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Abstract 
This research gives a thorough study into the effect of clinker bed height and the thermodynamics process 

involved clinker cooling process. Performance of a clinker coolers plays a critical role in energy recovery from 

the discharged clinkers from rotary kiln and also pre-heating of the air used for combustion (Calcination). 

Improper cooling of clinker inside the clinker cooler is a global challenge in cement plant and this has adverse 

effect on the entire cement production process and quality of cement. These will lead to cement lumps formation 

inside cement silos, quick gypsum dehydration inside grinding/crushing chamber and false setting of cement. A 

three (3-D) model of the clinker bed was developed using SolidWorks Computer Aided Design (CAD) software 

based on the geometric parameters adopted in the scaled conceptual design. The design model was scaled down 

to a ratio 25:1, that is, the existing cooler is twenty-five (25) and modelled is one (1), having fixed values of 

length 1.3 m, width 0.3 m and variable clinker bed height 0.3 m, 0.4m and 0.6m. The simulation involves 

modelling of high temperature clinker entering the clinker cooler from a heating-up furnace (HUF) at 

temperature of 1350 
o
C. Results from Computational fluid dynamics (CFD) simulation of the modeled clinker 

revealed that the clinker outlet temperature at bed height of 0.6 m has the optimal energy recovery into the 

system, secondary air at 817 
o
C and low outlet clinker temperature with 68 

o
C.  
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I. Introduction 
Cement production is one of the most energy intensive industries in the world, in which 30% to 40% of 

the production cost is on energy. About five percent (5%) of the total global industrial energy is used in cement 

plants [1-3]. Therefore, one of the possible techniques of reducing energy loss, which has been a major 

challenge in the cement industry, is the use of clinker coolers. In addition to the reduction in energy loss, the 

clinker cooler also enables effective reduction in the temperature of hot clinker to a desirable temperature 

required for final processing of the clinker to obtain good quality cement. There are four major types of clinker 

coolers: grate, planetary, shaft, and rotary coolers [4]. The most reliable and commonly used clinker cooler in 

recent years is the grate clinker cooler. The clinker enters from the circular opening on the left side of the cooler 

as shown in the figure. It then moves with specified velocity on a plate, while ambient air is passed into the 

cooler through fans position by the side of the cooler, which blow the air vertically upwards, through the pores 

of the hot clinker. This process leads to the cooling down of the clinker and is depicted by the colour variation 

of the clinker from light-red to light-blue for hot-clinker to cold-clinker respectively. According to [5] reduction 

of energy consumption in a cement plant requires optimizing operating parameters in the coolers. [2], further 

explained that improving the efficiency of heat recovery in the clinker cooler would lead to fuel saving as well 

as improving the quality of cement production and reduction of the carbon-dioxide emission level. 

Despite the popularity gained and the advantage posed by the grate clinker cooler, compared to the 

other types of clinker coolers, the cement industry is still faced with some problems such as inadequate heat 

recuperation or improper cooling of the clinker in the cooler. These problems have resulted into a need for large 

quantities of water to cool the cement product at cement grinding plants, which consequently increases 

operational cost. This cost is enormous in terms of increase in production cost, high maintenance cost and poor 

product cost. In order to minimize the operational cost by reducing damage caused by the challenges, several 

studies were carried out by researchers. [7], investigated the effect of mass of clinker, cooling air, and gate 

speed, temperature of cooling air on energy and exergy efficiencies of the cooling system. The study covered 

efficiencies of improved system using secondary and tertiary air as a heat recovery source aspect. In another 

study by [8], variations of gases, solid temperature, and wall temperature and heat losses through the wall were 

simulated with respect to grate cooler length in order to evaluate the mass and energy balance in a clinker 

cooler. An important area which had not been adequately studied to the best of our knowledge is the 
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optimization of geometrical parameters of the clinker cooler. This is because it is not economically viable due to 

the size of real-life clinker coolers used in cement plants. The best approach to investigating geometrical 

parameters of a clinker cooler is by scaling down an existing real-life full-size clinker cooler. In view of this, an 

existing clinker cooler was scaled down, while adopting alternative design to optimize the scaled down clinker 

cooler parameters, through computation fluid dynamics (CFD) simulation. The paper will study the Effect of 

Clinker Bed Height and Cooling Air Temperature on Clinker Cooling Process in Cement Plant and energy 

optimization of the existing clinker cooler. A simplified view of a clinker cooler is presented in Figure 1a shows 

suction fans arrangement and outer wall and Figure 1b, shows internal arrangement of a clinker cooler 

undergoing maintenance in Nigeria. 

 

 
 

II. Methods 
2.1 Scaling and Modelling of Clinker Cooler and Heating-Up Furnace (HUF) 

Scaling and modelling of the clinker cooler and heating-up clinker furnace was done with relation to an 

existing and running plant. To analyse the responses of the present clinker cooler, scaling down was done based 

on similitude and dimensions analysis criteria [5, 9–11]. The scaling down was done to a ratio of 25:1, twenty-

five (25) for existing coolers and one (1) for model (test rig). The geometric parameters for the scaled down 

model is adopted for development of an experimental text rig which would be carry out in future study. In order 

to reduce to cost of experimental processes in the development of the test rig and to achieving efficient and 

realistic experimental results, numerical simulation and theoretical data are compared in the current work. The 

proposed test rig basically comprises of the heating-up furnace, clinker cooling unit (cooler) and the suction 

fans.  Fig. 2, shows an overview of the proposed scaled down clinker cooler. The cooling is achieved by first 

feeding the hot clinker into cooler by opening the heating-up furnace at a temperature of 1350 
o
C into the clinker 

cooler. Fresh air is being sucked into clinker cooler at ambient temperature of 32 
o
C. This hot clinker is being 

transported in the clinker cooler with pan conveyor from hot clinker inlet (heating up furnace) “Hot Zone” to 

clinker cooler outlet “Cold Zone”, this results to multiphase flow process. 
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Fig. 2. Modelled clinker cooler overview [2,3] 

 

2.2 Heat Transfer determination across Clinker Cooler Wall 

Clinker cooler is modelled with such fan unit to handle the inlet air before entering inside the clinker cooler, 

which features several pan conveyors with a perfectly cross-flow heat exchange [6]. The correlation to macro-

hydrodynamic criteria defines the heat transfer and the pressure decrease [8].  

Equations (1) and (2) were used to model the clinker cooler (2). The number of heat zones is indicated by the 

letter "Zh," while the number of cold zones is shown by the letter "Zc" [12].: 

 

                   (1)  

 

         (2)  

 

where: Hh is the hot zone height, Hc is the cold zone height, Dclk is the clinker density, ,Hclk is clinker bed height 

in hot zone, Lh is the clinker length in the hot zone, Lc is the clinker length in the cold zone, tres time is average 

resident time. Using equation (3), the hot zone height (Hh) of the clinker cooler will be calculated [13]. 

 

                                          (3) 

 

Using equation (6), the cold zone height (Hc) of the clinker cooler will be calculated [12]. 

                   (4)         
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where Cg is the grate distance covered, w is width, Wh is the grate frequency in hot zone, Wc is the grate 

frequency in cold zone, Mclk is the clinker mass flow rate. Equations (5) to (7) will be used to calculate the heat 

losses in each segment based on the heat transfer coefficient, thermal resistance, and heat transfer area in each 

segment [6, 13]: 

 

 
where Ai is segmented area, Qpi is heat loss from each segment, Tpi is the wall temperature of each segment, Ti is 

the temperature of each segment, tbr is the thickness of the refractories, tcbr is thermal conductivity, ts is the shell 

thickness, tcs is thermal conductivity of refractories, ts is the thickness of the shell; and hc is convection heat 

transfer coefficient. Any segment's thermal resistance depends on its area, refractories, thermal conductivity, 

thickness, and convection heat transfer coefficient (hc). The convection heat transfer coefficient is obtained 

using equation (8) [14]: 
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First law of thermodynamics states that energy cannot be destroyed but can be changed from one form to 

another during an interaction as shown in Fig.4. The change in the content of energy of a body or a system is 

equal to the difference between the energy input and the energy output [13-15, 18].  

 

 
Fig. 3. Mass flow rate in a cross-bar cooler 

 

 
Fig. 4. Grate clinker cooler Energy balance schematic  

 

Therefore, Cooler mass flow rate is constant. For steady-state and steady-flow process, the energy balance 

equation is as shown in equation (14), [15-17]. 

 

 

 
           

2.4  CFD Simulation  

 A 3D model of the clinker bed was developed using SolidWorks2014 CAD software based the 

geometric parameters adopted in the scaled conceptual design, having fixed values of length, width and a 

variable clinker bed height. The model is then imported into ANSYS 14.0 software platform for CFD 

simulation. Governing equations of flow are solved in the ANSYS-Fluent 14.0 computational fluid dynamics 
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(CFD) platform. Tables 1 and 2 present the parameters that formed the basis for evaluation of the clinker cooler 

performance using clinker cooler specific volume.  

 The clinker is considered and modelled as a porous medium using the facilities available in the 

software as regard continuity, momentum and energy equations. The 3-D model was meshed in ANSYS 

meshing environment where it was discretized into finite element mesh. The number of elements in a mesh can 

vary, depending on the level refinement or size of the cells in the mesh and hence a very fine mesh size was 

used, taking into consideration computation time and solution accuracy. Boundary conditions were set, and the 

following assumptions considered; porous medium is isotropic and homogenous, flow of fluid is steady, flow is 

turbulent outside the porous medium and laminar in the porous medium section, fluid is incompressible, 

radiation heat transfer and energy loss across the wall are negligible. The clinker bed is a rectangular moving 

bed with input parameters and dimensions presented in Table 1. [2, 3, 19]. 

 

2.5 Validation of numerical simulation 

 The procedure involved in the simulation was validated by comparing the result obtained from CFD 

and theoretical results. Theoretical results are obtained using equation (19) and (20) [2, 3, 17, 20]. 

        

 
 

where: SN is specific Volume, Tclk in is clinker temperature at cooler inlet (
o
C), Vair is specific cooling air 

quantity (m
3
/kg) in the clinker with the heat content relative to ambient temperature Cpair is specific heat 

capacity of air, Mair  is air flow rate (kg/s), Mclk  is clinker flow rate (kg/s). 

The results of the model are validated by comparing the data records of exiting plant on Table 2. 

 

Table 1. Parameters and dimension for model cooler [2, 3]. 

S. 

no. 
Model                                                                                 Value  

1 Dimension (meter) 
 Length of the Cooler                     1.3 m 
Width of the Cooler                     0.3 m 
Variable clinker bed height of the Cooler                     0.3 m, 0.4 m,   

                    and 0.6 m 
2 Material Inlet Flow rate to the Cooler                               0.15 kg/s 
3 Specific Volume                                                                   2.2041 Nm

3
/kg 

of clk 
4 Material Inlet Temperature to the Cooler                          1350 

o
C 

5 Air Inlet flow rate                                                               0.45 kg/s  
6 Ambient air temperature                                                     32 

o
C 

 

Table 2. Other parameters of existing plant [2, 3]. 

S. no. Parameter Value 
1 Clinker bed height (m) 0.45 
2 Cooler speed (stroke/min) 16 
3 Clinker mass flow (kg/s) 72 
4 Clinker inlet Temp (

o
C) 1350 

5 Clinker Outlet Temp (
o
C) 250 

6 Cooler Length (m) 30 
7 Cooler width (m) 5 
8 Secondary air Temp (

o
C) 950 

9 Specific Volume (Nm
3
/kg of clk) 1.78 

10 Energy Efficiency (%) 59.2 
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11 Recoverable Energy Efficient 49.2 
12 Exhaust air Temp (

o
C) 265 

 

III. Results and discussions 
Figure 5 shows a 3D model of air and clinker domain showing inlets and outlets, while Figure 6 shows 

the meshed models with the number of elements and nodes after the model has been discretised. Considering the 

operation of a clinker cooler with respect to the 3D model used in this study, hot clinker enters from the left 

side; cold air enters from down part moving upward, in form of cross flow.  

Figure 7 shows the temperature contour of the modeled clinker bed, the inlet section of the clinker, and the 

outlet section of clinker. The Figure shows very hot clinker (1350 
o
C) entering the cooler in a longitudinal 

direction, and cooling air (32 
o
C) entering the cooler in the transverse direction. For the temperature values, area 

weighted average of temperature was computed using the ANSYS solver. The clinker and air inlets were 

assumed to be continuous hence a dominant color contour was observed for the inlets. 

 

 
                                     Fig. 5. 3-D Model of air and clinker domain  

 

 
                                     Fig. 6. Meshed model and nodes after model       



Effect of Clinker Bed Height on Clinker Cooling Process on Clinker Grate Coolers Used in .. 

International organization of Scientific Research                                                                                    32 | Page 

 
 

                                   Fig. 7. Sample of Temperature Contour for Clinker Bed 

 

3.1. Result of clinker cooler model  

Table 3, shows the CFD results on clinker bed height and clinker outlet temperature and Table 4 

presents the CFD results on clinker cooler Energy balance and Energy efficiency. The study carried out 

comparison between the CFD results for clinker bed height; 0.3m, 0.4m and 0.5m, with computed clinker outlet 

temperatures; 128 
o
C, 122 

o
C, and 68 

o
C respectively. Figure 8, displays how temperature drops along cooler 

length of 1.3 m, clinker width of 0.6 m.   

 

Table 3. CFD results on clinker bed height and clinker outlet temperature 

 Bed Height (m) 0.3 0.4 0.6 

 

 

 

Temperature (
o
C) 

Air inlet 32 32 32 

Secondary Air outlet 732 748 817 

Tertiary Air outlet 531 569 601 

Exhaust Air outlet 135 123 92 

Clinker inlet 1350 1350 1350 

Clinker outlet (CFD) 128 122 68 

Theoretical Clinker outlet 107.3 107.3 107.3 

Mass Flow rate (kg/s) Air inlet 0.45 0.45 0.45 

Secondary Air outlet 0.09 0.09 0.09 

Tertiary air outlet 0.11 0.11 0.11 

Exhaust Air outlet 0.25 0.25 0.25 

Clinker inlet 0.15 0.15 0.15 

Clinker outlet 0.15 0.15 0.15 

Specific Volume (Nm
3
/kg)  2.204 2.2041 2.2041 
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                                     Fig. 8. Graph of temperature drop along cooler length (with bed height, 0.6 m) 

 

The increase in clinker bed height leads to corresponding decrease in clinker outlet temperature: for 0.3 

m clinker bed height, clinker outlet temperature was 128 
o
C; for 0.4 m clinker bed height, clinker outlet 

temperature was 122.62 
o
C and for 0.6 m clinker bed height, clinker outlet temperature was 68.4 

o
C. It is 

obvious that when the clinker bed height increases it means that the rate of heat transfer and heat recuperation 

into the system via secondary and tertiary air temperature will increase as in the case of 0.6 m with secondary air 

temperature of 817 
o
C and tertiary air temperature of 601 

o
C. The low clinker bed heights are largely responsible 

for the poor heat transfer into the system, with excessive energy loss to the environment via exhaust air and 

clinker outlet temperature. CFD clinker outlet temperature at bed height of 0.6 m has the optimal energy 

recovery into the system. This is because it resulted in the highest secondary air temperature of 817 
o
C and also 

the lowest outlet clinker temperature of 68 
o
C. Since high secondary high is desirable for heat recovery and 

reuse, and low outlet clinker temperature is highly recommended for effective and efficient clinker processing, it 

is logical to say that bed height plays a significant role in clinker cooler performance.  

 

Table 4. CFD results on clinker cooler energy balance and energy efficiency 

 

 

 

 

 

Energy Balance (kJ/kg clk) 

Qic 211.81 211.81 211.81 
Qca 3.18 3.175 3.175 

Qexh 28.20 27.36 17.04 

Qas  71.26 73.04 80.79 
Qat  60.54 65.45 69.63 
Qoc  14.29 13.47 5.95 
Total Energy (in)  214.99 214.99 214.99 

Total Energy (out)  174.29 179.32 173.41 
Losses  40.70 35.67 41.57 
EnergyEff (%) 81.07 83.41 80.66 
RecEnergyEff (%) 61.30 64.42 70.00 

 

When considering other bed heights studied in this work, clinker bed height of 0.3 m has the lowest 

recovered heat efficiency 61.30% clinker cooler model with temperature from secondary air (732 
o
C) and 

tertiary air (531 
o
C) and the maximum heat loss to the environmental are via exhaust (128 

o
C) and clinker outlet 

(122 
o
C). Using Table 2, the existing cement plant has a clinker outlet temperature of 250 

o
C and by comparing 

with Table 3, the CFD result, bed height of 0.6 mm has a clinker outlet temperature of 68.4 
o
C. Existing plant 

clinker cooler recoverable energy is 49.2% and energy efficiency 59.2% and the modeled clinker cooler 

recoverable energy and energy efficiency are 70.00% and 80.66% respectively. This is largely responsible for 

the high outlet clinker temperature (250 
o
C) leaving the existing clinker cooler. However, with proper clinker 

bed height optimization of the existing cooler the current results obtained from the running can improved upon 

because poor energy recovery will lead to poor cement qualities, high maintenance cost and low revenue 

generation. 
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IV. Conclusions 
The need to improve the quality of cement, while ensuring conservation of energy has led to series of 

research. Due to the cost of experimental trials, the studies by researchers have been limited. In view of these, 

this study investigated the effect of bed height on performance of clinker coolers used in cement plants. This 

was achieved by scaling down an existing cooler and adopting computational fluid dynamics tool to investigate 

the performance of the cooler. Findings from this study reveal that; 

 optimizing clinker via bed height in cement plant has a great potential of improving entire cement 

production process, quality of cement, increase in revenue and improve the rate of heat transfer between fresh 

clinker (1350 
o
C) entering inside the clinker cooler and the counter-current of air (32 

o
C) entering inside the 

clinker cooler.  

 the optimum energy transfer in this study was observed with clinker bed of 0.6m and the clinker outlet 

temperature was 68.4 
o
C.  

 the results from the study also suggest that the existing clinker cooler with clinker outlet temperature above 

200 
o
C can be optimize by increasing the clinker bed height from the initial conventional value of 0.45 m to 0.6 

m.   

 the modelled clinker cooler performance using clinker bed of 0.6 m when compared with the existing 

clinker cooler is 20.80% in terms of energy efficiency.  

 by introducing proper clinker cooler bed, optimization with clinker bed height above 0.45 m in the existing 

clinker cooler can possibly limit the current challenges being faced with the existing clinker cooler performance 

which are poor energy recovery, poor cement qualities, high maintenance cost and low revenue generation. 

 finally, the scaling down method and computational fluid dynamics approach would provide insight for 

designers and researchers to develop quick and effective design procedure for development of more efficient 

and effective clinker coolers both for field application and academic purposes.   
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