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Preface

Dear Colleagues and Friends,

You are welcome to Beijing to attend CFB-11. This is the second time for this series of
conference to be held in Beijing. We are honored to be the host, particularly, welcome you to
the Institute of Process Engineering.

CFB-11 is the eleventh conference in a series following the success of the previous
International Conferences on Circulating Fluidized Beds:

¢ CFB-1, Halifax, Canada, 1985

o CFB-2, Compiegne, France, 1988

¢ CFB-3, Nagoya, Japan, 1990

¢ CFB-4, Hidden Valley, USA 1993

¢ CFB-5, Beijing, China, 1996

s CFB-6, Wiirzburg, Germany, 1999

¢ CFB-7, Niagara Falls, Canada, 2002

¢ CFB-8, Hangzhou, China, 2005

o CFB-9, Hamburg, Germany, 2008

e CFB-10, Sunriver, USA,2011

CFB-11 addresses both fundamental and applied aspects of circulating fluidized beds and
fluidized bed systems, which covers e.g.,

¢ Hydrodynamics of gas-solid flow

¢ Computational fluid dynamics

¢ Modeling and computation

o Heat and mass transfer

e Fine particle and nano-particle systems

e Process design and scale-up

¢ Measurement and instrumentation

¢ Fluid catalytic cracking and other catalytic processes

¢ Combustion, pyrolysis and gasification

o Chemical looping processes

In comparison to the themes of CFB-1, Halifax, 1985, we can easily recognize the
development of CFB understanding. Thirty years ago, we debated whether or not clusters
exist in CFBs while this phenomenon can be reproduced by computer simulation now. On the
other hand, applications of CFB have been, and continue to be extended due to its super
performance in gas-solid contacting,

Including four plenary lectures, 146 papers from 26 countries are selected in this book after
peer review. These provide us a comprehensive overview on the various aspects of current
fluidization research.



We would like to thank all the contributors who have authored and/or reviewed the
manuscripts. Your efforts helped us to record this important event with good memories and
quality. Finally we would like to acknowledge our sponsors for their generous support.

VI

Jinghai Li

Fei Wei

Xiaojun Bao
Beijing, China
March 12, 2014



Contents

Plenary Lecture

Bridges between Industrial Practice and Fundamental Research in Fluidization
Technology

Joachim Werther, Ernst-Ulrich Hartge ..oouvveeerevnvesssennns PN P 1
CFD Modeling of CFB: From Kinetic Theory to Turbulence, Heat Transfer, and
Poly-Dispersed Systems

Dimitri Gidaspow, Hamid ArastOOpOUL.....uvseersrsssssenmsersesssissesssessseesssssssssssssessenes 23
Chemical Looping — a Transformational Technology for Fossil Fuel Utilization

SN . KBNE orueosmusonsssossonsisessesssassessiasssss oo s smwiserms sivasisissisrosssissnmmarasasssasses 33
Magnetic Resonance Imaging of Single- and Two-Phase Flows

Lynn F. Gladden, Andrew J. Sederman, J.S. DeNniS....ccvvvieseverenmmimremsresssreressesensens 47

Session 1: Hydrodynamics of Gas-Solid Flow

A Sampling Method to Determine the Terminal Velocity and Size Distribution of
Fluidized Nanopowder Agglomerates
Lilian de Martin, Javier Sanchez-Prieto, Fernando Hernandez-Jiménez,

I, RUUd VAN OIS vassssnsssssssswsssssvsssssissssomsabsssssnmesspssssnsiis TP 55
A Structure-Depend Model for Gas-Solid Fluidized Bed Reactors

Cenfan Liu, Wei Wang, Nan Zhang, Sheng Chen, Jinghai Liscereevesrerssnnninenne v 61
Axial Gas Mixing in a High Density Downer Reactor

Parinya Khongprom, Sunun Limtrakul, Terdthai Vatanatham.......cevevesevenssenssensnienenns 67

Catalytic Ozone Decomposition in High Density Gas-Solids Circulating Fluidized Bed
Riser and Downer Reactors

Chengxiu Wang, Jesse Zhu, Shahzad Barghi v..vesesisessssnsnsisressnissesiesseenns 73
CFD Modeling of Gas Flowing Through Clusters in CFB Reactors

Lanling Yan, Xingying Lan, Linying Lv, Yingya Wu, Jinsen Gao ...c.ceceverererersrseneseens 79
Characterization of Gas-Solid Fluidization at High Temperature by Analysis of Pressure
Signals

Jaber Shabanian, Pierre Sauriol, Abdelmajid Rakib, Jamal Chaouki....c.eurerirsenes s 85
Effect of Baffle Type on Particle Segregation in a Binary Gas-Solids Fluidized Bed

Yongmin Zhang, Haibo Wang, Lili Chen, Yue Yang, Chunxi LU ssronennsnenes 91

Effect of Column Diameter on Hydrodynamics of Three-Phase Fluidization of a
Homogeneous Ternary Mixture of Irregular Particles

D. T. K. Dora, Y. K. Mohanty, G. K. ROY vuscermesessansmsssrmseresssrneinns P AR 99
Elutriation and Commixture of Mineral Powder with Different Physical Properties

Liangying Wen, Feng Lu, Hailong Liang, Guoliang Yin, Shengfu Zhang, Jian Xu..... 105
Experimental Analysis of T-Abrupt Exit’s Pressure Distribution Characteristics in the
Riser

Yong Chen, Faqi Zhou, Chaoyu Yan, Yaodong Wel ... 113
Experimental Evaluation of the Lateral Mixing of Fuel in a Fluidized Bed with
Cross-Flow of Solids — Influence of Tube Banks

Jens Olsson, Joakim Larsson, Erik Sette, David Pallarés, Srdjan Sasic, Filip Johnsson 119

VII



Experimental Studies of Segregation in Gas Fluidization of Ellipsoidal Particles

Jieging Gan, Yingbo Xu, Zongyan Zhou, Aibing YU...uueuemivmiiiiiiiimnn, 125
Experimental Study on Solid Circulation Rate in Fluidized-Transport Bed Coupled
Reactor

Zhen Yang; Xiaoping CheNuuseemssessassmmsarsssnasnsesrsnssosanssenssssssassesnsassassssssesassasssss 131
Extending the Comparison of Voidage Measurement and Modeling Techniques in
Fluidized Beds

Sina Tebianian, A. H. Ahmadi Motlagh, Subhashini Vashisth, Ray A. Cocco,

Naoko Ellis, Roy Hays, S.B. Reddy Karri, John R, Grace......cocuvenieniennininninniiniiin 137
Extension of the Particle Segregation Model to Binary Liquid-Fluidized Bed
Alberto Di Renzo, Francesco Paolo Di Maio v, 143

Flow Characteristics According to the Mass Ratio of Ternary Solids in the Gas-Solid
CFB Riser

Guanhe Rim, Donghyun Leg wusseassrssmisrsissssivisssisssissnnsonssossassasssisisassussonsosssnssasoses 149
High-Density Risers as Reactor System for Benzene Synthesis by Non-Oxidative
Dehydroaromatization of Methane-Fluid-Dynamic Investigations

Timo Hensler, Yingxue Zhang, Leslaw Mleczko, Jens Assmann, Rainer Bellinghausen,

Wilhelm Schwieger, Karl-Ernst Wirth ..., 155
Hydrodynamics of Particles in Packed Fluidized Bed
D. Mandal..ciscesssesmssrssnssnsssesssissmssivenssnsssisasssssssvorsissisnssavossussassasasnannasasastasineansonissess 161

Hydrodynamics Study of Gas-Solid Flow Pattern in an Internally Circulating Fluidized
Bed with a Draft Tube

Ravi Gujjula, Narasimha Mangadoddy ... 167
Interactions among Pressure, Electrostatics and Particle Entrainment in Gas-Solid
Fluidized Beds

Turki Alsmari, John Grace, Xiaotao Bi e, 175
Low Pressure Circulating Fluidized Bed Reactor for the Plasma Treatment of Granular
Particles

Denis Butscher, Timon Cernoch, Philipp Rudolf von Rohr..in. 181
Minimum Fluidization Velocity of MTO Catalyst Particles
Yinfeng Zhao, Jingai Hao, Mao Ye, Zhongmin Litl v, 187

Modeling of Cluster and its Application in EMMS Drag Model for Heterogeneous
Gas-Solid Flows

Cheng Chen, Haiying Qiuuvciiisniesessenmsmnimennaiiinmsiemmnsemmmmmsssamismmss 193
Motion Behavior of Large Objects of Different Shapes Immersed in a Fluidized Bed
Rongrong Cai, Yanguo Zhang, Qinghai Li, Aihong Meng......couniininmniininn, 199

Numerical Simulation for Hydrodynamics of Circulating Fluidized Bed with Different
Inter-Phase Drag Models

Hoon Chae Park, Hang Seok Choi, Yong-Chil S€0 wuuvieiiisniniiminininii. 205
Numerical Simulation of Gas-Solid Flow in an Internally Circulating Fluidized Bed
Using Multiphase Particle-in-Cell Model

Venkata Krishna Kenche, Chris Solnordal, Trevor Hadley, Yuqing Feng, Peter

Witt, Seng L sesssssessevesssonionssosnsssronssssnsasossssoseonussssnssnssusansnssonenssnvassasassonsasessvsassssas 211
Pressure Profile in a Bench-Scale Circulating Fluidized Bed System with
Multi-Component Solid Mixtures

Adinaldo Valaszek, Bianca Marin, Relander Martins, Jhon Jairo Ramirez-Behainne.. 217
Review of Entrainment Correlations

Jia Wei Chew, Christine M. Hrenya, Ray A. Cocco. Reddy Karri..oovniiiinniensinnnens 223
VII



Spray Granulation in a Circulating Fluidized Bed System: The Role of Breakage and
Attrition

Bjoern Stille, Ernst-Ulrich Hartge, Stefan Heinrich, Joachim Werther....vvuversevisvernn. 227
Start-Up of an Advanced FCC Pilot Plant with Internally Circulating Fluidized Bed
Mark Berchtold, Alexander Reichhold, Josef FIMBErger .ovuimvenneenuninenseresnininns 233

Sticking Resistance Study of Vanadium Titano-Magnetite (VTM) Reduction in a
Fluidized Bed with Coating Methods and Acid Leaching Method

Lei Guo, Yinhe Lin, Zongliang Zhang, Zhancheng GUO ....vesvueeseernensreesnssssssnsseseens 239
The Effect of Jetting Gas Velocity on Particle Velocities in a Two-Dimensional Jetting
Fluidized Bed Under Pressure

Junguo Li, Zhonghu Cheng, Yitian Fang, Wei NiC.uuimmmmmrmneseene 245
Towards Better Understanding of Temperature Gradients in Superheater Corrosion

Markus Engblom, Daniel Lindberg, Patrik Yrjas, Jonne Niemi, Tor Laurén,

MIKKO HUP@ ittt ssssesssssssssssssessssesessenes 251
Two-Phase Flow Structure in a Novel Internally Circulating Fluidized Bed

Mengxi Liu, Zhiyuan Shen, ChUNXi LU v 257
Unstable Segregation in Fluidized Beds

Stefan Puttinger, Simon Schneiderbauer, Lukas von Berg, Stefan Pirker ...o.ovvveverers 263

Session 2: Computational Fluid Dynamics

An EMMS Based Mixture Model for Turbulent Fluidization

Atta Ullah,Wei Wang, Jinghai Li.miimmmmneesne, 267
CFD Modeling of Riser Reactors Using Muti-Scale Method
Shuai Wang, Feixiang Zhao, Qinghong Zhang, Huilin Lu seeeeeeivnerneisievenevennsnninns 273

CFD Modeling of the Gas-Particle Flow in a Dual Fluidizd Bed: Effect of Model
Parameters

Yanjun Guan, Jian Chang, Kai Zhang .......ceevvsenecennnnnsvennnns - 281
CFD Simulations of Lateral Solid Mixing in Fluidized Beds
Oyebanjo Oke, Paola Lettieri, Piero Salatino, Luca Mazzei ...ouvvvrveverieerirensensissenens 287

CFD Study on Fast Pyrolysis of Woody Biomass in a Fluidized Bed Using Kinetic
Theory

Ji Eun Lee, Hang Seok Choi, YONg-Chil SE0.uuuimumsssmnmreressminmerssesierisnsessssnessenens 293
Computational Fluid Dynamics of a Disk and Donut Stripper

Ray Cocco, Allan Issangya, Ted Knowlton, S.B. Reddy Karri....ocovevsnnvirseressenisenes 299
Filtered Sub-Grid Modifications for Gas-Solid Drag and Solid Stresses in Fluidized Beds

Simon Schneiderbauer, Stefan Pirkers sz 305
Investigation the Hydrodynamics Behavior in a CFB Boiler with Complex Combustion
Chamber by CFD

Guizhi Qiu, Haigang Wang ..eeeveeeriensnsisssennas g 311

Numerical Modeling of the Large Scale Circulating Fluidized Bed Boiler

Wojciech Adamezyk, Gabriel Wecel, Adam Klimanek, Ryszard Biatecki,

Pawet Kozotub, Marcin Klajny...imiiiniimismimismens 317
Numerical Simulation of Gas-Solid Flow in a Pressurized Circulating Fluidized Bed
Riser

Abinash Mahapatro, Pankaj Kalita, Pinakeswar Mahanta, Ujjwal K. Saha,

S: 8. Mallickisssssssssssssmusinssmssninsssmesssmsssiimniinmsnimesmeesesesssessarsrssssssssrerassssssesss 323



Revisited Flow Regime in Circulating Fluidized Bed Reactor with High Solid Density

Benjapon Chalermsinsuwan, Pornpote Piumsomboon ..., 329
Study on Numerical Simulation of Coal Combustion in the Fluidized Bed Furnace under
0,/CO; Atmospheres

Lei Zhong, Lingling Zhao, Bo Fang, Qing Jia, Changsui Zhao ....cecvnvenniininniiennnns 335

Session 3: Modeling and Computation

3D CFD-DEM Study of Gas-Solids Flow and Heat Transfer in a Full-Loop Circulating
Fluidized Bed

H. Wahyudi, K.W. Chu, A.B. YlUuuiesaeisenssnsesnnsnsmnmsonsnssnisiesnsonsnsasomsosen 341
A New Drag Correlation for Monodisperse Suspensions Using Immersed Boundary
Method Simulations

Y. Tang, S.H.L. Kriebitzsch, E.A.J.F. Peters, M.A. van der Hoef, J.A.M. Kuipers ..... 347
Carbonation of K,COj; Solid Sorbent in a Bubbling Fluidized Bed by CFD-DEM
Simulation, Plug Flow Modeling, and Two-Phase Modeling

Zhonglin Zhang, Daoyin Liu, Yaming Zhuang, Qingmin Meng, Xiaoping Chen........ 353
CFD-DEM Simulations of the Gas and Particle Dynamics in a Novel Prismatic Spouted
Bed

Vitalij Salikov, Sergiy Antonyuk, Stefan Heinrich, Vinayak S. Sutkar, Niels G. Deen,

JLA M. KUIPEIS scsssnsrsssnssmissenssnsssssnsassissurassaosnssossssassssvisnssnsssnsssassassssnssasasossssasssones 359
CPFD Modeling of Industrial-Scale Dry Flue Gas Desulfurization Systems

James Parker, Ken Williams, Paul Zhao, Scott Thibault .veueeiiniiinimiinenn.. 365
DEM Simulation of Particles Fluctuation in a Gas-Solid Bubbling Bed

Yingya Wu, Jun Hu, Xingying Lan, Jinsen Gao ..., 371

Influence of Size and Size Distribution of Biomass and Bed Material on Performance of
a Dual Fluidized Bed Gasification Reactor

R.K. Thapa, C. Pfeifer, B.M. Halvorsen ..o, 377
Modeling of Fouling in CFB Boilers

Vesna Barigi¢, Tatsunori Shibata, Edgardo Coda Zabetta .v.ovuvvvsvenieiinnniinnnnienene 383
Modeling of Fuel Flow in Circulating Fluidized Bed Furnaces

Markku Nikku, Kari Myshénen, Jouni Ritvanen, Timo Hyppanen ..o, 389

Modeling of the Particle Residence Time Distribution in Fluidized Bed Risers Using a
Stationary DEM-Based Markov Process

Yaming Zhuang, Ming Zhao, Daoyin Liu, Juncong Sai, Xiaoping Chen. Yalin Qiu ... 395
Numerical Investigation of Particle Segregation in Vibrated Fluidized Bed

Liyan Sun, Feixiang Zhao, Qinghong Zhang, Huilin Lu ..o, 401
Numerical Simulation of a Slugging FB Gasifier Hydrodynamics, Using DDPM, DEM
and TFM Approaches

Myrto Zeneli, Nikos Nikolopoulos, Aristeidis Nikolopoulos, Christos Christodoulou,

Kyriakos Panopoulos, Panagiotis Grammelis, Emmanuel Kakaras.......cocoouieniiiinnnnnnn, 407
Simulation of Particle-Fluid Two-Phase Flow with Two-Fluid Lattice Boltzmann
Method

Feifei Song, Weil Wang, Jinghai Li ceucsesssseasssassessssssssussesassnsnssssasssassransonssasssassasnsnss 413



Session 4: Heat and Mass Transfer

Experimental Investigation of Heat Transfer in a Bubbling Fluidized Bed for Geldart A
and B Particles

Ahmmad Shukrie, Shahrani Anuar, Azim Arshad ..., 419
Heat Transfer of an L-Shape Suspended Surface in a Supercritical CFB Octagonal
Furnace

Linjie Xu, Leming Cheng, Yunfei Xia, Weiguo Zhang, Qinghui Wang, Mengxiang Fang,

Zhongyang Luo, Mingjiang Ni, Kefa Cen vuvueverimmiininninieneinsssisssnssesssenns 427
Heat Transfer Phenomena in Bubbling Fluidized Beds for Concentrated Solar Power

Roberto Solimene, Pierluigi Fenelli, Riccardo Chirone, Piero Salatino.......ceveveresenen. 435
Numerical and Experimental Investigation of Long Stationary Fluidized Bed Heat
Exchangers

Karl Schwaiger, Markus Haider, Martin Haemmerle, Martin Aschauer, Philip Heftberger,

Florian Wibihal ....covvinieinninniniinnieen, TN 441
Studies on Total and Radiative Heat Transfer in Circulating Fluidized Beds

Subhransu Sekhar Mallick, Pinakeswar Mahanta, Abinash Mahapatro .......c.oueeunseee 447

Session 5: Process Design and Scale-Up

A Design of Internal to Inhibit Gas and Solids Back-Mixing in Fluidized Beds

Yujian Sun, Weizhong Qian, Fei Wei v 455
An Approach to the Two-Section Two-Zone Fluidized Bed Hydrodynamics:
Experimental Study and Two-Fluid Model CFD Validation

[gnacio Julidn, Javier Herguido, Miguel Menéndez. . .vuiimsnenscsnnnnnsnsssnssssssesenens 463
Application of CFD Modeling Tools to Optimize 660 MW Ultra Supercritical CFB
Design

Paul J. Chapman, Igbal F. Abdulally, Shin G. Kang, Pierre Gauville....coovrrresmressnnns 469
Design and Modeling of Second Generation Oxygen-Fired CFB

Kari Mydhinen, Timo Hyppénen, Timo Eriksson, Reijo Kuivalainen .....cewinnieens 475
Development of MIP Technology and its Advancement

Congli Cheng, Jianhong GONZ..uvmevimsmmsssiinesesessnnssesssssssesssssesssnes 481
Effect of Fluidized Bed Diameter on Fluidization Dynamics

Vikrant Verma, Johan T. Padding, Niels G. Deen, J.LA.M. KUIPerS..uivrerirernrsirernnens 487
Effect of In-Bed Heat Exchanger on Bed Inventory Imbalance in a Pantleg CFB Design
—a CFD Study

Shengteng Hu, Wei Wang, Rick Wessel, Tom Flynn, Dave Kraft ...c.ooveiseineerieinnnns 493

Experimental Verification of the Scaling Rules for Cold Models of Different Scales

Pawet Mirek, Jolanta Ziaja, Marcin Klajny, Wojciech Nowak, Szymon Jagodzik,

Artur ZajchowsKi vovuvenviinsennnininnn e e 499
Functionalization of Polymers Using an Atmospheric Plasma Jet in a Fluidized Bed
Reactor and its Impact on Selective Laser Melting Processes

M. Sachs, A. Schmitt, J. Schmidt, W. Peukert, K-E Wirth....ccoecvviviviesniennninnenennnns 505
Hydrodynamic Behavior of an Internal Circulation Fluidized Bed for Preparing
Polysilicon Granules

Peilong Li, Tiefeng Wang v 511

XI



Integrated Energy Generation and Nutrient Recovery from Sewage Sludge and
Farmyard Manure

Ludwig Hermann, Andreas Orthu.iaiiimimiiimmsisisiesseen, 517
Investigation on the Heat Transfer Intensification Mechanism of a New Fluidized Bed
Heat Exchanger

Xiuying Yao, Xiao Han, Yongmin Zhang, Chunxi L., 523
Novel Wall Design for Circulating Fluidised Bed Reactors

Recep Kahraman, John Shrimpton, Kai Luo, Sai Gu, Lindsay-Marie Armstrong........ 529
Potential of CFB Processes for Cadmium Removal from Phosphate Rock

Ludwig Hermann, Andreas Orth.eememmeimememimssiimmnnimsmesn 535

Research on Supercritical Circulating Fluidized Bed Boiler
Guangxi Yue, Junfu Lv, Hairui Yang, Hu Su, Li Nie, Xiujian Lei, Shijian Tao,

Wenging Zhang. vessessssssissssssnsessssismmsmsaisisssssossssesysorasssasssssssmosneessasseonisesssnsyssen 541
Scale-Up of Results from Fuel Characterization Tests to Boiler Geometry
Timo Niemi, Sirpa Kallio, Juho Peltola, Heidi Nevalainen, Lassi Karvonen ..., 551

Session 6: Measurement and Instrumentation

A New Image-Based Method to Measure Solids Holdup and Clusters in a Narrow
Rectangular CFB

Jingsi Yang, Jesse.ZWsmsamismanmisiasimioiiiimsissessinssssmasssarsiasi st nay i 557
An Acoustic Method for the Measurement of Minimum Fluidization and Bubbling
Properties of Group A Solids

Allan Issangya, Roy Hays, Ray Cocco, Ted Knowlton, S.B. Reddy Karri.....cooviniinens 563
Bubble Characterstics in a 3-D Gas-Solid Fluidized Bed: Predictions from Ultra-Fast
X-Ray Tomography and Two-Fluid Model

Vikrant Verma, Johan T. Padding, Niels G. Deen, J.A.M. Kuipers, Martina Bieberle,

Frank Barthel, Michael Wagner, Uwe Hampel v - 1 ¢ |
Bubble Size in Fluidized Beds with and without Vertical Internals

S. Maurer, E. C. Wagner, T. J. Schildhauer, J. R. van Ommen, S. M. A. Biollaz,

R.FLMUAAE v i 577
Dual-Material Probe Measurement of Electrostatic Charges and Hydrodynamics in
Gas-Solid Fluidized Beds

Chuan He, Xiaotao Bi, John R. Grace ..o, 583
Measurement of Solids Velocity and Concentration in a Large Cold CFB Model

Juho Peltola, Lassi Karvonen, Jouni Elfvengren, Jari Kolehmainen, Sirpa Kallio,

David Pallares, Filip JONNSSON i 589
Oxy-Fuel Combustion Experiments at High Oxygen Concentrations on a 0.1 MWth
Circulating Fluidized Bed

Wei Li, Shiyuan Li, Qianggiang Ren, Li Tan, Haoyu Li, Jingzhang Lit c.ccocviniiiinna 595
Partitioning Behavior of Trace Elements in a Pilot-Scale Circulating Fluidized Bed
Combustor with an Novel In-Bed Heat Exchanger

Lunbo Duan, Haicheng Sun, Yuangiang Duan, Changsui Zhao......coeieimenennnniinen 601

XIl



Session 7: Combustion, Pyrolysis and Gasification

A 1-Dimensional Model of Indirect Biomass Gasification in a Dual Fluidised Bed System

Louise Lundberg, David Pallarés, Robert Johansson, Henrik Thunman..........ecvennn 607
A Damkdéhler Number for Evaluating Combustion Efficiency of Horizontal Circulating
Fluidized Bed Boilers

Heng Feng, Qinghai Li, Aihong Meng, Yanguo Zhang ... 613
Artificial Intelligence Treatment of NOx Emissions from CFBC in Air and Oxy-Fuel
Conditions

Jaroslaw Krzywanski, Artur Blaszczuk, Tomasz Czakiert, Rafal Rajczyk,

Wojciech NoWaKsssvsssssireimisisssississsisississsissesionsisieivivisvbasisssasinasmi amaion 619
Bed-To-Wall Heat Transfer in a Large-Scale Supercritical CFB Combustor under Flue
Gas Recirculation Conditions

Artur Blaszczuk, Wojciech Nowak, Szymon Jagodzik, Jaroslaw Krzywanski ... 625
CO, - Enhanced Coal Gasification in a Circulating Fluidized Bed Reactor

Marek Sciazko, Aleksander Sobolewski, Grzegorz Tomaszewicz, Andrzej Czaplicki,

Krzysztof Stowik, Martyna TOMASZEWICZ cvvrirussesssessirinmmrisesessssissessssssssssssssssssnnne 631
Cold Model Investigation of a Triple Fluidized Bed Gasification Process for Production
of Hydrogen Rich Syngas from Biomass

Nina Armbrust, Ajay Bidwe, Heiko Dieter, Giinter Scheffknecht.....ouvvvvvvereirirnrnrenens 637
Combustion of Waste Sludge with Oxygen and Carbon Dioxide at a Circulating
Fluidized Bed

Ha-Na Jang, Hang-Seok Choi, Seung-Ki Back, Jin-Ho Sung, Jeong-Hun Kim,

Yong=Chil S80 svssrarsenssssisnsosssssssivsssmsassnvisusssnsssensssoonissssssansssisssvenssvesssssipsssisesaisoss 643
Decoupling Combustion Based on Dual Fluidized Bed for Industrial Biomass Waste:
Fundamentals and Application

Guangwen Xu, Changbin Yao, Yang Song, Wang Wang, Shiqiu Gao .....ccveruererviens 649
Effect of Bed Materials Mixing on the Observed Bed Sintering
Pavleta Knutsson, Georg Schwebel, Britt-Marie Steenari, Henrik Leion...ueverirenns 655

Effect of Coal Addition on Deposition in a Biomass Fired Circulating Fluidized-Bed
Boiler

Chen Chen, Chunjiang Yu, Zifeng Tang, Leiyun Zeng, Zhongyang LUo .....eceresveseenes 661
Effect of Pyrolysis Atmosphere and Temperature on Coal Char Gasification Reactivity
Rui Zhang, Qinhui Wang, Zhongyang Luo, Mengxiang Fang.....c.cevvrrevnennnnseinns 667

Examination of Chemical-Looping Combustion of Gaseous Fuels by 1-Dimensional
Modeling and Experiments

Jesper Aronsson, David Pallarés, Anders Lyngfelt ..oovviiimnminininon, 673
Experimental Research on CFB Coal Pyrolysis and Combustion Polygeneration
Technology

Mengxiang Fang, Qinghui Wang, Chao Li, Zhongyang Luo, Kefa Cenuuivinrirrerrnenns 679
High Temperature Coal Partial Gasification of O,/Steam in a Fluidized Bed
Xiong Zhang, Jianjun Cheng, Ye Feng, Shihong Zhang, Hanping Chen ....covuvvivevevenes 687

Influence of Fuel Feeding Position on Sorption Enhanced Reforming in a Dual Fluid
Gasifier

Kolbitsch M., Schmid J.C., Diem R., Miiller S., Hofbauer H. ....coevnnmmnnininsiererenns 693
Influence of PSD of Make-Up Material on CFB Boiler Operation Burning Biomass
Nowak W., J. Leszczynski, M. Niedzielska, M. Wes0lowsKa wuoveeneresinnnsinniiseniines 699

X1



Influences of Secondary Air on Combustion and Emissions in CFB Boiler

Ruifeng Ding, Jingji Li, Man Zhang, Hairui Yang, Peiqing Cao, Yonggang Zhao...... 705
Investigation on Load Control of a 600MW Supercritical Circulating Fluidized Bed
Boiler

Mingming Gao, Jizhen Liu, Guangxi Yue, Zhiqiang Liu, Hairui Yang....cvuveinine. 711
Laboratory Fluidized Bed Testing of Iimenite as Bed Material for Oxygen Carrier
Aided Combustion (OCAC)

Dongmei Zhao, Georg Schwebel, Nasim Mohammad Pour, Henrik Leion, Fredrik Lind,

Hentik Thunmaissesssswsmmisvininssaimisaimissniasassissainvisssintonsbmsmsmsssiaisarsorsnnes 721
Large Scale CFB for Waste-To-Energy
TeroiLuomahat]u, JUSSL VIlj BN sesirvesssassaseissisussivsassinssssasassasssssassisnsoissisonsnesnssisnssns 727

Lignin Pyrolysis in a Circulating Fluidized Bed — Influence of Temperature and Char
Formation on Bed Material

Miika Franck, Ernst-Ulrich Hartge, Stefan Heinrich, Joachim Werther,

Digtrich Meieriusasisiasmmminssismnsminimisrisimsivissiiminimssisinsiiaiosssrss 733
Local Riser Voidage Variation with Interrupting One Circulating Loop in a
Six-Cyclones CFB System

Yangjun Zou, Leming Cheng, Linjie Xu, Qinhui Wang, Zhongyang Luo, Mingjiang Ni,

Kefa Cen, Min Huang, Xuefen Yang .o 739
Numerical Modeling of Coal Gasification in a Circulating Fluidized Bed Reactor

Adam Klimanek, Wojciech Adamczyk, Anna Katelbach-Wozniak, Andrzej Szlgk..... 747
Operating Experience with a High-Temperature Pseudo-2D Fluidized Bed Reactor
Designed Especially for Detailed Local Data Collection

Abdelghafour Zaabout, Schalk Cloete, Stein Tore Johansen, Shahriar Amini......u.... 755
Operating Problems in Commercial CFB Boilers — Erosion and Corrosion

Prabir Basu, Bishnu Acharya, Leming Cheng ..o, 761
Reengineered Feedstock™ Cofiring with Coal in a Tangential-Fired Pulverized Boiler

Rouzbeh Jafari; DIngrong Bal sussssessessestssisssonssassiossssssissossssnssisasnivossssssssnssavonsiness 767

Shenmu Coal Gasification in a 5 T/D Circulating Fluidized Bed Gasifier: Effect of
Gasification Agents

Kuangshi Yu, Haixia Zhang, Zhiping Zhu, Guangjun Meng, Qinggang Lu........ccv.... 773
Technique Analysis on Energy Consumption of Municipal Sewage Sludge Drying and
Incineration

Yao Yao, Jianguo Zhu,Qinggang Ll ssssssssnsnssmssissisisismsnssosesssoncssssisnsssasisnis 777
Tg-Ms Analysis of Nitrogen Transformation during Co-Combustion of Biomass with
Municipal Sewage Sludge

Xin Wang, Qianggiang Ren, Linna Li, Shiyuan Li, Qinggang Lu.....ccccvvnvenisrevinnnes 785
The Effects of Pressurized Oxy Combustion of Solid Fuels

Janusz Lasek, Krzysztof Glod, Marek Sciqzko, Jarostaw Zuwala....covviiniiciinnnniinnen, 791
The Experimental Study of the Combustion Characteristics of PU Leather Waste

Yinhe Liu, Yongjian Zhang, Xiang XU 797

The Influence of Gas Staging During Oxy-Fuel Combustion under CFB Conditions

Tomasz Czakiert, Marek Andrzejezyk, Sylwia Jankowska, Grzegorz Krawczyk,

Lukasz Jesionowski, Pawel Borecki, Wojciech NOWak vouvviivivinsinnniniiniinaninin, 803
The Influence of Operating Conditions and Fuel-Feed Location on Fuel Residence Time
in an Indirect Gasifier

Erik Sette, David Pallarés, Filip JORNSSON viuvivniimmenmmmminonn 809

XIv



Transient Temperature and Char Conversion Profiles in Wood during Devolatilization
in a Fluidized Bed Combustor

Ruben Sudhakar Dhanarathinam, Ajit Kumar Kolar....ireenmenee. 815
Utilization of a Three Dimensional Model in Designing and Tuning of Large Scale
Boilers

Marko Lyytikdinen, Ari Kettunen, Kari MyShénen, Timo Hyppanen .....eeereesesnnes 823
Vertical Suspension Density Distribution under Air/Carbon Dioxide Conditions in a
Circulating Fluidized Bed

Maciej Komorowski, Pawel Mirek, Jarostaw Krzywanski, Wojciech Nowak,

Karol SZteKIEr o e e 829

Session 8: Chemical Looping Processes

A Study on Cao-Based Catalytic Tar Reforming in a Chemical Looping Gasification
System
Jakkapong Udomsirichakorn, Prabir Basu, P. Abdul Salam, Bishnu Acharya............. 835

Coal Combustion under Calcium Looping Process Conditions

Tadaaki Shimizu, Caiyun Gao, Hiroko Narisawa, Ayato Yoshizawa, Yuuto Shimazaki,

Kouhei Suzaki, Heejoon Kim, Liuyun Li iussissssssssssssisssssssassssssesissssssassssisnsaisssasans 843
Hydrodynamics of a Dual Fluidized Bed for Hydrogen Generation by Chemical Looping
Process

Dewang Zeng, Rui Xiao, Zhicheng Huang, Shuai Zhang........cvesveeerssernsnsesesnninins 849
Investigation of Chemical-Looping Combustion of Coal with Iron Ore as Oxygen
Carrier under Pressurized Condition

Shuai Zhang, Rui Xiao, Wenguang Zheng......cvceeimessmmsisnnsinmemeen 855
Modelling a CL.C Process Improved by Clou and Validation in a 120 kW Unit

Alberto Abad, Pilar Gayan, Luis F. de Diego, Francisco Garcia-labiano, Juan Adénez,

Karl Mayer, Stefan Penthor..u i, 861
Modelling Sorbent Conversion and Attrition during Fluidized Bed Calcium Looping

Fabio Montagnaro, Piero Salatino, Fabrizio Scala, Massimo Urcitolo ..uuevriernrenees 869
Reactivation of Sorbents for Calcium Looping Application by Steam Hydration

Antonio Coppola, Fabio Montagnaro, Piero Salatino, Fabrizio Scala.....ccevsiissenns 875

Reactor Selection and Design for Coal-Direct Chemical Looping Combustion
Production of Hydrogen

Trevor Hadley, David Siew, Kok-Seng Lim, Sankar Bhattacharya....c..coevusvesiesissanas 881
Riser Hydrodynamic Study for Chemical Looping Combustion with Group B Powders:
Impact of Particle Shape

Sofia Rodrigues, Ann Forret, Florian Montjovet, Michel Lance, Thierry Gauthier ..... 887
Screening of Different Manganese Ores for Chemical-Looping Combustion (CLC) and
Chemical-Looping with Oxygen Uncoupling (CLOU)

Sebastian Sundqvist, Mehdi Arjmand, Tobias Mattisson, Henrik Leion,

Magrnus Rydén,Anders Lyngfeltiimmesmmimssnsenssmismsimisssisssiassisamisvisssssin 893

XV



Session 9: Cyclone and Loop Seal

Impact of Passage Structure on Loop Seal Operating Characteristic

Peining Wang, Wenchong Xing, Qing Liu, Hairui Yang, Junfu Lv, Yonggang Zhao,

Yiang Bai isssmsisisimsasmismiisriiemmma st i s s s s s nsv e ia i 899
Investigation on Hydrodynamics of Interconnected Reactors and Loop Seal Behavior for
Multi-Generation Systems

G. A. Ryabov, O. M. Folomeev, D. A. Sankin, D. A. MeInikov ..o, 905
Numerical Study of the Gas-Solid Flow Characteristics in N-Type Loop Seal

Qinggong Wang, Peining Wang, Hairui Yang, Junfu Lu, Man Zhang, Jian Lu,

Jinwel L8NG siissiniimimmimminisinusinminsnisiiineg SRR TR RN AT vonenn 911
Pressure Drop in Uniflow Cyclones: Investigations on an Empirical Model

Michael Kraxner, Birgit Skarke, Tobias Kofler, Martin Pillei v 917
The Influence of Temperature on the Entropy Generation of Cyclone Separator

Lu Duan, Xigolin Wi, Zhongli Jisiweissisimsisssssississsosssmsissssssnsissiosinsnonissivssssonsan 923
Theory and Operating Data of Cyclone Improvement in a CFB Boiler

Christoph Ipsen, Dirk Roschek, Ulrich Muschelknautz....ouivimniiimnmniiiin. 929
Towards an Analytical Model for Uniflow Cyclones

Ulrich Muschelknautz 935
AULhOT INASX sswsisimimssisiwismmmmsmn imsssvamssmarsmmrmsssomi e i 941

XVI



