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Abstract

The manufacturing of Ordinary Portland Cement (OPC) is renowned for its high energy consumption, with energy
costs accounting for over thirty percent of production expenses. Cement industries collectively utilize at least five
percent of the total global industrial energy. Addressing energy inefficiencies in this sector requires optimizing the
pyro system and enhancing energy recovery in the clinker cooler. Various types of clinker coolers, including grate,
planetary, shaft, and rotary clinker coolers, offer potential avenues for improving energy efficiency and reducing
environmental impact. By implementing strategies to enhance energy recovery and optimize cooling processes,
cement industries can mitigate energy losses and achieve greater sustainability.
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INTRODUCTION

The manufacturing of Ordinary Portland Cement (OPC) is one of the most energy intense industries in the world,
in which over thirty percent of the production cost is on energy (Worrell et al., 2001). At least five percent of the
total global industrial energy is used in cement industries (Cengel and Boles, 2008). Reducing energy loss in this
industry is to optimize the pyro system and energy recovery in the clinker cooler (Ghada et al., 2019; Oyepata et
al., 2020). There are four major types of clinker coolers: grate clinker cooler, planetary clinker cooler, shaft clinker
cooler, and rotary clinker coolers (Worrell and Galisky, 2008).

Clinker coolers operate on the principle of heat exchanger and fluidization: process of heat exchange between the
forward flow red hot clinker leaving the kiln at a temperature of about 1350°C meeting with a upward flow of
fresh air at a temperature between 32 and 45°C which leads to cross-flow and the material flow process inside the
clinker cooler, this process is known as fluidization (Oyepata et al., 2021; Ahmet and Ahmet 2010). Fluidization
is a process by which solid materials are converted into a fluid and causing the materials to be suspended a gas or
liquid (Kunii and Levenspiel, 1991; Ravi, 2016).

Fluidization occurs when the fluid moved upward via the bed of solid particles (clinker). If the fluid flow rate is

sufficient enough the solid particles become too fluidized. Fluid with higher flow rates will allows faster
movement of the solid particles and all particles (clinker) will be suspended by the fluid, this is known as fluidized
bed (Kunii and Levenspiel, 1991; Ravi, 2016). An additional increase in the fluid flow rate can lead to circulation
of the fluid in the solid particles inside the vessel and this can also lead to displacement of lighter particles.
Fluidization phenomena occurs because a drag forces by the moving gas which is equal to the solid particle weight
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Wp it is known as geostatic pressure) as described in equation (1) (Kunii and Levenspiel, 1991; Ravi, 2016). This
process of material fluidization is applicable in clinker grate coolers.

00 g oo (1)
OPb At OWp O At Hmf (10 0mf)000s H0g) ge OO OO
0
Where: APD is pressure losses across bed, At is cross-sectional area of the column Hmf is height of the bed when
fluidization starts, emf is void fraction of the bed when fluidization starts, ps, pg is density of particles and a
gas, respectively, g is gravitational acceleration gc is conversion factor which is equal to one for metric units and
Wp is weight of the bed fluidization can be determined by the flow rate or by the fluid velocity. But it is difficult
to determine velocity of the fluid in the gaps between particles. Therefore, fluid velocity is expressed as a velocity
in the free area of the vessel (over or below) the bed of particles. This is known as superficial velocity and
expressed in equation (2), (Kunii and Levenspiel, 1991; Ravi, 2016).
A%
00 (2)
At
Where: Vfis volumetric flow and At is cross-sectional area of the vessel. Figure 1, shows a clinker pan conveyor
carrying red hot clinker out of the clinker cooler.

Red hot clinker leaving the
clinker cooler to clinker
storage

Figure 1. Pan conveyor carrying red-clinker.

Source: (Oyepata et al., 2020; Oyepata et al., 2021)

MATERIALS AND METHODS

Setting-up the clinker cooler “test rig” scaling and modeling process

The test rig was set-up by using SolidWorks (Computer Aid Design and Computational Fluid Dynamics) with
respect to an existing running plant. The clinker cooler was scaled down to a ratio 25:1. The existing running
plant clinker cooler is twenty-five and (Test rig) is one. Scaling down was done based on dimensional analysis
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and similitude analysis. The results obtained from process were used to study the responses of the existing running
clinker cooler (Heinemann and Parker, 1970; Andreas et al., 2010; FLSmidth, 2015; Mundhara and Sharma,
2005).

Basic features and assumptions of a clinker cooler

Clinker leaving the rotary kiln at a temperature of 1350 °C is cooled by the air at a temperature between 32 °C
to 45°C as shown in Figure 2, shows the pictorial views of clinker cooling process by a cross-flow of air and hot
clinker leaving the rotary kiln and entering clinker cooler. After the cross-flow of the air and the bed of clinker.
The heated air is partly used as secondary air for rotary kiln combustion process and tertiary air for pre-calciner
combustion process and waste gas goes the de-dusting system. For the development of the model, the following
hypothesis was taken based on different studies (Joel, 2010; FLSmidth, 2015; Mundhara and Sharma, 2005;
Bernstein, 1995; Elkaker et al., 1992; Wedel et al., 1984).

1) The model was equipped with a rectangular covering provided
which hot clinker inlet and cooled clinker two exits; 2) The clinker bed varies at 0.3 m, 0.4 m and 0.6 m;

3) The clinker is assumed to homogeneous and spherical particles with average diameter of 15 mm and with
bulk density of 1400 kg/m®,

4) The porosity of the bed is assumed equal to 0.4;

5) The air distribution on the bed is assumed to be uniform; 6) The air flow at the entry to the bed is classified

as superficial velocity ¥, and with an average pressure P,; and
7) The volume of fine particles transported by air flows and crossing the grates is negligible;

Hot clinker leaving
the rotary kiln

Cooled Clinker

Cooling fans Bed

Figure 2. Pictorial view of Clinker Inlet and Clinker cooling.Source: FLSmidth (2015).
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Figure 3. Material and air flow rate on the clinker cooler “test rig”.
Source: Oyepata et al. (2020, 2021).

Standard pressure P1=1.025 bar, pair =1.206 kg/m?, standard temperature T1= 20 °C, environmental temperature
To=32°C, P2 =1.033 bar, where N is normal, T, is environmental temperature, reference temperature ( Tp) of
25 °C at 300 m above sea level, FLSmidth, (2015). Table 1 shows some of the important dimensions of the clinker
cooler test rig used for the design and modeling.

Table 2 shows some of the important dimensions of the existing and running clinker cooler that was used as the
prototype.

Mass flow rate and energy balances analysis on the clinker
cooler test rig
Material and air flow rate and energy analysis of air and clinker on the clinker cooler test rig remain constant as
shown in Figures (3) and (4), it is expressed in equation (3) (Sogiit et al., 2009a; Sogiit et al., 2009b):

M cikin+ Mairin= M cikout + Mairout =0 (3)

The mass flow rate in cooler is constant. For steady state and steady flow processes, the mass balance equation
as expressed in equation (4) (Sogiit et al., 2009b; Rasul, 2005).

O OM cikin TIM ivin OO0 0OM ctkous M. girous 1 (4)

Where M is the mass (material and air) flow rate; clk represents clinker; in represents inlet and out represents
outlet.

Using 1st thermodynamics law which states that energy cannot be destroyed but can be converted during an
interaction, (Touil et al., 2005) as shown in Figure 4. Transformation of the energy body or a system is the same
as energy input and energy output (Sogiit et al., 2009a; Saidur et al., 2007a; Saidur et al., 2007b; Karellas et al.,
2012). The energy input and output equation is shown in equation (5), (2021; Sogiit et al., 2009b).

U
OEin 00 Eo (5)
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Based on Figure 4, total input energy can be defined by equation

(6)

Table 1. Parameters and dimensions for model “test rig” cooler.

Parameter Value
Length of the cooler (m) 1.3
Width of the cooler (m) 0.3
Different clinker bed height of the Cooler (m) 0.3,0.4 and 0.6
Material flow rate to the cooler (kg/s) 0.15
Specific volume (Nm®/kg of clk) 2.2041
Clinker Inlet temperature to the cooler (°C) 1350
Air flow rate (kg/s) 0.45
Ambient air temperature (°C) 32

Table 2. Important parameters of existing and running plant.

Source: Oyepata et al. (2021)

S/N Parameter Value
1 Clinker bed height (m) 0.45

2 Cooler speed (stroke/min) 16

3 Clinker mass flow (kg/s) 72

4 Air mass flow (kg/s) 172.8
4 Secondary air flow (kg/s) 34.6

5 Tertiary air flow (kg/s) 43.2

6 Exhaust air flow (kg/s) 95

7 Clinker inlet temperature (°C) 1350

8 Clinker outlet temperature (°C) 250

9 Cooler length (m) 30

10 Cooler width (m) 5

11 Secondary air temperature (°C) 580

12 Tertiary air temperature (°C) 490

13 Specific volume (Nm?/kg of clk) 1.7959
14 Secondary air energy Qase (kJ/kg of clk) 21,699.4
15 Tertiary air energy Qace (kJ/kg of clk) 22,096.8
16 Energy efficiency (%) 59.2
17 Recoverable energy efficient 49.2
18 Exhaust air Temp (°C) 265
Source: Oyepata et al. (2021)
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Figure 4. Energy (Input and Output) schematic of the clinker cooler “test rig”. Source: Oyepata et al. (2020,
2021).
The total energy outputs from the system as obtained from can be

O O 0 0ie Oca M cettinpeik (Tei ) 0Ty ) M Cair pair (Tue 1T,) (6) expressed in equation (7)

U
OEout [1Qas [ [0 OQat Qoc Qexh [1Msecaircpsecair (Tsecair [1 [1T1]) Mteraircpterair (Tterair [1 [1T[])
Mclkoutcpclkout (Telkout [1T1)

(7)

[ Mexhaircpexhair (Texhair [1T[))

Qus 1s the recoverable heat rate of kiln secondary air, Q. is the recoverable heat rate of tertiary air from the cooler,
Qo 1s the heat of clinker at the cooler output. Qex is the heat of cooler at exhaust air; Q. is the heat of clinker at
the cooler input. Q. is the heat of the cooling air and Tg= 25°C.

Energy efficiency is the ratio of the amount of the energy output to input of the system. It is defined in equation
(8) (Oyepata et al., 2020; Oyepata et al., 2021; Sogiit et al., 2009b; Sogiit et al., 2009a; Saidur et al., 2007c;
Cengel, 2006; Dincer et al ., 2004):

0
OE D0fDout (8)

DEin

Equation (9) is the recoverable energy efficiency on the tertiary and secondary air as:

Yrecoverable
clinker bed is considered as a rectangular moving bed with it input parameters and dimensions are stated in Table
1. Considering the operations of a clinker cooler with respect to the 3-D model used in this research using Figures
3 and 4, the hot clinker enters from the right side; the cooling air enters from the bottom and moved upward, in a
form of cross flow. Inlet temperature of the clinker and air were initially set at 1350 and 32°C respectively. It is
also considered that there were no slip and adiabatic “no heat loss or heat gain” conditions are assigned to the two
side-walls of the porous medium. Outlet pressure conditions zero is assigned to the outlets, this is to determine
the pressure drop along the flow, and corresponding temperatures after process is completed (ANSY'S, 2006;
Oyepata et al., 2020; Oyepata et al., 2021).
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The validation of numerical simulation
The CFD simulation results will be validated by comparing it results with theoretical results. Theoretical results

Jrecoverable cooler, . 9)

will be obtained using equation (10) and (11) (Oyepata et al., 2020; Holder Bank, 2016).
Q Qic U ca

Computational fluid dynamics simulation process

A 3D model of a clinker cooler test rig was developed using SolidWorks-2014 Computer Aided Design (CAD)
software based on the geometrical parameters that are adopted from the conceptual design as shown on Figure 2.
Having a fixed value of width, length, and an adjustable/variable clinker bed height. Geometric parameters
adopted in the scaled conceptual design, having fixed values of length (1.3 m), width (0.3 m) and a variable height
0.3 m, 04 m, and 0.6 m. The model “test rig” was then imported into ANSYS 14.0 software platform for
Computational Fluid Dynamics (CFD) simulation. Governing equations of flow were solved in the ANSYS-
Fluent 14.0 computational fluid dynamics (CFD) platform. Tables 1 and 2 give the parameters the basis for
evaluation of the clinker cooler test rig performance using clinker cooler specific numbers (ANSY'S, 2006). The
clinker nodules are considered as a porous medium material using the facilities available in the software as
regarding energy, continuity and momentum equations. The 3-Dimensinal model was meshed into ANSYS
meshing environment, where the model was discretized into finite element mesh. The numbers of element in a
mesh can be vary, depending on the level of convergent or size of the cells in the mesh and therefore a very fine
mesh size was used, taking into consideration computation time and the level of acceptance. The boundary
conditions were all prepared and the following assumptions were considered; the clinker is a porous medium and
1s isotropic, the clinker are homogenous, flow of fluid is steady, the flow is considered turbulent outside the porous
medium and there is a laminar in the porous medium section, the fluid is incompressible, radiation heat transfer
and the heat loss through the wall are almost negligible (ANSYS, 2006; Oyepata et al., 2020; Oyepata et al.,
2021).

Considering the existing running clinker cooler movement of the

Specific volume = ——flowrate 1
p ~ Clinker flow rate Cp air (1 0)

Tetkout=To _  (~vair/0.77)
Teikin=To -¢ (1 1)

Where Tei in is the inlet clinker temperature inlet (), Vairis specific volume of cooling air (m*/kg) in the clinker
with the energy content relative to environment temperature Cp.i- specific heat capacity of air.

Economic benefit of energy recovery

An improvement in the clinker cooler performance by optimizing the clinker cooler bed height will definitely
result into potential energy recovery in form of fuel used for the clinker production “pyro process” at the rotary
kiln and pre-calciner.
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The potential energy recovery obtainable by optimizing the clinker bed height of the clinker cooler test rig is
taken from the results of the analyses performed. Economic benefit of energy recovery is shown in equation (12),
(13), (14) and (15).

YE = Quat + Quir tert (12)

Ep =E, + Ec (13)

ZEE = Qase + Qate (14)

Epe = E, + Ec (15)

Where ) E; is the total energy recovery test rig, Qus 1S the quantities of energy recovered to the secondary air on
test rig, Quir rers 1S the quantities of energy recovered to the tertiary, Eyis the energy recovery different between the

test rig and existing running, Ep cost benefits for test rig, Es. cost benefits for existing running plant and Ec is the
international energy cost.

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

Bed height (m) 0.3 0.4 0.6
Air inlet 32 32 32
Secondary air outlet 730 758 812
Tertiary air outlet 530 569 602
Exhaust air outlet 135 123 92
Clinker inlet 1350 1350 1350

Temperature ("C) Clinker outlet (CFD) 125 132.8 76.4
Theoretical clinker outlet 107.3 107.3 107.3
Air inlet
Secondary air outlet 0.45 0.09
Tertiary air outlet 0.450.09 0.11 0.450.090.11 0.11

Mass flow rate (kg/s) 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?/kg) 2.2041 2.2041 2.2041

Source: (Oyepata et al., 2021)
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RESULTS AND DISCUSSION

Results of clinker cooler model

The results of the model are validated by comparing the data records of exiting plant on Tables 2 and 3, which
show the summary of CFD results of the clinker outlet temperature for different clinker bed height and the
theoretical results of the clinker cooler model.

Validation computation fluid dynamic of the test rig

and theoretical results

The CFD clinker outlet temperature using Table 3, has an average temperature of 111.4°C, that is, considering
the three bed height (0.3 m, 0.4 m and 0.6 m) and theoretical clinker outlet temperature using Table 3, as an
average temperature of 107.3°C and this also validate equation (11).

Variation on clinker bed height will theoretically affect the rate of heat transfer between the cooling air and the
hot clinker. It was observed that a bed height of 0.6 m has enough rate of heat transfer which was driven by the
temperature difference between these two mediums. The quantities of energy transfer are dependent upon the
optima clinker bed height of 0.6 m which resulted into improved clinker outlet of 76.4°C.

Comparing the performance test rig against the existing running clinker cooler using Tables 2 and 3 shows that
the test rig cooler is 20.80% higher than the existing running clinker cooler in terms of recoverable energy and
21.46% high in terms of energy efficiency. The slight increase in energy recovery was as a result of improved
clinker bed height of 0.6 m and clinker outlet temperature of 76.4 °C on the test rig model. Improving clinker bed
height on the existing clinker cooler from 0.45 m to 0.6 m is the current results obtained from the running that
can be improved upon.

Using Table 4 and clinker bed height 0.6 m, the unaccountable losses of energy on the clinker cooler test rig 42.74
kJ/kg clk, which are mainly due to process of heat transfer either through convection and radiation. These
unaccounted losses were related to the clinker cooler surfaces and its surrounding temperatures.

Cost benefit

The cost benefit of clinker cooler test rig and existing running is gotten using equation (12), (13), (14) and (15):
> Et= Qast+ Qair tert, Y E; Total energy recovery on the clinker cooler test rig: Y Et= Qast + Qair tert = 80.22 + 69.76
=149.98 kl/kg of Clk, > Et=0.00014998 GJ/kg of clk.

The cost of energy that is been recovered in the test rig is shown below:

The average fuel energy cost is taken as USD 4.664 per GJ (Price et al., 2009). Total cost benefit on recovered
energy cost into the test rig using equation (13):

Eb=0.00014998 +§4.664,

E»=1$3.2 X 107 GJ per kg of clinker.

The energy recovery on test rig was 21. 46% than exist running.
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Table 4. CFD results on clinker cooler energetic balance and energetic efficiency.

Qic 211.18 211.18 211.18
Qca 6.81 6.81 6.81
Qexh 28.92 71.03 60.41 28.07 74.04 65.30 18.84
Qast 13.90 14.21 80.22
Energy balance (kJ/kgQair tert 69.76
clk) Qoc 7.06
Losses 44.35 36.99 42.74
EnergyEff (%) 79.71 83.08 80.45
RecEnergyEff (%) 60.12 63.74 68.60

Source: (Oyepata et al., 2021)

> E. Total energy recovery on the existing running plant:

2Ee = Qase + Qate = 21,699.4 + 22,096.8 = 43,796.2
kJ/kg of clk, > E. = 0.0438 GJ/kg of clk

Expected total energy recovery on exist running plant with improved efficiency of 21.46%

YE.x 12146 =0.0438 x 1.2146 = 0.0532

Total cost benefit on recover energy of the existing running plant improve by 21. 46% in 24 h using equation (15)
with expected clinker output in 24 h is 6,000,000 kg (6,000 tons/day)

Epe = E, + Ec, Ep. = (((0.0532 — 0.0438) +

4.664) X (6,000,000)) £, =$ 12,092 GJ per day can be
benefited on exist running clinker cooler, if the energy recovery efficiency can be improve from 49.2 to 70.66%.
Conclusion

The research shows that there is a room for recovery energy on the existing running clinker cooler by improving
clinker bed height. The test rig has an optimum energy recovery of 149.98 kJ per kg of clinker and this indicates
21.46% above the existing running clinker cooler. The current clinker bed height for existing running clinker
cooler is 0.45 m, an increase in the clinker bed height not less than 0.6 m with an improved specific volume of
air to clinker from 1.7959 Nm?®/kg of clk to 2.2041 Nm?/kg of clk can improve the performance of energy recovery
and the total cost benefit.

CONFLICT OF INTERESTS

The author has not declared any conflict of interests.

| ISSN: 3064-8408 Page | 24

Vol: 11 No: 04
https://keithpub.com/ | ©2023 ASET]J |

Published by Keith Publication

Y .


https://keithpub.com/Journal/index.php/K29/index
https://keithpub.com/Journal/index.php/K29/index

/

ISSN: 3064-8408

Applied Sciences, Engineering, and Technology
Journal

Research Article
REFERENCES

Ahmet K, Ahmet FS (2010). Energy and exergy analyses of a parallel flow, four-stage cyclone precalciner type
cement plant. International Journal of the Physical Sciences 5(7):1147-1163.

Andreas S, Benson S, Joel C (2010). Design, Similitude and Modeling of Shake-Table Test Structure, University
of California, San Diego, USA, pp. 1-52

ANSYS (2006). Release 14.0, ANSYS FLUENT User’s Guide ANSYS, Incorporation, Southpoite, Technology
Drive Canonsburg, Pennsylvania, USA pp. 23-87.

Bernstein FL (1995). A Fundamental approach to grate coolers, Zement-Kalk-Gips International 3(9):125-136.

Cengel A (2006). Heat and mass transfer: a practical approach. 3rd edition, McGraw Hill. Chain Drives:
University of Bristol, Department of Mechanical Engineering pp. 1-22.

Cengel Y, Boles M (2008). Thermodynamics an Engineering Approach 6th Edition, 2008. Dept. of Mechanical
Engineering, University of Nevada: Reno, USA pp. 34-65.

Dincer I, Hussain M, Al-Zaharnah I (2004b). Energy and Exergy use in public and private sector of Saudi Arabia
pp. 1615-1624.

FLSmidth (2015). Process and Operation Training, Edo Cement Ltd. OBU Plant Nigeria, 3 weeks pp. 4-17.

Ghada G, Fourat M, Mourad M (2019). Exergetic assessment and pollutants emission of a rotary kiln in a Tunisian
Cement Manufacturing Plant. International Journal of Scientific Research and Engineering Technology
pp. 9:1-7.

Heinemann LF, Parker T (1970). The Chemistry of Cement and Concrete 3rd Ed. Building Research Technical
pp- 1-16. Holder Bank (2016). Cement Seminar. Process Technology, Clinker Cooler 1(2):1-41.

Karellas S, Leontaritis AD, Panousis G, Bellos E, Kakaras E (2012). Energetic and Exergetic Analysis of Waste
Heat Recovery Systems in the Cement Industry. Efficient, Cost, Optimization, Simulation and
Environmental Impact of Energy System pp. 1-8.

Kunii D, Levenspie 1 (1991). Fluidization Engineering (2™ edition). Butterworth pp. 3-12.

| ISSN: 3064-8408 Page | 25

Vol: 11 No: 04
https://keithpub.com/ | ©2023 ASET]J |

Published by Keith Publication



https://keithpub.com/Journal/index.php/K29/index
https://keithpub.com/Journal/index.php/K29/index

/

ISSN: 3064-8408

Applied Sciences, Engineering, and Technology
Journal

Research Article

Mundhara P, Sharma S (2005). Modeling of clinker coolers: applications to reduction in energy consumption.
Report: II year Chemical engineering, IIT Madras pp. 4-31.

Oyepata SJ, Akintunde MA, Dahunsi OA, Yaru SS, Idowu ET (2020). modelling of clinker cooler and evaluation

of its performance in clinker cooling process for cement plants. Nigeria Journal of Technology
39(4):1093-1099.

Oyepata SJ, Akintunde MA, Dahunsi OA, Yaru SS, Idowu ET (2021). Impact of Specific Number of Air to
Clinker-on-Clinker Cooling Process in Grate Coolers in a Cement Plant. International Conference on
Engineering for Sustainable World (ICESW 2020). IOP Conf. Series: Materials Science and Engineering
1107(2021):119.

Price L, Ali HB, Hongyou L (2009). Analysis of Energy-Efficiency Opportunities for the Cement Industry in
Shandong Province, China pp. 1-112.

Rasul M, Widianto W, Mohanty B (2005). Assessment of Thermal Performance and Energy Conservation
Opportunities of a Cement

Industry in Indonesia. Applied thermal engineering 25(17-18):2950- 2965.

Ravi IS (2016): Agglomeration in Stripper Ash Coolers and Its Possible Remedial Solution: A Case Study. Journal
of the Institution of Engineers India Series C 97(2):243-255.

Saidur R, Hasanuzzaman M, Sattar M, Masjuki H, Irfan M, Mohiuddin A, (2007a). An analysis of energy use,

energy intensity and emissions at the industrial sector of Malaysia. International Journal of Mechanical
and Materials Engineering 2(1):84-92.

Saidur R, Sattar M, Masjuki H, Abdessalam H, Shahruan B (2007b). Energy and exergy analysis at the utility and
commercial sectors of Malaysia. Energy 35(3):1956-1966.

Sogiit Z, Oktay Z, Hepbasli A (2009a). Energetic and Exegetic assessment of a trass mill in cement plant. Energy
Conversion and Management 50(9):2316-2323.

Sogiit Z, Oktay Z, Hepbasli A (2009b). Investigation of Effect of Varying Dead-State Temperature on Energy and
Exergy Efficiencies of Raw Mill process in a cement plant. International Journal of Energy 6(5):655-670.

| ISSN: 3064-8408 Page | 26

Vol: 11 No: 04
https://keithpub.com/ | ©2023 ASET]J |

Published by Keith Publication

Y .


https://keithpub.com/Journal/index.php/K29/index
https://keithpub.com/Journal/index.php/K29/index

/

ISSN: 3064-8408

Applied Sciences, Engineering, and Technology
Journal

Research Article

Touil D, Belabed H, Belaadi S (2005). Heat Exchange Modeling of Grate Clinker Cooler and Entropy Production
Analysis. International Journal of Heat and Technology 23(1):61-68.

Wedel KV, Neusdadt R, Wagner C (1984). Are the grates clinker coolers or heat recuperators? Limits of cross
flow cooling in theory and practice. Zement-Kalk-Gips International 37(5):244-247.

Worrell E, Price L, Martin N, Hendriks C, Meida LO (2001). Carbon dioxide emissions from the global cement
industry. Annual Review of Environment and Resources 26(1):303-329.

Worrell E, Galisky C (2008). Energy, efficiency, improvement and cost saving opportunities for cement making,
An ENERGYSTAR guide for energy and plant managers. National Laboratory Environmental Energy
Technologies Division. Ernest Orlando Lawrence Berkeley National Laboratory pp. 3-8.

Appendix A: (Oyepata et al., 2021)
Some of the MatLab code written for the energy balance and results.

Tol =25;

To =Tol;

Tbeta = To;

Tair = input ("Tair =");

% Tair = Tairl - 273;

Tsecair = input ('Tsecair =");

% Tsecair = Tsecairl - 273;

Ttertair = input ('Ttertair =");%newly added
% Ttertair = Ttertairl - 273;

Texhair = input (‘'Texhair =");

% Texhair = Texhairl - 273;

Tclk = input ("Tclk =");

% Tclk = Tclkl1 - 273;

Tclkout = input ("Tclkout =");

% Tclkout = Tclkoutl - 273;

Mairin = input ('Mairin =");

Msecair = input (‘Msecair =");

Mtertair = input (‘Mtertair ="); %newly added
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Mexhair = input ('Mexhair =");

Mclkin = input ('Mclkin ="); Mclkout = input ('‘Mclkout ="); cpclk = (0.90642)+(0.000118*Tclk); disp (‘cpclk =
", disp (cpclk) cpair = (1.00273)+(0.00016*Tair); disp (‘cpair = '), disp (cpair) cpsecair =
(1.00273)+(0.00016*Tsecair); disp ('cpsecair = '), disp (cpsecair) cptertair = (1.00273)+(0.00016*Ttertair);
%newly added

disp (‘cptertair ="), disp (cptertair) cpexhair = (1.00273)+(0.00016*Texhair); disp (‘cpexhair ="), disp (cpexhair)
cpclkout = (0.90642)+(0.000118*Tclkout); disp (‘cpclkout = '), disp (cpclkout) SpecificNumber =
(Mairin/Mclkin)*(1/cpair); disp ('SpecificNumber = '), disp (SpecificNumber) % ......... "Theorerical Clinker
Outlet"........

Ttheoryclkoutl = ((exp(-SpecificNumber/0.77))*(Tclk - To))+ To

% Qic is the heat of clinker at the cooler input.

% Qca is the heat of the cooling air.

% Qas is the recoverable heat rate of kiln secondary air.
% Qoc is the heat of clinker at the cooler output.

% Qexh is the heat of cooler at exhaust air.

Qic = (Mclkin * cpclk * (Tclk - To)); disp ('Qic ="), disp (Qic) Qca = (Mair * cpair * (Tclk - To)); disp ('Qca ="),
disp (Qca)

Qas = (Msecair * cpsecair * (Tsecair - Tbeta)); disp ('Qas ="), disp (Qas)

Qexh = (Mexhair * cpexhair * (Texhair - Tbeta)); disp ('Qexh ="), disp (Qexh)

Qoc = (Mclkout * cpclkout * (Tclkout - Tbeta)); disp ('"Qoc ="), disp (Qoc)

sumEin = Qic + Qca; sumEout = Qas + Qoc + Qexh; losses = sumEin - sumEout;
disp (‘'unaccountablelosses = "), disp (losses)

EngeryEff = sumEout/sumEin; % Energy efficiency of the system

disp ('Energy Efficiency ="), disp (EngeryEfY)

Qrecov = Qas;

RecEnergEff = Qrecov/(Qic + Qca); % Recoverable Energy efficiency of the system disp ('RecEnergEff ="), disp
(RecEnergEfY)
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