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Sequential Calculations with POLYMATH and Excel, 

Parametric Studies with Excel

These calculations do not require the use of a special numerical

technique. The model equations can be written one after another.

On the left hand side a variable name appears (the output variable) 

and the right hand side contains a constant or an expression that 

may include constants and previously defined variables. Such 

equations are usually called “explicit” equations.

Typical examples to such calculations involve the solution of cubic 

equations of state for the compressibility factor for specified value 

of the temperature T and pressure P. 

Molar Volume and Compressibility Factor from Redlich-

Kwong Equation

The Redlich-Kwong Equation can be written in terms of the 

compressibility factor: 

f(z) = z3 – z2 – qz- r = 0

PR = P/Pc;     TR = T/Tc
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Analytical Solution of the Cubic Redlich-Kwong Equation

The implicit equation for z can be solved analytically for three roots. 

Considering only the real roots, first the parameter C is calculated:

where

If C>0 there is one real solution for z:

z = D + E +1/3

where

After calculating z the molar volume can be calculated:

V = zRT/P
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Analytical Solution of the Cubic Redlich-Kwong Equation

The implicit equation for z can be solved analytically for three roots. 

Considering only the real roots, first the parameter C is calculated:

where

If C<0 there are three real solution for z:

where

After calculating z the molar volume can be calculated:

V = zRT/P
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Redlich-Kwong Equation Solution Assignment

(a) Use POLYMATH to calculate the volume of steam (critical 

temperature is Tc = 647.4 K and critical pressure is Pc = 218.3 

atm) at Tr = 1.0 and Pr = 1.2. Compare your result with the 

value obtained from a physical property data base (V = 0.052456 

L/g-mol). Also complete the calculation for Tr = 3.0 and Pr = 10 

(V = 0.0837 L/g-mol). Carry out both calculations only if the 

parameter C > 0.

(b) Calculate the compressibility factor and the molar volume of

steam using Excel for the reduced temperatures and reduced 

pressures listed in following Table. Prepare a table and a plot

of the compressibility factor versus Pr and Tr as well as a table 

and a plot of the molar volume versus pressure and Tr. The 

pressure and the volume should be in a logarithmic scale in the 

second plot.

Redlich-Kwong Equation Solution Assignment – Parameter 

Values
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Redlich-Kwong Equation Assignment – POLYMATH Code

Note: Row numbers are not part 

of the code

# marks optional comments

Polymath reorders equations

Redlich-Kwong Equation Assignment – POLYMATH Solution

Compare your result with the value obtained from a physical 

property data base (V = 0.052456 L/g-mol).
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Redlich-Kwong Equation Assignment – Export to Excel

Excel formulas

Documentation

Redlich-Kwong Equation Assignment – Export to Excel

Documentation
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Redlich-Kwong Equation Assignment – Parametric Study 

Using Excel Table

Redlich-Kwong Equation Assignment – z versus TR and PR
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Redlich-Kwong Equation Assignment – z versus TR and PR

Compressibility Factor for Steam
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Redlich-Kwong Equation Assignment – V versus TR and P


