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Abstract

Measuring the temperature distribution inside the Almatis cement rotary kiln, using ther-
mocouples for instance has proven to be difficult due to the harsh operating conditions. Numer-
ical modelling of turbulent combustion and the associated physical phenomenon thus proves to
be an indispensable tool towards predicting the kiln operating conditions.To accurately model
the furnace kiln used by the cement manufacturing company Almatis B.V. in Rotterdam we
need to develop a multi-physics model [2] taking the following phenomenon into account: tur-
bulent non-premixed combustion of hydrocarbon gases, radiative heat transfer and conjugate
heat transfer.

Using the OpenFOAM toolbox we have developed a new steady state solver for non-
premixed combustion that includes radiation modelling. The new solver is based on the al-
ready existing transient solver reactingFoam for turbulent reacting flows.The Eddy Dissipation
Concept with a detailed chemistry approach is used for the turbulence-chemistry interaction.
The radiation is treated using the P1-approximation model.

The new solver was evaluated against results obtained from the commercial CFD program
Ansys Fluent. The comparison was conducted using the geometry of a BFR (Burner Flow
Reactor) [1] as base. The BFR is generally used as a benchmark problem for validating new
combustion solvers. The new solver was evaluated in three stages of increasing complexity:
isothermal flow, turbulent reacting flow and reacting flow coupled with radiative heat transfer.
The simulation results were all found to be in good agreement with Ansys Fluent. The P1
approximation model for modelling radiative heat transfer performed well with the new steady
state solver.

From our study we conclude that OpenFOAM is a good alternative to its commercial
counterparts for turbulent combustion and radiation modelling in complex industrial furnaces.
The next challenge is to add conjugate heat transfer to the new solver to accurately measure
the operating conditions of the rotary kiln used by Almatis B.V [2].
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