CFD modelling of a wave-mixed bioreactor with complicated
geometry and also two levels of flexibility motion

Maximizing bioprocesses calls for an in-depth understanding, from a
bioengineering point of view, of the growing systems made use of. A
bioengineering characterization is commonly executed by means of
speculative or mathematical techniques, which are especially well-
established for mixed bioreactors. For unstirred, non-rigid systems
such as wave-mixed bioreactors, mathematical methods prove to be
problematic, as often only streamlined geometries and also activities
can be thought. In this job, a basic approach for the mathematical
characterization of non-stirred farming systems is demonstrated making
use of the CELL-tainer bioreactor with 2 level of flexibility motion
as an instance. In a primary step, the activity is taped by means of
motion catching, and also a 3D model of the culture bag geometry is
produced by means of 3D-scanning. Ultimately, the bioreactor is
identified with respect to mixing time, and oxygen transfer price, in
addition to details power input and temporal Kolmogorov length scale
distribution. The outcomes show that the CELL-tainer with two levels
of flexibility surpasses traditional wave-mixed bioreactors in regards
to oxygen transport. Additionally, it was shown that in the cell
culture variation of the CELL-tainer, the crucial Kolmogorov size is
not surpassed in any type of simulation. cfd modelling

1 Intro

Single-use bioreactors, which have either an inflexible or adaptable
plastic growing container, are now well developed in the upstream
handling of biotechnological manufacturing processes. They are offered
from the mL array up to a maximum working quantity of 6 m3 (Miller et
al., 2021), as well as are made use of in r & d as well as for
production of business products. When correctly picked and also
managed, single-use bioreactors enable much safer, quicker, and also
much more adaptable productions than their reusable counterparts
(Jossen et al., 2017). However, single-use bioreactors still have
limitations, such as the risk of leaks, the possible payment of
leachables and extractables to the end product, and also limited
instrumentation with single-use sensing units (Jossen et al., 2019).
However, the benefits presently surpass the downsides when using
single-use bioreactors.

It deserves stating that stirred, orbitally shaken, as well as wave-
mixed single-use bioreactors are most generally made use of. The
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upscalable bioreactor system that has been on the market for the
longest is the wave-mixed bioreactor with one level of liberty (DOF)
motion (rotation along the Y-axis). It was introduced in 1998 as the
WAVE bioreactor 20 (Singh, 1999). The core component of wave-mixed
bioreactors with 1 DOF is a rocker with a bag holder on which a
pillow-like society bag is taken care of. The culture bag has the
society medium as well as cells. As a result of the rotating activity
of the rocker, a wave is generated in the culture bag (Werner et al.,
2010). Furthermore, bubble-free surface oygenation happens. Given that
the foam produced throughout cultivation is permanently included right
into the culture medium, there is normally no demand to include an
antifoam representative in these wave-mixed bioreactors. In wave-mixed
bioreactors with 1 DOF, the particular power input (P/V) as well as
hence the hydrodynamic anxiety acting upon the cells can be managed by
adjusting the rocking price, the rocking angle and also the
functioning quantity (Eibl et al., 2009a). Oxygen transfer is raised
more effectively by raising the rocking rate as well as the shaking
angle than by boosting the aeration price. Research studies provided
in the literature on the bioengineering characterization of wave-mixed
bioreactors with 1 DOF and also an optimum working quantity of as much
as 500 L have added to their extensive usage (Eibl and also Eibl,
2006; Eibl et al., 2009a, b; Kalmbach et al., 2011; Loffelholz et al.,
2013b; Marsh et al., 2017; Bai et al., 2019a, b; Svay et al., 2020;
Bartczak et al., 2022). On top of that, these bioreactors (e.g.,
HyPerforma Rocker Bioreactor, ReadyToProcess Wave Bioreactor, Biostat
RM Bioreactor) are widely used. They enable the cultivation of animal
suspension cells (Kaiser et al., 2015), insect suspension cells (Eibl
et al., 2013), plant suspension cell and also cells societies such as
cells, unshaven origins, adventitious roots and embryogenic cultures
(Palazdén et al., 2003; Eibl and also Eibl, 2009; Lehmann et al., 2014)
and also bacteria (Mikola et al., 2007). It is typically concurred,
however, that the primary application of wave-mixed bioreactors with 1
DOF is inoculum production in industrial monoclonal antibody
productions. In such instances, the recommended manufacturing
organisms are transfected Chinese hamster ovary (CHO) cells, yet this
can create a wave-mixed bioreactor with 1 DOF to reach its operational
restrictions. This might take place, in manufacturing procedures where
high gas-liquid oxygen mass transfer is required. This is additionally
the instance with fast-growing plant suspension cultures, whose growth
is accompanied by solid polysaccharide development and hence an
increase in the viscosity of the society brew (Eibl et al., 2009b). In
a similar way, procedures where fungis, yeasts or germs are expanded



can exceed the operational limitations of wave-mixed bioreactors with
1 DOF. Conversely, in all these cases the wave-mixed CELL-tainer can
be helpful when it come to cell development and/or item expression.

The CELL-tainer is a bioreactor which is offered in the versions
Discovery (functioning quantity ©.1 L-- 3.5 L), Energy (0.15 L-- 20 L)
as well as Custom_Pro (10 L-- 200 L), wherein only the Utility version
will certainly be discussed here. The system, offered in a version for
animal cell cultures in addition to for microorganisms, perfoms a 2
DOF motion (Area 2.1). This allows for higher power input as well as
oxygen transfer compared to the previously described wave-mixed
bioreactors with 1 DOF (Oosterhuis et al., 2013). An additional
feature of the CELL-tainer Utility is its compartmentalization using
the carried out growth channels. Consequently of this and its capacity
to be operated from 150 mL to 20 L working quantity, the CELL-tainer
can easily be scaled up linearly. This type of bioreactor has actually
currently been made use of successfully to grow plant suspension cells
(Gubser et al., 2021), fungal cultures (Kurt et al., 2018), microbes
(Junne et al., 2013) and animal cells (Oosterhuis et al., 2011). It
has also shown persuading results in the growth of bovine satellite
cells on microcarriers as the first step in artificial insemination
meat manufacturing (HOoing et al., 2021). While researches on the
experimental resolution of crucial bioprocess criteria (e.g., blending
time OM,95, volumetric oxygen mass transfer coefficient klLa,
particular power input P/V and hydrodynamic stress) for the CELL-
tainer are readily available (Area 2.4), just one mathematical method
for their determination currently exists (Ahmed, 2019). This strategy,
however, assumes an extremely streamlined geometry of the society bag.
Consequently, this work focuses on a more exact geometry strategy for
CELL-tainer's growing bag using movement capturing (Area 2.1),
molding, 3D-scanning of the complicated geometry (Section 2.2),
computational fluid dynamic (CFD) simulations, and also the subsequent
confirmation of the CFD outcomes (Area 2.3).



