 190-191
defined, 46

electric, 53, 76-77
transmission and distribution of, 441-442
transmission of, by a shaft, 53
units for, 46
Power cycles, 73-74
Carnot, 257-259, 265-267, 270-273
Carnot corollaries for, 257-259
limit on thermal efficiency for, 256-257
maximum performance measures for, 264-270
Power generation, 438-442
emergency, using steam for, 209-210
future issues in, 439-440
and power plant policy making, 440-441
and power transmission and distribution,
441-442
in the United States, 438-439
Power plants.
combustion, 439
distributed generation systems, 687
environmental impacts, 438, 439, 441
human-health impacts, 438, 441
life cycles of, 440
natural resources for, 438
policy making for, 440, 441
using nonrenewable and renewable resources,
439
Pressure, 14-18
absolute, 15, 17,18
atmospheric, 17, 18
back, 574-576
critical, 99, 574
defined, 14
gage, 17
mean effective, 511
measuring, 15-16
partial, 736
reduced, 128
saturation, 99
stagnation, 571
units of, 17-18
vacuum, 17
Pressure table, 107
Pressurized-water reactors, 443444
Primary dimensions, 11
Principle of corresponding states, 128
Probability, thermodynamic, 316
Processes, defined, 9
Products (of combustion), 806, 810-814
Propane:
pressure table for saturated, 955, 1005
as refrigerant, 104, 622
superheated (table), 956, 1006
temperature table for saturated, 954, 1004
Property(-ies):
defined, 9, 10
extensive, 9-10
intensive, 9-10
retrieving, 104
using software to evaluate, 113-121
Property tables, 116-119
Proton exchange membrane fuel cells (PEMFCs),
834-836
Pseudoreduced specific volume, 129
Psychrometers, 764-765
Psychrometric charts, 766-767, 1030-1031
Psychrometrics, 753-787
air-conditioning processes, 767-784
cooling towers, 784-787
defined, 753
dew point temperature, evaluation of, 757-758
humidity ratio, 754-755, 763-764
mixture enthalpy, 755
mixture entropy, 756
moist air, 753-754, 756-757
relative humidity, 755
Pump(s), 190, 192-193
analyzing, 192-193
defined, 190
exergetic efficiency of, 403
isentropic efficiency of, 337-338



modeling considerations with, 190

in Rankine cycle, 447 455-456

vapor cycle exergy analysis of, 484-485
Pumped-hydro energy storage, 187 194
Pure substance, defined, 96
P-y diagrams, 100
P-v-T surface, 98-101

Q
Quality (of a two-phase mixture), 102
Quasiequilibrium (quasistatic) processes:
defined, 48-49
and internally reversible processes, 253-254
and state principle, 97
work in, 48-54

R
Radiation, thermal, 58-59
Radiation therapy, 57
Radiation thermometers, 20
Ram effect, 562
Rankine cycle, 445-459
Carnot cycle vs., 454-455
effects of boiler and condenser pressures on,
453-455
ideal, 449-452
and irreversibilities/losses, 455-459
modeling, 446-448
organic, 476, 877
power plants based on, 439, 440
in vapor power systems, 442-443
Rankine temperature scale, 21
Rayleigh line, 577
Reactants, 806
Reacting systems:
energy balances for, 814-815, 817-825
entropy balances for, 814-815, 838-843
evaluating enthalpy for, 815-817
evaluating entropy for, 837-838
evaluating Gibbs function for, 843-844
exergetic efficiencies of, 860-861
Rectifier (absorption refrigeration systems), 628
Redlich-Kwong equation, 659-661, 969, 1019
Reduced pressure, 128
Reduced temperature, 128
Reference states, 113
Reference values, 113
Reforming, 253, 833
REFPROP, 620, 690
Refrigerants, 104, 620624
environmental considerations, 621-622
natural, 104, 622
performance of, 620
refrigeration without, 623-624
types and characteristics, 621
Refrigerant 12, 104, 621
Refrigerant 22, 622
pressure table for saturated, 938, 988
superheated (table), 939, 989
temperature table for saturated, 937, 987
Refrigerant 134a, 621, 622
pressure table for saturated, 944, 994
superheated (table), 945, 995
temperature table for saturated, 943, 993
Refrigerant 407-C, 622
Refrigerant 410A, 620, 622, 1034-1035
Refrigeration capacity, 612
Refrigeration cycles, 74-75
Carnot, 272, 610-611
coefficient of performance for, 75-76
corollaries of the second law for, 260-261
limits on coefficients of performance for, 259
maximum performance measures for, 268-269
Refrigeration systems, 610629, 633-639
absorption, 627-629
gas, 633-639
vapor-compression, 612-620
without refrigerants, 623-624
Regeneration, 465-475
with closed feedwater heaters, 470-471

with multiple feedwater heaters, 471-475
with open feedwater heaters, 465-469
Regenerative hybrid vehicle components, 41

Regenerators (regenerative gas turbines), 537-541
and Brayton cycle, 539-541
effectiveness of, 538-539
with intercooling, 544-551
with reheat, 542-543, 548-551

Reheat, 459-465, 542-543
regenerator with, 542-543, 548-551

Relative humidity, 755

Renewable energy resources, 186
electricity generation by, 438
hydropower, 186
in power generation, 438-440

Resistance temperature detectors, 20

Reversible processes, 249, 252-253
entropy change in, 302-305
of water, 303-305

Rockets, 566

S
S, see Entropy
Sand deposits, oil from, 402
Saturated air, 754
Saturated liquids, 101-103, 123-125
Saturation data (for entropy), 294
Saturation pressure, 100
Saturation state, 99
Saturation tables, 107-108
Saturation temperature, 100
SBS (sick building syndrome), 753
Secondary dimensions, 11
Second law of thermodynamics, 242-275
aspects of, 244-245
and Clausius inequality, 273-275
Clausius statement of, 245
entropy statement of, 247-248
and internally reversible processes, 253
and International Temperature Scale of 1990, 264
and irreversible processes, 248-254
Kelvin-Planck statement of, 245-247, 255-256
and Kelvin temperature scale, 261-262
and opportunities for developing work, 244
and reversible processes, 248, 252-253
and spontaneous processes, 242-243
and thermodynamic cycles, 256-275
uses of, 244-245
violation of, 316, 317
Second T dS equation, 297
Servel refrigerator, 728
Shaft, transmission of power by, 53
Shale:
natural gas from, 438
oil from, 402
Shear stresses, 15
Shock, normal, 576-577
SI base units, 11-12
Sick building syndrome (SBS), 753
Sign convention(s):
for heat transfer, 56
for work, 45
Silicon chip, at steady state, 69-70
Simple compressible systems, 96-97
Simultaneous reactions, 905-908
Single-crystal turbine blades, 555
Smart grids, 442
Sodium-sulfur batteries, 76
SOFCs (solid oxide fuel cells), 834-836
Solar-concentrating power plants, 439
Solar energy, storage of, 116
Solar-photovoltaic power plants, 439
Solar power plants, 440
Solar thermal power plants, 442, 444-445
Solids:
defined, 10
phases of, 10
properties of, 124, 960, 1010
Solid bar, extension of, 52
Solid oxide fuel cells (SOFCs), 834-836
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Solid wastes, from coal combustion, 448
Solutions, 703
equilibrium constants for, 897-898
ideal, 712-713
Sonic flow, 570
Sonic velocity, 568, 682
Sound:
medical uses of, 570-571
velocity of, 568-571, 682
Sound waves, 568-570, 682
Spark-ignition engines, 510
Specific exergy, 376-378
Specific flow exergy, 388-389
Specific heats (heat capacities), 122-123
of common gases (table), 961, 1011
constant, and entropy change of ideal gas, 301
as constants, 140-146
of ideal gas mixture, 738
in ideal gas model, 135-137
and Joule-Thomson coefficient, 685-687
relations involving, 682-685
Specific heat ratio, 122
Specific humidity, 754
Specific volume, 13-14, 681
pseudoreduced, 129
Spontaneous processes, 242-243
Stacks, fuel cell, 832
Stagnation enthalpy, 571
Stagnation pressure, 571
Stagnation state, 571
Stagnation temperature, 571
Standard chemical exergy, 849-854
of ammonia, 853
of hydrocarbons, 850-853
Standard molar chemical energy, of selected
substances, 971
Standard reference state, 816
State principle, 96-97
Statistical thermodynamics, 8, 315
Steady one-dimensional flow:
momentum equation for, 567-568
in nozzles and diffusers, 571-577
Steady state:
control volumes at, 181-183
defined, 9, 173
one-inlet, one-exit control volumes at, 318-319
Steady-state entropy rate balance, 318
Steady-state systems, 9, 68-70
Steam:
for emergency power generation, 209-210
in supercritical vapor power plants, 460
withdrawing, from a tank at constant pressure,
207-209
Steam nozzle, calculating exit area of, 185-186
Steam quality, measuring, 201-202
Steam-spray humidifiers, 776-778
Steam tables, 104, 927-936, 975-986
Steam turbines:
calculating heat transfer from, 188-189
entropy production in, 319-320
exergy accounting of, 396-397
Stefan-Boltzmann law, 58
Stirling cycle, 552-553
Stirling engine, 553
Stoichiometric coefficients, 806
Stresses:
normal, 15
shear, 15
Stroke (internal combustion engine), 510
Subcooled liquids, 101
Sublimation, 103
Subsonic flow, 570
Sulfur dioxide, from coal combustion, 448
Superconducting magnetic systems, 77
Superconducting power cable, 386
Supercritical vapor power cycle, 448, 459-460
Superheat, 459
Superheated vapors, 102
Superheated vapor tables, 105-106
Supersonic flow, 570
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Surface, control, 4
Surroundings, 4
Syngas (synthesis gas), 561
Synthetic refrigerants, 620
System(s), 4, 6-10

closed, 4, 6

defined, 4

describing, 8-10

disorder of, 316

exergy of, 372-378

isolated, 6

open, 4

selecting boundary of, 7-8

steady-state, 9, 68-70
System integration, 202-205
Systolic blood pressure, 18

T
Tables of thermodynamic properties, constructing,
687-692
by differentiating a fundamental thermody-
namic function, 689-692
by integration, using p-v-T and specific heat
data, 688-689
Tanks:
air leaking from, 330-331
storing compressed air in, 211-213
well-stirred, temperature variation in, 214-215
withdrawing steam from, at constant pressure,
207-209
T dS equations, 296-298
Temperature, 18-22
adiabatic flame, 828-832
adiabatic-saturation, 763-764
critical, 99
defined, 19
dew point, 757-758
dry-bulb, 764-765
equilibrium flame, 899-903
reduced, 128
saturation, 100
stagnation, 571
wet-bulb, 764-765
Temperature-entropy diagram (7-s diagram),
295-296, 1027-1028
Temperature table, 107
Test for exactness, 662-664
Theoretical air, 808
Thermal blankets, 195-196
Thermal conductivity, 58
Thermal efficiency, 74
limit on, for power cycles interacting with two
reservoirs, 256-259
of Rankine cycle, 447, 453
Thermal energy storage, 116
cold storage, 624-625
Thermal equilibrium, 19
Thermal glider, 255
Thermal (heat) interaction, 19
Thermal pollution, 445
Thermal radiation, 58
Thermal reservoir, 245-246
Thermistors, 20
Thermochemical properties, of selected substances
(table), 970, 1020
Thermocouples, 19
Thermodynamic cycles, 72, 256-275. See also Cycles
Thermodynamic equilibrium, 882
Thermodynamic probability, 316
Thermodynamics. See also Second law of thermo-
dynamics
classical, 8
first law of, 60-61
and future sustainability challenges, 4, 6
macroscopic vs. microscopic views of, 8-9
refrigeration and heat pump cycles, 259-261, 272
statistical, 8, 315
third law of, 837
using, 4, 5
zeroth law of, 19

Thermodynamics problems, solving, 24-26
Thermoeconomics, 405-412
Thermoelectric cooling, 623-624
Thermometers, 19-20, 263-264
Thermometric properties, 19
Thermometric substances, 19
Thermoregulation, 801
Third law of thermodynamics, 837
Throat, 573
Throttling calorimeter, 201-202
Throttling devices, 200-202
Throttling processes, 201
Throttling valve, exergy destruction in, 391-392
Tides, power generation from, 439, 440
Time rate form of the energy balance, 62
Ton of refrigeration, 612
Total exergy, 454-860
Transient analysis, 205-215
applications of, 207-215
energy balance in, 206-207
mass balance in, 205-206
Transient operation, 71-72
Translational kinetic energy, 56
Transonic flow, 570
Trap (closed feedwater heater), 470
Triple line, 99
Triple point, 21, 22, 100
T-s diagram, see Temperature-entropy diagram
Turbines, 186-189. See also Gas turbine power
plants
cost rate balance for, 409410
defined, 186
exergetic efficiency of, 402-403
heat transfer from steam, 188-189
hydraulic, 186-187
isentropic efficiency of, 332-335
low-wind, 187
modeling considerations with, 188
in Rankine cycle, 446, 455
reheat cycle with turbine irreversibility, 463-465
steam, entropy production in, 319-320
steam, exergy accounting of, 396-397
vapor cycle exergy analysis of, 484-485
wind, 186, 187
Turbofan engine, 565-566
Turbojet engine, 562-566
Turboprop engine, 565-566
T-v diagrams, 100-101
Two-phase liquid-vapor mixtures, 102
Two-phase regions, 98, 99

U

U, see Internal energy

Ultimate analysis, 807

Ultra-capacitors, 7677

Ultrasound, 570-571

Ultra-supercritical vapor power plants, 460
Unit conversion factors, 12

Universal gas constant, 127

\'%
Vacuum pressure, 17, 18
Van der Waals equation of state, 657-658,
660-661, 969, 1019
Van’t Hoff equation, 903-904
Vapors, superheated, 102
Vapor-compression heat pumps, 629-632
Vapor-compression refrigeration systems,
612-620
cascade, 625-626
and ideal vapor-compression cycle, 614-615
irreversible heat transfer and performance of,
616-620
multistage, 626-627
performance of, 613-620
principal work and heat transfers for, 612-613
Vapor data (for entropy), 294
Vaporization, 102
Vapor power systems, 437-487
and binary vapor power cycle, 476

carbon capture and storage, 477-479
in closed feedwater heaters, 470-471
cogeneration systems, 477
exergy accounting for, 480-486
in open feedwater heaters, 465-470
Rankine cycle, 445-459
regeneration in, 465-475
reheat in, 459-465
and supercritical cycle, 459-460
superheat in, 459
vapor power plants, 442-445
and working fluid characteristics, 475-476
Vapor refrigeration systems, 610-620
Vapor states, 102-103
Vapor tables, 105-106
Velocity of sound, 568-571, 682
Virial equations of state, 131-132, 657
Volts, 53
Volume(s):
control, 4, 6-7
partial, 737
specific, 13-14, 681
Volume expansivity, 681
Volumetric analysis, 733, 737
Volumetric flow rate, 173

\W%
W (watt), 46
Waste-heat recovery systems, 203-205
exergy accounting of, 397-399
Water:
compressed liquid (table), 935, 985
equilibrium of moist air in contact with,
756-757,911-912
filling a barrel with, 175-177
heating, at constant volume, 109-111
internally reversible process of, 303-305
irreversible process of, 308-309
saturated, pressure table for, 929-930, 977-978
saturated, temperature tables for, 927, 936,
975, 987
stirring, at constant volume, 117-118
superheated (table), 931, 979
as working fluid, 476
Water-gas shift reaction, 833
Watt (W), 46
Waves, power generation from, 440, 441
Wearable coolers, 121
Well-to-fuel-tank efficiency, 405
Well-to-wheel efficiency, 405
Wet-bulb temperature, 764-765
Wind chill index, 765
Wind farms, 187, 341
Wind power plants, 439
Wind turbines, 186, 187
environmental concerns with, 439
low-wind, 187
Woods Hole Oceanographic Institute, 255
Work, 41, 44-55
for a control volume, 179
examples of, 52-54
and exergy, 371
exergy transfer accompanying, 380
expansion/compression, 47-52, 309-310
flow, 179
in internally reversible, steady-state flow
processes, 340-341
in polytropic processes, 341-343
and power, 4647
in quasiequilibrium processes, 48-54
second law of thermodynamics and
opportunities for developing, 244
sign convention for, 45
thermodynamic definition of, 44
Workable designs, 23
Working fluids, 442445, 475-476

z
Z (compressibility factor), 127-131
Zeroth law of thermodynamics, 19



Symbols

acceleration, activity

area

air—fuel ratio

back work ratio

specific heat of an incompressible substance,
velocity of sound

unit cost

cost rate

hydrocarbon fuel

specific heat at constant pressure, dh/07T),

specific heat at constant volume, du/dT),

specific heat ¢, at zero pressure

energy per unit of mass, energy

exergy per unit of mass, exergy

specific flow exergy, flow exergy rate

exergy destruction, exergy destruction rate

exergy transfer accompanying heat transfer, rate
of exergy transfer accompanying heat transfer

exergy transfer accompanying work

electric field strength

electrical potential, electromotive force (emf)

fugacity

fugacity of component i in a mixture

degrees of freedom in the phase rule

force vector, force magnitude

fuel-air ratio

acceleration of gravity

Gibbs function per unit of mass, Gibbs function

Gibbs function of formation per mole at
standard state

enthalpy per unit of mass, enthalpy

heat transfer coefficient

magnetic field strength

enthalpy of formation per mole at
standard state

enthalpy of combustion per mole

higher heating value

electric current

specific heat ratio: ¢,/c,

Boltzmann constant

equilibrium constant

kinetic energy per unit of mass, kinetic energy

length

lower heating value

mass

mass flow rate

molecular weight, Mach number

magnetic dipole moment per unit volume

mep

mf

Patm
Pi

R
< o

NN& < x5 5 <S8 <
<

mean effective pressure

mass fraction

number of moles, polytropic exponent

number of components in the phase rule

pressure

atmospheric pressure

pressure associated with mixture component i,
partial pressure of i

relative pressure as used in Tables A-22

reduced pressure: p/p.

number of phases in the phase rule

electric dipole moment per unit volume

potential energy per unit of mass, potential
energy

heat flux

heat transfer

heat transfer rate

conduction rate

convection rate, thermal radiation rate

compression ratio

cutoff ratio

gas constant: R/ M, resultant force, electric
resistance

universal gas constant

entropy per unit of mass, entropy

entropy function as used in Tables A-22,
absolute entropy at the standard reference
pressure as used in Table A-23

time

temperature

reduced temperature: 7/7,

torque

internal energy per unit of mass, internal energy

specific volume, volume

velocity vector, velocity magnitude

relative volume as used in Tables A-22

pseudoreduced specific volume: v/(RT./p.)

volume associated with mixture component i,
partial volume of i

work

rate of work, or power

quality, position

extensive property

mole fraction, mass flow rate ratio

elevation, position

compressibility factor, electric charge

cost rate of owning/operating



Greek Letters

™
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g

isentropic compressibility

coefficient of performance for a refrigerator,
volume expansivity

coefficient of performance for a heat pump,
activity coefficient

change = final minus initial

exergetic (second law) efficiency, emissivity,
extent of reaction

efficiency, effectiveness

temperature

thermal conductivity, isothermal compressibility

chemical potential

Joule-Thomson coefficient

stoichiometric coefficient

density

entropy production, rate of entropy production

normal stress, Stefan-Boltzmann constant

summation

surface tension

relative humidity

Helmbholtz function per unit of mass,
Helmholtz function

humidity ratio (specific humidity), angular velocity

Subscripts

a
ad
as
ave
b

C

dry air

adiabatic

adiabatic saturation

average

boundary

property at the critical point, compressor,
overall system

control volume

cooling water

cold reservoir, low temperature

dry bulb

state of a substance exiting a control volume

exergy reference environment

property of saturated liquid, temperature of
surroundings, final value

fuel

difference in property for saturated vapor and
saturated liquid

g property of saturated vapor

H hot reservoir, high temperature

i state of a substance entering a control volume,
mixture component

i initial value, property of saturated solid

I irreversible

ig, if difference in property for saturated vapor
(saturated liquid) and saturated solid

isol isolated

int rev  internally reversible

j portion of the boundary, number of components
present in a mixture

n normal component

P pump

ref reference value or state

reg regenerator

res reservoir

P products

R reversible, reactants

S isentropic

sat saturated

surr surroundings

t turbine

tp triple point

0 property at the dead state, property of the
surroundings

stagnation property

% vapor

w water

wb wet bulb

X upstream of a normal shock

y downstream of a normal shock

1,23 different states of a system, different locations
in space

Superscripts

ch chemical exergy

e component of the exergy reference environment

bar over symbol denotes property on a molar
basis (over X, V, H, S, U, ¥, G, the bar denotes
partial molal property)

dot over symbol denotes time rate

property at standard state or standard pressure

ideal gas, quantity corresponding to sonic velocity



