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The IMH in a Few Words

e People:

e 4 professors (Parallel Systems, Robust Design
Optimization, Mathematics, Optimization, FEM, FSI
and CFD)

e Computer:

e Several compute cluster, the newest has 512 cores
and 2 TB RAM

* Workstation up to 128 GB RAM and 16 cores /
high-end GPU’s

e Self established mathematical models and program
extensions to Fluent
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About Biotechnology - 1

e Definition of biotechnology:

e "Biotechnology” means any technological application
that uses biological systems, living organisms, or
derivatives thereof, to make or modify products or

processes for specific use. (UN Convention on
Biological Diversity, Art. 2)


https://en.wikipedia.org/wiki/Convention_on_Biological_Diversity
https://en.wikipedia.org/wiki/Convention_on_Biological_Diversity

About Biotechnology - 2

e Industrial biotechnology is one of the key enabling
technologies (KET) of the European Union (see ,,Key
Enabling Technologies - European Commission®)

e KETs are a group of six technologies: micro and
nanoelectronics, nanotechnology, industrial
biotechnology, advanced materials, photonics, and
advanced manufacturing technologies

e KETs have applications in multiple industries and help
tackle societal challenges

e Countries and regions that fully exploit KETs will be at
the forefront of creating advanced and sustainable
economies



About Biotechnology - 3

* The biotechnological processes modeled and
simulated in our institute:

e Textile Carbon Fibre Electrodes for Microbial Fuel Cells
e Liver-on-a-chip

e Bio-solar cell

e Bio-reactor for the Conversion of C1 Gases

e Calorimetric Ampule Technique
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Starting Point - 1

e For calorimetric ampule technique the reaction vessels

are filled with cell suspensions and

e the heat exchange with a defined environment is

measured under nearly constant
temperatures

Bacterial
suspension
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Starting Point - 2

e The calorimetric ampule techniques have found
several applications:

* Process optimization in the industrial biotechnology
e Sterility testing in the pharmaceutic and food industry

e Sterility testing and identification of contaminations in
medical science

e Death kinetics of cells (e.g. for test of cancer medicine)
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Target of the Project

e Modeling and simulation of the fluid flow, heat
transport, the concentration of O2 and glucose as well
as the increase of the number of bacteria cells
(Echerichia coli)

* The CFD simulations are aiming at a better correlation
between the calorimetric experiment and the

metabolism under investigation than former
evaluations

Echerichia Coli

https://pixnio.com/science/microscopy-images/escherichia-coli/this-scanning-electron-
micrograph-sem-depicted-a-number-of-gram-negative-escherichia-coli-bacteria 1.3.2018



https://pixnio.com/science/microscopy-images/escherichia-coli/this-scanning-electron-micrograph-sem-depicted-a-number-of-gram-negative-escherichia-coli-bacteria
https://pixnio.com/science/microscopy-images/escherichia-coli/this-scanning-electron-micrograph-sem-depicted-a-number-of-gram-negative-escherichia-coli-bacteria
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Mathematical Model - 1

e Until now only the bacterial suspension is modeled
and the air is neglected

e Numerical mesh and times step size: Result of a
convergence study

ww Q¢

Bacterial
suspension

ww Q¢

@ 10 mm
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Mathematical Model - 2

* The mathematical model includes so far
the fluid (water), modeled in Eulerian description
Total mass balance equation
Total momentum balance equation
Species O2 mass balance equation

Species glucose mass balance equation

Energy equation

and the bacteria cells, modeled as spheres of diameter
of 1.4 micrometer in Lagrangian description

Sum of forces on the particle = mass of particle * acceleration of particles

Equation for the increase of number of bacteria cells

Energy equation
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Mathematical Model - 3

* The mathematical model includes so far
the fluid (water), modeled in Eulerian description

p Density of the phase water with O2 and glucose
Index O2: Species Oz
Index g: Species glucose

Index w: Species water
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Mathematical Model - 4

* The mathematical model includes so far
the fluid (water), modeled in Eulerian description

%—’f+V-(p\7):O p=p,

) o o )v1,40) Ao )ev, 50
L PE1 oo p) =V (kr)-¥(n, 1, 41, )6,) ﬁb:_%z(
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Mathematical Model - 5

The bacteria cells, modeled as spheres of diameter of
1.4 micrometer in Lagrangian description
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Mathematical Model - 6

e Sinks and sources - fluid equations

Mass sink for Oz in the Oz species balance equation
m Y

= ity - - A— |

m,0, m,0, Max bM Y +Y 0,

CH1.7000.42N0.25 02 ’1/2 0

2

Mass sink for glucose Iin the glucose species equation

Aerob Anaerob
YO2 ,1/2 g YOZ RMax YOZ " RMax Y02 1/2 Yg mp
Sm g = Aerob Anaerob . Y Y : Y Y : nb M . MC H..0
g o + 611276
Cm g YOZ G Cm g Y02 1/2 0,,1/2 0, g1/2 g CH, 7000.42N0 25

Thermal energy source in the fluid energy equation
S,,=Ah(T-T )

Thermal energy source in tpe particle energy equation
S 0

¢ —__ o

0, M n

OB
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Mathematical Model -7

e All walls are modeled as no slip wall

* For the species balance equation of glucose all walls
are impermeable

e For the balance equation of Oz all walls except the top

wall are impermeable

o At the top wall the equilibrium mass
fraction of O2 with air is set

* The boundary condition for the particles
at the walls is reflect
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Results - Sedimentation of the Bacter

* Due to the higher density of the bacteria cells they

settle approx. 2 mm over 5 hours
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Results - Increase of Number of Bacteria Cells

e As a function of consumption of O2 and glucose the
number of bacteria cells growths
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Results - Depletion of O3 - 1

e The mass fraction of Oz is decreasing because of the
consumption by the bacteria cells

t"=r@is t=1200s t=3600 s

8.85e-06
8.41e-06
7.97e-06
7.53e-06

7.08e-06
6.64e-06
6.20e-06
5.75e-06
5.31e-06
4.87¢-06
4.43e-06
3.98e-06
3.54e-06
3.10e-06
2.66e-06
2.21e-06

1.77e-06
1.33e-06
8.85e-07
I 4.43e-07
0.00e+00 0 10 (mm)




Results - Depletion of Oz - 2

e Measurements in the center of the ampule liquid
spread and the simulation matches them
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Results - Generation of Thermal Energy by
Bacteria

e Heat exchanged with the environment M

e Comparison with bacteria modeled as a
dissolved species (Maskow et al., 2014)

0.35
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0.30 \

Maskow, cells homogeneous — Mass fraction of
0.25 _. —\ O after 1200 s

present work e e
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Heat production is a function of location of cells
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Conclusion- 1

e Conclusions for calorimetry users:
- Take care with the thermokinetic interpretations,
because the heat signal is corrupted by oxygen
l[imitations and biomass sedimentation
- Try to reduce the parasitic effects already in the
experimental design (by growth on agar, low biomass
concentrations, adjustment of the density of the
medium etc.)
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Conclusion- 2

e Conclusions for calorimetry manufacturers:
- Develop multichannel calorimeters where the
bacterial suspension can be homogeneously mixed
(shaken or stirred)
- Develop solutions for oxygenation without disturbing
evaporation effects



Conclusion-3

e General conclusion:

* Biotechnological processes are in the reach of being
modeled and simulated by CFD

e This generates new Insights into the processes

e Possible with tools like Fluent, when biotechnology
specific models and software routines are added
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