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useful for caleulating the thermo-

dynamic properties of fluids. The
tables are so important that they have
been reproduced in many standard ref-
erences, including Heid et al. [2] and
Perry's Handbook [3].

The tablées include compressibility
foctora, enthalpy' departures, entropy
departures, fugacity coefficients and
heat capacity (both € and C, depar-
tures). For each property there are two
tables, one for the simple fluid and the
other for the deviation,

Thus, a fluid property, say, compress-
ibility factor, 2, can be calculated as alin-
ear combination of two functions, using
an acentric factor, w, for weighting:

R SR\

The tables of Lee and Kesler [1] are

Here, Z(D) the compre351b111ty factor
of the simple fluid, and 2!V, the devia-
tion, are listed in the a.ppropnate tables
as functions of the reduced tempera-
ture, Ty, and reduced pressure, Pp.

In the tables given by Reid et al for
compressibility factors and other func-
tions, there is a solid line that stair-
cases down from low reduced tempera-
ture and low reduced pressure to the
critical point. This line demarcates the
liquid phase (low temperature and high
pressural and vapor phase (high tem-
perature and low pressure).

Extreme care must be taken to not
interpolate across this vapor-liquid (V-
L) interphase line. In fact, the line does
not appear in the original Lee-Kesler
tables, and so it is quite easy to make
thiz mistake when nsing them.

*Mr. Carroll is a simulation g ist with SACDA
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Don't interpolate

Take, for example, a calculation for
the density of n-butane at 10°C and 380
kPa (T, =4252K,P, =3800kPa, M =
58.124 kg/kmol and o = 0. 193), using
the Lee-Kesler tables. At these condi-
tions, n-butane is a liqud {(the vapor
pressure at 10°C is about 150 kPa). To
start, one should calculate the reduced
temperature and pressure:

={10 + 273.15)/425.2 = 0.666,
andP = 380/3,800 = 0.10¢

From the Lee-Kesler tables, at Tp
0.65, 2% = 0,0178 and &' = — 0. 00'?8 at
Tp = 0.7, 2% = 0.8958, 2V = - 0.1161.
By interpolation, at Ty, = 0.666, 2% =
0.2988, 2V = - 0. 0425 z = (.2988 +
0.193 (-0.0425) = ~ 0.2906, and the den-
sity (p = MP/zRT) is 32.3 kg/m®,

The values for reduced temperatures
of 0.65 and 0.70 at a reduced pressure
of 0.1 are on opposite sides of the solid
line. Thus, one is a liquid-phase com-
pressibility factor and the other'is for a
gas. Therefore, this interpolation and,
henee, the density is incorrect.

A better approach is to use only val-
ues for the liquid and extrapolate, At
Ty = 0.65, 29 = 0.0178, 21V = - 0.0078,
and at Ty = 0.6, 20 = 0.0186, 2V =
0.0082. B linear e!‘l'ragmlatmn at TR =
0.666, 29 = 0.0175, #V = - 0.0077, 2 =
0.0160, and a density of 586 kg/m>.

The density calculated by the second
method is closer to 589 kg/m®, the den-
sity of saturated liquid n-butane at
10°C 14]. Although the calculated and
reported values are at slightly different
pressures, the agreement is excellent.

As another example, calculate the
density of saturated-vapor and satu-
rated-liquid propane (T, =369.2K, P, =

¢ . DESIGN

4,245 kPa, M = 44.097 kglicndl'and o 0=
{’ 0.153y 4t R.7°C. The vapor préssure of

E' ane at:22. 7°Cis 902 kPa To start,
sJT [] (22"7 '+ 273.15)/369. 8.=0, 3, while

Fr= 4,945 =02125 1 ;
mthetahles ‘at Py =02, 20 =
QSﬁ‘!Qandzm —0116 at Pp = 0.4,

@ = .0661 and 21 = - 0. 02727 By lin-
ear in latmn at Pp = 0.2125, L=
0.7879, 2 = = O 1105 z = 0.7711, and

14 denmtgilekg/m G

‘ ow,fthe gu&stlon arises: Is this the
: denslty for a vapor or for a liquid? From
‘thérmagnitude of fhe compressibility
factor, it.appears‘to be for vapor. If so,
then how do we ealculate the density of
the liquid? According to this approach,
the two phases would have to have the
same density. Again, we have interpo-
lated across the solid line and, there-
forc, the result is questionable.

However, if for the vapor, anly values
representing the vapor phase are se-
lected then at Pp = 0.1, 2% = 0.9319,

L 0.0487, and at Pp=02,2"=

0 8539 and z! o 0.1160. Extrapola-

tion to Py, at 0.2125 yields 2% = 0.8442,

A1V =~ 0.1244 and z = 0.8253, along
with a density of 19.6 kg/m?®.

Similarly, for the liquid, selecting
only values representing hqmd-phase
oompressxblhtles at Pp = 04, 2% =
0.0661,2'" = - 00272, and at Pp = 0.6,
2% = 0.0085, 21 = — 0.0401. By Yinear
extrapolation, at Pp - 0.2125, 20 =
0.0357, 2V = - 0.0151, z = 0.0334, and
the densn;y is 484 kg/m3 These com-
pare quite well with values in litera-
ture 4] of 20.2 kg/m? for vapor and 496
kg/m® for liquid.

Thus, the principle is to extrapolate,
using only liquid values from the table
for liquid calculations, and only vapor

values for vapor calealations, |
Edited by Jevadev Chowdhury
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