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CASE STUDY SHOWS: CFD ANALYSIS 
SIGNIFICANTLY IMPROVES DESIGN, 
VALIDATION AND PERFORMANCE
Smart digital tools such as computational fluid dynamics (CFD) make life easier – and more predictive –  
for designers of facilities in many different industries. A recent case study by Bilfinger Tebodin’s CFD 
expert Amin Razavieh demonstrated the power of this smart digital tool in the design of a typical  
‘hot’ room (cleanroom grade B) in bio-pharmaceutical industry.

Bio-pharmaceutical ‘hot’ rooms are an 
example of facilities that have to function 
within very narrow parameters. They are 
used to maintain viruses, cells or other 
cultures stored in for example roller 
bottle culture apparatuses at narrow 
temperature ranges. In order to have the 
most optimum microbiological growth, 
the bio-pharmaceutical industry requires a 
steady temperature of 37ºC with a maximum 
deviation of ±1ºC. The HVAC design of these 
rooms should therefore guarantee a highly 
consistent temperature distribution. 
 

CASE STUDY IN A NUTSHELL 

Amin Razavieh: In this project, CFD analysis 
was used in the early design qualification 
phases of a pharmaceutical facility to 
develop pre-tests for IQ/OQ/PQ (installation, 

operational and performance qualification) 
and PV (Process Validation) protocols that 
enable efficient qualification and validation 
execution. The power of this smart digital 
tool can be applied in industries as widely 
diverse as automotive, process engineering, 
aerospace, biomedical, chemical processing, 
hydraulics, power generation, sports, 
marine, and so on. 

Successful application of CFD depends 
on factors such as correct knowledge of 
the physics of flowing fluids, well-defined 
boundary conditions, verification of the 
computational model, and validation of the 
simulation results to ensure that they are in 
line with real life. 

In this study, Bilfinger Tebodin used the 
Autodesk CFD package to simulate the fluid 
flow pattern and temperature distribution 



in a typical ‘hot’ room (cleanroom grade 
B) in the bio-pharmaceutical industry. The 
flow patterns showed the recirculation 
areas inside the room and also the areas 
with lower flow velocity, which lead to 
higher temperature gradients. These areas 
were typically close to the walls and the 
room corners. The CFD simulation enabled 
further optimization of the design of the 
HVAC system in relation to the position of 
the roller bottle apparatuses. In addition, 
the simulation ensured all critical design 
criteria as defined in the user requirement 
specification (URS) and traceability matrix 
were already verified during the design 
qualification (DQ). Furthermore, the 
simulation results were beneficial to develop 
adequate IQ/OQ/PQ & PV protocols which 
led to efficient and smooth qualification  
and validation.
 

WHAT IS CFD?  

Computational fluid dynamics (CFD) is a 
digital tool that predicts fluid flow, heat 
transfer, mass transfer, chemical reactions 
and related phenomena. How? By using a 
numerical method to solve the equations 
that govern these processes. Simply put, 
CFD is the calculation of properties of a 
flowing fluid. The result of CFD analyses  
is relevant engineering data that can be 
used in:
 Conceptual studies of new designs
 Detailed product development 
 Troubleshooting
 Redesign 
 

WHY CHOOSE CFD?  

In pharmaceuticals, for instance, design 
typically follows the well-known V-model 
to ensure that the design and final facility 
meet all GxP requirements, including those 

of FDA and EU. CFD is a powerful tool that 
fits in with this way of thinking. While small 
to medium scales projects may allow for a 
more experimental approach, the benefits 
of CFD in large project design speak for 
themselves: 
 Greater cost efficiency 
  Wider range of information from the 

simulation domain 
 Proposed design tested in a simulation 
 High scalability 

In other words, doing experiments is more 
expensive and is mainly possible only in 
small to medium scale projects. Additionally, 
we are limited to collect information only 
from the measurement points. 

This case study shows the strength of 
CFD for optimized design, early design 
qualification and efficient validation 
execution. This innovative tool in 
combination with our expertise make  
your ideas work.
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Image: Mean velocity field and flow pattern in the central vertical plane in the room.


