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Appendix A Properties of Gases and Vapors

TABLE A.1  Properties of Dry Air at Atmospheric Pressure

Symbols and Units:

K = absolute temperature, degrees Kelvin
deg C = temperature, degrees Celsius
deg F = temperature, degrees Fahrenheit

ρ = density, kg/m3 (sea level)
cp = specific heat capacity, kJ/kg·K

cp/cv = specific heat capacity ratio, dimensionless
µ = viscosity, N·s/m2 × 106 (For N·s/m2 (= kg/m·s) multiply tabulated values by 10–6)
k = thermal conductivity, W/m·k × 103 (For W/m·K multiply tabulated values by 10–3)

Pr = Prandtl number, dimensionless
h = enthalpy, kJ/kg

Vs = sound velocity, m/s

Source: Condensed and computed from “Tables of Thermal Properties of Gases”, National Bureau of Standards Circular 564,
U.S. Government Printing Office, November 1955.
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Gases and Vapors

TABLE A.1  (continued) Properties of Dry Air at Atmospheric Pressure
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TABLE A.2 Psychrometric Table: Properties of Moist Air at 101 325 N/m2

Symbols and Units:

Ps = pressure of water vapor at saturation, N/m2

Ws = humidity ratio at saturation, mass of water vapor associated with unit mass of dry air

Va = specific volume of dry air, m3/kg

Vs = specific volume of saturated mixture, m3/kg dry air

= specific enthalpy of dry air, kJ/kg

hs = specific enthalpy of saturated mixture, kJ/kg dry air
ss = specific entropy of saturated mixture, J/K·kg dry air

Note: The Ps column in this table gives the vapor pressure of pure water at temperature intervals of five degrees Celsius.
For the latest data on vapor pressure at intervals of 0.1 deg C, from 0–100 deg C, see “Vapor Pressure Equation for Water”,
A. Wexler and L. Greenspan, J. Res. Nat. Bur. Stand., 75A(3):213–229, May–June 1971.

a For very low barometric pressures and high wet-bulb temperatures, the values of ha in this table are somewhat low;
for corrections see ASHRAE Handbook of Fundamentals, 2001.

Source: Computed from Psychrometric Tables, in ASHRAE Handbook of Fundamentals, American Society of Heating,
Refrigerating, and Air-Conditioning Engineers, 2001.

ha
a
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TABLE A.3 Water Vapor at Low Pressures: Perfect Gas Behavior pv/T = R = 0.461 51 kJ/kg·K

Symbols and Units:

t = thermodynamic temperature, deg C
T = thermodynamic temperature, K

pv = RT, kJ/kg
uo = specific internal energy at zero pressure, kJ/kg
ho = specific enthalpy at zero pressure, kJ/kg

sl = specific entropy of semiperfect vapor at 0.1 MN/m2, kJ/kg·K

ψl = specific Helmholtz free energy of semiperfect vapor at 0.1 MN/m2, kJ/kg

ψl = specific Helmholtz free energy of semiperfect vapor at 0.1 MN/m2, kJ/kg

ζl = specific Gibbs free energy of semiperfect vapor at 0.1 MN/m2, kJ/kg

pr = relative pressure, pressure of semiperfect vapor at zero entropy, TN/m2

vr = relative specific volume, specific volume of semiperfect vapor at zero entropy, mm3/kg
cpo = specific heat capacity at constant pressure for zero pressure, kJ/kg·K
cvo = specific heat capacity at constant volume for zero pressure, kJ/kg·K

k = cpo/cvo = isentropic exponent, –(∂logp/∂logv)s

Source: Adapted from Steam Tables, J.H. Keenan, F.G. Keyes, P.G. Hill, and J.G. Moore, John Wiley & Sons, Inc., New
York, 1969 (International Edition — Metric Units).

REFERENCE
For other steam tables in metric units, see Steam Tables in SI Units, Ministry of Technology, London, 1970.
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TABLE A.4  Properties of Saturated Water and Steam

Part a. Temperature Table
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TABLE A.4  (continued) Properties of Saturated Water and Steam
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Part b. Pressure Table

TABLE A.4  (continued) Properties of Saturated Water and Steam
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TABLE A.5  Properties of Superheated Steam

Symbols and Units:

T = temperature, °C h = enthalpy, kJ/kg
Tsat = saturation temperature, °C S = entropy, kJ/kg·K

ν = specific volume, m3/kg p = pressure, bar and µPa
u = internal energy, kJ/kg
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TABLE A.5  (continued) Properties of Superheated Steam

Symbols and Units:

T = temperature, °C h = enthalpy, kJ/kg
Tsat = saturation temperature, °C S = entropy, kJ/kg·K

ν = specific volume, m3/kg p = pressure, bar and µPa
u = internal energy, kJ/kg
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TABLE A.5  (continued) Properties of Superheated Steam

Symbols and Units:

T = temperature, °C h = enthalpy, kJ/kg
Tsat = saturation temperature, °C S = entropy, kJ/kg·K

ν = specific volume, m3/kg p = pressure, bar and µPa
u = internal energy, kJ/kg
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TABLE A.6  Chemical, Physical, and Thermal Properties of Gases: Gases and Vapors, Including Fuels and 
Refrigerants, English and SI Units

Note: The properties of pure gases are given at 25°C (77°F, 298 K) and atmospheric pressure (except as stated).
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TABLE A.7  Ideal Gas Properties of Dry Air

Part a. SI Units
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TABLE A.7 (continued) Ideal Gas Properties of Dry Air

Part b. English Units
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Source: Adapted from M.J. Moran and H.N. Shapiro, Fundamentals of Engineering Thermodynamics, 3rd. ed., Wiley & 
Sons, New York, 1995, as based on J.H. Keenan and J. Kaye, Gas Tables, John Wiley and Sons, New York, 1945. With 
permission.

TABLE A.7 (continued) Ideal Gas Properties of Dry Air
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Appendix B Properties of Liquids

TABLE B.1 Properties of Liquid Water

Symbols and Units:

ρ = density, lbm/ft3. For g/cm3 multiply by 0.016018. For kg/m3 multiply by 16.018.
cp = specific heat, Btu/lbm·deg R = cal/g·K. For J/kg·K multiply by 4186.8
µ = viscosity. For lbf·sec/ft2 = slugs/sec·ft, multiply by 10–7. For lbm·sec·ft multiply by 10–7 and by

32.174. For g/sec·cm (poises) multiply by 10–7 and by 478.80. For N·sec/m2 multiply by 10–7

and by 478.880.
k = thermal conductivity, Btu/hr·ft·deg R. For W/m·K multiply by 1.7307.

a At 7,500 psia.
Source: “1967 ASME Steam Tables”, American Society of Mechanical Engineers, Tables 9, 10, and 11 and Figures 6, 7, 8, and 9.
Note: The ASME compilation is a 330-page book of tables and charts, including a 21/2 × 31/2-ft Mollier chart. All values

have been computed in accordance with the 1967 specifications of the International Formulation Committee (IFC) and are
in conformity with the 1963 International Skeleton Tables. This standardization of tables began in 1921 and was extended
through the (1963) and Glasgow (1966). Based on these worldwide standard data, the 1967 ASME volume represents detailed
computer output in both tabular and graphic form. Included are density and volume, enthalpy, entropy, specific heat,
viscosity, thermal conductivity, Prandtl number, isentropic exponent, choking velocity, p-v product, etc., over the entire
range (to 1500 psia 1500°F). English units are used, but all conversion factors are given.
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TABLE B.2 Physical and Thermal Properties of Common Liquids

Part a. SI Units
(At 1.0 Atm Pressure (0.101 325 MN/m2), 300 K, except as noted.)
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TABLE B.2 (continued) Physical and Thermal Properties of Common Liquids

Part b. English Units
(At 1.0 Atm Pressure 77°F (25°C), except as noted.)
For viscosity in N·s/m2 (=kg m·s), multiply values in centipoises by 0.001. For surface tension in N/m,
multiply values in dyne/cm by 0.001.
© 2001 by CRC Press LLC



Appendix C Properties of Solids

TABLE C.1 Properties of Common Solids

Source: Compiled from several sources.
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TABLE C.2 Density of Various Solids: Approximate Density of Solids at Ordinary Atmospheric Temperature

a Some values reported as low as 1.6
Source: Based largely on “Smithsonian Physical Tables”, 9th rev. ed., W.E. Forsythe, Ed., The Smithsonian Institute, 1956, p. 292.
Note: In the case of substances with voids, such as paper or leather, the bulk density is indicated rather than the density

of the solid portion. For density in kg/m3, multiply values in g/cm3 by 1,000.
© 2001 by CRC Press LLC



©
 2001 by C

R
C

 Press L
L

C

= 71.5; copper 10°K, cond. = 196; gold 10°K, 
d. = 85.3.
TABLE C.3 Thermal Properties of Pure Metals—Metric Units

* Temperatures of maximum thermal conductivity (conductivity values in watts/cm °C): Aluminum 13°K, cond. 
cond. = 28.2; iron 20°K, cond. = 9.97; platinum 8°K, cond. = 12.9; silver 7°K, cond. = 193; tungsten 8°K, con

** To convert to SI units note that l cal = 4.186 J.



TABLE C.4  Miscellaneous Properties of Metals and Alloys

Part a. Pure Metals
At Room Temperature
© 2001 by CRC Press LLC



Appendix D Gases and Vapors

TABLE D.1 SI Units — Definitions, Abbreviations and Prefixes
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TABLE E.1 Properties of Typical Gaseous and Liquid Commercial Fuels

a Based 
b Based 
c Estima
Source:  The Internal Combustion Engine, 2nd ed., C.F. Taylor 

an
Note: F  16.02.

A
ppendix E C

om
position and H

eating V
alues of C

om
m

on Fuels
on dry air at 25°C and 760 mm Hg.
on H2O at 60°F, 1 atm (ρ = 62.367 lbm/ft3).
ted.
Abridged from Engineering Experimentation, G.L. Tuve and L.C. Domholdt, McGraw-Hill Book Company, 1966; and
d E.S. Taylor, Textbook Co., 1961. With permission.

or heating value in J/kg, multiply the value in Btu/lbm by 2324. For density in kg/m3, multiply the value in lb/ft3 by



TABLE E.2 Combustion Data for Hydrocarbons

Source: Based largely on Gas Engineers’ Handbook , American Gas Association, Inc., Industrial Press, 1967.
Notes:For heating value in J/kg, multiply the value in Btu/lbm by 2324. For flame speed in m/s, multiply the value in ft/s 

by 0.3048.
The higher heating value is obtained when all of the water formed by combustion is condensed to a liquid. The lower

heating value is obtained when all of the water formed by combustion is a vapor. Table E.3 shows some example values. For
other fuels, subtract from the HHV the heat of vaporization of water at standard conditions (e.g., ~1050 Btu/lb@ 77°F)
multipled by the ratio of the number of pounds (kg) of water produced per pound of methane burned. Therefore, the
difference between higher and lower HVs if 2.25 x 1050 = 2363 Btu/lb or 5486 .

REFERENCES

American Institute of Physics Handbook, 2nd ed., D.E. Gray, Ed., McGraw-Hill Book Company, 1963.
Chemical Engineers’ Handbook, 4th ed., R.H. Perry, C.H. Chilton, and S.D. Kirkpatrick, Eds., McGraw-Hill Book Company,

1963.
Handbook of Chemistry and Physics, 53rd ed., R.C. Weast, Ed., The Chemical Rubber Company, 1972; gives the heat of

combustion of 500 organic compounds.
Handbook of Laboratory Safety, 2nd ed., N.V. Steere, Ed., The Chemical Rubber Company, 1971.
Physical Measurements in Gas Dynamics and Combustion, Princeton University Press, 1954.

KJ
Kg
------
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Table E.3 Heating Values in kJ/kg of Selected Hydrocarbons at 25°C

Higher Valuea Lower Valueb

Hydrocarbon Formula Liguid Fuel Gas. Fuel Liquid Fuel Gas. Fuel

Methane CH4 — 55,496 — 50,010
Ethane C2H6 — 51,875 — 47,484
Propane C3H8 49,973 50,343 45,982 46,352
n-Butane C4H10 49,130 49,500 45,344 45,714
n-Octane C8H18 47,893 48,256 44,425 44,788
n-Dodecane C12H26 47,470 47,828 44,109 44,467
Methanol CH3OH 22,657 23,840 19,910 21,093
Ethanol C3H5OH 29,676 30,596 26,811 27,731

a H2O liquid in the products.
b H2O vapor in the products.
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