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Figure 2- Calciner Geometry and arrangement of burners and inlets
g9 9 W baino (630518 Jowo 9 yhalualS dmsiin -Y JSCo

DA oo L olds avais el oals oolatwl Fluent 17.2 ,l58ls 5 51 calivnse Yl el (g3lwans sl y
oty At 5 el 00 S0neSnd Glgo 335 a5 o frie ($255) oles bl 4 305 b JAS o oo
el g colu ;o suliplonl sla s S osluil 5l oolannl b alivs (65 0 Loyl ol sl oy J> Yamu,‘j.?- Slad-Cae s SYolso

J39z 55 63959 lge (izen 5 4l (Glon ye 10,95 3l (639)9 Slgr Dlasin unl oud arulre 535l 5 2 VL
el o 451 )

63959 o bulpd -) Jour
Table 1- Inlet boundary conditions

Boundary Name Unit Flow Rate Temperature (°C)
Tertiary air Nm3/hr. 64,062 872
Kiln and Riser Flue Gas Nm3/hr. 78,688 1100
Meal Inlet t/hr. 248.269 813
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Figure 3- Calciner shell Temperature
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Table 2- Burner Operating Condition in Base Case (Mazot & Natural Gas)

Burner . . Volume Flow Rate '
Primary Air (Nm3/hr.) Natural gas (Nm3/hr.) Mazot (lit/hr.)
#1 1,173 2,427 0
#2 1,173 2,427 0
#3 1,173 2,427 0
#4 1,173 0 1,050
Total 4,692 7,281 1,050
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Table 3- Grid Independency
Number of elements Calcination Degree
2 800 000 80.165
5800 000 82.88
8 200 000 83.546
11 600 000 83.75
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Table 4- Comparison of simulation results and site survey data

Properties Simulation Experimental
Calciner Outlet Temperature (°C) 975 950
Calciner Outlet LOI (%) 7.74 6.68
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Figure 4- Spatial Distributions of CH, and CO Mole Fractions - the Base Case (Mazot & natural)
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Figure 7- Meal Flow Path Lines Colored by Calcination Degree - the Base Case (Mazot & natural gas)
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Table 5- Burner Operating Condition in the Proposed Cases

Volume Flow Rate
Burner _ _ PC#1 _ _ PC#2
Primary Air Natural gas Primary Air Natural gas
(Nm3/hr.) (Nm3/hr.) (Nm3/hr.) (Nm3/hr.)

Burner #1 1,923 2,000 1,923 1,838
Burner #2 1,923 2,000 1,923 1,837
Burner #3 1,923 2,000 1,923 1,837
Burner #4 1,923 2,000 1,923 1,837
New Burner #1 0 0 0 800

Total 7,692 8,000 7,692 8,149
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Figure 11- Spatial Distributions of CO Mole Fraction - Base and Proposed cases
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Table 6- Summary of Base and Proposed Cases

Properties Base Case PC#1 PC#2
(Mazot + Natural Gas) | (100% Natural gas) [ (100% Natural gas)

Fresh Feed Rate (t/h) 225 225 235
Natural gas (Nm3/h) 7280 8000 8149
Mazot (L/h) 1050 0 0
Calciner Outlet Temperature (°C) 975 970 952
Calciner Outlet LOI (%) 7.74 8.11 7.83
Calcination Degree @ Calciner Outlet (%) 84.4 83.53 82.56
C19H30 (Mazot) Mole Fraction (ppmv) 0 0 0
CH,4 Mole Fraction (ppm) 2174 <500 <100
C,Hg Mole Fraction (ppmv) <10 <10 <10
CO Mole Fraction (ppmv) 479 24 29
0O, Mole Fraction (%) 0.85 1.33 1.36
Fuel Consumption (as compared to base case (100% Natural gas)) - -6% -5%
Unburnt Fuel (as compared to base case (N.G. and Mazot)) - -98% -99%
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Figure 15- Specific Heat Consumption and Calciner Burner Flow Rate Before/After Modifications
GloMol 3l oz g Jod (b 35 20 9 (B pan G561 Lol 10 Sl

Y



S5 e g glblb sese s ldl gles (6 lgupd dozee o Slu! ulie ‘6)L.‘.l§—‘ Vs SR TR

OB 5058 o &8 35 ulalS 55 (Sau¥T als o] e 5 6550 Bpas alS 5 Sgile Bio aslllas cnl Lol Gun
polae L/YIE sgam jo ulldS 5l 295 b suien 50 Gileand mls cwl goue gileans ) colaiul
wr Sl BB core )l sadiall giluJow a5 was o lis JeuB BB gllas pl g o)le OS] onli 5 S0kl
O EMe (33,8 pamiio sl (5052 Glages yuludS (23STy (lyz Glage aslsl jo sl Jloye5 5 SululS o Slas
B a5 o5 wmsge i | Slasms allS 535hae bl gn slosShs 5l o gl ol b 5 leen
s (5 S 05l
Sk e 1) puleds cwlul S Jol> bl 5 ol (gilwaned JuludS adgl (60,5, Ll bl coggp cnl 5o
39 g5 5 4 ol LIS (5, 5 (5505 (slaisslrtings S al o 5l oo 485 0 (LS ATy (1,500
b Aolls S g Bpae oleriion grb 90 po ol sleriny gl Lulpd 4 Cod ulldS 5o Gl g sl b,
4,0 WY 5 Ve a4 VD 5D Lo uzmen 5 00,5 o5 790 L /A LS 29,5 0 |, B gud Cogw 9 1O L F
2 s golpinn b ailesls gals LS 5,5 0 1, (YA ppmy 5 YY 4 FYA ) CO  SaVT 5 (o5 sl
VYO 5ladss 55 Gl el )lo o0 &5 adgl Ll 51 12eS 5 ol ooleiin ok Jlade pln 1) Cogm Sran o5 J>
Slles Jgl soleiin ik Al )5 pyione Cu e atulys Bub (b 50 9o s Sl )3 (B VTD @ el 5 (5

358> ;0 ((Bpas $5,5) 3 Brae (ials cel OloMol plxil wogdleds 5 ol Bi> I 4 Sgjle Brae o] o0 a5 0l
IRWIEVEIA RERPR RN A i 4

e‘o)ds 9 s & e
Sy amly S e g (651 9l S e (ot (B Za e Geizmed 9 (B 508 lew A5 S e 5l el Y
35S Sy S5 JleS wilaiils gt opl jo 1) Slolhd 6, Ken a5 acgazmo

&b

1. H. Vahidi, N. Moradi and H. Abbaslou, “Developing of Alternative SRFs in Kerman’s Cement Industry by Energy
Optimization and Economical Feasibility Approaches,” Environmental Energy and Economic Research, 1, No. 3, 2017,
pp. 259-268.

2. N. A. Madlool, R. Saidur, M. S. Hossain and N. A. Rahim, “A critical review on energy use and savings in the cement
industries,” Renewable and Sustainable Energy Reviews, 15, No. 4, 2011, pp. 2042-2060.

3. A. Bosoaga, O. Masek, and J. E. Oakey, “CO2 capture technologies for cement industry,” Energy procedia, 1, No. 1,
2009, pp. 133-140.

4. D. K. Fidaros and et al., “Numerical modelling of flow and transport processes in a calciner for cement production,”
Powder Technology, 171, No. 2, 2007, pp. 81-95.

5. A. Bes, “Dynamic process simulation of limestone calcination in normal shaft kilns.” (2006).

6. A. Senegacnik, J. Oman and B. Sirok, “Annular shaft kiln for lime burning with kiln gas recirculation,” Applied thermal
engineering, 28, No. 7, 2008, pp. 785-792.

7. L. Huanpeng, L. Wentie, Zh. Jianxiang, J. Ding, Zh. Xiujian, L. Huilin, “Numerical study of gas—solid flow in a
precalciner using kinetic theory of granular flow,” Chemical Engineering Journal, 102, No. 2, 2004, pp. 151-160.

8. Zh. Hu, J. Lu, L. Huang, Sh. Wang., “Numerical simulation study on gas-solid two-phase flow in pre-calciner,”
Communications in Nonlinear Science and Numerical Simulation, 11, No. 3, 2006, pp. 440-451.

9. M. Zeneli and et al., “Simulation of the reacting flow within a pilot scale calciner by means of a three phase TFM
model,” Fuel Processing Technology, 162, 2017, pp. 105-125.

10. I. lliuta, K. Dam-Johansen, A. Jensen, L. S. Jensen, “Modeling of in-line low-NOx calciners—a parametric study,”
Chemical Engineering Science, 57, No. 5, 2002, pp. 789-803.

11. M. H. Nakhaei and et al., “Experimental and CPFD study of gas-solid flow in a cold pilot calciner,” Powder
Technology, 340, 2018, pp. 99-115.

\RR



YWAQ e oo lez 0 lads o0 s Jlo (3lii] g S g il — sode a4y piS

12. M. H. Nakhaei and et al., “CPFD simulation of petcoke and SRF co-firing in a full-scale cement calciner,” Fuel
Processing Technology, 196, 2019, pp. 1-15.

13. H. Mikul¢i¢, E. von Berg, M. Vujanovi¢, P. Priesching, R. Tatschl, N. Dui¢, “Numerical analysis of cement calciner fuel
efficiency and pollutant emissions,” Clean technologies and environmental policy, 15, No. 3, 2013, pp. 489-499.

14. T. Bluhm-Drenhaus and et al., “A coupled fluid dynamic-discrete element simulation of heat and mass transfer in a lime
shaft kiln,” Chemical Engineering Science, 65, No. 9, 2010, pp. 2821-2834.

15. D. Shi, Watson L. Vargas, J. J. McCarthy, “Heat transfer in rotary kilns with interstitial gases,” Chemical Engineering
Science, 63, No. 18, 2008, pp. 4506-4516.

16. M. P. M. Chinyama and et al., “Modelling of calcium carbonate decomposition in cement plant precalciners,” Journal of
the Energy Institute, 81, No. 1, 2008, pp. 19-24.

17. Y. Mao, D. Zhang, Z. Chen, Z. Jiang, X. Chen, Y. Deng, “Numerical modelling of multiphase FLOW and calcination
process in an industrial calciner with fuel of heavy oil,” Powder Technology, 363, 2020, pp. 387-397.

18. S. N. Ghosh, Advances in cement technology: critical reviews and case studies on manufacturing, quality control,
optimization and use, Elsevier, 2014.

English Abstract

Eliminating oil fuel and reducing energy consumption by optimizing the
combustion performance of cement calciner using CFD

6

Hossein Ashini', Majid Aghayari?’, Abbas Ehsani®, Mohammad Shahsavari®, Homayoun Afshar®, Seyed Mohammad Tabatabaei

and Hassan Nikpey’

1- Department of Aerospace Engineering, Amirkabir University, Tehran, Iran, h_ashini@aut.ac.ir

2- Head of CFD group, MEEMCO, Tehran, Iran, m.aghayari@meemco.com
3- CFD specialist, MEEMCO, Tehran, Iran, a.ehsani@meemco.com
4- Head of energy and combustion department, MEEMCO, Tehran, Iran, m.shahsavari@meemco.com
5- Process specialist, MEEMCO, Tehran, Iran, h.afshar@meemco.com
6- Hormozgan Cement Plant Manager, Bandar Khamir, Hormozgan, Iran, tabaeian@gmail.com

7- Hormozgan Cement Product Manager, Bandar Khamir, Hormozgan, Iran, nikpey4@gmail.com

*Corresponding author
(Received: 2020.07.05, Received in revised form: 2020.08.16, Accepted: 2020.08.23)

Optimizing and reducing the fuel consumption and thus preserving national economic resources is one of the
important goals in the economy of any country. Using the natural gas instead of liquefied petroleum fuels and
reducing energy consumption in industries such as cement can be a practical solution to meet the above-
mentioned goals. In this study, numerical simulations are performed to enhance combustion and calcination
process in the Hormozgan cement plant calciner. To such aim, various optimizations are carried out to replace
highly polluting expensive Mazot fuel with natural gas and to improve calcination and combustion processes.
Obtained results show that proposed modifications give the calciner the capability to be operated by 100%
natural gas, while they reduce the energy consumption and pollutant emissions significantly. Finally, the best
proposed case is implemented in the cement calciner to replace Mazot by natural gas and reduce energy
consumption and pollutant emissions. Site data clearly validates the proposed modifications to be effective
enough to achieve all the objectives of the project.

Keywords: Calciner, Energy consumption, Pollution, Numerical simulations
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