
Author's Accepted Manuscript

Numerical investigation of subgrid mixing
effects on the calculation of biological reac-
tion rates

Marion Linkès, Pascal Fede, Jérôme Morchain,
Philippe Schmitz

PII: S0009-2509(14)00215-2
DOI: http://dx.doi.org/10.1016/j.ces.2014.05.005
Reference: CES11632

To appear in: Chemical Engineering Science

Received date: 20 January 2014
Revised date: 10 April 2014
Accepted date: 4 May 2014

Cite this article as: Marion Linkès, Pascal Fede, Jérôme Morchain, Philippe
Schmitz, Numerical investigation of subgrid mixing effects on the calculation
of biological reaction rates, Chemical Engineering Science, http://dx.doi.org/10.1016/
j.ces.2014.05.005

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.2014.05.005
http://dx.doi.org/10.1016/j.ces.2014.05.005
http://dx.doi.org/10.1016/j.ces.2014.05.005
http://dx.doi.org/10.1016/j.ces.2014.05.005
http://dx.doi.org/10.1016/j.ces.2014.05.005
http://dx.doi.org/10.1016/j.ces.2014.05.005
http://dx.doi.org/10.1016/j.ces.2014.05.005


Numerical investigation of subgrid mixing effects on the

calculation of biological reaction rates
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Abstract

The consequences of substrate concentration heterogeneities at the cell level,

on the behaviour of microbial populations have been identified some years

ago. However, subgrid effects are rarely considered in bioreactor modelling.

In this paper, this central issue is investigated with Direct Numerical Sim-

ulations (DNS) coupled with Lagrangian particle tracking and scalar field

calculations in the case of statistically steady homogeneous and isotropic tur-

bulence. From these calculations, the exact distribution of substrate uptake

rates of a microorganism population is calculated and compared, favourably,

to analytical solutions. A metabolic model considering anabolism, oxyda-

tive catabolism and dissimilation is invoqued to quantify the consequences

in terms of overall reaction rates at the population scale. It is shown that

imperfect mixing reduces the growth rate and increases the by-product for-

mation while leaving the total uptake rate unchanged. This work provides a
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