
Author's Accepted Manuscript

Verification of sub-grid filtered drag models
for gas-particle fluidized beds with immersed
cylinder arrays

Avik Sarkar, Xin Sun, Sankaran Sundaresan

PII: S0009-2509(14)00167-5
DOI: http://dx.doi.org/10.1016/j.ces.2014.04.018
Reference: CES11600

To appear in: Chemical Engineering Science

Received date: 11 February 2014
Revised date: 7 April 2014
Accepted date: 12 April 2014

Cite this article as: Avik Sarkar, Xin Sun, Sankaran Sundaresan, Verification of
sub-grid filtered drag models for gas-particle fluidized beds with immersed
cylinder arrays, Chemical Engineering Science, http://dx.doi.org/10.1016/j.
ces.2014.04.018

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 galley proof before it is published in its final citable 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.

www.elsevier.com/locate/ces

http://dx.doi.org/10.1016/j.ces.2014.04.018
http://dx.doi.org/10.1016/j.ces.2014.04.018
http://dx.doi.org/10.1016/j.ces.2014.04.018
http://dx.doi.org/10.1016/j.ces.2014.04.018
http://dx.doi.org/10.1016/j.ces.2014.04.018
http://dx.doi.org/10.1016/j.ces.2014.04.018
http://dx.doi.org/10.1016/j.ces.2014.04.018


1 
 

Verification of sub-grid filtered drag models for gas-particle fluidized beds 
with immersed cylinder arrays 

 
Avik Sarkara,*, Xin Suna, Sankaran Sundaresanb 

 
aFundamental and Computational Sciences Directorate, Pacific Northwest National Laboratory, PO Box 999, MSIN: 
K7-90, Richland, Washington 99352, United States 
bChemical and Biological Engineering, Princeton University, A-315 Engineering Quadrangle, Princeton University, 
Princeton, New Jersey 08544, United States 
*Corresponding author.  Tel.: +91 509-371-7359.  Email address: aviksarkar2@gmail.com, avik.sarkar@pnnl.gov.  

 
Abstract 

 

The accuracy of coarse-grid multiphase CFD simulations of fluidized beds may be improved via the 

inclusion of filtered constitutive models.  In our previous study (Sarkar et al., Chem. Eng. Sci., 104, 399-

412), we developed such a set of filtered drag relationships for beds with immersed arrays of cooling 

tubes.  Verification of these filtered drag models is addressed in this work.  Predictions from coarse-grid 

simulations with the sub-grid filtered corrections are compared against accurate, highly-resolved 

simulations of full-scale turbulent and bubbling fluidized beds.  The filtered drag models offer a 

computationally efficient yet accurate alternative for obtaining macroscopic predictions, but the spatial 

resolution of meso-scale clustering heterogeneities is sacrificed.   
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1. Introduction 

 

Resolving meso-scale structures such as particle clusters and gas bubbles in computational fluid dynamics 

(CFD) simulations of commercial-scale fluidized beds is prohibitively expensive (Agrawal et al., 2001). 
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