
�������� ��	
�����

Hydrodynamics model for the dilute zone of circulating fluidized beds

Francisco J. Collado

PII: S0032-5910(18)30006-8
DOI: doi:10.1016/j.powtec.2018.01.007
Reference: PTEC 13093

To appear in: Powder Technology

Received date: 3 July 2017
Revised date: 18 December 2017
Accepted date: 5 January 2018

Please cite this article as: Francisco J. Collado, Hydrodynamics model for the dilute zone
of circulating fluidized beds, Powder Technology (2018), doi:10.1016/j.powtec.2018.01.007

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

https://doi.org/10.1016/j.powtec.2018.01.007
https://doi.org/10.1016/j.powtec.2018.01.007


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT
   

 1 

Hydrodynamics Model for the Dilute Zone of Circulating Fluidized Beds 

Francisco J. Collado 

Department of Mechanical Engineering, Universidad de Zaragoza, Maria de Luna 3, 50018 Zaragoza, Spain. E-mail: 

fjk@unizar.es; phone: +34 976762551 

 

Abstract 

In this work, a previous model for the hydrodynamics of circulating fluidized beds, which was basically centred in the 

dense zone, is revised in order to cover the dilute zone, from the dense zone to the riser outlet. The new pressure and 

void fraction gradient models for the dilute zone include a newly defined gas velocity along the freeboard. This gas 

velocity is derived from a transformation of classical particle mechanics (the single particle equation) through the 

mapping between inertial frames of reference. The model predictions of the pressure drop and axial solids holdup 

profiles along the freeboard are successfully validated with a limited amount of literature data. 
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1. Introduction 

Circulating fluidized beds (CFB), with a large number of process and power applications [1-3], are gas-solids reactors 

containing particles that are fluidized at a high gas velocity. The weight and acceleration of solids have a significant 

influence on the the axial profile of the pressure drop occurring along the CFB riser. This is a major issue in the design 

of such reactors [1-5]. 

The riser axial profiles of the concentration of solids can be divided [1, 2], in general, into three zones: a dense bed at 

the bottom, an upper dilute or transport zone more or less near the top, and an intermediate zone between them, which 

some authors [1] call the ‘splash’ or transition zone because upwards bubbles, on reaching the bed surface, burst 

splashing with solids this zone above the dense bed. In this work, the dilute zone is treated as extending from the dense 

zone surface to the riser outlet thus comprising of the splash and the upper dilute zones.  

However, the actual flow structure in CFB risers [6-14] is so complex and highly heterogeneous both in radial and axial 

directions that, despite decades of research and industrial application, the real time behaviour of particle flow fields in 

CFB’s is still not well understood [15]. 

Recent high speed videos and high speed particle image velocimetry data [15] taken in three different risers with three 

different particles have revealed the extreme complexity of instantaneous particle flow fields in CFB risers, which 

consist of numerous high speed jets of low particle concentration. These jets were observed wandering around the riser 

interacting with particle clusters, many of them with undulating shape (streamers), in locations near the riser wall left by 
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