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COMBUSTION PROCESSES
The Model
A combustion process is simulated within the C-N-O
system. The hot combustion gas (inlet feed) enters the
bottom of a vertical pipe. As the gas volume element
moves upwards in the pipe it exchanges heat with air
through the pipe wall, as suggested by the model
schematic in Figure 1. Another stream (air feed) is fed
higher up into the pipe. Attention is paid to the conditions
leading to the formation of condensed phases, i.e.
precipitates formed during the combustion or the cooling.
The amount of each gas constituent in the ChemSheet
dialog is given as a formula, for example:

2nd inlet

=IF(StepIndex=1,App!C22,0).
This means that the amount of GAS/CO is taken from cell
C22 if the value of StepIndex (a ChemSheet variable) is
1, otherwise the amount is zero. The previously calculated
equilibrium is added automatically as an input to the
next calculation and thus the gas constituents need only
to be fed to the first calculation step (first segment of the
pipe). Without this kind of formula the amounts would
accumulate after each calculation.

1st inlet

Figure 1. Combustion model by ChemSheet.

Usage
Heat transfer coefficients generally depend on several
factors, but for reasons of simplicity they are given as
constants in the present example. The temperature, the
pressure and the initial composition of the inlet feed
stream are adjustable. Before the stream is entered into
the calculation, its internal equilibrium is calculated. This is
done in order to avoid a drastic temperature raise in the
first calculation due to the exothermic reaction enthalpy.
The equilibrium of a stream is calculated if the Equilibrium
option is checked in the Stream dialog of the ChemSheet
Model Wizard. Pipe dimensions are easily ajustable as
well.
Using the conditions of Figure 1, the resulting combustion
leads to an increase in temperature, as seen in Figure 2.
Further up in the pipe the temperature drops again due
to heat losses incorporated in the model. The overall heat
transfer coefficient is considered to be dependant on
three heat resistances in series: the resistance of the gas
inside the pipe, the resistance of the wall, and the
resistance of the ambient air.
As for the phase distribution (Fig. 3), precipitation ceases
when air is admitted as the second inlet, instantly
increasing the prodution of CO and CO2. The low
temperature of the upper segments makes precipitation
possible again.

2nd inlet

1st inlet

Figure 2. Temperature distribution.

2nd inlet
1st inlet

Figure 3. Phase distribution.
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Robust thermodynamics integrated in Microsoft Excel ®

Spreadsheet Add-in
ChemSheet is an add-In for Microsoft Excel® that adds the ability of performing thermodynamic calculations by
linking the spreadsheet to Gibbs energy minimization routines. ChemSheet calculates multi-phase, multi-component
equilibria. The input is defined in an Excel spreadsheet, where the output is also reported, making thermochemical
simulations accessible to any user and easy to connect with spreadsheet models.

ChemSheet uses the ChemApp thermodynamic programming library, which handles repetitive complex equilibrium
calculations for a diverse range of chemical and thermodynamic applications. ChemApp can be used to calculate
both the composition and the thermodynamic properties of a multi-phase, multi-component system at given
conditions. ChemSheet is a co-development by VTT Technical Research Center of Finland and GTT-Technologies.

Applications

Model Wizard

Each application is defined as an independent
worksheet in Microsoft Excel®, in which the entire
simulation is described. After a simulation is built, key
parameters or variables can be easily tested just as
simple as with any other Excel application.

Setting up a model is straightforward using the
ChemSheet Model Wizard:

Successful cases include:
• Combustion and Soot Formation
• Linking Combustion and Heat Transfer
• Chemistry and Kinectics of a TiCl4 Burner
• Solubility of Gases in An Aqueous Phase
• Stack Gas Models
• pH in Process Solutions
• CVD Production of Ultra-Pura Silicon
• Chemical Recovery Cycles
Benefits:
• Easy to learn, easy to use analytical tool
• Save hours of work
• Combine thermochemical calculations with
physical modelling

The user can readily choose between equilibrium
calculations or one-dimensional phase mappings,
setting streams with initial conditions or constituents with
global composition. Target calculations to determine
e.g. adiabatic reaction temperatures or solubility limits
can be defined as well.

