Accepted Manuscript

BIOCHEMICAL
ENGINEERING
JOURNAL

Title: From industrial fermentor to CFD-guided downscaling:
what have we learned?

Author: Cees Haringa Robert F. Mudde Henk J. Noorman

PII: S1369-703X(18)30312-7

DOI: https://doi.org/doi: 10.1016/j.bej.2018.09.001
Reference: BEJ 7030

To appear in: Biochemical Engineering Journal

Received date: 30-4-2018

Revised date: 27-8-2018

Accepted date: 3-9-2018

Please cite this article as: Cees Haringa, Robert F. Mudde, Henk J.
Noorman, From industrial fermentor to CFD-guided downscaling: what
have we learned?, <!/[CDATA[Biochemical Engineering Journall]> (2018),
https://doi.org/10.1016/j.bej.2018.09.001

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/doi:10.1016/j.bej.2018.09.001
https://doi.org/10.1016/j.bej.2018.09.001

From industrial fermentor to CFD-guided downscaling:
what have we learned?

Cees Haringa!?* Robert F. Mudde?*, Henk J. Noorman'3*

Abstract

Euler-Lagrange computational fluid dynamics simulations offer great potential
for the integration of transport dynamics and metabolic dynamics in fermenta-
tion systems. Since the seminal work of Lapin et al. [1, 2], progress has been
made, mainly in the analysis of CFD data and translation to laboratory setup
designs. Different large-scale processes require different analysis methods; in
this paper we discuss which analysis methods are best suited for given reactor
types, by reviewing prior simulation cases as well as introducing new test cases.
Furthermore, we address challenges in the translation from Euler-Lagrange sim-
ulations to laboratory scale systems, and propose methods to work around these
shortcomings. Based on the current state of the art, we propose guidelines for
the selection of data analysis methods, and we discuss the design of rational
scale-down simulators. We conclude with a brief discussion regarding the re-
quirements and possibilities of next-generation scale-down simulators, such as
microfluidic single-cell analysis, and possible ways to approximate cellular life-
lines from invasive intra-cellular measurements.
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