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*The unit kJ/kg·K is equivalent to kPa·m3/kg·K. The gas constant is calculated from R = Ru/M, where Ru = 8.31447 kJ/kmol·K and M is the molar mass.
Source of Data: K. A. Kobe and R. E. Lynn, Jr., Chemical Review 52 (1953), pp. 117–236; and ASHRAE, Handbook of Fundamentals (Atlanta, GA: American Society of 
Heating, Refrigerating and Air-Conditioning Engineers, Inc., 1993), pp. 16.4 and 36.1.

TABLE A–1
Molar mass, gas constant, and critical-point properties

Substance Formula
Molar mass,  
M kg/kmol

Gas  
constant,  
R kJ/kg·K*

Critical-point properties

Temperature, 
K

Pressure, 
MPa

Volume, 
m3/kmol

Air — 28.97 0.2870 132.5 3.77 0.0883
Ammonia NH3 17.03 0.4882 405.5 11.28 0.0724
Argon Ar 39.948 0.2081 151 4.86 0.0749
Benzene C6H6 78.115 0.1064 562 4.92 0.2603
Bromine Br2 159.808 0.0520 584 10.34 0.1355
n-Butane C4H10 58.124 0.1430 425.2 3.80 0.2547
Carbon dioxide CO2 44.01 0.1889 304.2 7.39 0.0943
Carbon monoxide CO 28.011 0.2968 133 3.50 0.0930
Carbon tetrachloride CCl4 153.82 0.05405 556.4 4.56 0.2759
Chlorine Cl2 70.906 0.1173 417 7.71 0.1242
Chloroform CHCl3 119.38 0.06964 536.6 5.47 0.2403
Dichlorodifluoromethane (R–12) CCl2F2 120.91 0.06876 384.7 4.01 0.2179
Dichlorofluoromethane (R–21) CHCl2F 102.92 0.08078 451.7 5.17 0.1973
Ethane C2H6 30.070 0.2765 305.5 4.48 0.1480
Ethyl alcohol C2H5OH 46.07 0.1805 516 6.38 0.1673
Ethylene C2H4 28.054 0.2964 282.4 5.12 0.1242
Helium He 4.003 2.0769 5.3 0.23 0.0578
n-Hexane C6H14 86.179 0.09647 507.9 3.03 0.3677
Hydrogen (normal) H2 2.016 4.1240 33.3 1.30 0.0649
Krypton Kr 83.80 0.09921 209.4 5.50 0.0924
Methane CH4 16.043 0.5182 191.1 4.64 0.0993
Methyl alcohol CH3OH 32.042 0.2595 513.2 7.95 0.1180
Methyl chloride CH3Cl 50.488 0.1647 416.3 6.68 0.1430
Neon Ne 20.183 0.4119 44.5 2.73 0.0417
Nitrogen N2 28.013 0.2968 126.2 3.39 0.0899
Nitrous oxide N2O 44.013 0.1889 309.7 7.27 0.0961
Oxygen O2 31.999 0.2598 154.8 5.08 0.0780
Propane C3H8 44.097 0.1885 370 4.26 0.1998
Propylene C3H6 42.081 0.1976 365 4.62 0.1810
Sulfur dioxide SO2 64.063 0.1298 430.7 7.88 0.1217
Tetrafluoroethane (R–134a) CF3CH2F 102.03 0.08149 374.2 4.059 0.1993
Trichlorofluoromethane (R–11) CCl3F 137.37 0.06052 471.2 4.38 0.2478
Water H2O 18.015 0.4615 647.1 22.06 0.0560
Xenon Xe 131.30 0.06332 289.8 5.88 0.1186
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TABLE A–2
Ideal-gas specific heats of various common gases

(a) At 300 K

Gas Formula
Gas constant, R
kJ/kg·K

cp
kJ/kg·K

cv
kJ/kg·K k

Air — 0.2870 1.005 0.718 1.400
Argon Ar 0.2081 0.5203 0.3122 1.667
Butane C4H10 0.1433 1.7164 1.5734 1.091
Carbon dioxide CO2 0.1889 0.846 0.657 1.289
Carbon monoxide CO 0.2968 1.040 0.744 1.400
Ethane C2H6 0.2765 1.7662 1.4897 1.186
Ethylene C2H4 0.2964 1.5482 1.2518 1.237
Helium He 2.0769 5.1926 3.1156 1.667
Hydrogen H2 4.1240 14.307 10.183 1.405
Methane CH4 0.5182 2.2537 1.7354 1.299
Neon Ne 0.4119 1.0299 0.6179 1.667
Nitrogen N2 0.2968 1.039 0.743 1.400
Octane C8H18 0.0729 1.7113 1.6385 1.044
Oxygen O2 0.2598 0.918 0.658 1.395
Propane C3H8 0.1885 1.6794 1.4909 1.126
Steam H2O 0.4615 1.8723 1.4108 1.327

Note: The unit kJ/kg·K is equivalent to kJ/kg·ºC.
Source of Data: B. G. Kyle, Chemical and Process Thermodynamics, 3rd ed. (Upper Saddle River, NJ: Prentice Hall, 2000).
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TABLE A–2
Ideal-gas specific heats of various common gases (Continued)

(b) At various temperatures

Temperature,
K

cp
kJ/kg·K

cv
kJ/kg·K k

cp
kJ/kg·K

cv
kJ/kg·K k

cp
kJ/kg·K

cv
kJ/kg·K k

Air Carbon dioxide, CO2 Carbon monoxide, CO
250 1.003 0.716 1.401 0.791 0.602 1.314 1.039 0.743 1.400
300 1.005 0.718 1.400 0.846 0.657 1.288 1.040 0.744 1.399
350 1.008 0.721 1.398 0.895 0.706 1.268 1.043 0.746 1.398
400 1.013 0.726 1.395 0.939 0.750 1.252 1.047 0.751 1.395
450 1.020 0.733 1.391 0.978 0.790 1.239 1.054 0.757 1.392
500 1.029 0.742 1.387 1.014 0.825 1.229 1.063 0.767 1.387
550 1.040 0.753 1.381 1.046 0.857 1.220 1.075 0.778 1.382
600 1.051 0.764 1.376 1.075 0.886 1.213 1.087 0.790 1.376
650 1.063 0.776 1.370 1.102 0.913 1.207 1.100 0.803 1.370
700 1.075 0.788 1.364 1.126 0.937 1.202 1.113 0.816 1.364
750 1.087 0.800 1.359 1.148 0.959 1.197 1.126 0.829 1.358
800 1.099 0.812 1.354 1.169 0.980 1.193 1.139 0.842 1.353
900 1.121 0.834 1.344 1.204 1.015 1.186 1.163 0.866 1.343
1000 1.142 0.855 1.336 1.234 1.045 1.181 1.185 0.888 1.335

Hydrogen, H2 Nitrogen, N2 Oxygen, O2

250 14.051 9.927 1.416 1.039 0.742 1.400 0.913 0.653 1.398
300 14.307 10.183 1.405 1.039 0.743 1.400 0.918 0.658 1.395
350 14.427 10.302 1.400 1.041 0.744 1.399 0.928 0.668 1.389
400 14.476 10.352 1.398 1.044 0.747 1.397 0.941 0.681 1.382
450 14.501 10.377 1.398 1.049 0.752 1.395 0.956 0.696 1.373
500 14.513 10.389 1.397 1.056 0.759 1.391 0.972 0.712 1.365
550 14.530 10.405 1.396 1.065 0.768 1.387 0.988 0.728 1.358
600 14.546 10.422 1.396 1.075 0.778 1.382 1.003 0.743 1.350
650 14.571 10.447 1.395 1.086 0.789 1.376 1.017 0.758 1.343
700 14.604 10.480 1.394 1.098 0.801 1.371 1.031 0.771 1.337
750 14.645 10.521 1.392 1.110 0.813 1.365 1.043 0.783 1.332
800 14.695 10.570 1.390 1.121 0.825 1.360 1.054 0.794 1.327
900 14.822 10.698 1.385 1.145 0.849 1.349 1.074 0.814 1.319
1000 14.983 10.859 1.380 1.167 0.870 1.341 1.090 0.830 1.313

Source of Data: Kenneth Wark, Thermodynamics, 4th ed. (New York: McGraw–Hill, 1983), p. 783, Table A–4M. Originally published in Tables of Thermal Properties of 
Gases, NBS Circular 564, 1955.



885
APPENDIX 1

Source of Data: B. G. Kyle, Chemical and Process Thermodynamics (Englewood Cliffs, NJ: Prentice–Hall, 1984).

TABLE A–2
Ideal-gas specific heats of various common gases (Concluded)

(c) As a function of temperature

   _ c   p   = a + bT + c T   2  + d T   3  
(T in K, cp in kJ/kmol·K)

Substance Formula a b c d
Temperature 
range, K

% error

Max. Avg.
Nitrogen N2 28.90 −0.1571 × 10−2 0.8081 × 10−5 −2.873 × 10−9 273–1800 0.59 0.34
Oxygen O2 25.48 1.520 × 10−2 −0.7155 × 10−5 1.312 × 10−9 273–1800 1.19 0.28
Air — 28.11 0.1967 × 10−2 0.4802 × 10−5 −1.966 × 10−9 273–1800 0.72 0.33
Hydrogen H2 29.11 −0.1916 × 10−2 0.4003 × 10−5 −0.8704 × 10−9 273–1800 1.01 0.26
Carbon monoxide CO 28.16 0.1675 × 10−2 0.5372 × 10−5 −2.222 × 10−9 273–1800 0.89 0.37
Carbon dioxide CO2 22.26 5.981 × 10−2 −3.501 × 10−5 7.469 × 10−9 273–1800 0.67 0.22
Water vapor H2O 32.24 0.1923 × 10−2 1.055 × 10−5 −3.595 × 10−9 273–1800 0.53 0.24
Nitric oxide NO 29.34 −0.09395 × 10−2 0.9747 × 10−5 −4.187 × 10−9 273–1500 0.97 0.36
Nitrous oxide N2O 24.11 5.8632 × 10−2 −3.562 × 10−5 10.58 × 10−9 273–1500 0.59 0.26
Nitrogen dioxide NO2 22.9 5.715 × 10−2 −3.52 × 10−5 7.87 × 10−9 273–1500 0.46 0.18
Ammonia NH3 27.568 2.5630 × 10−2 0.99072 × 10−5 −6.6909 × 10−9 273–1500 0.91 0.36
Sulfur S 27.21 2.218 × 10−2 −1.628 × 10−5  3.986 × 10−9 273–1800 0.99 0.38
Sulfur  
 dioxide SO2 25.78 5.795 × 10−2 −3.812 × 10−5 8.612 × 10−9 273–1800 0.45 0.24
Sulfur  
 trioxide SO3 16.40 14.58 × 10−2 −11.20 × 10−5 32.42 × 10−9 273–1300 0.29 0.13
Acetylene C2H2 21.8 9.2143 × 10−2 −6.527 × 10−5 18.21 × 10−9 273–1500 1.46 0.59
Benzene C6H6 −36.22 48.475 × 10−2 −31.57 × 10−5 77.62 × 10−9 273–1500 0.34 0.20
Methanol CH4O 19.0 9.152 × 10−2 −1.22 × 10−5 −8.039 × 10−9 273–1000 0.18 0.08
Ethanol C2H6O 19.9 20.96 × 10−2 −10.38 × 10−5 20.05 × 10−9 273–1500 0.40 0.22
Hydrogen 
 chloride HCl 30.33 −0.7620 × 10−2 1.327 × 10−5 −4.338 × 10−9 273–1500 0.22 0.08
Methane CH4 19.89 5.024 × 10−2 1.269 × 10−5 −11.01 × 10−9 273–1500 1.33 0.57
Ethane C2H6 6.900   17.27 × 10−2 −6.406 × 10−5 7.285 × 10−9 273–1500 0.83 0.28
Propane C3H8 −4.04 30.48 × 10−2 −15.72 × 10−5 31.74 × 10−9 273–1500 0.40 0.12
n-Butane C4H10 3.96 37.15 × 10−2 −18.34 × 10−5 35.00 × 10−9 273–1500 0.54 0.24
i-Butane C4H10 −7.913 41.60 × 10−2 −23.01 × 10−5 49.91 × 10−9 273–1500 0.25 0.13
n-Pentane C5H12 6.774 45.43 × 10−2 −22.46 × 10−5 42.29 × 10−9 273–1500 0.56 0.21
n-Hexane C6H14 6.938 55.22 × 10−2 −28.65 × 10−5 57.69 × 10−9 273–1500 0.72 0.20
Ethylene C2H4 3.95 15.64 × 10−2 −8.344 × 10−5 17.67 × 10−9 273–1500 0.54 0.13
Propylene C3H6 3.15 23.83 × 10−2 −12.18 × 10−5 24.62 × 10−9 273–1500 0.73 0.17
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TABLE A–3
Properties of common liquids, solids, and foods

(a) Liquids

Substance

Boiling data at 1 atm Freezing data Liquid properties

Normal 
boiling 

point, °C

Latent heat of 
vaporization

hfg, kJ/kg
Freezing 
point, °C

Latent heat 
of fusion
hif,kJ/kg

Temperature, 
°C

Density
ρ, kg/m3

Specific 
heat

cp, kJ/kg·K
Ammonia −33.3 1357 −77.7 322.4 −33.3 682 4.43

−20 665 4.52
0 639 4.60

25 602 4.80
Argon −185.9 161.6 −189.3 28 −185.6 1394 1.14
Benzene 80.2 394 5.5 126 20 879 1.72
Brine (20% sodium  
 chloride by mass) 103.9 — −17.4 — 20 1150 3.11
n-Butane −0.5 385.2 −138.5 80.3 −0.5 601 2.31
Carbon dioxide −78.4* 230.5 (at 0°C) −56.6 0 298 0.59
Ethanol 78.2 838.3 −114.2 109 25 783 2.46
Ethyl alcohol 78.6 855 −156 108 20 789 2.84
Ethylene glycol 198.1 800.1 −10.8 181.1 20 1109 2.84
Glycerine 179.9 974 18.9 200.6 20 1261 2.32
Helium −268.9 22.8 — — −268.9 146.2 22.8
Hydrogen −252.8 445.7 −259.2 59.5 −252.8 70.7 10.0
Isobutane −11.7 367.1 −160 105.7 −11.7 593.8 2.28
Kerosene 204–293 251 −24.9 — 20 820 2.00
Mercury 356.7 294.7 −38.9 11.4 25 13,560 0.139
Methane −161.5 510.4 −182.2 58.4 −161.5 423 3.49

−100 301 5.79
Methanol 64.5 1100 −97.7 99.2 25 787 2.55
Nitrogen −195.8 198.6 −210 25.3 −195.8 809 2.06

−160 596 2.97
Octane 124.8 306.3 −57.5 180.7 20 703 2.10
Oil (light) 25 910 1.80
Oxygen −183 212.7 −218.8 13.7 −183 1141 1.71
Petroleum — 230–384 20 640 2.0
Propane −42.1 427.8 −187.7 80.0 −42.1 581 2.25

0 529 2.53
50 449 3.13

Refrigerant-134a −26.1 217.0 −96.6 — −50 1443 1.23
−26.1 1374 1.27

0 1295 1.34
25 1207 1.43

Water 100 2257 0.0 333.7 0 1000 4.22
25 997 4.18
50 988 4.18
75 975 4.19

100 958 4.22
*Sublimation temperature. (At pressures below the triple–point pressure of 518 kPa, carbon dioxide exists as a solid or gas. Also, the freezing–point temperature of carbon 
dioxide is the triple–point temperature of −56.5°C.)
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TABLE A–3
Properties of common liquids, solids, and foods (Concluded)

(b) Solids (values are for room temperature unless indicated otherwise)

Substance
Density,
ρ kg/m3

Specific heat,
cp kJ/kg·K Substance

Density,
ρ kg/m3

Specific heat,
cp kJ/kg·K

Metals Nonmetals
Aluminum Asphalt 2110 0.920
200 K 0.797 Brick, common 1922 0.79
250 K 0.859 Brick, fireclay (500°C) 2300 0.960
300 K 2,700 0.902 Concrete 2300 0.653
350 K 0.929 Clay 1000 0.920
400 K 0.949 Diamond 2420 0.616
450 K 0.973 Glass, window 2700 0.800
500 K 0.997 Glass, pyrex 2230 0.840
Bronze (76% Cu,  
 2% Zn, 2% Al) 8,280 0.400 Graphite 2500 0.711

Granite 2700 1.017
Brass, yellow (65%  
 Cu, 35% Zn) 8,310 0.400 Gypsum or plaster board 800 1.09

Ice
Copper  200 K 1.56
 −173°C 0.254  220 K 1.71
 −100°C 0.342  240 K 1.86
  −50°C 0.367  260 K 2.01
   0°C 0.381  273 K 921 2.11
   27°C 8,900 0.386 Limestone 1650 0.909
  100°C 0.393 Marble 2600 0.880
  200°C 0.403 Plywood (Douglas Fir) 545 1.21
Iron 7,840 0.45 Rubber (soft) 1100 1.840
Lead 11,310 0.128 Rubber (hard) 1150 2.009
Magnesium 1,730 1.000 Sand 1520 0.800
Nickel 8,890 0.440 Stone 1500 0.800
Silver 10,470 0.235 Woods, hard (maple, oak, etc.) 721 1.26
Steel, mild 7,830 0.500 Woods, soft (fir, pine, etc.) 513 1.38
Tungsten 19,400 0.130

(c) Foods

Food

Water 
content,  
% (mass)

Freezing 
point, °C

Specific heat,  
kJ/kg·K

Latent  
heat of 
fusion,  
kJ/kg Food

Water  
content,  
% (mass)

Freezing 
point, °C

Specific heat,  
kJ/kg·K

Latent  
heat of 
fusion,  
kJ/kg

Above 
freezing

Below 
freezing

Above 
freezing

Below 
freezing

Apples 84 −1.1 3.65 1.90 281 Lettuce 95 −0.2 4.02 2.04 317
Bananas 75 −0.8 3.35 1.78 251 Milk, whole 88 −0.6 3.79 1.95 294
Beef round 67 — 3.08 1.68 224 Oranges 87 −0.8 3.75 1.94 291
Broccoli 90 −0.6 3.86 1.97 301 Potatoes 78 −0.6 3.45 1.82 261
Butter 16 — — 1.04 53 Salmon fish 64 −2.2 2.98 1.65 214
Cheese,  
 swiss 39 −10.0 2.15 1.33 130 Shrimp 83 −2.2 3.62 1.89 277
Cherries 80 −1.8 3.52 1.85 267 Spinach 93 −0.3 3.96 2.01 311
Chicken 74 −2.8 3.32 1.77 247 Strawberries 90 −0.8 3.86 1.97 301
Corn, sweet 74 −0.6 3.32 1.77 247 Tomatoes, ripe 94 −0.5 3.99 2.02 314
Eggs, whole 74 −0.6 3.32 1.77 247 Turkey 64 — 2.98 1.65 214
Ice cream 63 −5.6 2.95 1.63 210 Watermelon 93 −0.4 3.96 2.01 311

Source of Data: Values are obtained from various handbooks and other sources or are calculated. Water content and freezing–point data of foods are from ASHRAE, 
Handbook of Fundamentals, SI version (Atlanta, GA: American Society of Heating, Refrigerating and Air–Conditioning Engineers, Inc., 1993), Chapter 30, Table1.  
Freezing point is the temperature at which freezing starts for fruits and vegetables, and the average freezing temperature for other foods.
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TABLE A–4
Saturated water—Temperature table

Specific volume,
m3/kg

Internal energy,
kJ/kg

Enthalpy,
kJ/kg

Entropy,
kJ/kg·K

Temp.,
T °C

Sat.
Press.,
Psat kPa

Sat.
liquid,
vf

Sat.
vapor,
vg

Sat.
liquid,
uf

Evap.,
ufg

Sat.
vapor,
ug

Sat.
liquid,
hf

Evap.,
hfg

Sat.
vapor,
hg

Sat.
liquid,
sf

Evap.,
sfg

Sat.
vapor,
sg

0.01 0.6117 0.001000 206.00 0.000 2374.9 2374.9 0.001 2500.9 2500.9 0.0000 9.1556 9.1556
5 0.8725 0.001000 147.03 21.019 2360.8 2381.8 21.020 2489.1 2510.1 0.0763 8.9487 9.0249

10 1.2281 0.001000 106.32 42.020 2346.6 2388.7 42.022 2477.2 2519.2 0.1511 8.7488 8.8999
15 1.7057 0.001001 77.885 62.980 2332.5 2395.5 62.982 2465.4 2528.3 0.2245 8.5559 8.7803
20 2.3392 0.001002 57.762 83.913 2318.4 2402.3 83.915 2453.5 2537.4 0.2965 8.3696 8.6661
25 3.1698 0.001003 43.340 104.83 2304.3 2409.1 104.83 2441.7 2546.5 0.3672 8.1895 8.5567
30 4.2469 0.001004 32.879 125.73 2290.2 2415.9 125.74 2429.8 2555.6 0.4368 8.0152 8.4520
35 5.6291 0.001006 25.205 146.63 2276.0 2422.7 146.64 2417.9 2564.6 0.5051 7.8466 8.3517
40 7.3851 0.001008 19.515 167.53 2261.9 2429.4 167.53 2406.0 2573.5 0.5724 7.6832 8.2556
45 9.5953 0.001010 15.251 188.43 2247.7 2436.1 188.44 2394.0 2582.4 0.6386 7.5247 8.1633
50 12.352 0.001012 12.026 209.33 2233.4 2442.7 209.34 2382.0 2591.3 0.7038 7.3710 8.0748
55 15.763 0.001015 9.5639 230.24 2219.1 2449.3 230.26 2369.8 2600.1 0.7680 7.2218 7.9898
60 19.947 0.001017 7.6670 251.16 2204.7 2455.9 251.18 2357.7 2608.8 0.8313 7.0769 7.9082
65 25.043 0.001020 6.1935 272.09 2190.3 2462.4 272.12 2345.4 2617.5 0.8937 6.9360 7.8296
70 31.202 0.001023 5.0396 293.04 2175.8 2468.9 293.07 2333.0 2626.1 0.9551 6.7989 7.7540
75 38.597 0.001026 4.1291 313.99 2161.3 2475.3 314.03 2320.6 2634.6 1.0158 6.6655 7.6812
80 47.416 0.001029 3.4053 334.97 2146.6 2481.6 335.02 2308.0 2643.0 1.0756 6.5355 7.6111
85 57.868 0.001032 2.8261 355.96 2131.9 2487.8 356.02 2295.3 2651.4 1.1346 6.4089 7.5435
90 70.183 0.001036 2.3593 376.97 2117.0 2494.0 377.04 2282.5 2659.6 1.1929 6.2853 7.4782
95 84.609 0.001040 1.9808 398.00 2102.0 2500.1 398.09 2269.6 2667.6 1.2504 6.1647 7.4151

100 101.42 0.001043 1.6720 419.06 2087.0 2506.0 419.17 2256.4 2675.6 1.3072 6.0470 7.3542
105 120.90 0.001047 1.4186 440.15 2071.8 2511.9 440.28 2243.1 2683.4 1.3634 5.9319 7.2952
110 143.38 0.001052 1.2094 461.27 2056.4 2517.7 461.42 2229.7 2691.1 1.4188 5.8193 7.2382
115 169.18 0.001056 1.0360 482.42 2040.9 2523.3 482.59 2216.0 2698.6 1.4737 5.7092 7.1829
120 198.67 0.001060 0.89133 503.60 2025.3 2528.9 503.81 2202.1 2706.0 1.5279 5.6013 7.1292
125 232.23 0.001065 0.77012 524.83 2009.5 2534.3 525.07 2188.1 2713.1 1.5816 5.4956 7.0771
130 270.28 0.001070 0.66808 546.10 1993.4 2539.5 546.38 2173.7 2720.1 1.6346 5.3919 7.0265
135 313.22 0.001075 0.58179 567.41 1977.3 2544.7 567.75 2159.1 2726.9 1.6872 5.2901 6.9773
140 361.53 0.001080 0.50850 588.77 1960.9 2549.6 589.16 2144.3 2733.5 1.7392 5.1901 6.9294
145 415.68 0.001085 0.44600 610.19 1944.2 2554.4 610.64 2129.2 2739.8 1.7908 5.0919 6.8827
150 476.16 0.001091 0.39248 631.66 1927.4 2559.1 632.18 2113.8 2745.9 1.8418 4.9953 6.8371
155 543.49 0.001096 0.34648 653.19 1910.3 2563.5 653.79 2098.0 2751.8 1.8924 4.9002 6.7927
160 618.23 0.001102 0.30680 674.79 1893.0 2567.8 675.47 2082.0 2757.5 1.9426 4.8066 6.7492
165 700.93 0.001108 0.27244 696.46 1875.4 2571.9 697.24 2065.6 2762.8 1.9923 4.7143 6.7067
170 792.18 0.001114 0.24260 718.20 1857.5 2575.7 719.08 2048.8 2767.9 2.0417 4.6233 6.6650
175 892.60 0.001121 0.21659 740.02 1839.4 2579.4 741.02 2031.7 2772.7 2.0906 4.5335 6.6242
180 1002.8 0.001127 0.19384 761.92 1820.9 2582.8 763.05 2014.2 2777.2 2.1392 4.4448 6.5841
185 1123.5 0.001134 0.17390 783.91 1802.1 2586.0 785.19 1996.2 2781.4 2.1875 4.3572 6.5447
190 1255.2 0.001141 0.15636 806.00 1783.0 2589.0 807.43 1977.9 2785.3 2.2355 4.2705 6.5059
195 1398.8 0.001149 0.14089 828.18 1763.6 2591.7 829.78 1959.0 2788.8 2.2831 4.1847 6.4678
200 1554.9 0.001157 0.12721 850.46 1743.7 2594.2 852.26 1939.8 2792.0 2.3305 4.0997 6.4302
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TABLE A–4
Saturated water—Temperature table

Specific volume,
m3/kg

Internal energy,
kJ/kg

Enthalpy,
kJ/kg

Entropy,
kJ/kg·K

Temp.,
T °C

Sat.
Press.,
Psat kPa

Sat.
liquid,
vf

Sat.
vapor,
vg

Sat.
liquid,
uf

Evap.,
ufg

Sat.
vapor,
ug

Sat.
liquid,
hf

Evap.,
hfg

Sat.
vapor,
hg

Sat.
liquid,
sf

Evap.,
sfg

Sat.
vapor,
sg

205 1724.3 0.001164 0.11508 872.86 1723.5 2596.4 874.87 1920.0 2794.8 2.3776 4.0154 6.3930
210 1907.7 0.001173 0.10429 895.38 1702.9 2598.3 897.61 1899.7 2797.3 2.4245 3.9318 6.3563
215 2105.9 0.001181 0.094680 918.02 1681.9 2599.9 920.50 1878.8 2799.3 2.4712 3.8489 6.3200
220 2319.6 0.001190 0.086094 940.79 1660.5 2601.3 943.55 1857.4 2801.0 2.5176 3.7664 6.2840
225 2549.7 0.001199 0.078405 963.70 1638.6 2602.3 966.76 1835.4 2802.2 2.5639 3.6844 6.2483
230 2797.1 0.001209 0.071505 986.76 1616.1 2602.9 990.14 1812.8 2802.9 2.6100 3.6028 6.2128
235 3062.6 0.001219 0.065300 1010.0 1593.2 2603.2 1013.7 1789.5 2803.2 2.6560 3.5216 6.1775
240 3347.0 0.001229 0.059707 1033.4 1569.8 2603.1 1037.5 1765.5 2803.0 2.7018 3.4405 6.1424
245 3651.2 0.001240 0.054656 1056.9 1545.7 2602.7 1061.5 1740.8 2802.2 2.7476 3.3596 6.1072
250 3976.2 0.001252 0.050085 1080.7 1521.1 2601.8 1085.7 1715.3 2801.0 2.7933 3.2788 6.0721
255 4322.9 0.001263 0.045941 1104.7 1495.8 2600.5 1110.1 1689.0 2799.1 2.8390 3.1979 6.0369
260 4692.3 0.001276 0.042175 1128.8 1469.9 2598.7 1134.8 1661.8 2796.6 2.8847 3.1169 6.0017
265 5085.3 0.001289 0.038748 1153.3 1443.2 2596.5 1159.8 1633.7 2793.5 2.9304 3.0358 5.9662
270 5503.0 0.001303 0.035622 1177.9 1415.7 2593.7 1185.1 1604.6 2789.7 2.9762 2.9542 5.9305
275 5946.4 0.001317 0.032767 1202.9 1387.4 2590.3 1210.7 1574.5 2785.2 3.0221 2.8723 5.8944
280 6416.6 0.001333 0.030153 1228.2 1358.2 2586.4 1236.7 1543.2 2779.9 3.0681 2.7898 5.8579
285 6914.6 0.001349 0.027756 1253.7 1328.1 2581.8 1263.1 1510.7 2773.7 3.1144 2.7066 5.8210
290 7441.8 0.001366 0.025554 1279.7 1296.9 2576.5 1289.8 1476.9 2766.7 3.1608 2.6225 5.7834
295 7999.0 0.001384 0.023528 1306.0 1264.5 2570.5 1317.1 1441.6 2758.7 3.2076 2.5374 5.7450
300 8587.9 0.001404 0.021659 1332.7 1230.9 2563.6 1344.8 1404.8 2749.6 3.2548 2.4511 5.7059
305 9209.4 0.001425 0.019932 1360.0 1195.9 2555.8 1373.1 1366.3 2739.4 3.3024 2.3633 5.6657
310 9865.0 0.001447 0.018333 1387.7 1159.3 2547.1 1402.0 1325.9 2727.9 3.3506 2.2737 5.6243
315 10,556 0.001472 0.016849 1416.1 1121.1 2537.2 1431.6 1283.4 2715.0 3.3994 2.1821 5.5816
320 11,284 0.001499 0.015470 1445.1 1080.9 2526.0 1462.0 1238.5 2700.6 3.4491 2.0881 5.5372
325 12,051 0.001528 0.014183 1475.0 1038.5 2513.4 1493.4 1191.0 2684.3 3.4998 1.9911 5.4908
330 12,858 0.001560 0.012979 1505.7 993.5 2499.2 1525.8 1140.3 2666.0 3.5516 1.8906 5.4422
335 13,707 0.001597 0.011848 1537.5 945.5 2483.0 1559.4 1086.0 2645.4 3.6050 1.7857 5.3907
340 14,601 0.001638 0.010783 1570.7 893.8 2464.5 1594.6 1027.4 2622.0 3.6602 1.6756 5.3358
345 15,541 0.001685 0.009772 1605.5 837.7 2443.2 1631.7 963.4 2595.1 3.7179 1.5585 5.2765
350 16,529 0.001741 0.008806 1642.4 775.9 2418.3 1671.2 892.7 2563.9 3.7788 1.4326 5.2114
355 17,570 0.001808 0.007872 1682.2 706.4 2388.6 1714.0 812.9 2526.9 3.8442 1.2942 5.1384
360 18,666 0.001895 0.006950 1726.2 625.7 2351.9 1761.5 720.1 2481.6 3.9165 1.1373 5.0537
365 19,822 0.002015 0.006009 1777.2 526.4 2303.6 1817.2 605.5 2422.7 4.0004 0.9489 4.9493
370 21,044 0.002217 0.004953 1844.5 385.6 2230.1 1891.2 443.1 2334.3 4.1119 0.6890 4.8009
373.95 22,064 0.003106 0.003106 2015.7 0 2015.7 2084.3 0 2084.3 4.4070 0 4.4070
Source of Data: Tables A–4 through A–8 are generated using the Engineering Equation Solver (EES) software developed by S. A. Klein and F. L. Alvarado. The routine 
used in calculations is the highly accurate Steam_IAPWS, which incorporates the 1995 Formulation for the Thermodynamic Properties of Ordinary Water Substance for 
General and Scientific Use, issued by The International Association for the Properties of Water and Steam (IAPWS). This formulation replaces the 1984 formulation of 
Haar, Gallagher, and Kell (NBS/NRC Steam Tables, Hemisphere Publishing Co., 1984), which is also available in EES as the routine STEAM. The new formulation is 
based on the correlations of Saul and Wagner (J. Phys. Chem. Ref. Data, 16, 893, 1987) with modifications to adjust to the International Temperature Scale of 1990. The 
modifications are described by Wagner and Pruss (J. Phys. Chem. Ref. Data, 22, 783, 1993). The properties of ice are based on Hyland and Wexler, “Formulations for the 
Thermodynamic Properties of the Saturated Phases of H2O from 173.15 K to 473.15 K,” ASHRAE Trans., Part 2A, Paper 2793, 1983.

(Concluded)
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TABLE A–5
Saturated water—Pressure table

Specific volume,
m3/kg

Internal energy,
kJ/kg

Enthalpy,
kJ/kg

Entropy,
kJ/kg·K

Press.,
P kPa

Sat.
temp.,
Tsat °C

Sat.
liquid,
vf

Sat.
vapor,
vg

Sat.
liquid,
uf

Evap.,
ufg

Sat.
vapor,
ug

Sat.
liquid,
hf

Evap.,
hfg

Sat.
vapor,
hg

Sat.
liquid,
sf

Evap.,
sfg

Sat.
vapor,
sg

1.0 6.97 0.001000 129.19 29.302 2355.2 2384.5 29.303 2484.4 2513.7 0.1059 8.8690 8.9749
1.5 13.02 0.001001 87.964 54.686 2338.1 2392.8 54.688 2470.1 2524.7 0.1956 8.6314 8.8270
2.0 17.50 0.001001 66.990 73.431 2325.5 2398.9 73.433 2459.5 2532.9 0.2606 8.4621 8.7227
2.5 21.08 0.001002 54.242 88.422 2315.4 2403.8 88.424 2451.0 2539.4 0.3118 8.3302 8.6421
3.0 24.08 0.001003 45.654 100.98 2306.9 2407.9 100.98 2443.9 2544.8 0.3543 8.2222 8.5765
4.0 28.96 0.001004 34.791 121.39 2293.1 2414.5 121.39 2432.3 2553.7 0.4224 8.0510 8.4734
5.0 32.87 0.001005 28.185 137.75 2282.1 2419.8 137.75 2423.0 2560.7 0.4762 7.9176 8.3938
7.5 40.29 0.001008 19.233 168.74 2261.1 2429.8 168.75 2405.3 2574.0 0.5763 7.6738 8.2501

10 45.81 0.001010 14.670 191.79 2245.4 2437.2 191.81 2392.1 2583.9 0.6492 7.4996 8.1488
15 53.97 0.001014 10.020 225.93 2222.1 2448.0 225.94 2372.3 2598.3 0.7549 7.2522 8.0071
20 60.06 0.001017 7.6481 251.40 2204.6 2456.0 251.42 2357.5 2608.9 0.8320 7.0752 7.9073
25 64.96 0.001020 6.2034 271.93 2190.4 2462.4 271.96 2345.5 2617.5 0.8932 6.9370 7.8302
30 69.09 0.001022 5.2287 289.24 2178.5 2467.7 289.27 2335.3 2624.6 0.9441 6.8234 7.7675
40 75.86 0.001026 3.9933 317.58 2158.8 2476.3 317.62 2318.4 2636.1 1.0261 6.6430 7.6691
50 81.32 0.001030 3.2403 340.49 2142.7 2483.2 340.54 2304.7 2645.2 1.0912 6.5019 7.5931
75 91.76 0.001037 2.2172 384.36 2111.8 2496.1 384.44 2278.0 2662.4 1.2132 6.2426 7.4558

100 99.61 0.001043 1.6941 417.40 2088.2 2505.6 417.51 2257.5 2675.0 1.3028 6.0562 7.3589
101.325 99.97 0.001043 1.6734 418.95 2087.0 2506.0 419.06 2256.5 2675.6 1.3069 6.0476 7.3545
125 105.97 0.001048 1.3750 444.23 2068.8 2513.0 444.36 2240.6 2684.9 1.3741 5.9100 7.2841
150 111.35 0.001053 1.1594 466.97 2052.3 2519.2 467.13 2226.0 2693.1 1.4337 5.7894 7.2231
175 116.04 0.001057 1.0037 486.82 2037.7 2524.5 487.01 2213.1 2700.2 1.4850 5.6865 7.1716
200 120.21 0.001061 0.88578 504.50 2024.6 2529.1 504.71 2201.6 2706.3 1.5302 5.5968 7.1270
225 123.97 0.001064 0.79329 520.47 2012.7 2533.2 520.71 2191.0 2711.7 1.5706 5.5171 7.0877
250 127.41 0.001067 0.71873 535.08 2001.8 2536.8 535.35 2181.2 2716.5 1.6072 5.4453 7.0525
275 130.58 0.001070 0.65732 548.57 1991.6 2540.1 548.86 2172.0 2720.9 1.6408 5.3800 7.0207
300 133.52 0.001073 0.60582 561.11 1982.1 2543.2 561.43 2163.5 2724.9 1.6717 5.3200 6.9917
325 136.27 0.001076 0.56199 572.84 1973.1 2545.9 573.19 2155.4 2728.6 1.7005 5.2645 6.9650
350 138.86 0.001079 0.52422 583.89 1964.6 2548.5 584.26 2147.7 2732.0 1.7274 5.2128 6.9402
375 141.30 0.001081 0.49133 594.32 1956.6 2550.9 594.73 2140.4 2735.1 1.7526 5.1645 6.9171
400 143.61 0.001084 0.46242 604.22 1948.9 2553.1 604.66 2133.4 2738.1 1.7765 5.1191 6.8955
450 147.90 0.001088 0.41392 622.65 1934.5 2557.1 623.14 2120.3 2743.4 1.8205 5.0356 6.8561
500 151.83 0.001093 0.37483 639.54 1921.2 2560.7 640.09 2108.0 2748.1 1.8604 4.9603 6.8207
550 155.46 0.001097 0.34261 655.16 1908.8 2563.9 655.77 2096.6 2752.4 1.8970 4.8916 6.7886
600 158.83 0.001101 0.31560 669.72 1897.1 2566.8 670.38 2085.8 2756.2 1.9308 4.8285 6.7593
650 161.98 0.001104 0.29260 683.37 1886.1 2569.4 684.08 2075.5 2759.6 1.9623 4.7699 6.7322
700 164.95 0.001108 0.27278 696.23 1875.6 2571.8 697.00 2065.8 2762.8 1.9918 4.7153 6.7071
750 167.75 0.001111 0.25552 708.40 1865.6 2574.0 709.24 2056.4 2765.7 2.0195 4.6642 6.6837
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TABLE A–5
Saturated water—Pressure table

Specific volume,
m3/kg

Internal energy,
kJ/kg

Enthalpy,
kJ/kg

Entropy,
kJ/kg·K

Press.,
P kPa

Sat.
temp.,
Tsat °C

Sat.
liquid,
vf

Sat.
vapor,
vg

Sat.
liquid,
uf

Evap.,
ufg

Sat.
vapor,
ug

Sat.
liquid,
hf

Evap.,
hfg

Sat.
vapor,
hg

Sat.
liquid,
sf

Evap.,
sfg

Sat.
vapor,
sg

800 170.41 0.001115 0.24035 719.97 1856.1 2576.0 720.87 2047.5 2768.3 2.0457 4.6160 6.6616
850 172.94 0.001118 0.22690 731.00 1846.9 2577.9 731.95 2038.8 2770.8 2.0705 4.5705 6.6409
900 175.35 0.001121 0.21489 741.55 1838.1 2579.6 742.56 2030.5 2773.0 2.0941 4.5273 6.6213
950 177.66 0.001124 0.20411 751.67 1829.6 2581.3 752.74 2022.4 2775.2 2.1166 4.4862 6.6027

1000 179.88 0.001127 0.19436 761.39 1821.4 2582.8 762.51 2014.6 2777.1 2.1381 4.4470 6.5850
1100 184.06 0.001133 0.17745 779.78 1805.7 2585.5 781.03 1999.6 2780.7 2.1785 4.3735 6.5520
1200 187.96 0.001138 0.16326 796.96 1790.9 2587.8 798.33 1985.4 2783.8 2.2159 4.3058 6.5217
1300 191.60 0.001144 0.15119 813.10 1776.8 2589.9 814.59 1971.9 2786.5 2.2508 4.2428 6.4936
1400 195.04 0.001149 0.14078 828.35 1763.4 2591.8 829.96 1958.9 2788.9 2.2835 4.1840 6.4675
1500 198.29 0.001154 0.13171 842.82 1750.6 2593.4 844.55 1946.4 2791.0 2.3143 4.1287 6.4430
1750 205.72 0.001166 0.11344 876.12 1720.6 2596.7 878.16 1917.1 2795.2 2.3844 4.0033 6.3877
2000 212.38 0.001177 0.099587 906.12 1693.0 2599.1 908.47 1889.8 2798.3 2.4467 3.8923 6.3390
2250 218.41 0.001187 0.088717 933.54 1667.3 2600.9 936.21 1864.3 2800.5 2.5029 3.7926 6.2954
2500 223.95 0.001197 0.079952 958.87 1643.2 2602.1 961.87 1840.1 2801.9 2.5542 3.7016 6.2558
3000 233.85 0.001217 0.066667 1004.6 1598.5 2603.2 1008.3 1794.9 2803.2 2.6454 3.5402 6.1856
3500 242.56 0.001235 0.057061 1045.4 1557.6 2603.0 1049.7 1753.0 2802.7 2.7253 3.3991 6.1244
4000 250.35 0.001252 0.049779 1082.4 1519.3 2601.7 1087.4 1713.5 2800.8 2.7966 3.2731 6.0696
5000 263.94 0.001286 0.039448 1148.1 1448.9 2597.0 1154.5 1639.7 2794.2 2.9207 3.0530 5.9737
6000 275.59 0.001319 0.032449 1205.8 1384.1 2589.9 1213.8 1570.9 2784.6 3.0275 2.8627 5.8902
7000 285.83 0.001352 0.027378 1258.0 1323.0 2581.0 1267.5 1505.2 2772.6 3.1220 2.6927 5.8148
8000 295.01 0.001384 0.023525 1306.0 1264.5 2570.5 1317.1 1441.6 2758.7 3.2077 2.5373 5.7450
9000 303.35 0.001418 0.020489 1350.9 1207.6 2558.5 1363.7 1379.3 2742.9 3.2866 2.3925 5.6791

10,000 311.00 0.001452 0.018028 1393.3 1151.8 2545.2 1407.8 1317.6 2725.5 3.3603 2.2556 5.6159
11,000 318.08 0.001488 0.015988 1433.9 1096.6 2530.4 1450.2 1256.1 2706.3 3.4299 2.1245 5.5544
12,000 324.68 0.001526 0.014264 1473.0 1041.3 2514.3 1491.3 1194.1 2685.4 3.4964 1.9975 5.4939
13,000 330.85 0.001566 0.012781 1511.0 985.5 2496.6 1531.4 1131.3 2662.7 3.5606 1.8730 5.4336
14,000 336.67 0.001610 0.011487 1548.4 928.7 2477.1 1571.0 1067.0 2637.9 3.6232 1.7497 5.3728
15,000 342.16 0.001657 0.010341 1585.5 870.3 2455.7 1610.3 1000.5 2610.8 3.6848 1.6261 5.3108
16,000 347.36 0.001710 0.009312 1622.6 809.4 2432.0 1649.9 931.1 2581.0 3.7461 1.5005 5.2466
17,000 352.29 0.001770 0.008374 1660.2 745.1 2405.4 1690.3 857.4 2547.7 3.8082 1.3709 5.1791
18,000 356.99 0.001840 0.007504 1699.1 675.9 2375.0 1732.2 777.8 2510.0 3.8720 1.2343 5.1064
19,000 361.47 0.001926 0.006677 1740.3 598.9 2339.2 1776.8 689.2 2466.0 3.9396 1.0860 5.0256
20,000 365.75 0.002038 0.005862 1785.8 509.0 2294.8 1826.6 585.5 2412.1 4.0146 0.9164 4.9310
21,000 369.83 0.002207 0.004994 1841.6 391.9 2233.5 1888.0 450.4 2338.4 4.1071 0.7005 4.8076
22,000 373.71 0.002703 0.003644 1951.7 140.8 2092.4 2011.1 161.5 2172.6 4.2942 0.2496 4.5439
22,064 373.95 0.003106 0.003106 2015.7 0 2015.7 2084.3 0 2084.3 4.4070 0 4.4070

(Concluded)
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TABLE A–6
Superheated water
T
°C

v
m3/kg

u
kJ/kg

h
kJ/kg

s
kJ/kg·K

v
m3/kg

u
kJ/kg

h
kJ/kg

s
kJ/kg·K

v
m3/kg

u
kJ/kg

h
kJ/kg

s
kJ/kg·K

P = 0.01 MPa (45.81°C)* P = 0.05 MPa (81.32°C) P = 0.10 MPa (99.61°C)
Sat.† 14.670 2437.2 2583.9 8.1488 3.2403 2483.2 2645.2 7.5931 1.6941 2505.6 2675.0 7.3589

50 14.867 2443.3 2592.0 8.1741
100 17.196 2515.5 2687.5 8.4489 3.4187 2511.5 2682.4 7.6953 1.6959 2506.2 2675.8 7.3611
150 19.513 2587.9 2783.0 8.6893 3.8897 2585.7 2780.2 7.9413 1.9367 2582.9 2776.6 7.6148
200 21.826 2661.4 2879.6 8.9049 4.3562 2660.0 2877.8 8.1592 2.1724 2658.2 2875.5 7.8356
250 24.136 2736.1 2977.5 9.1015 4.8206 2735.1 2976.2 8.3568 2.4062 2733.9 2974.5 8.0346
300 26.446 2812.3 3076.7 9.2827 5.2841 2811.6 3075.8 8.5387 2.6389 2810.7 3074.5 8.2172
400 31.063 2969.3 3280.0 9.6094 6.2094 2968.9 3279.3 8.8659 3.1027 2968.3 3278.6 8.5452
500 35.680 3132.9 3489.7 9.8998 7.1338 3132.6 3489.3 9.1566 3.5655 3132.2 3488.7 8.8362
600 40.296 3303.3 3706.3 10.1631 8.0577 3303.1 3706.0 9.4201 4.0279 3302.8 3705.6 9.0999
700 44.911 3480.8 3929.9 10.4056 8.9813 3480.6 3929.7 9.6626 4.4900 3480.4 3929.4 9.3424
800 49.527 3665.4 4160.6 10.6312 9.9047 3665.2 4160.4 9.8883 4.9519 3665.0 4160.2 9.5682
900 54.143 3856.9 4398.3 10.8429 10.8280 3856.8 4398.2 10.1000 5.4137 3856.7 4398.0 9.7800

1000 58.758 4055.3 4642.8 11.0429 11.7513 4055.2 4642.7 10.3000 5.8755 4055.0 4642.6 9.9800
1100 63.373 4260.0 4893.8 11.2326 12.6745 4259.9 4893.7 10.4897 6.3372 4259.8 4893.6 10.1698
1200 67.989 4470.9 5150.8 11.4132 13.5977 4470.8 5150.7 10.6704 6.7988 4470.7 5150.6 10.3504
1300 72.604 4687.4 5413.4 11.5857 14.5209 4687.3 5413.3 10.8429 7.2605 4687.2 5413.3 10.5229

P = 0.20 MPa (120.21°C) P = 0.30 MPa (133.52°C) P = 0.40 MPa (143.61°C)
Sat. 0.88578 2529.1 2706.3 7.1270 0.60582 2543.2 2724.9 6.9917 0.46242 2553.1 2738.1 6.8955
150 0.95986 2577.1 2769.1 7.2810 0.63402 2571.0 2761.2 7.0792 0.47088 2564.4 2752.8 6.9306
200 1.08049 2654.6 2870.7 7.5081 0.71643 2651.0 2865.9 7.3132 0.53434 2647.2 2860.9 7.1723
250 1.19890 2731.4 2971.2 7.7100 0.79645 2728.9 2967.9 7.5180 0.59520 2726.4 2964.5 7.3804
300 1.31623 2808.8 3072.1 7.8941 0.87535 2807.0 3069.6 7.7037 0.65489 2805.1 3067.1 7.5677
400 1.54934 2967.2 3277.0 8.2236 1.03155 2966.0 3275.5 8.0347 0.77265 2964.9 3273.9 7.9003
500 1.78142 3131.4 3487.7 8.5153 1.18672 3130.6 3486.6 8.3271 0.88936 3129.8 3485.5 8.1933
600 2.01302 3302.2 3704.8 8.7793 1.34139 3301.6 3704.0 8.5915 1.00558 3301.0 3703.3 8.4580
700 2.24434 3479.9 3928.8 9.0221 1.49580 3479.5 3928.2 8.8345 1.12152 3479.0 3927.6 8.7012
800 2.47550 3664.7 4159.8 9.2479 1.65004 3664.3 4159.3 9.0605 1.23730 3663.9 4158.9 8.9274
900 2.70656 3856.3 4397.7 9.4598 1.80417 3856.0 4397.3 9.2725 1.35298 3855.7 4396.9 9.1394

1000 2.93755 4054.8 4642.3 9.6599 1.95824 4054.5 4642.0 9.4726 1.46859 4054.3 4641.7 9.3396
1100 3.16848 4259.6 4893.3 9.8497 2.11226 4259.4 4893.1 9.6624 1.58414 4259.2 4892.9 9.5295
1200 3.39938 4470.5 5150.4 10.0304 2.26624 4470.3 5150.2 9.8431 1.69966 4470.2 5150.0 9.7102
1300 3.63026 4687.1 5413.1 10.2029 2.42019 4686.9 5413.0 10.0157 1.81516 4686.7 5412.8 9.8828

P = 0.50 MPa (151.83°C) P = 0.60 MPa (158.83°C) P = 0.80 MPa (170.41°C)
Sat. 0.37483 2560.7 2748.1 6.8207 0.31560 2566.8 2756.2 6.7593 0.24035 2576.0 2768.3 6.6616
200 0.42503 2643.3 2855.8 7.0610 0.35212 2639.4 2850.6 6.9683 0.26088 2631.1 2839.8 6.8177
250 0.47443 2723.8 2961.0 7.2725 0.39390 2721.2 2957.6 7.1833 0.29321 2715.9 2950.4 7.0402
300 0.52261 2803.3 3064.6 7.4614 0.43442 2801.4 3062.0 7.3740 0.32416 2797.5 3056.9 7.2345
350 0.57015 2883.0 3168.1 7.6346 0.47428 2881.6 3166.1 7.5481 0.35442 2878.6 3162.2 7.4107
400 0.61731 2963.7 3272.4 7.7956 0.51374 2962.5 3270.8 7.7097 0.38429 2960.2 3267.7 7.5735
500 0.71095 3129.0 3484.5 8.0893 0.59200 3128.2 3483.4 8.0041 0.44332 3126.6 3481.3 7.8692
600 0.80409 3300.4 3702.5 8.3544 0.66976 3299.8 3701.7 8.2695 0.50186 3298.7 3700.1 8.1354
700 0.89696 3478.6 3927.0 8.5978 0.74725 3478.1 3926.4 8.5132 0.56011 3477.2 3925.3 8.3794
800 0.98966 3663.6 4158.4 8.8240 0.82457 3663.2 4157.9 8.7395 0.61820 3662.5 4157.0 8.6061
900 1.08227 3855.4 4396.6 9.0362 0.90179 3855.1 4396.2 8.9518 0.67619 3854.5 4395.5 8.8185

1000 1.17480 4054.0 4641.4 9.2364 0.97893 4053.8 4641.1 9.1521 0.73411 4053.3 4640.5 9.0189
1100 1.26728 4259.0 4892.6 9.4263 1.05603 4258.8 4892.4 9.3420 0.79197 4258.3 4891.9 9.2090
1200 1.35972 4470.0 5149.8 9.6071 1.13309 4469.8 5149.6 9.5229 0.84980 4469.4 5149.3 9.3898
1300 1.45214 4686.6 5412.6 9.7797 1.21012 4686.4 5412.5 9.6955 0.90761 4686.1 5412.2 9.5625

*The temperature in parentheses is the saturation temperature at the specified pressure.
† Properties of saturated vapor at the specified pressure.
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TABLE A–6
Superheated water
T
°C

v
m3/kg

u
kJ/kg

h
kJ/kg

s
kJ/kg·K

v
m3/kg

u
kJ/kg

h
kJ/kg

s
kJ/kg·K

v
m3/kg

u
kJ/kg

h
kJ/kg

s
kJ/kg·K

P = 1.00 MPa (179.88°C) P = 1.20 MPa (187.96°C) P = 1.40 MPa (195.04°C)
Sat. 0.19437 2582.8 2777.1 6.5850 0.16326 2587.8 2783.8 6.5217 0.14078 2591.8 2788.9 6.4675
200 0.20602 2622.3 2828.3 6.6956 0.16934 2612.9 2816.1 6.5909 0.14303 2602.7 2803.0 6.4975
250 0.23275 2710.4 2943.1 6.9265 0.19241 2704.7 2935.6 6.8313 0.16356 2698.9 2927.9 6.7488
300 0.25799 2793.7 3051.6 7.1246 0.21386 2789.7 3046.3 7.0335 0.18233 2785.7 3040.9 6.9553
350 0.28250 2875.7 3158.2 7.3029 0.23455 2872.7 3154.2 7.2139 0.20029 2869.7 3150.1 7.1379
400 0.30661 2957.9 3264.5 7.4670 0.25482 2955.5 3261.3 7.3793 0.21782 2953.1 3258.1 7.3046
500 0.35411 3125.0 3479.1 7.7642 0.29464 3123.4 3477.0 7.6779 0.25216 3121.8 3474.8 7.6047
600 0.40111 3297.5 3698.6 8.0311 0.33395 3296.3 3697.0 7.9456 0.28597 3295.1 3695.5 7.8730
700 0.44783 3476.3 3924.1 8.2755 0.37297 3475.3 3922.9 8.1904 0.31951 3474.4 3921.7 8.1183
800 0.49438 3661.7 4156.1 8.5024 0.41184 3661.0 4155.2 8.4176 0.35288 3660.3 4154.3 8.3458
900 0.54083 3853.9 4394.8 8.7150 0.45059 3853.3 4394.0 8.6303 0.38614 3852.7 4393.3 8.5587
1000 0.58721 4052.7 4640.0 8.9155 0.48928 4052.2 4639.4 8.8310 0.41933 4051.7 4638.8 8.7595
1100 0.63354 4257.9 4891.4 9.1057 0.52792 4257.5 4891.0 9.0212 0.45247 4257.0 4890.5 8.9497
1200 0.67983 4469.0 5148.9 9.2866 0.56652 4468.7 5148.5 9.2022 0.48558 4468.3 5148.1 9.1308
1300 0.72610 4685.8 5411.9 9.4593 0.60509 4685.5 5411.6 9.3750 0.51866 4685.1 5411.3 9.3036

P = 1.60 MPa (201.37°C) P = 1.80 MPa (207.11°C) P = 2.00 MPa (212.38°C)
Sat. 0.12374 2594.8 2792.8 6.4200 0.11037 2597.3 2795.9 6.3775 0.09959 2599.1 2798.3 6.3390

225 0.13293 2645.1 2857.8 6.5537 0.11678 2637.0 2847.2 6.4825 0.10381 2628.5 2836.1 6.4160
250 0.14190 2692.9 2919.9 6.6753 0.12502 2686.7 2911.7 6.6088 0.11150 2680.3 2903.3 6.5475
300 0.15866 2781.6 3035.4 6.8864 0.14025 2777.4 3029.9 6.8246 0.12551 2773.2 3024.2 6.7684
350 0.17459 2866.6 3146.0 7.0713 0.15460 2863.6 3141.9 7.0120 0.13860 2860.5 3137.7 6.9583
400 0.19007 2950.8 3254.9 7.2394 0.16849 2948.3 3251.6 7.1814 0.15122 2945.9 3248.4 7.1292
500 0.22029 3120.1 3472.6 7.5410 0.19551 3118.5 3470.4 7.4845 0.17568 3116.9 3468.3 7.4337
600 0.24999 3293.9 3693.9 7.8101 0.22200 3292.7 3692.3 7.7543 0.19962 3291.5 3690.7 7.7043
700 0.27941 3473.5 3920.5 8.0558 0.24822 3472.6 3919.4 8.0005 0.22326 3471.7 3918.2 7.9509
800 0.30865 3659.5 4153.4 8.2834 0.27426 3658.8 4152.4 8.2284 0.24674 3658.0 4151.5 8.1791
900 0.33780 3852.1 4392.6 8.4965 0.30020 3851.5 4391.9 8.4417 0.27012 3850.9 4391.1 8.3925

1000 0.36687 4051.2 4638.2 8.6974 0.32606 4050.7 4637.6 8.6427 0.29342 4050.2 4637.1 8.5936
1100 0.39589 4256.6 4890.0 8.8878 0.35188 4256.2 4889.6 8.8331 0.31667 4255.7 4889.1 8.7842
1200 0.42488 4467.9 5147.7 9.0689 0.37766 4467.6 5147.3 9.0143 0.33989 4467.2 5147.0 8.9654
1300 0.45383 4684.8 5410.9 9.2418 0.40341 4684.5 5410.6 9.1872 0.36308 4684.2 5410.3 9.1384

P = 2.50 MPa (223.95°C) P = 3.00 MPa (233.85°C) P = 3.50 MPa (242.56°C)
Sat. 0.07995 2602.1 2801.9 6.2558 0.06667 2603.2 2803.2 6.1856 0.05706 2603.0 2802.7 6.1244

225 0.08026 2604.8 2805.5 6.2629
250 0.08705 2663.3 2880.9 6.4107 0.07063 2644.7 2856.5 6.2893 0.05876 2624.0 2829.7 6.1764
300 0.09894 2762.2 3009.6 26.6459 0.08118 2750.8 2994.3 6.5412 0.06845 2738.8 2978.4 6.4484
350 0.10979 2852.5 3127.0 6.8424 0.09056 2844.4 3116.1 6.7450 0.07680 2836.0 3104.9 6.6601
400 0.12012 2939.8 3240.1 7.0170 0.09938 2933.6 3231.7 6.9235 0.08456 2927.2 3223.2 6.8428
450 0.13015 3026.2 3351.6 7.1768 0.10789 3021.2 3344.9 7.0856 0.09198 3016.1 3338.1 7.0074
500 0.13999 3112.8 3462.8 7.3254 0.11620 3108.6 3457.2 7.2359 0.09919 3104.5 3451.7 7.1593
600 0.15931 3288.5 3686.8 7.5979 0.13245 3285.5 3682.8 7.5103 0.11325 3282.5 3678.9 7.4357
700 0.17835 3469.3 3915.2 7.8455 0.14841 3467.0 3912.2 7.7590 0.12702 3464.7 3909.3 7.6855
800 0.19722 3656.2 4149.2 8.0744 0.16420 3654.3 4146.9 7.9885 0.14061 3652.5 4144.6 7.9156
900 0.21597 3849.4 4389.3 8.2882 0.17988 3847.9 4387.5 8.2028 0.15410 3846.4 4385.7 8.1304

1000 0.23466 4049.0 4635.6 8.4897 0.19549 4047.7 4634.2 8.4045 0.16751 4046.4 4632.7 8.3324
1100 0.25330 4254.7 4887.9 8.6804 0.21105 4253.6 4886.7 8.5955 0.18087 4252.5 4885.6 8.5236
1200 0.27190 4466.3 5146.0 8.8618 0.22658 4465.3 5145.1 8.7771 0.19420 4464.4 5144.1 8.7053
1300 0.29048 4683.4 5409.5 9.0349 0.24207 4682.6 5408.8 8.9502 0.20750 4681.8 5408.0 8.8786

(Continued)
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TABLE A–6
Superheated water
T
°C

v
m3/kg

u
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h
kJ/kg
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kJ/kg·K

v
m3/kg

u
kJ/kg
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kJ/kg
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v
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u
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h
kJ/kg

s
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P = 4.0 MPa (250.35°C) P = 4.5 MPa (257.44°C) P = 5.0 MPa (263.94°C)
Sat. 0.04978 2601.7 2800.8 6.0696 0.04406 2599.7 2798.0 6.0198 0.03945 2597.0 2794.2 5.9737

275 0.05461 2668.9 2887.3 6.2312 0.04733 2651.4 2864.4 6.1429 0.04144 2632.3 2839.5 6.0571
300 0.05887 2726.2 2961.7 6.3639 0.05138 2713.0 2944.2 6.2854 0.04535 2699.0 2925.7 6.2111
350 0.06647 2827.4 3093.3 6.5843 0.05842 2818.6 3081.5 6.5153 0.05197 2809.5 3069.3 6.4516
400 0.07343 2920.8 3214.5 6.7714 0.06477 2914.2 3205.7 6.7071 0.05784 2907.5 3196.7 6.6483
450 0.08004 3011.0 3331.2 6.9386 0.07076 3005.8 3324.2 6.8770 0.06332 3000.6 3317.2 6.8210
500 0.08644 3100.3 3446.0 7.0922 0.07652 3096.0 3440.4 7.0323 0.06858 3091.8 3434.7 6.9781
600 0.09886 3279.4 3674.9 7.3706 0.08766 3276.4 3670.9 7.3127 0.07870 3273.3 3666.9 7.2605
700 0.11098 3462.4 3906.3 7.6214 0.09850 3460.0 3903.3 7.5647 0.08852 3457.7 3900.3 7.5136
800 0.12292 3650.6 4142.3 7.8523 0.10916 3648.8 4140.0 7.7962 0.09816 3646.9 4137.7 7.7458
900 0.13476 3844.8 4383.9 8.0675 0.11972 3843.3 4382.1 8.0118 0.10769 3841.8 4380.2 7.9619

1000 0.14653 4045.1 4631.2 8.2698 0.13020 4043.9 4629.8 8.2144 0.11715 4042.6 4628.3 8.1648
1100 0.15824 4251.4 4884.4 8.4612 0.14064 4250.4 4883.2 8.4060 0.12655 4249.3 4882.1 8.3566
1200 0.16992 4463.5 5143.2 8.6430 0.15103 4462.6 5142.2 8.5880 0.13592 4461.6 5141.3 8.5388
1300 0.18157 4680.9 5407.2 8.8164 0.16140 4680.1 5406.5 8.7616 0.14527 4679.3 5405.7 8.7124

P = 6.0 MPa (275.59°C) P = 7.0 MPa (285.83°C) P = 8.0 MPa (295.01°C)
Sat. 0.03245 2589.9 2784.6 5.8902 0.027378 2581.0 2772.6 5.8148 0.023525 2570.5 2758.7 5.7450
300 0.03619 2668.4 2885.6 6.0703 0.029492 2633.5 2839.9 5.9337 0.024279 2592.3 2786.5 5.7937
350 0.04225 2790.4 3043.9 6.3357 0.035262 2770.1 3016.9 6.2305 0.029975 2748.3 2988.1 6.1321
400 0.04742 2893.7 3178.3 6.5432 0.039958 2879.5 3159.2 6.4502 0.034344 2864.6 3139.4 6.3658
450 0.05217 2989.9 3302.9 6.7219 0.044187 2979.0 3288.3 6.6353 0.038194 2967.8 3273.3 6.5579
500 0.05667 3083.1 3423.1 6.8826 0.048157 3074.3 3411.4 6.8000 0.041767 3065.4 3399.5 6.7266
550 0.06102 3175.2 3541.3 7.0308 0.051966 3167.9 3531.6 6.9507 0.045172 3160.5 3521.8 6.8800
600 0.06527 3267.2 3658.8 7.1693 0.055665 3261.0 3650.6 7.0910 0.048463 3254.7 3642.4 7.0221
700 0.07355 3453.0 3894.3 7.4247 0.062850 3448.3 3888.3 7.3487 0.054829 3443.6 3882.2 7.2822
800 0.08165 3643.2 4133.1 7.6582 0.069856 3639.5 4128.5 7.5836 0.061011 3635.7 4123.8 7.5185
900 0.08964 3838.8 4376.6 7.8751 0.076750 3835.7 4373.0 7.8014 0.067082 3832.7 4369.3 7.7372

1000 0.09756 4040.1 4625.4 8.0786 0.083571 4037.5 4622.5 8.0055 0.073079 4035.0 4619.6 7.9419
1100 0.10543 4247.1 4879.7 8.2709 0.090341 4245.0 4877.4 8.1982 0.079025 4242.8 4875.0 8.1350
1200 0.11326 4459.8 5139.4 8.4534 0.097075 4457.9 5137.4 8.3810 0.084934 4456.1 5135.5 8.3181
1300 0.12107 4677.7 5404.1 8.6273 0.103781 4676.1 5402.6 8.5551 0.090817 4674.5 5401.0 8.4925

P = 9.0 MPa (303.35°C) P = 10.0 MPa (311.00°C) P = 12.5 MPa (327.81°C)
Sat. 0.020489 2558.5 2742.9 5.6791 0.018028 2545.2 2725.5 5.6159 0.013496 2505.6 2674.3 5.4638
325 0.023284 2647.6 2857.1 5.8738 0.019877 2611.6 2810.3 5.7596
350 0.025816 2725.0 2957.3 6.0380 0.022440 2699.6 2924.0 5.9460 0.016138 2624.9 2826.6 5.7130
400 0.029960 2849.2 3118.8 6.2876 0.026436 2833.1 3097.5 6.2141 0.020030 2789.6 3040.0 6.0433
450 0.033524 2956.3 3258.0 6.4872 0.029782 2944.5 3242.4 6.4219 0.023019 2913.7 3201.5 6.2749
500 0.036793 3056.3 3387.4 6.6603 0.032811 3047.0 3375.1 6.5995 0.025630 3023.2 3343.6 6.4651
550 0.039885 3153.0 3512.0 6.8164 0.035655 3145.4 3502.0 6.7585 0.028033 3126.1 3476.5 6.6317
600 0.042861 3248.4 3634.1 6.9605 0.038378 3242.0 3625.8 6.9045 0.030306 3225.8 3604.6 6.7828
650 0.045755 3343.4 3755.2 7.0954 0.041018 3338.0 3748.1 7.0408 0.032491 3324.1 3730.2 6.9227
700 0.048589 3438.8 3876.1 7.2229 0.043597 3434.0 3870.0 7.1693 0.034612 3422.0 3854.6 7.0540
800 0.054132 3632.0 4119.2 7.4606 0.048629 3628.2 4114.5 7.4085 0.038724 3618.8 4102.8 7.2967
900 0.059562 3829.6 4365.7 7.6802 0.053547 3826.5 4362.0 7.6290 0.042720 3818.9 4352.9 7.5195

1000 0.064919 4032.4 4616.7 7.8855 0.058391 4029.9 4613.8 7.8349 0.046641 4023.5 4606.5 7.7269
1100 0.070224 4240.7 4872.7 8.0791 0.063183 4238.5 4870.3 8.0289 0.050510 4233.1 4864.5 7.9220
1200 0.075492 4454.2 5133.6 8.2625 0.067938 4452.4 5131.7 8.2126 0.054342 4447.7 5127.0 8.1065
1300 0.080733 4672.9 5399.5 8.4371 0.072667 4671.3 5398.0 8.3874 0.058147 4667.3 5394.1 8.2819

(Continued)
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TABLE A–6
Superheated water
T
°C
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P = 15.0 MPa (342.16°C) P = 17.5 MPa (354.67°C) P = 20.0 MPa (365.75°C)
Sat. 0.010341 2455.7 2610.8 5.3108 0.007932 2390.7 2529.5 5.1435 0.005862 2294.8 2412.1 4.9310
350 0.011481 2520.9 2693.1 5.4438
400 0.015671 2740.6 2975.7 5.8819 0.012463 2684.3 2902.4 5.7211 0.009950 2617.9 2816.9 5.5526
450 0.018477 2880.8 3157.9 6.1434 0.015204 2845.4 3111.4 6.0212 0.012721 2807.3 3061.7 5.9043
500 0.020828 2998.4 3310.8 6.3480 0.017385 2972.4 3276.7 6.2424 0.014793 2945.3 3241.2 6.1446
550 0.022945 3106.2 3450.4 6.5230 0.019305 3085.8 3423.6 6.4266 0.016571 3064.7 3396.2 6.3390
600 0.024921 3209.3 3583.1 6.6796 0.021073 3192.5 3561.3 6.5890 0.018185 3175.3 3539.0 6.5075
650 0.026804 3310.1 3712.1 6.8233 0.022742 3295.8 3693.8 6.7366 0.019695 3281.4 3675.3 6.6593
700 0.028621 3409.8 3839.1 6.9573 0.024342 3397.5 3823.5 6.8735 0.021134 3385.1 3807.8 6.7991
800 0.032121 3609.3 4091.1 7.2037 0.027405 3599.7 4079.3 7.1237 0.023870 3590.1 4067.5 7.0531
900 0.035503 3811.2 4343.7 7.4288 0.030348 3803.5 4334.6 7.3511 0.026484 3795.7 4325.4 7.2829
1000 0.038808 4017.1 4599.2 7.6378 0.033215 4010.7 4592.0 7.5616 0.029020 4004.3 4584.7 7.4950
1100 0.042062 4227.7 4858.6 7.8339 0.036029 4222.3 4852.8 7.7588 0.031504 4216.9 4847.0 7.6933
1200 0.045279 4443.1 5122.3 8.0192 0.038806 4438.5 5117.6 7.9449 0.033952 4433.8 5112.9 7.8802
1300 0.048469 4663.3 5390.3 8.1952 0.041556 4659.2 5386.5 8.1215 0.036371 4655.2 5382.7 8.0574

P = 25.0 MPa P = 30.0 MPa P = 35.0 MPa
375 0.001978 1799.9 1849.4 4.0345 0.001792 1738.1 1791.9 3.9313 0.001701 1702.8 1762.4 3.8724
400 0.006005 2428.5 2578.7 5.1400 0.002798 2068.9 2152.8 4.4758 0.002105 1914.9 1988.6 4.2144
425 0.007886 2607.8 2805.0 5.4708 0.005299 2452.9 2611.8 5.1473 0.003434 2253.3 2373.5 4.7751
450 0.009176 2721.2 2950.6 5.6759 0.006737 2618.9 2821.0 5.4422 0.004957 2497.5 2671.0 5.1946
500 0.011143 2887.3 3165.9 5.9643 0.008691 2824.0 3084.8 5.7956 0.006933 2755.3 2997.9 5.6331
550 0.012736 3020.8 3339.2 6.1816 0.010175 2974.5 3279.7 6.0403 0.008348 2925.8 3218.0 5.9093
600 0.014140 3140.0 3493.5 6.3637 0.011445 3103.4 3446.8 6.2373 0.009523 3065.6 3399.0 6.1229
650 0.015430 3251.9 3637.7 6.5243 0.012590 3221.7 3599.4 6.4074 0.010565 3190.9 3560.7 6.3030
700 0.016643 3359.9 3776.0 6.6702 0.013654 3334.3 3743.9 6.5599 0.011523 3308.3 3711.6 6.4623
800 0.018922 3570.7 4043.8 6.9322 0.015628 3551.2 4020.0 6.8301 0.013278 3531.6 3996.3 6.7409
900 0.021075 3780.2 4307.1 7.1668 0.017473 3764.6 4288.8 7.0695 0.014904 3749.0 4270.6 6.9853
1000 0.023150 3991.5 4570.2 7.3821 0.019240 3978.6 4555.8 7.2880 0.016450 3965.8 4541.5 7.2069
1100 0.025172 4206.1 4835.4 7.5825 0.020954 4195.2 4823.9 7.4906 0.017942 4184.4 4812.4 7.4118
1200 0.027157 4424.6 5103.5 7.7710 0.022630 4415.3 5094.2 7.6807 0.019398 4406.1 5085.0 7.6034
1300 0.029115 4647.2 5375.1 7.9494 0.024279 4639.2 5367.6 7.8602 0.020827 4631.2 5360.2 7.7841

P = 40.0 MPa P = 50.0 MPa P = 60.0 MPa
375 0.001641 1677.0 1742.6 3.8290 0.001560 1638.6 1716.6 3.7642 0.001503 1609.7 1699.9 3.7149
400 0.001911 1855.0 1931.4 4.1145 0.001731 1787.8 1874.4 4.0029 0.001633 1745.2 1843.2 3.9317
425 0.002538 2097.5 2199.0 4.5044 0.002009 1960.3 2060.7 4.2746 0.001816 1892.9 2001.8 4.1630
450 0.003692 2364.2 2511.8 4.9449 0.002487 2160.3 2284.7 4.5896 0.002086 2055.1 2180.2 4.4140
500 0.005623 2681.6 2906.5 5.4744 0.003890 2528.1 2722.6 5.1762 0.002952 2393.2 2570.3 4.9356
550 0.006985 2875.1 3154.4 5.7857 0.005118 2769.5 3025.4 5.5563 0.003955 2664.6 2901.9 5.3517
600 0.008089 3026.8 3350.4 6.0170 0.006108 2947.1 3252.6 5.8245 0.004833 2866.8 3156.8 5.6527
650 0.009053 3159.5 3521.6 6.2078 0.006957 3095.6 3443.5 6.0373 0.005591 3031.3 3366.8 5.8867
700 0.009930 3282.0 3679.2 6.3740 0.007717 3228.7 3614.6 6.2179 0.006265 3175.4 3551.3 6.0814
800 0.011521 3511.8 3972.6 6.6613 0.009073 3472.2 3925.8 6.5225 0.007456 3432.6 3880.0 6.4033
900 0.012980 3733.3 4252.5 6.9107 0.010296 3702.0 4216.8 6.7819 0.008519 3670.9 4182.1 6.6725
1000 0.014360 3952.9 4527.3 7.1355 0.011441 3927.4 4499.4 7.0131 0.009504 3902.0 4472.2 6.9099
1100 0.015686 4173.7 4801.1 7.3425 0.012534 4152.2 4778.9 7.2244 0.010439 4130.9 4757.3 7.1255
1200 0.016976 4396.9 5075.9 7.5357 0.013590 4378.6 5058.1 7.4207 0.011339 4360.5 5040.8 7.3248
1300 0.018239 4623.3 5352.8 7.7175 0.014620 4607.5 5338.5 7.6048 0.012213 4591.8 5324.5 7.5111

(Concluded)
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TABLE A–7
Compressed liquid water

T
°C

v
m3/kg

u
kJ/kg

h
kJ/kg

s
kJ/kg·K

v
m3/kg

u
kJ/kg

h
kJ/kg

s
kJ/kg·K

v
m3/kg

u
kJ/kg

h
kJ/kg

s
kJ/kg·K

P = 5 MPa (263.94°C) P = 10 MPa (311.00°C) P = 15 MPa (342.16°C)
Sat. 0.0012862 1148.1 1154.5 2.9207 0.0014522 1393.3 1407.9 3.3603 0.0016572 1585.5 1610.3 3.6848
0 0.0009977 0.04 5.03 0.0001 0.0009952 0.12 10.07 0.0003 0.0009928 0.18 15.07 0.0004
20 0.0009996 83.61 88.61 0.2954 0.0009973 83.31 93.28 0.2943 0.0009951 83.01 97.93 0.2932
40 0.0010057 166.92 171.95 0.5705 0.0010035 166.33 176.37 0.5685 0.0010013 165.75 180.77 0.5666
60 0.0010149 250.29 255.36 0.8287 0.0010127 249.43 259.55 0.8260 0.0010105 248.58 263.74 0.8234
80 0.0010267 333.82 338.96 1.0723 0.0010244 332.69 342.94 1.0691 0.0010221 331.59 346.92 1.0659
100 0.0010410 417.65 422.85 1.3034 0.0010385 416.23 426.62 1.2996 0.0010361 414.85 430.39 1.2958
120 0.0010576 501.91 507.19 1.5236 0.0010549 500.18 510.73 1.5191 0.0010522 498.50 514.28 1.5148
140 0.0010769 586.80 592.18 1.7344 0.0010738 584.72 595.45 1.7293 0.0010708 582.69 598.75 1.7243
160 0.0010988 672.55 678.04 1.9374 0.0010954 670.06 681.01 1.9316 0.0010920 667.63 684.01 1.9259
180 0.0011240 759.47 765.09 2.1338 0.0011200 756.48 767.68 2.1271 0.0011160 753.58 770.32 2.1206
200 0.0011531 847.92 853.68 2.3251 0.0011482 844.32 855.80 2.3174 0.0011435 840.84 858.00 2.3100
220 0.0011868 938.39 944.32 2.5127 0.0011809 934.01 945.82 2.5037 0.0011752 929.81 947.43 2.4951
240 0.0012268 1031.6 1037.7 2.6983 0.0012192 1026.2 1038.3 2.6876 0.0012121 1021.0 1039.2 2.6774
260 0.0012755 1128.5 1134.9 2.8841 0.0012653 1121.6 1134.3 2.8710 0.0012560 1115.1 1134.0 2.8586
280 0.0013226 1221.8 1235.0 3.0565 0.0013096 1213.4 1233.0 3.0410
300 0.0013980 1329.4 1343.3 3.2488 0.0013783 1317.6 1338.3 3.2279
320 0.0014733 1431.9 1454.0 3.4263
340 0.0016311 1567.9 1592.4 3.6555

P = 20 MPa (365.75°C) P = 30 MPa P = 50 MPa
Sat. 0.0020378 1785.8 1826.6 4.0146
0 0.0009904 0.23 20.03 0.0005 0.0009857 0.29 29.86 0.0003 0.0009767 0.29 49.13 −0.0010
20 0.0009929 82.71 102.57 0.2921 0.0009886 82.11 111.77 0.2897 0.0009805 80.93 129.95 0.2845
40 0.0009992 165.17 185.16 0.5646 0.0009951 164.05 193.90 0.5607 0.0009872 161.90 211.25 0.5528
60 0.0010084 247.75 267.92 0.8208 0.0010042 246.14 276.26 0.8156 0.0009962 243.08 292.88 0.8055
80 0.0010199 330.50 350.90 1.0627 0.0010155 328.40 358.86 1.0564 0.0010072 324.42 374.78 1.0442
100 0.0010337 413.50 434.17 1.2920 0.0010290 410.87 441.74 1.2847 0.0010201 405.94 456.94 1.2705
120 0.0010496 496.85 517.84 1.5105 0.0010445 493.66 525.00 1.5020 0.0010349 487.69 539.43 1.4859
140 0.0010679 580.71 602.07 1.7194 0.0010623 576.90 608.76 1.7098 0.0010517 569.77 622.36 1.6916
160 0.0010886 665.28 687.05 1.9203 0.0010823 660.74 693.21 1.9094 0.0010704 652.33 705.85 1.8889
180 0.0011122 750.78 773.02 2.1143 0.0011049 745.40 778.55 2.1020 0.0010914 735.49 790.06 2.0790
200 0.0011390 837.49 860.27 2.3027 0.0011304 831.11 865.02 2.2888 0.0011149 819.45 875.19 2.2628
220 0.0011697 925.77 949.16 2.4867 0.0011595 918.15 952.93 2.4707 0.0011412 904.39 961.45 2.4414
240 0.0012053 1016.1 1040.2 2.6676 0.0011927 1006.9 1042.7 2.6491 0.0011708 990.55 1049.1 2.6156
260 0.0012472 1109.0 1134.0 2.8469 0.0012314 1097.8 1134.7 2.8250 0.0012044 1078.2 1138.4 2.7864
280 0.0012978 1205.6 1231.5 3.0265 0.0012770 1191.5 1229.8 3.0001 0.0012430 1167.7 1229.9 2.9547
300 0.0013611 1307.2 1334.4 3.2091 0.0013322 1288.9 1328.9 3.1761 0.0012879 1259.6 1324.0 3.1218
320 0.0014450 1416.6 1445.5 3.3996 0.0014014 1391.7 1433.7 3.3558 0.0013409 1354.3 1421.4 3.2888
340 0.0015693 1540.2 1571.6 3.6086 0.0014932 1502.4 1547.1 3.5438 0.0014049 1452.9 1523.1 3.4575
360 0.0018248 1703.6 1740.1 3.8787 0.0016276 1626.8 1675.6 3.7499 0.0014848 1556.5 1630.7 3.6301
380 0.0018729 1782.0 1838.2 4.0026 0.0015884 1667.1 1746.5 3.8102
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TABLE A–8
Saturated ice–water vapor

Temp.,
T °C

Sat.
press.,
Psat kPa

Specific volume,
m3/kg

Internal energy,
kJ/kg

Enthalpy,
kJ/kg

Entropy,
kJ/kg·K

Sat.
ice,
vi

Sat.
vapor,
vg

Sat.
ice,
ui

Subl.,
uig

Sat.
vapor,
ug

Sat.
ice,
hi

Subl.,
hig

Sat.
vapor,
hg

Sat.
ice,
si

Subl.,
sig

Sat.
vapor,
sg

0.01 0.61169 0.001091 205.99 −333.40 2707.9 2374.5 −333.40 2833.9 2500.5 −1.2202 10.374 9.154
0 0.61115 0.001091 206.17 −333.43 2707.9 2374.5 −333.43 2833.9 2500.5 −1.2204 10.375 9.154

−2 0.51772 0.001091 241.62 −337.63 2709.4 2371.8 −337.63 2834.5 2496.8 −1.2358 10.453 9.218
−4 0.43748 0.001090 283.84 −341.80 2710.8 2369.0 −341.80 2835.0 2493.2 −1.2513 10.533 9.282
−6 0.36873 0.001090 334.27 −345.94 2712.2 2366.2 −345.93 2835.4 2489.5 −1.2667 10.613 9.347
−8 0.30998 0.001090 394.66 −350.04 2713.5 2363.5 −350.04 2835.8 2485.8 −1.2821 10.695 9.413

−10 0.25990 0.001089 467.17 −354.12 2714.8 2360.7 −354.12 2836.2 2482.1 −1.2976 10.778 9.480
−12 0.21732 0.001089 554.47 −358.17 2716.1 2357.9 −358.17 2836.6 2478.4 −1.3130 10.862 9.549
−14 0.18121 0.001088 659.88 −362.18 2717.3 2355.2 −362.18 2836.9 2474.7 −1.3284 10.947 9.618
−16 0.15068 0.001088 787.51 −366.17 2718.6 2352.4 −366.17 2837.2 2471.0 −1.3439 11.033 9.689
−18 0.12492 0.001088 942.51 −370.13 2719.7 2349.6 −370.13 2837.5 2467.3 −1.3593 11.121 9.761
−20 0.10326 0.001087 1131.3 −374.06 2720.9 2346.8 −374.06 2837.7 2463.6 −1.3748 11.209 9.835
−22 0.08510 0.001087 1362.0 −377.95 2722.0 2344.1 −377.95 2837.9 2459.9 −1.3903 11.300 9.909
−24 0.06991 0.001087 1644.7 −381.82 2723.1 2341.3 −381.82 2838.1 2456.2 −1.4057 11.391 9.985
−26 0.05725 0.001087 1992.2 −385.66 2724.2 2338.5 −385.66 2838.2 2452.5 −1.4212 11.484 10.063
−28 0.04673 0.001086 2421.0 −389.47 2725.2 2335.7 −389.47 2838.3 2448.8 −1.4367 11.578 10.141
−30 0.03802 0.001086 2951.7 −393.25 2726.2 2332.9 −393.25 2838.4 2445.1 −1.4521 11.673 10.221
−32 0.03082 0.001086 3610.9 −397.00 2727.2 2330.2 −397.00 2838.4 2441.4 −1.4676 11.770 10.303
−34 0.02490 0.001085 4432.4 −400.72 2728.1 2327.4 −400.72 2838.5 2437.7 −1.4831 11.869 10.386
−36 0.02004 0.001085 5460.1 −404.40 2729.0 2324.6 −404.40 2838.4 2434.0 −1.4986 11.969 10.470
−38 0.01608 0.001085 6750.5 −408.07 2729.9 2321.8 −408.07 2838.4 2430.3 −1.5141 12.071 10.557
−40 0.01285 0.001084 8376.7 −411.70 2730.7 2319.0 −411.70 2838.3 2426.6 −1.5296 12.174 10.644
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FIGURE A–10
Mollier diagram for water.
Source of Data: From NBS/NRC Steam Tables/1 by Lester Haar, John S. Gallagher, and George S. Kell. Routledge/Taylor & Francis Books, Inc., 1984.
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TABLE A–11
Saturated refrigerant-134a—Temperature table

Specific volume,
m3/kg

Internal energy,
kJ/kg

Enthalpy,
kJ/kg

Entropy,
kJ/kg·K

Temp.,
T °C

Sat.
press.,
Psat kPa

Sat.
liquid,
vf

Sat.
vapor,
vg

Sat.
liquid,
uf

Evap.,
ufg

Sat.
vapor,
ug

Sat.
liquid,
hf

Evap.,
hfg

Sat.
vapor,
hg

Sat.
liquid,
sf

Evap.,
sfg

Sat.
vapor,
sg

−40 51.25 0.0007053 0.36064 −0.036 207.42 207.38 0.00 225.86 225.86 0.00000 0.96869 0.96869
−38 56.86 0.0007082 0.32718 2.472 206.06 208.53 2.512 224.62 227.13 0.01071 0.95516 0.96588
−36 62.95 0.0007111 0.29740 4.987 204.69 209.68 5.032 223.37 228.40 0.02137 0.94182 0.96319
−34 69.56 0.0007141 0.27082 7.509 203.32 210.83 7.559 222.10 229.66 0.03196 0.92867 0.96063
−32 76.71 0.0007171 0.24706 10.04 201.94 211.97 10.09 220.83 230.93 0.04249 0.91569 0.95819
−30 84.43 0.0007201 0.22577 12.58 200.55 213.12 12.64 219.55 232.19 0.05297 0.90289 0.95586
−28 92.76 0.0007232 0.20666 15.12 199.15 214.27 15.19 218.25 233.44 0.06339 0.89024 0.95364
−26 101.73 0.0007264 0.18947 17.67 197.75 215.42 17.75 216.95 234.70 0.07376 0.87776 0.95152
−24 111.37 0.0007296 0.17398 20.23 196.34 216.57 20.31 215.63 235.94 0.08408 0.86542 0.94950
−22 121.72 0.0007328 0.15999 22.80 194.92 217.71 22.89 214.30 237.19 0.09435 0.85323 0.94758
−20 132.82 0.0007361 0.14735 25.37 193.49 218.86 25.47 212.96 238.43 0.10456 0.84119 0.94575
−18 144.69 0.0007394 0.13589 27.96 192.05 220.00 28.07 211.60 239.67 0.11473 0.82927 0.94401
−16 157.38 0.0007428 0.12550 30.55 190.60 221.15 30.67 210.23 240.90 0.12486 0.81749 0.94234
−14 170.93 0.0007463 0.11605 33.15 189.14 222.29 33.28 208.84 242.12 0.13493 0.80583 0.94076
−12 185.37 0.0007498 0.10744 35.76 187.66 223.42 35.90 207.44 243.34 0.14497 0.79429 0.93925
−10 200.74 0.0007533 0.099600 38.38 186.18 224.56 38.53 206.02 244.55 0.15496 0.78286 0.93782
−8 217.08 0.0007570 0.092438 41.01 184.69 225.69 41.17 204.59 245.76 0.16491 0.77154 0.93645
−6 234.44 0.0007607 0.085888 43.64 183.18 226.82 43.82 203.14 246.95 0.17482 0.76033 0.93514
−4 252.85 0.0007644 0.079889 46.29 181.66 227.94 46.48 201.66 248.14 0.18469 0.74921 0.93390
−2 272.36 0.0007683 0.074388 48.94 180.12 229.07 49.15 200.17 249.33 0.19452 0.73819 0.93271

0 293.01 0.0007722 0.069335 51.61 178.58 230.18 51.83 198.67 250.50 0.20432 0.72726 0.93158
2 314.84 0.0007761 0.064690 54.28 177.01 231.30 54.53 197.14 251.66 0.21408 0.71641 0.93050
4 337.90 0.0007802 0.060412 56.97 175.44 232.40 57.23 195.58 252.82 0.22381 0.70565 0.92946
6 362.23 0.0007843 0.056469 59.66 173.84 233.51 59.95 194.01 253.96 0.23351 0.69496 0.92847
8 387.88 0.0007886 0.052829 62.37 172.23 234.60 62.68 192.42 255.09 0.24318 0.68435 0.92752

10 414.89 0.0007929 0.049466 65.09 170.61 235.69 65.42 190.80 256.22 0.25282 0.67380 0.92661
12 443.31 0.0007973 0.046354 67.82 168.96 236.78 68.17 189.16 257.33 0.26243 0.66331 0.92574
14 473.19 0.0008018 0.043471 70.56 167.30 237.86 70.94 187.49 258.43 0.27201 0.65289 0.92490
16 504.58 0.0008064 0.040798 73.31 165.62 238.93 73.72 185.80 259.51 0.28157 0.64252 0.92409
18 537.52 0.0008112 0.038317 76.07 163.92 239.99 76.51 184.08 260.59 0.29111 0.63219 0.92330
20 572.07 0.0008160 0.036012 78.85 162.19 241.04 79.32 182.33 261.64 0.30062 0.62192 0.92254
22 608.27 0.0008209 0.033867 81.64 160.45 242.09 82.14 180.55 262.69 0.31012 0.61168 0.92180
24 646.18 0.0008260 0.031869 84.44 158.68 243.13 84.98 178.74 263.72 0.31959 0.60148 0.92107
26 685.84 0.0008312 0.030008 87.26 156.89 244.15 87.83 176.90 264.73 0.32905 0.59131 0.92036
28 727.31 0.0008366 0.028271 90.09 155.08 245.17 90.70 175.03 265.73 0.33849 0.58117 0.91967
30 770.64 0.0008421 0.026648 92.93 153.24 246.17 93.58 173.13 266.71 0.34792 0.57105 0.91897
32 815.89 0.0008477 0.025131 95.79 151.37 247.17 96.49 171.19 267.67 0.35734 0.56095 0.91829
34 863.11 0.0008535 0.023712 98.67 149.48 248.15 99.41 169.21 268.61 0.36675 0.55086 0.91760
36 912.35 0.0008595 0.022383 101.56 147.55 249.11 102.34 167.19 269.53 0.37615 0.54077 0.91692
38 963.68 0.0008657 0.021137 104.47 145.60 250.07 105.30 165.13 270.44 0.38554 0.53068 0.91622
40 1017.1 0.0008720 0.019968 107.39 143.61 251.00 108.28 163.03 271.31 0.39493 0.52059 0.91552
42 1072.8 0.0008786 0.018870 110.34 141.59 251.92 111.28 160.89 272.17 0.40432 0.51048 0.91480
44 1130.7 0.0008854 0.017837 113.30 139.53 252.83 114.30 158.70 273.00 0.41371 0.50036 0.91407
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TABLE A–11
Saturated refrigerant-134a—Temperature table

Specific volume,
m3/kg

Internal energy,
kJ/kg

Enthalpy,
kJ/kg

Entropy,
kJ/kg·K

Temp.,
T °C

Sat.
press.,
Psat kPa

Sat.
liquid,
vf

Sat.
vapor,
vg

Sat.
liquid,
uf

Evap.,
ufg

Sat.
vapor,
ug

Sat.
liquid,
hf

Evap.,
hfg

Sat.
vapor,
hg

Sat.
liquid,
sf

Evap.,
sfg

Sat.
vapor,
sg

46 1191.0 0.0008924 0.016866 116.28 137.43 253.71 117.34 156.46 273.80 0.42311 0.49020 0.91331
48 1253.6 0.0008997 0.015951 119.28 135.30 254.58 120.41 154.17 274.57 0.43251 0.48001 0.91252
52 1386.2 0.0009151 0.014276 125.35 130.89 256.24 126.62 149.41 276.03 0.45136 0.45948 0.91084
56 1529.1 0.0009317 0.012782 131.52 126.29 257.81 132.94 144.41 277.35 0.47028 0.43870 0.90898
60 1682.8 0.0009498 0.011434 137.79 121.45 259.23 139.38 139.09 278.47 0.48930 0.41746 0.90676
65 1891.0 0.0009751 0.009959 145.80 115.06 260.86 147.64 132.05 279.69 0.51330 0.39048 0.90379
70 2118.2 0.0010037 0.008650 154.03 108.17 262.20 156.15 124.37 280.52 0.53763 0.36239 0.90002
75 2365.8 0.0010373 0.007486 162.55 100.62 263.17 165.01 115.87 280.88 0.56252 0.33279 0.89531
80 2635.3 0.0010774 0.006439 171.43 92.22 263.66 174.27 106.35 280.63 0.58812 0.30113 0.88925
85 2928.2 0.0011273 0.005484 180.81 82.64 263.45 184.11 95.39 279.51 0.61487 0.26632 0.88120
90 3246.9 0.0011938 0.004591 190.94 71.19 262.13 194.82 82.22 277.04 0.64354 0.22638 0.86991
95 3594.1 0.0012945 0.003713 202.49 56.25 258.73 207.14 64.94 272.08 0.67605 0.17638 0.85243

100 3975.1 0.0015269 0.002657 218.73 29.72 248.46 224.80 34.22 259.02 0.72224 0.09169 0.81393

Source of Data: Tables A−11 through A−13 are generated using the Engineering Equation Solver (EES) software developed by S. A. Klein and F. L. Alvarado. The 
routine used in calculations is the R134a, which is based on the fundamental equation of state developed by R. Tillner−Roth and H.D. Baehr, “An International Standard 
Formulation for the Thermodynamic Properties of 1,1,1,2-Tetrafluoroethane (HFC-134a) for temperatures from 170 K to 455 K and pressures up to 70 MPa,” J. Phys. 
Chem, Ref. Data, Vol. 23, No. 5, 1994. The enthalpy and entropy values of saturated liquid are set to zero at −40°C (and −40°F).

(Concluded)
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TABLE A–12
Saturated refrigerant-134a—Pressure table

Specific volume,
m3/kg

Internal energy,
kJ/kg

Enthalpy,
kJ/kg

Entropy,
kJ/kg·K

Press.,
P
kPa

Sat.
temp.,
Tsat °C

Sat.
liquid,
vf

Sat.
vapor,
vg

Sat.
liquid,
uf

Evap.,
ufg

Sat.
vapor,
ug

Sat.
liquid,
hf

Evap.,
hfg

Sat.
vapor,
hg

Sat.
liquid,
sf

Evap.,
sfg

Sat.
vapor,
sg

60 −36.95 0.0007097 0.31108 3.795 205.34 209.13 3.837 223.96 227.80 0.01633 0.94812 0.96445
70 −33.87 0.0007143 0.26921 7.672 203.23 210.90 7.722 222.02 229.74 0.03264 0.92783 0.96047
80 −31.13 0.0007184 0.23749 11.14 201.33 212.48 11.20 220.27 231.47 0.04707 0.91009 0.95716
90 −28.65 0.0007222 0.21261 14.30 199.60 213.90 14.36 218.67 233.04 0.06003 0.89431 0.95434

100 −26.37 0.0007258 0.19255 17.19 198.01 215.21 17.27 217.19 234.46 0.07182 0.88008 0.95191
120 −22.32 0.0007323 0.16216 22.38 195.15 217.53 22.47 214.52 236.99 0.09269 0.85520 0.94789
140 −18.77 0.0007381 0.14020 26.96 192.60 219.56 27.06 212.13 239.19 0.11080 0.83387 0.94467
160 −15.60 0.0007435 0.12355 31.06 190.31 221.37 31.18 209.96 241.14 0.12686 0.81517 0.94202
180 −12.73 0.0007485 0.11049 34.81 188.20 223.01 34.94 207.95 242.90 0.14131 0.79848 0.93979
200 −10.09 0.0007532 0.099951 38.26 186.25 224.51 38.41 206.09 244.50 0.15449 0.78339 0.93788
240 −5.38 0.0007618 0.083983 44.46 182.71 227.17 44.64 202.68 247.32 0.17786 0.75689 0.93475
280 −1.25 0.0007697 0.072434 49.95 179.54 229.49 50.16 199.61 249.77 0.19822 0.73406 0.93228
320 2.46 0.0007771 0.063681 54.90 176.65 231.55 55.14 196.78 251.93 0.21631 0.71395 0.93026
360 5.82 0.0007840 0.056809 59.42 173.99 233.41 59.70 194.15 253.86 0.23265 0.69591 0.92856
400 8.91 0.0007905 0.051266 63.61 171.49 235.10 63.92 191.68 255.61 0.24757 0.67954 0.92711
450 12.46 0.0007983 0.045677 68.44 168.58 237.03 68.80 188.78 257.58 0.26462 0.66093 0.92555
500 15.71 0.0008058 0.041168 72.92 165.86 238.77 73.32 186.04 259.36 0.28021 0.64399 0.92420
550 18.73 0.0008129 0.037452 77.09 163.29 240.38 77.54 183.44 260.98 0.29460 0.62842 0.92302
600 21.55 0.0008198 0.034335 81.01 160.84 241.86 81.50 180.95 262.46 0.30799 0.61398 0.92196
650 24.20 0.0008265 0.031680 84.72 158.51 243.23 85.26 178.56 263.82 0.32052 0.60048 0.92100
700 26.69 0.0008331 0.029392 88.24 156.27 244.51 88.82 176.26 265.08 0.33232 0.58780 0.92012
750 29.06 0.0008395 0.027398 91.59 154.11 245.70 92.22 174.03 266.25 0.34348 0.57582 0.91930
800 31.31 0.0008457 0.025645 94.80 152.02 246.82 95.48 171.86 267.34 0.35408 0.56445 0.91853
850 33.45 0.0008519 0.024091 97.88 150.00 247.88 98.61 169.75 268.36 0.36417 0.55362 0.91779
900 35.51 0.0008580 0.022703 100.84 148.03 248.88 101.62 167.69 269.31 0.37383 0.54326 0.91709
950 37.48 0.0008640 0.021456 103.70 146.11 249.82 104.52 165.68 270.20 0.38307 0.53333 0.91641

1000 39.37 0.0008700 0.020329 106.47 144.24 250.71 107.34 163.70 271.04 0.39196 0.52378 0.91574
1200 46.29 0.0008935 0.016728 116.72 137.12 253.84 117.79 156.12 273.92 0.42449 0.48870 0.91320
1400 52.40 0.0009167 0.014119 125.96 130.44 256.40 127.25 148.92 276.17 0.45325 0.45742 0.91067
1600 57.88 0.0009400 0.012134 134.45 124.05 258.50 135.96 141.96 277.92 0.47921 0.42881 0.90802
1800 62.87 0.0009639 0.010568 142.36 117.85 260.21 144.09 135.14 279.23 0.50304 0.40213 0.90517
2000 67.45 0.0009887 0.009297 149.81 111.75 261.56 151.78 128.36 280.15 0.52519 0.37684 0.90204
2500 77.54 0.0010567 0.006941 167.02 96.47 263.49 169.66 111.18 280.84 0.57542 0.31701 0.89243
3000 86.16 0.0011410 0.005272 183.09 80.17 263.26 186.51 92.57 279.08 0.62133 0.25759 0.87893
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TABLE A–13
Superheated refrigerant-134a

T
°C

v
m3/kg

u
kJ/kg

h
kJ/kg

s
kJ/kg·K

v
m3/kg

u
kJ/kg

h
kJ/kg

s
kJ/kg·K

v
m3/kg

u
kJ/kg

h
kJ/kg

s
kJ/kg·K

P = 0.06 MPa (Tsat = −36.95°C) P = 0.10 MPa (Tsat = −26.37°C) P = 0.14 MPa (Tsat = −18.77°C)
Sat. 0.31108 209.13 227.80 0.9645 0.19255 215.21 234.46 0.9519 0.14020 219.56 239.19 0.9447
–20 0.33608 220.62 240.78 1.0175 0.19841 219.68 239.52 0.9721
–10 0.35048 227.57 248.60 1.0478 0.20743 226.77 247.51 1.0031 0.14605 225.93 246.37 0.9724

0 0.36476 234.67 256.56 1.0775 0.21630 233.97 255.60 1.0333 0.15263 233.25 254.61 1.0032
10 0.37893 241.94 264.68 1.1067 0.22506 241.32 263.82 1.0628 0.15908 240.68 262.95 1.0331
20 0.39302 249.37 272.95 1.1354 0.23373 248.81 272.18 1.0919 0.16544 248.24 271.40 1.0625
30 0.40705 256.97 281.39 1.1637 0.24233 256.46 280.69 1.1204 0.17172 255.95 279.99 1.0913
40 0.42102 264.73 289.99 1.1916 0.25088 264.27 289.36 1.1485 0.17794 263.80 288.72 1.1196
50 0.43495 272.66 298.75 1.2192 0.25937 272.24 298.17 1.1762 0.18412 271.81 297.59 1.1475
60 0.44883 280.75 307.68 1.2464 0.26783 280.36 307.15 1.2036 0.19025 279.97 306.61 1.1750
70 0.46269 289.01 316.77 1.2732 0.27626 288.65 316.28 1.2306 0.19635 288.29 315.78 1.2021
80 0.47651 297.43 326.02 1.2998 0.28465 297.10 325.57 1.2573 0.20242 296.77 325.11 1.2289
90 0.49032 306.02 335.43 1.3261 0.29303 305.71 335.01 1.2836 0.20847 305.40 334.59 1.2554

100 0.50410 314.76 345.01 1.3521 0.30138 314.48 344.61 1.3097 0.21449 314.19 344.22 1.2815
P = 0.18 MPa (Tsat = −12.73°C) P = 0.20 MPa (Tsat = −10.09°C) P = 0.24 MPa (Tsat = −5.38°C)

Sat. 0.11049 223.01 242.90 0.9398 0.09995 224.51 244.50 0.9379 0.08398 227.17 247.32 0.9348
–10 0.11189 225.04 245.18 0.9485 0.09991 224.57 244.56 0.9381

0 0.11722 232.49 253.59 0.9799 0.10481 232.11 253.07 0.9699 0.08617 231.30 251.98 0.9520
10 0.12240 240.02 262.05 1.0103 0.10955 239.69 261.60 1.0005 0.09026 239.00 260.66 0.9832
20 0.12748 247.66 270.60 1.0400 0.11418 247.36 270.20 1.0304 0.09423 246.76 269.38 1.0134
30 0.13248 255.43 279.27 1.0691 0.11874 255.16 278.91 1.0596 0.09812 254.63 278.17 1.0429
40 0.13741 263.33 288.07 1.0976 0.12322 263.09 287.74 1.0882 0.10193 262.61 287.07 1.0718
50 0.14230 271.38 297.00 1.1257 0.12766 271.16 296.70 1.1164 0.10570 270.73 296.09 1.1002
60 0.14715 279.58 306.07 1.1533 0.13206 279.38 305.79 1.1441 0.10942 278.98 305.24 1.1281
70 0.15196 287.93 315.28 1.1806 0.13641 287.75 315.03 1.1714 0.11310 287.38 314.53 1.1555
80 0.15673 296.43 324.65 1.2075 0.14074 296.27 324.41 1.1984 0.11675 295.93 323.95 1.1826
90 0.16149 305.09 334.16 1.2340 0.14504 304.93 333.94 1.2250 0.12038 304.62 333.51 1.2093

100 0.16622 313.90 343.82 1.2603 0.14933 313.75 343.62 1.2513 0.12398 313.46 343.22 1.2356
P = 0.28 MPa (Tsat = −1.25°C) P = 0.32 MPa (Tsat = 2.46°C) P = 0.40 MPa (Tsat = 8.91°C)

Sat. 0.07243 229.49 249.77 0.9323 0.06368 231.55 251.93 0.9303 0.051266 235.10 255.61 0.9271
0 0.07282 230.46 250.85 0.9362

10 0.07646 238.29 259.70 0.9681 0.06609 237.56 258.70 0.9545 0.051506 235.99 256.59 0.9306
20 0.07997 246.15 268.54 0.9987 0.06925 245.51 267.67 0.9856 0.054213 244.19 265.88 0.9628
30 0.08338 254.08 277.42 1.0285 0.07231 253.52 276.66 1.0158 0.056796 252.37 275.09 0.9937
40 0.08672 262.12 286.40 1.0577 0.07530 261.62 285.72 1.0452 0.059292 260.60 284.32 1.0237
50 0.09000 270.28 295.48 1.0862 0.07823 269.83 294.87 1.0739 0.061724 268.92 293.61 1.0529
60 0.09324 278.58 304.69 1.1143 0.08111 278.17 304.12 1.1022 0.064104 277.34 302.98 1.0814
70 0.09644 287.01 314.01 1.1419 0.08395 286.64 313.50 1.1299 0.066443 285.88 312.45 1.1095
80 0.09961 295.59 323.48 1.1690 0.08675 295.24 323.00 1.1572 0.068747 294.54 322.04 1.1370
90 0.10275 304.30 333.07 1.1958 0.08953 303.99 332.64 1.1841 0.071023 303.34 331.75 1.1641

100 0.10587 313.17 342.81 1.2223 0.09229 312.87 342.41 1.2106 0.073274 312.28 341.59 1.1908
110 0.10897 322.18 352.69 1.2484 0.09503 321.91 352.31 1.2368 0.075504 321.35 351.55 1.2172
120 0.11205 331.34 362.72 1.2742 0.09775 331.08 362.36 1.2627 0.077717 330.56 361.65 1.2432
130 0.11512 340.65 372.88 1.2998 0.10045 340.41 372.55 1.2883 0.079913 339.92 371.89 1.2689
140 0.11818 350.11 383.20 1.3251 0.10314 349.88 382.89 1.3136 0.082096 349.42 382.26 1.2943
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TABLE A–13
Superheated refrigerant-134a

T
°C

v
m3/kg

u
kJ/kg

h
kJ/kg

s
kJ/kg·K

v
m3/kg

u
kJ/kg

h
kJ/kg

s
kJ/kg·K

v
m3/kg

u
kJ/kg

h
kJ/kg

s
kJ/kg·K

P = 0.50 MPa (Tsat = 15.71°C) P = 0.60 MPa (Tsat = 21.55°C) P = 0.70 MPa (Tsat = 26.69°C)
Sat. 0.041168 238.77 259.36 0.9242 0.034335 241.86 262.46 0.9220 0.029392 244.51 265.08 0.9201

20 0.042115 242.42 263.48 0.9384
30 0.044338 250.86 273.03 0.9704 0.035984 249.24 270.83 0.9500 0.029966 247.49 268.47 0.9314
40 0.046456 259.27 282.50 1.0011 0.037865 257.88 280.60 0.9817 0.031696 256.41 278.59 0.9642
50 0.048499 267.73 291.98 1.0309 0.039659 266.50 290.30 1.0122 0.033322 265.22 288.54 0.9955
60 0.050485 276.27 301.51 1.0600 0.041389 275.17 300.00 1.0417 0.034875 274.03 298.44 1.0257
70 0.052427 284.91 311.12 1.0884 0.043069 283.91 309.75 1.0706 0.036373 282.88 308.34 1.0550
80 0.054331 293.65 320.82 1.1163 0.044710 292.74 319.57 1.0988 0.037829 291.81 318.29 1.0835
90 0.056205 302.52 330.63 1.1436 0.046318 301.69 329.48 1.1265 0.039250 300.84 328.31 1.1115

100 0.058053 311.52 340.55 1.1706 0.047900 310.75 339.49 1.1536 0.040642 309.96 338.41 1.1389
110 0.059880 320.65 350.59 1.1971 0.049458 319.93 349.61 1.1804 0.042010 319.21 348.61 1.1659
120 0.061687 329.91 360.75 1.2233 0.050997 329.24 359.84 1.2068 0.043358 328.57 358.92 1.1925
130 0.063479 339.31 371.05 1.2492 0.052519 338.69 370.20 1.2328 0.044688 338.06 369.34 1.2186
140 0.065256 348.85 381.47 1.2747 0.054027 348.26 380.68 1.2585 0.046004 347.67 379.88 1.2445
150 0.067021 358.52 392.04 1.3000 0.055522 357.98 391.29 1.2838 0.047306 357.42 390.54 1.2700
160 0.068775 368.34 402.73 1.3250 0.057006 367.83 402.03 1.3089 0.048597 367.31 401.32 1.2952

P = 0.80 MPa (Tsat = 31.31°C) P = 0.90 MPa (Tsat = 35.51°C) P = 1.00 MPa (Tsat = 39.37°C)
Sat. 0.025645 246.82 267.34 0.9185 0.022686 248.82 269.25 0.9169 0.020319 250.71 271.04 0.9157

40 0.027035 254.84 276.46 0.9481 0.023375 253.15 274.19 0.9328 0.020406 251.32 271.73 0.9180
50 0.028547 263.87 286.71 0.9803 0.024809 262.46 284.79 0.9661 0.021796 260.96 282.76 0.9526
60 0.029973 272.85 296.82 1.0111 0.026146 271.62 295.15 0.9977 0.023068 270.33 293.40 0.9851
70 0.031340 281.83 306.90 1.0409 0.027413 280.74 305.41 1.0280 0.024261 279.61 303.87 1.0160
80 0.032659 290.86 316.99 1.0699 0.028630 289.88 315.65 1.0574 0.025398 288.87 314.27 1.0459
90 0.033941 299.97 327.12 1.0982 0.029806 299.08 325.90 1.0861 0.026492 298.17 324.66 1.0749

100 0.035193 309.17 337.32 1.1259 0.030951 308.35 336.21 1.1141 0.027552 307.52 335.08 1.1032
110 0.036420 318.47 347.61 1.1531 0.032068 317.72 346.58 1.1415 0.028584 316.96 345.54 1.1309
120 0.037625 327.89 357.99 1.1798 0.033164 327.19 357.04 1.1684 0.029592 326.49 356.08 1.1580
130 0.038813 337.42 368.47 1.2062 0.034241 336.78 367.59 1.1949 0.030581 336.12 366.70 1.1847
140 0.039985 347.08 379.07 1.2321 0.035302 346.48 378.25 1.2211 0.031554 345.87 377.42 1.2110
150 0.041143 356.86 389.78 1.2577 0.036349 356.30 389.01 1.2468 0.032512 355.73 388.24 1.2369
160 0.042290 366.78 400.61 1.2830 0.037384 366.25 399.89 1.2722 0.033457 365.71 399.17 1.2624
170 0.043427 376.83 411.57 1.3081 0.038408 376.33 410.89 1.2973 0.034392 375.82 410.22 1.2876
180 0.044554 387.01 422.65 1.3328 0.039423 386.54 422.02 1.3221 0.035317 386.06 421.38 1.3125

P = 1.20 MPa (Tsat = 46.29°C) P = 1.40 MPa (Tsat = 52.40°C) P = 1.60 MPa (Tsat = 57.88°C)
Sat. 0.016728 253.84 273.92 0.9132 0.014119 256.40 276.17 0.9107 0.012134 258.50 277.92 0.9080

50 0.017201 257.64 278.28 0.9268
60 0.018404 267.57 289.66 0.9615 0.015005 264.46 285.47 0.9389 0.012372 260.91 280.71 0.9164
70 0.019502 277.23 300.63 0.9939 0.016060 274.62 297.10 0.9733 0.013430 271.78 293.27 0.9536
80 0.020529 286.77 311.40 1.0249 0.017023 284.51 308.34 1.0056 0.014362 282.11 305.09 0.9875
90 0.021506 296.28 322.09 1.0547 0.017923 294.28 319.37 1.0364 0.015215 292.19 316.53 1.0195

100 0.022442 305.81 332.74 1.0836 0.018778 304.01 330.30 1.0661 0.016014 302.16 327.78 1.0501
110 0.023348 315.40 343.41 1.1119 0.019597 313.76 341.19 1.0949 0.016773 312.09 338.93 1.0795
120 0.024228 325.05 354.12 1.1395 0.020388 323.55 352.09 1.1230 0.017500 322.03 350.03 1.1081
130 0.025086 334.79 364.90 1.1665 0.021155 333.41 363.02 1.1504 0.018201 332.02 361.14 1.1360
140 0.025927 344.63 375.74 1.1931 0.021904 343.34 374.01 1.1773 0.018882 342.06 372.27 1.1633
150 0.026753 354.57 386.68 1.2192 0.022636 353.37 385.07 1.2038 0.019545 352.19 383.46 1.1901
160 0.027566 364.63 397.71 1.2450 0.023355 363.51 396.20 1.2298 0.020194 362.40 394.71 1.2164
170 0.028367 374.80 408.84 1.2704 0.024061 373.75 407.43 1.2554 0.020830 372.71 406.04 1.2422
180 0.029158 385.10 420.09 1.2955 0.024757 384.12 418.78 1.2808 0.021456 383.13 417.46 1.2677

(Concluded)
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FIGURE A–14
P-h diagram for refrigerant-134a.
Note: The reference point used for the chart is different than that used in the R-134a tables. Therefore, problems should be solved using all property data either from the tables 
or from the chart, but not from both.
Source of Data: American Society of Heating, Refrigerating, and Air-Conditioning Engineers, Inc., Atlanta, GA.
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Nelson–Obert generalized compressibility chart.
Used with permission of Dr. Edward E. Obert, University of Wisconsin.
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TABLE A–16
Properties of the atmosphere at high altitude

Altitude,
m

Temperature,
°C

Pressure,
kPa

Gravity
g, m/s2

Speed of
sound,

m/s
Density,
kg/m3

Viscosity
μ, kg/m·s

Thermal
conductivity,

W/m·K
0 15.00 101.33 9.807 340.3 1.225 1.789 × 10−5 0.0253

200 13.70 98.95 9.806 339.5 1.202 1.783 × 10−5 0.0252
400 12.40 96.61 9.805 338.8 1.179 1.777 × 10−5 0.0252
600 11.10 94.32 9.805 338.0 1.156 1.771 × 10−5 0.0251
800 9.80 92.08 9.804 337.2 1.134 1.764 × 10−5 0.0250

1000 8.50 89.88 9.804 336.4 1.112 1.758 × 10−5 0.0249
1200 7.20 87.72 9.803 335.7 1.090 1.752 × 10−5 0.0248
1400 5.90 85.60 9.802 334.9 1.069 1.745 × 10−5 0.0247
1600 4.60 83.53 9.802 334.1 1.048 1.739 × 10−5 0.0245
1800 3.30 81.49 9.801 333.3 1.027 1.732 × 10−5 0.0244
2000 2.00 79.50 9.800 332.5 1.007 1.726 × 10−5 0.0243
2200 0.70 77.55 9.800 331.7 0.987 1.720 × 10−5 0.0242
2400 −0.59 75.63 9.799 331.0 0.967 1.713 × 10−5 0.0241
2600 −1.89 73.76 9.799 330.2 0.947 1.707 × 10−5 0.0240
2800 −3.19 71.92 9.798 329.4 0.928 1.700 × 10−5 0.0239
3000 −4.49 70.12 9.797 328.6 0.909 1.694 × 10−5 0.0238
3200 −5.79 68.36 9.797 327.8 0.891 1.687 × 10−5 0.0237
3400 −7.09 66.63 9.796 327.0 0.872 1.681 × 10−5 0.0236
3600 −8.39 64.94 9.796 326.2 0.854 1.674 × 10−5 0.0235
3800 −9.69 63.28 9.795 325.4 0.837 1.668 × 10−5 0.0234
4000 −10.98 61.66 9.794 324.6 0.819 1.661 × 10−5 0.0233
4200 −12.3 60.07 9.794 323.8 0.802 1.655 × 10−5 0.0232
4400 −13.6 58.52 9.793 323.0 0.785 1.648 × 10−5 0.0231
4600 −14.9 57.00 9.793 322.2 0.769 1.642 × 10−5 0.0230
4800 −16.2 55.51 9.792 321.4 0.752 1.635 × 10−5 0.0229
5000 −17.5 54.05 9.791 320.5 0.736 1.628 × 10−5 0.0228
5200 −18.8 52.62 9.791 319.7 0.721 1.622 × 10−5 0.0227
5400 −20.1 51.23 9.790 318.9 0.705 1.615 × 10−5 0.0226
5600 −21.4 49.86 9.789 318.1 0.690 1.608 × 10−5 0.0224
5800 −22.7 48.52 9.785 317.3 0.675 1.602 × 10−5 0.0223
6000 −24.0 47.22 9.788 316.5 0.660 1.595 × 10−5 0.0222
6200 −25.3 45.94 9.788 315.6 0.646 1.588 × 10−5 0.0221
6400 −26.6 44.69 9.787 314.8 0.631 1.582 × 10−5 0.0220
6600 −27.9 43.47 9.786 314.0 0.617 1.575 × 10−5 0.0219
6800 −29.2 42.27 9.785 313.1 0.604 1.568 × 10−5 0.0218
7000 −30.5 41.11 9.785 312.3 0.590 1.561 × 10−5 0.0217
8000 −36.9 35.65 9.782 308.1 0.526 1.527 × 10−5 0.0212
9000 −43.4 30.80 9.779 303.8 0.467 1.493 × 10−5 0.0206

10,000 −49.9 26.50 9.776 299.5 0.414 1.458 × 10−5 0.0201
12,000 −56.5 19.40 9.770 295.1 0.312 1.422 × 10−5 0.0195
14,000 −56.5 14.17 9.764 295.1 0.228 1.422 × 10−5 0.0195
16,000 −56.5 10.53 9.758 295.1 0.166 1.422 × 10−5 0.0195
18,000 −56.5 7.57 9.751 295.1 0.122 1.422 × 10−5 0.0195

Source of Data: U.S. Standard Atmosphere Supplements, U.S. Government Printing Office, 1966. Based on year-round mean conditions at 45° latitude and varies with the 
time of the year and the weather patterns. The conditions at sea level (z = 0) are taken to be P = 101.325 kPa, T = 15°C, ρ = 1.2250 kg/m3, g = 9.80665 m2/s.
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TABLE A–17
Ideal-gas properties of air

T
K

h
kJ/kg Pr

u
kJ/kg vr

s°
kJ/kg·K

T
K

h
kJ/kg Pr

u
kJ/kg vr

s°
kJ/kg·K

200 199.97 0.3363 142.56 1707.0 1.29559 580 586.04 14.38 419.55 115.7 2.37348
210 209.97 0.3987 149.69 1512.0 1.34444 590 596.52 15.31 427.15 110.6 2.39140
220 219.97 0.4690 156.82 1346.0 1.39105 600 607.02 16.28 434.78 105.8 2.40902
230 230.02 0.5477 164.00 1205.0 1.43557 610 617.53 17.30 442.42 101.2 2.42644
240 240.02 0.6355 171.13 1084.0 1.47824 620 628.07 18.36 450.09 96.92 2.44356
250 250.05 0.7329 178.28 979.0 1.51917 630 638.63 19.84 457.78 92.84 2.46048
260 260.09 0.8405 185.45 887.8 1.55848 640 649.22 20.64 465.50 88.99 2.47716
270 270.11 0.9590 192.60 808.0 1.59634 650 659.84 21.86 473.25 85.34 2.49364
280 280.13 1.0889 199.75 738.0 1.63279 660 670.47 23.13 481.01 81.89 2.50985
285 285.14 1.1584 203.33 706.1 1.65055 670 681.14 24.46 488.81 78.61 2.52589
290 290.16 1.2311 206.91 676.1 1.66802 680 691.82 25.85 496.62 75.50 2.54175
295 295.17 1.3068 210.49 647.9 1.68515 690 702.52 27.29 504.45 72.56 2.55731
298 298.18 1.3543 212.64 631.9 1.69528 700 713.27 28.80 512.33 69.76 2.57277
300 300.19 1.3860 214.07 621.2 1.70203 710 724.04 30.38 520.23 67.07 2.58810
305 305.22 1.4686 217.67 596.0 1.71865 720 734.82 32.02 528.14 64.53 2.60319
310 310.24 1.5546 221.25 572.3 1.73498 730 745.62 33.72 536.07 62.13 2.61803
315 315.27 1.6442 224.85 549.8 1.75106 740 756.44 35.50 544.02 59.82 2.63280
320 320.29 1.7375 228.42 528.6 1.76690 750 767.29 37.35 551.99 57.63 2.64737
325 325.31 1.8345 232.02 508.4 1.78249 760 778.18 39.27 560.01 55.54 2.66176
330 330.34 1.9352 235.61 489.4 1.79783 780 800.03 43.35 576.12 51.64 2.69013
340 340.42 2.149 242.82 454.1 1.82790 800 821.95 47.75 592.30 48.08 2.71787
350 350.49 2.379 250.02 422.2 1.85708 820 843.98 52.59 608.59 44.84 2.74504
360 360.58 2.626 257.24 393.4 1.88543 840 866.08 57.60 624.95 41.85 2.77170
370 370.67 2.892 264.46 367.2 1.91313 860 888.27 63.09 641.40 39.12 2.79783
380 380.77 3.176 271.69 343.4 1.94001 880 910.56 68.98 657.95 36.61 2.82344
390 390.88 3.481 278.93 321.5 1.96633 900 932.93 75.29 674.58 34.31 2.84856
400 400.98 3.806 286.16 301.6 1.99194 920 955.38 82.05 691.28 32.18 2.87324
410 411.12 4.153 293.43 283.3 2.01699 940 977.92 89.28 708.08 30.22 2.89748
420 421.26 4.522 300.69 266.6 2.04142 960 1000.55 97.00 725.02 28.40 2.92128
430 431.43 4.915 307.99 251.1 2.06533 980 1023.25 105.2 741.98 26.73 2.94468
440 441.61 5.332 315.30 236.8 2.08870 1000 1046.04 114.0 758.94 25.17 2.96770
450 451.80 5.775 322.62 223.6 2.11161 1020 1068.89 123.4 776.10 23.72 2.99034
460 462.02 6.245 329.97 211.4 2.13407 1040 1091.85 133.3 793.36 23.29 3.01260
470 472.24 6.742 337.32 200.1 2.15604 1060 1114.86 143.9 810.62 21.14 3.03449
480 482.49 7.268 344.70 189.5 2.17760 1080 1137.89 155.2 827.88 19.98 3.05608
490 492.74 7.824 352.08 179.7 2.19876 1100 1161.07 167.1 845.33 18.896 3.07732
500 503.02 8.411 359.49 170.6 2.21952 1120 1184.28 179.7 862.79 17.886 3.09825
510 513.32 9.031 366.92 162.1 2.23993 1140 1207.57 193.1 880.35 16.946 3.11883
520 523.63 9.684 374.36 154.1 2.25997 1160 1230.92 207.2 897.91 16.064 3.13916
530 533.98 10.37 381.84 146.7 2.27967 1180 1254.34 222.2 915.57 15.241 3.15916
540 544.35 11.10 389.34 139.7 2.29906 1200 1277.79 238.0 933.33 14.470 3.17888
550 554.74 11.86 396.86 133.1 2.31809 1220 1301.31 254.7 951.09 13.747 3.19834
560 565.17 12.66 404.42 127.0 2.33685 1240 1324.93 272.3 968.95 13.069 3.21751
570 575.59 13.50 411.97 121.2 2.35531
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TABLE A–17
Ideal-gas properties of air

T
K

h
kJ/kg Pr

u
kJ/kg vr

s°
kJ/kg·K

T
K

h
kJ/kg Pr

u
kJ/kg vr

s°
kJ/kg·K

1260 1348.55 290.8 986.90 12.435 3.23638 1600 1757.57 791.2 1298.30 5.804 3.52364
1280 1372.24 310.4 1004.76 11.835 3.25510 1620 1782.00 834.1 1316.96 5.574 3.53879
1300 1395.97 330.9 1022.82 11.275 3.27345 1640 1806.46 878.9 1335.72 5.355 3.55381
1320 1419.76 352.5 1040.88 10.747 3.29160 1660 1830.96 925.6 1354.48 5.147 3.56867
1340 1443.60 375.3 1058.94 10.247 3.30959 1680 1855.50 974.2 1373.24 4.949 3.58335
1360 1467.49 399.1 1077.10 9.780 3.32724 1700 1880.1 1025 1392.7 4.761 3.5979
1380 1491.44 424.2 1095.26 9.337 3.34474 1750 1941.6 1161 1439.8 4.328 3.6336
1400 1515.42 450.5 1113.52 8.919 3.36200 1800 2003.3 1310 1487.2 3.994 3.6684
1420 1539.44 478.0 1131.77 8.526 3.37901 1850 2065.3 1475 1534.9 3.601 3.7023
1440 1563.51 506.9 1150.13 8.153 3.39586 1900 2127.4 1655 1582.6 3.295 3.7354
1460 1587.63 537.1 1168.49 7.801 3.41247 1950 2189.7 1852 1630.6 3.022 3.7677
1480 1611.79 568.8 1186.95 7.468 3.42892 2000 2252.1 2068 1678.7 2.776 3.7994
1500 1635.97 601.9 1205.41 7.152 3.44516 2050 2314.6 2303 1726.8 2.555 3.8303
1520 1660.23 636.5 1223.87 6.854 3.46120 2100 2377.7 2559 1775.3 2.356 3.8605
1540 1684.51 672.8 1242.43 6.569 3.47712 2150 2440.3 2837 1823.8 2.175 3.8901
1560 1708.82 710.5 1260.99 6.301 3.49276 2200 2503.2 3138 1872.4 2.012 3.9191
1580 1733.17 750.0 1279.65 6.046 3.50829 2250 2566.4 3464 1921.3 1.864 3.9474

Note: The properties Pr (relative pressure) and vr (relative specific volume) are dimensionless quantities used in the analysis of isentropic processes, and should not be 
confused with the properties pressure and specific volume.
Source of Data: Kenneth Wark, Thermodynamics, 4th ed. (New York: McGraw-Hill, 1983), pp. 785–86, table A–5. Originally published in J. H. Keenan and J. Kaye, Gas 
Tables (New York: John Wiley & Sons, 1948).

(Concluded)
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TABLE A–18

Ideal-gas properties of nitrogen, N2

T
K

  
_
 h  

kJ/kmol
  _ u  
kJ/kmol

  _ s ° 
kJ/kmol·K

T
K

  
_
 h  

kJ/kmol
  _ u  
kJ/kmol

  _ s ° 
kJ/kmol·K

0 0 0 0 600 17,563 12,574 212.066
220 6,391 4,562 182.639 610 17,864 12,792 212.564
230 6,683 4,770 183.938 620 18,166 13,011 213.055
240 6,975 4,979 185.180 630 18,468 13,230 213.541
250 7,266 5,188 186.370 640 18,772 13,450 214.018
260 7,558 5,396 187.514 650 19,075 13,671 214.489
270 7,849 5,604 188.614 660 19,380 13,892 214.954
280 8,141 5,813 189.673 670 19,685 14,114 215.413
290 8,432 6,021 190.695 680 19,991 14,337 215.866
298 8,669 6,190 191.502 690 20,297 14,560 216.314
300 8,723 6,229 191.682 700 20,604 14,784 216.756
310 9,014 6,437 192.638 710 20,912 15,008 217.192
320 9,306 6,645 193.562 720 21,220 15,234 217.624
330 9,597 6,853 194.459 730 21,529 15,460 218.059
340 9,888 7,061 195.328 740 21,839 15,686 218.472
350 10,180 7,270 196.173 750 22,149 15,913 218.889
360 10,471 7,478 196.995 760 22,460 16,141 219.301
370 10,763 7,687 197.794 770 22,772 16,370 219.709
380 11,055 7,895 198.572 780 23,085 16,599 220.113
390 11,347 8,104 199.331 790 23,398 16,830 220.512
400 11,640 8,314 200.071 800 23,714 17,061 220.907
410 11,932 8,523 200.794 810 24,027 17,292 221.298
420 12,225 8,733 201.499 820 24,342 17,524 221.684
430 12,518 8,943 202.189 830 24,658 17,757 222.067
440 12,811 9,153 202.863 840 24,974 17,990 222.447
450 13,105 9,363 203.523 850 25,292 18,224 222.822
460 13,399 9,574 204.170 860 25,610 18,459 223.194
470 13,693 9,786 204.803 870 25,928 18,695 223.562
480 13,988 9,997 205.424 880 26,248 18,931 223.927
490 14,285 10,210 206.033 890 26,568 19,168 224.288
500 14,581 10,423 206.630 900 26,890 19,407 224.647
510 14,876 10,635 207.216 910 27,210 19,644 225.002
520 15,172 10,848 207.792 920 27,532 19,883 225.353
530 15,469 11,062 208.358 930 27,854 20,122 225.701
540 15,766 11,277 208.914 940 28,178 20,362 226.047
550 16,064 11,492 209.461 950 28,501 20,603 226.389
560 16,363 11,707 209.999 960 28,826 20,844 226.728
570 16,662 11,923 210.528 970 29,151 21,086 227.064
580 16,962 12,139 211.049 980 29,476 21,328 227.398
590 17,262 12,356 211.562 990 29,803 21,571 227.728
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Source of Data: Tables A–18 through A–25 are adapted from Kenneth Wark, Thermodynamics, 4th ed. (New York: McGraw-Hill, 1983), pp. 787–98. Originally published 
in JANAF, Thermochemical Tables, NSRDS-NBS-37, 1971.

TABLE A–18

Ideal-gas properties of nitrogen, N2

T
K

  
_
 h  

kJ/kmol
  _ u  
kJ/kmol

  _ s ° 
kJ/kmol·K

T
K

  
_
 h  

kJ/kmol
  _ u  
kJ/kmol

  _ s ° 
kJ/kmol·K

1000 30,129 21,815 228.057 1760 56,227 41,594 247.396
1020 30,784 22,304 228.706 1780 56,938 42,139 247.798
1040 31,442 22,795 229.344 1800 57,651 42,685 248.195
1060 32,101 23,288 229.973 1820 58,363 43,231 248.589
1080 32,762 23,782 230.591 1840 59,075 43,777 248.979
1100 33,426 24,280 231.199 1860 59,790 44,324 249.365
1120 34,092 24,780 231.799 1880 60,504 44,873 249.748
1140 34,760 25,282 232.391 1900 61,220 45,423 250.128
1160 35,430 25,786 232.973 1920 61,936 45,973 250.502
1180 36,104 26,291 233.549 1940 62,654 46,524 250.874
1200 36,777 26,799 234.115 1960 63,381 47,075 251.242
1220 37,452 27,308 234.673 1980 64,090 47,627 251.607
1240 38,129 27,819 235.223 2000 64,810 48,181 251.969
1260 38,807 28,331 235.766 2050 66,612 49,567 252.858
1280 39,488 28,845 236.302 2100 68,417 50,957 253.726
1300 40,170 29,361 236.831 2150 70,226 52,351 254.578
1320 40,853 29,378 237.353 2200 72,040 53,749 255.412
1340 41,539 30,398 237.867 2250 73,856 55,149 256.227
1360 42,227 30,919 238.376 2300 75,676 56,553 257.027
1380 42,915 31,441 238.878 2350 77,496 57,958 257.810
1400 43,605 31,964 239.375 2400 79,320 59,366 258.580
1420 44,295 32,489 239.865 2450 81,149 60,779 259.332
1440 44,988 33,014 240.350 2500 82,981 62,195 260.073
1460 45,682 33,543 240.827 2550 84,814 63,613 260.799
1480 46,377 34,071 241.301 2600 86,650 65,033 261.512
1500 47,073 34,601 241.768 2650 88,488 66,455 262.213
1520 47,771 35,133 242.228 2700 90,328 67,880 262.902
1540 48,470 35,665 242.685 2750 92,171 69,306 263.577
1560 49,168 36,197 243.137 2800 94,014 70,734 264.241
1580 49,869 36,732 243.585 2850 95,859 72,163 264.895
1600 50,571 37,268 244.028 2900 97,705 73,593 265.538
1620 51,275 37,806 244.464 2950 99,556 75,028 266.170
1640 51,980 38,344 244.896 3000 101,407 76,464 266.793
1660 52,686 38,884 245.324 3050 103,260 77,902 267.404
1680 53,393 39,424 245.747 3100 105,115 79,341 268.007
1700 54,099 39,965 246.166 3150 106,972 80,782 268.601
1720 54,807 40,507 246.580 3200 108,830 82,224 269.186
1740 55,516 41,049 246.990 3250 110,690 83,668 269.763

(Concluded)
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TABLE A–19

Ideal-gas properties of oxygen, O2

T
K

  
_
 h  

kJ/kmol
  _ u  
kJ/kmol

  _ s ° 
kJ/kmol·K

T
K

  
_
 h  

kJ/kmol
  _ u  
kJ/kmol

  _ s ° 
kJ/kmol·K

0 0 0 0 600 17,929 12,940 226.346
220 6,404 4,575 196.171 610 18,250 13,178 226.877
230 6,694 4,782 197.461 620 18,572 13,417 227.400
240 6,984 4,989 198.696 630 18,895 13,657 227.918
250 7,275 5,197 199.885 640 19,219 13,898 228.429
260 7,566 5,405 201.027 650 19,544 14,140 228.932
270 7,858 5,613 202.128 660 19,870 14,383 229.430
280 8,150 5,822 203.191 670 20,197 14,626 229.920
290 8,443 6,032 204.218 680 20,524 14,871 230.405
298 8,682 6,203 205.033 690 20,854 15,116 230.885
300 8,736 6,242 205.213 700 21,184 15,364 231.358
310 9,030 6,453 206.177 710 21,514 15,611 231.827
320 9,325 6,664 207.112 720 21,845 15,859 232.291
330 9,620 6,877 208.020 730 22,177 16,107 232.748
340 9,916 7,090 208.904 740 22,510 16,357 233.201
350 10,213 7,303 209.765 750 22,844 16,607 233.649
360 10,511 7,518 210.604 760 23,178 16,859 234.091
370 10,809 7,733 211.423 770 23,513 17,111 234.528
380 11,109 7,949 212.222 780 23,850 17,364 234.960
390 11,409 8,166 213.002 790 24,186 17,618 235.387
400 11,711 8,384 213.765 800 24,523 17,872 235.810
410 12,012 8,603 214.510 810 24,861 18,126 236.230
420 12,314 8,822 215.241 820 25,199 18,382 236.644
430 12,618 9,043 215.955 830 25,537 18,637 237.055
440 12,923 9,264 216.656 840 25,877 18,893 237.462
450 13,228 9,487 217.342 850 26,218 19,150 237.864
460 13,525 9,710 218.016 860 26,559 19,408 238.264
470 13,842 9,935 218.676 870 26,899 19,666 238.660
480 14,151 10,160 219.326 880 27,242 19,925 239.051
490 14,460 10,386 219.963 890 27,584 20,185 239.439
500 14,770 10,614 220.589 900 27,928 20,445 239.823
510 15,082 10,842 221.206 910 28,272 20,706 240.203
520 15,395 11,071 221.812 920 28,616 20,967 240.580
530 15,708 11,301 222.409 930 28,960 21,228 240.953
540 16,022 11,533 222.997 940 29,306 21,491 241.323
550 16,338 11,765 223.576 950 29,652 21,754 241.689
560 16,654 11,998 224.146 960 29,999 22,017 242.052
570 16,971 12,232 224.708 970 30,345 22,280 242.411
580 17,290 12,467 225.262 980 30,692 22,544 242.768
590 17,609 12,703 225.808 990 31,041 22,809 242.120
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TABLE A–19

Ideal-gas properties of oxygen, O2

T
K

  
_
 h  

kJ/kmol
  _ u  
kJ/kmol

  _ s ° 
kJ/kmol·K

T
K

  
_
 h  

kJ/kmol
  _ u  
kJ/kmol

  _ s ° 
kJ/kmol·K

1000 31,389 23,075 243.471 1760 58,880 44,247 263.861
1020 32,088 23,607 244.164 1780 59,624 44,825 264.283
1040 32,789 24,142 244.844 1800 60,371 45,405 264.701
1060 33,490 24,677 245.513 1820 61,118 45,986 265.113
1080 34,194 25,214 246.171 1840 61,866 46,568 265.521
1100 34,899 25,753 246.818 1860 62,616 47,151 265.925
1120 35,606 26,294 247.454 1880 63,365 47,734 266.326
1140 36,314 26,836 248.081 1900 64,116 48,319 266.722
1160 37,023 27,379 248.698 1920 64,868 48,904 267.115
1180 37,734 27,923 249.307 1940 65,620 49,490 267.505
1200 38,447 28,469 249.906 1960 66,374 50,078 267.891
1220 39,162 29,018 250.497 1980 67,127 50,665 268.275
1240 39,877 29,568 251.079 2000 67,881 51,253 268.655
1260 40,594 30,118 251.653 2050 69,772 52,727 269.588
1280 41,312 30,670 252.219 2100 71,668 54,208 270.504
1300 42,033 31,224 252.776 2150 73,573 55,697 271.399
1320 42,753 31,778 253.325 2200 75,484 57,192 272.278
1340 43,475 32,334 253.868 2250 77,397 58,690 273.136
1360 44,198 32,891 254.404 2300 79,316 60,193 273.891
1380 44,923 33,449 254.932 2350 81,243 61,704 274.809
1400 45,648 34,008 255.454 2400 83,174 63,219 275.625
1420 46,374 34,567 255.968 2450 85,112 64,742 276.424
1440 47,102 35,129 256.475 2500 87,057 66,271 277.207
1460 47,831 35,692 256.978 2550 89,004 67,802 277.979
1480 48,561 36,256 257.474 2600 90,956 69,339 278.738
1500 49,292 36,821 257.965 2650 92,916 70,883 279.485
1520 50,024 37,387 258.450 2700 94,881 72,433 280.219
1540 50,756 37,952 258.928 2750 96,852 73,987 280.942
1560 51,490 38,520 259.402 2800 98,826 75,546 281.654
1580 52,224 39,088 259.870 2850 100,808 77,112 282.357
1600 52,961 39,658 260.333 2900 102,793 78,682 283.048
1620 53,696 40,227 260.791 2950 104,785 80,258 283.728
1640 54,434 40,799 261.242 3000 106,780 81,837 284.399
1660 55,172 41,370 261.690 3050 108,778 83,419 285.060
1680 55,912 41,944 262.132 3100 110,784 85,009 285.713
1700 56,652 42,517 262.571 3150 112,795 86,601 286.355
1720 57,394 43,093 263.005 3200 114,809 88,203 286.989
1740 58,136 43,669 263.435 3250 116,827 89,804 287.614

(Concluded)
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TABLE A–20

Ideal-gas properties of carbon dioxide, CO2

T
K

  
_
 h  

kJ/kmol
  _ u  
kJ/kmol

  _ s ° 
kJ/kmol·K

T
K

  
_
 h  

kJ/kmol
  _ u  
kJ/kmol

  _ s ° 
kJ/kmol·K

0 0 0 0 600 22,280 17,291 243.199
220 6,601 4,772 202.966 610 22,754 17,683 243.983
230 6,938 5,026 204.464 620 23,231 18,076 244.758
240 7,280 5,285 205.920 630 23,709 18,471 245.524
250 7,627 5,548 207.337 640 24,190 18,869 246.282
260 7,979 5,817 208.717 650 24,674 19,270 247.032
270 8,335 6,091 210.062 660 25,160 19,672 247.773
280 8,697 6,369 211.376 670 25,648 20,078 248.507
290 9,063 6,651 212.660 680 26,138 20,484 249.233
298 9,364 6,885 213.685 690 26,631 20,894 249.952
300 9,431 6,939 213.915 700 27,125 21,305 250.663
310 9,807 7,230 215.146 710 27,622 21,719 251.368
320 10,186 7,526 216.351 720 28,121 22,134 252.065
330 10,570 7,826 217.534 730 28,622 22,522 252.755
340 10,959 8,131 218.694 740 29,124 22,972 253.439
350 11,351 8,439 219.831 750 29,629 23,393 254.117
360 11,748 8,752 220.948 760 30,135 23,817 254.787
370 12,148 9,068 222.044 770 30,644 24,242 255.452
380 12,552 9,392 223.122 780 31,154 24,669 256.110
390 12,960 9,718 224.182 790 31,665 25,097 256.762
400 13,372 10,046 225.225 800 32,179 25,527 257.408
410 13,787 10,378 226.250 810 32,694 25,959 258.048
420 14,206 10,714 227.258 820 33,212 26,394 258.682
430 14,628 11,053 228.252 830 33,730 26,829 259.311
440 15,054 11,393 229.230 840 34,251 27,267 259.934
450 15,483 11,742 230.194 850 34,773 27,706 260.551
460 15,916 12,091 231.144 860 35,296 28,125 261.164
470 16,351 12,444 232.080 870 35,821 28,588 261.770
480 16,791 12,800 233.004 880 36,347 29,031 262.371
490 17,232 13,158 233.916 890 36,876 29,476 262.968
500 17,678 13,521 234.814 900 37,405 29,922 263.559
510 18,126 13,885 235.700 910 37,935 30,369 264.146
520 18,576 14,253 236.575 920 38,467 30,818 264.728
530 19,029 14,622 237.439 930 39,000 31,268 265.304
540 19,485 14,996 238.292 940 39,535 31,719 265.877
550 19,945 15,372 239.135 950 40,070 32,171 266.444
560 20,407 15,751 239.962 960 40,607 32,625 267.007
570 20,870 16,131 240.789 970 41,145 33,081 267.566
580 21,337 16,515 241.602 980 41,685 33,537 268.119
590 21,807 16,902 242.405 990 42,226 33,995 268.670
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TABLE A–20

Ideal-gas properties of carbon dioxide, CO2

T
K

  
_
 h  

kJ/kmol
  _ u  
kJ/kmol

  _ s ° 
kJ/kmol·K

T
K

  
_
 h  

kJ/kmol
  _ u  
kJ/kmol

  _ s ° 
kJ/kmol·K

1000 42,769 34,455 269.215 1760 86,420 71,787 301.543
1020 43,859 35,378 270.293 1780 87,612 72,812 302.217
1040 44,953 36,306 271.354 1800 88,806 73,840 302.884
1060 46,051 37,238 272.400 1820 90,000 74,868 303.544
1080 47,153 38,174 273.430 1840 91,196 75,897 304.198
1100 48,258 39,112 274.445 1860 92,394 76,929 304.845
1120 49,369 40,057 275.444 1880 93,593 77,962 305.487
1140 50,484 41,006 276.430 1900 94,793 78,996 306.122
1160 51,602 41,957 277.403 1920 95,995 80,031 306.751
1180 52,724 42,913 278.361 1940 97,197 81,067 307.374
1200 53,848 43,871 297.307 1960 98,401 82,105 307.992
1220 54,977 44,834 280.238 1980 99,606 83,144 308.604
1240 56,108 45,799 281.158 2000 100,804 84,185 309.210
1260 57,244 46,768 282.066 2050 103,835 86,791 310.701
1280 58,381 47,739 282.962 2100 106,864 89,404 312.160
1300 59,522 48,713 283.847 2150 109,898 92,023 313.589
1320 60,666 49,691 284.722 2200 112,939 94,648 314.988
1340 61,813 50,672 285.586 2250 115,984 97,277 316.356
1360 62,963 51,656 286.439 2300 119,035 99,912 317.695
1380 64,116 52,643 287.283 2350 122,091 102,552 319.011
1400 65,271 53,631 288.106 2400 125,152 105,197 320.302
1420 66,427 54,621 288.934 2450 128,219 107,849 321.566
1440 67,586 55,614 289.743 2500 131,290 110,504 322.808
1460 68,748 56,609 290.542 2550 134,368 113,166 324.026
1480 66,911 57,606 291.333 2600 137,449 115,832 325.222
1500 71,078 58,606 292.114 2650 140,533 118,500 326.396
1520 72,246 59,609 292.888 2700 143,620 121,172 327.549
1540 73,417 60,613 292.654 2750 146,713 123,849 328.684
1560 74,590 61,620 294.411 2800 149,808 126,528 329.800
1580 76,767 62,630 295.161 2850 152,908 129,212 330.896
1600 76,944 63,741 295.901 2900 156,009 131,898 331.975
1620 78,123 64,653 296.632 2950 159,117 134,589 333.037
1640 79,303 65,668 297.356 3000 162,226 137,283 334.084
1660 80,486 66,592 298.072 3050 165,341 139,982 335.114
1680 81,670 67,702 298.781 3100 168,456 142,681 336.126
1700 82,856 68,721 299.482 3150 171,576 145,385 337.124
1720 84,043 69,742 300.177 3200 174,695 148,089 338.109
1740 85,231 70,764 300.863 3250 177,822 150,801 339.069

(Concluded)
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TABLE A–21

Ideal-gas properties of carbon monoxide, CO

T
K

  
_
 h  

kJ/kmol
  _ u  
kJ/kmol

  _ s ° 
kJ/kmol·K

T
K

  
_
 h  

kJ/kmol
  _ u  
kJ/kmol

  _ s ° 
kJ/kmol·K

0 0 0 0 600 17,611 12,622 218.204
220 6,391 4,562 188.683 610 17,915 12,843 218.708
230 6,683 4,771 189.980 620 18,221 13,066 219.205
240 6,975 4,979 191.221 630 18,527 13,289 219.695
250 7,266 5,188 192.411 640 18,833 13,512 220.179
260 7,558 5,396 193.554 650 19,141 13,736 220.656
270 7,849 5,604 194.654 660 19,449 13,962 221.127
280 8,140 5,812 195.713 670 19,758 14,187 221.592
290 8,432 6,020 196.735 680 20,068 14,414 222.052
298 8,669 6,190 197.543 690 20,378 14,641 222.505
300 8,723 6,229 197.723 700 20,690 14,870 222.953
310 9,014 6,437 198.678 710 21,002 15,099 223.396
320 9,306 6,645 199.603 720 21,315 15,328 223.833
330 9,597 6,854 200.500 730 21,628 15,558 224.265
340 9,889 7,062 201.371 740 21,943 15,789 224.692
350 10,181 7,271 202.217 750 22,258 16,022 225.115
360 10,473 7,480 203.040 760 22,573 16,255 225.533
370 10,765 7,689 203.842 770 22,890 16,488 225.947
380 11,058 7,899 204.622 780 23,208 16,723 226.357
390 11,351 8,108 205.383 790 23,526 16,957 226.762
400 11,644 8,319 206.125 800 23,844 17,193 227.162
410 11,938 8,529 206.850 810 24,164 17,429 227.559
420 12,232 8,740 207.549 820 24,483 17,665 227.952
430 12,526 8,951 208.252 830 24,803 17,902 228.339
440 12,821 9,163 208.929 840 25,124 18,140 228.724
450 13,116 9,375 209.593 850 25,446 18,379 229.106
460 13,412 9,587 210.243 860 25,768 18,617 229.482
470 13,708 9,800 210.880 870 26,091 18,858 229.856
480 14,005 10,014 211.504 880 26,415 19,099 230.227
490 14,302 10,228 212.117 890 26,740 19,341 230.593
500 14,600 10,443 212.719 900 27,066 19,583 230.957
510 14,898 10,658 213.310 910 27,392 19,826 231.317
520 15,197 10,874 213.890 920 27,719 20,070 231.674
530 15,497 11,090 214.460 930 28,046 20,314 232.028
540 15,797 11,307 215.020 940 28,375 20,559 232.379
550 16,097 11,524 215.572 950 28,703 20,805 232.727
560 16,399 11,743 216.115 960 29,033 21,051 233.072
570 16,701 11,961 216.649 970 29,362 21,298 233.413
580 17,003 12,181 217.175 980 29,693 21,545 233.752
590 17,307 12,401 217.693 990 30,024 21,793 234.088



917
APPENDIX 1

TABLE A–21

Ideal-gas properties of carbon monoxide, CO

T
K

  
_
 h  

kJ/kmol
  _ u  
kJ/kmol

  _ s ° 
kJ/kmol·K

T
K

  
_
 h  

kJ/kmol
  _ u  
kJ/kmol

  _ s ° 
kJ/kmol·K

1000 30,355 22,041 234.421 1760 56,756 42,123 253.991
1020 31,020 22,540 235.079 1780 57,473 42,673 254.398
1040 31,688 23,041 235.728 1800 58,191 43,225 254.797
1060 32,357 23,544 236.364 1820 58,910 43,778 255.194
1080 33,029 24,049 236.992 1840 59,629 44,331 255.587
1100 33,702 24,557 237.609 1860 60,351 44,886 255.976
1120 34,377 25,065 238.217 1880 61,072 45,441 256.361
1140 35,054 25,575 238.817 1900 61,794 45,997 256.743
1160 35,733 26,088 239.407 1920 62,516 46,552 257.122
1180 36,406 26,602 239.989 1940 63,238 47,108 257.497
1200 37,095 27,118 240.663 1960 63,961 47,665 257.868
1220 37,780 27,637 241.128 1980 64,684 48,221 258.236
1240 38,466 28,426 241.686 2000 65,408 48,780 258.600
1260 39,154 28,678 242.236 2050 67,224 50,179 259.494
1280 39,844 29,201 242.780 2100 69,044 51,584 260.370
1300 40,534 29,725 243.316 2150 70,864 52,988 261.226
1320 41,226 30,251 243.844 2200 72,688 54,396 262.065
1340 41,919 30,778 244.366 2250 74,516 55,809 262.887
1360 42,613 31,306 244.880 2300 76,345 57,222 263.692
1380 43,309 31,836 245.388 2350 78,178 58,640 264.480
1400 44,007 32,367 245.889 2400 80,015 60,060 265.253
1420 44,707 32,900 246.385 2450 81,852 61,482 266.012
1440 45,408 33,434 246.876 2500 83,692 62,906 266.755
1460 46,110 33,971 247.360 2550 85,537 64,335 267.485
1480 46,813 34,508 247.839 2600 87,383 65,766 268.202
1500 47,517 35,046 248.312 2650 89,230 67,197 268.905
1520 48,222 35,584 248.778 2700 91,077 68,628 269.596
1540 48,928 36,124 249.240 2750 92,930 70,066 270.285
1560 49,635 36,665 249.695 2800 94,784 71,504 270.943
1580 50,344 37,207 250.147 2850 96,639 72,945 271.602
1600 51,053 37,750 250.592 2900 98,495 74,383 272.249
1620 51,763 38,293 251.033 2950 100,352 75,825 272.884
1640 52,472 38,837 251.470 3000 102,210 77,267 273.508
1660 53,184 39,382 251.901 3050 104,073 78,715 274.123
1680 53,895 39,927 252.329 3100 105,939 80,164 274.730
1700 54,609 40,474 252.751 3150 107,802 81,612 275.326
1720 55,323 41,023 253.169 3200 109,667 83,061 275.914
1740 56,039 41,572 253.582 3250 111,534 84,513 276.494

(Concluded)
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TABLE A–22

Ideal-gas properties of hydrogen, H2

T
K

  
_
 h  

kJ/kmol
  _ u  
kJ/kmol

  _ s ° 
kJ/kmol·K

T
K

  
_
 h  

kJ/kmol
  _ u  
kJ/kmol

  _ s ° 
kJ/kmol·K

0 0 0 0 1440 42,808 30,835 177.410
260 7,370 5,209 126.636 1480 44,091 31,786 178.291
270 7,657 5,412 127.719 1520 45,384 32,746 179.153
280 7,945 5,617 128.765 1560 46,683 33,713 179.995
290 8,233 5,822 129.775 1600 47,990 34,687 180.820
298 8,468 5,989 130.574 1640 49,303 35,668 181.632
300 8,522 6,027 130.754 1680 50,622 36,654 182.428
320 9,100 6,440 132.621 1720 51,947 37,646 183.208
340 9,680 6,853 134.378 1760 53,279 38,645 183.973
360 10,262 7,268 136.039 1800 54,618 39,652 184.724
380 10,843 7,684 137.612 1840 55,962 40,663 185.463
400 11,426 8,100 139.106 1880 57,311 41,680 186.190
420 12,010 8,518 140.529 1920 58,668 42,705 186.904
440 12,594 8,936 141.888 1960 60,031 43,735 187.607
460 13,179 9,355 143.187 2000 61,400 44,771 188.297
480 13,764 9,773 144.432 2050 63,119 46,074 189.148
500 14,350 10,193 145.628 2100 64,847 47,386 189.979
520 14,935 10,611 146.775 2150 66,584 48,708 190.796
560 16,107 11,451 148.945 2200 68,328 50,037 191.598
600 17,280 12,291 150.968 2250 70,080 51,373 192.385
640 18,453 13,133 152.863 2300 71,839 52,716 193.159
680 19,630 13,976 154.645 2350 73,608 54,069 193.921
720 20,807 14,821 156.328 2400 75,383 55,429 194.669
760 21,988 15,669 157.923 2450 77,168 56,798 195.403
800 23,171 16,520 159.440 2500 78,960 58,175 196.125
840 24,359 17,375 160.891 2550 80,755 59,554 196.837
880 25,551 18,235 162.277 2600 82,558 60,941 197.539
920 26,747 19,098 163.607 2650 84,368 62,335 198.229
960 27,948 19,966 164.884 2700 86,186 63,737 198.907

1000 29,154 20,839 166.114 2750 88,008 65,144 199.575
1040 30,364 21,717 167.300 2800 89,838 66,558 200.234
1080 31,580 22,601 168.449 2850 91,671 67,976 200.885
1120 32,802 23,490 169.560 2900 93,512 69,401 201.527
1160 34,028 24,384 170.636 2950 95,358 70,831 202.157
1200 35,262 25,284 171.682 3000 97,211 72,268 202.778
1240 36,502 26,192 172.698 3050 99,065 73,707 203.391
1280 37,749 27,106 173.687 3100 100,926 75,152 203.995
1320 39,002 28,027 174.652 3150 102,793 76,604 204.592
1360 40,263 28,955 175.593 3200 104,667 78,061 205.181
1400 41,530 29,889 176.510 3250 106,545 79,523 205.765
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TABLE A–23

Ideal-gas properties of water vapor, H2O

T
K

  
_
 h  

kJ/kmol
  _ u  
kJ/kmol

  _ s ° 
kJ/kmol·K

T
K

  
_
 h  

kJ/kmol
  _ u  
kJ/kmol

  _ s ° 
kJ/kmol·K

0 0 0 0 600 20,402 15,413 212.920
220 7,295 5,466 178.576 610 20,765 15,693 213.529
230 7,628 5,715 180.054 620 21,130 15,975 214.122
240 7,961 5,965 181.471 630 21,495 16,257 214.707
250 8,294 6,215 182.831 640 21,862 16,541 215.285
260 8,627 6,466 184.139 650 22,230 16,826 215.856
270 8,961 6,716 185.399 660 22,600 17,112 216.419
280 9,296 6,968 186.616 670 22,970 17,399 216.976
290 9,631 7,219 187.791 680 23,342 17,688 217.527
298 9,904 7,425 188.720 690 23,714 17,978 218.071
300 9,966 7,472 188.928 700 24,088 18,268 218.610
310 10,302 7,725 190.030 710 24,464 18,561 219.142
320 10,639 7,978 191.098 720 24,840 18,854 219.668
330 10,976 8,232 192.136 730 25,218 19,148 220.189
340 11,314 8,487 193.144 740 25,597 19,444 220.707
350 11,652 8,742 194.125 750 25,977 19,741 221.215
360 11,992 8,998 195.081 760 26,358 20,039 221.720
370 12,331 9,255 196.012 770 26,741 20,339 222.221
380 12,672 9,513 196.920 780 27,125 20,639 222.717
390 13,014 9,771 197.807 790 27,510 20,941 223.207
400 13,356 10,030 198.673 800 27,896 21,245 223.693
410 13,699 10,290 199.521 810 28,284 21,549 224.174
420 14,043 10,551 200.350 820 28,672 21,855 224.651
430 14,388 10,813 201.160 830 29,062 22,162 225.123
440 14,734 11,075 201.955 840 29,454 22,470 225.592
450 15,080 11,339 202.734 850 29,846 22,779 226.057
460 15,428 11,603 203.497 860 30,240 23,090 226.517
470 15,777 11,869 204.247 870 30,635 23,402 226.973
480 16,126 12,135 204.982 880 31,032 23,715 227.426
490 16,477 12,403 205.705 890 31,429 24,029 227.875
500 16,828 12,671 206.413 900 31,828 24,345 228.321
510 17,181 12,940 207.112 910 32,228 24,662 228.763
520 17,534 13,211 207.799 920 32,629 24,980 229.202
530 17,889 13,482 208.475 930 33,032 25,300 229.637
540 18,245 13,755 209.139 940 33,436 25,621 230.070
550 18,601 14,028 209.795 950 33,841 25,943 230.499
560 18,959 14,303 210.440 960 34,247 26,265 230.924
570 19,318 14,579 211.075 970 34,653 26,588 231.347
580 19,678 14,856 211.702 980 35,061 26,913 231.767
590 20,039 15,134 212.320 990 35,472 27,240 232.184
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TABLE A–23

Ideal-gas properties of water vapor, H2O

T
K

  
_
 h  

kJ/kmol
  _ u  
kJ/kmol

  _ s ° 
kJ/kmol·K

T
K

  
_
 h  

kJ/kmol
  _ u  
kJ/kmol

  _ s ° 
kJ/kmol·K

1000 35,882 27,568 232.597 1760 70,535 55,902 258.151
1020 36,709 28,228 233.415 1780 71,523 56,723 258.708
1040 37,542 28,895 234.223 1800 72,513 57,547 259.262
1060 38,380 29,567 235.020 1820 73,507 58,375 259.811
1080 39,223 30,243 235.806 1840 74,506 59,207 260.357
1100 40,071 30,925 236.584 1860 75,506 60,042 260.898
1120 40,923 31,611 237.352 1880 76,511 60,880 261.436
1140 41,780 32,301 238.110 1900 77,517 61,720 261.969
1160 42,642 32,997 238.859 1920 78,527 62,564 262.497
1180 43,509 33,698 239.600 1940 79,540 63,411 263.022
1200 44,380 34,403 240.333 1960 80,555 64,259 263.542
1220 45,256 35,112 241.057 1980 81,573 65,111 264.059
1240 46,137 35,827 241.773 2000 82,593 65,965 264.571
1260 47,022 36,546 242.482 2050 85,156 68,111 265.838
1280 47,912 37,270 243.183 2100 87,735 70,275 267.081
1300 48,807 38,000 243.877 2150 90,330 72,454 268.301
1320 49,707 38,732 244.564 2200 92,940 74,649 269.500
1340 50,612 39,470 245.243 2250 95,562 76,855 270.679
1360 51,521 40,213 245.915 2300 98,199 79,076 271.839
1380 52,434 40,960 246.582 2350 100,846 81,308 272.978
1400 53,351 41,711 247.241 2400 103,508 83,553 274.098
1420 54,273 42,466 247.895 2450 106,183 85,811 275.201
1440 55,198 43,226 248.543 2500 108,868 88,082 276.286
1460 56,128 43,989 249.185 2550 111,565 90,364 277.354
1480 57,062 44,756 249.820 2600 114,273 92,656 278.407
1500 57,999 45,528 250.450 2650 116,991 94,958 279.441
1520 58,942 46,304 251.074 2700 119,717 97,269 280.462
1540 59,888 47,084 251.693 2750 122,453 99,588 281.464
1560 60,838 47,868 252.305 2800 125,198 101,917 282.453
1580 61,792 48,655 252.912 2850 127,952 104,256 283.429
1600 62,748 49,445 253.513 2900 130,717 106,605 284.390
1620 63,709 50,240 254.111 2950 133,486 108,959 285.338
1640 64,675 51,039 254.703 3000 136,264 111,321 286.273
1660 65,643 51,841 255.290 3050 139,051 113,692 287.194
1680 66,614 52,646 255.873 3100 141,846 116,072 288.102
1700 67,589 53,455 256.450 3150 144,648 118,458 288.999
1720 68,567 54,267 257.022 3200 147,457 120,851 289.884
1740 69,550 55,083 257.589 3250 150,272 123,250 290.756

(Continued)
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TABLE A–24

Ideal-gas properties of monatomic oxygen, O

T
K

  
_
 h  

kJ/kmol
  _ u  
kJ/kmol

  _ s ° 
kJ/kmol·K

T
K

  
_
 h  

kJ/kmol
  _ u  
kJ/kmol

  _ s ° 
kJ/kmol·K

0 0 0 0 2400 50,894 30,940 204.932
298 6,852 4,373 160.944 2450 51,936 31,566 205.362
300 6,892 4,398 161.079 2500 52,979 32,193 205.783
500 11,197 7,040 172.088 2550 54,021 32,820 206.196

1000 21,713 13,398 186.678 2600 55,064 33,447 206.601
1500 32,150 19,679 195.143 2650 56,108 34,075 206.999
1600 34,234 20,931 196.488 2700 57,152 34,703 207.389
1700 36,317 22,183 197.751 2750 58,196 35,332 207.772
1800 38,400 23,434 198.941 2800 59,241 35,961 208.148
1900 40,482 24,685 200.067 2850 60,286 36,590 208.518
2000 42,564 25,935 201.135 2900 61,332 37,220 208.882
2050 43,605 26,560 201.649 2950 62,378 37,851 209.240
2100 44,646 27,186 202.151 3000 63,425 38,482 209.592
2150 45,687 27,811 202.641 3100 65,520 39,746 210.279
2200 46,728 28,436 203.119 3200 67,619 41,013 210.945
2250 47,769 29,062 203.588 3300 69,720 42,283 211.592
2300 48,811 29,688 204.045 3400 71,824 43,556 212.220
2350 49,852 30,314 204.493 3500 73,932 44,832 212.831

TABLE A–25

Ideal-gas properties of hydroxyl, OH

T
K

  
_
 h  

kJ/kmol
  _ u  
kJ/kmol

  _ s ° 
kJ/kmol·K

T
K

  
_
 h  

kJ/kmol
  _ u  
kJ/kmol

  _ s ° 
kJ/kmol·K

0 0 0 0 2400 77,015 57,061 248.628
298 9,188 6,709 183.594 2450 78,801 58,431 249.364
300 9,244 6,749 183.779 2500 80,592 59,806 250.088
500 15,181 11,024 198.955 2550 82,388 61,186 250.799

1000 30,123 21,809 219.624 2600 84,189 62,572 251.499
1500 46,046 33,575 232.506 2650 85,995 63,962 252.187
1600 49,358 36,055 234.642 2700 87,806 65,358 252.864
1700 52,706 38,571 236.672 2750 89,622 66,757 253.530
1800 56,089 41,123 238.606 2800 91,442 68,162 254.186
1900 59,505 43,708 240.453 2850 93,266 69,570 254.832
2000 62,952 46,323 242.221 2900 95,095 70,983 255.468
2050 64,687 47,642 243.077 2950 96,927 72,400 256.094
2100 66,428 48,968 243.917 3000 98,763 73,820 256.712
2150 68,177 50,301 244.740 3100 102,447 76,673 257.919
2200 69,932 51,641 245.547 3200 106,145 79,539 259.093
2250 71,694 52,987 246.338 3300 109,855 82,418 260.235
2300 73,462 54,339 247.116 3400 113,578 85,309 261.347
2350 75,236 55,697 247.879 3500 117,312 88,212 262.429
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TABLE A–26

Enthalpy of formation, Gibbs function of formation, and absolute entropy at  
25°C, 1 atm

Substance Formula
  
_
 h f° 

kJ/kmol
  _ g f° 
kJ/kmol

  _ s ° 
kJ/kmol·K

Carbon C(s) 0 0 5.74
Hydrogen H2(g) 0 0 130.68
Nitrogen N2(g) 0 0 191.61
Oxygen O2(g) 0 0 205.04
Carbon monoxide CO(g) −110,530 −137,150 197.65
Carbon dioxide CO2(g) −393,520 −394,360 213.80
Water vapor H2O(g) −241,820 −228,590 188.83
Water H2O(l) −285,830 −237,180 69.92
Hydrogen peroxide H2O2(g) −136,310 −105,600 232.63
Ammonia NH3(g) −46,190 −16,590 192.33
Methane CH4(g) −74,850 −50,790 186.16
Acetylene C2H2(g) +226,730 +209,170 200.85
Ethylene C2H4(g) +52,280 +68,120 219.83
Ethane C2H6(g) −84,680 −32,890 229.49
Propylene C3H6(g) +20,410 +62,720 266.94
Propane C3H8(g) −103,850 −23,490 269.91
n-Butane C4H10(g) −126,150 −15,710 310.12
n-Octane C8H18(g) −208,450 +16,530 466.73
n-Octane C8H18(l) −249,950 +6,610 360.79
n-Dodecane C12H26(g) −291,010 +50,150 622.83
Benzene C6H6(g) +82,930 +129,660 269.20
Methyl alcohol CH3OH(g) −200,670 −162,000 239.70
Methyl alcohol CH3OH(l) −238,660 −166,360 126.80
Ethyl alcohol C2H5OH(g) −235,310 −168,570 282.59
Ethyl alcohol C2H5OH(l) −277,690 −174,890 160.70
Oxygen O(g) +249,190 +231,770 161.06
Hydrogen H(g) +218,000 +203,290 114.72
Nitrogen N(g) +472,650 +455,510 153.30
Hydroxyl OH(g) +39,460 +34,280 183.70

Source of Data: From JANAF, Thermochemical Tables (Midland, MI: Dow Chemical Co., 1971);  
Selected Values of Chemical Thermodynamic Properties, NBS Technical Note 270-3, 1968; and  
API Research Project 44 (Carnegie Press, 1953).
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TABLE A–27
Properties of some common fuels and hydrocarbons

Fuel (phase) Formula

Molar
mass,
kg/kmol

Density,1
kg/L

Enthalpy of
vaporization,2
kJ/kg

Specific
heat,1 cp
kJ/kg·K

Higher
heating
value,3
kJ/kg

Lower
heating
value,3
kJ/kg

Carbon (s) C 12.011 2 — 0.708 32,800 32,800
Hydrogen (g) H2 2.016 — — 14.4 141,800 120,000
Carbon monoxide (g) CO 28.013 — — 1.05 10,100 10,100
Methane (g) CH4 16.043 — 509 2.20 55,530 50,050
Methanol (l) CH4O 32.042 0.790 1168 2.53 22,660 19,920
Acetylene (g) C2H2 26.038 — — 1.69 49,970 48,280
Ethane (g) C2H6 30.070 — 172 1.75 51,900 47,520
Ethanol (l) C2H6O 46.069 0.790 919 2.44 29,670 26,810
Propane (l) C3H8 44.097 0.500 335 2.77 50,330 46,340
Butane (l) C4H10 58.123 0.579 362 2.42 49,150 45,370
1-Pentene (l) C5H10 70.134 0.641 363 2.20 47,760 44,630
Isopentane (l) C5H12 72.150 0.626 — 2.32 48,570 44,910
Benzene (l) C6H6 78.114 0.877 433 1.72 41,800 40,100
Hexene (l) C6H12 84.161 0.673 392 1.84 47,500 44,400
Hexane (l) C6H14 86.177 0.660 366 2.27 48,310 44,740
Toluene (l) C7H8 92.141 0.867 412 1.71 42,400 40,500
Heptane (l) C7H16 100.204 0.684 365 2.24 48,100 44,600
Octane (l) C8H18 114.231 0.703 363 2.23 47,890 44,430
Decane (l) C10H22 142.285 0.730 361 2.21 47,640 44,240
Gasoline (l) CnH1.87n 100–110 0.72–0.78 350 2.4 47,300 44,000
Light diesel (l) CnH1.8n 170 0.78–0.84 270 2.2 46,100 43,200
Heavy diesel (l) CnH1.7n 200 0.82–0.88 230 1.9 45,500 42,800
Natural gas (g) CnH3.8nN0.1n 18 — — 2 50,000 45,000

1At 1 atm and 20°C.
2At 25°C for liquid fuels, and 1 atm and normal boiling temperature for gaseous fuels.
3At 25°C. Multiply by molar mass to obtain heating values in kJ/kmol.
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TABLE A–28

Natural logarithms of the equilibrium constant Kp

The equilibrium constant Kp for the reaction νAA + νBB ⇌ νCC + νDD is defined as   K  p   ≡   
 P  C   ν  C    P  D   ν  D   

 _______ 
 P  A   ν  A    P  B   ν  B   

   

Temp.,
K H2 ⇋ 2H O2 ⇋ 2O N2 ⇋ 2N H2O ⇋ H2 + ½O2 H2O ⇋ ½H2 + OH CO2 ⇋ CO + ½O2 ½N2 + ½O2 ⇋ NO

298 −164.005 −186.975 −367.480 −92.208 −106.208 −103.762 −35.052
500 −92.827 −105.630 −213.372 −52.691 −60.281 −57.616 −20.295

1000 −39.803 −45.150 −99.127 −23.163 −26.034 −23.529 −9.388
1200 −30.874 −35.005 −80.011 −18.182 −20.283 −17.871 −7.569
1400 −24.463 −27.742 −66.329 −14.609 −16.099 −13.842 −6.270
1600 −19.637 −22.285 −56.055 −11.921 −13.066 −10.830 −5.294
1800 −15.866 −18.030 −48.051 −9.826 −10.657 −8.497 −4.536
2000 −12.840 −14.622 −41.645 −8.145 −8.728 −6.635 −3.931
2200 −10.353 −11.827 −36.391 −6.768 −7.148 −5.120 −3.433
2400 −8.276 −9.497 −32.011 −5.619 −5.832 −3.860 −3.019
2600 −6.517 −7.521 −28.304 −4.648 −4.719 −2.801 −2.671
2800 −5.002 −5.826 −25.117 −3.812 −3.763 −1.894 −2.372
3000 −3.685 −4.357 −22.359 −3.086 −2.937 −1.111 −2.114
3200 −2.534 −3.072 −19.937 −2.451 −2.212 −0.429 −1.888
3400 −1.516 −1.935 −17.800 −1.891 −1.576 0.169 −1.690
3600 −0.609 −0.926 −15.898 −1.392 −1.088 0.701 −1.513
3800 0.202 −0.019 −14.199 −0.945 −0.501 1.176 −1.356
4000 0.934 0.796 −12.660 −0.542 −0.044 1.599 −1.216
4500 2.486 2.513 −9.414 0.312 0.920 2.490 −0.921
5000 3.725 3.895 −6.807 0.996 1.689 3.197 −0.686
5500 4.743 5.023 −4.666 1.560 2.318 3.771 −0.497
6000 5.590 5.963 −2.865 2.032 2.843 4.245 −0.341

Source of Data: Gordon J. Van Wylen and Richard E. Sonntag, Fundamentals of Classical Thermodynamics, English/SI Version, 3rd ed. (New York: John Wiley & Sons, 
1986), p. 723, table A.14. Based on thermodynamic data given in JANAF, Thermochemical Tables (Midland, MI: Thermal Research Laboratory, The Dow Chemical 
Company, 1971).
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FIGURE A–29
Generalized enthalpy departure chart.

Source of Data: Redrawn from Gordon van Wylen 
and Richard Sontag, Fundamentals of Classical 

Thermodynamics, (SI version), 2d ed., Wiley,  
New York, 1976.
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TABLE A–32
One-dimensional isentropic compressible-flow functions for an 
ideal gas with k = 1.4

Ma Ma* A/A* P/P0 ρ/ρ0 T/T0

0 0 ∞ 1.0000 1.0000 1.0000
0.1 0.1094 5.8218 0.9930 0.9950 0.9980
0.2 0.2182 2.9635 0.9725 0.9803 0.9921
0.3 0.3257 2.0351 0.9395 0.9564 0.9823
0.4 0.4313 1.5901 0.8956 0.9243 0.9690
0.5 0.5345 1.3398 0.8430 0.8852 0.9524
0.6 0.6348 1.1882 0.7840 0.8405 0.9328
0.7 0.7318 1.0944 0.7209 0.7916 0.9107
0.8 0.8251 1.0382 0.6560 0.7400 0.8865
0.9 0.9146 1.0089 0.5913 0.6870 0.8606
1.0 1.0000 1.0000 0.5283 0.6339 0.8333
1.2 1.1583 1.0304 0.4124 0.5311 0.7764
1.4 1.2999 1.1149 0.3142 0.4374 0.7184
1.6 1.4254 1.2502 0.2353 0.3557 0.6614
1.8 1.5360 1.4390 0.1740 0.2868 0.6068
2.0 1.6330 1.6875 0.1278 0.2300 0.5556
2.2 1.7179 2.0050 0.0935 0.1841 0.5081
2.4 1.7922 2.4031 0.0684 0.1472 0.4647
2.6 1.8571 2.8960 0.0501 0.1179 0.4252
2.8 1.9140 3.5001 0.0368 0.0946 0.3894
3.0 1.9640 4.2346 0.0272 0.0760 0.3571
5.0 2.2361 25.000 0.0019 0.0113 0.1667
∞ 2.2495 ∞ 0 0 0
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TABLE A–33
One-dimensional normal-shock functions for an ideal gas with k = 1.4

Ma1 Ma2 P2/P1 ρ2/ρ1 T2/T1 P02/P01 P02/P1

1.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.8929
1.1 0.9118 1.2450 1.1691 1.0649 0.9989 2.1328
1.2 0.8422 1.5133 1.3416 1.1280 0.9928 2.4075
1.3 0.7860 1.8050 1.5157 1.1909 0.9794 2.7136
1.4 0.7397 2.1200 1.6897 1.2547 0.9582 3.0492
1.5 0.7011 2.4583 1.8621 1.3202 0.9298 3.4133
1.6 0.6684 2.8200 2.0317 1.3880 0.8952 3.8050
1.7 0.6405 3.2050 2.1977 1.4583 0.8557 4.2238
1.8 0.6165 3.6133 2.3592 1.5316 0.8127 4.6695
1.9 0.5956 4.0450 2.5157 1.6079 0.7674 5.1418
2.0 0.5774 4.5000 2.6667 1.6875 0.7209 5.6404
2.1 0.5613 4.9783 2.8119 1.7705 0.6742 6.1654
2.2 0.5471 5.4800 2.9512 1.8569 0.6281 6.7165
2.3 0.5344 6.0050 3.0845 1.9468 0.5833 7.2937
2.4 0.5231 6.5533 3.2119 2.0403 0.5401 7.8969
2.5 0.5130 7.1250 3.3333 2.1375 0.4990 8.5261
2.6 0.5039 7.7200 3.4490 2.2383 0.4601 9.1813
2.7 0.4956 8.3383 3.5590 2.3429 0.4236 9.8624
2.8 0.4882 8.9800 3.6636 2.4512 0.3895 10.5694
2.9 0.4814 9.6450 3.7629 2.5632 0.3577 11.3022
3.0 0.4752 10.3333 3.8571 2.6790 0.3283 12.0610
4.0 0.4350 18.5000 4.5714 4.0469 0.1388 21.0681
5.0 0.4152 29.000 5.0000 5.8000 0.0617 32.6335
∞ 0.3780 ∞ 6.0000 ∞ 0 ∞
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TABLE A–34
Rayleigh flow functions for an ideal gas with k = 1.4

Ma   T  0   /  T  0  *    P  0   /  P  0  *  T/T* P/P* V/V*

0.0 0.0000 1.2679 0.0000 2.4000 0.0000
0.1 0.0468 1.2591 0.0560 2.3669 0.0237
0.2 0.1736 1.2346 0.2066 2.2727 0.0909
0.3 0.3469 1.1985 0.4089 2.1314 0.1918
0.4 0.5290 1.1566 0.6151 1.9608 0.3137
0.5 0.6914 1.1141 0.7901 1.7778 0.4444
0.6 0.8189 1.0753 0.9167 1.5957 0.5745
0.7 0.9085 1.0431 0.9929 1.4235 0.6975
0.8 0.9639 1.0193 1.0255 1.2658 0.8101
0.9 0.9921 1.0049 1.0245 1.1246 0.9110
1.0 1.0000 1.0000 1.0000 1.0000 1.0000
1.2 0.9787 1.0194 0.9118 0.7958 1.1459
1.4 0.9343 1.0777 0.8054 0.6410 1.2564
1.6 0.8842 1.1756 0.7017 0.5236 1.3403
1.8 0.8363 1.3159 0.6089 0.4335 1.4046
2.0 0.7934 1.5031 0.5289 0.3636 1.4545
2.2 0.7561 1.7434 0.4611 0.3086 1.4938
2.4 0.7242 2.0451 0.4038 0.2648 1.5252
2.6 0.6970 2.4177 0.3556 0.2294 1.5505
2.8 0.6738 2.8731 0.3149 0.2004 1.5711
3.0 0.6540 3.4245 0.2803 0.1765 1.5882
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TABLE A–1E

Molar mass, gas constant, and critical-point properties

Substance Formula

Molar  
mass, M  
lbm/lbmol

Gas constant, R* Critical-point properties

Btu/ 
lbm·R

psia·ft3/ 
lbm·R

Temperature,  
R

Pressure,  
psia

Volume,  
ft3/lbmol

Air —  28.97 0.06855 0.3704  238.5  547 1.41
Ammonia NH3  17.03 0.1166 0.6301  729.8 1636 1.16
Argon Ar  39.948 0.04971 0.2686  272  705 1.20
Benzene C6H6  78.115 0.02542 0.1374 1012  714 4.17
Bromine Br2 159.808 0.01243 0.06714 1052 1500 2.17
n-Butane C4H10  58.124 0.03417 0.1846  765.2  551 4.08
Carbon dioxide CO2  44.01 0.04513 0.2438  547.5 1071 1.51
Carbon monoxide CO  28.011 0.07090 0.3831  240  507 1.49
Carbon tetrachloride CCl4 153.82 0.01291 0.06976 1001.5  661 4.42
Chlorine Cl2  70.906 0.02801 0.1517  751 1120 1.99
Chloroform CHCl3 119.38 0.01664 0.08988  965.8  794 3.85
Dichlorodifluoromethane (R-12) CCl2F2 120.91 0.01643 0.08874  692.4  582 3.49
Dichlorofluoromethane (R-21) CHCl2F 102.92 0.01930 0.1043  813.0  749 3.16
Ethane C2H6  30.020 0.06616 0.3574  549.8  708 2.37
Ethyl alcohol C2H5OH  46.07 0.04311 0.2329  929.0  926 2.68
Ethylene C2H4  28.054 0.07079 0.3825  508.3  742 1.99
Helium He   4.003 0.4961 2.6809    9.5   33.2 0.926
n-Hexane C6H14  86.178 0.02305 0.1245  914.2  439 5.89
Hydrogen (normal) H2   2.016 0.9851 5.3224   59.9  188.1 1.04
Krypton Kr  83.80 0.02370 0.1280  376.9  798 1.48
Methane CH4  16.043 0.1238 0.6688  343.9  673 1.59
Methyl alcohol CH3OH  32.042 0.06198 0.3349  923.7 1154 1.89
Methyl chloride CH3Cl  50.488 0.03934 0.2125  749.3  968 2.29
Neon Ne  20.183 0.09840 0.5316   80.1  395 0.668
Nitrogen N2  28.013 0.07090 0.3830  227.1  492 1.44
Nitrous oxide N2O  44.013 0.04512 0.2438  557.4 1054 1.54
Oxygen O2  31.999 0.06206 0.3353  278.6  736 1.25
Propane C3H8  44.097 0.04504 0.2433  665.9  617 3.20
Propylene C3H6  42.081 0.04719 0.2550  656.9  670 2.90
Sulfur dioxide SO2  64.063 0.03100 1.1675  775.2 1143 1.95
Tetrafluoroethane (R-134a) CF3CH2F 102.03 0.01946 0.1052  673.6  588.7 3.19
Trichlorofluoromethane (R-11) CCl3F 137.37 0.01446 0.07811  848.1  635 3.97
Water H2O  18.015 0.1102 0.5956 1164.8 3200 0.90
Xenon Xe 131.30 0.01513 0.08172  521.55  852 1.90

*Calculated from R = Ru/M, where Ru = 1.98588 Btu/lbmol·R = 10.7316 psia·ft3/lbmol·R and M is the molar mass.
Source of Data: K. A. Kobe and R. E. Lynn, Jr., Chemical Review 52 (1953), pp. 117–236, and ASHRAE, Handbook of Fundamentals (Atlanta, GA: American Society of 
Heating, Refrigerating, and Air-Conditioning Engineers, Inc., 1993), pp. 16.4 and 36.1.
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TABLE A–2E
Ideal-gas specific heats of various common gases  
(a) At 80°F

Gas Formula
Gas constant, R
Btu/lbm·R

cp
Btu/lbm·R

  c  v   
Btu/lbm·R k

Air — 0.06855 0.240 0.171 1.400
Argon Ar 0.04971 0.1253 0.0756 1.667
Butane C4H10 0.03424 0.415 0.381 1.09
Carbon dioxide CO2 0.04513 0.203 0.158 1.285
Carbon monoxide CO 0.07090 0.249 0.178 1.399
Ethane C2H6 0.06616 0.427 0.361 1.183
Ethylene C2H4 0.07079 0.411 0.340 1.208
Helium He 0.4961 1.25 0.753 1.667
Hydrogen H2 0.9851 3.43 2.44 1.404
Methane CH4 0.1238 0.532 0.403 1.32
Neon Ne 0.09840 0.246 0.1477 1.667
Nitrogen N2 0.07090 0.248 0.177 1.400
Octane C8H18 0.01742 0.409 0.392 1.044
Oxygen O2 0.06206 0.219 0.157 1.395
Propane C3H8 0.04504 0.407 0.362 1.124
Steam H2O 0.1102 0.445 0.335 1.329

Source of Data: Gordon J. Van Wylen and Richard E. Sonntag, Fundamentals of Classical Thermodynamics, English/SI Version, 3rd ed.  
(New York: John Wiley & Sons, 1986), p. 687, Table A–8E.
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TABLE A–2E
Ideal-gas specific heats of various common gases (Continued)  
(b) At various temperatures

Temp.,  
°F

cp  
Btu/lbm·R

  c  v     
Btu/lbm·R k

cp  
Btu/lbm·R

  c  v     
Btu/lbm·R k

cp  
Btu/lbm·R

  c  v     
Btu/lbm·R k

  Air Carbon dioxide, CO2 Carbon monoxide, CO
  40 0.240 0.171 1.401 0.195 0.150 1.300 0.248 0.177 1.400
 100 0.240 0.172 1.400 0.205 0.160 1.283 0.249 0.178 1.399
 200 0.241 0.173 1.397 0.217 0.172 1.262 0.249 0.179 1.397
 300 0.243 0.174 1.394 0.229 0.184 1.246 0.251 0.180 1.394
 400 0.245 0.176 1.389 0.239 0.193 1.233 0.253 0.182 1.389
 500 0.248 0.179 1.383 0.247 0.202 1.223 0.256 0.185 1.384
 600 0.250 0.182 1.377 0.255 0.210 1.215 0.259 0.188 1.377
 700 0.254 0.185 1.371 0.262 0.217 1.208 0.262 0.191 1.371
 800 0.257 0.188 1.365 0.269 0.224 1.202 0.266 0.195 1.364
 900 0.259 0.191 1.358 0.275 0.230 1.197 0.269 0.198 1.357
1000 0.263 0.195 1.353 0.280 0.235 1.192 0.273 0.202 1.351
1500 0.276 0.208 1.330 0.298 0.253 1.178 0.287 0.216 1.328
2000 0.286 0.217 1.312 0.312 0.267 1.169 0.297 0.226 1.314

  Hydrogen, H2 Nitrogen, N2 Oxygen, O2

 40 3.397 2.412 1.409 0.248 0.177 1.400 0.219 0.156 1.397
 100 3.426 2.441 1.404 0.248 0.178 1.399 0.220 0.158 1.394
 200 3.451 2.466 1.399 0.249 0.178 1.398 0.223 0.161 1.387
 300 3.461 2.476 1.398 0.250 0.179 1.396 0.226 0.164 1.378
 400 3.466 2.480 1.397 0.251 0.180 1.393 0.230 0.168 1.368
 500 3.469 2.484 1.397 0.254 0.183 1.388 0.235 0.173 1.360
 600 3.473 2.488 1.396 0.256 0.185 1.383 0.239 0.177 1.352
 700 3.477 2.492 1.395 0.260 0.189 1.377 0.242 0.181 1.344
 800 3.494 2.509 1.393 0.262 0.191 1.371 0.246 0.184 1.337
 900 3.502 2.519 1.392 0.265 0.194 1.364 0.249 0.187 1.331
1000 3.513 2.528 1.390 0.269 0.198 1.359 0.252 0.190 1.326
1500 3.618 2.633 1.374 0.283 0.212 1.334 0.263 0.201 1.309
2000 3.758 2.773 1.355 0.293 0.222 1.319 0.270 0.208 1.298

Note: The unit Btu/lbm·R is equivalent to Btu/lbm·F.
Source of Data: Kenneth Wark, Thermodynamics, 4th ed. (New York: McGraw-Hill, 1983), p. 830, Table A–4. Originally published in Tables of Properties of Gases,  
NBS Circular 564, 1955.
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TABLE A–2E

Ideal-gas specific heats of various common gases (Concluded)  
(c) As a function of temperature

   _ c   p    = a + bT + c T    2   + d T    3  
(T in R, cp in Btu/lbmol·R)

Substance Formula a b c d
Temperature 
range, R

% error

Max. Avg.
Nitrogen N2  6.903 −0.02085 × 10−2 0.05957 × 10−5 −0.1176 × 10−9 491–3240 0.59 0.34
Oxygen O2  6.085 0.2017 × 10−2 −0.05275 × 10−5 0.05372 × 10−9 491–3240 1.19 0.28
Air —  6.713 0.02609 × 10−2 0.03540 × 10−5 −0.08052 × 10−9 491–3240 0.72 0.33
Hydrogen H2  6.952 −0.02542 × 10−2 0.02952 × 10−5 −0.03565 × 10−9 491–3240 1.02 0.26
Carbon monoxide CO  6.726 0.02222 × 10−2 0.03960 × 10−5 −0.09100 × 10−9 491–3240 0.89 0.37
Carbon dioxide CO2  5.316 0.79361 × 10−2 −0.2581 × 10−5 0.3059 × 10−9 491–3240 0.67 0.22
Water vapor H2O  7.700 0.02552 × 10−2 0.07781 × 10−5 −0.1472 × 10−9 491–3240 0.53 0.24
Nitric oxide NO  7.008 −0.01247 × 10−2 0.07185 × 10−5 −0.1715 × 10−9 491–2700 0.97 0.36
Nitrous oxide N2O  5.758 0.7780 × 10−2 −0.2596 × 10−5 0.4331 × 10−9 491–2700 0.59 0.26
Nitrogen dioxide NO2  5.48 0.7583 × 10−2 −0.260 × 10−5 0.322 × 10−9 491–2700 0.46 0.18
Ammonia NH3  6.5846 0.34028 × 10−2 0.073034 × 10−5 −0.27402 × 10−9 491–2700 0.91 0.36
Sulfur S  6.499 0.2943 × 10−2 −0.1200 × 10−5 0.1632 × 10−9 491–3240 0.99 0.38
Sulfur dioxide SO2  6.157 0.7689 × 10−2 −0.2810 × 10−5 0.3527 × 10−9 491–3240 0.45 0.24
Sulfur trioxide SO3  3.918 1.935 × 10−2 −0.8256 × 10−5 1.328 × 10−9 491–2340 0.29 0.13
Acetylene C2H2  5.21 1.2227 × 10−2 −0.4812 × 10−5 0.7457 × 10−9 491–2700 1.46 0.59
Benzene C6H6 −8.650 6.4322 × 10−2 −2.327 × 10−5 3.179 × 10−9 491–2700 0.34 0.20
Methanol CH4O  4.55 1.214 × 10−2 −0.0898 × 10−5 −0.329 × 10−9 491–1800 0.18 0.08
Ethanol C2H6O  4.75 2.781 × 10−2 −0.7651 × 10−5 0.821 × 10−9 491–2700 0.40 0.22
Hydrogen chloride HCl  7.244 −0.1011 × 10−2 0.09783 × 10−5 −0.1776 × 10−9 491–2740 0.22 0.08
Methane CH4  4.750 0.6666 × 10−2 0.09352 × 10−5 −0.4510 × 10−9 491–2740 1.33 0.57
Ethane C2H6  1.648 2.291 × 10−2 −0.4722 × 10−5 0.2984 × 10−9 491–2740 0.83 0.28
Propane C3H8 −0.966  4.044 × 10−2 −1.159 × 10−5 1.300 × 10−9 491–2740 0.40 0.12
n-Butane C4H10  0.945 4.929 × 10−2 −1.352 × 10−5 1.433 × 10−9 491–2740 0.54 0.24
i-Butane C4H10 −1.890 5.520 × 10−2 −1.696 × 10−5 2.044 × 10−9 491–2740 0.25 0.13
n-Pentane C5H12  1.618 6.028 × 10−2 −1.656 × 10−5 1.732 × 10−9 491–2740 0.56 0.21
n-Hexane C6H14  1.657 7.328 × 10−2 −2.112 × 10−5 2.363 × 10−9 491–2740 0.72 0.20
Ethylene C2H4  0.944 2.075 × 10−2 −0.6151 × 10−5 0.7326 × 10−9 491–2740 0.54 0.13
Propylene C3H6  0.753 3.162 × 10−2 −0.8981 × 10−5 1.008 × 10−9 491–2740 0.73 0.17

Source of Data: B.G. Kyle, Chemical and Process Thermodynamics, 3rd ed. (Upper Saddle River, NJ: Prentice Hall, 2000).
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TABLE A–3E
Properties of common liquids, solids, and foods  
(a) Liquids

  Boiling data at 1 atm Freezing data Liquid properties

Substance

Normal  
boiling  
point,  
°F

Latent heat of  
vaporization,  
hfg Btu/lbm

Freezing  
point, °F

Latent heat  
of fusion,  
hif Btu/lbm

Temperature,  
°F

Density,  
ρ lbm/ft3

Specific  
heat, cp  
Btu/lbm·R

Ammonia  −27.9  24.54 −107.9 138.6  −27.9 42.6 1.06
             0 41.3 1.083
            40 39.5 1.103
            80 37.5 1.135
Argon −302.6  69.5 −308.7  12.0 −302.6 87.0 0.272
Benzene  176.4 169.4   41.9  54.2   68 54.9 0.411
Brine (20%  

sodium chloride  
by mass)  219.0   —    0.7   —   68 71.8 0.743

n-Butane   31.1 165.6 −217.3  34.5   31.1 37.5 0.552
Carbon dioxide −109.2*  99.6 (at 32°F)  −69.8   —   32 57.8 0.583
Ethanol  172.8 360.5 −173.6  46.9   77 48.9 0.588
Ethyl alcohol  173.5 368 −248.8  46.4   68 49.3 0.678
Ethylene glycol  388.6 344.0   12.6  77.9   68 69.2 0.678
Glycerine  355.8 419   66.0  86.3   68 78.7 0.554
Helium −452.1   9.80    —   — −452.1 9.13 5.45
Hydrogen −423.0 191.7 −434.5  25.6 −423.0 4.41 2.39
Isobutane   10.9 157.8 −255.5  45.5   10.9 37.1 0.545
Kerosene 399–559 108  −12.8   —   68 51.2 0.478
Mercury  674.1 126.7  −38.0   4.90   77 847 0.033
Methane −258.7 219.6  296.0  25.1 −258.7 26.4 0.834
          −160 20.0 1.074
Methanol  148.1 473 −143.9  42.7   77 49.1 0.609
Nitrogen −320.4  85.4 −346.0  10.9 −320.4 50.5 0.492
          −260 38.2 0.643
Octane  256.6 131.7  −71.5  77.9   68 43.9 0.502
Oil (light)   —   —       77 56.8 0.430
Oxygen −297.3  91.5 −361.8   5.9 −297.3 71.2 0.408
Petroleum   —  99–165       68 40.0 0.478
Propane  −43.7 184.0 −305.8  34.4  −43.7 36.3 0.538
            32 33.0 0.604
           100 29.4 0.673
Refrigerant-134a  −15.0  93.3 −141.9   —  −40 88.5 0.283
           −15 86.0 0.294
            32 80.9 0.318
            90 73.6 0.348
Water  212 970.1   32 143.5   32 62.4 1.01
            90 62.1 1.00
           150 61.2 1.00
           212 59.8 1.01

*Sublimation temperature. (At pressures below the triple-point pressure of 75.1 psia, carbon dioxide exists as a solid or gas. Also, the freezing-point  temperature of carbon 
dioxide is the triple-point temperature of −69.8°F.)
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TABLE A–3E
Properties of common liquids, solids, and foods (Concluded)  
(b) Solids (values are for room temperature unless indicated otherwise)

Substance  
Density,  
ρ lbm/ft3

Specific  
heat, cp  
Btu/lbm·R Substance

Density,  
ρ lbm/ft3

Specific  
heat, cp  
Btu/lbm·R

Metals Nonmetals
Aluminum Asphalt 132 0.220
  −100°F     0.192 Brick, common 120 0.189
  32°F     0.212 Brick, fireclay (500°C) 144 0.229
  100°F   170 0.218 Concrete 144 0.156
  200°F     0.224 Clay    62.4 0.220
  300°F     0.229 Diamond 151 0.147
  400°F     0.235 Glass, window 169 0.191
  500°F     0.240 Glass, pyrex 139 0.200
Bronze (76% Cu, 2% Zn, 2% Al) 517  0.0955 Graphite 156 0.170
  Granite 169 0.243

Brass, yellow (65% Cu, 35% Zn) 519  0.0955
Gypsum or plaster board  
Ice 50 0.260

Copper       −50°F     0.424
  −60°F      0.0862   0°F     0.471
  0°F      0.0893   20°F     0.491
  100°F   555  0.0925   32°F      57.5 0.502
  200°F      0.0938 Limestone 103 0.217
  390°F      0.0963 Marble 162      0.210  
Iron 490 0.107 Plywood (Douglas fir)   34.0  
Lead 705 0.030 Rubber (hard)   68.7  
Magnesium 108 0.239 Rubber (soft)   71.8  
Nickel 555 0.105 Sand   94.9  
Silver 655 0.056 Stone   93.6  
Steel, mild 489 0.119 Woods, hard (maple, oak, etc.)   45.0  
Tungsten 1211 0.031 Woods, soft (fir, pine, etc.)   32.0  

(c) Foods

Food

Water  
content, %  
(mass)

Freezing  
point,  
°F

Specific heat,  
Btu/lbm·R Latent  

heat of  
fusion,  
Btu/lbm Food

Water  
content,  
%  
(mass)

Freezing  
point,  
°F

Specific heat,  
Btu/lbm·R Latent  

heat of  
fusion,  
Btu/lbm

Above  
freezing

Below 
freezing

Above  
freezing

Below  
freezing

Apples 84 30 0.873 0.453 121 Lettuce 95 32 0.961 0.487 136
Bananas 75 31 0.801 0.426 108 Milk, whole 88 31 0.905 0.465 126
Beef round 67 — 0.737 0.402  96 Oranges 87 31 0.897 0.462 125
Broccoli 90 31 0.921 0.471 129 Potatoes 78 31 0.825 0.435 112
Butter 16 — — 0.249  23 Salmon fish 64 28 0.713 0.393  92
Cheese, Swiss 39 14 0.513 0.318  56 Shrimp 83 28 0.865 0.450 119
Cherries 80 29 0.841 0.441 115 Spinach 93 31 0.945 0.481 134
Chicken 74 27 0.793 0.423 106 Strawberries 90 31 0.921 0.471 129
Corn, sweet 74 31 0.793 0.423 106 Tomatoes, ripe 94 31 0.953 0.484 135
Eggs, whole 74 31 0.793 0.423 106 Turkey 64 — 0.713 0.393  92
Ice cream 63 22 0.705 0.390  90 Watermelon 93 31 0.945 0.481 134

Source of Data: Values are obtained from various handbooks and other sources or are calculated. Water content and freezing-point data of foods are from ASHRAE, 
Handbook of Fundamentals, I-P version (Atlanta, GA: American Society of Heating, Refrigerating, and Air-Conditioning Engineers, Inc., 1993), Chap. 30, Table 1.  
Freezing point is the temperature at which freezing starts for fruits and vegetables, and the average freezing temperature for other foods.
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TABLE A–4E
Saturated water—Temperature table

    Specific volume,  
ft3/lbm

  Internal energy,  
Btu/lbm

  Enthalpy,  
Btu/lbm

  Entropy,  
Btu/lbm·R

Temp., 
T °F

Sat. press., 
Psat psia

Sat.  
liquid,  
vf

Sat.  
vapor,  
vg  

Sat.  
liquid,  
uf

Evap.,  
ufg

Sat.  
vapor,  
ug  

Sat.  
liquid,  
hf

Evap.,  
hfg

Sat.  
vapor,  
hg  

Sat.  
liquid,  
sf

Evap.,  
sfg

Sat.  
vapor,  
sg

 32.018    0.08871 0.01602 3299.9     0.000 1021.0 1021.0     0.000 1075.2 1075.2   0.00000 2.18672 2.1867
 35    0.09998 0.01602 2945.7     3.004 1019.0 1022.0     3.004 1073.5 1076.5   0.00609 2.17011 2.1762
 40    0.12173 0.01602 2443.6     8.032 1015.6 1023.7     8.032 1070.7 1078.7   0.01620 2.14271 2.1589
 45    0.14756 0.01602 2035.8    13.05 1012.2 1025.3    13.05 1067.8 1080.9   0.02620 2.11587 2.1421
 50    0.17812 0.01602 1703.1    18.07 1008.9 1026.9    18.07 1065.0 1083.1   0.03609 2.08956 2.1256 
 55    0.21413 0.01603 1430.4    23.07 1005.5 1028.6    23.07 1062.2 1085.3   0.04586 2.06377 2.1096
 60    0.25638 0.01604 1206.1    28.08 1002.1 1030.2    28.08 1059.4 1087.4   0.05554 2.03847 2.0940
 65    0.30578 0.01604 1020.8    33.08  998.76 1031.8    33.08 1056.5 1089.6   0.06511 2.01366 2.0788
 70    0.36334 0.01605  867.18    38.08  995.39 1033.5    38.08 1053.7 1091.8   0.07459 1.98931 2.0639
 75    0.43016 0.01606  739.27    43.07  992.02 1035.1    43.07 1050.9 1093.9   0.08398 1.96541 2.0494 
 80    0.50745 0.01607  632.41    48.06  988.65 1036.7    48.07 1048.0 1096.1   0.09328 1.94196 2.0352
 85    0.59659 0.01609  542.80    53.06  985.28 1038.3    53.06 1045.2 1098.3   0.10248 1.91892 2.0214
 90    0.69904 0.01610  467.40    58.05  981.90 1040.0    58.05 1042.4 1100.4   0.11161 1.89630 2.0079
 95    0.81643 0.01612  403.74    63.04  978.52 1041.6    63.04 1039.5 1102.6   0.12065 1.87408 1.9947
100    0.95052 0.01613  349.83    68.03  975.14 1043.2    68.03 1036.7 1104.7   0.12961 1.85225 1.9819 
110    1.2767 0.01617  264.96    78.01  968.36 1046.4    78.02 1031.0 1109.0   0.14728 1.80970 1.9570
120    1.6951 0.01620  202.94    88.00  961.56 1049.6    88.00 1025.2 1113.2   0.16466 1.76856 1.9332
130    2.2260 0.01625  157.09    97.99  954.73 1052.7    97.99 1019.4 1117.4   0.18174 1.72877 1.9105
140    2.8931 0.01629  122.81   107.98  947.87 1055.9   107.99 1013.6 1121.6   0.19855 1.69024 1.8888
150    3.7234 0.01634   96.929   117.98  940.98 1059.0   117.99 1007.8 1125.7   0.21508 1.65291 1.8680 
160    4.7474 0.01639   77.185   127.98  934.05 1062.0   128.00 1001.8 1129.8   0.23136 1.61670 1.8481
170    5.9999 0.01645   61.982   138.00  927.08 1065.1   138.02  995.88 1133.9   0.24739 1.58155 1.8289
180    7.5197 0.01651   50.172   148.02  920.06 1068.1   148.04  989.85 1137.9   0.26318 1.54741 1.8106
190    9.3497 0.01657   40.920   158.05  912.99 1071.0   158.08  983.76 1141.8   0.27874 1.51421 1.7930
200   11.538 0.01663   33.613   168.10  905.87 1074.0   168.13  977.60 1145.7   0.29409 1.48191 1.7760 
210   14.136 0.01670   27.798   178.15  898.68 1076.8   178.20  971.35 1149.5   0.30922 1.45046 1.7597
212   14.709 0.01671   26.782   180.16  897.24 1077.4   180.21  970.09 1150.3   0.31222 1.44427 1.7565
220   17.201 0.01677   23.136   188.22  891.43 1079.6   188.28  965.02 1153.3   0.32414 1.41980 1.7439
230   20.795 0.01684   19.374   198.31  884.10 1082.4   198.37  958.59 1157.0   0.33887 1.38989 1.7288
240   24.985 0.01692   16.316   208.41  876.70 1085.1   208.49  952.06 1160.5   0.35342 1.36069 1.7141 
250   29.844 0.01700   13.816   218.54  869.21 1087.7   218.63  945.41 1164.0   0.36779 1.33216 1.6999
260   35.447 0.01708   11.760   228.68  861.62 1090.3   228.79  938.65 1167.4   0.38198 1.30425 1.6862
270   41.877 0.01717   10.059   238.85  853.94 1092.8   238.98  931.76 1170.7   0.39601 1.27694 1.6730
280   49.222 0.01726    8.6439   249.04  846.16 1095.2   249.20  924.74 1173.9   0.40989 1.25018 1.6601
290   57.573 0.01735    7.4607   259.26  838.27 1097.5   259.45  917.57 1177.0   0.42361 1.22393 1.6475 
300   67.028 0.01745    6.4663   269.51  830.25 1099.8   269.73  910.24 1180.0   0.43720 1.19818 1.6354
310   77.691 0.01755    5.6266   279.79  822.11 1101.9   280.05  902.75 1182.8   0.45065 1.17289 1.6235
320   89.667 0.01765    4.9144   290.11  813.84 1104.0   290.40  895.09 1185.5   0.46396 1.14802 1.6120
330  103.07 0.01776    4.3076   300.46  805.43 1105.9   300.80  887.25 1188.1   0.47716 1.12355 1.6007
340  118.02 0.01787    3.7885   310.85  796.87 1107.7   311.24  879.22 1190.5   0.49024 1.09945 1.5897 
350  134.63 0.01799    3.3425   321.29  788.16 1109.4   321.73  870.98 1192.7   0.50321 1.07570 1.5789
360  153.03 0.01811    2.9580   331.76  779.28 1111.0   332.28  862.53 1194.8   0.51607 1.05227 1.5683
370  173.36 0.01823    2.6252   342.29  770.23 1112.5   342.88  853.86 1196.7   0.52884 1.02914 1.5580
380  195.74 0.01836    2.3361   352.87  761.00 1113.9   353.53  844.96 1198.5   0.54152 1.00628 1.5478
390  220.33 0.01850    2.0842   363.50  751.58 1115.1   364.25  835.81 1200.1   0.55411 0.98366 1.5378 
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TABLE A–4E
Saturated water—Temperature table

    Specific volume,  
ft3/lbm

  Internal energy,  
Btu/lbm

  Enthalpy,  
Btu/lbm

  Entropy,  
Btu/lbm·R

Temp., 
T °F

Sat. press., 
Psat psia

Sat.  
liquid,  
vf

Sat.  
vapor,  
vg  

Sat.  
liquid,  
uf

Evap.,  
ufg

Sat.  
vapor,  
ug  

Sat.  
liquid,  
hf

Evap.,  
hfg

Sat.  
vapor,  
hg  

Sat.  
liquid,  
sf

Evap.,  
sfg

Sat.  
vapor,  
sg

400  247.26 0.01864    1.8639   374.19  741.97 1116.2   375.04  826.39 1201.4   0.56663 0.96127 1.5279
410  276.69 0.01878    1.6706   384.94  732.14 1117.1   385.90  816.71 1202.6   0.57907 0.93908 1.5182
420  308.76 0.01894    1.5006   395.76  722.08 1117.8   396.84  806.74 1203.6   0.59145 0.91707 1.5085
430  343.64 0.01910    1.3505   406.65  711.80 1118.4   407.86  796.46 1204.3   0.60377 0.89522 1.4990
440  381.49 0.01926    1.2178   417.61  701.26 1118.9   418.97  785.87 1204.8   0.61603 0.87349 1.4895 
450  422.47 0.01944    1.0999   428.66  690.47 1119.1   430.18  774.94 1205.1   0.62826 0.85187 1.4801
460  466.75 0.01962    0.99510   439.79  679.39 1119.2   441.48  763.65 1205.1   0.64044 0.83033 1.4708
470  514.52 0.01981    0.90158   451.01  668.02 1119.0   452.90  751.98 1204.9   0.65260 0.80885 1.4615
480  565.96 0.02001    0.81794   462.34  656.34 1118.7   464.43  739.91 1204.3   0.66474 0.78739 1.4521
490  621.24 0.02022    0.74296   473.77  644.32 1118.1   476.09  727.40 1203.5   0.67686 0.76594 1.4428 
500  680.56 0.02044    0.67558   485.32  631.94 1117.3   487.89  714.44 1202.3   0.68899 0.74445 1.4334
510  744.11 0.02067    0.61489   496.99  619.17 1116.2   499.84  700.99 1200.8   0.70112 0.72290 1.4240
520  812.11 0.02092    0.56009   508.80  605.99 1114.8   511.94  687.01 1199.0   0.71327 0.70126 1.4145
530  884.74 0.02118    0.51051   520.76  592.35 1113.1   524.23  672.47 1196.7   0.72546 0.67947 1.4049
540  962.24 0.02146    0.46553   532.88  578.23 1111.1   536.70  657.31 1194.0   0.73770 0.65751 1.3952 
550 1044.8 0.02176    0.42465   545.18  563.58 1108.8   549.39  641.47 1190.9   0.75000 0.63532 1.3853
560 1132.7 0.02207    0.38740   557.68  548.33 1106.0   562.31  624.91 1187.2   0.76238 0.61284 1.3752
570 1226.2 0.02242    0.35339   570.40  532.45 1102.8   575.49  607.55 1183.0   0.77486 0.59003 1.3649
580 1325.5 0.02279    0.32225   583.37  515.84 1099.2   588.95  589.29 1178.2   0.78748 0.56679 1.3543
590 1430.8 0.02319    0.29367   596.61  498.43 1095.0   602.75  570.04 1172.8   0.80026 0.54306 1.3433 
600 1542.5 0.02362    0.26737   610.18  480.10 1090.3   616.92  549.67 1166.6   0.81323 0.51871 1.3319
610 1660.9 0.02411    0.24309   624.11  460.73 1084.8   631.52  528.03 1159.5   0.82645 0.49363 1.3201
620 1786.2 0.02464    0.22061   638.47  440.14 1078.6   646.62  504.92 1151.5   0.83998 0.46765 1.3076
630 1918.9 0.02524    0.19972   653.35  418.12 1071.5   662.32  480.07 1142.4   0.85389 0.44056 1.2944
640 2059.3 0.02593    0.18019   668.86  394.36 1063.2   678.74  453.14 1131.9   0.86828 0.41206 1.2803 
650 2207.8 0.02673    0.16184   685.16  368.44 1053.6   696.08  423.65 1119.7   0.88332 0.38177 1.2651
660 2364.9 0.02767    0.14444   702.48  339.74 1042.2   714.59  390.84 1105.4   0.89922 0.34906 1.2483
670 2531.2 0.02884    0.12774   721.23  307.22 1028.5   734.74  353.54 1088.3   0.91636 0.31296 1.2293
680 2707.3 0.03035    0.11134   742.11  269.00 1011.1   757.32  309.57 1066.9   0.93541 0.27163 1.2070
690 2894.1 0.03255    0.09451   766.81  220.77  987.6   784.24  253.96 1038.2   0.95797 0.22089 1.1789 
700 3093.0 0.03670    0.07482   801.75  146.50  948.3   822.76  168.32  991.1   0.99023 0.14514 1.1354
705.10 3200.1 0.04975    0.04975   866.61    0  866.6   896.07    0  896.1   1.05257 0 1.0526

Source of Data: Tables A–4E through A–8E are generated using the Engineering Equation Solver (EES) software developed by S. A. Klein and F. L. Alvarado. The routine 
used in calculations is the highly accurate Steam_IAPWS, which incorporates the 1995 Formulation for the Thermodynamic Properties of Ordinary Water Substance for 
General and Scientific Use, issued by The International Association for the Properties of Water and Steam (IAPWS). This formulation replaces the 1984 formulation of Haar, 
Gallagher, and Kell (NBS/NRC Steam Tables, Hemisphere Publishing Co., 1984), which is also available in EES as the routine STEAM. The new formulation is based on the 
correlations of Saul and Wagner (J. Phys. Chem. Ref. Data, 16, 893, 1987) with modifications to adjust to the International Temperature Scale of 1990. The modifications 
are described by Wagner and Pruss (J. Phys. Chem. Ref. Data, 22, 783, 1993). The properties of ice are based on Hyland and Wexler, “Formulations for the Thermodynamic 
Properties of the Saturated Phases of H2O from 173.15 K to 473.15 K,” ASHRAE Trans., Part 2A, Paper 2793, 1983.

(Concluded)
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TABLE A–5E
Saturated water—Pressure table

    Specific volume,  
ft3/lbm

  Internal energy, 
Btu/lbm

  Enthalpy,  
Btu/lbm

  Entropy,  
Btu/lbm·R

Press.,  
P psia

Sat.  
temp.,  
Tsat °F

Sat.  
liquid,  
vf

Sat.  
vapor,  
vg  

Sat.  
liquid,  
uf

Evap.,  
ufg

Sat.  
vapor,  
ug  

Sat.  
liquid,  
hf

Evap.,  
hfg

Sat.  
vapor,  
hg  

Sat.  
liquid,  
sf

Evap.,  
sfg

Sat.  
vapor,  
sg

  1 101.69 0.01614 333.49    69.72 973.99 1043.7    69.72 1035.7 1105.4   0.13262 1.84495 1.9776
  2 126.02 0.01623 173.71    94.02 957.45 1051.5    94.02 1021.7 1115.8   0.17499 1.74444 1.9194
  3 141.41 0.01630 118.70   109.39 946.90 1056.3   109.40 1012.8 1122.2   0.20090 1.68489 1.8858
  4 152.91 0.01636  90.629   120.89 938.97 1059.9   120.90 1006.0 1126.9   0.21985 1.64225 1.8621
  5 162.18 0.01641  73.525   130.17 932.53 1062.7   130.18 1000.5 1130.7   0.23488 1.60894 1.8438
 
  6 170.00 0.01645  61.982   138.00 927.08 1065.1   138.02  995.88 1133.9   0.24739 1.58155 1.8289
  8 182.81 0.01652  47.347   150.83 918.08 1068.9   150.86  988.15 1139.0   0.26757 1.53800 1.8056
 10 193.16 0.01659  38.425   161.22 910.75 1072.0   161.25  981.82 1143.1   0.28362 1.50391 1.7875
 14.696 211.95 0.01671  26.805   180.12 897.27 1077.4   180.16  970.12 1150.3   0.31215 1.44441 1.7566
 15 212.99 0.01672  26.297   181.16 896.52 1077.7   181.21  969.47 1150.7   0.31370 1.44441 1.7549
 
 20 227.92 0.01683  20.093   196.21 885.63 1081.8   196.27  959.93 1156.2   0.33582 1.39606 1.7319
 25 240.03 0.01692  16.307   208.45 876.67 1085.1   208.52  952.03 1160.6   0.35347 1.36060 1.7141
 30 250.30 0.01700  13.749   218.84 868.98 1087.8   218.93  945.21 1164.1   0.36821 1.33132 1.6995
 35 259.25 0.01708  11.901   227.92 862.19 1090.1   228.03  939.16 1167.2   0.38093 1.30632 1.6872
 40 267.22 0.01715  10.501   236.02 856.09 1092.1   236.14  933.69 1169.8   0.39213 1.28448 1.6766
 
 45 274.41 0.01721   9.4028   243.34 850.52 1093.9   243.49  928.68 1172.2   0.40216 1.26506 1.6672
 50 280.99 0.01727   8.5175   250.05 845.39 1095.4   250.21  924.03 1174.2   0.41125 1.24756 1.6588
 55 287.05 0.01732   7.7882   256.25 840.61 1096.9   256.42  919.70 1176.1   0.41958 1.23162 1.6512
 60 292.69 0.01738   7.1766   262.01 836.13 1098.1   262.20  915.61 1177.8   0.42728 1.21697 1.6442
 65 297.95 0.01743   6.6560   267.41 831.90 1099.3   267.62  911.75 1179.4   0.43443 1.20341 1.6378
 
 70 302.91 0.01748   6.2075   272.50 827.90 1100.4   272.72  908.08 1180.8   0.44112 1.19078 1.6319
 75 307.59 0.01752   5.8167   277.31 824.09 1101.4   277.55  904.58 1182.1   0.44741 1.17895 1.6264
 80 312.02 0.01757   5.4733   281.87 820.45 1102.3   282.13  901.22 1183.4   0.45335 1.16783 1.6212
 85 316.24 0.01761   5.1689   286.22 816.97 1103.2   286.50  898.00 1184.5   0.45897 1.15732 1.6163
 90 320.26 0.01765   4.8972   290.38 813.62 1104.0   290.67  894.89 1185.6   0.46431 1.14737 1.6117
 
 95 324.11 0.01770   4.6532   294.36 810.40 1104.8   294.67  891.89 1186.6   0.46941 1.13791 1.6073
100 327.81 0.01774   4.4327   298.19 807.29 1105.5   298.51  888.99 1187.5   0.47427 1.12888 1.6032
110 334.77 0.01781   4.0410   305.41 801.37 1106.8   305.78  883.44 1189.2   0.48341 1.11201 1.5954
120 341.25 0.01789   3.7289   312.16 795.79 1107.9   312.55  878.20 1190.8   0.49187 1.09646 1.5883
130 347.32 0.01796   3.4557   318.48 790.51 1109.0   318.92  873.21 1192.1   0.49974 1.08204 1.5818
 
140 353.03 0.01802   3.2202   324.45 785.49 1109.9   324.92  868.45 1193.4   0.50711 1.06858 1.5757
150 358.42 0.01809   3.0150   330.11 780.69 1110.8   330.61  863.88 1194.5   0.51405 1.05595 1.5700
160 363.54 0.01815   2.8347   335.49 776.10 1111.6   336.02  859.49 1195.5   0.52061 1.04405 1.5647
170 368.41 0.01821   2.6749   340.62 771.68 1112.3   341.19  855.25 1196.4   0.52682 1.03279 1.5596
180 373.07 0.01827   2.5322   345.53 767.42 1113.0   346.14  851.16 1197.3   0.53274 1.02210 1.5548
 
190 377.52 0.01833   2.4040   350.24 763.31 1113.6   350.89  847.19 1198.1   0.53839 1.01191 1.5503
200 381.80 0.01839   2.2882   354.78 759.32 1114.1   355.46  843.33 1198.8   0.54379 1.00219 1.5460
250 400.97 0.01865   1.8440   375.23 741.02 1116.3   376.09  825.47 1201.6   0.56784 0.95912 1.5270
300 417.35 0.01890   1.5435   392.89 724.77 1117.7   393.94  809.41 1203.3   0.58818 0.92289 1.5111
350 431.74 0.01912   1.3263   408.55 709.98 1118.5   409.79  794.65 1204.4   0.60590 0.89143 1.4973
 
400 444.62 0.01934   1.1617   422.70 696.31 1119.0   424.13  780.87 1205.0   0.62168 0.86350 1.4852
450 456.31 0.01955   1.0324   435.67 683.52 1119.2   437.30  767.86 1205.2   0.63595 0.83828 1.4742
500 467.04 0.01975   0.92819  447.68 671.42 1119.1   449.51  755.48 1205.0   0.64900 0.81521 1.4642
550 476.97 0.01995   0.84228  458.90 659.91 1118.8   460.93  743.60 1204.5   0.66107 0.79388 1.4550
600 486.24 0.02014   0.77020  469.46 648.88 1118.3  471.70  732.15 1203.9  0.67231 0.77400 1.4463
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TABLE A–5E
Saturated water—Pressure table

    Specific volume,  
ft3/lbm

  Internal energy, 
Btu/lbm

  Enthalpy,  
Btu/lbm

  Entropy,  
Btu/lbm·R

Press.,  
P psia

Sat.  
temp.,  
Tsat °F

Sat.  
liquid,  
vf

Sat.  
vapor,  
vg  

Sat.  
liquid,  
uf

Evap.,  
ufg

Sat.  
vapor,  
ug  

Sat.  
liquid,  
hf

Evap.,  
hfg

Sat.  
vapor,  
hg  

Sat.  
liquid,  
sf

Evap.,  
sfg

Sat.  
vapor,  
sg

700 503.13 0.02051   0.65589 488.96 627.98 1116.9 491.62  710.29 1201.9 0.69279 0.73771 1.4305
800 518.27 0.02087   0.56920 506.74 608.30 1115.0 509.83  689.48 1199.3 0.71117 0.70502 1.4162
900 532.02 0.02124   0.50107 523.19 589.54 1112.7 526.73  669.46 1196.2 0.72793 0.67505 1.4030
1000 544.65 0.02159   0.44604 538.58 571.49 1110.1 542.57  650.03 1192.6 0.74341 0.64722 1.3906
1200 567.26 0.02232   0.36241 566.89 536.87 1103.8 571.85  612.39 1184.2 0.77143 0.59632 1.3677

1400 587.14 0.02307   0.30161 592.79 503.50 1096.3 598.76  575.66 1174.4 0.79658 0.54991 1.3465
1600 604.93 0.02386   0.25516 616.99 470.69 1087.7 624.06  539.18 1163.2 0.81972 0.50645 1.3262
1800 621.07 0.02470   0.21831 640.03 437.86 1077.9 648.26  502.35 1150.6 0.84144 0.46482 1.3063
2000 635.85 0.02563   0.18815 662.33 404.46 1066.8 671.82  464.60 1136.4 0.86224 0.42409 1.2863
2500 668.17 0.02860   0.13076 717.67 313.53 1031.2 730.90  360.79 1091.7 0.91311 0.31988 1.2330
3000 695.41 0.03433   0.08460 783.39 186.41  969.8   802.45  214.32 1016.8   0.97321 0.18554 1.1587
3200.1 705.10 0.04975   0.04975 866.61   0  866.6   896.07    0  896.1   1.05257 0 1.0526

(Concluded)
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TABLE A–6E
Superheated water

T  
°F

v  
ft3/lbm

u  
Btu/lbm

h  
Btu/lbm

s  
Btu/lbm·R

v  
ft3/lbm

u  
Btu/lbm

h  
Btu/lbm

s  
Btu/lbm·R

v  
ft3/lbm

u  
Btu/lbm

h  
Btu/lbm

s  
Btu/lbm·R

  P = 1.0 psia (101.69°F)* P = 5.0 psia (162.18°F) P = 10 psia (193.16°F)
Sat.†  333.49 1043.7 1105.4 1.9776  73.525 1062.7 1130.7 1.8438  38.425 1072.0 1143.1 1.7875
 200  392.53 1077.5 1150.1 2.0509  78.153 1076.2 1148.5 1.8716  38.849 1074.5 1146.4 1.7926
 240  416.44 1091.2 1168.3 2.0777  83.009 1090.3 1167.1 1.8989  41.326 1089.1 1165.5 1.8207
 280  440.33 1105.0 1186.5 2.1030  87.838 1104.3 1185.6 1.9246  43.774 1103.4 1184.4 1.8469
 320  464.20 1118.9 1204.8 2.1271  92.650 1118.4 1204.1 1.9490  46.205 1117.6 1203.1 1.8716
 360  488.07 1132.9 1223.3 2.1502  97.452 1132.5 1222.6 1.9722  48.624 1131.9 1221.8 1.8950
 400  511.92 1147.1 1241.8 2.1722 102.25 1146.7 1241.3 1.9944  51.035 1146.2 1240.6 1.9174
 440  535.77 1161.3 1260.4 2.1934 107.03 1160.9 1260.0 2.0156  53.441 1160.5 1259.4 1.9388
 500  571.54 1182.8 1288.6 2.2237 114.21 1182.6 1288.2 2.0461  57.041 1182.2 1287.8 1.9693
 600  631.14 1219.4 1336.2 2.2709 126.15 1219.2 1335.9 2.0933  63.029 1219.0 1335.6 2.0167
 700  690.73 1256.8 1384.6 2.3146 138.09 1256.7 1384.4 2.1371  69.007 1256.5 1384.2 2.0605
 800  750.31 1295.1 1433.9 2.3553 150.02 1294.9 1433.7 2.1778  74.980 1294.8 1433.5 2.1013
1000  869.47 1374.2 1535.1 2.4299 173.86 1374.2 1535.0 2.2524  86.913 1374.1 1534.9 2.1760
1200  988.62 1457.1 1640.0 2.4972 197.70 1457.0 1640.0 2.3198  98.840 1457.0 1639.9 2.2433
1400 1107.8 1543.7 1748.7 2.5590 221.54 1543.7 1748.7 2.3816 110.762 1543.6 1748.6 2.3052

  P = 15 psia (212.99°F) P = 20 psia (227.92°F) P = 40 psia (267.22°F)
Sat. 26.297 1077.7 1150.7 1.7549 20.093 1081.8 1156.2 1.7319 10.501 1092.1 1169.8 1.6766
 240 27.429 1087.8 1163.9 1.7742 20.478 1086.5 1162.3 1.7406
 280 29.085 1102.4 1183.2 1.8010 21.739 1101.4 1181.9 1.7679 10.713 1097.3 1176.6 1.6858
 320 30.722 1116.9 1202.2 1.8260 22.980 1116.1 1201.2 1.7933 11.363 1112.9 1197.1 1.7128
 360 32.348 1131.3 1221.1 1.8496 24.209 1130.7 1220.2 1.8171 11.999 1128.1 1216.9 1.7376
 400 33.965 1145.7 1239.9 1.8721 25.429 1145.1 1239.3 1.8398 12.625 1143.1 1236.5 1.7610
 440 35.576 1160.1 1258.8 1.8936 26.644 1159.7 1258.3 1.8614 13.244 1157.9 1256.0 1.7831
 500 37.986 1181.9 1287.3 1.9243 28.458 1181.6 1286.9 1.8922 14.165 1180.2 1285.0 1.8143
 600 41.988 1218.7 1335.3 1.9718 31.467 1218.5 1334.9 1.9398 15.686 1217.5 1333.6 1.8625
 700 45.981 1256.3 1383.9 2.0156 34.467 1256.1 1383.7 1.9837 17.197 1255.3 1382.6 1.9067
 800 49.967 1294.6 1433.3 2.0565 37.461 1294.5 1433.1 2.0247 18.702 1293.9 1432.3 1.9478
1000 57.930 1374.0 1534.8 2.1312 43.438 1373.8 1534.6 2.0994 21.700 1373.4 1534.1 2.0227
1200 65.885 1456.9 1639.8 2.1986 49.407 1456.8 1639.7 2.1668 24.691 1456.5 1639.3 2.0902
1400 73.836 1543.6 1748.5 2.2604 55.373 1543.5 1748.4 2.2287 27.678 1543.3 1748.1 2.1522
1600 81.784 1634.0 1861.0 2.3178 61.335 1633.9 1860.9 2.2861 30.662 1633.7 1860.7 2.2096

  P = 60 psia (292.69°F) P = 80 psia (312.02°F) P = 100 psia (327.81°F)
Sat.  7.1766 1098.1 1177.8 1.6442  5.4733 1102.3 1183.4 1.6212  4.4327 1105.5 1187.5 1.6032
 320  7.4863 1109.6 1192.7 1.6636  5.5440 1105.9 1187.9 1.6271        
 360  7.9259 1125.5 1213.5 1.6897  5.8876 1122.7 1209.9 1.6545  4.6628 1119.8 1206.1 1.6263
 400  8.3548 1140.9 1233.7 1.7138  6.2187 1138.7 1230.8 1.6794  4.9359 1136.4 1227.8 1.6521
 440  8.7766 1156.1 1253.6 1.7364  6.5420 1154.3 1251.2 1.7026  5.2006 1152.4 1248.7 1.6759
 500  9.4005 1178.8 1283.1 1.7682  7.0177 1177.3 1281.2 1.7350  5.5876 1175.9 1279.3 1.7088
 600 10.4256 1216.5 1332.2 1.8168  7.7951 1215.4 1330.8 1.7841  6.2167 1214.4 1329.4 1.7586
 700 11.4401 1254.5 1381.6 1.8613  8.5616 1253.8 1380.5 1.8289  6.8344 1253.0 1379.5 1.8037
 800 12.4484 1293.3 1431.5 1.9026  9.3218 1292.6 1430.6 1.8704  7.4457 1292.0 1429.8 1.8453
1000 14.4543 1373.0 1533.5 1.9777 10.8313 1372.6 1532.9 1.9457  8.6575 1372.2 1532.4 1.9208
1200 16.4525 1456.2 1638.9 2.0454 12.3331 1455.9 1638.5 2.0135  9.8615 1455.6 1638.1 1.9887
1400 18.4464 1543.0 1747.8 2.1073 13.8306 1542.8 1747.5 2.0755 11.0612 1542.6 1747.2 2.0508
1600 20.438 1633.5 1860.5 2.1648 15.3257 1633.3 1860.2 2.1330 12.2584 1633.2 1860.0 2.1083
1800 22.428 1727.6 1976.6 2.2187 16.8192 1727.5 1976.5 2.1869 13.4541 1727.3 1976.3 2.1622
2000 24.417 1825.2 2096.3 2.2694 18.3117 1825.0 2096.1 2.2376 14.6487 1824.9 2096.0 2.2130

*The temperature in parentheses is the saturation temperature at the specified pressure.
†Properties of saturated vapor at the specified pressure.
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TABLE A–6E
Superheated water

T  
°F

v  
ft3/lbm

u  
Btu/lbm

h  
Btu/lbm

s  
Btu/lbm·R

v  
ft3/lbm

u  
Btu/lbm

h  
Btu/lbm

s  
Btu/lbm·R

v  
ft3/lbm

u  
Btu/lbm

h  
Btu/lbm

s  
Btu/lbm·R

  P = 120 psia (341.25°F) P = 140 psia (353.03°F) P = 160 psia (363.54°F)
Sat.  3.7289 1107.9 1190.8 1.5883  3.2202 1109.9 1193.4 1.5757 2.8347 1111.6 1195.5 1.5647
 360  3.8446 1116.7 1202.1 1.6023  3.2584 1113.4 1197.8 1.5811      
 400  4.0799 1134.0 1224.6 1.6292  3.4676 1131.5 1221.4 1.6092 3.0076 1129.0 1218.0 1.5914
 450  4.3613 1154.5 1251.4 1.6594  3.7147 1152.6 1248.9 1.6403 3.2293 1150.7 1246.3 1.6234
 500  4.6340 1174.4 1277.3 1.6872  3.9525 1172.9 1275.3 1.6686 3.4412 1171.4 1273.2 1.6522
 550  4.9010 1193.9 1302.8 1.7131  4.1845 1192.7 1301.1 1.6948 3.6469 1191.4 1299.4 1.6788
 600  5.1642 1213.4 1328.0 1.7375  4.4124 1212.3 1326.6 1.7195 3.8484 1211.3 1325.2 1.7037
 700  5.6829 1252.2 1378.4 1.7829  4.8604 1251.4 1377.3 1.7652 4.2434 1250.6 1376.3 1.7498
 800  6.1950 1291.4 1429.0 1.8247  5.3017 1290.8 1428.1 1.8072 4.6316 1290.2 1427.3 1.7920
1000  7.2083 1371.7 1531.8 1.9005  6.1732 1371.3 1531.3 1.8832 5.3968 1370.9 1530.7 1.8682
1200  8.2137 1455.3 1637.7 1.9684  7.0367 1455.0 1637.3 1.9512 6.1540 1454.7 1636.9 1.9363
1400  9.2149 1542.3 1746.9 2.0305  7.8961 1542.1 1746.6 2.0134 6.9070 1541.8 1746.3 1.9986
1600 10.2135 1633.0 1859.8 2.0881  8.7529 1632.8 1859.5 2.0711 7.6574 1632.6 1859.3 2.0563
1800 11.2106 1727.2 1976.1 2.1420  9.6082 1727.0 1975.9 2.1250 8.4063 1726.9 1975.7 2.1102
2000 12.2067 1824.8 2095.8 2.1928 10.4624 1824.6 2095.7 2.1758 9.1542 1824.5 2095.5 2.1610

  P = 180 psia (373.07°F) P = 200 psia (381.80°F) P = 225 psia (391.80°F)
Sat. 2.5322 1113.0 1197.3 1.5548 2.2882 1114.1 1198.8 1.5460 2.0423 1115.3 1200.3 1.5360
 400 2.6490 1126.3 1214.5 1.5752 2.3615 1123.5 1210.9 1.5602 2.0728 1119.7 1206.0 1.5427
 450 2.8514 1148.7 1243.7 1.6082 2.5488 1146.7 1241.0 1.5943 2.2457 1144.1 1237.6 1.5783
 500 3.0433 1169.8 1271.2 1.6376 2.7247 1168.2 1269.0 1.6243 2.4059 1166.2 1266.3 1.6091
 550 3.2286 1190.2 1297.7 1.6646 2.8939 1188.9 1296.0 1.6516 2.5590 1187.2 1293.8 1.6370
 600 3.4097 1210.2 1323.8 1.6897 3.0586 1209.1 1322.3 1.6771 2.7075 1207.7 1320.5 1.6628
 700 3.7635 1249.8 1375.2 1.7361 3.3796 1249.0 1374.1 1.7238 2.9956 1248.0 1372.7 1.7099
 800 4.1104 1289.5 1426.5 1.7785 3.6934 1288.9 1425.6 1.7664 3.2765 1288.1 1424.5 1.7528
 900 4.4531 1329.7 1478.0 1.8179 4.0031 1329.2 1477.3 1.8059 3.5530 1328.5 1476.5 1.7925
1000 4.7929 1370.5 1530.1 1.8549 4.3099 1370.1 1529.6 1.8430 3.8268 1369.5 1528.9 1.8296
1200 5.4674 1454.3 1636.5 1.9231 4.9182 1454.0 1636.1 1.9113 4.3689 1453.6 1635.6 1.8981
1400 6.1377 1541.6 1746.0 1.9855 5.5222 1541.4 1745.7 1.9737 4.9068 1541.1 1745.4 1.9606
1600 6.8054 1632.4 1859.1 2.0432 6.1238 1632.2 1858.8 2.0315 5.4422 1632.0 1858.6 2.0184
1800 7.4716 1726.7 1975.6 2.0971 6.7238 1726.5 1975.4 2.0855 5.9760 1726.4 1975.2 2.0724
2000 8.1367 1824.4 2095.4 2.1479 7.3227 1824.3 2095.3 2.1363 6.5087 1824.1 2095.1 2.1232

  P = 250 psia (400.97°F) P = 275 psia (409.45°F) P = 300 psia (417.35°F)
Sat. 1.8440 1116.3 1201.6 1.5270 1.6806 1117.0 1202.6 1.5187 1.5435 1117.7 1203.3 1.5111
 450 2.0027 1141.3 1234.0 1.5636 1.8034 1138.5 1230.3 1.5499 1.6369 1135.6 1226.4 1.5369
 500 2.1506 1164.1 1263.6 1.5953 1.9415 1162.0 1260.8 1.5825 1.7670 1159.8 1257.9 1.5706
 550 2.2910 1185.6 1291.5 1.6237 2.0715 1183.9 1289.3 1.6115 1.8885 1182.1 1287.0 1.6001
 600 2.4264 1206.3 1318.6 1.6499 2.1964 1204.9 1316.7 1.6380 2.0046 1203.5 1314.8 1.6270
 650 2.5586 1226.8 1345.1 1.6743 2.3179 1225.6 1343.5 1.6627 2.1172 1224.4 1341.9 1.6520
 700 2.6883 1247.0 1371.4 1.6974 2.4369 1246.0 1370.0 1.6860 2.2273 1244.9 1368.6 1.6755
 800 2.9429 1287.3 1423.5 1.7406 2.6699 1286.5 1422.4 1.7294 2.4424 1285.7 1421.3 1.7192
 900 3.1930 1327.9 1475.6 1.7804 2.8984 1327.3 1474.8 1.7694 2.6529 1326.6 1473.9 1.7593
1000 3.4403 1369.0 1528.2 1.8177 3.1241 1368.5 1527.4 1.8068 2.8605 1367.9 1526.7 1.7968
1200 3.9295 1453.3 1635.0 1.8863 3.5700 1452.9 1634.5 1.8755 3.2704 1452.5 1634.0 1.8657
1400 4.4144 1540.8 1745.0 1.9488 4.0116 1540.5 1744.6 1.9381 3.6759 1540.2 1744.2 1.9284
1600 4.8969 1631.7 1858.3 2.0066 4.4507 1631.5 1858.0 1.9960 4.0789 1631.3 1857.7 1.9863
1800 5.3777 1726.2 1974.9 2.0607 4.8882 1726.0 1974.7 2.0501 4.4803 1725.8 1974.5 2.0404
2000 5.8575 1823.9 2094.9 2.1116 5.3247 1823.8 2094.7 2.1010 4.8807 1823.6 2094.6 2.0913

(Continued)



944
PROPERTY TABLES AND CHARTS

TABLE A–6E
Superheated water

T  
°F

v  
ft3/lbm

u  
Btu/lbm

h  
Btu/lbm

s  
Btu/lbm·R

v  
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u  
Btu/lbm

h  
Btu/lbm

s  
Btu/lbm·R

v  
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u  
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h  
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s  
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  P = 350 psia (431.74°F) P = 400 psia (444.62°F) P = 450 psia (456.31°F)
Sat. 1.3263 1118.5 1204.4 1.4973 1.1617 1119.0 1205.0 1.4852 1.0324 1119.2 1205.2 1.4742
 450 1.3739 1129.3 1218.3 1.5128 1.1747 1122.5 1209.4 1.4901      
 500 1.4921 1155.2 1251.9 1.5487 1.2851 1150.4 1245.6 1.5288 1.1233 1145.4 1238.9 1.5103
 550 1.6004 1178.6 1282.2 1.5795 1.3840 1174.9 1277.3 1.5610 1.2152 1171.1 1272.3 1.5441
 600 1.7030 1200.6 1310.9 1.6073 1.4765 1197.6 1306.9 1.5897 1.3001 1194.6 1302.8 1.5737
 650 1.8018 1221.9 1338.6 1.6328 1.5650 1219.4 1335.3 1.6158 1.3807 1216.9 1331.9 1.6005
 700 1.8979 1242.8 1365.8 1.6567 1.6507 1240.7 1362.9 1.6401 1.4584 1238.5 1360.0 1.6253
 800 2.0848 1284.1 1419.1 1.7009 1.8166 1282.5 1417.0 1.6849 1.6080 1280.8 1414.7 1.6706
 900 2.2671 1325.3 1472.2 1.7414 1.9777 1324.0 1470.4 1.7257 1.7526 1322.7 1468.6 1.7117
1000 2.4464 1366.9 1525.3 1.7791 2.1358 1365.8 1523.9 1.7636 1.8942 1364.7 1522.4 1.7499
1200 2.7996 1451.7 1633.0 1.8483 2.4465 1450.9 1632.0 1.8331 2.1718 1450.1 1631.0 1.8196
1400 3.1484 1539.6 1743.5 1.9111 2.7527 1539.0 1742.7 1.8960 2.4450 1538.4 1742.0 1.8827
1600 3.4947 1630.8 1857.1 1.9691 3.0565 1630.3 1856.5 1.9541 2.7157 1629.8 1856.0 1.9409
1800 3.8394 1725.4 1974.0 2.0233 3.3586 1725.0 1973.6 2.0084 2.9847 1724.6 1973.2 1.9952
2000 4.1830 1823.3 2094.2 2.0742 3.6597 1823.0 2093.9 2.0594 3.2527 1822.6 2093.5 2.0462

  P = 500 psia (467.04°F) P = 600 psia (486.24°F) P = 700 psia (503.13°F)
Sat. 0.92815 1119.1 1205.0 1.4642 0.77020 1118.3 1203.9 1.4463 0.65589 1116.9 1201.9 1.4305
 500 0.99304 1140.1 1231.9 1.4928 0.79526 1128.2 1216.5 1.4596      
 550 1.07974 1167.1 1267.0 1.5284 0.87542 1158.7 1255.9 1.4996 0.72799 1149.5 1243.8 1.4730
 600 1.15876 1191.4 1298.6 1.5590 0.94605 1184.9 1289.9 1.5325 0.79332 1177.9 1280.7 1.5087
 650 1.23312 1214.3 1328.4 1.5865 1.01133 1209.0 1321.3 1.5614 0.85242 1203.4 1313.8 1.5393
 700 1.30440 1236.4 1357.0 1.6117 1.07316 1231.9 1351.0 1.5877 0.90769 1227.2 1344.8 1.5666
 800 1.44097 1279.2 1412.5 1.6576 1.19038 1275.8 1408.0 1.6348 1.01125 1272.4 1403.4 1.6150
 900 1.57252 1321.4 1466.9 1.6992 1.30230 1318.7 1463.3 1.6771 1.10921 1316.0 1459.7 1.6581
1000 1.70094 1363.6 1521.0 1.7376 1.41097 1361.4 1518.1 1.7160 1.20381 1359.2 1515.2 1.6974
1100 1.82726 1406.2 1575.3 1.7735 1.51749 1404.4 1572.9 1.7522 1.29621 1402.5 1570.4 1.7341
1200 1.95211 1449.4 1630.0 1.8075 1.62252 1447.8 1627.9 1.7865 1.38709 1446.2 1625.9 1.7685
1400 2.1988 1537.8 1741.2 1.8708 1.82957 1536.6 1739.7 1.8501 1.56580 1535.4 1738.2 1.8324
1600 2.4430 1629.4 1855.4 1.9291 2.0340 1628.4 1854.2 1.9085 1.74192 1627.5 1853.1 1.8911
1800 2.6856 1724.2 1972.7 1.9834 2.2369 1723.4 1971.8 1.9630 1.91643 1722.7 1970.9 1.9457
2000 2.9271 1822.3 2093.1 2.0345 2.4387 1821.7 2092.4 2.0141 2.08987 1821.0 2091.7 1.9969

  P = 800 psia (518.27°F) P = 1000 psia (544.65°F) P = 1250 psia (572.45°F)
Sat. 0.56920 1115.0 1199.3 1.4162 0.44604 1110.1 1192.6 1.3906 0.34549 1102.0 1181.9 1.3623
 550 0.61586 1139.4 1230.5 1.4476 0.45375 1115.2 1199.2 1.3972      
 600 0.67799 1170.5 1270.9 1.4866 0.51431 1154.1 1249.3 1.4457 0.37894 1129.5 1217.2 1.3961
 650 0.73279 1197.6 1306.0 1.5191 0.56411 1185.1 1289.5 1.4827 0.42703 1167.5 1266.3 1.4414
 700 0.78330 1222.4 1338.4 1.5476 0.60844 1212.4 1325.0 1.5140 0.46735 1198.7 1306.8 1.4771
 750 0.83102 1246.0 1369.1 1.5735 0.64944 1237.6 1357.8 1.5418 0.50344 1226.4 1342.9 1.5076
 800 0.87678 1268.9 1398.7 1.5975 0.68821 1261.7 1389.0 1.5670 0.53687 1252.2 1376.4 1.5347
 900 0.96434 1313.3 1456.0 1.6413 0.76136 1307.7 1448.6 1.6126 0.59876 1300.5 1439.0 1.5826
1000 1.04841 1357.0 1512.2 1.6812 0.83078 1352.5 1506.2 1.6535 0.65656 1346.7 1498.6 1.6249
1100 1.13024 1400.7 1568.0 1.7181 0.89783 1396.9 1563.1 1.6911 0.71184 1392.2 1556.8 1.6635
1200 1.21051 1444.6 1623.8 1.7528 0.96327 1441.4 1619.7 1.7263 0.76545 1437.4 1614.5 1.6993
1400 1.36797 1534.2 1736.7 1.8170 1.09101 1531.8 1733.7 1.7911 0.86944 1528.7 1729.8 1.7649
1600 1.52283 1626.5 1851.9 1.8759 1.21610 1624.6 1849.6 1.8504 0.97072 1622.2 1846.7 1.8246
1800 1.67606 1721.9 1970.0 1.9306 1.33956 1720.3 1968.2 1.9053 1.07036 1718.4 1966.0 1.8799
2000 1.82823 1820.4 2091.0 1.9819 1.46194 1819.1 2089.6 1.9568 1.16892 1817.5 2087.9 1.9315

(Continued)
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TABLE A–6E
Superheated water
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  P = 1500 psia (596.26°F) P = 1750 psia (617.17°F) P = 2000 psia (635.85°F)
Sat. 0.27695 1092.1 1169.0 1.3362 0.22681 1080.5 1153.9 1.3112 0.18815 1066.8 1136.4 1.2863
 600 0.28189 1097.2 1175.4 1.3423                
 650 0.33310 1147.2 1239.7 1.4016 0.26292 1122.8 1207.9 1.3607 0.20586 1091.4 1167.6 1.3146
 700 0.37198 1183.6 1286.9 1.4433 0.30252 1166.8 1264.7 1.4108 0.24894 1147.6 1239.8 1.3783
 750 0.40535 1214.4 1326.9 1.4771 0.33455 1201.5 1309.8 1.4489 0.28074 1187.4 1291.3 1.4218
 800 0.43550 1242.2 1363.1 1.5064 0.36266 1231.7 1349.1 1.4807 0.30763 1220.5 1334.3 1.4567
 850 0.46356 1268.2 1396.9 1.5328 0.38835 1259.3 1385.1 1.5088 0.33169 1250.0 1372.8 1.4867
 900 0.49015 1293.1 1429.2 1.5569 0.41238 1285.4 1419.0 1.5341 0.35390 1277.5 1408.5 1.5134
1000 0.54031 1340.9 1490.8 1.6007 0.45719 1334.9 1482.9 1.5796 0.39479 1328.7 1474.9 1.5606
1100 0.58781 1387.3 1550.5 1.6402 0.49917 1382.4 1544.1 1.6201 0.43266 1377.5 1537.6 1.6021
1200 0.63355 1433.3 1609.2 1.6767 0.53932 1429.2 1603.9 1.6572 0.46864 1425.1 1598.5 1.6400
1400 0.72172 1525.7 1726.0 1.7432 0.61621 1522.6 1722.1 1.7245 0.53708 1519.5 1718.3 1.7081
1600 0.80714 1619.8 1843.8 1.8033 0.69031 1617.4 1840.9 1.7852 0.60269 1615.0 1838.0 1.7693
1800 0.89090 1716.4 1963.7 1.8589 0.76273 1714.5 1961.5 1.8410 0.66660 1712.5 1959.2 1.8255
2000 0.97358 1815.9 2086.1 1.9108 0.83406 1814.2 2084.3 1.8931 0.72942 1812.6 2082.6 1.8778

  P = 2500 psia (668.17°F) P = 3000 psia (695.41°F) P = 3500 psia
Sat. 0.13076 1031.2 1091.7 1.2330 0.08460 969.8 1016.8 1.1587        
 650                 0.02492 663.7  679.9 0.8632
 700 0.16849 1098.4 1176.3 1.3072 0.09838 1005.3 1059.9 1.1960 0.03065 760.0  779.9 0.9511
 750 0.20327 1154.9 1249.0 1.3686 0.14840 1114.1 1196.5 1.3118 0.10460 1057.6 1125.4 1.2434
 800 0.22949 1195.9 1302.0 1.4116 0.17601 1167.5 1265.3 1.3676 0.13639 1134.3 1222.6 1.3224
 850 0.25174 1230.1 1346.6 1.4463 0.19771 1208.2 1317.9 1.4086 0.15847 1183.8 1286.5 1.3721
 900 0.27165 1260.7 1386.4 1.4761 0.21640 1242.8 1362.9 1.4423 0.17659 1223.4 1337.8 1.4106
 950 0.29001 1289.1 1423.3 1.5028 0.23321 1273.9 1403.3 1.4716 0.19245 1257.8 1382.4 1.4428
1000 0.30726 1316.1 1458.2 1.5271 0.24876 1302.8 1440.9 1.4978 0.20687 1289.0 1423.0 1.4711
1100 0.33949 1367.3 1524.4 1.5710 0.27732 1356.8 1510.8 1.5441 0.23289 1346.1 1496.9 1.5201
1200 0.36966 1416.6 1587.6 1.6103 0.30367 1408.0 1576.6 1.5850 0.25654 1399.3 1565.4 1.5627
1400 0.42631 1513.3 1710.5 1.6802 0.35249 1507.0 1702.7 1.6567 0.29978 1500.7 1694.8 1.6364
1600 0.48004 1610.1 1832.2 1.7424 0.39830 1605.3 1826.4 1.7199 0.33994 1600.4 1820.5 1.7006
1800 0.53205 1708.6 1954.8 1.7991 0.44237 1704.7 1950.3 1.7773 0.37833 1700.8 1945.8 1.7586
2000 0.58295 1809.4 2079.1 1.8518 0.48532 1806.1 2075.6 1.8304 0.41561 1802.9 2072.1 1.8121

  P = 4000 psia P = 5000 psia P = 6000 psia
 650 0.02448  657.9  676.1 0.8577 0.02379  648.3  670.3 0.8485 0.02325  640.3  666.1 0.8408
 700 0.02871  742.3  763.6 0.9347 0.02678  721.8  746.6 0.9156 0.02564  708.1  736.5 0.9028
 750 0.06370  962.1 1009.2 1.1410 0.03373  821.8  853.0 1.0054 0.02981  788.7  821.8 0.9747
 800 0.10520 1094.2 1172.1 1.2734 0.05937  986.9 1041.8 1.1581 0.03949  897.1  941.0 1.0711
 850 0.12848 1156.7 1251.8 1.3355 0.08551 1092.4 1171.5 1.2593 0.05815 1018.6 1083.1 1.1819
 900 0.14647 1202.5 1310.9 1.3799 0.10390 1155.9 1252.1 1.3198 0.07584 1103.5 1187.7 1.2603
 950 0.16176 1240.7 1360.5 1.4157 0.11863 1203.9 1313.6 1.3643 0.09010 1163.7 1263.7 1.3153
1000 0.17538 1274.6 1404.4 1.4463 0.13128 1244.0 1365.5 1.4004 0.10208 1211.4 1324.7 1.3578
1100 0.19957 1335.1 1482.8 1.4983 0.15298 1312.2 1453.8 1.4590 0.12211 1288.4 1424.0 1.4237
1200 0.22121 1390.3 1554.1 1.5426 0.17185 1372.1 1531.1 1.5070 0.13911 1353.4 1507.8 1.4758
1300 0.24128 1443.0 1621.6 1.5821 0.18902 1427.8 1602.7 1.5490 0.15434 1412.5 1583.8 1.5203
1400 0.26028 1494.3 1687.0 1.6182 0.20508 1481.4 1671.1 1.5868 0.16841 1468.4 1655.4 1.5598
1600 0.29620 1595.5 1814.7 1.6835 0.23505 1585.6 1803.1 1.6542 0.19438 1575.7 1791.5 1.6294
1800 0.33033 1696.8 1941.4 1.7422 0.26320 1689.0 1932.5 1.7142 0.21853 1681.1 1923.7 1.6907
2000 0.36335 1799.7 2068.6 1.7961 0.29023 1793.2 2061.7 1.7689 0.24155 1786.7 2054.9 1.7463

(Concluded)
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TABLE A–7E

Compressed liquid water

T  
°F

v   
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h  
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h  
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v  
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u  
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P = 500 psia (467.04°F) P = 1000 psia (544.65°F) P = 1500 psia (596.26°F)
Sat. 0.019750 447.68 449.51 0.64900 0.021595 538.58 542.57 0.74341 0.023456 605.07 611.58 0.80836
 32 0.015994   0.01   1.49 0.00001 0.015966   0.03   2.99 0.00005 0.015939   0.05   4.48 0.00008
 50 0.015998  18.03  19.51 0.03601 0.015972  17.99  20.95 0.03593 0.015946  17.95  22.38 0.03584
100 0.016107  67.86  69.35 0.12930 0.016083  67.69  70.67 0.12899 0.016059  67.53  71.98 0.12869
150 0.016317 117.70 119.21 0.21462 0.016292 117.42 120.43 0.21416 0.016267 117.14 121.66 0.21369
200 0.016607 167.70 169.24 0.29349 0.016580 167.31 170.38 0.29289 0.016553 166.92 171.52 0.29229
250 0.016972 218.04 219.61 0.36708 0.016941 217.51 220.65 0.36634 0.016911 217.00 221.69 0.36560
300 0.017417 268.92 270.53 0.43641 0.017380 268.24 271.46 0.43551 0.017345 267.57 272.39 0.43463
350 0.017954 320.64 322.30 0.50240 0.017910 319.77 323.08 0.50132 0.017866 318.91 323.87 0.50025
400 0.018609 373.61 375.33 0.56595 0.018552 372.48 375.91 0.56463 0.018496 371.37 376.51 0.56333
450 0.019425 428.44 430.24 0.62802 0.019347 426.93 430.51 0.62635 0.019271 425.47 430.82 0.62472
500         0.020368 484.03 487.80 0.68764 0.020258 482.01 487.63 0.68550
550                 0.021595 542.50 548.50 0.74731

P = 2000 psia (635.85°F) P = 3000 psia (695.41°F) P = 5000 psia
Sat. 0.025634 662.33 671.82 0.86224 0.034335 783.39 802.45 0.97321        
 32 0.015912   0.07   5.96 0.00010 0.015859   0.10   8.90 0.00011 0.015756   0.13  14.71 0.00002
 50 0.015921  17.91  23.80 0.03574 0.015870  17.83  26.64 0.03554 0.015773  17.65  32.25 0.03505
100 0.016035  67.36  73.30 0.12838 0.015988  67.04  75.91 0.12776 0.015897  66.41  81.12 0.12652
200 0.016527 166.54 172.66 0.29170 0.016475 165.79 174.94 0.29053 0.016375 164.36 179.51 0.28824
300 0.017310 266.92 273.33 0.43376 0.017242 265.65 275.22 0.43204 0.017112 263.24 279.07 0.42874
400 0.018442 370.30 377.12 0.56205 0.018338 368.22 378.41 0.55959 0.018145 364.35 381.14 0.55492
450 0.019199 424.06 431.16 0.62314 0.019062 421.36 431.94 0.62010 0.018812 416.40 433.80 0.61445
500 0.020154 480.08 487.54 0.68346 0.019960 476.45 487.53 0.67958 0.019620 469.94 488.10 0.67254
560 0.021739 552.21 560.26 0.75692 0.021405 546.59 558.47 0.75126 0.020862 537.08 556.38 0.74154
600 0.023317 605.77 614.40 0.80898 0.022759 597.42 610.06 0.80086 0.021943 584.42 604.72 0.78803
640         0.024765 654.52 668.27 0.85476 0.023358 634.95 656.56 0.83603
680         0.028821 728.63 744.64 0.92288 0.025366 690.67 714.14 0.88745
700                 0.026777 721.78 746.56 0.91564
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TABLE A–8E
Saturated ice–water vapor

    Specific volume,  
ft3/lbm

  Internal energy,  
Btu/lbm

  Enthalpy,  
Btu/lbm

  Entropy,  
Btu/lbm·R

Temp.,  
T °F

Sat.  
press., 
Psat psia

Sat. 
ice,  
vi

Sat. 
vapor, 
vg  

Sat. 
ice,  
ui

Subl., 
uig

Sat. 
vapor,  
ug  

Sat. 
ice,  
hi

Subl., 
hig

Sat. 
vapor,  
hg  

Sat. 
ice,  
si

Subl., 
sig

Sat. 
vapor,  
sg

 32.018 0.08871 0.01747   3299.6  −143.34 1164.2 1020.9   −143.34 1218.3 1075.0  −0.29146 2.4779 2.1864
 32 0.08864 0.01747   3302.6  −143.35 1164.2 1020.9   −143.35 1218.4 1075.0  −0.29148 2.4779 2.1865
 30 0.08086 0.01747   3605.8  −144.35 1164.6 1020.2   −144.35 1218.5 1074.2  −0.29353 2.4883 2.1948
 25 0.06405 0.01746   4505.8  −146.85 1165.4 1018.6   −146.85 1218.8 1072.0  −0.29865 2.5146 2.2160
 20 0.05049 0.01746   5657.6  −149.32 1166.2 1016.9   −149.32 1219.1 1069.8  −0.30377 2.5414 2.2376
 15 0.03960 0.01745   7138.9  −151.76 1167.0 1015.2   −151.76 1219.3 1067.6  −0.30889 2.5687 2.2598
 10 0.03089 0.01744   9054.0  −154.18 1167.8 1013.6   −154.18 1219.5 1065.4  −0.31401 2.5965 2.2825
  5 0.02397 0.01743 11,543   −156.57 1168.5 1011.9   −156.57 1219.7 1063.1  −0.31913 2.6248 2.3057
  0 0.01850 0.01743 14,797   −158.94 1169.2 1010.3   −158.94 1219.9 1060.9  −0.32426 2.6537 2.3295

 −5 0.01420 0.01742 19,075   −161.28 1169.9 1008.6   −161.28 1220.0 1058.7  −0.32938 2.6832 2.3538
−10 0.01083 0.01741 24,731   −163.60 1170.6 1007.0   −163.60 1220.1 1056.5  −0.33451 2.7133 2.3788
−15 0.00821 0.01740 32,257   −165.90 1171.2 1005.3   −165.90 1220.2 1054.3  −0.33964 2.7440 2.4044
−20 0.00619 0.01740 42,335   −168.16 1171.8 1003.6   −168.16 1220.3 1052.1  −0.34478 2.7754 2.4306
−25 0.00463 0.01739 55,917   −170.41 1172.4 1002.0   −170.41 1220.3 1049.9  −0.34991 2.8074 2.4575
−30 0.00344 0.01738 74,345   −172.63 1173.0 1000.3   −172.63 1220.3 1047.7  −0.35505 2.8401 2.4850
−35 0.00254 0.01738 99,526   −174.83 1173.5 998.7   −174.83 1220.3 1045.5  −0.36019 2.8735 2.5133
−40 0.00186 0.01737 134,182  −177.00 1174.0 997.0   −177.00 1220.3 1043.3  −0.36534 2.9076 2.5423
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FIGURE A–9E
T-s diagram for water.
Source of Data: Joseph H. Keenan, Frederick G. Keyes, Philip G. Hill, and Joan G. Moore. Steam Tables (New York: John Wiley & Sons, 1969)
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FIGURE A–10E
Mollier diagram for water.

Source of Data: Joseph H. Keenan, 
Frederick G. Keyes, Philip G. Hill, and 

Joan G. Moore. Steam Tables (New York: 
John Wiley & Sons, 1969)
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TABLE A–11E
Saturated refrigerant-134a–Temperature table

    Specific volume,  
ft3/lbm

  Internal energy,  
Btu/lbm

  Enthalpy,  
Btu/lbm

  Entropy,  
Btu/lbm·R

Temp.,  
T °F

Sat.  
press., 
Psat psia

Sat.  
liquid,  
vf

Sat.  
vapor,  
vg  

Sat.  
liquid,  
uf

Evap., 
ufg

Sat.  
vapor,  
ug  

Sat.  
liquid,  
hf

Evap.,  
hfg

Sat.  
vapor,  
hg  

Sat.  
liquid,  
sf

Evap.,  
sfg

Sat. 
vapor,  
sg

−40   7.432 0.01130 5.7769   −0.016 89.174 89.16   0.000 97.104 97.10   0.00000 0.23136 0.23136
−35   8.581 0.01136 5.0489    1.483 88.360 89.84   1.501 96.360 97.86   0.00355 0.22689 0.23044
−30   9.869 0.01143 4.4286    2.987 87.542 90.53   3.008 95.608 98.62   0.00707 0.22250 0.22957
−25   11.306 0.01149 3.8980    4.497 86.717 91.21   4.522 94.849 99.37   0.01057 0.21819 0.22876
−20   12.906 0.01156 3.4424    6.014 85.887 91.90   6.041 94.080 100.12  0.01404 0.21396 0.22800
−15   14.680 0.01163 3.0495    7.536 85.050 92.59   7.568 93.303 100.87  0.01748 0.20981 0.22729
−10   16.642 0.01170 2.7097    9.065 84.206 93.27   9.102 92.515 101.62  0.02090 0.20572 0.22662
 −5   18.806 0.01178 2.4146   10.601 83.355 93.96   10.642 91.717 102.36  0.02430 0.20171 0.22600
  0   21.185 0.01185 2.1575   12.143 82.496 94.64   12.190 90.907 103.10  0.02767 0.19775 0.22542
  5   23.793 0.01193 1.9328   13.693 81.628 95.32   13.745 90.085 103.83  0.03103 0.19385 0.22488
 10   26.646 0.01200 1.7358   15.249 80.751 96.00   15.308 89.251 104.56  0.03436 0.19001 0.22437
 15   29.759 0.01208 1.5625   16.813 79.865 96.68   16.879 88.403 105.28  0.03767 0.18623 0.22390
 20   33.147 0.01216 1.4097   18.384 78.969 97.35   18.459 87.541 106.00  0.04097 0.18249 0.22345
 25   36.826 0.01225 1.2746   19.963 78.062 98.03   20.047 86.665 106.71  0.04424 0.17880 0.22304
 30   40.813 0.01233 1.1548   21.550 77.144 98.69   21.643 85.772 107.42  0.04750 0.17515 0.22265
 35   45.124 0.01242 1.0482   23.145 76.214 99.36   23.249 84.863 108.11  0.05074 0.17154 0.22228
 40   49.776 0.01251 0.95323   24.749 75.272 100.02  24.864 83.937 108.80  0.05397 0.16797 0.22194
 45   54.787 0.01261 0.86837   26.361 74.317 100.68  26.489 82.993 109.48  0.05718 0.16443 0.22162
 50   60.175 0.01270 0.79236   27.983 73.347 101.33  28.124 82.029 110.15  0.06038 0.16093 0.22131
 55   65.957 0.01280 0.72414   29.614 72.363 101.98  29.770 81.046 110.82  0.06357 0.15746 0.22103
 60   72.152 0.01290 0.66277   31.254 71.364 102.62  31.426 80.041 111.47  0.06674 0.15401 0.22075
 65   78.780 0.01301 0.60744   32.904 70.348 103.25  33.094 79.014 112.11  0.06991 0.15058 0.22049
 70   85.858 0.01311 0.55746   34.565 69.315 103.88  34.773 77.964 112.74  0.07306 0.14718 0.22024
 75   93.408 0.01323 0.51222   36.237 68.264 104.50  36.465 76.889 113.35  0.07621 0.14379 0.22000
 80 101.45 0.01334 0.47119   37.920 67.193 105.11  38.170 75.788 113.96  0.07934 0.14042 0.21976
 85 110.00 0.01346 0.43391   39.614 66.102 105.72  39.888 74.660 114.55  0.08247 0.13706 0.21953
 90 119.08 0.01359 0.39997   41.321 64.989 106.31  41.620 73.503 115.12  0.08560 0.13371 0.21931
 95 128.72 0.01372 0.36902   43.041 63.852 106.89  43.367 72.315 115.68  0.08872 0.13036 0.21908
100 138.93 0.01386 0.34074   44.774 62.690 107.46  45.130 71.094 116.22  0.09183 0.12702 0.21885
105 149.73 0.01400 0.31486   46.521 61.501 108.02  46.909 69.838 116.75  0.09495 0.12367 0.21862
110 161.16 0.01415 0.29113   48.284 60.284 108.57  48.706 68.544 117.25  0.09806 0.12031 0.21838
115 173.23 0.01430 0.26933   50.063 59.035 109.10  50.521 67.210 117.73  0.10118 0.11694 0.21813
120 185.96 0.01446 0.24928   51.858 57.753 109.61  52.356 65.833 118.19  0.10430 0.11356 0.21786
130 213.53 0.01482 0.21373   55.505 55.075 110.58  56.091 62.935 119.03  0.11056 0.10672 0.21728
140 244.06 0.01522 0.18331   59.237 52.221 111.46  59.925 59.813 119.74  0.11686 0.09973 0.21660
150 277.79 0.01567 0.15707   63.070 49.151 112.22  63.875 56.419 120.29  0.12324 0.09253 0.21577
160 314.94 0.01619 0.13423   67.022 45.811 112.83  67.965 52.690 120.66  0.12971 0.08502 0.21473
170 355.80 0.01682 0.11413   71.139 42.101 113.24  72.246 48.509 120.75  0.13637 0.07703 0.21340
180 400.66 0.01759 0.09619   75.464 37.893 113.36  76.768 43.721 120.49  0.14327 0.06834 0.21161
190 449.90 0.01861 0.07982   80.093 32.929 113.02  81.642 38.025 119.67  0.15057 0.05852 0.20909
200 504.00 0.02010 0.06441   85.297 26.629 111.93  87.172 30.761 117.93  0.15872 0.04662 0.20534
210 563.76 0.02309 0.04722   91.993 16.498 108.49  94.402 19.015 113.42  0.16924 0.02839 0.19763

Source of Data: Tables A-11E through A-13E are generated using the Engineering Equation Solver (EES) software developed by S. A. Klein and F. L. Alvarado. The routine 
used in calculations is the R134a, which is based on the fundamental equation of state developed by R. Tillner-Roth and H.D. Baehr, “An International Standard Formulation 
for the Thermodynamic Properties of 1,1,1,2-Tetrafluoroethane (HFC-134a) for temperatures from 170 K to 455 K and pressures up to 70 MPa,” J. Phys. Chem, Ref. Data, 
Vol. 23, No. 5, 1994. The enthalpy and entropy values of saturated liquid are set to zero at −40°C (and −40°F).
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TABLE A–12E
Saturated refrigerant-134a–Pressure table

    Specific volume,  
ft3/lbm

  Internal energy,  
Btu/lbm

  Enthalpy,  
Btu/lbm

  Entropy,  
Btu/Ibm·R

Press., 
P psia

Sat.  
temp.,  
Tsat °F

Sat.  
liquid,  
vf

Sat.  
vapor,  
vg

  Sat.  
liquid,  
uf

Evap.,  
ufg

Sat.  
vapor,  
ug

  Sat.  
liquid,  
hf

Evap.,  
hfg

Sat.  
vapor,  
hg

  Sat.  
liquid,  
sf

Evap.,  
sfg

Sat.  
vapor,  
sg

  5 −53.09 0.01113 8.3740   −3.914 91.283  87.37   −3.903 99.021  95.12   −0.00944 0.24353 0.23409
 10 −29.52 0.01143 4.3740    3.132 87.463  90.59    3.153 95.536  98.69    0.00741 0.22208 0.22949
 15 −14.15 0.01164 2.9882    7.796 84.907  92.70    7.828 93.170 101.00    0.01806 0.20911 0.22717
 20  −2.43 0.01181 2.2781   11.393 82.915  94.31   11.436 91.302 102.74    0.02603 0.19967 0.22570
 25   7.17 0.01196 1.8442   14.367 81.249  95.62   14.422 89.725 104.15    0.03247 0.19218 0.22465
 30  15.37 0.01209 1.5506   16.929 79.799  96.73   16.996 88.340 105.34    0.03792 0.18595 0.22386
 35  22.57 0.01221 1.3382   19.195 78.504  97.70   19.274 87.093 106.37    0.04265 0.18058 0.22324
 40  29.01 0.01232 1.1773   21.236 77.326  98.56   21.327 85.950 107.28    0.04686 0.17586 0.22272
 45  34.86 0.01242 1.0510   23.101 76.240  99.34   23.205 84.889 108.09    0.05065 0.17164 0.22229
 50  40.23 0.01252 0.94909  24.824 75.228 100.05  24.939 83.894 108.83    0.05412 0.16780 0.22192
 55  45.20 0.01261 0.86509  26.428 74.277 100.70  26.556 82.954 109.51    0.05732 0.16429 0.22160
 60  49.84 0.01270 0.79462  27.932 73.378 101.31  28.073 82.060 110.13    0.06028 0.16104 0.22132
 65  54.20 0.01278 0.73462  29.351 72.523 101.87  29.505 81.205 110.71    0.06306 0.15801 0.22107
 70  58.30 0.01287 0.68290  30.696 71.705 102.40  30.862 80.385 111.25    0.06567 0.15518 0.22084
 75  62.19 0.01295 0.63784  31.975 70.921 102.90  32.155 79.594 111.75    0.06813 0.15251 0.22064
 80  65.89 0.01303 0.59822  33.198 70.167 103.36  33.391 78.830 112.22    0.07047 0.14998 0.22045
 85  69.41 0.01310 0.56309  34.369 69.438 103.81  34.575 78.089 112.66    0.07269 0.14758 0.22027
 90  72.78 0.01318 0.53173  35.494 68.733 104.23  35.713 77.369 113.08    0.07481 0.14529 0.22011
 95  76.02 0.01325 0.50356  36.577 68.048 104.63  36.810 76.668 113.48    0.07684 0.14311 0.21995
100  79.12 0.01332 0.47811  37.623 67.383 105.01  37.870 75.984 113.85    0.07879 0.14101 0.21981
110  85.00 0.01346 0.43390  39.614 66.102 105.72  39.888 74.660 114.55    0.08247 0.13706 0.21953
120  90.49 0.01360 0.39681  41.489 64.878 106.37  41.791 73.388 115.18    0.08590 0.13338 0.21928
130  95.64 0.01374 0.36523  43.263 63.704 106.97  43.594 72.159 115.75    0.08912 0.12993 0.21905
140 100.51 0.01387 0.33800  44.951 62.570 107.52  45.311 70.967 116.28    0.09215 0.12668 0.21883
150 105.12 0.01400 0.31426  46.563 61.473 108.04  46.952 69.807 116.76    0.09502 0.12359 0.21861
160 109.50 0.01413 0.29339  48.109 60.406 108.51  48.527 68.674 117.20    0.09776 0.12064 0.21840
170 113.69 0.01426 0.27487  49.595 59.366 108.96  50.043 67.564 117.61    0.10036 0.11783 0.21819
180 117.69 0.01439 0.25833  51.027 58.349 109.38  51.507 66.475 117.98    0.10286 0.11513 0.21799
190 121.53 0.01452 0.24346  52.412 57.353 109.76  52.922 65.402 118.32    0.10526 0.11252 0.21778
200 125.22 0.01464 0.23001  53.753 56.375 110.13  54.295 64.345 118.64    0.10757 0.11000 0.21757
220 132.21 0.01490 0.20662  56.321 54.462 110.78  56.927 62.267 119.19    0.11195 0.10519 0.21714
240 138.73 0.01516 0.18694  58.757 52.596 111.35  59.430 60.225 119.65    0.11606 0.10063 0.21669
260 144.85 0.01543 0.17012  61.082 50.763 111.84  61.824 58.205 120.03    0.11994 0.09627 0.21622
280 150.62 0.01570 0.15555  63.313 48.951 112.26  64.126 56.197 120.32    0.12364 0.09207 0.21571
300 156.09 0.01598 0.14279  65.460 47.154 112.61  66.347 54.195 120.54    0.12717 0.08800 0.21517
350 168.64 0.01672 0.11673  70.567 42.632 113.20  71.651 49.109 120.76    0.13545 0.07815 0.21360
400 179.86 0.01758 0.09643  75.401 37.957 113.36  76.702 43.794 120.50    0.14317 0.06847 0.21164
450 190.02 0.01860 0.07979  80.112 32.909 113.02  81.662 38.003 119.67    0.15060 0.05849 0.20909
500 199.29 0.01997 0.06533  84.900 27.096 112.00  86.748 31.292 118.04    0.15810 0.04748 0.20558
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TABLE A–13E
Superheated refrigerant-134a

T  
°F

v  
ft3/lbm

u  
Btu/lbm

h  
Btu/lbm

s  
Btu/lbm·R

v  
ft3/lbm

u  
Btu/lbm

h  
Btu/lbm

s  
Btu/lbm·R

v  
ft3/lbm

u  
Btu/lbm

h  
Btu/lbm

s  
Btu/lbm·R

  P = 10 psia (Tsat = −29.52°F) P = 15 psia (Tsat = −14.15°F) P = 20 psia (Tsat = −2.43°F)
Sat. 4.3740  90.59 98.69 0.22949 2.9882 92.70 101.00 0.22717 2.2781 94.31 102.74 0.22570
−20 4.4856  92.14 100.44 0.23351                

  0 4.7135  95.42 104.14 0.24175 3.1001 95.08 103.69 0.23312 2.2922 94.73 103.21 0.22673
 20 4.9380  98.77 107.91 0.24978 3.2551 98.49 107.52 0.24129 2.4130 98.19 107.12 0.23506
 40 5.1600 102.21 111.76 0.25763 3.4074 101.96 111.42 0.24924 2.5306 101.71 111.07 0.24313
 60 5.3802 105.73 115.68 0.26533 3.5577 105.51 115.38 0.25702 2.6461 105.29 115.08 0.25099
 80 5.5989 109.33 119.69 0.27290 3.7064 109.14 119.42 0.26465 2.7600 108.94 119.15 0.25868
100 5.8165 113.02 123.78 0.28035 3.8540 112.85 123.54 0.27214 2.8726 112.67 123.30 0.26623
120 6.0331 116.80 127.96 0.28768 4.0006 116.64 127.75 0.27952 2.9842 116.48 127.53 0.27364
140 6.2490 120.66 132.23 0.29492 4.1464 120.52 132.03 0.28678 3.0950 120.38 131.83 0.28094
160 6.4642 124.62 136.58 0.30205 4.2915 124.49 136.40 0.29395 3.2051 124.35 136.22 0.28814
180 6.6789 128.66 141.01 0.30910 4.4361 128.53 140.85 0.30102 3.3146 128.41 140.68 0.29523
200 6.8930 132.78 145.54 0.31606 4.5802 132.67 145.38 0.30800 3.4237 132.56 145.23 0.30223
220 7.1068 136.99 150.14 0.32293 4.7239 136.89 150.00 0.31489 3.5324 136.78 149.86 0.30914

  P = 30 psia (Tsat = 15.37°F) P = 40 psia (Tsat = 29.01°F) P = 50 psia (Tsat = 40.23°F)
Sat. 1.5506 96.73 105.34 0.22386 1.1773 98.56 107.28 0.22272 0.9491 100.05 108.83 0.22192

 20 1.5691 97.56 106.27 0.22583                
 40 1.6528 101.18 110.35 0.23416 1.2126 100.61 109.59 0.22740        
 60 1.7338 104.83 114.45 0.24220 1.2768 104.35 113.80 0.23567 1.0019 103.85 113.12 0.23033
 80 1.8130 108.54 118.60 0.25003 1.3389 108.12 118.03 0.24365 1.0540 107.69 117.44 0.23849
100 1.8908 112.31 122.81 0.25769 1.3995 111.94 122.30 0.25142 1.1043 111.56 121.78 0.24639
120 1.9675 116.16 127.08 0.26519 1.4588 115.83 126.63 0.25902 1.1534 115.49 126.16 0.25408
140 2.0434 120.08 131.43 0.27256 1.5173 119.79 131.02 0.26646 1.2015 119.48 130.60 0.26160
160 2.1185 124.09 135.85 0.27981 1.5750 123.82 135.47 0.27377 1.2488 123.54 135.09 0.26898
180 2.1931 128.17 140.34 0.28695 1.6321 127.92 140.00 0.28096 1.2955 127.67 139.66 0.27622
200 2.2671 132.33 144.92 0.29399 1.6887 132.10 144.60 0.28805 1.3416 131.87 144.29 0.28335
220 2.3408 136.58 149.57 0.30094 1.7449 136.37 149.28 0.29503 1.3873 136.15 148.99 0.29037
240 2.4141 140.90 154.30 0.30780 1.8007 140.70 154.03 0.30192 1.4326 140.51 153.76 0.29730
260 2.4871 145.30 159.11 0.31458 1.8562 145.12 158.86 0.30873 1.4776 144.94 158.61 0.30413
280 2.5598 149.79 164.00 0.32128 1.9114 149.62 163.77 0.31545 1.5223 149.45 163.53 0.31087

  P = 60 psia (Tsat = 49.84°F) P = 70 psia (Tsat = 58.30°F) P = 80 psia (Tsat = 65.89°F)
Sat. 0.7946 101.31 110.13 0.22132 0.6829 102.40 111.25 0.22084 0.5982 103.36 112.22 0.22045

 60 0.8179 103.31 112.39 0.22572 0.6857 102.74 111.62 0.22157        
 80 0.8636 107.24 116.82 0.23408 0.7271 106.77 116.18 0.23018 0.6243 106.27 115.51 0.22663
100 0.9072 111.17 121.24 0.24212 0.7662 110.77 120.69 0.23838 0.6601 110.35 120.12 0.23501
120 0.9495 115.14 125.69 0.24992 0.8037 114.79 125.20 0.24630 0.6941 114.43 124.70 0.24305
140 0.9908 119.17 130.17 0.25753 0.8401 118.86 129.74 0.25399 0.7270 118.53 129.29 0.25084
160 1.0312 123.26 134.71 0.26497 0.8756 122.98 134.32 0.26151 0.7589 122.69 133.92 0.25843
180 1.0709 127.42 139.31 0.27227 0.9105 127.16 138.95 0.26886 0.7900 126.89 138.59 0.26585
200 1.1101 131.64 143.97 0.27945 0.9447 131.40 143.64 0.27608 0.8206 131.17 143.31 0.27312
220 1.1489 135.94 148.69 0.28651 0.9785 135.72 148.40 0.28318 0.8507 135.50 148.09 0.28026
240 1.1872 140.31 153.49 0.29346 1.0118 140.11 153.22 0.29017 0.8803 139.91 152.94 0.28728
260 1.2252 144.76 158.36 0.30032 1.0449 144.57 158.10 0.29706 0.9096 144.38 157.85 0.29420
280 1.2629 149.28 163.30 0.30709 1.0776 149.10 163.06 0.30386 0.9386 148.93 162.82 0.30102
300 1.3004 153.88 168.31 0.31378 1.1101 153.71 168.09 0.31057 0.9674 153.55 167.87 0.30775
320 1.3377 158.55 173.40 0.32039 1.1424 158.40 173.20 0.31720 0.9959 158.25 172.99 0.31440
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TABLE A–13E
Superheated refrigerant-134a

T  
°F

v  
ft3/lbm

u  
Btu/lbm

h  
Btu/lbm

s  
Btu/lbm·R

v  
ft3/lbm

u  
Btu/lbm

h  
Btu/lbm

s  
Btu/lbm·R

v  
ft3/lbm

u  
Btu/lbm

h  
Btu/lbm

s  
Btu/lbm·R

  P = 90 psia (Tsat = 72.78°F) P = 100 psia (Tsat = 79.12°F) P = 120 psia (Tsat = 90.49°F)
Sat. 0.53173 104.23 113.08 0.22011 0.47811 105.01 113.85 0.21981 0.39681 106.37 115.18 0.21928

 80 0.54388 105.75 114.81 0.22332 0.47906 105.19 114.06 0.22018        
100 0.57729 109.91 119.53 0.23191 0.51076 109.46 118.91 0.22902 0.41013 108.49 117.59 0.22364
120 0.60874 114.05 124.19 0.24009 0.54022 113.66 123.66 0.23735 0.43692 112.85 122.55 0.23234
140 0.63885 118.20 128.84 0.24799 0.56821 117.86 128.38 0.24535 0.46190 117.16 127.42 0.24059
160 0.66796 122.39 133.51 0.25565 0.59513 122.09 133.10 0.25310 0.48563 121.47 132.25 0.24853
180 0.69629 126.63 138.22 0.26313 0.62122 126.36 137.85 0.26065 0.50844 125.80 137.09 0.25621
200 0.72399 130.92 142.98 0.27045 0.64667 130.68 142.64 0.26802 0.53054 130.18 141.96 0.26370
220 0.75119 135.28 147.79 0.27763 0.67158 135.05 147.48 0.27525 0.55206 134.60 146.86 0.27102
240 0.77796 139.70 152.66 0.28469 0.69605 139.50 152.38 0.28234 0.57312 139.08 151.80 0.27819
260 0.80437 144.19 157.59 0.29164 0.72016 144.00 157.33 0.28932 0.59379 143.62 156.80 0.28523
280 0.83048 148.75 162.58 0.29849 0.74396 148.58 162.34 0.29620 0.61413 148.22 161.86 0.29216
300 0.85633 153.39 167.65 0.30524 0.76749 153.22 167.42 0.30297 0.63420 152.89 166.97 0.29898
320 0.88195 158.09 172.78 0.31191 0.79079 157.94 172.57 0.30966 0.65402 157.62 172.15 0.30571

  P = 140 psia (Tsat = 100.51°F) P = 160 psia (Tsat = 109.50°F) P = 180 psia (Tsat = 117.69°F)
Sat. 0.33800 107.52 116.28 0.21883 0.29339 108.51 117.20 0.21840 0.25833 109.38 117.98 0.21799
120 0.36243 111.97 121.36 0.22775 0.30578 111.01 120.07 0.22339 0.26083 109.95 118.64 0.21912
140 0.38551 116.42 126.40 0.23630 0.32774 115.63 125.33 0.23232 0.28231 114.78 124.18 0.22852
160 0.40711 120.82 131.37 0.24444 0.34790 120.14 130.44 0.24070 0.30154 119.43 129.47 0.23720
180 0.42766 125.23 136.31 0.25229 0.36686 124.63 135.49 0.24872 0.31936 124.01 134.65 0.24542
200 0.44743 129.66 141.25 0.25990 0.38494 129.13 140.52 0.25647 0.33619 128.58 139.77 0.25332
220 0.46657 134.13 146.22 0.26731 0.40234 133.65 145.56 0.26399 0.35228 133.16 144.89 0.26095
240 0.48522 138.65 151.22 0.27457 0.41921 138.21 150.62 0.27133 0.36779 137.76 150.01 0.26838
260 0.50345 143.22 156.26 0.28168 0.43564 142.82 155.72 0.27851 0.38284 142.41 155.16 0.27564
280 0.52134 147.85 161.36 0.28866 0.45171 147.48 160.86 0.28555 0.39751 147.11 160.35 0.28275
300 0.53895 152.55 166.51 0.29553 0.46748 152.21 166.05 0.29248 0.41186 151.86 165.58 0.28972
320 0.55630 157.31 171.72 0.30230 0.48299 156.99 171.29 0.29929 0.42594 156.67 170.85 0.29658
340 0.57345 162.14 176.99 0.30898 0.49828 161.84 176.59 0.30600 0.43980 161.53 176.18 0.30333
360 0.59041 167.03 182.33 0.31557 0.51338 166.75 181.95 0.31262 0.45347 166.47 181.57 0.30998

  P = 200 psia (Tsat = 125.22°F) P = 300 psia (Tsat = 156.09°F) P = 400 psia (Tsat = 179.86°F)
Sat. 0.23001 110.13 118.64 0.21757 0.14279 112.61 120.54 0.21517 0.09643 113.36 120.50 0.21164
140 0.24541 113.86 122.94 0.22483                
160 0.26412 118.67 128.44 0.23386 0.14656 113.82 121.96 0.21747        
180 0.28115 123.36 133.77 0.24231 0.16355 119.53 128.61 0.22803 0.09658 113.42 120.56 0.21174
200 0.29704 128.01 139.00 0.25037 0.17776 124.79 134.66 0.23734 0.11440 120.53 128.99 0.22473
220 0.31212 132.65 144.20 0.25813 0.19044 129.86 140.43 0.24596 0.12746 126.45 135.88 0.23502
240 0.32658 137.31 149.39 0.26566 0.20211 134.83 146.05 0.25412 0.13853 131.96 142.21 0.24420
260 0.34054 141.99 154.60 0.27300 0.21306 139.77 151.60 0.26193 0.14844 137.27 148.26 0.25272
280 0.35410 146.73 159.83 0.28017 0.22347 144.71 157.11 0.26949 0.15756 142.48 154.15 0.26079
300 0.36733 151.50 165.10 0.28720 0.23346 149.66 162.62 0.27683 0.16611 147.65 159.95 0.26853
320 0.38029 156.34 170.41 0.29410 0.24310 154.63 168.13 0.28399 0.17423 152.81 165.71 0.27601
340 0.39300 161.23 175.77 0.30089 0.25246 159.65 173.66 0.29100 0.18201 157.97 171.45 0.28328
360 0.40552 166.18 181.19 0.30758 0.26159 164.71 179.23 0.29788 0.18951 163.16 177.19 0.29037

(Concluded)
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FIGURE A–14E
P-h diagram for refrigerant-134a.
Reprinted by permission of American Society of Heating, Refrigerating, and Air-Conditioning Engineers, Inc., Atlanta, GA.

 6
20

  

58
0 

54
0 

50
0 

46
0 

42
0 

38
0 

3 4
0 

T 
= 

30
0∞

 F
 

26
0 

22
0 

18
0 

14
0 

10
0 60
 

20
 

-2
0 

-6
0 

22 0 180 

140 

T = 100°F 

60 

20 

-20 

-60 

 6
20

  

58
0 

54
0 

50
0 

46
0 

42
0 

38
0 

3 4
0 

T 
= 

30
0∞

 F
 

26
0 

22
0 

18
0 

14
0 

10
0 60
 

20
 

-2
0 

-6
0 

22 0 180 

140 

T = 100°F 

60 

20 

-20 

-60 T = -100°F 
T = -100°F 

95 24 30 35 40 
90

 85
 

80
 

75
 lb

m/
ft3

 
70

 65
 

60
 

55 50 45 
Density = 18 lbm/ft3 

0.012 
0.018 
0.024 

0.072 
0.096 
0.12 
0.18 
0.24 
0.36 
0.48 
0.72 
0.96 
1.2 
1.8 
2.4 
3.6 
4.8 

7.2 
9.6 

12 95 24 30 35 40 
90

 85
 

80
 

75
 lb

m/
ft3

 

70
 65
 

60
 

55 50 45 
Density = 18 lbm/ft3 

0.012 
0.018 
0.024 
0.036 

0.048 

0.036 

0.048 
0.072 
0.096 
0.12 
0.18 
0.24 
0.36 
0.48 
0.72 
0.96 
1.2 
1.8 
2.4 
3.6 
4.8 

7.2 
9.6 

12 

0.3
2 

s =
 0.

30
 B

tu/
lbm

·R
 

0.2
8 

0.2
6 0.2

4 

0.2
2 

0.2
0 

0.1
8 

0.
16

 

0.
14

 

0.
12

 
0.

10
 

0.
08

 
0.

06
 

0.
04

 
0.

02
 

0.
00

 
-0

.0
2 

-0
.0

4 

0.3
4 

0.3
6 

0.3
8 

0.4
0 

0.4
2 

0.4
4 

0.4
6 s =

 0.
42

 

0.3
2 

s =
 0.

30
 B

tu/
lbm

·R
 

0.2
8 

0.2
6 0.2

4 

0.2
2 

0.2
0 

0.1
8 

0.
16

 

0.
14

 

0.
12

 
0.

10
 

0.
08

 
0.

06
 

0.
04

 
0.

02
 

0.
00

 
-0

.0
2 

-0
.0

4 

0.3
4 

0.3
6 

0.3
8 

0.4
0 

0.4
2 

0.4
4 

0.4
6 s =

 0.
42

 

sa
tu

ra
ted

 li
qu

id
 

0.1
 

0.2
 

0.3
 

0.4
 

0.
5 0.6

 
0.

7 0.
8 

0.
9 

sa
tu

ra
ted

 va
po

ur
 

sa
tu

ra
ted

 li
qu

id
 

0.1
 

0.2
 

0.3
 

0.4
 

0.
5 0.6

 
0.

7 0.
8 

0.
9 

sa
tu

ra
ted

 va
po

ur
 

–20 20 14060 100 180 220 260

–20 20 14060 100 180 220 260

Enthalpy, Btu/lbm

1

2

4

10

20

40

100

200

400

1000

2000

3000

1

2

4

10

20

40

100

200

400

1000

2000

3000

Pr
es

su
re

, p
sia

R-134aR-134a



955
APPENDIX 2

TABLE A–16E
Properties of the atmosphere at high altitude

Altitude,  
ft

Temperature,  
°F

Pressure,  
psia

Gravity,  
g, ft/s2

Speed of 
sound,  
ft/s

Density, 
lbm/ft3

Viscosity 
μ, lbm/ft·s

Thermal 
conductivity, 
Btu/h·ft·R

    0  59.00 14.7 32.174 1116 0.07647 1.202 × 10−5 0.0146
  500  57.22 14.4 32.173 1115 0.07536 1.199 × 10−5 0.0146

  1000  55.43 14.2 32.171 1113 0.07426 1.196 × 10−5 0.0146
  1500  53.65 13.9 32.169 1111 0.07317 1.193 × 10−5 0.0145
  2000  51.87 13.7 32.168 1109 0.07210 1.190 × 10−5 0.0145
  2500  50.09 13.4 32.166 1107 0.07104 1.186 × 10−5 0.0144
  3000  48.30 13.2 32.165 1105 0.06998 1.183 × 10−5 0.0144
  3500  46.52 12.9 32.163 1103 0.06985 1.180 × 10−5 0.0143
  4000  44.74 12.7 32.162 1101 0.06792 1.177 × 10−5 0.0143
  4500  42.96 12.5 32.160 1099 0.06690 1.173 × 10−5 0.0142
  5000  41.17 12.2 32.159 1097 0.06590 1.170 × 10−5 0.0142
  5500  39.39 12.0 32.157 1095 0.06491 1.167 × 10−5 0.0141
  6000  37.61 11.8 32.156 1093 0.06393 1.164 × 10−5 0.0141
  6500  35.83 11.6 32.154 1091 0.06296 1.160 × 10−5 0.0141
  7000  34.05 11.3 32.152 1089 0.06200 1.157 × 10−5 0.0140
  7500  32.26 11.1 32.151 1087 0.06105 1.154 × 10−5 0.0140
  8000  30.48 10.9 32.149 1085 0.06012 1.150 × 10−5 0.0139
  8500  28.70 10.7 32.148 1083 0.05919 1.147 × 10−5 0.0139
  9000  26.92 10.5 32.146 1081 0.05828 1.144 × 10−5 0.0138
  9500  25.14 10.3 32.145 1079 0.05738 1.140 × 10−5 0.0138
10,000  23.36 10.1 32.145 1077 0.05648 1.137 × 10−5 0.0137
11,000  19.79  9.72 32.140 1073 0.05473 1.130 × 10−5 0.0136
12,000  16.23  9.34 32.137 1069 0.05302 1.124 × 10−5 0.0136
13,000  12.67  8.99 32.134 1065 0.05135 1.117 × 10−5 0.0135
14,000   9.12  8.63 32.131 1061 0.04973 1.110 × 10−5 0.0134
15,000   5.55  8.29 32.128 1057 0.04814 1.104 × 10−5 0.0133
16,000  +1.99  7.97 32.125 1053 0.04659 1.097 × 10−5 0.0132
17,000  −1.58  7.65 32.122 1049 0.04508 1.090 × 10−5 0.0132
18,000  −5.14  7.34 32.119 1045 0.04361 1.083 × 10−5 0.0130
19,000  −8.70  7.05 32.115 1041 0.04217 1.076 × 10−5 0.0129
20,000 −12.2  6.76 32.112 1037 0.04077 1.070 × 10−5 0.0128
22,000 −19.4  6.21 32.106 1029 0.03808 1.056 × 10−5 0.0126
24,000 −26.5  5.70 32.100 1020 0.03553 1.042 × 10−5 0.0124
26,000 −33.6  5.22 32.094 1012 0.03311 1.028 × 10−5 0.0122
28,000 −40.7  4.78 32.088 1003 0.03082 1.014 × 10−5 0.0121
30,000 −47.8  4.37 32.082  995 0.02866 1.000 × 10−5 0.0119
32,000 −54.9  3.99 32.08  987 0.02661 0.986 × 10−5 0.0117
34,000 −62.0  3.63 32.07  978 0.02468 0.971 × 10−5 0.0115
36,000 −69.2  3.30 32.06  969 0.02285 0.956 × 10−5 0.0113
38,000 −69.7  3.05 32.06  968 0.02079 0.955 × 10−5 0.0113
40,000 −69.7  2.73 32.05  968 0.01890 0.955 × 10−5 0.0113
45,000 −69.7  2.148 32.04  968 0.01487 0.955 × 10−5 0.0113
50,000 −69.7  1.691 32.02  968 0.01171 0.955 × 10−5 0.0113
55,000 −69.7  1.332 32.00  968 0.00922 0.955 × 10−5 0.0113
60,000 −69.7  1.048 31.99  968 0.00726 0.955 × 10−5 0.0113

Source of Data: U.S. Standard Atmosphere Supplements, U.S. Government Printing Office, 1966. Based on year-round mean conditions at 45° latitude and varies with the 
time of the year and the weather patterns. The conditions at sea level (z = 0) are taken to be P = 14.696 psia, T = 59°F, ρ = 0.076474 lbm/ft3, g = 32.1741 ft2/s.
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TABLE A–17E
Ideal-gas properties of air

T 
R

h  
Btu/lbm Pr

u  
Btu/lbm vr

s°  
Btu/lbm·R

T 
R

h  
Btu/lbm Pr

u  
Btu/lbm vr

s°  
Btu/lbm·R

 360  85.97   0.3363  61.29 396.6 0.50369 1600 395.74    71.13  286.06 8.263 0.87130
 380  90.75   0.4061  64.70 346.6 0.51663 1650 409.13    80.89  296.03 7.556 0.87954
 400  95.53   0.4858  68.11 305.0 0.52890 1700 422.59    90.95  306.06 6.924 0.88758
 420 100.32   0.5760  71.52 270.1 0.54058 1750 436.12   101.98  316.16 6.357 0.89542
 440 105.11   0.6776  74.93 240.6 0.55172 1800 449.71   114.0  326.32 5.847 0.90308
 460 109.90   0.7913  78.36 215.33 0.56235 1850 463.37   127.2  336.55 5.388 0.91056
 480 114.69   0.9182  81.77 193.65 0.57255 1900 477.09   141.5  346.85 4.974 0.91788
 500 119.48   1.0590  85.20 174.90 0.58233 1950 490.88   157.1  357.20 4.598 0.92504
 520 124.27   1.2147  88.62 158.58 0.59173 2000 504.71   174.0  367.61 4.258 0.93205
 537 128.10   1.3593  91.53 146.34 0.59945 2050 518.71   192.3  378.08 3.949 0.93891
 540 129.06   1.3860  92.04 144.32 0.60078 2100 532.55   212.1  388.60 3.667 0.94564
 560 133.86   1.5742  95.47 131.78 0.60950 2150 546.54   223.5  399.17 3.410 0.95222
 580 138.66   1.7800  98.90 120.70 0.61793 2200 560.59   256.6  409.78 3.176 0.95919
 600 143.47   2.005 102.34 110.88 0.62607 2250 574.69   281.4  420.46 2.961 0.96501
 620 148.28   2.249 105.78 102.12 0.63395 2300 588.82   308.1  431.16 2.765 0.97123
 640 153.09   2.514 109.21  94.30 0.64159 2350 603.00   336.8  441.91 2.585 0.97732
 660 157.92   2.801 112.67  87.27 0.64902 2400 617.22   367.6  452.70 2.419 0.98331
 680 162.73   3.111 116.12  80.96 0.65621 2450 631.48   400.5  463.54 2.266 0.98919
 700 167.56   3.446 119.58  75.25 0.66321 2500 645.78   435.7  474.40 2.125 0.99497
 720 172.39   3.806 123.04  70.07 0.67002 2550 660.12   473.3  485.31 1.996 1.00064
 740 177.23   4.193 126.51  65.38 0.67665 2600 674.49   513.5  496.26 1.876 1.00623
 760 182.08   4.607 129.99  61.10 0.68312 2650 688.90   556.3  507.25 1.765 1.01172
 780 186.94   5.051 133.47  57.20 0.68942 2700 703.35   601.9  518.26 1.662 1.01712
 800 191.81   5.526 136.97  53.63 0.69558 2750 717.83   650.4  529.31 1.566 1.02244
 820 196.69   6.033 140.47  50.35 0.70160 2800 732.33   702.0  540.40 1.478 1.02767
 840 201.56   6.573 143.98  47.34 0.70747 2850 746.88   756.7  551.52 1.395 1.03282
 860 206.46   7.149 147.50  44.57 0.71323 2900 761.45   814.8  562.66 1.318 1.03788
 880 211.35   7.761 151.02  42.01 0.71886 2950 776.05   876.4  573.84 1.247 1.04288
 900 216.26   8.411 154.57  39.64 0.72438 3000 790.68   941.4  585.04 1.180 1.04779
 920 221.18   9.102 158.12  37.44 0.72979 3050 805.34  1011  596.28 1.118 1.05264
 940 226.11   9.834 161.68  35.41 0.73509 3100 820.03  1083  607.53 1.060 1.05741
 960 231.06   10.61 165.26  33.52 0.74030 3150 834.75  1161  618.82 1.006 1.06212
 980 236.02   11.43 168.83  31.76 0.74540 3200 849.48  1242  630.12 0.955 1.06676
1000 240.98   12.30 172.43  30.12 0.75042 3250 864.24  1328  641.46 0.907 1.07134
1040 250.95   14.18 179.66  27.17 0.76019 3300 879.02  1418  652.81 0.8621 1.07585
1080 260.97   16.28 186.93  24.58 0.76964 3350 893.83  1513  664.20 0.8202 1.08031
1120 271.03   18.60 194.25  22.30 0.77880 3400 908.66  1613  675.60 0.7807 1.08470
1160 281.14   21.18 201.63  20.29 0.78767 3450 923.52  1719  687.04 0.7436 1.08904
1200 291.30   24.01 209.05  18.51 0.79628 3500 938.40  1829  698.48 0.7087 1.09332
1240 301.52   27.13 216.53  16.93 0.80466 3550 953.30  1946  709.95 0.6759 1.09755
1280 311.79   30.55 224.05  15.52 0.81280 3600 968.21  2068  721.44 0.6449 1.10172
1320 322.11   34.31 231.63  14.25 0.82075 3650 983.15  2196  732.95 0.6157 1.10584
1360 332.48   38.41 239.25  13.12 0.82848 3700 998.11  2330  744.48 0.5882 1.10991
1400 342.90   42.88 246.93  12.10 0.83604 3750  1013.1  2471  756.04 0.5621 1.11393
1440 353.37   47.75 254.66  11.17 0.84341 3800  1028.1  2618  767.60 0.5376 1.11791
1480 363.89   53.04 262.44  10.34 0.85062 3850  1043.1  2773  779.19 0.5143 1.12183
1520 374.47   58.78 270.26   9.578 0.85767 3900  1058.1  2934  790.80 0.4923 1.12571
1560 385.08   65.00 278.13   8.890 0.86456 3950  1073.2  3103  802.43 0.4715 1.12955
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TABLE A–17E
Ideal-gas properties of air

T 
R

h  
Btu/lbm Pr

u  
Btu/lbm vr

s°  
Btu/lbm·R

T 
R

h  
Btu/lbm Pr

u  
Btu/lbm vr

s°  
Btu/lbm·R

4000 1088.3 3280 814.06   0.4518 1.13334 4600  1270.4  6089  955.04 0.2799 1.17575
4050 1103.4 3464 825.72   0.4331 1.13709 4700  1300.9  6701  978.73 0.2598 1.18232
4100 1118.5 3656 837.40   0.4154 1.14079 4800  1331.5  7362 1002.5 0.2415 1.18876
4150 1133.6 3858 849.09   0.3985 1.14446 4900  1362.2  8073 1026.3 0.2248 1.19508
4200 1148.7 4067 860.81   0.3826 1.14809 5000  1392.9  8837 1050.1 0.2096 1.20129
4300 1179.0 4513 884.28   0.3529 1.15522 5100  1423.6  9658 1074.0 0.1956 1.20738
4400 1209.4 4997 907.81   0.3262 1.16221 5200  1454.4 10,539 1098.0 0.1828 1.21336
4500 1239.9 5521 931.39   0.3019 1.16905 5300  1485.3 11,481 1122.0 0.1710 1.2192

Note: The properties Pr (relative pressure) and vr (relative specific volume) are dimensionless quantities used in the analysis of isentropic processes, and should not be 
confused with the properties pressure and specific volume.
Source of Data: Kenneth Wark, Thermodynamics, 4th ed. (New York: McGraw-Hill, 1983), pp. 832–33, Table A–5. Originally published in J. H. Keenan and J. Kaye,  
Gas Tables (New York: John Wiley & Sons, 1948).

(Concluded)



958
PROPERTY TABLES AND CHARTS

TABLE A–18E
Ideal-gas properties of nitrogen, N2

T 
R

   
_
 h         

Btu/lbmol
   _ u         
Btu/lbmol

  _ s °  
Btu/lbmol·R

T 
R

   
_
 h         

Btu/lbmol
   _ u         
Btu/lbmol

  _ s °  
Btu/lbmol·R

 300 2,082.0 1,486.2 41.695 1080  7,551.0   5,406.2 50.651
 320 2,221.0 1,585.5 42.143 1100  7,695.0   5,510.5 50.783
 340 2,360.0 1,684.4 42.564 1120  7,839.3   5,615.2 50.912
 360 2,498.9 1,784.0 42.962 1140  7,984.0   5,720.1 51.040
 380 2,638.0 1,883.4 43.337 1160  8,129.0   5,825.4 51.167
 400 2,777.0 1,982.6 43.694 1180  8,274.4   5,931.0 51.291
 420 2,916.1 2,082.0 44.034 1200  8,420.0   6,037.0 51.143
 440 3,055.1 2,181.3 44.357 1220  8,566.1   6,143.4 51.534
 460 3,194.1 2,280.6 44.665 1240  8,712.6   6,250.1 51.653
 480 3,333.1 2,379.9 44.962 1260  8,859.3   6,357.2 51.771
 500 3,472.2 2,479.3 45.246 1280  9,006.4   6,464.5 51.887
 520 3,611.3 2,578.6 45.519 1300  9,153.9   6,572.3 51.001
 537 3,729.5 2,663.1 45.743 1320  9,301.8   6,680.4 52.114
 540 3,750.3 2,678.0 45.781 1340  9,450.0   6,788.9 52.225
 560 3,889.5 2,777.4 46.034 1360  9,598.6   6,897.8 52.335
 580 4,028.7 2,876.9 46.278 1380  9,747.5   7,007.0 52.444
 600 4,167.9 2,976.4 46.514 1400  9,896.9   7,116.7 52.551
 620 4,307.1 3,075.9 46.742 1420 10,046.6   7,226.7 52.658
 640 4,446.4 3,175.5 46.964 1440 10,196.6   7,337.0 52.763
 660 4,585.8 3,275.2 47.178 1460 10,347.0   7,447.6 52.867
 680 4,725.3 3,374.9 47.386 1480 10,497.8   7,558.7 52.969
 700 4,864.9 3,474.8 47.588 1500 10,648.0   7,670.1 53.071
 720 5,004.5 3,574.7 47.785 1520 10,800.4   7,781.9 53.171
 740 5,144.3 3,674.7 47.977 1540 10,952.2   7,893.9 53.271
 760 5,284.1 3,774.9 48.164 1560 11,104.3   8,006.4 53.369
 780 5,424.2 3,875.2 48.345 1580 11,256.9   8,119.2 53.465
 800 5,564.4 3,975.7 48.522 1600 11,409.7   8,232.3 53.561
 820 5,704.7 4,076.3 48.696 1620 11,562.8   8,345.7 53.656
 840 5,845.3 4,177.1 48.865 1640 11,716.4   8,459.6 53.751
 860 5,985.9 4,278.1 49.031 1660 11,870.2   8,573.6 53.844
 880 6,126.9 4,379.4 49.193 1680 12,024.3   8,688.1 53.936
 900 6,268.1 4,480.8 49.352 1700 12,178.9   8,802.9 54.028
 920 6,409.6 4,582.6 49.507 1720 12,333.7   8,918.0 54.118
 940 6,551.2 4,684.5 49.659 1740 12,488.8   9,033.4 54.208
 960 6,693.1 4,786.7 49.808 1760 12,644.3   9,149.2 54.297
 980 6,835.4 4,889.3 49.955 1780 12,800.2   9,265.3 54.385
1000 6,977.9 4,992.0 50.099 1800 12,956.3   9,381.7 54.472
1020 7,120.7 5,095.1 50.241 1820 13,112.7   9,498.4 54.559
1040 7,263.8 5,198.5 50.380 1840 13,269.5   9,615.5 54.645
1060 7,407.2 5,302.2 50.516 1860 13,426.5   9,732.8 54.729
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TABLE A–18E
Ideal-gas properties of nitrogen, N2

T 
R

   
_
 h         

Btu/lbmol
   _ u         
Btu/lbmol

  _ s °  
Btu/lbmol·R

T 
R

   
_
 h         

Btu/lbmol
   _ u         
Btu/lbmol

  _ s °  
Btu/lbmol·R

1900 13,742  9,968 54.896 3500 27,016 20,065 59.944
1940 14,058 10,205 55.061 3540 27,359 20,329 60.041
1980 14,375 10,443 55.223 3580 27,703 20,593 60.138
2020 14,694 10,682 55.383 3620 28,046 20,858 60.234
2060 15,013 10,923 55.540 3660 28,391 21,122 60.328
2100 15,334 11,164 55.694 3700 28,735 21,387 60.422
2140 15,656 11,406 55.846 3740 29,080 21,653 60.515
2180 15,978 11,649 55.995 3780 29,425 21,919 60.607
2220 16,302 11,893 56.141 3820 29,771 22,185 60.698
2260 16,626 12,138 56.286 3860 30,117 22,451 60.788
2300 16,951 12,384 56.429 3900 30,463 22,718 60.877
2340 17,277 12,630 56.570 3940 30,809 22,985 60.966
2380 17,604 12,878 56.708 3980 31,156 23,252 61.053
2420 17,392 13,126 56.845 4020 31,503 23,520 61.139
2460 18,260 13,375 56.980 4060 31,850 23,788 61.225
2500 18,590 13,625 57.112 4100 32,198 24,056 61.310
2540 18,919 13,875 57.243 4140 32,546 24,324 61.395
2580 19,250 14,127 57.372 4180 32,894 24,593 61.479
2620 19,582 14,379 57.499 4220 33,242 24,862 61.562
2660 19,914 14,631 57.625 4260 33,591 25,131 61.644
2700 20,246 14,885 57.750 4300 33,940 25,401 61.726
2740 20,580 15,139 57.872 4340 34,289 25,670 61.806
2780 20,914 15,393 57.993 4380 34,638 25,940 61.887
2820 21,248 15,648 58.113 4420 34,988 26,210 61.966
2860 21,584 15,905 58.231 4460 35,338 26,481 62.045
2900 21,920 16,161 58.348 4500 35,688 26,751 62.123
2940 22,256 16,417 58.463 4540 36,038 27,022 62.201
2980 22,593 16,675 58.576 4580 36,389 27,293 62.278
3020 22,930 16,933 58.688 4620 36,739 27,565 62.354
3060 23,268 17,192 58.800 4660 37,090 27,836 62.429
3100 23,607 17,451 58.910 4700 37,441 28,108 62.504
3140 23,946 17,710 59.019 4740 37,792 28,379 62.578
3180 24,285 17,970 59.126 4780 38,144 28,651 62.652
3220 24,625 18,231 59.232 4820 38,495 28,924 62.725
3260 24,965 18,491 59.338 4860 38,847 29,196 62.798
3300 25,306 18,753 59.442 4900 39,199 29,468 62.870
3340 25,647 19,014 59.544 5000 40,080 30,151 63.049
3380 25,989 19,277 59.646 5100 40,962 30,834 63.223
3420 26,331 19,539 59.747 5200 41,844 31,518 63.395
3460 26,673 19,802 59.846 5300 42,728 32,203 63.563

Source of Data: Tables A–18E through A–23E are adapted from Kenneth Wark, Thermodynamics, 4th ed. (New York: McGraw-Hill, 1983), pp. 834–44.
Originally published in J. H. Keenan and J. Kaye, Gas Tables (New York: John Wiley & Sons, 1945).

(Concluded)
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TABLE A–19E
Ideal-gas properties of oxygen, O2

T 
R

   
_
 h         

Btu/lbmol
   _ u         
Btu/lbmol

  _ s °  
Btu/lbmol·R

T 
R

   
_
 h         

Btu/lbmol
   _ u         
Btu/lbmol

  _ s °  
Btu/lbmol·R

 300 2,073.5 1,477.8 44.927 1080   7,696.8  5,552.1 54.064
 320 2,212.6 1,577.1 45.375 1100  7,850.4  5,665.9 54.204
 340 2,351.7 1,676.5 45.797 1120  8,004.5  5,780.3 54.343
 360 2,490.8 1,775.9 46.195 1140  8,159.1  5,895.2 54.480
 380 2,630.0 1,875.3 46.571 1160  8,314.2  6,010.6 54.614
 400 2,769.1 1,974.8 46.927 1180  8,469.8  6,126.5 54.748
 420 2,908.3 2,074.3 47.267 1200  8,625.8  6,242.8 54.879
 440 3,047.5 2,173.8 47.591 1220  8,782.4  6,359.6 55.008
 460 3,186.9 2,273.4 47.900 1240  8,939.4  6,476.9 55.136
 480 3,326.5 2,373.3 48.198 1260  9,096.7  6,594.5 55.262
 500 3,466.2 2,473.2 48.483 1280  9,254.6  6,712.7 55.386
 520 3,606.1 2,573.4 48.757 1300  9,412.9  6,831.3 55.508
 537 3,725.1 2,658.7 48.982 1320  9,571.9  6,950.2 55.630
 540 3,746.2 2,673.8 49.021 1340  9,730.7  7,069.6 55.750
 560 3,886.6 2,774.5 49.276 1360  9,890.2  7,189.4 55.867
 580 4,027.3 2,875.5 49.522 1380 10,050.1  7,309.6 55.984
 600 4,168.3 2,976.8 49.762 1400 10,210.4  7,430.1 56.099
 620 4,309.7 3,078.4 49.993 1420 10,371.0  7,551.1 56.213
 640 4,451.4 3,180.4 50.218 1440 10,532.0  7,672.4 56.326
 660 4,593.5 3,282.9 50.437 1460 10,693.3  7,793.9 56.437
 680 4,736.2 3,385.8 50.650 1480 10,855.1  7,916.0 56.547
 700 4,879.3 3,489.2 50.858 1500 11,017.1  8,038.3 56.656
 720 5,022.9 3,593.1 51.059 1520 11,179.6  8,161.1 56.763
 740 5,167.0 3,697.4 51.257 1540 11,342.4  8,284.2 56.869
 760 5,311.4 3,802.4 51.450 1560 11,505.4  8,407.4 56.975
 780 5,456.4 3,907.5 51.638 1580 11,668.8  8,531.1 57.079
 800 5,602.0 4,013.3 51.821 1600 11,832.5  8,655.1 57.182
 820 5,748.1 4,119.7 52.002 1620 11,996.6  8,779.5 57.284
 840 5,894.8 4,226.6 52.179 1640 12,160.9  8,904.1 57.385
 860 6,041.9 4,334.1 52.352 1660 12,325.5  9,029.0 57.484
 880 6,189.6 4,442.0 52.522 1680 12,490.4  9,154.1 57.582
 900 6,337.9 4,550.6 52.688 1700 12,655.6  9,279.6 57.680
 920 6,486.7 4,659.7 52.852 1720 12,821.1  9,405.4 57.777
 940 6,636.1 4,769.4 53.012 1740 12,986.9  9,531.5 57.873
 960 6,786.0 4,879.5 53.170 1760 13,153.0  9,657.9 57.968
 980 6,936.4 4,990.3 53.326 1780 13,319.2  9,784.4 58.062
1000 7,087.5 5,101.6 53.477 1800 13,485.8  9,911.2 58.155
1020 7,238.9 5,213.3 53.628 1820 13,652.5 10,038.2 58.247
1040 7,391.0 5,325.7 53.775 1840 13,819.6 10,165.6 58.339
1060 7,543.6 5,438.6 53.921 1860 13,986.8 10,293.1 58.428
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TABLE A–19E
Ideal-gas properties of oxygen, O2

T 
R

   
_
 h         

Btu/lbmol
   _ u         
Btu/lbmol

  _ s °  
Btu/lbmol·R

T 
R

   
_
 h         

Btu/lbmol
   _ u         
Btu/lbmol

  _ s °  
Btu/lbmol·R

1900 14,322 10,549 58.607 3500 28,273 21,323 63.914
1940 14,658 10,806 58.782 3540 28,633 21,603 64.016
1980 14,995 11,063 58.954 3580 28,994 21,884 64.114
2020 15,333 11,321 59.123 3620 29,354 22,165 64.217
2060 15,672 11,581 59.289 3660 29,716 22,447 64.316
2100 16,011 11,841 59.451 3700 30,078 22,730 64.415
2140 16,351 12,101 59.612 3740 30,440 23,013 64.512
2180 16,692 12,363 59.770 3780 30,803 23,296 64.609
2220 17,036 12,625 59.926 3820 31,166 23,580 64.704
2260 17,376 12,888 60.077 3860 31,529 23,864 64.800
2300 17,719 13,151 60.228 3900 31,894 24,149 64.893
2340 18,062 13,416 60.376 3940 32,258 24,434 64.986
2380 18,407 13,680 60.522 3980 32,623 24,720 65.078
2420 18,572 13,946 60.666 4020 32,989 25,006 65.169
2460 19,097 14,212 60.808 4060 33,355 25,292 65.260
2500 19,443 14,479 60.946 4100 33,722 25,580 65.350
2540 19,790 14,746 61.084 4140 34,089 25,867 64.439
2580 20,138 15,014 61.220 4180 34,456 26,155 65.527
2620 20,485 15,282 61.354 4220 34,824 26,144 65.615
2660 20,834 15,551 61.486 4260 35,192 26,733 65.702
2700 21,183 15,821 61.616 4300 35,561 27,022 65.788
2740 21,533 16,091 61.744 4340 35,930 27,312 65.873
2780 21,883 16,362 61.871 4380 36,300 27,602 65.958
2820 22,232 16,633 61.996 4420 36,670 27,823 66.042
2860 22,584 16,905 62.120 4460 37,041 28,184 66.125
2900 22,936 17,177 62.242 4500 37,412 28,475 66.208
2940 23,288 17,450 62.363 4540 37,783 28,768 66.290
2980 23,641 17,723 62.483 4580 38,155 29,060 66.372
3020 23,994 17,997 62.599 4620 38,528 29,353 66.453
3060 24,348 18,271 62.716 4660 38,900 29,646 66.533
3100 24,703 18,546 62.831 4700 39,274 29,940 66.613
3140 25,057 18,822 62.945 4740 39,647 30,234 66.691
3180 25,413 19,098 63.057 4780 40,021 30,529 66.770
3220 25,769 19,374 63.169 4820 40,396 30,824 66.848
3260 26,175 19,651 63.279 4860 40,771 31,120 66.925
3300 26,412 19,928 63.386 4900 41,146 31,415 67.003
3340 26,839 20,206 63.494 5000 42,086 32,157 67.193
3380 27,197 20,485 63.601 5100 43,021 32,901 67.380
3420 27,555 20,763 63.706 5200 43,974 33,648 67.562
3460 27,914 21,043 63.811 5300 44,922 34,397 67.743

(Concluded)
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TABLE A–20E
Ideal-gas properties of carbon dioxide, CO2

T 
R

   
_
 h         

Btu/lbmol
   _ u         
Btu/lbmol

  _ s °  
Btu/lbmol·R

T 
R

   
_
 h         

Btu/lbmol
   _ u         
Btu/lbmol

  _ s °  
Btu/lbmol·R

 300 2,108.2 1,512.4 46.353 1080 9,575.8 7,431.1 58.072
 320 2,256.6 1,621.1 46.832 1100 9,802.6 7,618.1 58.281
 340 2,407.3 1,732.1 47.289 1120 10,030.6 7,806.4 58.485
 360 2,560.5 1,845.6 47.728 1140 10,260.1 7,996.2 58.689
 380 2,716.4 1,961.8 48.148 1160 10,490.6 8,187.0 58.889
 400 2,874.7 2,080.4 48.555 1180 10,722.3 8,379.0 59.088
 420 3,035.7 2,201.7 48.947 1200 10,955.3 8,572.3 59.283
 440 3,199.4 2,325.6 49.329 1220 11,189.4 8,766.6 59.477
 460 3,365.7 2,452.2 49.698 1240 11,424.6 8,962.1 59.668
 480 3,534.7 2,581.5 50.058 1260 11,661.0 9,158.8 59.858
 500 3,706.2 2,713.3 50.408 1280 11,898.4 9,356.5 60.044
 520 3,880.3 2,847.7 50.750 1300 12,136.9 9,555.3 60.229
 537 4,027.5 2,963.8 51.032 1320 12,376.4 9,755.0 60.412
 540 4,056.8 2,984.4 51.082 1340 12,617.0 9,955.9 60.593
 560 4,235.8 3,123.7 51.408 1360 12,858.5 10,157.7 60.772
 580 4,417.2 3,265.4 51.726 1380 13,101.0 10,360.5 60.949
 600 4,600.9 3,409.4 52.038 1400 13,344.7 10,564.5 61.124
 620 4,786.6 3,555.6 52.343 1420 13,589.1 10,769.2 61.298
 640 4,974.9 3,704.0 52.641 1440 13,834.5 10,974.8 61.469
 660 5,165.2 3,854.6 52.934 1460 14,080.8 11,181.4 61.639
 680 5,357.6 4,007.2 53.225 1480 14,328.0 11,388.9 61.800
 700 5,552.0 4,161.9 53.503 1500 14,576.0 11,597.2 61.974
 720 5,748.4 4,318.6 53.780 1520 14,824.9 11,806.4 62.138
 740 5,946.8 4,477.3 54.051 1540 15,074.7 12,016.5 62.302
 760 6,147.0 4,637.9 54.319 1560 15,325.3 12,227.3 62.464
 780 6,349.1 4,800.1 54.582 1580 15,576.7 12,439.0 62.624
 800 6,552.9 4,964.2 54.839 1600 15,829.0 12,651.6 62.783
 820 6,758.3 5,129.9 55.093 1620 16,081.9 12,864.8 62.939
 840 6,965.7 5,297.6 55.343 1640 16,335.7 13,078.9 63.095
 860 7,174.7 5,466.9 55.589 1660 16,590.2 13,293.7 63.250
 880 7,385.3 5,637.7 55.831 1680 16,845.5 13,509.2 63.403
 900 7,597.6 5,810.3 56.070 1700 17,101.4 13,725.4 63.555
 920 7,811.4 5,984.4 56.305 1720 17,358.1 13,942.4 63.704
 940 8,026.8 6,160.1 56.536 1740 17,615.5 14,160.1 63.853
 960 8,243.8 6,337.4 56.765 1760 17,873.5 14,378.4 64.001
 980 8,462.2 6,516.1 56.990 1780 18,132.2 14,597.4 64.147
1000 8,682.1 6,696.2 57.212 1800 18,391.5 14,816.9 64.292
1020 8,903.4 6,877.8 57.432 1820 18,651.5 15,037.2 64.435
1040 9,126.2 7,060.9 57.647 1840 18,912.2 15,258.2 64.578
1060 9,350.3 7,245.3 57.861 1860 19,173.4 15,479.7 64.719
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TABLE A–20E
Ideal-gas properties of carbon dioxide, CO2

T 
R

   
_
 h         

Btu/lbmol
   _ u         
Btu/lbmol

  _ s °  
Btu/lbmol·R

T 
R

   
_
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Btu/lbmol
   _ u         
Btu/lbmol

  _ s °  
Btu/lbmol·R

1900 19,698 15,925 64.999 3500 41,965 35,015 73.462
1940 20,224 16,372 65.272 3540 42,543 35,513 73.627
1980 20,753 16,821 65.543 3580 43,121 36,012 73.789
2020 21,284 17,273 65.809 3620 43,701 36,512 73.951
2060 21,818 17,727 66.069 3660 44,280 37,012 74.110
2100 22,353 18,182 66.327 3700 44,861 37,513 74.267
2140 22,890 18,640 66.581 3740 45,442 38,014 74.423
2180 23,429 19,101 66.830 3780 46,023 38,517 74.578
2220 23,970 19,561 67.076 3820 46,605 39,019 74.732
2260 24,512 20,024 67.319 3860 47,188 39,522 74.884
2300 25,056 20,489 67.557 3900 47,771 40,026 75.033
2340 25,602 20,955 67.792 3940 48,355 40,531 75.182
2380 26,150 21,423 68.025 3980 48,939 41,035 75.330
2420 26,699 21,893 68.253 4020 49,524 41,541 75.477
2460 27,249 22,364 68.479 4060 50,109 42,047 75.622
2500 27,801 22,837 68.702 4100 50,695 42,553 75.765
2540 28,355 23,310 68.921 4140 51,282 43,060 75.907
2580 28,910 23,786 69.138 4180 51,868 43,568 76.048
2620 29,465 24,262 69.352 4220 52,456 44,075 76.188
2660 30,023 24,740 69.563 4260 53,044 44,584 76.327
2700 30,581 25,220 69.771 4300 53,632 45,093 76.464
2740 31,141 25,701 69.977 4340 54,221 45,602 76.601
2780 31,702 26,181 70.181 4380 54,810 46,112 76.736
2820 32,264 26,664 70.382 4420 55,400 46,622 76.870
2860 32,827 27,148 70.580 4460 55,990 47,133 77.003
2900 33,392 27,633 70.776 4500 56,581 47,645 77.135
2940 33,957 28,118 70.970 4540 57,172 48,156 77.266
2980 34,523 28,605 71.160 4580 57,764 48,668 77.395
3020 35,090 29,093 71.350 4620 58,356 49,181 77.581
3060 35,659 29,582 71.537 4660 58,948 49,694 77.652
3100 36,228 30,072 71.722 4700 59,541 50,208 77.779
3140 36,798 30,562 71.904 4740 60,134 50,721 77.905
3180 37,369 31,054 72.085 4780 60,728 51,236 78.029
3220 37,941 31,546 72.264 4820 61,322 51,750 78.153
3260 38,513 32,039 72.441 4860 61,916 52,265 78.276
3300 39,087 32,533 72.616 4900 62,511 52,781 78.398
3340 39,661 33,028 72.788 5000 64,000 54,071 78.698
3380 40,236 33,524 72.960 5100 65,491 55,363 78.994
3420 40,812 34,020 73.129 5200 66,984 56,658 79.284
3460 41,388 34,517 73.297 5300 68,471 57,954 79.569

(Concluded)
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TABLE A–21E
Ideal-gas properties of carbon monoxide, CO

T 
R

   
_
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Btu/lbmol
   _ u         
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  _ s °  
Btu/lbmol·R

T 
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   _ u         
Btu/lbmol

  _ s °  
Btu/lbmol·R

 300 2,081.9 1,486.1 43.223 1080  7,571.1 5,426.4 52.203
 320 2,220.9 1,585.4 43.672 1100  7,716.8 5,532.3 52.337
 340 2,359.9 1,684.7 44.093 1120  7,862.9 5,638.7 52.468
 360 2,498.8 1,783.9 44.490 1140  8,009.2 5,745.4 52.598
 380 2,637.9 1,883.3 44.866 1160  8,156.1 5,851.5 52.726
 400 2,776.9 1,982.6 45.223 1180  8,303.3 5,960.0 52.852
 420 2,916.0 2,081.9 45.563 1200  8,450.8 6,067.8 52.976
 440 3,055.0 2,181.2 45.886 1220  8,598.8 6,176.0 53.098
 460 3,194.0 2,280.5 46.194 1240  8,747.2 6,284.7 53.218
 480 3,333.0 2,379.8 46.491 1260  8,896.0 6,393.8 53.337
 500 3,472.1 2,479.2 46.775 1280  9,045.0 6,503.1 53.455
 520 3,611.2 2,578.6 47.048 1300  9,194.6 6,613.0 53.571
 537 3,725.1 2,663.1 47.272 1320  9,344.6 6,723.2 53.685
 540 3,750.3 2,677.9 47.310 1340  9,494.8 6,833.7 53.799
 560 3,889.5 2,777.4 47.563 1360  9,645.5 6,944.7 53.910
 580 4,028.7 2,876.9 47.807 1380  9,796.6 7,056.1 54.021
 600 4,168.0 2,976.5 48.044 1400  9,948.1 7,167.9 54.129
 620 4,307.4 3,076.2 48.272 1420 10,100.0 7,280.1 54.237
 640 4,446.9 3,175.9 48.494 1440 10,252.2 7,392.6 54.344
 660 4,586.6 3,275.8 48.709 1460 10,404.8 7,505.4 54.448
 680 4,726.2 3,375.8 48.917 1480 10,557.8 7,618.7 54.522
 700 4,886.0 3,475.9 49.120 1500 10,711.1 7,732.3 54.665
 720 5,006.1 3,576.3 49.317 1520 10,864.9 7,846.4 54.757
 740 5,146.4 3,676.9 49.509 1540 11,019.0 7,960.8 54.858
 760 5,286.8 3,777.5 49.697 1560 11,173.4 8,075.4 54.958
 780 5,427.4 3,878.4 49.880 1580 11,328.2 8,190.5 55.056
 800 5,568.2 3,979.5 50.058 1600 11,483.4 8,306.0 55.154
 820 5,709.4 4,081.0 50.232 1620 11,638.9 8,421.8 55.251
 840 5,850.7 4,182.6 50.402 1640 11,794.7 8,537.9 55.347
 860 5,992.3 4,284.5 50.569 1660 11,950.9 8,654.4 55.411
 880 6,134.2 4,386.6 50.732 1680 12,107.5 8,771.2 55.535
 900 6,276.4 4,489.1 50.892 1700 12,264.3 8,888.3 55.628
 920 6,419.0 4,592.0 51.048 1720 12,421.4 9,005.7 55.720
 940 6,561.7 4,695.0 51.202 1740 12,579.0 9,123.6 55.811
 960 6,704.9 4,798.5 51.353 1760 12,736.7 9,241.6 55.900
 980 6,848.4 4,902.3 51.501 1780 12,894.9 9,360.0 55.990
1000 6,992.2 5,006.3 51.646 1800 13,053.2 9,478.6 56.078
1020 7,136.4 5,110.8 51.788 1820 13,212.0 9,597.7 56.166
1040 7,281.0 5,215.7 51.929 1840 13,371.0 9,717.0 56.253
1060 7,425.9 5,320.9 52.067 1860 13,530.2 9,836.5 56.339
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TABLE A–21E
Ideal-gas properties of carbon monoxide, CO

T 
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_
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   _ u         
Btu/lbmol

  _ s °  
Btu/lbmol·R
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  _ s °  
Btu/lbmol·R

1900 13,850 10,077 56.509 3500 27,262 20,311 61.612
1940 14,170 10,318 56.677 3540 27,608 20,576 61.710
1980 14,492 10,560 56.841 3580 27,954 20,844 61.807
2020 14,815 10,803 57.007 3620 28,300 21,111 61.903
2060 15,139 11,048 57.161 3660 28,647 21,378 61.998
2100 15,463 11,293 57.317 3700 28,994 21,646 62.093
2140 15,789 11,539 57.470 3740 29,341 21,914 62.186
2180 16,116 11,787 57.621 3780 29,688 22,182 62.279
2220 16,443 12,035 57.770 3820 30,036 22,450 62.370
2260 16,722 12,284 57.917 3860 30,384 22,719 62.461
2300 17,101 12,534 58.062 3900 30,733 22,988 62.511
2340 17,431 12,784 58.204 3940 31,082 23,257 62.640
2380 17,762 13,035 58.344 3980 31,431 23,527 62.728
2420 18,093 13,287 58.482 4020 31,780 23,797 62.816
2460 18,426 13,541 58.619 4060 32,129 24,067 62.902
2500 18,759 13,794 58.754 4100 32,479 24,337 62.988
2540 19,093 14,048 58.885 4140 32,829 24,608 63.072
2580 19,427 14,303 59.016 4180 33,179 24,878 63.156
2620 19,762 14,559 59.145 4220 33,530 25,149 63.240
2660 20,098 14,815 59.272 4260 33,880 25,421 63.323
2700 20,434 15,072 59.398 4300 34,231 25,692 63.405
2740 20,771 15,330 59.521 4340 34,582 25,934 63.486
2780 21,108 15,588 59.644 4380 34,934 26,235 63.567
2820 21,446 15,846 59.765 4420 35,285 26,508 63.647
2860 21,785 16,105 59.884 4460 35,637 26,780 63.726
2900 22,124 16,365 60.002 4500 35,989 27,052 63.805
2940 22,463 16,225 60.118 4540 36,341 27,325 63.883
2980 22,803 16,885 60.232 4580 36,693 27,598 63.960
3020 23,144 17,146 60.346 4620 37,046 27,871 64.036
3060 23,485 17,408 60.458 4660 37,398 28,144 64.113
3100 23,826 17,670 60.569 4700 37,751 28,417 64.188
3140 24,168 17,932 60.679 4740 38,104 28,691 64.263
3180 24,510 18,195 60.787 4780 38,457 28,965 64.337
3220 24,853 18,458 60.894 4820 38,811 29,239 64.411
3260 25,196 18,722 61.000 4860 39,164 29,513 64.484
3300 25,539 18,986 61.105 4900 39,518 29,787 64.556
3340 25,883 19,250 61.209 5000 40,403 30,473 64.735
3380 26,227 19,515 61.311 5100 41,289 31,161 64.910
3420 26,572 19,780 61.412 5200 42,176 31,849 65.082
3460 26,917 20,045 61.513 5300 43,063 32,538 65.252

(Concluded)
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TABLE A–22E
Ideal-gas properties of hydrogen, H2
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 300 2,063.5 1,467.7 27.337 1400  9,673.8  6,893.6 37.883
 320 2,189.4 1,553.9 27.742 1500 10,381.5  7,402.7 38.372
 340 2,317.2 1,642.0 28.130 1600 11,092.5  7,915.1 38.830
 360 2,446.8 1,731.9 28.501 1700 11,807.4  8,431.4 39.264
 380 2,577.8 1,823.2 28.856 1800 12,526.8  8,952.2 39.675
 400 2,710.2 1,915.8 29.195 1900 13,250.9  9,477.8 40.067
 420 2,843.7 2,009.6 29.520 2000 13,980.1 10,008.4 40.441
 440 2,978.1 2,104.3 29.833 2100 14,714.5 10,544.2 40.799
 460 3,113.5 2,200.0 30.133 2200 15,454.4 11,085.5 41.143
 480 3,249.4 2,296.2 20.424 2300 16,199.8 11,632.3 41.475
 500 3,386.1 2,393.2 30.703 2400 16,950.6 12,184.5 41.794
 520 3,523.2 2,490.6 30.972 2500 17,707.3 12,742.6 42.104
 537 3,640.3 2,573.9 31.194 2600 18,469.7 13,306.4 42.403
 540 3,660.9 2,588.5 31.232 2700 19,237.8 13,876.0 42.692
 560 3,798.8 2,686.7 31.482 2800 20,011.8 14,451.4 42.973
 580 3,937.1 2,785.3 31.724 2900 20,791.5 15,032.5 43.247
 600 4,075.6 2,884.1 31.959 3000 21,576.9 15,619.3 43.514
 620 4,214.3 2,983.1 32.187 3100 22,367.7 16,211.5 43.773
 640 4,353.1 3,082.1 32.407 3200 23,164.1 16,809.3 44.026
 660 4,492.1 3,181.4 32.621 3300 23,965.5 17,412.1 44.273
 680 4,631.1 3,280.7 32.829 3400 24,771.9 18,019.9 44.513
 700 4,770.2 3,380.1 33.031 3500 25,582.9 18,632.4 44.748
 720 4,909.5 3,479.6 33.226 3600 26,398.5 19,249.4 44.978
 740 5,048.8 3,579.2 33.417 3700 27,218.5 19,870.8 45.203
 760 5,188.1 3,678.8 33.603 3800 28,042.8 20,496.5 45.423
 780 5,327.6 3,778.6 33.784 3900 28,871.1 21,126.2 45.638
 800 5,467.1 3,878.4 33.961 4000 29,703.5 21,760.0 45.849
 820 5,606.7 3,978.3 34.134 4100 30,539.8 22,397.7 46.056
 840 5,746.3 4,078.2 34.302 4200 31,379.8 23,039.2 46.257
 860 5,885.9 4,178.0 34.466 4300 32,223.5 23,684.3 46.456
 880 6,025.6 4,278.0 34.627 4400 33,070.9 24,333.1 46.651
 900 6,165.3 4,378.0 34.784 4500 33,921.6 24,985.2 46.842
 920 6,305.1 4,478.1 34.938 4600 34,775.7 25,640.7 47.030
 940 6,444.9 4,578.1 35.087 4700 35,633.0 26,299.4 47.215
 960 6,584.7 4,678.3 35.235 4800 36,493.4 26,961.2 47.396
 980 6,724.6 4,778.4 35.379 4900 35,356.9 27,626.1 47.574
1000 6,864.5 4,878.6 35.520 5000 38,223.3 28,294.0 47.749
1100 7,564.6 5,380.1 36.188 5100 39,092.8 28,964.9 47.921
1200 8,265.8 5,882.8 36.798 5200 39,965.1 29,638.6 48.090
1300 8,968.7 6,387.1 37.360 5300 40,840.2 30,315.1 48.257
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TABLE A–23E
Ideal-gas properties of water vapor, H2O

T 
R

   
_
 h         

Btu/lbmol
   _ u         
Btu/lbmol

  _ s °  
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 300   2,367.6   1,771.8 40.439 1080   8,768.2 6,623.5 50.854
 320   2,526.8   1,891.3 40.952 1100   8,942.0 6,757.5 51.013
 340   2,686.0   2,010.8 41.435 1120   9,116.4 6,892.2 51.171
 360   2,845.1   2,130.2 41.889 1140   9,291.4 7,027.5 51.325
 380   3,004.4   2,249.8 42.320 1160   9,467.1 7,163.5 51.478
 400   3,163.8   2,369.4 42.728 1180   9,643.4 7,300.1 51.360
 420   3,323.2   2,489.1 43.117 1200   9,820.4 7,437.4 51.777
 440   3,482.7   2,608.9 43.487 1220   9,998.0 7,575.2 51.925
 460   3,642.3   2,728.8 43.841 1240  10,176.1 7,713.6 52.070
 480   3,802.0   2,848.8 44.182 1260  10,354.9 7,852.7 52.212
 500   3,962.0   2,969.1 44.508 1280  10,534.4 7,992.5 52.354
 520   4,122.0   3,089.4 44.821 1300  10,714.5 8,132.9 52.494
 537   4,258.0   3,191.9 45.079 1320  10,895.3 8,274.0 52.631
 540   4,282.4   3,210.0 45.124 1340  11,076.6 8,415.5 52.768
 560   4,442.8   3,330.7 45.415 1360  11,258.7 8,557.9 52.903
 580   4,603.7   3,451.9 45.696 1380  11,441.4 8,700.9 53.037
 600   4,764.7   3,573.2 45.970 1400  11,624.8 8,844.6 53.168
 620   4,926.1   3,694.9 46.235 1420  11,808.8 8,988.9 53.299
 640   5,087.8   3,816.8 46.492 1440  11,993.4 9,133.8 53.428
 660   5,250.0   3,939.3 46.741 1460  12,178.8 9,279.4 53.556
 680   5,412.5   4,062.1 46.984 1480  12,364.8 9,425.7 53.682
 700   5,575.4   4,185.3 47.219 1500  12,551.4 9,572.7 53.808
 720   5,738.8   4,309.0 47.450 1520  12,738.8 9,720.3 53.932
 740   5,902.6   4,433.1 47.673 1540  12,926.8 9,868.6 54.055
 760   6,066.9   4,557.6 47.893 1560  13,115.6 10,017.6 54.117
 780   6,231.7   4,682.7 48.106 1580  13,305.0 10,167.3 54.298
 800   6,396.9   4,808.2 48.316 1600  13,494.4 10,317.6 54.418
 820   6,562.6   4,934.2 48.520 1620  13,685.7 10,468.6 54.535
 840   6,728.9   5,060.8 48.721 1640  13,877.0 10,620.2 54.653
 860   6,895.6   5,187.8 48.916 1660  14,069.2 10,772.7 54.770
 880   7,062.9   5,315.3 49.109 1680  14,261.9 10,925.6 54.886
 900   7,230.9   5,443.6 49.298 1700  14,455.4 11,079.4 54.999
 920   7,399.4   5,572.4 49.483 1720  14,649.5 11,233.8 55.113
 940   7,568.4   5,701.7 49.665 1740  14,844.3 11,388.9 55.226
 960   7,738.0   5,831.6 49.843 1760  15,039.8 11,544.7 55.339
 980   7,908.2   5,962.0 50.019 1780  15,236.1 11,701.2 55.449
1000   8,078.2   6,093.0 50.191 1800  15,433.0 11,858.4 55.559
1020   8,250.4   6,224.8 50.360 1820  15,630.6 12,016.3 55.668
1040   8,422.4   6,357.1 50.528 1840  15,828.7 12,174.7 55.777
1060   8,595.0   6,490.0 50.693 1860  16,027.6 12,333.9 55.884
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TABLE A–23E
Ideal-gas properties of water vapor, H2O

T 
R

   
_
 h         

Btu/lbmol
   _ u         
Btu/lbmol

  _ s °  
Btu/lbmol·R

T 
R

   
_
 h         

Btu/lbmol
   _ u         
Btu/lbmol

  _ s °  
Btu/lbmol·R

1900 16,428 12,654 56.097 3500 34,324 27,373 62.876
1940 16,830 12,977 56.307 3540 34,809 27,779 63.015
1980 17,235 13,303 56.514 3580 35,296 28,187 63.153
2020 17,643 13,632 56.719 3620 35,785 28,596 63.288
2060 18,054 13,963 56.920 3660 36,274 29,006 63.423
2100 18,467 14,297 57.119 3700 36,765 29,418 63.557
2140 18,883 14,633 57.315 3740 37,258 29,831 63.690
2180 19,301 14,972 57.509 3780 37,752 30,245 63.821
2220 19,722 15,313 57.701 3820 38,247 30,661 63.952
2260 20,145 15,657 57.889 3860 38,743 31,077 64.082
2300 20,571 16,003 58.077 3900 39,240 31,495 64.210
2340 20,999 16,352 58.261 3940 39,739 31,915 64.338
2380 21,429 16,703 58.445 3980 40,239 32,335 64.465
2420 21,862 17,057 58.625 4020 40,740 32,757 64.591
2460 22,298 17,413 58.803 4060 41,242 33,179 64.715
2500 22,735 17,771 58.980 4100 41,745 33,603 64.839
2540 23,175 18,131 59.155 4140 42,250 34,028 64.962
2580 23,618 18,494 59.328 4180 42,755 34,454 65.084
2620 24,062 18,859 59.500 4220 43,267 34,881 65.204
2660 24,508 19,226 59.669 4260 43,769 35,310 65.325
2700 24,957 19,595 59.837 4300 44,278 35,739 65.444
2740 25,408 19,967 60.003 4340 44,788 36,169 65.563
2780 25,861 20,340 60.167 4380 45,298 36,600 65.680
2820 26,316 20,715 60.330 4420 45,810 37,032 65.797
2860 26,773 21,093 60.490 4460 46,322 37,465 65.913
2900 27,231 21,472 60.650 4500 46,836 37,900 66.028
2940 27,692 21,853 60.809 4540 47,350 38,334 66.142
2980 28,154 22,237 60.965 4580 47,866 38,770 66.255
3020 28,619 22,621 61.120 4620 48,382 39,207 66.368
3060 29,085 23,085 61.274 4660 48,899 39,645 66.480
3100 29,553 23,397 61.426 4700 49,417 40,083 66.591
3140 30,023 23,787 61.577 4740 49,936 40,523 66.701
3180 30,494 24,179 61.727 4780 50,455 40,963 66.811
3220 30,967 24,572 61.874 4820 50,976 41,404 66.920
3260 31,442 24,968 62.022 4860 51,497 41,856 67.028
3300 31,918 25,365 62.167 4900 52,019 42,288 67.135
3340 32,396 25,763 62.312 5000 53,327 43,398 67.401
3380 32,876 26,164 62.454 5100 54,640 44,512 67.662
3420 33,357 26,565 62.597 5200 55,957 45,631 67.918
3460 33,839 26,968 62.738 5300 57,279 46,754 68.172

(Concluded)
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TABLE A–26E
Enthalpy of formation, Gibbs function of formation, and absolute entropy at  
77°F, 1 atm

Substance Formula
   
_
 h   f  °   

Btu/lbmol
   _ g   f  °   
Btu/lbmol

  _ s °  
Btu/lbmol·R

Carbon C(s)      0      0   1.36
Hydrogen H2(g)      0      0  31.21
Nitrogen N2(g)      0      0  45.77
Oxygen O2(g)      0      0  49.00
Carbon monoxide CO(g)  −47,540  −59,010  47.21
Carbon dioxide CO2(g) −169,300 −169,680  51.07
Water vapor H2O(g) −104,040  −98,350  45.11
Water H2O(l) −122,970 −102,040  16.71
Hydrogen peroxide H2O2(g)  −58,640  −45,430  55.60
Ammonia NH3(g)  −19,750   −7,140  45.97
Methane CH4(g)  −32,210  −21,860  44.49
Acetylene C2H2(g)  +97,540  +87,990  48.00
Ethylene C2H4(g)  +22,490  +29,306  52.54
Ethane C2H6(g)  −36,420  −14,150  54.85
Propylene C3H6(g)   +8,790  +26,980  63.80
Propane C3H8(g)  −44,680  −10,105  64.51
n-Butane C4H10(g)  −54,270   −6,760  74.11
n-Octane C8H18(g)  −89,680   +7,110 111.55
n-Octane C8H18(l) −107,530   +2,840  86.23
n-Dodecane C12H26(g) −125,190  +21,570  148.86
Benzene C6H6(g)  +35,680  +55,780  64.34
Methyl alcohol CH3OH(g)  −86,540  −69,700  57.29
Methyl alcohol CH3OH(l) −102,670  −71,570  30.30
Ethyl alcohol C2H5OH(g) −101,230  −72,520  67.54
Ethyl alcohol C2H5OH(l) −119,470  −75,240  38.40
Oxygen O(g) +107,210  +99,710  38.47
Hydrogen H(g)  +93,780  +87,460  27.39
Nitrogen N(g) +203,340 +195,970  36.61
Hydroxyl OH(g)  +16,790  +14,750  43.92

Source of Data: From JANAF, Thermochemical Tables (Midland, MI: Dow Chemical Co., 1971), Selected 
Values of Chemical Thermodynamic Properties, NBS Technical Note 270-3, 1968; and API Research 
Project 44 (Carnegie Press, 1953).
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TABLE A–27E
Properties of some common fuels and hydrocarbons

Fuel (phase) Formula

Molar  
mass, 
lbm/lbmol

Density,1 
lbm/ft3

Enthalpy of  
vaporization,2 
Btu/lbm

Specific 
heat,1 cp 
Btu/lbm·°F

Higher  
heating  
value,3 
Btu/lbm

Lower 
heating  
value,3 
Btu/lbm

Carbon (s) C  12.011 125 — 0.169 14,100 14,100
Hydrogen (g) H2  2.016 — — 3.44 60,970 51,600
Carbon monoxide (g) CO  28.013 — — 0.251  4,340  4,340
Methane (g) CH4  16.043 — 219 0.525 23,880 21,520
Methanol (l) CH4O  32.042 49.3 502 0.604  9,740  8,570
Acetylene (g) C2H2  26.038 — — 0.404 21,490 20,760
Ethane (g) C2H6  30.070 —  74 0.418 22,320 20,430
Ethanol (l) C2H6O  46.069 49.3 395 0.583 12,760 11,530
Propane (l) C3H8  44.097 31.2 144 0.662 21,640 19,930
Butane (l) C4H10  58.123 36.1 156 0.578 21,130 19,510
1-Pentene (l) C5H10  70.134 40.0 156 0.525 20,540 19,190
Isopentane (l) C5H12  72.150 39.1 — 0.554 20,890 19,310
Benzene (l) C6H6  78.114 54.7 186 0.411 17,970 17,240
Hexene (l) C6H12  84.161 42.0 169 0.439 20,430 19,090
Hexane (l) C6H14  86.177 41.2 157 0.542 20,770 19,240
Toluene (l) C7H8  92.141 54.1 177 0.408 18,230 17,420
Heptane (l) C7H16 100.204 42.7 157 0.535 20,680 19,180
Octane (l) C8H18 114.231 43.9 156 0.533 20,590 19,100
Decane (l) C10H22 142.285 45.6 155 0.528 20,490 19,020
Gasoline (l) CnH1.87n 100–110 45–49 151 0.57 20,300 18,900
Light diesel (l) CnH1.8n 170 49–52 116 0.53 19,800 18,600
Heavy diesel (l) CnH1.7n 200 51–55  99 0.45 19,600 18,400
Natural gas (g) CnH3.8nN0.1n  18 — — 0.48 21,500 19,400

1At 1 atm and 68°F.
2At 77°F for liquid fuels, and 1 atm and normal boiling temperature for gaseous fuels.
3At 77°F. Multiply by molar mass to obtain heating values in Btu/lbmol.
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I N D E X

Absolute or specific humidity, 713
Absolute pressure, 22–23
Absolute temperature, 95, 296
Absorption refrigeration system, 622–626
Absorptivity, 94
Acid rain, 87–88
Adiabatic combustion temperature, 767
Adiabatic efficiency, 361
Adiabatic flame temperature, 767–769
Adiabatic mixing of airstreams, 730
Adiabatic process, 60–61
Adiabatic saturation, 717–720
Adiabatic saturation temperature, 717
Afterburner, 515
Air conditioners, 282–283
Air conditioning, 711–745

adiabatic mixing of airstreams and, 730
mixing conditioned air with outdoor air in, 731–732

Air-conditioning process, 720–734
components of, 723–734
steady-flow process for, 724
use of psychrometric chart and, 720

Air-fuel ratio, 750
Air-standard assumptions, 480
Air-standard cycle, 480–481
Amagat’s law of additive volumes, 678–679
Ampere, 5
Annual fuel utilization efficiency (AFUE), 79
Atmospheric air, 712, 714
Autoignition, 486
Average velocity, 213
Back pressure, 836–837, 842
Back work ratio, 499
Barometer, 26–29
Barometric pressure, 26
Beattie-Bridgeman equation of state, 139–142, 679–680
Benedict-Webb-Rubin equation of state, 139–142, 679–680
Bernoulli equation, 355, 832
Binary vapor cycle, 574–579
Biological systems, 185
Blackbody, 94
radiation, 94
Body mass index (BMI), 191
Boiler pressure, 552
Boiling, 146–147
Boltzmann relation, 338
Bore, 482
Bottom dead center (BDC), 482–483
Boundary, 10–11, 162–167, 212, 219, 328
Boundary work, 162–165
Bourdon tube, 32
Bow wave, 852, 854
Brayton cycle, 496–516

gas-turbine engine and, 497–499

with intercooling, 506
with regeneration, 504–506
with reheating, 506

British thermal unit (Btu), 7
Caloric theory, 61–62
Calorie, 7
Candela, 5
Carnot cycle, 291–293, 478, 493–495, 516, 567, 599

refrigerator or heat pump, 599
reversed, 293, 599
totally reversible ideal, 567
totally reversible processes and the, 478, 495, 516

Carnot efficiency, 297, 431
Carnot heat engine, 291, 297–298, 431
Carnot principles, 293–294
Carnot refrigeration cycle, 293, 301
Carnot refrigerator and heat pump, 300–303, 599
Carnot vapor cycle, 544
Cascade refrigerator system, 613–614
Celsius scale, 18, 20
Chemical energy, 53–55
Chemical equilibrium, 14, 791–795, 802

criterion for, 792, 794
definition, 14
for simultaneous reactions, 802
of an ideal gas mixture, 795
of an isolated system, 791

Chemical potential, 691, 694, 793
Chemical reactions, 273, 434, 747–789

irreversibility of that destroys exergy, 434
second law of thermodynamics and, 273

Choked flow, 836
Clapeyron-Clausius equation, 652
Clapeyron equation, 650–653
Clausius inequality, 324–325
Clausius statement, 284
Clearance ratio, 482
Closed systems, 10, 371, 427, 763–764
Coefficient of performance (COP), 280–281, 598
Cogeneration, 569–572
Cold-air-standard assumptions, 480
Combined cycle or combined gas-vapor cycle, 574
Combustion processes, 752–753

complete, 752
incomplete, 752

Combustion equipment efficiency, 78
Combustion, 749–750
Component pressure (Pi), of gas in a mixture, 678
Component volume (Vi), of gas in a mixture, 678
Compressed liquid, 112
Compressed liquid region, 116
Compressibility factor (Z), 136–137
Compression-ignition (CI) engine, 482
Conduction, 62, 91
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Conservation of energy principle, 2, 52, 70–71, 172–173, 244
definition, 2, 244
equation for, 172–173
example of, 52

Conservation of mass principle, 212–217, 724, 750
chemical equations and, 212
equation, 724
for a bathtub, 214
for a closed system, 212
for a control volume, 214
for a steady-flow system, 216

principle, 214, 750
Constant-pressure process, 182
Constant-temperature process, 182
Constant-volume gas thermometer, 18
Continuum, 12–13
Control mass, 10
Control surface, 11
Control volume, 11, 51, 54, 211–270, 372

change in mass, 214
conservation of mass, 214
definition, 11
energy transferred by mass, 51
fluid flow, 54, 212
mass and energy analysis, 211–270
moving or deformed, 216
rate of mass flow, 214

Convection, 62, 92–93
definition of heat transfer by, 62
forced, 93
free/natural, 93
heat transfer by, 92

Convection heat transfer coefficient, 93
Converging-diverging nozzles, 840–842
Conversion efficiency of a power plant, 546
Cooking appliances efficiency, 80
Cooling. See also Evaporative cooling; Vacuum cooling

air conditioning process and simple, 723–725
conservation of mass equation for, 724
evaporative, 728–729
of air, 725
with dehumidification, 727–728

Cooling pond, 733
Coulomb repulsion, 57
Critical point, 116
Critical properties, 834–835
Critical ratios, 835
Cutoff ratio (rc), 490
Cycle, 16, 74, 168 See also Name of specific cycle; Refrigeration cycles
Cyclic relation, 648
Daily calorie needs, 188
Dalton’s law of additive pressures, 678–679
Dead state, 414–415, 425
Deadweight tester, 33
Decrease of exergy principle, 434
Deficiency of air, 752
percent deficiency of air, 752
Degree kelvin (K), 5, 18
Density, 13
Desalination process, 698

Dew-point temperature, 715–716, 750
Diesel cycle, 489, 516
Diffuser, 226–227, 335, 510
Dimensions, 3–8
Displacement volume, 482
Dodecane, 748
Dry air, 712–713
Dry-bulb temperature, 714
Dual cycle, 491
Duct, 824–833
Duct flow, with heat transfer, 858–861
Dynamic temperature, 825
Effectiveness, 504
Efficiency, 78–85, 275–277, 361–365, 511, 551–555. See also Thermal 

efficiency
compressor power input and effect on, 364–365
cooking appliances, 81
definition and equation for overall, 79
definition of adiabatic, 361
definition of isentropic, 361
definition of thermal, 275–277
effect of boiler pressure and temperature on, 553–555
equations, 78, 83, 511
generator, 79
isothermal, 364
lighting system, 80
mechanical and electrical devices, 82–85
pump, 82
simple ideal Rankine cycle and increased, 551–555
turbine, 82

water heater, 78
Elastic solid bars, 67–68
Electrical polarization work, 70
Electrical power, 65
Electrical work, 70
Emissivity, 94
Energy, 2, 51–60, 73–74, 85–96, 219

change in stationary system’s internal, 54
convected, 219
definition, 2
dynamic, 56
environment and, 85–96
forms, 51–54
heat transfer, 60
internal, 53
transfer, 73–74
transfer via mass flow for control volume, 51
work and transfer of, 62

Energy analysis, 222–240, 545–546
of ideal Rankine cycle, 545–546
of steady-flow systems, 222–225
of unsteady-flow process, 239–240

Energy balance, 71–72
Energy efficiency ratio, 282
Energy transfer, 63, 370
Engineering Equation Solver, 36–37
Engine knock, 486
English system, 3–7
Enthalpy, 122–123, 183–185, 225, 651, 663, 682, 692, 712–714, 758–762

changes, 183–185, 225
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definition, 122
departure, 663
departure factor, 663

equation for, 122
of a chemical component, 762
of a gas mixture, 682
of atmospheric air, 714
of combustion, 758
of formation, 759
of mixing, 692
of reaction, 759
of vaporization, 123
of vaporization and Clapeyron  

equation, 651
of water vapor, 712
on a unit-mole basis, 762
reasons for negative and positive, 760

Entropy, 324–412, 664–665, 682, 692, 771
absolute, 339, 770
Boltzmann and, 338
change during an isothermal process, 327
change of a thermal energy reservoir, 327
definition, 326
departure factor, 665

ideal gas and absolute, 771
increase during heat transfer process, 340
of a gas mixture, 682
of ideal gas variations, 348

of mixing, 692
of pure crystalline substance and absolute zero, 339
principle, increase of, 328–329

property diagram, 336–337
system and change, 368
transfer with heat, 328
transferred only by heat, 369

Entropy balance, 370–372
equation for, 370
equation for control volume, 372
equation for steady-flow process, 372
in a rate form, 370
on a unit-mass basis, 370

Entropy change of reacting system, 769–771
Entropy departure, 665
Entropy generation, 328–329
Environment, 81, 85–96, 414
Equation of state, 133, 139–148
Equilibrium, 14

chemical, 14
mechanical, 14

phase, 14
thermal, 14
Equilibrium constant, 796
Equivalence ratio, 752
Ericsson cycle, 493–496
Evaporation, 146–148
Evaporative cooler, 146
Evaporative cooling, 728–730
Exact differentials, 63
Excess air, percent of, 752
Exergy, 413–474

balance, 435
closed system (nonflow), 427
definition, 415–416
destroyed, 434, 771
flow, 428
property of system-environment combination, 415
thermo-mechanical, 425
transfer by heat, 431
transfer by mass, 432–433

Exergy change, 425–430
of a system, 425–430
of steady-flow devices, 427

Exhaust blowdown, 483
Exhaust valve, 482
Expansion fan, 854– 858
Extensive properties, 12, 682
Externally reversible, 291
Fahrenheit scale, 18
Feedwater heater (FWH), 559–562

closed, 561–562
open or direct-contact, 559–560
First-law analysis of reacting systems, 762–767
First law of thermodynamics, 70–71, 244
Fixed mass, 428
Flow, 27, 213, 823–879. See also Isentropic flow

compressible, 213, 823–879
compressing, 854
expanding, 854
gravity-driven, 27
incompressible, 213
Rayleigh, 858–861
subsonic versus supersonic, 832

Flow energy or flow work, 58–59, 219–222
Force (F), 66
Formal sign convention, 63
Fourier’s law, 92
Four-stroke engines, 482
Friction, 289
Fuel, 748
Fuel-air ratio, 751
Fuel cells, 776–778
Gage pressure, 22
Gas, 111, 133
Gas constant, 133

of a gas mixture, 676–677
of different substances, 133

Gas mixtures, 675–709
apparent or average molar mass of a, 676
enthalpy and entropy of, 682
gas constant for, 676–677
ideal and real gases and properties of, 682–690
intensive properties of, 683
mass and mole fractions of, 676–677
total internal energy of, 682

Gas phase, 111
Gas power cycles, 475–542
Gas refrigeration cycles, 619–620
Gas turbine engine, 498–500
Gas-vapor mixtures, 711–745
General Conference of Weights and Measures, 5
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Generalized compressibility chart, 137, 139
Generalized enthalphy departure chart, 663
Generalized entropy departure chart, 663
Generator efficiency, 79, 83
Gibbs–Dalton law, 684
Gibbs equations, 649
Gibbs’ formulation, 338
Gibbs function, 649, 691, 771, 793–795
Gibbs phase rule, 807–808
Global climate change and warming, 88–90
Gravimetric analysis, of a gas mixture, 676
Gravity force, 7
Greenhouse effect, 88–90
Heat, 60
Heat engines, 274–279, 298, 422

example that violates Kelvin-Planck statement, 279
thermal efficiency, 277, 298, 422
working fluid, 274

Heat exchangers, 235
Heat pumps, 281–282, 300–302, 598, 611–612

coefficient of performance, 281, 300–302, 612
common energy sources, 611
energy efficiency ratio (EER), 282
geothermal, 282
ground-source, 282, 611
heating and cooling modes, 612

Heat rate of power plants, 546
Heat reservoirs, 273
Heat transfer, 56, 61, 91–96, 225, 290, 330–331, 368–369

as a mechanism for entropy transfer, 368–369
energy interaction of, 56
entropy generation and process of, 330-331
from a person, 95–96
per unit mass, 61
rate, 225
types of mechanisms of, 91–95

Heating value of a fuel, 78, 760
Helmholtz function, 649
Henry’s constant, 809–810
Henry’s law, 809–810
Higher heating value (HHV), 79, 760
Human comfort and air conditioning, 721–723
Humidity ratio, 713
Hydrocarbon fuels, 748
Hypersonic flow, 829
Ice point, 18–20
Ideal cycle, 476
Ideal refrigeration cycle, 600
Ideal gas, 133, 174. See also Gas
Ideal-gas behavior, 136–138
Ideal-gas equation of state, 133, 677
Ideal-gas mixtures, 678–679, 683–684, 693–694
Ideal-gas relation, 133
Ideal-gas temperature scale, 18, 175, 656
Ideal mixture, 693
Ideal solution, 693
Ideal vapor-compression refrigeration cycle, 600
Idealizations, used in analysis of a power cycle, 477
Ignition temperature, 750
Incompressible substance, 181
Independent property, 15

Inexact differentials, 63
Intake valve, 482
Intensive properties, 12, 683
Internal energy, 53–55, 182, 423, 658–659, 682, 763

binding forces between molecules, 55
changes in, 182
definition, 55
equals sum of kinetic and potential energies, 55
exergy and, 423
gas mixture and total, 682
latent energy and, 55
of a chemical component, 763
one of the components of total energy, 54
specific heat of ideal gas and, 659
temperature and, 658–659

Internal energy changes, 654, 658, 664
Internally reversible, 290
International Temperature Scale (ITS-90), 1, 20
Inversion line, 661
Inversion temperature, 661
Irreversibilities, 289, 418
Irreversible processes, 288
Isentropic efficiencies, 361–367

compressors, 363–364
nozzles, 365–366
pumps, 363–364
turbines, 361–363
steady-flow devices, 361–367

Isentropic flow, 832–844
differential form of energy equation for steady, 832
ideal gases and property relations for, 833–835
one-dimensional, 829–836
through a nozzle, 836–844

Isentropic process, 334–336
Isobaric process, 16
Isochoric/isometric process, 16
Isolated system, 10
Isothermal compressibility, 657
Isothermal efficiency, 364
Isothermal process, 16, 291, 327, 358
Jet-propulsion cycles, 510
Joule, 7
Joule-Thomson coefficient, 660–661
Kay’s rule, 679–680, 688
Kelvin-Planck statement, 279, 325
Kelvin scale, 18, 296
Kilogram (kg), 5
Kinetic energy (KE), 53–55, 58–60
Kirchhoff’s law, 94
Latent energy, 55, 425, 758
Latent heat, 114
Latent heat of fusion, 114
Latent heat of vaporization, 114, 123
Lighting efficacy, 80
Liquefaction of gases, 618–619
Liquid, 111–112, 343–346

compressed or subcooled, 112
entropy change of, 343–346

Liquid phase, 110–111
Liquid-vapor saturation curve, 114
Lower heating value (LHV), 79, 760
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Mach number (Ma), 829
Mach wave, 854
Macroscopic energy, 53
Magnetic work, 70
Manometer, 29–30
Mass balance, 214, 216, 223, 724, 750
Mass flow rate, 54, 59, 212–217, 220–221, 382

definition and equation, 216, 221
differential, 212
equation for differential, 215
equation for pipe or duct, 213
fluid stream with uniform properties, 220–221
in a steady-flow process, 217
into a control volume, 214
mass flowing per unit time, 216
net, 215
of air, 382
of fluid, 59
out of a control volume, 214

Mass fraction, gas mixtures, 676
Mass transfer, 212
Maximum inversion temperature, 661
Maxwell relations, 649–650
Mayer relation, 657–658
Mean effective pressure (MEP), 482
Mechanical efficiency, 82
Mechanical energy, 53, 58
Mechanical equilibrium, 14
Metabolism, 185–186
Meter (m), 5
Methane, 344
Methyl alcohol, 748
Microscopic energy, 53
Mixing chambers, 232–234
Molar analysis, of a gas mixture, 676
Molar mass (M), 133, 676
Mole (mol), 5
Mole fraction, 676, 683
Molecules, 2, 175
Mollier chart, 123
Motor efficiency, 83, 384
Moving boundary work, 162–167
Multistage compression refrigeration systems, 615
Multistage compression with intercooling, 358
Natural-draft cooling tower, 732
Newton (N), 5–6
Newton’s law of cooling, 93
Normal shock, 846–847
Nozzles, 222, 226, 365–366, 823, 836–844,  

867–868
converging, 823
converging-diverging, 823, 840–842
definition, 226
isentropic efficiency of, 365–366
isentropic flow through, 836–844
steady-flow device, 222

steam, 867–868
Nuclear energy, 55–58
Oblique shock, 842, 850–854
Oblique shock angles, 857
Octane, 748

Open cycle, 480
Open system or control volume, 10–12
Orsat gas analyzer, 753
Osmotic pressure, 698–699
Osmotic rise, 698–699
Otto cycle, 482–489

advantages and disadvantages of ideal, 484
four strokes in the ideal, 485
ideal cycle for a spark-ignition engine, 482–489
internally reversible processes in the, 484
modified, 485
monatomic gas and the ideal, 487–489
specific heat ratio and the ideal, 487
thermal efficiency of the ideal, 485–486

Overall or combined efficiency, 79, 83
Ozone, 86–87
Package icing, 116
Partial derivative, 645
Partial differentials, 645– 648
Partial molar properties, 691
Partial pressure, 678, 712
Partial volume, 678
Pascal (Pa), 21
Pascal’s law, 25
Path, 15
Path functions, 63, 212
Peltier effect, 627
Perpetual-motion machine, 286–287

of the first kind (PMM1), 286
of the second kind (PMM2), 286

Per unit mass, 74, 168
P-h diagram of ideal vapor-compression  

refrigeration cycle, 601
Phase, 110
Phase-change processes, 111–122
Phase equilibrium, 14, 146, 806–807

definition and equation for, 14, 146
for a multicomponent system, 808
for a saturated mixture, 807
for a single-component system, 806

Phases of a pure substance, 110–111
Piezoelectric transducers, 33
Pipe, transport of liquid or gas in a, 237
Point function, 63
Polytropic process, 166
Potential energy (PE), 54
Pound (lb), 6
Pound-force (lbf), 6
Power, 7, 62
Power cycle, 476, 574–575

Brayton and Rankine combined, 574
gas-turbine and steam-turbine combined, 574–575
thermodynamic cycle and the, 476

Prandtl-Meyer expansion wave, 854–858
expansion fan, 855
calculations for, 858

Pressure, 21–22, 26, 116, 136, 144, 350–351, 698–699, 712
atmospheric, 26, 144
barometric, 26
critical, 116
definition and equation for, 21
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definition of absolute, 22
definition of gage, 22
definition of vacuum, 22
desalination and osmotic, 698–699
reduced, 136
relative, 350–351
standard atmospheric, 26
vapor, 712

Pressure change, 30–32
Pressure fraction, 678
Pressure measurement devices, 26–33
Pressure ratio, 498
Pressure transducers, 32–33
Primary or fundamental dimension, 3
Principle of corresponding states, 136
Problem-solving techniques, 33–39
Process, 15
Products, 750
Properties

definition, 12
extensive, 12
intensive, 12

of saturated liquid, 123, A–4
of saturated liquid-vapor mixture, 127–128
of saturated vapor, 123, A–5
point functions and, 63
problem-solving and determining unknown, 34
specific, 12

using steam tables to determine, 131–132
Property diagrams

entropy, 336–337
phase-change process, 116–122

Property tables, 122–123
SI and English units, 122–123
thermodynamic, 122–133

Propjet engine, 515
Propulsive efficiency, 511
Propulsive power (  W ·   p), 511
Pseudo-reduced specific volume, 138
Psychrometric charts, 720–721, 726, 729–730

adiabatic mixing of airstreams, 730
for evaporative cooling, 729
for heating and humidification, 726
use of, 720–721

P–T (phase) diagram, 120–121
Pump efficiency, 82
Pure substances, 16, 110–122, 127, 165, 485, 487, 490–491, 497–498

definition and examples, 110
phase-change process, 111–116
property diagrams, 116–122
compression process of a gas on, 16
ideal Brayton cycle and, 497–498
ideal Diesel cycle and, 490
ideal dual cycle and, 491
ideal Otto cycle, 485, 487
isothermal compression of ideal gas on, 165
saturated liquid-vapor mixture on, 127

P-v-T behavior, 676–682
P-v-T surface, 121–122
Qout, heat loss, 63
Quality x, definition and equation for, 125

Quasi-equilibrium expansion process, 163
Quasi-equilibrium process, 15, 162, 164
Quasi-static process, 15, 162
Radiation, 62, 93
Ramjet engine, 515–516
Rankine cycle, 478, 545–549, 559–564

cavitation, 549
component equipment, 545
energy analysis of the ideal, 545–546
equation for isentropic efficiencies, 549
fluid friction and heat loss, 548
ideal cycle for steam power plant, 478
ideal for vapor power cycle, 545–548
ideal regenerative, 559–564
ideal reheat, 555–559
thermal efficiency, 546

Rankine scale, 18
Raoult’s law, 810
Rarefied gas flow theory, 13
Rate form, 74, 167, 370, 435, 446
Rate of heat transfer, 225
Rayleigh flow, 858–861

choked, 865–866
property relations, 864–865

Rayleigh line, 860
Reactants, 750
Real-gas mixtures, 679–680, 687–688

analysis of properties, 687–688
Beattie–Bridgeman equation, 679
Benedict–Webb–Rubin equation, 679

  T ds relation for, 687
van der Waals equation, 679

Reciprocating engine, 481–482
Reduced pressure, 136
Reduced temperature, 136
Reference state, 130–132
Reference values, 130–132
Refrigerants, 280, 598, 609–610
Refrigeration, 598
Refrigeration cycles, 597–641

actual vapor-compression, 603–604
ammonia absorption, 623–624
cascade, 613–614
compression, 616–617
diagram of temperature-entropy, 607
ideal gas, 621
ideal vapor-compression, 600–602
regeneration with gas, 621
reversed Brayton cycle and gas, 619
reversed Carnot cycle not suitable for, 599–600
simple ideal gas, 621–622, 621

Refrigerators, 279–284, 300, 305, 423, 598–600, 610, 626–627
Clausius statement, 284
coefficient of performance (COPR), 280–281
definition, 279–280
EER value, 283
no-frost, 305
objective and schematic, 598–599
reversed Carnot cycle, 300
second-law efficiency for a cyclic, 423
thermoelectric, 626–627
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use of R-134a in a household, 610
vapor-compression refrigeration cycle, 600
Regeneration, 493, 504–506
Regenerator, 504, 559
Relative humidity, 145, 713–714, 723–724
Relative pressure (P), 351
Relative specific volume, 351
Reversed Carnot cycle, 293, 599
Reversible adiabatic compression, 292
Reversible adiabatic expansion, 292
Reversible adiabatic process, 335
Reversible isothermal compression, 292
Reversible isothermal expansion, 292
Reversible mixing process, 696–697
Reversible process, 288–291
Reversible steady-flow work, 354
Reversible work, 418, 428, 771–773

exergy of a closed system, 428
Rocket, 516
Saturated air, 145, 713
Saturated liquid, 112
Saturated liquid line, 116
Saturated liquid-vapor mixture, 112, 125

properties, 127–128
Saturated liquid-vapor mixture region, 116
Saturated vapor, 112–113, 123
Saturated vapor line, 116
Saturation pressure (Psat), 113
Saturation table, 332, 332, A–5
Saturation temperature (Tsat), 113–114
Scramjet engine, 516
Seasonal energy efficiency ratio (SEER), 282
Secondary or derived dimensions, 3
Second-law analysis, 567–569, 605–609, 771–776

of adiabatic combustion, 773–775
of ideal Rankine cycle, 568–569
of isothermal combustion, 775–776
of reacting system, 771–776
of vapor-compression refrigeration cycle, 605–609
of vapor power cycle, 567–569

Second-law efficiency, 289, 422–423, 697
definition and equation, 422–423
equation for mixing process, 697
equation for separation process, 697
for work-consuming noncyclic and cyclic devices, 423
of reversible devices, 423

Seebeck effect, 626–627
Sensible energy, 55
Separation, two-component mixture and work, 697–698
Set point, 190
Shaft work, 66
Shock waves, 844–854
SI system, 5–7, 18
Significant digits, 37–38
Simple compressible system, 15
Sink, 273–275
Solids, 110, 343–346
Solubility, 809
Sonic flow, 829
Sonic speed, 827
Source, 273

Spark-ignition (SI) engine, 482
Specific gravity or relative density, 13–14
Specific heat, 172–176, 181, 657–661

average, 175
common units, 173
constant-pressure, 172, 181, 657, 661
constant-volume, 172, 181
definition, 172–174
difference for an ideal gas, 659–660
ideal-gas, 175

Specific heat at constant pressure, 172–177
Specific heat at constant volume, 172–176, 181
Specific heat ratio, 177
Specific humidity, 713–714
Specific properties, 12
Specific volume, 12
Specific weight, 14
Speed of sound, 823, 827–829
Spray pond, 733
Spring work, 67
Stagnation enthalpy, 824
Stagnation pressure, 825
Stagnation properties, 824–826
Stagnation state, 823
Stagnation temperature, 825, 837
Standard atmosphere (atm), 22
Standard reference state, 758, 762
State, 15, 119, 130–133

ideal-gas equation, 133
independent and dependent properties, 15
reference, 130–132
triple-phase, 119

State postulate, 14–15
Static enthalpy, 824
Stationary systems, 54, 73
Steady-flow devices, 222, 418
Steady-flow process, 16, 222, 447
Steady-flow systems, 222–225, 478–479, 762–763

boundary work, 223
Carnot cycle, 478–479
energy analysis, 222–225
energy balance, 223–224
equation for mass balance, 223
first-law analysis, 762–763

Steam nozzles, 867–868
Steam point, 20
Stefan-Boltzmann law, 94
Stirling cycle, 493–496, 516
Stirling engine, 496
Stoichiometric air, 752
Stoichiometric combustion, 752
Strain-gage pressure transducer, 32–33
Stroke, 482
Subcooled liquid, 112
Sublimation, 120
Subsonic flow, 832
Superheated vapor, 112–113
Superheated vapor region, 116, 128
Superheated water vapor, 128–129
Supersaturation, 868
Supersonic flow, 832
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Surface tension, 68
Surroundings, 10, 414
immediate, 414
work, 418
Systems, 10–13, 52, 54, 73, 223, 239, 371–372, 622–626

absorption refrigeration, 622–626
adiabatic closed, 52
boundary work and steady-flow, 223
closed or open, 10–12
definition of a closed, 10, 371–372
definition of a stationary, 54
definition of an isolated, 10
different between steady- and unsteady-flow, 239
equation for mass balance and a steady-flow, 223
properties, 12–13
stationary, 73

T ds relations, 341–342
Temperature, 21, 95, 119–120, 296, 325, 829

absolute, 95
ideal-gas tables and reference, 175
Kelvin scale, 296
Mach number, 829
thermodynamic, 325
triple-point, 119–120
units of measurement, 21

Theoretical air, percent of, 752
Theoretical combustion, 752
Thermal conductivity, 91–92
Thermal efficiency, 275–277, 475–479
Thermal energy, 56
Thermal energy reservoirs, 273
Thermal equilibrium, 17
Thermal process, 16
Thermodynamic property relations, 643–673
Thermodynamic property tables, 122–133
Thermodynamic temperature scale, 18, 295–297, 328
Thermodynamics, 2–3, 17, 52, 70–71, 185, 244, 284–322,  

326, 339
application areas, 3
classical, 2
definition and examples, 2–3
first law of, 2, 52, 70–71, 244
of a biological system, 185
second law of, 2, 284–322
statistical, 2
third law of, 326, 339, 770
zeroth law of, 17

Thermoelectric circuit or device, 626
Thermoelectric generator, 627
Thermoelectric power generation, 626
Thermoelectric refrigeration, 303
Thermoelectric refrigerator, 626
Throat, 831
Throttling valve, 232, 603
Tons of refrigeration, 598
Top dead center (TDC), 482–483, 490
Torr, 26
Total energy, 53–54, 220
of a flowing fluid, 220
Total differential, 646

Totally reversible, 291
Transonic flow, 829
Trap, of feedwater heater, 562
Triple line, 119
Triple point, 19–20, 119–120
T-s diagrams, 552, 561
Turbine efficiency, 82
Turbofan engine, 514–515
T-v diagram, 116–118
Two-stroke engines, 483
Uniform-flow process, 240
Unit-mass basis, 370
Units, 3–9

Btu thermal, 7
definition and examples, 3
English system, 3
metric SI, 3
newton-meter, 7
pound-force, 6
secondary, 9
weight, 6

Unity conversion ratios, 9
Universal gas constant, 133, 176
Unrestrained expansion of a gas, 290
Unsteady-flow process, 239–240
Useful pumping power, 82
Useful work (Wu), 418
Vacuum cooling, 115–116
Vacuum freezing, 116
Vacuum pressures, 22
van der Waals equation of state, 139–140
van’t Hoff equation, 805
Vapor cycle, category of a thermodynamic cycle, 475
Vapor power cycles, 544–569

actual versus ideal, 548–549
second-law analysis of, 567–569
steam and, 544

Vapor pressure, 712
phase equilibrium and, 144–147
Virial equation of state, 141–142
Volume expansivity, 657
Volume flow rate, 54, 213
Volume fraction, 678
Water heater efficiency, 78
Water vapor, 712–715
Watt (W), 7
Wave angle, 850
Weight, 6
Wet-bulb temperature, 717–720
Wet cooling towers, 732
Wet region, 116
Wilson line, 868
Work, 56, 63, 66–70

definition, 70
examples of nonmechanical forms, 70
path function, 63
types of mechanical, 66–70

Work transfer, 212
Working fluid, 274
Zeroth law of thermodynamics, 17



a Acceleration, m/s2

a Specific Helmholtz function, u – Ts, kJ/kg
A Area, m2

A Helmholtz function, U – TS, kJ
AF Air–fuel ratio
c Speed of sound, m/s
c Specific heat, kJ/kg·K
cp Constant-pressure specific heat, kJ/kg·K
  c  v    Constant-volume specific heat, kJ/kg·K
COP Coefficient of performance
COPHP Coefficient of performance of a heat pump
COPR Coefficient of performance of a refrigerator
d, D Diameter, m
e Specific total energy, kJ/kg
E Total energy, kJ
EER Energy efficiency rating
F Force, N
FA Fuel–air ratio
g Gravitational acceleration, m/s2

g Specific Gibbs function, h – Ts, kJ/kg
G Total Gibbs function, H – TS, kJ
h Convection heat transfer coefficient, W/m2·K
h Specific enthalpy, u +  Pv , kJ/kg
H Total enthalpy, U +  PV , kJ
  
_
 h  C Enthalpy of combustion, kJ/kmol fuel

  
_
 h  f Enthalpy of formation, kJ/kmol

  
_
 h  R Enthalpy of reaction, kJ/kmol

HHV Higher heating value, kJ/kg fuel
i Specific irreversibility, kJ/kg
I Electric current, A
I Total irreversibility, kJ
k Specific heat ratio, cp/  c  v   
k Spring constant, N/m
k Thermal conductivity, W/m·K
KP Equilibrium constant
ke Specific kinetic energy, V2/2, kJ/kg
KE Total kinetic energy, mV2/2, kJ
LHV Lower heating value, kJ/kg fuel
m Mass, kg
  m ·    Mass flow rate, kg/s
M Molar mass, kg/kmol
Ma Mach number
MEP Mean effective pressure, kPa
mf Mass fraction
n Polytropic exponent
N Number of moles, kmol
P Pressure, kPa
Pcr Critical pressure, kPa

Pi Partial pressure, kPa
Pm Mixture pressure, kPa
Pr Relative pressure
PR Reduced pressure
Pv Vapor pressure, kPa
P0 Surroundings pressure, kPa
pe Specific potential energy, gz, kJ/kg
PE Total potential energy, mgz, kJ
q Heat transfer per unit mass, kJ/kg
Q Total heat transfer, kJ
  Q ·    Heat transfer rate, kW
QH Heat transfer with high-temperature body, kJ
QL Heat transfer with low-temperature body, kJ
r Compression ratio
R Gas constant, kJ/kg·K
rc Cutoff ratio
rp Pressure ratio
Ru Universal gas constant, kJ/kmol·K
s Specific entropy, kJ/kg·K
S Total entropy, kJ/K
sgen Specific entropy generation, kJ/kg·K
Sgen Total entropy generation, kJ/K
SG Specific gravity or relative density
t Time, s
T Temperature, °C or K
T Torque, N·m
Tcr Critical temperature, K
Tdb Dry-bulb temperature, °C
Tdp Dew-point temperature, °C
Tf Bulk fluid temperature, °C
TH Temperature of high-temperature body, K
TL Temperature of low-temperature body, K
TR Reduced temperature
Twb Wet-bulb temperature, °C
T0 Surroundings temperature, °C or K
u Specific internal energy, kJ/kg
U Total internal energy, kJ
v Specific volume, m3/kg
vcr Critical specific volume, m3/kg
vr Relative specific volume
vR Pseudo-reduced specific volume 
 V   Total volume, m3

  V ·    Volume flow rate, m3/s
V Voltage, V
V Velocity, m/s
Vavg Average velocity
w Work per unit mass, kJ/kg
W Total work, kJ

N O M E N C L A T U R E
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  W ·    Power, kW
Wrev Reversible work, kJ
x Quality
x Specific exergy, kJ/kg
X Total exergy, kJ
xdest Specific exergy destruction, kJ/kg
Xdest Total exergy destruction, kJ
  X ·   dest Rate of total exergy destruction, kW
y Mole fraction
z Elevation, m
Z Compressibility factor
Zh Enthalpy departure factor
Zs Entropy departure factor

Greek Letters
α Absorptivity
α Isothermal compressibility, 1/kPa
β Volume expansivity, 1/K
Δ Finite change in quantity
ε Emissivity
ϵ Effectiveness
ηth Thermal efficiency
ηII Second-law efficiency
θ Total energy of a flowing fluid, kJ/kg
μJT Joule-Thomson coefficient, K/kPa
μ Chemical potential, kJ/kg
ν Stoichiometric coefficient
ρ Density, kg/m3

σ Stefan–Boltzmann constant
σn Normal stress, N/m2

σs Surface tension, N/m
ϕ Relative humidity
ϕ Specific closed system exergy, kJ/kg
Φ Total closed system exergy, kJ
ψ Stream exergy, kJ/kg
γs Specific weight, N/m3

ω Specific or absolute humidity,  
kg H2O/kg dry air

Subscripts
a Air
abs Absolute
act Actual
atm Atmospheric
avg Average
c Combustion; cross-section
cr Critical point
CV Control volume
e Exit conditions
f Saturated liquid
fg Difference in property between saturated 

 liquid and saturated vapor
g Saturated vapor
gen Generation
H High temperature (as in TH and QH)
i Inlet conditions
i  ith component
in input (as in Qin and Win)
L Low temperature (as in TL and QL)
m Mixture
out output (as in Qout and Wout)
r Relative
R Reduced
rev Reversible
s Isentropic
sat Saturated
surr Surroundings
sys System
v Water vapor
0 Dead state
1 Initial or inlet state
2 Final or exit state

Superscripts
· (overdot) Quantity per unit time_

 (overbar) Quantity per unit mole
° (circle)  Standard reference state
* (asterisk) Quantity at 1 atm pressure



Conversion Factors
DIMENSION METRIC METRIC/ENGLISH

Acceleration 1 m/s2 = 100 cm/s2 1 m/s2 = 3.2808 ft/s2 
  1 ft/s2 = 0.3048* m/s2

Area 1 m2 = 104 cm2 = 106 mm2 = 10−6 km2 1 m2 = 1550 in2 = 10.764 ft2 
   1 ft2 = 144 in2 = 0.09290304* m2

Density 1 g/cm3 = 1 kg/L = 1000 kg/m3 1 g/cm3 = 62.428 lbm/ft3 = 0.036127 lbm/in3 
  1 lbm/in3 = 1728 lbm/ft3 

  1 kg/m3 = 0.062428 lbm/ft3

Energy, heat, work,  1 kJ = 1000 J = 1000 N·m = 1 kPa·m3 1 kJ = 0.94782 Btu 

   internal energy, 1 kJ/kg = 1000 m2/s2 1 Btu = 1.055056 kJ 
   enthalpy 1 kWh = 3600 kJ  = 5.40395 psia·ft3 = 778.169 lbf·ft 
 1 cal† = 4.184 J 1 Btu/lbm = 25,037 ft2/s2 = 2.326* kJ/kg 
 1 IT cal† = 4.1868 J 1 kJ/kg = 0.430 Btu/lbm 
 1 Cal† = 4.1868 kJ 1 kWh = 3412.14 Btu 
  1 therm = 105 Btu = 1.055 × 105 kJ  
      (natural gas)
Force 1 N = 1 kg·m/s2 = 105 dyne 1 N = 0.22481 lbf 
 1 kgf = 9.80665 N 1 lbf = 32.174 lbm·ft/s2 = 4.44822 N
Heat flux 1 W/cm2 = 104 W/m2 1 W/m2 = 0.3171 Btu/h·ft2

Heat transfer  1 W/m2·°C = 1 W/m2·K 1 W/m2·°C = 0.17612 Btu/h·ft2·°F 
   coefficient
Length 1 m = 100 cm = 1000 mm = 106 μm 1 m = 39.370 in = 3.2808 ft = 1.0926 yd 
 1 km = 1000 m 1 ft = 12 in = 0.3048* m 
  1 mile = 5280 ft = 1.6093 km 
  1 in = 2.54* cm
Mass 1 kg = 1000 g 1 kg = 2.2046226 lbm 
 1 metric ton = 1000 kg 1 lbm = 0.45359237* kg 
  1 ounce = 28.3495 g 
  1 slug = 32.174 lbm = 14.5939 kg 
  1 short ton = 2000 lbm = 907.1847 kg
Power, 1 W = 1 J/s 1 kW = 3412.14 Btu/h 
   heat transfer rate 1 kW = 1000 W = 1.341 hp           = 737.56 lbf·ft/s 
 1 hp‡ = 745.7 W 1 hp = 550 lbf·ft/s = 0.7068 Btu/s 
          = 42.41 Btu/min = 2544.5 Btu/h 
          = 0.74570 kW 
  1 boiler hp = 33,475 Btu 
  1 Btu/h = 1.055056 kJ/h 
  1 ton of refrigeration = 200 Btu/min
Pressure 1 Pa = 1 N/m2 1 Pa = 1.4504 × 10−4 psia 
 1 kPa = 103 Pa = 10−3 MPa  = 0.020886 lbf/ft2

 1 atm = 101.325 kPa = 1.01325 bars 1 psi = 144 lbf/ft2 = 6.894757 kPa 
  = 760 mm Hg at 0°C 1 atm = 14.696 psia = 29.92 in Hg at 30°F 
  = 1.03323 kgf/cm2 1 in Hg = 3.387 kPa 
 1 mm Hg = 0.1333 kPa
Specific heat 1 kJ/kg·°C = 1 kJ/kg·K = 1 J/g·°C 1 Btu/lbm·°F = 4.1868 kJ/kg·°C 
  1 Btu/lbmol·R = 4.1868 kJ/kmol·K 
  1 kJ/kg·°C  = 0.23885 Btu/lbm·°F 

= 0.23885 Btu/lbm·R

*Exact conversion factor between metric and English units.
†Calorie is originally defined as the amount of heat needed to raise the temperature of 1 g of water by 1°C, but it varies with temperature. The international steam table (IT) 
calorie (generally preferred by engineers) is exactly 4.1868 J by definition and corresponds to the specific heat of water at 15°C. The thermochemical calorie (generally pre-
ferred by physicists) is exactly 4.184 J by definition and corresponds to the specific heat of water at room temperature. The difference between the two is about 0.06 percent, 
which is negligible. The capitalized Calorie used by nutritionists is actually a kilocalorie (1000 IT calories).
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CONVERSION FACTORS

DIMENSION METRIC METRIC/ENGLISH

Specific volume 1 m3/kg = 1000 L/kg = 1000 cm3/g 1 m3/kg = 16.02 ft3/lbm 
   1 ft3/lbm = 0.062428 m3/kg
Temperature T(K) = T(°C) + 273.15 T(R) = T(°F) = 459.67 = 1.8T(K) 
 ΔT(K) = ΔT(°C) T(°F) = 1.8T(°C) + 32 
  ΔT(°F) = ΔT(R) = 1.8ΔT(K)
Thermal  1 W/m·°C = 1 W/m·K 1 W/m·°C = 0.57782 Btu/h·ft·°F 
   conductivity
Velocity 1 m/s = 3.60 km/h 1 m/s = 3.2808 ft/s = 2.237 mi/h 
  1 mi/h = 1.46667 ft/s 
  1 mi/h = 1.6093 km/h
Volume 1 m3 = 1000 L = 106 cm3 (cc) 1 m3 = 6.1024 × 104 in3 = 35.315 ft3 
   = 264.17 gal (U.S.) 
  1 U.S. gallon = 231 in3 = 3.7854 L 
  1 fl ounce = 29.5735 cm3 = 0.0295735 L
  1 U.S. gallon = 128 fl ounces
Volume flow rate 1 m3/s = 60,000 L/min = 106 cm3/s 1 m3/s  = 15,850 gal/min (gpm) = 35.315 ft3/s 

= 2118.9 ft3/min (cfm)

‡Mechanical horsepower. The electrical horsepower is taken to be exactly 746 W.

Some Physical Constants

Universal gas constant Ru   = 8.31447 kJ/kmol·K 
= 8.31447 kPa·m3/kmol·K 
= 0.0831447 bar·m3/kmol·K 
= 82.05 L·atm/kmol·K 
= 1.9858 Btu/lbmol·R 
= 1545.37 ft·lbf/lbmol·R 
= 10.73 psia·ft3/lbmol·R

Standard acceleration of gravity g  = 9.80665 m/s2 
= 32.174 ft/s2

Standard atmospheric pressure 1 atm  = 101.325 kPa 
= 1.01325 bar 
= 14.696 psia 
= 760 mm Hg (0°C) 
= 29.9213 in Hg (32°F) 
= 10.3323 m H2O (4°C)

Stefan–Boltzmann constant 1  = 5.6704 × 10−8 W/m2·K4 
= 0.1714 × 10−8 Btu/h·ft2·R4

Boltzmann’s constant k = 1.380650 × 10−23 J/K
Speed of light in vacuum co  = 2.9979 × 108 m/s 

= 9.836 × 108 ft/s
Speed of sound in dry air at 0°C and 1 atm c  = 331.36 m/s 

= 1089 ft/s
Heat of fusion of water at 1 atm hif  = 333.7 kJ/kg 

= 143.5 Btu/lbm
Enthalpy of vaporization of water at 1 atm hfg  = 2256.5 kJ/kg 

= 970.12 Btu/lbm


