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Clean rooms come in all shapes and sizes from special purpose mini environments to large expansive production 
facilities. These involve a variety of application areas within a range of industries. Some are quite obvious, such as 
almost all stages of pharmaceutical research, development and production, or semiconductor manufacturing, but 
others are less obvious although they adopt very similar ventilation strategies for the control and containment of 
airborne contaminants. They may be designed to protect product or personnel. The level of cleanliness has 
traditionally been associated with the method of ventilation, yet, as this paper will demonstrate the method of 
ventilation does not guarantee the ventilation performance because the airflow is extremely complex. 

The bulk of the costs (capital & run-time) associated with the operations of a clean environment within the 
Pharmaceutical & Health related industries, is dictated by the desire to manufacture a high quality. uncontaminated 
product, protect the personnel involved in the processes, and the need to satisfy the regulatory bodies such as the 
FDA etc. 

The mechanical ventilation design in turn plays an extremely important role in determining whether or not the entire 
system meets the pass fail criteria. At present the rules defining the best ventilation design practices are based on 
simplistic historical data that are often wrong. The leading corporations in these industries tend to have their own 
in-house mechanical expertise that scrutinises any proposed design. They tend to look at the final set up and further 
verify the original assumptions prior to final acceptance. 

Why? Because the performance of a cleanroom is defined by a set of complex interactions between the airflow, 
sources of contamination and heat, position of the air terminals and exhausts as well as the objects occupying the 
space in question. Consequently changes to any of the above elements will have an effect on the outcome, 
invalidating the built in assumptions of the empirical configuration. 

In the ideal situation it is necessary to: 

Predict the performance of your clean environment prior to construction or mock-up. 

0 

Be able to make changes to the layout of the room knowing the exact effect of such variations. 

Use only enough air changes per hour (energy conservation) to satisfy the requirements. 

Most important of all to: 

The only scientific way of achieving all the above conditions, is by solving for the physics of the problem using 
numerical methods known as Computational Fluid Dynamics or CFD for short. In the mechanical ventilation 
design fraternity they are commonly known as Airflow Modelling techniques. 

To demonstrate the power of these methods to identify design features that should be addressed prior to completion 
of the design, we will visit a variety of application examples. The aim is to show that the complex flows are such 
that they cannot be predicted prior to build and test. 

Achieve the above in the shortest possible time. 

Do this at the lowest cost. 

What are CFD techniques? 

These are mathematical modelling techniques used to solve for the physics of the complex fluid flow and heat transfer 
that occur in any real situation. In the Nuclear, Aerospace and other industries these techniques are commonly 
known as Computational Fluid Dynamics or CFD for short. 



The physics of fluid tlow. heat transter and associated pmcesses are contained in the well established form of the 
Navker-Stokes equation. 

" 
Transient + Convection - Diffusion = Source 

Where : 
p4 = density 
V = velocity vector 

'P = dependent variable 
r~ = exchange coefficient (laminar + turbulent) 
Sp = source or sink 

term 

Unfortunately, the only way ofsolving this rather harmless looking set of mathematical notations. for any real life 
situation, is to use numerical methods of Computational Fluid Dynamics or CFD. The Nuclear and Aerospace 
industries were the tirst groups to invest in the development o f C F 0  software programs in the late 1960s. Alas. due 
to the complex nature of these codes and the need for large amounts of computer processing power, their use has been 
restricted to :he R&D departments of the largest of corporations in the world. However, with the advent of cheap 
computerpower and the tailoring of CFD software for the specific industrial sectors it is now feasible to apply these 
techniques to help with fast moving Design Engineering applications. 

In 1988 Flomerics was the first CFD company to identify the need for such industry focus. As a result the 
FLOVENT CFD program for airtlow modelling was developed to address the needs of the mechanical engineers 
designing ventilation systems for built environments. This was further backed by the creation of a FLOVENT 
Modelling Services department with the sole remit of training and providing consultancy to the building services 
industry 

How is it done? 

Airtlow modelling solves the set of Navier Stokes equations by superimposing a grid of many tens or even hundreds 
of thousands ofcells which describe the physical geometry heat and contamination sources and air itself. Figures 
land 2 below, shows a typical research laboratory and the corresponding space discretisation, subdividing the 
laboratory into tens or hundreds of thousands of cells. 

Figure I .  Geometric model of a laboratory 
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Figure 2. Superimposed grid of cells for calculation 


