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A Thorough Understanding  
of Laboratory Environments
As the setting for experimentation, testing or analysis,  

a laboratory is a specialized environment. Whether the  

laboratory is at a university, pharmaceutical or chemical  

facility, or in a medical or private research setting, its  

operation must be reliable. In every case, the laboratory  

airflow control system is vital to researchers' safety. It  

exhausts noxious fumes from the fume hoods, maintains 

correct room pressurization and creates a comfortable  

working environment. 

Phoenix Controls has built its reputation on providing  

quality airflow controls for critical room environments.  

We are recognized as an innovative leader in laboratory  

airflow controls. Since the company's founding in 1985, we 

have grown our installed base to more than one half million 

valves shipped, nearly 100,000 fumehoods under control  

on more than 22,500 projects in 42 different countries.

This sourcebook explores airflow system design issues 

that affect laboratories, reviews commonly used control 

applications and describes our airflow control system 

components.
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Design Issues for Laboratory Airfl ow

This chapter presents an overview of the key 
elements basic to the design of a laboratory airfl ow 
control system.

Primary Objectives of Laboratory Airfl ow 

Systems
With any control approach for laboratories, the ultimate objectives are:

Operator safety • –Capturing and containing fumes

Room pressurization • –Maintaining correct airfl ow direction

Ventilation • –Providing proper air changes

Comfort • –Providing proper temperature control

Historically, the standard method of controlling laboratory airfl ow was the constant volume 
(CV) approach. Next, two-state controls were used to gain effi ciency by reducing laboratory 
airfl ow under specifi c conditions, such as night setback. A more comprehensive method of 
laboratory airfl ow control is the variable air volume approach (VAV), in which sash positioning 
helps determine airfl ow rate. A fourth approach is Usage Based Controls® (UBC). With UBC, 
the airfl ow rate is maintained at safe minimum levels and increased only when needed by 
the presence of a user at a hood. When either the VAV or UBC options are used, safety and 
energy savings are optimized. Finally, providing accurate information about the space’s operation 
improves overall facility operation. Integration through the Phoenix Controls BACnet® portal 
provides effi cient and seamless method of data exchange.

Applications for each of these control methods are reviewed in Chapter 3. 

Determining Safe and Effi cient Face Velocity 

Levels

Fume containment is critical to the safety of laboratory workers. Several factors are involved 
with the proper containment of fumes, including face velocity, cross-drafts, and work practices. 
Research and fi eld experience offer insight into effective face velocity settings for fume hoods. 
Common industry guidelines range from 60-120 fpm (0.3-0.6 m/s). In many modern facilities, 
100 fpm (0.5 m/s) is accepted as the standard for safe operation. The following research 
indicates that, in part, the presence and movement of an operator create the requirement for 
a 100 fpm face velocity. 

The ASHRAE Symposium CH-99-09 on Laboratory Verifi cation and Testing offered the  •
paper, “Containment Testing for Occupied and Unoccupied Control of Fume Hoods.” 
This research offers signifi cant fi ndings that unoccupied hoods—those with no people 
present—contain fumes while operating at the reduced face velocity of 60 fpm (0.3 m/s). 
Occupied hoods, those with people present, required higher velocities to achieve proper 
containment.  See Chapter 3 for details on Usage Based Controls (or hood occupancy 
control).
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1Ljungvist, Bengt, “Some Observations 
on Aerodynamic Types of Fume Hoods,” 
Ventilation ’91, pp. 569-572.

• Research by Bengt Ljungvist from the University of Stockholm at the International Ventilation 
‘91 conference has shown that the dynamic movement of an operator in front of a fume 
hood signifi cantly affects containment when compared to a still person or mannequin (see 
Figure 1-1). 

There is some interest in operating hoods below the 60 fpm (0.3 m/s) level. Hoods with 
sash opening limits and deeper hoods have been tested for this concept. Often the ASHRAE 
110-95 test is used to test hoods for containment. This is a static test where tracer gas is 
released in the fume hood and a non-moving mannequin is used to test the breathing zone. 
The amount of tracer gas sensed at the mannequin determines the hood’s containment level. 
If the level remains below the maximum threshold (e.g., 0.1 ppm), the hood may be deemed 
compliant. 

Figure 1-1. Effects of operator 

movement on fume hood 

containment. The graph 
shows that the move ment of 
an operator has little effect 
on containment at 80-100 
fpm, but movement has a 
disturbing effect at fl ows below 
80 fpm. However, with no 
oper ator move  ment, general 
containment down to 60 fpm is 
realized. (Ljungvist, 1991)1 .
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This type of test does not assure containment under actual operating conditions. The static 
nature of the test does not take into account the dynamic conditions in a working laboratory. 
The movement of people, high-supply air cross-drafts, and operator work habits are examples 
of everyday events that affect proper containment. 

Although the ASHRAE and DIN test use a mannequin, containment under dynamic conditions 
is currently diffi cult to quantify. However, visual smoke tests under dynamic conditions do show 
cause for concern at low-face velocities. For example, walk-by and hand movement tests show 
improved containment at 100 fpm vs. 60 fpm.

This all leads to a design dilemma for many projects. On one side is the need for containment, 
thus sizing systems to meet the 100 fpm need. On the other side is the desire to reduce 
system capacity—often to meet budget constraints. However, it is possible to get both the 
safety from containment and the reduction in HVAC system capacity by taking diversity—that 
is, designing a system for less capacity than the sum of the peak demands. Sizing systems 
with diversity may be risky, however. Understanding diversity in laboratories becomes critical 
for safe designs that optimize savings (see discussion on Diversity on page 29). 

Other factors that impact fume hood operator safety include speed of response of the airfl ow 
control system as well as accuracy and stability of control. These factors are explored in greater 
detail in Chapter 3, but are summarized below:

Speed of response •  —the airfl ow control system must respond to changes in airfl ow 
command rapidly to ensure proper face velocity control. A system that can respond to 
changes in fl ow commands in less than 1 second assures that the operators safety is never 
compromised due to changes in sash position of fume hood occupancy.

Accuracy  • —the airfl ow control system must have the precision of control to maintain proper 
face velocity regardless of sash position. Errors in airfl ow control can compromise operator 
safety. Airfl ow devices whose accuracy is expressed as a percent of range, introduce the 
possibility of signifi cantly high errors in face velocity. 

Stability •  —the airfl ow control system must provide consistent fl ow regardless of changes 
in duct static pressure and must respond precisely to changes in airfl ow command with 
little or no overshoot or undershoot

Figure 1-3. Airfl ow effi ciency 

by control method.
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Room Pressurization: Net Negative Airfl ow

Another objective if a VAV laboratory control system is to provide net negative room 
pressurization. This is typically done by controlling the supply or make-up air into the room 
to match the total exhaust airfl ow minus some offset. This is shown in Figure 1-4 by the line 
marked “Room Supply Air.” The exhaust to supply air offset is the airfl ow that comes into the 
room from the corridor door, transfer grills, other spaces, etc.

Ventilation and Comfort

The total airfl ow rate for a laboratory is dictated by the highest of the: 

Total amount of exhaust from the hoods  •

Minimum ventilation rates •

Cooling required for heat loads  •

The minimum ventilation rate of Air Changes per Hour (ACH) is established to provide dilution 
and evacuation of any vapors or fumes that might escape from the fume hoods. Typical air 
changes rates are 6 to 12 ACH but could go as high as 20 ACH.

At times, the amount of airfl ow commanded by the hoods is below the amount needed to 
cool or ventilate the room (e.g., when the hood sash is closed and room thermal load is high). 
In these instances, the room’s supply air volume must be increased to provide the proper 
amount of air. The lab control system must also act to maintain the proper lab pressurization 
by exhausting this “excess” supply air. This is achieved by adding a general exhaust valve to 
the room. This valve is controlled by the laboratory VAV system to maintain the proper balance 
between the total supply and total exhaust of the room.

Figure 1-4. Volumetric tracking 

of VAV fume hood airfl ow 

to sash position. The hood 
exhaust air maintains a constant 
face velocity through the sash 
travel while the make-up air 
tracks the total exhaust—
maintaining room pressurization 
and proper ventilation.
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