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Figure 1. Series 2000 cabinet racks
can be fitted with standard 19-in.
wide blowers to cool electrical equip-
ment inside the enclosure. Blowers
can produce airflows well over 300
cfm.

An important but often overlooked
aspect of electronic and electrical
equipment performance is how well
= the equipment dissipates heat. Such equip-

ment has specific operating temperature

ranges and when put inside of cabinets and
enclosures, temperature can become a big issue.
Excessive waste heat generated by equipment within a
cabinet is the single most important factor effecting
equipment performance, reliability
and failure. Having an effective
cooling strategy can help in ade-
quately dealing with heat dissipa-
tion.

Heat Transfer

Heat transfer takes place in one
of three ways: through radiation,
conduction and natural or forced
convection. Heat transfer via radi-
ation occurs through electromag-
netic waves, an example being the
sun’s energy reaching the earth.
Heat can also be transferred
through conduction between
objects in contact; for instance, a
microprocessor chip cooled using
a heat sink, making direct contact
with the chip.

Most systems remove heat
through a combination of meth-
ods. For example, a processor chip
may be cooled using a heat sink
(conduction) that includes a fan (forced convection). The
key to keeping equipment cool is to remove heat from
the cabinet while supplying cool air to the places that
need it.

Convection Cooling
The most commonly used cooling methods for
enclosures, in order of increasing cost, are natural con-
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vection, forced convection
(such as fans and blowers)
and air conditioning.
Natural Convection

Natural convection cooling is
adequate for most applica-
tions that generate mild heat,
provided the cabinet interior
offers an unrestricted airflow
path. The user must insure
that the cabinet has sufficient
venting at both the top and
bottom to promote airflow
and a chimney effect. The
best way natural airflow is
circulated within a cabinet is
when it is drawn from the
bottom up through the top of
the enclosure.

Ventilated covers allow natural exhausting of hot air and
help keep the rack cool inside. Some manufacturers pro-
vide ventilated tops with pre-punched holes for mounting
an exhaust fan if one is needed.

One problem associated with bringing air into an enclo-
sure is the entry of dust and unwanted particles. Louvers
are a popular form of air entry and exit for convection
cooling because they provide some protection against dust
entry while hiding the contents of the cabinet.

Forced Convection

Where natural convection is inadequate, forced convection
via fans and blowers can be used. The main difference
between fans and blowers is in their flow and pressure
characteristics. Fans provide airflow parallel to the fan

Figure 2. Economizer cabinet
sides and doors feature ven-
tilating louvers for better
removal of internal hot air.
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blade axis and can deliver high airflow rates. However, they
are suitable for low to moderate backpressure only where there
is little resistance to airflow by equipment inside the cabinet.
Blowers normally deliver air in a direction perpendicular to
the blower axis. They are suitable for moderate to high airflow
against high backpressure. A combination of a blower and an
exhaust fan sometimes works best in densely packed cabinets.
Fans

There are several types of fans, the most common being pro-
peller, tube-axial and vane-axial styles. Propeller fans are the
simplest, consisting of only a motor and propeller. However,
poor performance under resistance or backpressure and the
potential for air turbulence caused by tip vortices makes them
unsuitable for electronic enclosures. The tube-axial fan is the
most common type used in electronic cooling systems. It is
similar to a propeller fan except for a venturi tube placed
around the propeller to reduce vortices. The vane-axial fan has
vanes that trail behind the propeller in the airflow to straighten
the swirling flow of accelerated air.

Typically used for exhausting hot air from a system as well
as honing in on specific hot spots, tube-axial fans with ball
bearings typically offer long life. Exhaust fans can be mounted
inside or outside the top of the cabinet. In some applications,
exhaust fans are also mounted on the front, back or sides.
Blowers
When a cabinet is stuffed with equipment, exhaust fans alone
may not be enough to remove hot air due to high airflow
resistance. For such conditions, blowers are used to blow
cool ambient air into the cabinet.

A blower can be used at the bottom of the cabinet to create
high internal pressure within the cabinet. Hot air can then be
exhausted through the top of the cabinet through vents.
Sometimes, adding an exhaust fan at the top can improve air
flow. Most blowers are fitted with a filter at the air inlet side to
prevent dust and lint from entering the cabinet. The high pres-
sure created by the blower inside the cabinet also prevents
entry of dust and lint through other openings.

When selecting fans or blowers, pay attention to noise rat-
ings. Blowers typically have noise ratings from 50 dB to 65
dB, while 30 dB to 55 dB is typical for tube-axial fans.
Designers must ensure that devices, whether fans or blowers,
provide adequate airflow (typically measured in cubic feet per
minute, or cfm) under actual backpressure conditions. Most
device manufacturers provide a performance chart that indi-
cates airflow for various levels of backpressure.

Carefully positioning fans and blowers in the cabinet
improves cooling efficiency. Mount blowers near cold air
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inlets preferably at the bottom of a cabinet, away from major
heat sources such as transformers and power supplies. If possi-
ble, hot devices should be placed near the exhaust so that heat
can vent directly to the outside.
Fan Trays
Cabinets filled with equipment such as card cages, servers,
drawers and shelves may still have hot spots that are difficult
to cool because of restricted airflow. So, in addition to a blow-
er and an exhaust fan, fan trays are used to direct airflow to
these hot spots. A fan tray is basically a chassis with a bank of
small tube-axial fans daisy-chained together and connected to
a common power source. This chassis can be mounted directly
below the sensitive equipment or a hot spot.
Air Conditioning
For most cooling applications, a combination of natural air
removal and fans and/or blowers will do the trick. For critical
and thermally sensitive applications, and also for sealed cabi-
nets, air conditioners or cabinet coolers are used to keep inter-
nal cabinet temperature at a desired level. A typical cabinet
cooler has two heat exchangers. The interior fan draws hot air
over the heat exchanger inside the cabinet and blows the
cooled air back into the cabinet. The heat absorbed is trans-
ferred to an outside heat exchanger where it is cooled by the
ambient air using another fan. An air conditioner uses com-
pressed Freon or other refrigerant for the cooling process.
Most air-conditioned cabinets are sealed with only inside air
circulated inside the cabinet. This prevents moist air from
entering the cabinet and causing condensation that could harm
sensitive equipment. However, if cabinets are not properly
sealed and interior components are kept at lower than ambient
temperature, silica or other dehumidifying means would be
needed to prevent condensation.

Basic Airflow Calculations

The amount of airflow that must be provided to achieve a
desired cooling performance is expressed by equations relating
airflow toAT:

Airflow = (3,170 XkW) /AT, or (1,760 X kW) /A T.

Airflow is in cubic feet per minute. kW is the toatal heat
generated in kilowatts by all componets. Typical values for
AT are 10C and 18F, with 25 percent added as a safety margin
(12.5C and 23F). Note that AT represents the temperature rise
over ambient air temperature. If ambient is too high, it may be
difficult or impossible to maintain a safe operating tempera-
ture without air conditioning.
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