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Introduction  

At the end of November 1995, the National Institutes of Health (NIH) , Office of Research Services, 

Division of Engineering Services in the U.S., presented the 75% completion meeting of the 
research program 'A Method for Optimzation of Laboratory Air Flow to Maximize Laboratory Hood 
Containment'. The work marks an important step toward providing new guidelines and is now 
documented in a report available from the NIH. These new recommendations are intended to 
significantly reduce the hazards associated with working in laboratories with hoods.  

The program differed from previous approaches in that it used well established mathematical 

methodologies known as Computational Fluid Dynamics or CFD. These are numerical techniques 
employed to solve the fundamental equations of transport; the century old Navier-Stokes 

equations. The calculations provide results describing air movement, and temperature and 
contaminant distributions in the laboratory in question. In fact, this is the only available scientific 
method for numerically predicting the performance of a proposed ventilation system. Over the past 
25 years, the complexity of the mathematics, as well as the processing power required for these 
solutions, has limited the successful use of CFD techniques to a small range of high tech 
applications such as the Nuclear and Aerospace Industries. The recent emergence of groups 

dealing with specific market requirements, coupled with the ever more powerful computing power, 
has allowed the NIH to adopt CFD as a viable tool for this program for the first time. 

Farhad Memarzadeh, Ph.D., P.E., the Principle Investigator and the Project Director of this 

research effort, used this technology as a method of assessing the effect of individual laboratory 
characteristics on hood containment. The work has been undertaken in conjunction with Flomerics 
Inc. which has a CFD software development team, coupled with specialists in the building services 

industry. Indeed, it is well accepted that room geometry and the placement of heating, ventilating, 
and air conditioning (HVAC) air terminals have a profound effect on the air movement around the 
sash opening of a laboratory hood. Thus they can have a significant detrimental effect on it's 

ability to control the migration of airborne contaminants into the scientist's breathing zone or 
indeed further out into the laboratory. Current guidelines only address in a limited manner the 
issues of placement of such items as supply air diffusers, dictating such aspects as minimum 
separation between the device and the hood, but ignoring the complex interaction of the room air 
flow. 

At the recent meeting, Dr, Memarzadeh, of the NIH, presented results from some 160 case 
studies, which have taken over 1,500 man hours and 4,00 highly powerful computer hours to 
complete. The results of these studies show wide variations in the ability of the same hood to 
contain an airborne contaminant produced just inside the hood face. 

The following examples are typical of the nature of the variations caused by modest changes in 
design. The diagrams show how the air moves when tracked. The colour represents the air speed 
from zero(blue) through to 140fpm(red) and above. In these examples, the laboratory is a 22ft by 

11ft single module and contains benches and equipment around the perimeter. In the first 
simulation, air is supplied to the room through two square diffusers, each directing the air across 
the ceiling in four directions (Figure1). Make-up air enters through a transfer grille above the 
entrance door, and falls to the floor before reaching the hood (Figure 2). The single laboratory 
hood is placed near the centre of one of the long walls and exhausts all the incoming air, drawing 
in virtually all the air from the working zone around the open hood face (Figure 3). 
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Figure 1 (Back to text) 

 

 
Figure 2 (Back to text) 
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Figure 3 (Back to text) 

For the second simulation, the only change is to the supply air diffusers. In this case air is 

provided through a single radial diffuser at the opposite end of the room to the transfer grille. The 
cool air being supplied to the room with low momentum falls to the floor (Figure 4). The warm air 
entering through the transfer grille is now relatively buoyant and hence does not fall to the floor as 
before (Figure 5). The result is that the air now passes across in front of the hood face, 
detrimentally affecting the hood containment. As a result much of the air in the working zone is 
swept around the laboratory. 
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Figure 5 (Back to text) 

 
 
 

In is the complex interaction of these flows that creates this effect. Indeed a simulation with the 
radial diffuser placed at the other end of the laboratory, near the transfer grille, shows a 
performance similar to the more traditional square diffusers. 

The results confirmed the enormity of the task of quantifying a pass or fail criterion as a practically 

measurable quantity. Therefore the objective of the 75% completion meeting was to agree to one 
of several approaches presented. The meeting was attended by some 50 key personnel covering 
the full spectrum of laboratory design and operation, including architects, engineers. Industrial 
hygienists, scientists, and experimentalists from a multitude of organizations such as: 

 The National Cancer Institute,  

 The National Institute of Environmental Health Sciences,  

 The Centre for Disease Control and Prevention,  

 Massachusetts Institute of Technology,  

 Harvard University,  

 Pennsylvania State University,  

 Johns Hopkins University,  

 Duke University,  

 University of North Carolina at Chapel Hill,  

 The American Society of Heating, Refrigerating and Air- Conditioning Engineers technical 
committee for Laboratory Systems,  

 The American Institute of Architects,  

 The Building Services Research and Information Association, England,  

and many representatives from the private sector.  
 

 
 
Conclusions  

In conclusion, the method of measurement adopted was based on relative performance against a 

worst case scenario. This assumes that the inside of the sash opening, that is the entire area just 
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inside the laboratory hood opening, is filled with contamination. The performance can thus be 
measured as the relative quantity based on leakage due to diffusive as well as convective 
phenomena, as dictated by the surrounding environment, including the operator's presence. The 
data can then be used by industrial hygienists to identify the level of protection required given the 

toxicity of the materials being handled. The results for leakage can also be correlated with the flow 
around the hood face in order to provide an empirical performance test for existing laboratories. 

The group unanimously praised the work of NIH saying that this provided a wealth of data. During 
the meeting, breakout sessions were held to allow groups from different backgrounds to identify 
their specific requirements for this project and future work. Although many configurations had 
been simulated, and numerous possible assessment techniques had been presented, all groups 
identified the same requirements from the current work and future programs. The main 
conclusions were: 

 The approach provides substantial data upon which to base new guidelines.  

 The data should be summarised in terms of trends based on leakage from the hood face.  

 The results should be correlated with velocity across the sash opening or some similar 
parameter in an attempt to allow field verification of laboratory performance by empirical 
means.  

 Future simulations should include cases where:  

 more than one hood is present in the laboratory,  

 microbiological safety cabinets are present with laboratory hoods.  

The results of this work which will be made available by NIH, will provide information on the key 

parameters that affect the performance of the laboratory hoods, such as the type and location of 
supply air diffusers, temperature and velocity of the supply air, the laboratory ventilation rate, 
make- up air position, and many other parameters. The results of this project can be expected to 

provide the basis of new guidelines that will allow laboratory designers to plan and operate their 
facilities more effectively and safely. 
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