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Presentation content



• Pharma stirring tanks are used for the preparation of liquid formulations such 
as suspensions, emulsions, and solutions.

• They are a critical component in the pharmaceutical manufacturing process 
and play a crucial role in ensuring the safety and efficacy of pharmaceutical 
products. 

• The stirring function of the tank is important for ensuring that the formulation 
is homogenous, meaning that all the components are well dissolved or 
suspended in an optimum time and evenly distributed throughout the liquid.

• This is important for ensuring that the medication is effective and that each 
dose contains the appropriate amount of active ingredient. 

NovAseptic® Mixer
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About pharma stirring tanks applications (mixing processes).



Mixing processes in stirring tanks or bioreactors are involving nonlinear phenomenon due to which the transfer or 
scale-up from one specific geometry (tank and one or more mixers) to another is not possible based on simple 
proportionality criteria. The question is how is possible to guarantee the mixing efficiency?

Geometry upscale
Mixing time???

Turbulence???

ml 10s liters 100s liters scale

kLa ???

Scale-up
of a mixing 
process

Scaleliters

Impact on the
cells/microorganisms???
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Mixing processes problems involved by nonlinear phenomenon



Even if we are transferring the process to a new system having the same scale, we have the same question: How can we 
guarantee the mixing efficiency?

Same scale, but different geometry or mixing solution.

Mixing time???
Turbulence???

kLa ???

Transfer
of a mixing process

NovAseptic® 

Magnetic coupled mixer

Impact on the
cells/microorganisms???

Mixing processes problems involved by nonlinear phenomenon
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At Aseptconn, we are supporting our customers and we can guarantee the mixing process transfer and scale-up, with 
our expertise based on the CFD simulations!
CFD simulations are a very useful tool to predict the parameters of a mixing process from a stirring tank, such as: 
turbulence, Reynolds number, energy dissipation rate per mass unit, mixer power number, etc.

How do we do this?
As an application example, you can read the article about the project done by us for  MSD Animal 
Health, a subsidiary of Merck & Co., Inc., Rahway, NJ, USA, published in ChemieXtra magazine. 

By scanning the QR 
code, you can read the 
full article!
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Computational Fluid Dynamics (CFD), a solution for mixing processes problems



Sometimes, CFD simulations can be 
computationally expensive and time-
consuming, especially when you need to 
run simulations on many combinations, 
to find the optimal solution. 

Too many  combinations

Substances Mixers Tanks

NovAseptic® Mixers

Expensive and time consuming CFD simulations
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Sometimes, CFD simulations could be too expensive



But this problem could be solved by creating a METAMODEL!

What is a Metamodel:
• In the context of computational fluid dynamics (CFD), a metamodel is a mathematical model that is derived 

from a set of simulations generated by a CFD solver.
• The metamodel can then be used to predict the behavior of the fluid system under different conditions 

without requiring additional computational resources.
• A metamodel can be constructed by using a set of inputs and outputs from a set of simulations to train a 

surrogate model, such as a neural network, decision tree, or polynomial regression. The metamodel can then 
be used to approximate the response of the CFD simulation for new input parameters.

• The use of metamodels in CFD has become increasingly popular as they can significantly reduce the 
computational cost of simulations, allowing for more efficient exploration of the design space. They are 
particularly useful in the design optimization of complex systems, where there are many design variables and 
objectives to consider.
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Metamodel: what it is and how can solve the problems when CFD simulations are too expensive?



This is why we have developed an 
innovative metamodel for the Millipore 
Novaseptic® mixers, based on hundreds 
of simulations performed on different 
geometries. We have integrated this 
metamodel into an application, where 
the users could introduce the tank 
diameter, the liquid properties, choose 
the mixer model, and will obtain instantly 
the mixing parameters.
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Metamodel: what it is and how can solve the problems when CFD simulations are too expensive?



For the METAMODEL, we have used Ansys
softwares, which presents the following 
advantages:
- Fully integration between the softwares, 

which allows fully automation.
- Fully customization by using Python

programming language.
- Professional support from CADFEM.

complete solution:

optiSLang
Sensitivity analysis for design 

optimization

Workbench – Simulation Integration Platform

SpaceClaim
CAD software for building the 

geometry for the CFD

Fluent
CFD meshing and solving

Professional services and 
support for Ansys products
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Metamodels for Novaseptic® mixers



First, we have defined the input & output 
data for the metamodel.
We have used the most common tank 
type, which is Klopper, according to the 
norm DIN 28011

INPUT DATA

Mixer type selection:

Tank geometry parameters:

- Diameter (D)
- Mixer angle (α)

Liquid parameters:
- Liquid volume
- Density (ρ)
- Viscosity (µ)

OUTPUT DATA

- Mixer torque as a function of mixer speed 
(rpm)

- Mixer power as a function of mixer speed 
(rpm)

- Power per volume as a function of mixer 
speed (rpm) 

- Power number 
- Reynolds number function of mixer speed 

(rpm)
- Average energy dissipation rate per mass 

unit as a function of mixer speed (rpm)
- Average energy dissipation rate per mass 

unit in the mixer region as a function of 
mixer speed (rpm) 

- Mixing time (T95 and T99) for a passive 
tracer as a function of mixer speed (rpm)

- Maximum dimension of the cells and 
microorganisms that could live in the tank 
without being affected, as a function of 
rotational speed

α

D

R

r

According to DIN 28011:
R=D
r = R/10
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Metamodel for Novaseptic® mixers



Second, we have written Python subroutines for SpaceClaim, for automatic generation of the geometry for CFD:

Fully automatic geometry generation
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Metamodel for Novaseptic® mixers



We have written Python subroutines to generate automatically the setup files for Fluent meshing and solver.
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Metamodel for Novaseptic® mixers



We have configured the automatic workflow in Workbench:
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Metamodel for Novaseptic® mixers



We have used OptiSLang to generate the design points and make the sensitivity analysis for one of the mixer models. 
OptiSLang generated approximatively 150 design points for which Workbench generated the geometries and performed the 
CFD simulations.

We discovered that:
• some input parameters have a very 

small influence on the output and 
could be neglected.

• the output parameters have precise 
algebraical dependence on some 
input parameters.
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Metamodel for Novaseptic® mixers



After the sensitivity analysis we have done the following simplifications:  

• We renounced to the mixer angle input parameter, because it has 
a negligible influence on the output parameters.

• We decided to perform the simulations on a fixed mixer 
rotational velocity. For other rotational velocities, we decided to 
use algebraical formulas to obtain the output values.

Output parameters have a negligible dependence on the mixer angle
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Metamodel for Novaseptic® mixers



After the sensitivity analysis we decided to create the mixer’s metamodels based on polynomial regression models. 
Due to this big simplification, the number of the design points decreased 10 times and we developed the mixer’s 
metamodels without using OptiSLang. We used only Workbench with a fixed number of design points.

Web Metamodel for Pharma Stirring Tanks Applications
Based on Novaseptic® mixers

Metamodel for Novaseptic® mixers



At the end, we have created the graphical user 
interface (GUI).

The user will set:
• tank diameter
• liquid properties
• mixer model

The GUI will return the following:
• Power number
• power
• P/V
• Averaged dissipated energy per mass unit 

(e)
• Averaged dissipated energy per mass unit 

(e) for the mixer region
• Reynolds number
• Maximum cells/microorganism dimension
• T95, T99
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Metamodel for Novaseptic® mixers



Thank you for your attention!

visit us on www.aseptconn.ch
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http://www.aseptconn.ch/
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