Accepted Manuscript
“= CHEMICAL

ENGINEERING

Development and verification of anisotropic drag closures for filtered Two Fluid

Models SCIENCE

Jan Hendrik Cloete, Schalk Cloete, Federico Municchi, Stefan Radl, Shahriar
Amini

PII: S0009-2509(18)30413-5

DOL: https://doi.org/10.1016/j.ces.2018.06.041
Reference: CES 14315

To appear in: Chemical Engineering Science

Received Date: 17 March 2018

Revised Date: 21 May 2018

Accepted Date: 15 June 2018

Please cite this article as: J. Hendrik Cloete, S. Cloete, F. Municchi, S. Radl, S. Amini, Development and verification
of anisotropic drag closures for filtered Two Fluid Models, Chemical Engineering Science (2018), doi: https://
doi.org/10.1016/j.ces.2018.06.041

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.ces.2018.06.041
https://doi.org/10.1016/j.ces.2018.06.041
https://doi.org/10.1016/j.ces.2018.06.041

Development and verification of anisotropic drag
closures for filtered Two Fluid Models

Jan Hendrik Cloete®, Schalk Cloete?, Federico Municchi*”, Stefan Radl’, Shahriar
Amini®?”

1) Department of Energy and Process Engineering, Norwegian University of Science and Technology
(NTNU), NO-7491 Trondheim, Norway

2) Flow Technology Department, SINTEF Materials and Chemistry, NO-7465 Trondheim, Norway

3) Institute of Process and Particle Engineering, Graz University of Technology, Inffeldgasse 13/Ill,
8010 Graz, Austria

*Corresponding author. Email: shahriar.amini@sintef.no

Address: SINTEF Materials and Chemistry, S.P. Andersens vei 15 B, 7031 Trondheim, Norway, Phone:
+47 46639721

*Current address: School of Mechanical Engineering, Purdue University, 610 Purdue Mall, IN 47907
West Lafayette, USA

Abstract

Over the past decade, filtered Two Fluid Models (fTFMs) have emerged as a promising approach for
enabling fluidized bed simulations at industrially relevant scales. In these models, the filtered drag
force is considered to be the most important quantity that requires closure. To date, such closures
have typically relied on an isotropic interphase momentum exchange coefficient by applying a drag
correction factor to the microscopic drag closures commonly used in resolved simulations. In the
present study, both isotropic and anisotropic closures are developed for predicting the filtered
interphase forces. The relative performance of these two approaches is then evaluated by means of
an a priori-assessment, considering data obtained from simulations in which all flow variables are
resolved, which were also used for closure derivation. Also, an a posteriori assessment, which
compares _coarse grid simulation results to a benchmark resolved simulation of a bubbling fluidized
bed, is presented. The primary conclusion from the present study is that it is essential to account for
the anisotropy of the filtered momentum exchange coefficient. It is shown that this can be done by
employing a drift velocity formulation of the filtered drag force and by considering a gravitational
contribution that only acts in the vertical direction. Furthermore, it is found that for the large
computational grid sizes that are typically required in industrial scale fluidized bed simulations, a
closure for the meso-scale interphase force is essential. Finally, also for coarse grids, a non-linearity
correction factor, which accounts for assumptions in deriving the drift velocity-based form of the
filtered drag force, requires closure. The present study therefore highlights multiple avenues for
improving drag closures used in fTFMs. Hence, these results may critically strengthen the predictive
capabilities of fTFMs, as well as guide future modelling efforts.
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