class and home problemsj ‘

\Michigan, Ann Arbor, MI 48109-2136.

( The object of this column is to enhance our readers’ collections of interesting and novel prob}
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AN EXERCISE FOR
PRACTICING PROGRAMMING
IN THE ChE CURRICULUM

Calculation of Thermodynamic Properties
Using the Redlich-Kwong Equation of State

MoRDECHAI SHACHAM, NEIMA BRAUNER,' MicHAEL B. CuTLIP?
Ben-Gurion University of the Negev ¢ Beer-Sheva 84105, Israel

any students find it difficult to learn programming.
M One source of difficulty has to do with the com-

plexity and relevance of the examples and exer-
cises being used. Exercises that are simple enough for a stu-
dent to write a working program in a reasonable length of
time, without too much frustration, are often irrelevant to their
chemical engineering studies. Consequently, they often do
not see the benefit in learning programming and lose inter-
est. More complex and realistic exercises, however, may re-
quire a long and frustrating debugging period, causing them
to lose faith in their ability to make the program run and dis-
couraging them from further programming attempts.

A good exercise to help students learn programming would
be one of practical importance that can be constructed gradu-
ally in several steps. At each step, new types and more com-
plex commands would be added to the program, but only
after debugging of the previous step had been completed.

! Tel-Aviv University, Tel-Aviv 69978, Israel
2 University of Connecticut, Storrs, CT 06269

This paper presents such an exercise—one that involves
analytical solution of the Redlich-Kwong equation for the
compressibility factor and consequent calculation of molar
volume, fugacity coefficient, isothermal enthalpy, and entropy
departures. The solution is demonstrated using MATLAB, !
but other programming languages (such as C or C++) can
also be used.
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Calculation of the Compressibility Factor and
Derived Thermodynamic Properties
Using the Redlich-Kwong Equation of State

The two-parameter Redlich-Kwong (R-K) equation of state -

has an accuracy that compares well with more complicated
equations that incorporate many more constants (when ap-
plied to non-polar compounds'?). The R-K equation is a cu-
bic equation in the volume (or in the compressibility factor)
for which analytical solutions can be found.®! After solving
for the molar volume (or compressibility factor), several
important thermodynamic functions (such as fugacity co-

efficient, isothermal enthalpy, and entropy departures) can’

be calculated.

In this exercise, the molar volume, the compressibility fac-
tor, the isothermal enthalpy departure, the isothermal entropy
departure, and the fugacity coefficients are calculated and
plotted for water vapor in the supercritical region. The val-
ues of reduced pressure and reduced temperature used are
shown in Table 1. -

Egquations and Numerical Data

The R-K equation is usually written'

__RT a )
V-b V(V+bWT
where
(R275/2)
a= 0.42747L5L J )
PC
T,
b= o.osem[hj 3)
PC
and
P pressure (atm)
TABLE 1
Reduced Pressure and Reduced Temperature
Values for Example 1
Pr Pr Pr Pr pr Ir
0.1 2 4 6 8 1
0.2 22 42 6.2 8.2 1.05
04 24 44 6.4 84 1.1
0.6 2.6 4.6 6.6 8.6 1.15
0.8 2.8 438 6.8 8.8 12
1 3 5 7 9 13
12 32 52 72 9.2 1.5
14 34 54 74 9.4 1.7
1.6 3.6 5.6 7.6 9.6 2
1.8 3.8 5.8 7.8 9.8 3
10

Spring 2003

. _________________________________________________ ]
The exercise presented here
enables students to start a programming
assignment at a fairly simple level and to
build it up gradually to a more complex
assignment of practical importance...

e e S
molar volume (liters/g-mol)
temperature (K)
gas constant [R=0.08206 (atm liter/g-mol K)}
critical temperature (K)
critical pressure (atm)
Ehmmaung V from Eq. (1) and writing it as a cubic equa-
tion of the compressibility factor, z, yields

o<

f(z)=2> -2 —qz-r=0 4)
where
r=A%B (5)
q=B*+B-A2 (6)
(g )

22 ZR_
A’= 0.42747L Tg’}z J 7
B= 0'08664(%) ®)

R

in which P, is the reduced pressure (P/P) and T is the re-
duced temperature (T/T ).

Equation (4) can be solved analytically for three roots, some
of which may be complex. Considering only the real roots,
the sequence of calculations involves the steps

{f\a {g\z (9)
=) "2
where
~=3q-1
f= 3 (10)
_—27r-9q-2
e (11)
If C > 0, there is one real solution for z:
z=D+E+1/3 (12)
where
(g, ="
D=, +4/C ) (13)
( g \1/3
E=s|—-=-4/C 14
"2 JC ) (14)
If C < 0, there are three real solutions for z:
2n(k -1
zy —ZJ:cosl:(q’) (3 )} k=123 (15)
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