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CHAPTER 19 – LOCAL EXHAUST VENTILATION
Introduction

The typical components, principles of operation, methods to evaluate performance, and ways to resolve problems associated with local exhaust ventilation will be discussed.
The objective of this discussion is to provide safety and health practitioners with sufficient knowledge to determine where local exhaust ventilation is needed, and to evaluate and troubleshoot existing systems.
Ventilation is an important method for reducing employee exposures to airborne contaminants.

It is not the only method; however, and other approaches (e.g., sealing equipment, substitution) may be more economical and/or effective.

There are two major types of industrial ventilation:

-
dilution ventilation systems

Reduce contaminant concentration in a work area by diluting it with either natural or mechanically induced air movement.

-
local exhaust ventilation (LEV) systems

Reduce contaminant concentration in a work area by capturing or containing contaminants at their source.

advantages of LEV

-
The main advantage is that the contaminants are actually removed, rather than simply diluted to below OELs.

Even with local exhaust ventilation, some contaminants may still be in the work area because of uncontrolled sources or less than 100% effectiveness of collection systems.

-
A second advantage is that LEV systems require less airflow than dilution systems.

This is especially important for facilities that are heated or cooled since these costs are an important operating expense.

Local Exhaust Ventilation System Components

A typical LEV system consists of:  hoods, ducts, exhaust stacks, fans, and air-cleaning devices.
Hoods

Any point where air is drawn into the ventilation system to capture or control contaminants.

The most important part of an LEV system.

No LEV system will work properly unless the hoods capture enough of the contaminants to reduce concentrations to below acceptable limits.

Both the design and location of hoods are critical.

Keys to good hood selection include:

-
knowledge of hood an airflow principles;

-
understanding of the plant processes; and

-
familiarity with employee work patterns.


hood types

Three different types of hoods are used in LEV systems:

-
capturing hoods

Hoods that reach out to capture contaminants in the work area.

Airflow into the hood is calculated to generate sufficient capture velocity.

Widely used since they can be placed alongside the contaminant source rather than surrounding it.

Disadvantages include:

-
large air volumes required;

-
cross-drafts can severely degrade capture efficiencies;

-
reach of most capturing hoods is limited to about 2 feet.

-
enclosures

Hoods that surround the contaminant source.

Contaminants are kept inside the enclosure by air flowing through openings in the enclosure.

The quantity of air required is calculated by multiplying the inward air velocity needed to prevent escape by the areas of the openings into the enclosure (the more complete the enclosure, the less airflow needed).

Employees generally do not work inside enclosures while contaminants are being generated.

Often the most economical hoods to install.

-
receiving hoods

Some processes throw a stream of contaminants in a specific direction.

The ideal hood for this type of process is one that is positioned so it catches the contaminants thrown at it.

A major limitation to the use of receiving hoods is that gases, vapors, and very small particles (inhalation hazards0 do not travel very far in air unless carried by moving air.

In addition to these three major hood classifications, two special hood types are used in LEV systems:

-
slot hoods

A narrow slot distributes the inward airflow across the entire hood.
By definition, a slot is at least five times as long as it is high.

Extra suction is needed to move the air through the slot, which requires a larger fan.

-
canopy hoods

Positioned over a source of contaminant release.

Generally, these can only be used over hot processes to collect gases and vapors rising into the hood (e.g., kitchen range hood).

Canopies for unheated processes must be designed as capturing hoods since they are required to reach out to draw contaminants into the hood.

Ducts

Ducts carry air between the hoods, air cleaners, fan, and discharge stack.
Light-weight, wire-wrapped, flexible fabric ducts (e.g., clothes dryer ducts) are not recommended for use in LEV systems due to their:

-
tendency to accumulate settled material and sag, 

-
tendency to collapse under suction: and 

-
difficulty in cleaning out settled material.
Selecting duct diameters for a system is often a trade-off between initial and operating cost.

As a general rule, duct velocities of 2000-3000 ft./min. usually result in a good balance between initial duct construction cost and fan operating cost.


duct considerations

-
Air movement is always accompanied by friction where the air meets the duct surface.

As a result, the air velocity close to the duct wall is low, while higher at the center of the duct (e.g., contaminants will tend to settle on walls of ducts).
-
Turbulence occurs in ducts because of changes in air velocity and direction.

It is important to avoid duct features that cause unnecessary pressure drops.

-
The fan can do the greatest amount of beneficial work on incoming air only if the airflow into the fan is straight and uniform.

Major reasons for poor flow patterns are elbows, dampers, duct junctions, or other flow disturbances near the fan.

Exhaust Stacks

Every LEV system should have at least a short, straight duct or exhaust stack attached to the fan outlet.
This helps to change turbulent, uneven velocity patterns into a uniform, higher-velocity flow permitting the fan to be more efficient in moving air through the system.


exhaust discharge re-entry into buildings
The proper stack height, location, and discharge velocity are important in minimizing re-entry of exhausted contaminants into the building and in avoiding problems when the contaminants reach ground level.

-
roof boundary wake re-entry

Generally, the air layers near the roof tend to wash across the roof or circulate so they hit the downwind side of the building or the ground behind the building.

There is a theoretical distance above the roof where the wind-induced air currents carry contaminants up and away from the roof.

Ideally, the stack height should be sufficient to discharge the exhaust plume into this zone.

A high stack discharge velocity (≥3000 ft./min.) helps disperse contaminants.

Wind velocity also impacts this type of re-entry.

-
very low wind speeds allow the plume to rise (discharge velocity, thermal head)

-
as wind velocity increases, there is a decrease in plume rise and a decrease in dilution

-
at high wind speeds, turbulence increases, which increases dilution
Note:
The worst-case scenario occurs with moderate wind speeds.
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where:
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Note:
The stack height should be greater than the calculated HC.

-
crosswind-induced downdraft re-entry

A strong crosswind can shear the exhaust discharge off at the stack outlet and push it down onto the roof.

-
normal dispersion (no downdraft) occurs when discharge velocity >150% of wind velocity

-
slight downdraft occurs when discharge velocity is ≅ to wind velocity

-
a significant downdraft is likely when exit velocity is ≤50% of wind velocity.

-
wind direction re-entry
Wind direction is another important factor in minimizing re-entry problems.

If there is a prevailing wind direction at the site, it helps to locate the stack on the downwind side of the roof.

Note:
However carefully the stack and air intakes are located, the wind will often blow from other than the prevailing direction.
Therefore, the occurrence of some re-entry usually cannot be ruled out, so in very sensitive situations, air cleaners on discharged air or relocation of discharge stack or air intakes may be needed to eliminate problems.

Fans

The fan generates the suction (negative air pressure) in the system that draws contaminated air into the hoods and through the ducts.

A variety of different fans are available, but they all fall into one of two main categories:


axial flow fans

A screw or propeller action produces airflow that travels parallel to the fan shaft and leaves the fan in the same direction as it entered.


centrifugal fans

Blades on a rotating fan throw air outward from the center inlet at a higher velocity or pressure than air entering the fan.

Note:
In LEV systems, centrifugal fans are more widely used because they are usually quieter, less expensive to install and operate, and generate higher pressures.

Centrifugal fans can be divided into three categories:

-
radial-blade fans

Have flat blades that extend straight out from the enter hub.

Used for dust systems:

-
flat blades minimize buildup of dust on the blades

-
have large openings between blades that are less likely to clog

-
can be build with thick blades to withstand erosion and impact damage

Their major disadvantages are that they are the least efficient and noisiest fans.

-
forward-curved blade fans

Have many cup-shaped blades that accelerate the air at a higher velocity.
Useful when large volumes of air must be moved against moderate pressures with low noise levels (e.g., heat pumps).

-
backward-curved blade fans

Blades are inclined backward from the direction of fan wheel rotation.

Often used for handling large volumes of air containing little dust.

More efficient than the forward-curved fan.

Note:
Fans perform at their maximum efficiency only when the airflow into the fan is smooth.

The most common cause of inlet problems is a duct elbow too close to the fan inlet.

Elbows should be at least five duct diameters from the fan inlet.

Air-Cleaning Devices
An important step in LEV system design is the determination of whether an air cleaner is needed to reduce contaminant discharge to the environment.

The ideal air cleaner for a specific application would exhibit:

-
low initial and operating costs;

-
high efficiency for contaminants;

-
no decline in efficiency between scheduled maintenance; and

-
provisions for normal maintenance and cleaning without hazardous employee exposures.

The types of devices to consider depend primarily on the physical state of the contaminants (i.e., particulates v. gases/vapors).


particulate removal
Typical air cleaners for particulates include:
-
filters

Trap particulates as the exhaust gas flows through a porous medium.

May use disposable filters or reusable filters.

-
electrostatic precipitators

Charge particles by means of an electric field that is strong enough to produce ions that adhere to the particles.

The charged particles are then collected on electrodes with the opposite charge. 

Find their greatest use in systems where gas volume is large and high collection efficiency for small particles is needed.

-
cyclones

Impart a circular motion to the exhaust gas that causes particles to move to the outer part of the airstream where they impact the walls.

Since air velocity is lower at the wall, the particulates drop down the wall to a collection hopper.
-
wet scrubbers

Contact particles with water or another liquid and then collect the droplets.

Can remove particles as small as 0.2 μm.


gas and vapor removal
Major removal techniques for gases and vapors include:

-
absorption

A diffusion process in which molecules are transferred from the exhaust gas to a liquid because the contaminant concentration in the liquid is less than that in the exhaust flow.

Since this transfer occurs at the interface of the exhaust flow and the liquid surface, it is enhanced by:

-
high surface area

-
turbulent contact

-
high solubility of the gas/vapor in the liquid

-
higher temperatures (affects solubility).

-
adsorption

The process in which a gas or vapor adheres to the surface of a porous, solid material.

Occurs when the contaminant condenses into very small liquid droplets.

-
oxidation (combustion)

Can be used when the contaminant gas/vapor is combustible.

Very useful for processes that release extremely odorous organic vapors and fumes.

Note:
A major expense associated with this type of cleaner is the cost of auxiliary fuel.

Some devices use a catalyst that causes the contaminant to oxidize at a lower temperature than normal to save fuel.

Make-Up Air

Make-up air is air that enters the workroom to replace air exhausted through the ventilation system.
A room or facility with insufficient makeup air is said to be air bound or air starved.

A ventilation system will not work properly if there is not enough air in the room to exhaust (cannot generate sufficient negative pressure).

Make-up air should be supplied through a planned system rather than through random infiltration.

The make-up air system should exhibit the following features:

-
the supply rate should exceed the exhaust rate by about 10%

-
the air should flow from cleaner areas though areas where contaminants may be present

-
the air should flow from normal temperature areas to high-heat areas

-
should be introduced in to the occupied zone generally 8-10 feet above the floor

-
should be heated in winter to a temperature of about 65°F

-
air inlets outside the building must be located so that no contaminated air is drawn into the make-up air system

Note:
If hazardous locations are to be vented, attention must be paid to inclusion of safety features such as grounding, proper electrical components, and explosion prevention and protection measures.
Dust collector housings are almost never strong enough to contain an explosion and should be installed in safe locations outdoors if possible.

Cleaners and ducts can be equipped with blow-out panels directed to a safe location.

LEV Performance Evaluation and Improvement
Typical tests used to evaluate LEV performance include: 

smoke tube tests

Smoke tubes are glass tubes containing a chemical that produces a chemical fume (smoke) as room air is blown though the tube with a hand-operated bulb.

They are useful for testing:

-
evaluating the capture range of hoods;

-
identifying drafts and other factors that can interfere with hood performance; and

-
demonstrating the capture distance of hoods to workers.

velocity measures

Several devices are available when a quantitative measurement of velocity is required:

-
thermo-anemometer

Works on the principle that the resistance of a heated wire changes with temperature variations.

Air moving over the heated wire changes the wire’s temperature depending on the air velocity.

-
rotating vane anemometer

Has a propeller-like velocity sensor connected to a read-out unit.

-
swinging vane velometer

Contains a vane or paddle that moves according to the velocity of the air passing through the instrument.


duct velocity traverse

A traverse involves measuring the velocity at a number of points across the duct area.

Typically, a velometer with a narrow probe sensor is used.

For round ducts, two traverses at right angles should be made.

The locations of the measuring points are selected according to criteria specified to maximize accuracy of the measurement.

For rectangular ducts, at least 25 measuring points are recommended, with no two points more than 8 inches apart.

static pressure measurements
Periodic static pressure tests in an LEV system are an excellent way to diagnose problems.

Static pressure represents the potential energy available to move air in the system.

Changes in static pressure over time can indicate situations that degrade system performance.

The greatest value of static pressure tests is from comparing current results to earlier readings.
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