
GAS-SOLIDS FLOWS IN DOWNERS: 

HYDRODYNAMICS AND REACTOR MODELING 

SURYAWANSHI VAISHALI UTTAMRAO 

DEPARTMENT OF CHEMICAL ENGINEERING 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

FEB, 2009 



GAS-SOLIDS FLOWS IN DOWNERS: 

HYDRODYNAMICS AND REACTOR MODELING 

by 

SURYAWANSHI VAISHALI UTTAMRAO 

DEPARTMENT OF CHEMICAL ENGINEERING 

Submitted in fulfillment of 

the requirements of the degree of 

DOCTOR OF PHILOSOPHY 

to the 

p. 

-fit OFTEGN~~4I~ 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

FEB, 2009 



CERTIFICATE 

This is to certify that the thesis entitled `Gas Solids Flows in Downers: 

Hydrodynamics and Reactor Modeling' being submitted by Ms. Suryawanshi Vaishali 

Uttamrao to the Indian Institute of Technology, Delhi for award of Doctor of Philosophy is a 

record of bonafide research work carried out by her under my guidance and supervision in 

conformity with the rules and regulations of Indian Institute of Technology, Delhi. 

The research report and results presented in this thesis have not been submitted, in 

part or full, to any other University or Institute for the award of any degree or diploma. 

(Dr. Shantanu Roy) 

Associate Professor 

Department of Chemical Engineering 

Indian Institute of Technology — Delhi 

New Delhi-110016, INDIA. 

1 



ACKNOWLEDGEMENT 

I am deeply indebted to my PhD supervisor Dr. Shantanu Roy whose help, 

stimulating suggestions and encouragement helped me during all the research reported in this 

document, and during the writing of this thesis. For me, he has always been constant source 

of inspiration and motivation. I have learned many things from him and I hope this work 

partially satisfies his expectations. 

I wish to express my sincere thanks to Prof. Jesse Zhu, University of Western 

Ontario, Canada for sharing his experimental data for gas-solids downer. I also wish to put 

on record by gratitude to Prof. D. Subbarao (who superannuated from IIT-Delhi and is 

currently in University Technologi Petronas, Malaysia), who gave me invaluable suggestions 

during the early years of my research, particularly regarding the `role of clusters' in fast 

fluidized bed reactors. 

I greatly acknowledge Prof. J. A. M. Kuipers and Dr. N. G. Deen of Fundamentals of 

Chemical Reaction Engineering group at the University of Twente, Netherlands for sharing 

version of their code for DEM modeling of fluidized beds. I am especially thankful to Dr. 

N.G. Deen for discussions and clarifications regarding the code. 

I am also grateful to Prof. Patrick Mills, Texas A&M University, Kingsville, USA for 

his helpful suggestions throughout this research work, and especially on reactor modeling of 

butane oxidation. I would like to express my sincere thanks to Prof. Milorad Dudukovic, 

Washington University in St. Louis, USA and Prof. Muthanna Al-Dahhan, Missouri 

ii 



University of Science and Technology, USA for their valuable suggestions during their visits 

to our laboratory in IIT Delhi, and also our subsequent meetings during conferences. 

I am profoundly thankful to all the faculty of the Chemical Engineering Department 

at IIT Delhi, and in particular the Department Heads during whose tenures I conducted my 

research: Prof. B. K. Guha, A. K. Gupta, and Prof. S. K. Gupta for providing me with all the 

necessary facilities during my stay here. I would like to thank my SRC members and other 

faculty members for their constructive criticism and valuable suggestions which gave better 

shape to this research work. 

I am thankful to all my colleagues, in particular Rajesh Kumar Upadhyay, Vimlesh 

Kumar Bind, Navdeep Kaur and other friends in the Department beyond words, who gave me 

a memorable stay at IIT Delhi. They have been always there for me with their suggestions, 

moral support and hand of help for everything I needed. During this work many 

undergraduate and postgraduate students were associated with me. Particularly, I owe special 

thank to Vivek Chaubey and Manish Kumar. Gratitude is expressed to Mr. Naresh Kumar 

and Mr. Brahm Prakash for their help and co-operation in the Laboratory. The financial 

assistance provided by Ministry of Human Resources, Government of India is appreciated. 

Last but not the least; I want to express my gratitude to my parents and my brother for 

their love, understanding and moral support. 

Feb 2009 	 Suryawanshi Vaishali Uttamrao 

iii 



ABSTRACT 

Chemical engineers are pre-dominantly engaged in the design, scale-up and 

troubleshooting of process units for effecting potentially complex chemistries in a controlled 

environment. One such "reactor" that is being employed from several decades in various 

chemical and energy industries and in a number of applications of great economic value is 

the so called the circulating fluidized bed riser (CFBR). Employed in a variety of 

applications like fluid catalytic cracking (FCC) and partial oxidation of light paraffins, the 

CFBR loop usually consists of individual gas-solid contactors like fluidized beds, risers and 

downers. This thesis relates specifically to downers, though viewed in the general context of 

gas-solids dispersed flows, and in comparison to risers and fluidized beds. 

In recent decades, developments in catalytic sciences, the drive for more profitable 

processes, as well as stringent environmental regulations demanding more efficient 

processes, have all motivated the search for the most optimal reactor for a certain chemical 

process. Certainly, with the development of fast acting catalysts and selective catalyst, the 

need of the hour is for having short contact time, narrow residence time and low back mixing 

reactors. The downer, which involves co-current downflow of fluid and solids, is a promising 

candidate as a short contact time reactor, since it closely follows this "wish-list". 

This thesis specifically relates to computational fluid dynamic (CFD) models of 

downers. Euler-Euler modeling of downers has been presented and the developed models are 

validated against reliable experimental data. The model is optimized for closures that are 

robust and best describe the underlying flow phenomena and the dependencies between the 

key variables. Subsequently, this model has been extended to a reactor model for partial 

oxidation of n-butane to maleic anydride. This reactor model is used to make comparative 
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predictions of downers and risers as reactors for partial oxidation (the use of risers being the 

current technology). Metrics by which downers may outperform risers as partial oxidation 

reactors are outlined. 

In the final part of this thesis, Euler-Lagrange modeling of downers is presented in 

which each particle in the solids ensemble is tracked. This model is used to make various 

qualitative and quantitative predictions about flow features, fluctuating solids velocity and 

mesoscale, metastable structures that are formed in the flow field. 
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