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MACRO-SCALE SIMULATION OF FIBROUS
LIQUID AEROSOL FILTERS

AndrØ Baumann, Dennis Hoch, Jennifer Niessner

AEROSOLS, FORMATION AND IMPACT

FIRST RESULTS

 Aerosols are stable systems consisting of a gasous medium and miniscule suspended
solid and/or liquid particles

 Aerosols range from 0,1 nm to ca. 100 �min diameter
 PM 2.5 can be deposited into the pulmonary system, causing emphysema, fibrosis or

other diseases
 Aerosols are produced in many industrial processes like machining or pneumatic

compressors
 To minimize aerosols filters are used. We focus ourselves on the optimization of pressure

loss and fractional separation efficiency for oil mist separators and dryer cartridges in
truck compressor systems

FILTECH Conference, Cologne – Germany 2019

In cooperation with: Supported by: Funded by:

SETUP OF THE SIMULATION

APPROACH Filter media is simulated as porous continuum

Oil does not come with the air flow into the filter  implemented by source term Qoil

Source term determined by micro-scale simulations with information from macro-

scale  multi-scale coupling

Additional parameters from micro-scale: porosity, relative permeability, capillary

pressure – saturation relationship

To validate results two test benches are built up

After validation next step is to optimize with respect to pressure loss and efficiency

Optimizations will be implemented by using drainage layers, optimized pleated

filters and oleophobic layering

After optimization a prototype of the optimized filter will be produced  again

validation of simulations

Model for two-phase flow in porous media of ANSYS Fluent
 Modeling of multiple separate, yet interacting phases with Eulerian Model

 Momentum and continuity equations are solved for each phase

Modeling flow
 Flow through a porous medium is modeled by an additional momentum source term

 Oil mist separator: Laminar flow  Darcy·s law  pressure drop ~ velocity

 Pneumatic truck compressor system: Turbulent flow 

standard conservation equations for turbulence quanitities are solved

Brooks – Corey constitutive relationships
 Capillary pressure model is implemented as additional source in wetting phases

 Viscous coupling effects are applied by relative permeability power law correlation
𝑘𝑟𝑤 =

𝑆𝑤 − 𝑆𝑤𝑟
1 − 𝑆𝑤𝑟 − 𝑆𝑛𝑤𝑟

𝑛𝑤
𝑘𝑟𝑛𝑤 =

𝑆𝑛𝑤 − 𝑆𝑛𝑤𝑟
1 − 𝑆𝑤𝑟 − 𝑆𝑛𝑤𝑟

𝑛𝑛𝑤

OUTLOOK
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[5] https://www.kellerusa.com/products/filter-elements/filter-elements-summary/filter-elements-summary/

[4] https://www.wabco-auto.com/products/category-type/
air-processing/air-dryer-cartridges/air-system-protector-plus/

https://www.slideshare.net/AhmadMubin2/aerosol-retrieval-using-modis-data-amp-rt-codehttps://www.nc-fertigung.de/drehen-sie-schon-mit-freeturn

Optimization
„Real“ source term from micro-scale 

Parameter optimization using drainage layer

Pleated filter with optimum parameters

Oleophobic - oleophilic layering

Static pressure of air [Pa] Saturation of oil [-]

Steady state Air flow
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ONLINE MEASUREMENT OF CENTRATE SOLIDS CONTENT FOR 
CENTRIFUGATION PROCESS MONITORING AND CONTROL 

 
Dipl.-Ing. Manuel Konrath*, Prof. Dr.-Ing. Hermann Nirschl 

Institute of Mechanical Process Engineering and Mechanics 
Karlsruhe Institute of Technology 

Straße am Forum 8 - 76131 Karlsruhe – Germany 
 

ABSTRACT 
Nowadays submicron particles are applied in various industrial sectors. CMP slurries 
in silicon wafer industry, pigments for coatings or varnishes and iron oxide particles in 
cancer treatment are just a few examples. Usually there are special requirements on 
the particle system as a narrow size distribution and limits concerning fine or coarse 
material. However, most particle synthesis techniques provide wide size distributions 
leading to the necessity of subsequent classification steps. Due to their high relative 
centrifugal force (RCF) cut sizes of less than 100 nm can be reached by using tubular 
bowl centrifuges. Competitive processes such as micro channel processes or filters 
are limited to lab scale or lead to the irreversible loss of a significant amount of the 
solid matter. In contrast to that, tubular bowl centrifuges are scalable and offer the use 
of both fine and coarse fraction. The separation process in tubular bowl centrifuges is 
a semi-continuous process. Sediment built-up during the process leads to a decreasing 
free volume for the suspension and therefore to a loss in residence time. As a result of 
that, there is a decrease in grade efficiency.  

A novel approach is to compensate this disadvantage by a dynamic increase of the 
rotational speed. Thus relevant output parameters like product loss and grade 
efficiency are kept constant. The idea is realized by an online measurement of solids 
concentration at the outlet of the centrifuge. A turbidity sensor (Visolid, WTW GmbH) 
is used for that task. The acquisition of the total suspended solids is carried out as a 
scattered light measurement. The signal is implemented into a control cycle which is 
using the rotational speed of the centrifuge (GLE, Carl Padberg Zentrifugenbau GmbH) 
as a correcting variable. When the desired solids concentration is exceeded, rotational 
speed is increased. Experiments show fitness of the sensor to a large concentration 
range and - after an appropriate calibration - no limitation concerning the particle 
system. A special flow-through cell which is also suitable for low flow rates improves 
the controllability of the system. Depending on the particle system, product loss and 
grade efficiency can nearly be kept constant up to high filling levels of the rotor. In 
summary, a direct monitoring of the solids content at the centrifuge outlet is suitable 
for an acquisition of the relevant separation process parameters. Furthermore, the 
measured values may be used for process optimization by dynamic speed control. This 
technology represents a perspective for future centrifuges. Especially with fast-running 
machines a constant cut size in the nanometer range will be accessible. 

KEYWORDS 
Centrifugation, Process Monitoring and Control, Separation of Nanoparticles, 
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