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Solution of a System of Nonlinear Algebraic Equations (NLE) 

with POLYMATH and MATLAB, Parametric Studies with 

MATLAB

A system of nonlinear algebraic equations is defined by:

where f is an n vector of functions, x is an n vector of unknowns. 

Note that the number of equations is equal to the number of the 

unknowns. 

Typical examples belonging to this category include:

�Bubble Point, dew point and isothermal flash calculations for 

non-ideal multi-component mixtures

�Adiabatic flash calculations for multi-component mixtures

�Flow distribution in pipeline networks.

� Complex chemical equilibrium calculations.

�Material and energy balance for multi-stage, multi-component 

systems

0f(x) =

Complex Chemical Equilibrium – Problem Statement

The following reactions are taking place in a constant volume, 

gas-phase batch reactor:

A system of algebraic equations describes the equilibrium of the

preceding reactions. The nonlinear equilibrium relationships 

utilize the thermodynamic equilibrium expressions, and the linear 

relationships have been obtained from the stoichiometry of the 

reactions.
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Complex Chemical Equilibrium – Problem Statement

The equilibrium coefficients KC1, KC2 and KC3can be expressed 

as function of the temperature (T) as
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where T is the temperature (K) 

Complex Chemical Equilibrium – Assignments

a. Calculate the equilibrium concentrations of all reaction 

components at T = 330 K. The initial concentrations of the 

reactants are CA0 = CB0 = 1.5 g-mol/L. 

b. Calculate and plot the equilibrium concentrations of all 

reaction components at 41 temperature values, starting from T = 

330 K up to T = 370 K. The initial concentrations of the 

reactants are CA0 = CB0 = 1.5 g-mol/L. 
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Complex Chemical Equilibrium – POLYMATH Code

Solution algorithm

Note the particular form of the 

implicit equations

Divisions by the unknowns 

are likely to cause difficulties 

in the solution process

Initial guesses must be physically 

feasible (no negative or zero values)

Complex Chemical Equilibrium – POLYMATH Solution

Division by unknowns 

causes convergence to a 

solution with negative 

concentrations

Starting from 

other initial 

guesses may 

lead to “no 

convergence”
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Complex Chemical Equilibrium – POLYMATH Solution

An alternative formulation (without division by the 

unknowns) enables convergence to the correct solution

Complex Chemical Equilibrium – A MATLAB function 

Generated by POLYMATH

Input parameters are transferred 

to the function in an array

Output parameters are should be 

placed into a column vector

Initial guess is put into a row vector
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Template for solving an NLE System*

*Available in the HELP section of POLYMATH

The MATLAB library function 

fsolve is used to solve the NLE 

system (in optimization toolbox)

Complex Chemical Equilibrium – Modifying the Template for 

Parametric Runs

Input T as a parameter into the function

Use the current solution as initial 

guess for the next T value
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Complex Chemical Equilibrium – Results of Parametric Runs

Complex Chemical Equilibrium – Results of Parametric Runs
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Complex Chemical Equilibrium – Results of Parametric Runs
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