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CHAPTER 20 – DILUTION VENTILATION OF INDUSTRIAL WORKPLACES
Introduction

The principles and practices for using dilution ventilation to remove airborne contaminants from industrial work areas will be discussed.

Dilution occurs when contaminants released into the work space mix with air flowing through the room.

Either natural or mechanically-induced air movement can be used.
Dilution ventilation is sometimes called general ventilation.

However, the overall heating, ventilating, and air conditioning (HVAC) system in a building is often referred to as the general ventilation system.

To avoid confusion, the term dilution ventilation is used for contaminant control systems.

It is important to realize that with dilution ventilation, the contaminants actually disperse into the work space air and are gradually removed.
Some of the dilution air passes through the zone of contaminant release and dilutes the contaminants to a lower concentration.

The dilution continues as the material moves farther from the process until the contaminated air is removed by an exhaust fan.

Dilution ventilation is used in situations where:

-
small quantities of contaminants are released at fairly uniform rates

-
there is sufficient distance from the source to the worker to allow for dilution
-
contaminants are of relatively low toxicity or fire hazard

-
no air-cleaning device is needed to collect contaminants before the exhaust air is discharged

-
there is no corrosion or other problems from the diluted contaminants

Note:
Dilution ventilation can also be used to control hot temperatures from industrial operations or other sources.

Heat load occurs both from the radiant heat and convective heat emitted by hot sources (i.e., sensible heat), and from the heat released to the room from condensing steam or water vapor (i.e., latent heat).

The major disadvantage of dilution ventilation is that the inherent uncertainties existing in many of the design parameters require that large safety factors be applied to ensure exposures are controlled.

Dilution Ventilation Systems


natural ventilation

Natural ventilation is air movement within a work area caused by factors where no mechanical air mover is used.

-
wind

Even moderate winds can move large volumes of air through open doors or windows if the air can also escape the building.

Unfortunately, wind speed and direction are not usually reliable.

Note:
An important cost factor is that large dilution air volume must be heated in winter.

-
temperature differences

Air movement caused by temperature differences may be more useful than motion caused by wind.

Hot processes heat the surrounding air and the rising column of warm air that will carry contaminants up to roof vents.


mechanical ventilation

Mechanical systems range from simple wall-mounted exhaust propeller fans or roof-mounted mechanical ventilators to complex designs.

Propeller fans can provide a constant, reliable flow of air.

A major characteristic is that they are efficient air movers only as long as an adequate supply of replacement or make-up air can readily enter the area being exhausted.

Note:
Many dilution systems require a sophisticated air supply system, which increase the effectiveness of dilution, but may cost almost as much as a local exhaust ventilation system.

Dilution System Design Considerations


safety factors
The equations for calculating the dilution airflow rate required for either health protection or fire/explosion protection are straightforward, but there are some limitations.
The equations are based on the concept that the contaminant is released at a certain rate (ft.3/min.), and so the ventilation system must move the correct airflow (ft.3/min.) to dilute the generated rate of contaminant to an acceptable level.

To apply these equations properly, it is important to understand two factors related to the theoretical equations:

-
assume that complete mixing occurs within the room (i.e., all dilution air helps to dilute the contaminant).

Complete mixing rarely occurs in real-world situations.

-
yield the airflow needed to keep the airborne level precisely at the target concentrations selected (e.g., don’t use a PEL or TLV).

An adequate safety factor must be applied.

The dilution equations adjust for these considerations.

The airflow equations for systems designed to protect health (as contrasted with fire/explosion prevention) contain a K-factor that increases the theoretical quantity needed to dilute the contaminants.

The equations for fire/explosion prevention use an S-factor that performs the equivalent function.

Note:
Even if the appropriate considerations are applied when choosing the K-factor, there is still a risk that changes in the chemicals used or reduction sin the original allowable exposure limits for the chemicals will render the system unacceptable.

Dilution Ventilation System Layout 

Dilution systems work best when the air is supplied from a fan-driven supply arrangement with the air:

-
discharged above or behind workers (so that fresh air moves past the worker),

-
then over the source of contaminants, and finally 
-
toward the exhaust fans that remove the mixed air from the workroom

Note:
The air inlet and exhaust fans should be arranged so that air movement is from cleaner areas to dirtier areas.

Calculating Dilution Airflow for Health Protection

When a chemical is first released at a constant rate into a ventilated workroom, there is a gradual concentration buildup until a steady-state equilibrium is reached.
At this concentration, the emission rate and removal rate are in equilibrium so the concentration remains about constant.

The amount of dilution airflow required depends on the:

-
physical properties of the contaminant

-
molecular weight, and 

-
specific gravity

-
rate of contaminant release, 

-
target airborne concentration (usually a PEL or TLV), and

-
the overall safety factor (Kf).

The equation for calculating the steady-state dilution airflow rate for toxic or irritating contaminants is:
Q
=
403  sp.gr.  W  Kf  1,000,000





  M  L
where:

Q
=
dilution airflow (ft.3/min.)

sp.gr.
=
specific gravity of liquid

W
=
amount of liquid used or released (evaporated) (pints/min.)

M
=
molecular weight of contaminant

L
=
target airborne concentration to be maintained (PEL, TLV) (ppm)
Kf
=
dimensionless safety factor 

Kf normally ranges from 3 to 10 depending on the overall effectiveness of the ventilation system and uniformity of contaminant evolution.

A higher Kf value is associated with poor airflow conditions or circumstances that could increase worker exposures.

Example
A cleaning operation in an open-bay work area uses methyl-ethyl ketone (MEK, 2-butanone) at the rate of 2 pints per hour.

The general air distribution is good, but the layout of the workroom prevents some of the dilution air form passing through the zone (assume a K-factor of 5).

Q
=
403  sp.gr.  W  Kf  1,000,000





  M  L
where:

Q
=
dilution airflow (ft.3/min.)

sp.gr.
=
0.81
W
=
0.033 
M
=
74
L
=
20 
Kf
=
5 

Q
=
403  0.81  0.033  5  1,000,000





  74  20

Q
=
53860950


   1480

Q
=
36,393 ft.3/min.
molecular weight of C4H10O

C
=
  4    12
=
48

H
=
10      1
=
10

O
=
  1    16
=
16






74

sp.gr.
=
0.81

2 pints       hour      =  0.033 pints/min.
 hour

60 min.
Calculating Dilution Airflow for Fire and Explosion Prevention
Dilution ventilation is used to reduce concentrations of flammable or explosive gases, vapors, or dust to safe levels well below their lower explosive limit (LEL).
The dilution must occur before the contaminated air reaches any source of ignition.

In addition to diluting vapors in general work areas, the accumulation of flammable mixtures in basements, pits, and other locations must be considered.

The equation for calculating the steady-state dilution airflow rate for toxic or irritating contaminants is:

Q
=
403  sp.gr.  W  Sf  100




 M  LEL  B
where:

Q
=
dilution airflow (ft.3/min.)

sp.gr.
=
specific gravity of liquid

W
=
amount of liquid used or released (evaporated) (pints/min.)

Sf
=
dimensionless safety factor 

The Sf selected depends on the percentage of the LEL acceptable for safe conditions.

For some applications, the concentration should not exceed 25% of the LEL, so Sf = 4 (100 ÷ 25 = 4).

For other applications, Sf values of 10 or higher may be appropriate.

M
=
molecular weight of contaminant

LEL
=
lower explosive limit of contaminant (percent)

B
=
constant reflecting that the LEL decreases at elevated temperatures.

B = 1.0 for temperatures up to 250°F

B = 0.7 for temperatures above 250°F

Note:
When both employee exposure and fire/explosion prevention are considered for the same operation, the dilution flow rate for employee exposure almost always governs.

The allowable airborne levels for breathing are significantly lower than the LELs for almost all, if not all, substance.
Example
As part of a laboratory analytical test, one pint of n-hexane is evaporated per hour at room temperature in a small evaporation chamber.  
How much airflow is needed through the chamber to keep the concentration at 5% of the LEL?

Q
=
403  sp.gr.  W  Sf  100




 M  LEL  B
where:

Q
=
dilution airflow (ft.3/min.)

sp.gr.
=
0.65

W
=
0.017

Sf
=
20 [100 ÷ 5 = 20]

M
=
86

LEL
=
1.1

B
=
1.0 

Q
=
403  0.65  0.017  20  100





  86  1.1  1

Q
=
8906.3


  94.6

Q
=
94.1 ft.3/min.
molecular weight of C6H14
C
=
  6    12
=
72

H
=
14      1
=
14






86

sp.gr.
=
0.65

1 pint        hour      =  0.017 pints/min.
 hour

60 min.
Fans for Dilution Ventilation
As previously described, there are two main categories of fans:  centrifugal fans and axial flow fans.
Dilution systems may use either type of fan.

There are three different types of axial fans:

-
propeller fans

Features large blades often mounted in the wall of a building.

Move air where there is no resistance to airflow and there is a ready source of make-up air.

-
tubeaxial fans

Propeller fans mounted inside a short section of duct.

The blades are specially shaped to enable the fan to move air against low resistance.

-
vaneaxial fans

Similar to tubeaxial fans but have numerous short blades and vanes mounted in the duct to convert spinning air motion into higher pressure and to straighten out the airflow.

Commonly used with flexible ducts in dilution systems for temporary ventilation of confined spaces.

Dilution Ventilation of Temporary Workspaces 

Dilution is often used as temporary ventilation for:

-
workspaces that are usually unoccupied, but occasionally require workers to enter for inspection, cleaning, maintenance; and

-
for activities in normally occupied spaces when work that generates contaminants is performed.

In these cases, ventilation fills the following needs:

-
provides adequate outside air to maintain oxygen concentrations between 19.5% and 23.5%;
-
maintain flammable gas, vapor, mist, or dust at a safe level (e.g., < LEL);
-
controls contaminants produced inside the space (e.g., welding fumes, residue vapors) below their PELs;

-
achieves compliance with OSHA regulations (e.g., confined space, hot work requirements);

-
controls temperature in hot climates or where operations inside the space produce excessive heat.

Effective use of dilution ventilation in these situations can follow two approaches:
-
forced supplied ventilation configured so fresh air is supplied to the workspace; or

-
general mechanical ventilation using exhaust fans

Note:
Regardless of the system used, the quality of the air entering the workplace must be high.
OSHA Requirements
Work in confined or enclosed spaces presents special hazards including:

-
oxygen deficiency;

-
toxic contaminants;

-
risk of engulfment; and

-
risk of being trapped.

Other standards may cover specific work tasks such as welding, and require local exhaust ventilation or specific respiratory protection.

Generally, the standards fall into:

-
general requirements

Use engineering controls to ensure a safe environment.
Exposures to contaminants must be below PELs.
-
special requirements

(e.g., welding, hot work, permit-required confined spaces)
OSHA requirements recognize three main factors:

-
dimensions of the space

-
number of occupants; and

-
possible evolution of hazardous contaminants

Effective Ventilation of Temporary Workspaces

Effective use of dilution ventilation should follow these principles:
-
Dilution ventilation should be arranged to take advantage of natural air movement (e.g., chimney effect).

Mechanical dilution fans may not be strong enough to overcome natural air movement.

-
Air distribution inside spaces must be managed.

Short-circuiting can occur if the air moves from the air inlet to the exhaust fan without diluting contaminants due to obstacles or impediments to mixing of airflows.

It may be easier to achieve good air distribution if fresh air is blown into the space rather than an exhaust configuration.

-
Exhaust fan ducting should be sealed to the workplace opening to prevent short-circuiting.

With poorly sealed ducting, outside air is pulled back through the fan rather than air from the interior of the closed space.

Ventilation Equipment for Temporary Dilution Systems

Often, ventilation systems for temporary installations are offered as packages consisting of the air mover, flex ducts, and other accessories with a specific airflow listed in the product literature.

It is important to note that the performance of all air movers diminishes with increased resistance to airflow:

-
insufficient openings to allow free air movement into or out of the workspace;

-
increased resistance due to excessive duct length;

-
increased resistance number of elbows or sharp turns in flex ducting; 

-
increased resistance due to restricted duct diameter (sagging).

Note:
These issues can result in a reduction of 50% of manufacturer’s claims.

As a general rule, it is prudent to select a confined space package with double the calculated required airflow.

Typical Approach to Ventilating Temporary Workspaces
A typical approach to proper dilution ventilation of temporary workplaces follows the following criteria:

1)
Determine the minimum ventilation rate:

-
sufficient air changes per hour (ACH) to maintain acceptable concentration levels

-
use local exhaust ventilation where possible to control contaminants from localized sources

-
for welding, the LEV must generate 100 ft./min. toward the hood through the welding zone

-
otherwise, OSHA requires 2000 ft.3/min. per welder

2)
Minimum fan capacity must be 1.5-2.0x greater than the minimum ventilation rate.
To compensate for actual field performance of fans and duct systems.

3)
Consider forced air ventilation to improve air distribution except where:

-
workspace should be kept at a slight negative pressure to contain contaminants

-
velocity of supplied air may stir up contaminants

-
natural air flow can be used in conjunction with exhaust fans

4)
Workspaces where contaminated air rises as a result of thermal head should be exhausted near the top of the space
5)
Avoid short-circuiting of airflow

-
locate fans to ensure general ventilation flushes the entire work zone.

-
affix the fan or duct tightly to the opening to avoid recirculation of outside air.

6)
Measure differential static pressure between the space and ambient environment when ventilation is operating.

If >1 inch water-column difference, add additional air inlets for replacement air.

7)
For compressed-air driven fans, a pressure gauge must be installed in the air line near the blower to ensure proper air pressure.
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