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Figure B.33 Compressibility factor chart as a function of pseudocritical
temperature and pressure. Chart applies to gases with a molar mass
of less than 40. (Adapted from Engineering Data
B00K, 2004C.) ..eoiiiiiiiiiieeee e 417

B.1 UNIT CONVERSION FACTORS

Listed below are some of the more commonly used conversion factors.
Mass
1 pound (Ib) = 7,000 grains = 16.0 ounces (0z)
= 453.5924 grams (g)
Length
1 foot (ft) = 12.0 inches (in)
= 30.480 centimeters (cm) = 0.30480 meters (m)
Temperature
°C = (°F -32)/1.8
K =°C +273.15
K =°R/1.8
°F = 1.8(°C) + 32
°R = °F + 459.67
°R = 1.8(K)
Volume
1 cubic foot (ft*) = 7.48052 gallons (gal) = 1,728 cubic inches
= (.1781076 barrels (42 U.S. gal) of oil (bbl)
= 28.31685 liters (L) = 0.02831685 cubic meters (m?)
Density
1 1b /ft* = 0.1336806 1b,/gal
=0.01601846 g/cm? = 16.01846 kg/m?
Force
1 pound (Ib;) = 4.448 X 10° dyne (dyn) = 4.448222 Newtons (N)
Pressure
1 atmosphere (atm) = 1.01325 bar = 14.696 1b/in? = 760 mm Hg (at 32°F)
= 1.013250 x 10° Pascal (Pa)
Energy
1 British Thermal Unit (Btu) (IT) = 252.1644 cal (tc) = 3.930148 x 10~* hp
= 1.055056 x 10° joules (J) = 2.930711 x 10* kWh
(1 Btu [IT] = 1.00067 Btu [tc])
(Note: Customarily the Btu refers to the International Steam Table [IT] Btu,
and the calorie refers to the thermochemical calorie [tc])
Flow
1 gal/min = 0.1336805 ft}/min = 1.42857 bbl/h = 6.309020 x 105 m?/s
Power
1 hp (US) =2544.433 Btu (IT)/h = 550 ft Ib/s = 745.6999 watts (W)
Specific Energy per Degree
1 Btu/lb,-°F (IT) = 1.0 cal/g-°C (IT) = 4.186800 kJ/kg-K
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B.2 GAS CONSTANTS AND STANDARD GAS
CONDITIONS

B.2.1 UNIVERSAL GAS CONSTANTS

Metric/SI Units
8.31441 J/(mol-K)
1.98719 cal/(mol-K)
82.0568 cm3-atm/(mol-K)
62.3633 L-mm/(mol-K)
0.0820568 L-atm/(mol-K)
8.31441 m3-Pa/(mol-K)
8.31441 x 10~° m3-bar/(mol-K)
0.0831441 L-bar/(mol-K)
Engineering and Mixed Units

1.98585 Btu/(Ib-mol-°R)
0.730235 atm-ft’/(Ib-mol-°R)
0.739911 bar-ft3/(Ib-mol-°R)
1545.34 ft-1b/(1b-mol-°R)
10.7315 psi ft3/(Ib-mol-°R)

B.2.2 STANDARD GAs CONDITIONS

Gas volumes given are for ideal gas only.

1. Normal: continental and scientific applications
0°C, 1.01325 bar, gas volume = 22.4136 m?/kg-mol
32°F, 14.696 psia, gas volume = 359.031 ft*/Ib-mol
(Nm? based upon these conditions)
2. Standard (scf): U.S. engineering applications
15.5556°C, 1.01325 bar, gas volume = 23.6900 m3/kg-mol
60°F, 14.696 psia, gas volume = 379.49 ft3/Ib-mol
(scf = standard cubic foot based upon these conditions)
3. Standard: API 2564, SI 15°C, 101.325 kPa, gas volume = 23.6444
m?3/kg-mol (Sm? based upon these conditions)

B.3 THERMODYNAMIC AND PHYSICAL
PROPERTY DATA
B.3.1 TABLE OF PHYsICAL CONSTANTS OF PURE FLUIDS

Table B.1 provides some of the most useful physical constants for fluids encoun-
tered in natural gas processing. For additional properties the reader should consult
GPA Standard 2145-03 (2005). The standard includes a number of notes regarding
the data and data sources.
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362 Fundamentals of Natural Gas Processing

B.3.2 TeMPERATURE-DEPENDENT PROPERTIES OF PURE FLUIDS

Tables B.2 to B.11 provide constants for equations to calculate physical
properties as a function of temperature. Pressure effect is not considered and
liquid properties are given at the vapor pressure of the fluid (saturation
boundary). The tables include the applicable temperature range and the esti-
mated quality of the prediction. They also include equation numbers for which
the coefficients apply. Table B.12 lists the equations. These data were made
available by courtesy of the Design Institute for Physical Properties
(DIPPR,2005), an Industry Technology Alliance of the American Institute of
Chemical Engineers (AIChE), from the DIPPR 801 database, 2005 edition
(www.aiche.org/DIPPR). The coefficients were regressed from critically
reviewed data. The tables present 10 of the 15 temperature-dependent phys-
ical properties and 33 physical constants in the database. Nearly 1,800 com-
pounds are included in the database.
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Appendix B
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Appendix B 369
TABLE B.8
Vapor Viscosity at Low Pressure (Computed value has units of Pa-s)
Temperature
Equation Range

Compound Number (K) Quality A B C D
Methane 102 90.7 — 1000 <3% 5.2546E-07  5.9006E-01 1.0567E+02
Ethylene 102 169.4 - 1000  <5% 2.0789E-06  4.163E-01 3.527E+02
Ethane 102 90.4 — 1000 <5% 2.5906E-07  6.7988E-01 9.8902E+01
Propane 102 85.5 — 1000 <3% 4.9054E-08  9.0125E-01
Isobutane 102 150 — 1000 <5% 1.0871E-07  7.8135E-01 7.0639E+01
n-Butane 102 134.9 — 1000 <3% 3.4387E-08  9.4604E-01
Isopentane 102 150 — 1000 <5% 2.4344E-08 9.7376E-01  -9.1597E+01 1.872E+04
n-Pentane 102 143.4 — 1000 <5% 6.3412E-08  8.4758E-01 4.1718E+01
Benzene 102 278.7 — 1000 <3%  3.134E-08 9.676E-01 7.9E+00
n-Hexane 102 177.8 — 1000 <5% 1.7514E-07  7.0737E-01 1.5714E+02
n-Heptane 102 182.6 — 1000 <5%  6.672E-08 8.2837E-01 8.5752E+01
Ammonia 102 1954 -1000 <10% 4.1855E-08 9.806E—-01 3.08E+01
Water 102 2732-10732 <1% 1.7096E-08  1.1146E+00
Oxygen 102 54.4 - 1500 <5% 1.101E-06 5.634E-01 9.63E+01
Nitrogen 102 63.2 - 1970 <3%  6.5592E-07 6.081E-01 5.4714E+01
Hydrogen 102 14 — 3000 <10%  1.797E-07 6.85E-01 -5.9E-01 1.4E+02
Hydrogen 102 250 — 480 <3% 3.9314E-08  1.0134E+00

sulfide
Carbon- 102 68.2 — 1250 <5% 1.1127E-06 5.338E-01 9.47E+01

monoxide
Carbon- 102 194.7 — 1500 <5%  2.148E-06 4.6E-01 2.9E+02

dioxide
Helium 102 20 — 2000 <3%  3.253E-07 7.162E-01 —9.6E+00  1.07E+02
Methanol 102 240 — 1000 <10% 3.0663E-07  6.9655E-01 2.05E+02
Ethylene- 102 260.2 — 1000 <10% 8.6706E-08  8.3923E-01 7.5512E+01

glycol
Diethylene- 102 262.7-1000 <10% 6.7384E-08 8.489E-01 7.1139E+01

glycol
Triethylene- 102 266 — 1000 <10% 5.4291E-08  8.6024E—01 6.592E+01

Glycol

Copyright 2005 by the Design Institute for Physical Properties (DIPPR), American Institute of Chemical Engineers
(AIChE), and reproduced by permission of AIChE.
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TABLE B.12
Equations Noted in Tables B.2 to B.11
Equation Number Empirical Equation
100 Y =A+BT+CT?+DT3 + ET*
101 Y = Exp[A + B/T + CLn T + DT¥]
102 .
y= AT
C D
I+—=+—
T 1
105 4
Y= -
3 1+(1—E)D
106
(B+CTF +DT?+ET?
Y=A1+T] , where 7. = T/T,
107 2 2
¢ £
Y=A+B|—7T oy|+P
sinh| — cosh| —
T
114
A cr cprt D

Y=T+B—2ACt—ADt2— , where ¢ = (1-T))

3 2

116
Y=A+B"S +et* +dt+et*” | wheret = (1-7)
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