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Abstract  
A burning process is very critical in the clinker production of cement industry.  The process consists of 

precalcination in precalciner and combustion in the combustion chamber.  During precalcination, the amount of 97% 

calcium carbonate (CaCO3) chemically decomposes into calcium oxide (CaO) and carbon dioxide (CO2), resulting in lower 

energy consumption at the precalciner.  Therefore, this research focuses on numerical simulation of gas-solid flow in a 

cement precalciner using adaptive mesh refinement.  The geometrical models of both gas and solid phases were carried out 

for subsequent mathematical analysis.  The Eulerian scheme with a turbulent model and Lagrangian scheme with discrete 

phase model (DPM) were then applied for gas and solid phases, respectively, through the computational fluid dynamics 

(CFD), using the adaptive mesh refinement (AMR).  Various parameters, such as temperature, streamline, velocity vector 

and trajectory of pulverised coal/raw meal were numerically obtained.  In the gas phase, the temperature profiles were 

found, the streamlines of tertiary air, raw meal air, and kiln gas were shown, as well as the velocity vectors of various layers 

were illustrated.  In the solid phase, the trajectories of pulverised coal, raw meal, and a mixture of pulverised coal/raw meal 

were presented.  In the gas-solid phase, both the streamline and trajectory of a mixture of air, pulverised coal, and raw meal 

were given.  With a measurement access limitation in the cement plant, the model validation can be mainly carried out 

through temperature measurement in the gas phase which shows a good correlation within 6% discrepancy.  Consequently, 

the developed AMR model, in this research, can be further used to improve precalcination efficiency and precalciner design.  

 

Keywords: AMR, cement, CFD, DPM, numerical simulation, precalciner  

____________________________________________________________________________________________________

 

1.  Introduction 

The cement production is one of the 

significant elements in the building construction 

industry.  The proportion of the major global 

cement production in China, India, USA, Japan are 

51.9%, 6.2%, 1.9%, 1.2%, respectively (The 

European Cement Association (CEMBUREAU), 

2017).  In Thailand, the cement industry consumes 

up to 60.69% of the non-metallic sector's overall 

energy consumption (Assawamartbunlue, 

Surawattanawan, & Luknongbu, 2019).  

Conventionally, the cement production process can 

be divided into three stages.  First, the raw material 

preparation includes the processing of the quarry, 

which is initiated, and then transferred by dump 

trucks into the first and second raw material 

crushers, and stored in silos and raw material 

storages, respectively.  After that, the raw 

materials are taken to the grinding mill and are sent 

to the homogenizing silo.  This process is known 

as the raw meal preparation for a burning process.  

Next, in the burning process, the raw meal is fed 

into a preheater.  The preheater consists of two 

sets, and each set includes six cyclones to 

eliminate humidity in the raw meal.  The 

temperature of the preheater is between 200°C and 

800°C.  Then, the raw meal is sent to the 

precalciner, which functions as a secondary 

combustion.  The fuel used are the pulverised coal 

and alternative fuel, which can be tire derived fuel 

(TDF), refuse derived fuel (RDF), and biomass 

fuel.  The approximate temperature of raw meal is 

800°C-1000°C.  Then they are sent to the main 

burner, functioning as a primary combustion, 

which uses pulverised coal.  The raw meal 

combustion is heated until 1,450°C, when they 

become clinker and then is cooled to 100°C.  They 

are round shaped with 2.5 cm in diameter.  Finally, 

they are kept in clinker storage.  Lastly, in the 

finishing process, the clinker is fed to a finishing 

grinding mill and is combined with gypsum, and is 

then stored in the cement storage.  Finally, they are 
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packed in cement bags for shipping.  The whole 

cement production process is shown in Figure 1.  

The burning process is the most crucial in the 

cement production process, because there is an 

approximate fuel usage of 2.9-6.7 GJ per tonne of 

clinker or 20-25% of cement production, and 1.7 

tonne clinker production per ton of raw materials.  

Moreover, there are 110-120 kWh of electricity 

usage per ton of cement (Oss & Padovani, 2003; 

Saidur, Hossain, Islam, Fayaz, & Mohammed, 

2011; Rahman, Rasul, Khan, & Sharma, 2013). 

The combustion systems are divided into 

two parts including a main burner or primary 

combustion that works in a stable condition, and 

precalciner or secondary combustion that is installed 

between the preheater and prior to the entrance of the 

main burner of the cement production process 

(Klotz, 1997), where 60% of pulverised coal is used 

in precalciner and around 40% is used in the main 

burner.  

There are some advantages of precalciner in 

a cement industry.  At present, the precalciners are 

smaller in overall dimensions which enable the 

burner to be more stable.  This can lead to longer 

refractory life and reduction of NOx, SO3, Na, K, and 

Cl at the burning zone.  In addition, various types 

and sizes of alternative fuel can be used.  However, 

there are some limitations of precalciner which needs 

additional tertiary air duct equipment to carry out hot 

air from the clinker cooler into the precalciner.  A 

chemical element, the reduction of NOx and 

condensation of volatile alkalis remain a challenging 

problem because of the quality and quantity of raw 

materials and fuel.  Furthermore, the control of 

combustion system and using alternative fuel can 

lead to temperature fluctuation because of the 

increase in the number of combustion systems 
(Holderbank Cement Seminar, 2000; Wikipedia, 

(n.d.); Heng, 1980). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 1  Schematic of cement production 

 

As mentioned earlier, the precalciner plays 

an important role in cement production.  Therefore, 

the understanding of cement production and 

precalciner is needed.  The major topics of literature 

review are listed as follow: 

First, for modeling of precalciner, Siwei et 

al. (2005) introduced a model of gas flow in the 

preheater and precalciner.  The variables of the study 

are pressure drop and velocity.  The study revealed 

that the preheater has a spiral flow, but the 

precalciner has a swirl flow.  The velocity of the 

flow will affect the heat transfer between the gas-

solid flows.  However, if the velocity of the flow is 

decreased, the solid particles will adhere to the 

combustion chamber.  Li, Ma, and Hu (2008) studied 

fluid dynamics of the precalciner by using model re-
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normalization group, RNG.  The study showed that 

the fluid dynamics consist of spiralled, sprayed zone, 

high zone and back-flow zone, which benefit the 

dispersion of raw meal and fuel.  Ghizdavet, 

Volceanov, and Augustin (2008) investigated the gas 

velocity of the precalciner.  The study revealed that 

the different velocity levels of gas affect the motion 

pattern of the same, which has a swirl flow inside the 

precalciner.  

Second, for gas-solid flows, the previous 

study investigated the flow pattern inside the 

precalciner.  The combustion chamber consists of 

raw meal and fuel which move with the flow of gas. 

There are many studies focusing on the gas-solid 

flows, combustion and the chemical reaction.  Mei, 

Xie, He, and Jin (2012) and Mei, Xie, He, and Jin 

(2013) studied the position for coal fuel injection and 

raw meal to feed into the precalciner.  The study 

revealed that the effective position for the coal fuel 

injection and raw meal occurs when the injection can 

cause combustion and decomposition of the raw 

meal.  Mei et al. (2017) investigated the coupling 

coal combustion and calcium carbonate (CaCO3) in 

the precalciner.  They found that the mixed gas rose 

spirally and the volatile was initially released and 

burned.  In addition, the study indicates the predicted 

burn-off rate of coal and decomposing rate of the 

CaCO3.  Huang, Lu, Xia, Li, and Ren (2006) 

developed a model of precalciner by CFD code 

Fortran 90 to predict the coal fuel and raw meal and 

to study the chemical reaction.  The variables used in 

this study were velocity, temperature, concentration 

of O2 and CO2.  The study also revealed that the 

swirling flow would affect the fuel and raw meal to 

flow in the combustion chamber for residence time.  

Kolyfetis and Vayenas (1988) had analysed and 

divided the fuel and raw meal into three parts: the 

heat transfer, pyrolysis and combustion.  However, 

the study did not reveal any information about the 

gas-solid flows.  Xie and Mei (2008) studied the 

model of the flow of gas and raw meal and found 

that the dispersion of raw meal was non-uniform and 

had back-flow in the wall.  The study of Chen, Xie, 

Mei, and Shen (2016) was focusing on the motion 

patterns of the gas-solid flows, which are trajectory, 

coal, CaCO3 and temperature and decomposition of 

CaCO3.  These caused a swirl in the combustion 

chamber.  Even though Jiamei, Guoquan, and 

Baoguo (2006) studied gas-solid flows inside the 

precalciner, the velocity, temperature and trajectory 

of raw meal and coal, the study did not reveal much 

information about it.  Moreover, Xing and Zhao 

(2011) had studied the model of gas-solid flows 

inside the precalciner and had predicted that there 

would be spray and swirl flows inside it.  However, 

this study only focused on the motion of the gas-

solid flows.  Borawski (2009) researched the gas-

solid flows and the effects of raw meal and motion 

pattern inside the combustion chamber.  The research 

compared simulation and experiment.  Furthermore, 

Hu, Lu, Huang, and Wang (2006); Luo (2011) had 

adjusted the various sizes of raw meal and coal to 

study the effects of fluid inside the precalciner.  Xie 

and Mei (2007) studied the effects of adjusting the 

entry angle of raw meal into the precalciner and the 

dispersion of raw meal. 

Third, for combustion and chemical 

reaction, Dou, Chen, and Huang (2009) studied the 

effects of combustion reaction and decomposition of 

the raw meal inside the precalciner.  Giddings, 

Eastwick, Pickering, and Simmons (2000) also 

studied the combustion reaction of the coal fuel and 

raw meal and the motion pattern between the gas-

solid flows inside the precalciner.  Fidaros, 

Baxevanou, Dritselis, and Vlachos (2007) researched 

the gas-solid flows and calcination processes, which 

were affected by coal and pet coke fuel.  The study 

revealed that the combustion of pet coke would 

increase the percentage of calcination processes 

more than the combustion of coal.  In addition, Li, 

Ba, Egbert, and Cheng (2019) presented a numerical 

model to predict temperature, velocity, streamline of 

gas and trajectories of coal and raw meal as well as 

combustion process inside the industrial precalciner.  

This study shows that the gas spirals upward and the 

resulting vortices effectively disperse the particles 

and increase the residence time of raw meal and coal. 

Fourth, for CFD simulation, numerical 

investigation, and environmental impacts, Huanpeng 

et al. (2004); Jianxiang, Tingzhi, and Jing (2012) 

analysed the model of precalciner by using the 

kinetic theory of granular flow (2-D) and unsteady 

state, which caused the particle-particle collisions.  

The variables in these studies are the velocity of gas-

solid and the particle concentration.  Chinyama, 

Lockwood, Yousif, and Kandamby (2008) 

emphasised on studying the CaCO3 decomposition or 

calcination to find out the calcination level, and 

compare the result of simulation and the actual 

measurement.  Mikulčić et al. (2012) studied the 

effects of raw meal injected by axial and swirl burner 

and the dispersion of raw meal and temperature 

inside the precalciner.  Next, Huang, Lu, Hu, and 

Wang (2006) and Chen, Ye, and Gao (2011) studied 
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the effects of the precalciner by using CFD to 

analyse gases, such as NOx, CO, O2 and the 

behaviour of these gases.  This study leads to the 

equipment improvement to reduce the amount of 

pollution.  Mikulčić et al. (2012) focused on a 

thermal-chemical process in a precalciner and other 

various parameters such as temperature field, 

interaction gas-solid, and concentrations of reactants.  

The study revealed that, when the temperature in a 

precalciner is increased, the calcination rate is faster.  

Mikulčić et al. (2012) used CFD to analyze the 

thermo-chemical reactions in order to find a way to 

reduce CO2.  Among parameters studied include 

velocity, temperature, limestone, lime, CO2, and CO 

mass fraction.  The study showed that the mentioned 

parameters of the calcination process significantly 

affect CO2 emission. 

Finally, for investigation of alternative 

fuels, Mei, Xie, Chen, and He (2016) studied the use 

of alternative fuel such as coal and RDF in the 

precalciner.  This study showed that the use of RDF 

severely weakens the initial combustion of coal, and 

further contributed to the fundamental understanding 

of coal-RDF's behavior.  Mikulčić, Berg, Vujanović, 

and Duić (2014) proposed the use of biomass in a 

portion of 10%, 20%, and 30% on fossil fuels.   They 

employed CFD analysis on a precalciner and various 

parameters, such as gas streamlines, temperature, 

CO2 mole fraction, CaCO3 and CaO mass fraction in 

particles were shown.  Mtui (2013) investigated 

shredded tires and pine wood for use as alternative 

fuels.  This study shows that up to 20% mixing of 

biomass and shredded tires can greatly increase the 

heat transfer rate.  

 

2.  Objectives 

This research aims to perform numerical 

simulation of gas-solid flow in a cement precalciner 

with a complicated shape and pulverised coal using 

Eulerian and Lagrangian schemes through adaptive 

mesh refinement to obtain temperature, streamline, 

velocity vector, as well as coal/raw meal trajectories.  

 

3.  Materials and methods 

3.1  Geometrical model 

This study emphasises on studying the 

mathematical model to predict the behaviour of the 

process occurred inside the precalciner, as shown in 

Figure 2 (a) and Figure 2 (b).  Figure 2 (c) shows a 

typical schematic of the burning process in the 

cement plant.  It is noteworthy that the precalciner is 

located between cyclone (C2) and kiln inlet.  In the 

gas phase, the primary air, consisting of the axial air 

and the swirl air, flows into the burner and swivel 

volute, the secondary air or kiln gas from the kiln, 

and the tertiary air from the clinker cooler are shown 

as Figure 3 (a). In the solid phase, the raw meal is 

passed into cyclones (C5 and C6), and then is fed 

through lower cyclones (C2-C4) for the preheating 

process before entering the precalciner.  Also, the 

raw meal residue from precalciner is transported into 

the cyclone (C1) and kiln inlet.  In addition, the 

pulverised coal enters into the burner and then the 

combustion chamber, as shown as Figure 3 (b).

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2  Precalciner for cement production industry: (a) precalciner 3-D; (b) precalciner (Z-Y); and (c) schematic of 
the burning process 
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Figure 3  Schematic of gas-solid interaction in the precalciner: (a) Gas phase; and (b) Solid phase 

 

 
3.2  Mathematic model 

In this research, a precalciner model was 
developed mathematically using computational fluid 
dynamics (CFD).  In gas phase, the Eulerian scheme 
for the gas phase, steady state and three dimensions 
fully developed the flow and incompressible flow 

with the Reynolds-averaged Navier-Stokes (RANS) 
equations, such as mass, momentum, and energy 
equations, with the realisable k   turbulent 
model.  The mass, momentum, and energy equation 
are presented in Eq. (1)-(3). 

 

Mass equation  

  

 (1) 

  

 

Momentum equation 

                (2) 

     

 (2) 

 

Energy equation 

 

  (3) 

 

             (3) 

Where  zyxixi ,,  denotes the Cartesian 

coordinates, and  zyxi uuuu ,,  denotes the Cartesian 

components of the velocity vector,   is the density, 

p  is the pressure,   is the fluid viscosity.  T  is the 

air temperature, effk  is the effective conductivity, E  
is the total energy.  Eq. (4) uses the Boussinesq 

hypothesis to determine the turbulence viscosity.  

Turbulent Eddy viscosity is shown in Eq. (5). 

 

     

 (4)  

 

 (5) 
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3.2.1  Turbulence model 

In this work, the turbulence model is 

simulated using the realisable two equation models.  

The turbulence kinetic energy  k  and turbulence 

dissipation rate    models are shown in Eq. (6) and 

(7) (Shih, Liou, Shabbir, Yang, & Zhu 1995). 

 

 

 (6) 

 

 

 

 

 (7) 

 

 

 

   

The model constants have the following default values, shown as Eq. (8) and Eq. (9). 

 

 (8) 

 

 

 (9) 

 

In these equations, kG  is the generation of 

turbulent kinetic energy because of the mean 

velocity gradients, bG  is the generation of 

turbulence kinetic energy as a result of buoyancy, 

MY  is the contribution of the fluctuating dilatation in 

compressible turbulence to the overall dissipation 

rate, 2c  and 1c  are constants, k  and   are the 

turbulent Prandtl numbers for k  and  , kS  and S  

are user-defined source terms,   is kinematic 

viscosity.

 

 

 Where                      defined by Eq. (10)–Eq. (12) 

  

  

 (10) 

  

 

 (11) 

 

  

 

 (12) 

 

In solid phase, the Lagrangian scheme for 

solid phase and DPM were carried out with an 

assumption of neglected interaction among the 

spherical particles.  This force balance equates the 

particle inertia with the force acting on the particle, 

and can be written as Eq. (13).  The drag force is 

defined by Eq. (14).  Additionally, the stochastic 

tracking method with discrete random walk (DRW) 

model was used for the solid dispersion, consisting 

of pulverised coal and raw meal. 

 

                     (6) 

 (13) 

 

 (14) 
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Where F  is an additional acceleration (force/unit 

particle mass) term,  pDF u u  is the drag force per 

unit particle mass, u  is the fluid phase velocity, pu  

is the particle velocity,   is the molecular viscosity 

of the fluid,   is the fluid density, p  is the 

density of the particle, pd  is the particle diameter 

and eR  is the relative Reynolds number, which is 

defined as Eq. (15).  The drag coefficient DC  for 

smooth particles can be taken from Eq. (16), where 

21,aa  and 3a  are constants. (Morsi & Alexander, 

1972). 

 

 

 

               (15) 

 

 

 

 (16)  

 

 

In the gas-solid phase, the volume fraction 

is a key parameter in determining the type of 

coupling resulting in different equations 

(Michaelides, Crowe, & Schwarzkopf, 2017). For 

example, the two-way coupling involves momentum 

and heat exchange equations defined by Eq. (17) and 

(18). 

 

Momentum exchange, 

 

              (9) 

 (17) 

 

 

Where  is viscosity of the fluid, p  is the 

density of the particle, pd  is the diameter of the 

particle, eR  is relative Reynolds number, pu  is 

velocity of the particle, u  is velocity of the fluid, 

DC  is the drag coefficient, pm


 is the mass flow rate 

of the particles, t  is time step and vmF  is virtual 

mass force. 

 

Heat exchange, 

         

 (18) 

 

 

 

Where 0,pm


 is the initial mass flow rate of 

the particle injection, 0,pm  is the initial mass of the 

particle, 
inpm is the mass of the particle on cell 

entry, 
outpm  is the mass of the particle on cell exit, 

ppc is the heat capacity of the particle, 
inpT  is the 

temperature of the particle on cell entry, 
outpT  is the 

temperature of the particle on cell exit, refT  is the 

reference temperature for enthalpy, pyrolH  is the 

heat of pyrolysis as volatiles are evolved and reflatH  

is the latent heat at reference conditions. 

3.3  Boundary conditions, numerical method, and 

meshing  

The boundary conditions for the gas and 

solid phases, from a cement plant partnering with 

this research, used in this work are shown in Tables 

1-3, respectively.  In the gas phase, uniform velocity 

profiles of the tertiary air, raw meal air, and kiln gas 

are assumed at the inlet position.  For the outlet 

position, pressure is under ambient atmosphere.  

Additionally, adiabatic process is given at the 

precalciner wall.  The measured temperatures at the 

flame burner using infrared thermometer as well as 

at an entrance of the inlet kiln using thermocouple 

sensor are found.  In the solid phase, particle shape is 

a smooth sphere.  The wall boundary condition is a 

reflected type and the inlet and outlet boundaries are 

assumed to be escaped types.  
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The finite volume method (FVM) through 

differencing scheme of the semi-implicit method for 

pressure-linked equations (SIMPLE) algorithm was 

also represented.  In this research, AMR was used to 

improve the quality, especially in the area where the 

mesh was not sufficient.  

 

 
Table 1  Boundary conditions for gas phase 

Type Velocity (m/s) Temperature (°C) 

Tertiary air inlet (L-R) 35.87 905 
Raw meal air inlet (L-R) 21.9 810 
Kiln gas inlet 17 880 
Axial air inlet 19.9 60 
Swirl air inlet 60 1300 

 

 

Table 2  Boundary conditions for solid phase    

Type Velocity (m/s) Temperature (°C) 

Pulverised coal 19.9 60 
Raw meal 21.9 810 

 

 

Table 3  Material properties 

Type Density (kg/m3) Specific heat (J/kg.K) Mass flow rate (kg/s) Dimension ( m ) 

Pulverised coal 1400 1680 8.33 90 
Raw meal 2800 856 14.05 90 

 

 

4.  Results and discussion 
4.1  Mesh verification model  

In the mesh verification model, regular 

meshing was created by the tetrahedron type for 

874,636 cells.  It was found that the conventional 

method consumed for a long period of time.  

Therefore, the AMR method was introduced to 

obtain the solution in the area where the mesh was 

insufficient.  Then, both solutions were compared 

on the temperature profile of the gas phase at a 

burner and an outlet of precalciner as shown in 

Figure 4 and Figure 5, respectively.  It can be seen 

that the AMR solution is converged after adaptive 

mesh refinement No.6; therefore, the amount of 

1,209,344 meshing cells was selected as shown in 

Figure 4. All AMR contours through temperature 

profile were shown in Figure 6. 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 

 
 
 

 
Figure 4  Number of adaptions 
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 (a)  (b) 
 
Figure 5  Solution of temperature gradient: (a) a burner (line A-A’) and (b) an outlet (line B-B’) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Figure 6  AMR contour through temperature profile of gas phase at a burner and an outlet of a precalciner 
 

 

4.2  Gas phase 

The profiles of temperature, streamline, and 

velocity vector in the precalciner were presented 

based on the given boundary conditions.  

4.2.1  Temperature 

Figure 7 shows the temperature gradient in 

the precalciner.  The heat source at the swirl air inlet 

leads to the high temperature distribution of 1100°C-

1300°C at the vicinity near the inlet, and then lower 

temperature in the range of 800°C-900°C at the 

bottom of the precalciner.  The results correlate well 

with previous studies (Mikulčić, Berg, Vujanović, & 

Duić, 2014). 
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           (a)                        (b) 

Figure 7  Temperature profiles of the gas phase in a precalciner: (a) contour plot; and (b) slice plot 

 

 

4.2.2  Streamline 

The gas flow patterns of the tertiary air, raw 

meal air, and kiln gas were observed to determine the 

streamline characteristic.  Figure 8 (a) shows the gas 

streamline from the tertiary air inlet. It is observed 

that the three flow patterns have existed: mixing and 

strong swirling, smooth swirling and smooth flow.  

In the mixing and strong swirling region, the raw 

meal air and the tertiary air is mixed inside the 

precalciner, under the eccentric tertiary inlet and raw 

meal inlets, resulting in an increasing swirl. In the 

smooth swirling, less turbulence is occurred during 

the gas moving down to the bottom of the 

precalciner.  In the smooth flow, uniform gas 

streamline is found along the path through the outlet.  

Similar streamline pattern of the raw meal air, as 

seen in the tertiary air with three various stages of 

mixing and strong swirling, the smooth swirling and 

smooth flows are shown in Figure 8 (b).  The kiln 

gas streamline from the rotary kiln moves uniformly 

upwards to the outlet, as shown in Figure 9 (a).  In 

addition, the streamlines from tertiary air, raw meal 

air, and kiln gas are simultaneously depicted in 

Figure 9 (b).  Additional flow pattern can be found at 

the transition point from swirling to uniform flow.  

Therefore, the important streamline characteristics 

were mixing and strong swirling which greatly affect 

the calcination and heat transfer during the gas-solid 

phase.  The result shows good agreement with other 

research work (Mikulčić, Berg, Vujanović, & Duić, 

2014). 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

Figure 8  Streamline of the gas phase: (a) tertiary air; and (b) raw meal air 
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Figure 9  Streamline of the gas phase: (a) kiln gas; and (b) Mixing of all gas 

 

 

4.2.3  Velocity 

The velocity profile, velocity contour and 

velocity vector of all streamlines from tertiary air, 

raw meal air, and kiln gas are shown in Figure 10.  It 

presents a similar tendency of swirling and 

uniformity in each region as occurred in the 

streamline pattern. 

 

 

 

 

Fig. 11. 

 

 

 

 

 

 

 

 

 

 
 

Figure 10  Vector velocity of the gas phase in the precalciner 

 

 

4.3  Solid phase 

4.3.1  Trajectories 

Figure 11 (a) shows a trajectory of the 

pulverised coal injected from a burner into the 

combustion chamber and the outlet.  The smooth 

flow pattern was found without swirling.  The raw 

meal was injected from ducts of the cyclone to the 

chamber, as shown in Figure 11 (b).  The mixing and 

strong swirling pattern leading to the extended 

residence time, and improved decomposition and 

calcination processes were exhibited.  Figure 12 (a) 

also displays a combination of the pulverised coal 

and raw meal trajectories. 
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Figure 11  Trajectories of solid phase in the precalciner: (a) pulverised coal; and (b) raw meal 

 

 

4.3.2  Temperature 

Figure 12 (b) shows temperature profile of 

the pulverised coal, raw meal, and a mixing of 

pulverised coal and raw meal.  The temperature 

intervals of the pulverised coal and raw meal were 

found to be 1000°C-1300°C and 800°C-1000°C, 

respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 12  Mixing of trajectories and temperature of pulverised coal and raw meal: (a) Mixing of trajectories; and 
(b) temperature of pulverised coal and raw meal 
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4.4  Mixture of gas-solid phase 

Finally, a mixture of the gas-solid 

streamline and trajectories, including tertiary air, raw 

meal air, kiln gas, pulverised coal, and raw meal is 

shown in Figure 13.  The model developed in this 

work was mainly validated with temperature 

experimental data due to limited access of plant 

measurement.  The result shows a good correlation 

within 6% discrepancy as shown in Table 4. 

  

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
Figure 13  Mixing of streamline and trajectories of the gas-solid phase 

 

 

Table 4  Verification of temperature 

Parameters Simulated temperature (°C) Measured temperature (°C) Percent Difference % 

Flame burner 1283 1300 1.30 
Kiln Inlet  880 835 5.38 

 

 

5.  Conclusion 

In this research, a numerical simulation of 

gas-solid flow in a cement precalciner with a 

complicated shape and pulverised coal using 

adaptive mesh refinement, AMR, was performed.  

The geometrical models and mathematical analysis 

for gas and solid phases were adopted.  The CFD 

simulation using AMR was applied with the Eulerian 

scheme, with turbulent model and Lagrangian 

scheme, with DPM.  Various parameters, such as 

temperature, streamline, velocity vector and 

trajectory of pulverised coal/raw meal were 

numerically obtained for gas and solid phases and 

were then verified with temperature experimental 

data for model accuracy.  Finally, the model 

validation through temperature measurement in the 

gas phase shows a good agreement within 6% 

discrepancy.  Consequently, the model developed in 

this work can be used as another important tool to 

analyze the precalciner performance, and to improve 

the precalcination process for better efficiency and 

more productivity. 
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