X/

Syawaluddin Akbar (Autor)
Numerical Simulation of Deposit Formation in Coal-
Fired Utility Boilers with Biomass Co-Combustion

Syawaluddin Akbar

Numerical Simulation of Deposit Formation
in Coal-Fired Utility Boilers with Biomass
Co-Comhustion

(v Cuvillier Verlag Géttingen

Intermationaler wissenschattlicher Fachverlag

https://cuvillier.de/de/shop/publications/195

Copyright:

Cuvillier Verlag, Inhaberin Annette Jentzsch-Cuvillier, Nonnenstieg 8, 37075 Goéttingen,
Germany

Telefon: +49 (0)551 54724-0, E-Mail: info@cuvillier.de, Website: https://cuvillier.de



Contents

List of Symbols
Kurzfassung
Abstract

1 Introduction
1.1 Motivation . . . . . ..
1.2 Objectives and Arrangement of the Current Work . . . . . . . .. ... ...

2 CFD Simulation of Turbulent Reactive Flows
2.1 Basic Equations . . . . ..o
2.2 The General Transport Equation . . . . . . . . . . . ... ... ... .....
2.3 Numerical Method . . . . . . . . ...
2.4 Pressure Correction Equations . . . . . . . . ... ..
2.4.1 SIMPLE Method on Staggered Grid . . . . . .. ... ... ... ...
242 SIMPLE Method on Non-Staggered Grids . . . . . . ... ... ... ..
2.5 Turbulence Model . . . . . . ...
2.5.1 Reynolds and Favre Averaging . . . . . . .. ... ... ...
252 Thek—ecModel. . . . . . ...
2.6 Boundary Conditions . . . . . . . ...
2.7 Modelling of Two-Phase Flow . . . . . . . ... ... ... ... ......
2.8 Modelling of Combustion . . . . . .. ... ...
2.8.1 The Heterogeneous Reactions . . . . . . . . . ... ... ... ....
2.8.2 The Homogeneous Reactions . . . . . . ... ... ... . ......
2.9 Turbulence-Chemistry Interaction Model . . . . . . . . ... ... ... ...
2.10 The 3D CFD-Code AIOLOS . . . . . . . . . .o

3 On the Effect of Alkali Compounds on the Deposition Mechanisms
3.1 Occurrence of Alkali Metals, Si, Cl and S'in Fuels . . . . . .. ... ... ..
3.2 Alkali Metals Behaviour . . . . . . . ... ...
3.2.1 Release of Alkali in Coal . . . . .. .. ... ... ... .......
3.2.2 Release of Alkali in Biomass . . . . . . ... ... ... .......
3.2.3 Alkali Compounds in the Flue Gas . . . . . .. ... ... ... ....
3.2.4 The Formation of the Alkali Compounds in This Work . . . . . . ..
3.3 Transport and Deposition Mechanisms . . . . . . . ... ... ... .....
3.3.1 Condensation . . . . . . . . ..
3.3.2 lnertial Impaction . . . . . ...
3.3.3 Eddy Impaction . . . . ...
3.3.4 Thermophoresis . . . . . .. ..

vii

XV

XiX

—

11
11
12
13
13
15
15
16
18
20
22
22
24
25
26

29
29
30
30
32
33
35
38
39
45
48
50



Contents

3.3.5 Ash Deposition Mechanisms on the Superheater [This Work] . . . . . 50
3.4 Ash Sticking Probability . . . . . ... .. 52
3.4.1 Ash sticking probability for coal-fired boiler with biomass co-combustion
[This Work] . . . . . . . . .. 53
3.5 Thermal and Physical Properties of Deposit . . . . . . . .. ... ... ... 55
3.5.1 Deposit Thermal Conductivity . . . . . . .. .. ... .. ... ... 56
3.5.2 Radiative Properties . . . . . . . .. .. 60
3.6 Simulation of the Alkali Release Effect on Deposition Mechanisms with AIOLOS 65
4 Comprehensive Evaluation of the Model 69
4.1 Simulation of Alkali Release . . . . . . . . . . .. ... ... ... ... ... 69
4.1.1 Sodium release calculation . . . . . . .. ... ... ... ... .. 70
4.1.2 Potassium release calculation . . . . . . .. ... ... ... 76
4.1.3 The effect of alkali compounds on the deposition mechanisms for coal
and biomass-fired boilers . . . . . . ... ..o 78
414 Summary . ... 84
4.2 Simulation of Deposit Formation . . . . . . . .. ... ... ... ... .. 85
4.2.1 Simulation results for coal-fired boilers with biomass co-combustion . . 88
422 Summary . ... 103
5 Conclusions and Outlook 105
5.1 Conclusions. . . . . . . . . 105
5.2 Model improvement and perspectives . . . . . . . ... ... L. 107
A Appendix 109
A.1 Mechanism for Alkali Reactions . . . . . . . . .. ... ... ... ...... 109
A.2 Equilibrium Condensation . . . . . . . . ... ... ... 111
Bibliography 113

Vi



