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Abstract. Clinker burning is the most complex process in cement production from limestone. This is especially visible 

for the two-stage combustion of fuel in a rotary kiln without the typical reactor-decarbonizator. This work presents results 

of numerical studies on thermal-flow phenomena in the riser chamber, which will be designed to burn fuel in the system 

AS (combustion air supplied separately from the clinker cooler). The mathematical model is based on a combination of 

two methods of motion description - Euler method for the gas phase and Lagrange method for particles. The most 

important part of the calculation methodology is modeling of the calcination process, which depends on the gas 

temperature, CO2 partial pressure and material roasting time. The obtained results of calculations can be the basis for 

further optimization the design and operating conditions in the riser chamber with the implementation of the system AS. 

INTRODUCTION 

Industrial installations for clinker production have a very complex structure and they are difficult to analyses by 

theoretical methods. One of the most important elements of this installation is precalciner, where is the initial stage 

of the raw material calcination. This work presents modelling the phenomena flow in the chamber with atypical 

construction shown on fig. 1. 
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FIGURE 1. For precalciner chamber a) Calculation domain with control cross-sections b) Distribution of velocity magnitude 

c)Temperature distribution 



Outlet from kiln is the source of gas produced during the combustion of fuel and chemical transformation of raw 

material in the high temperature. The same cross-section is treated as a outlet for calcined material. Raw material is 

supplied from two inlets. In the following descriptions raw material inlets from cyclones III and VI are called upper 

and lower inlets, respectively, regarding outlets inlet from kiln and outlet to cyclones are called lower and upper 

outlets. 

METHOD OF CALCULATIONS 

In order to realize numerical calculations, the mathematical model containing equations of motion for the 

gaseous phase and particles was formulated. Gas motion was described with the Euler method, and the particle 

motion – by the Lagrange method. To analyze motion of the gas-particle polydispersive mixture, in this paper the 

PSI-Cell method was applied (Particle Source in Cell). Numerical calculations are based on the following 

assumptions: considered flow is stationary, without phase changes, and both phases are incompressible. Heat 

transfer between particles of raw material and gas was added to the numerical calculations. During the movement of 

limestone particles through the calciner chamber, five stages of the calcination process can be identified, which 

accompanies this movement. The shrink core model was adopted to study the distribution of spherical limestone 

particles in the calcination process. At a given time step there is a centrally located core of undecomposed carbonate 

surrounded by a coating of calcium oxide with the face of reaction occurring on the surface between the core and the 

coating. The presence of CO2 in ambient gases has an inhibiting effect on the calcination process, however, it is 

difficult to determine the effect of the partial pressure exerted by CO2 on this process. The paper presents the 

theoretical basis of calcination calculation method and its application in the ANSYS Fluent program. The 

application of the model in the Fluent is possible using the user defined procedures UDF, which was thoroughly 

presented at the work 

RESULTS AND ANALYSIS  

Completed numerical calculations have shown that the construction of the lift chamber and its operating 

conditions (the presence of the tertiary air, the combusted fuel flow rate) affect the heat-flow and thermochemical 

processes in the chamber. Temperature of particle, which is a function of ambient temperature and the residence 

time of the particles in the zones of sufficiently high temperature influence on the limestone calcination 

effectiveness. This paper presents possibilities of numerical calculations to recognize resident time of particle in 

precalciner chamber and particle temperature as an effect of radiative hest exchange between gas and limestone 

particles. 

CONCLUSIONS 

Obtained results presents possibilities of numerical calculations to recognize resident time of particle in 

precalciner chamber and particle temperature as an effect of radiative hest exchange between gas and limestone 

particles. Presented results are good base to further works on the formation and emission of pollutants especially 

NOx and CO2 to atmosphere. Additional aim of the future works ought to be investigation the heat and mass transfer 

during thermal decomposition of a single solid particle of raw lime material. In order to implement appropriate 

conditions it is required to incorporate appropriate procedures in the form of so-called user-defined functions (UDF) 

in Fluent. 
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