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Abstract- The python programming language is very
useful for all kinds of scientific and engineering tasks by
plotting data and analyzing various problems as well.
We can use google Colab for python to numerically solve
various chemical engineering problems which are
difficultor even impossible to solve analytically. One of
the best advantages of python programming language is
that it is free of cost, and can be easily downloaded from
the web.

Solving equations of state allows us to find the specific
volume of a gaseous mixture of various chemicals at a
specified temperature and pressure. Without using the
equation of state, it would bedifficult for us to design a
chemical plant virtually. By knowing the specific
volume, we can determine the size and cost of the
chemical plant, including the diameter of pipes,
distillation towers and chemical reactors, the
horsepower of compressors and pumps. This paper
illustrates how to solve the complicated equations of
states easily by writing small codes using python
programming language.
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I.  INTRODUCTION

MATHEMATICAL STATEMENT OF EQUATIONS
OF STATE

The ideal gas equation of state, which relates the Pressure,
Specific Volume and Temperature is given by following
formula:

pV =nRT or pv=RT where v =’—
n
The term p is absolute pressure, V is volume, n is the
number of moles, R is the universal gasconstant, T is the
absolute temperature, and [ is the specific volume.
Also, the generalized formula of the ideal gas law was the
van der waals equation of state which is given by the
following formula:

_RT a

p—v—b—:

Here, “a” is the interaction force between two molecules
and “b” is the excluded volume which means a second
molecule cannot use the same space already used by the first
molecule. Since theabove van der waals equation is not a
good approximation at high pressures therefore we define
Redlich -Kwong equation of state which is the
modification of van der waals equation of state given by
the following formula:
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Here, Tc is the critical temperature, pc is the critical
pressure, Tr is the reduced temperature which js the absolute
temperature per critical temperature, and o is the particular
to the Redlich -Kwongequation of state.[1]

Similarly, Redlich-kwong -soave equation of state is
introduced which is the modified version of Redlich-kwong
equation of state which is given by the following equation:

Now the term a s grven by a different formula,
a=[l+ml-T")F, m=0480+1 540+ 017665 ....ooccor (1.6)

Here the term [0 is the acentric factor which is
tabulated quantity for different substances.Therefore, the
value of (1 can be performed for each chemical and reduced
temperature.

Peng-Robinson equation, which is another variation of

O & Equations of State using python
File Edit View Insert Runtime Tools Help
il + Code + Text
Q [1] #=Equations of state using python programming lang

From scipy. optimize import
O def f(x):

return x"*2-2*x-8

[x}

equation of states and is given by thefollowing equation:

_RT B a
4 v=b v(v+b)+b(v-b)

All of the above equations can be rearranged into a cubic
function of specific volume and is givenby the following
equation:

 (p)-v (RT)+7{a- pb = RTD)=b=0 ..o (18)

Il. SOLVING EQUATIONS OF STATE USING
PYTHON PROGRAMMING LANGUAGE (SINGLE
EQUATION IN ONE UNKNOWN)

Nonlinear algebraic equations like equation of state can be
solved using Python, too. First, we haveto define the problem
statement to solve by defining a function; then, we check it;
finally, we issuea command along with correct syntax to
solve it.[2]

For example, we take the following equation and solve this
with the help of python programminglanguage

flx)= X =K

There are various simple steps which we have to remember
while solving the problem statement.Step 1: Firstly, Import
the fsolve program from SciPy and define the function.

Figure 1: Import the fsolve program.
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NOTE: The indentation after the declaration def f(x) which which we find the value of function atx=1.1 and we get the
is mandatory in python to define theblocks of statements. required result i.e., -8.99 that means the function f(x) is
Step 2: Now, Check the function and issue a command in correct.

& Equation of state using python

File Edit View Insert Runtime Tools Help

o

#Equations of state using python progra
from scipy. optimize import fsolve

<> def f(x):

STUPA X**2-2%%-8

print (f(1.1))

-8.99

Figure 2: Check the function and issue a command.

NOTE: In the above code we used a value of “x” that means every term in the function was important.
Step 3: We use the f solve function in python to find the value of x that makes the function i.e., f(x)=0.

cO & Equation of state using python
File Edit View Insert Runtime Tools Help
_ Code <+ Text
Q [5] #tgquations of state using python programeing language
from scipy. optimize import fsolve
<> def f(x):
return xX**2-2"x
) print (f(1.1))
{x)
0
[6] x=fsolve(f,8)
nt('The root is %5.3f.'%x)
The root is -2.000.
Figure 3: Find the values of “x”.
Here, %5.3f will mean that the width of the floating-point Example 1: Find the specific volume of n-octane at 600°K
number should be 5.3. This command solves the following and 20 atm using the Redlich-Kwongequation of state.
problem for x: f(x) = O starting from the initial guess of 0 Step 1: Firstly, define the function that will calculate the
and we get the required result i.e., -2.000. f(x), here specificvol (v), given the temperature, pressure,
To summarize the steps, In Step 1 we defined the problem and thermodynamic properties.

we wish to solve using python and evaluated the problem
for some “x”, Step 2 we check the function and issue a
command to find the value of the function and in Step 3 we
instructed python to solve the problem. Hence the problem
become easier by applying all the correct syntax and
commands in python programminglanguage.[3]

Examples of solving Chemical Engineering Problems
with the help of PythonProgramming Language
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cO & Equation of state using python
File Edit View Insert Runtime Tools Help
+ ( Text
(71 ume o ctane using R¢ h=kwo ja f 1<
Q ] ¢ octane using
i(v)
O
{x]
(! 48 % (R * &)™ 2/pc
aRK = GRK * (Tc / T) **é.
PRK « @.88664 * (R * Tc / pc)
return p * v ** «R*T*v*™ 24 (aRK-p* bRK **2-R*™T™DRK) *v - aRK * bRK
Figure 4: Using Redlich-kwong equation of state.
Here, the function specificvol(v) defines the problem which issuing the print command and we getthe required result.

we wish to solve.
Step 2: Now, we have to test the function specificvol by

cO & Equation of state using python
File Edit View Insert Runtime Tools Help
_ 4+ Code + Text
Q [l tane using Redlich-kwong equation of state
<>
{x) 2K
a8
50| R= #1/gmol
aRK » ©.42748 * (R * Tc)** 2/pc
aRK = aRK * (Tc / T) *"0.5
bRK = ©.88664 * (R * Tc / pc)
pEtUPN P * V " 3 R *T *v * 24 (3RK -p *“bRK ** 2 -R * T * bRK) * v - aRK * bRK
[12] print(specificvol(2))
13.626115914387217

Figure 5: Testing the function.

The specificvol function causes python to compute the value Step 3: Next, we have to issue the command which solve the
of the function specificvol when v=2 and we get function specificvol.
13.626115914387217 which is correct.
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¢ & Equation of state using python
File Edit View Insert Runtime Tools Help
o + Code + Text
Q {9} of n-octane using Redlich-kwong equation of state
<>
(=)
aRK = 0.42748 * (R * Tc)**™ 2/pc
aRK = aRK * (Tc / T) **0.5
bRK = 8.08664 * (R * Tc / pc)
return p * v *= ~-R*T*v* 24+ (aRK -p *“bRK ** 2 -R*T * bRK) * v - aRK * bRK
[12] print(specificvol(2))
13.626115914387217
[13] ve fsolve(specificvol,2)
= print(v)
[1.75281907)
-]
S - -
Figure 6: Issue the command to solve the function.
Hence, we get the required result 1.75281907. In specificvol compressibility factor will be close to 1.00. Compressibility
function the 2 is the initial guess ofthe answer. factor will increase with increase in pressure. The following
Example 2: Rearrange the python code to compute the below code solves for the Redlich-kwong, Redlich-Kwong-
compressibility factor for a number of pressure values. The Soave, and Peng-Robinson equations of state and thus plots
following equation defined the compressibility factor: the compressibility factor versus pressure. [4]
z=2
RT

When the gas is ideal, the pressure is low and the

£. Equation of state using python

File Edit View Insert Runtime Tools Help hange ived

&
+ Code - Text

[16] #python code to compute the compressibility factor for a number of pressure values.
from scipy. optimize import fsolve
import numpy as np

<> {mport matplotlib.pyplot as plt

(x} #n-octane Redlich kwong Equation
def {ficvolRK(v,p):
TCc=568.8 HK
= pC=24.5 #atm

T=5600 #K

R=0.08206 wl/gmol

aRK=0.42748* (R"Tc)**2/pc

aRK=aRK*"(Tc/T)"*0.°¢

bRK=@ .08664* (R*"Tc/pc)

return pEVTTI-R*T*v**24+(aRK-p*"bRK**2-R*T*"DRK)*v-aRK*bRK

Figure 7: Compute the compressibility factor.

The above python code is for Redlich-kwong equation of state.
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¢ £ Equation of state using python
File Edit View Inseft Runtime Tools Help
Cod¢ + Text
a (27) » ane Red -k g 2 at !
def Fi RES(V,p):
TCw= "y
pC=24 #atm
T=608 W
{x) Reid. 082006 nl/gmo
acentric=0.
3 MRKS =0, 4804+ ( 1 Ja-@.176%acentric)*acentric
(=] alphaRKS=(1+mRES"(1-(T/Tc) "0 .5))*~2
ARKS 0. 42748 alphaRKS* (R*Tc)**2/pc
DRKS=2.886604° (R*Tc/pc)
FETUrN PEVETI-RAT v "2+ (ARKS-p "DRKS*"*2-R*T*"DRKS ) *v-8RKS"DRKS

Figure 8: Python code for Redlich-Kwong -Soave equation of state.

The above python code is for Redlich-kwong-soave equation of state.

cO & Equation of state using python

File Edit View Insert Runtime Tools Help All changes savel

+ Code + Text

iii

g-Robinson equation

7363 + (1.54226 - ©.26992*acentric)*acentric
alphaPR = (1 + mPR *(1-(T/Tc)**8.5)) ** 2
.45724 * alphaPR * (R * Tc) ** 2 / pc
bPR = ©.8 @ * (R * Tc / pc)
return p*v**2+(bPR*p - R*T)*v**2+(aPR- p*bPR**2- R*T*bPR)*v + (p"bPR**3 + R*T*bPR**2-aPR*bPR)

Figure 9: Python code for Peng-Robinson equation of state.

The above python code is for Peng-Robinson equation of state.

2 » <. Equation of state using python
File Edn View Insert RuntiMme Tools el
C  J ‘ Te 1
a. [22] T = coo
R = O.0R20¢
pPressure - np.aranged1, 27, = J

t(pressure)

tCpr urefael)

(x) s tlpr urel 1>

ZcompRK pP-zeros(sS..dtypa=~float)

ZCOMPRKS = nNp.zeros(6.dtype=flocat)
o zcompPR = np.zeros(6,dtype=7float)

rint(zcompRK)

- | 6 11 16 21 26)

31

26

(< o o o o > 1

Figure 10: Python code for Compressibility Factor equation of state.

The above python code is for Compressibility Factor equation of state.
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¢

<

& Equation of state using python

File Edit View Insert Runtime Tools Help All changes saved

+ Code + Text

[24] for i in range (@, 6, 1):
p = pressure[i]
guess = R*T/p
v = fsolve(specificvolRK, guess, p)
z=p*v/(R*T)
zcompRK[i] = z
v = fsolve(specificvolRKS,v,p)
Ziw| | p N E (RE*T)
zcompRKS[i] = z
v = fsolve(specificvolPR,v,p)
z=p*v/(R*T)
zcompPR[i] = z

Figure 11: Python code for Compressibility Factor equation of state.

& Equation of state using python a

Flle Edn View

et Runtime  Tools Help

t, legen

. xlabe ¢

t . ylabel('2")

. title ('n-Octane’)

show()

S

Figure 12: Python code for Compressibility Factor equation of state.
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O € Equation of state using python

File Edt View insert Runtime Tools He

Figure 13: Python code for Compressibility Factor equation of state.

The first three commands bring in the needed routines —
fsolve, numpy, and pylab (for plotting thegraph). Then there
are three definitions of functions that define the equations
which is governing the specific volume, Eq. (1.5) and (1.6).
The main program sets the temperature, provides a vectorof
6 pressures, equidistant from 1 to 27; pressure = [1, 6, 11, 16,
21, 26]. The index goes from 0 to

5. The vectors of compressibility’s are also set with 6 values
for every equation of state, starting with 0. Then a loop
calculation is made for “i” from 0 to 5.[5]

For each pressure in turn, the guess for the Redlich-Kwong
equation of state is the result from the ideal gas law. The
result from the Redlich-Kwong equation of state is used for
the guess when solving the Redlich-Kwong-Soave equation
of state, and that solution is used as the gues for the Peng-
Robinson equation of state. For each “i”, after the
compressibility is found it is put in a vectorfor that equation
of state. Finally, the results are plotted, with three
curves on one plot.[6]

1. CONCLUSION

This paper summarize intends to solve equations of state
using the Google Colab platform using Python
computational language. The google Colab platform was
chosen because it is free of cost, does not require the
installation, setup, and configuration of Python packages and
their libraries inthe students’ personal computers. Google
Colab is a multiuser and collaborative environment, ideal
for remote classes. The notebooks in the google Colab can
be shared between instructor and students or between the
students, which easy the communication and track of
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student’s progress.

This paper illustrates how to solve the complicated
problems and equations of states easily bywriting small
codes using python programming language.
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