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Enclosure Cooling

You need to cool down

Heat inside an enclosure can decrease the life expectancy of controlling units such as your PLC, HMI, AC drives and other items.
Excessive heat can cause nuisance faults from your electrical and electronic components: for example, overloads tripping unexpectedly.
Heat will also change the expected performance of circuit breakers and fuses, which can cause whole systems to shut down
unexpectedly. So, if you have any electronic equipment or other heat sensitive devices, you may need cooling.

What causes all that heat?
There are basically two sources that can cause the enclosure’s internal temperature to rise above the ratings of the control equipment.

Internal Sources External Sources
The same items that can be damaged by heat may also be the Other sources of heat that can cause the internal temperature of
source of the heat. These include items such as: your enclosure to rise above a desired level involve the external

« Power supplies Servos environment. These include items such as:

* AC Drives/inverters Soft starters + Industrial ovens

» Transformers PLC systems » Solar heat gain

« Communication products HMI systems + Foundry equipment
« Battery back-up systems » Blast furnaces

Get the heat out

How do you get the heat out of your enclosure and away from those critical
components? There are several basic cooling methods available, depending on
the cooling requirements and the enclosure environment.

Radiation and Natural Convection Cooling

If the ambient temperature outside the enclosure is cooler than the inside of the
enclosure, some heat will be radiated into the atmosphere from the surface of
the enclosure. In environments where dust and water intrusion is not a concern,
louvers can be added to allow outside air to flow through the enclosure via
natural convection - the movement of air due to it's expansion (reduced density)
when it's heated and contraction (increased density) when it cools.

On a large scale, natural convection can be a powerful force - it's one of the
primary drivers of our weather. But on the scale of an electrical enclosure, its
cooling capacity is very limited. For larger heat loads, a more powerful cooling
system may be needed.

Since they create openings in the enclosure, louvers are typically limited to
NEMA 1 and/or NEMA 3R applications. However, some louvers have optional
filters that can be added to maintain NEMA 12 protection.

Forced Convection Cooling

The next step up from natural convection is forced convection cooling. The
basic cooling mechanism is the same: cooler air from outside the enclosure
passes through the enclosure to remove the heat. The difference is that the air
is mechanically forced through the enclosure by a filter fan. The fan produces
higher air flow rates than natural convection, which in turn increases the amount
of heat removed.

As with natural convection cooling, the ambient air temperature must be lower
than the desired enclosure temperature for forced convection to be effective.

A typical forced convection system consists of a fan and a grille, with a filter on
the intake device and either a filter or louvers on the exhaust device. The filters
and louvers allow the enclosure to maintain NEMA 12 protection. In NEMA 4 or
NEMA 4X environments, hoods can be added to both the fan and the grille to
prevent the ingress of water.
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Enclosure Cooling

Closed Loop Cooling

If the environment is harsh, with heavy dust and debris or the presence of
airborne chemicals, or there are wash-down requirements, the cooling system
must be able to keep the ambient air separate from the air inside the enclosure.

Closed loop systems, which include heat exchangers and air conditioners, circulate
the internal air and ambient air through separate chambers connected by a
refrigeration system that transfers heat from the internal air stream to the external
air stream. Heat exchangers and air conditioners are both closed loop cooling
systems. The primary difference in the two is the refrigeration system.

The refrigeration system in an air-to-air heat exchanger is a set of sealed tubes
of alcohol. Heat absorbed from the internal enclosure air boils the liquid alcohol
at the bottom of the tube, causing it to rise to the top. The heat is then rejected
to the cooler ambient air stream, causing the alcohol to condense back to a liquid
and fall to the bottom.

Heat exchangers are very efficient because the refrigeration system has no
moving parts - the only moving parts are the fans. But for the heat to transfer

Air Conditioners & Heat Exchangers

For the latest prices, please check www.automationdirect.com.

through the system, the ambient air must be colder than the air inside the
enclosure, just as it must be for filter fans.

If the ambient air temperature is too high, and a source of chilled water is available, then an air-to-water heat exchanger may be the
ideal solution. Air-to-water heat exchangers use fans to blow across tubes with chilled water running through them. This creates a very

effective closed loop cooling effect, but requires an external source of chilled water.

Enclosure air conditioners function in the same manner as a residential or automotive air conditioner, with refrigeration loop powered

by a compressor. The refrigerant absorbs heat from the internal air at the evaporator coil and rejects it to the ambient air at the

condenser coil. Unlike heat exchangers, they can provide cooling even if the ambient temperature is higher than the enclosure
temperature. They can also be scaled to handle larger heat loads than any other cooling system.

Enclosure air conditioners are available for NEMA 12, NEMA 4 and NEMA 4X applications.

Vortex Coolers

Vortex coolers create a stream of extremely cold air from a supply of filtered
compressed air. The cold air is injected into the enclosure, displacing warm air which

is exhausted back through the vortex cooler. While not a closed-loop system, they can
be used in the same harsh environments since the cold air injected into the enclosure
is filtered air from a compressed air system, not ambient air. Vortex coolers can also be
used where the ambient temperature is higher than the enclosure temperature.

Since vortex coolers prevent the ingress of ambient air or sprayed water and are made
from corrosion-resistant materials, they can be used on NEMA 4X enclosures in harsh,
wash-down, and/or corrosive environments.

Vortex coolers are commonly used in lieu of a small or medium enclosure air
conditioner in applications where there isn't adequate space to mount an air
conditioner, provided there is an adequate supply of compressed air.

Thermoelectric Coolers

Another alternative to a conventional air conditioner is a thermoelectric cooler, which
is sometimes referred to as a Peltier cooler. They function in a manner similar to an air
conditioner or heat exchanger, with fans inside and outside the enclosure, but with a
thermoelectric unit replacing the fluid-based refrigeration system.

The thermoelectric units consist of an array of semiconductors sandwiched between
two ceramic plates. When a DC current is applied to the semiconductor array, heat is
driven from one plate to the other, creating a cold side and a warm side. This is known
as the Peltier Effect. Fans circulate air across each of the plates, allowing the cold plate
to absorb heat from the enclosure and the warm plate to reject it to the ambient air.

Like vortex coolers, thermoelectric coolers can be used with NEMA 4X enclosures in
harsh, wash-down, and corrosive environments, and where the ambient temperature
exceeds the enclosure temperature.

Thermoelectric coolers are an alternative to air conditioners in small cooling capacity
applications where there isn't adequate space for an air conditioner.
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Cooling Basics

To select the proper cooling device for your enclosure, you need to determine how much heat the device must remove from the
enclosure to maintain the desired internal temperature, which is the sum of two component heat loads: Internal Heat Load and Heat
Transfer Load.

Internal Heat Load (Q)

The sum of all heat generated by the components within the enclosure. This can be calculated by adding the maximum heat output for
each device installed in the enclosure (the worst-case conditions for the enclosure). The maximum heat output is typically specified in
watts in the manufacturer's documentation. If it is not, contact the manufacturer to request the heat output or for guidance on how to
measure or calculate it.

Heat Transfer Load (Q)

The heat gained (positive heat transfer) or lost (negative heat transfer) through the enclosure exterior surface with the surrounding
ambient air. This can be calculated with the following formula:

Q, = kAAT (BTU/h), where:

k = heat transfer coefficient (BTU/(h-ft>-°F))
The heat transfer coefficient is a measure of how easily an enclosure conducts heat from the internal air to the external air,
which varies with the enclosure material. Suggested values for various enclosure materials are provided below:

Enclosure Material k, BTU/(h-ft*°F)
Painted carbon steel 0.97

Stainless steel 0.83

Aluminum 21
Polycarbonate, fiberglass, PVC, ABS 0.62

A = exposed enclosure surface area (ft?)
The total surface area of a rectangular enclosure is:

A = 2HW + 2HD + 2WD, where:

H = height
W = width
D = depth

But it's important to properly account for any surfaces that are against walls or floors, as those surfaces will absorb/reject

heat from adjacent surfaces at a different rate (that is, have a different k value) than the exposed surfaces. Quantifying that
difference is far beyond the scope of this document, but the q value for those surfaces will usually be less than the value for
exposed surfaces. Therefore, the conservative design approach should be to exclude those surfaces when AT < 0 and use the
total surface area when AT > 0.

The equations for excluding those surfaces in several common situations are listed below.

Wall-mount
(excludes back of the enclosure)

Freestanding enclosure
(excludes the bottom of the enclosure)

A=HW+ 2HD + 2WD

A=2HW + 2HD + WD

Freestanding enclosure against a wall
(excludes both the bottom and back)

Freestanding enclosure in a corner
(excludes the bottom, back, and one side)

A=HW+ 2HD + WD

A=HW+HD + WD

Using these formulas as written will produce answers in either in? or mm2, depending on the enclosure. To convert to ft? use
the appropriate conversion:

1ft> = 144 in*
1 ft? = 92,900 mm?
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AT =T, -T,, where T, is maximum ambient air temperature (°F) and T, is maximum allowable enclosure air temperature (°F)

Note that AT may be negative if the ambient temperature is less than the enclosure temperature. When this is the case, the
heat transfer load will also be negative, meaning that the ambient air is providing some degree of cooling. Whereas a positive
AT indicates that the ambient air is warming the enclosure.

A positive AT also indicates that neither a fan nor a heat exchanger is a viable cooling device for this application. Both devices
exchange heat between the interior and exterior of the enclosure. Since heat will always move from the higher temperature
material to the lower temperature, these devices will add heat to the enclosure which will raise the internal air temperature, not
lower it.

The maximum allowable enclosure air temperature will typically be dictated by the maximum operating temperature of the
components inside the enclosure. Be sure to choose the component value with the lowest maximum operating temperature.

Required Cooling Capacity (Q)

The required cooling capacity (Q) for an enclosure is simply the sum of the Internal Heat Load and the Heat Transfer Load. However, as
presented these values cannot be simply added since one is typically given in watts and the other in BTU/h. Additionally, fan and heat
exchanger sizing formulas require the total heat load in watts, while the cooling capacities of vortex coolers are generally expressed in
BTU/h. However, the cooling capacities of air conditioners and thermoelectric coolers may be expressed in either unit, or sometimes
both. Apply one of the following conversions to the heat loads to add them:

1 W = 3.41 BTU/h Q, (BTU/h) = Q,x 3.41 (BTU/h)/W + Q,
1BTU/h = 0.293 W Q, (W) = Q, + Q_x0.293 W/(BTU/h)

Vortex Cooler Selection

Once the required cooling capacity has been calculated, selection of a vortex cooler is simple — just select a cooler with a nominal
cooling capacity greater than the calculated requirement.

Air Conditioner, Air-to-Water Heat Exchanger, and Thermoelectric Cooler
Selection

Selecting an air conditioner, air-to-water heat exchanger, or thermoelectric cooler is more complex because their performance depends
on both the ambient temperature and the enclosure temperature or the chilled water temperature. Generally, more strenuous operating
parameters (higher ambient temperature, lower enclosure air temperature) will reduce the unit's performance. For this reason,
manufacturers publish curves that graphically describe the unit's cooling capacity over a range of conditions. Here's an example:
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As indicated by the red lines, this air conditioner would be able to remove 1000 BTU/H when the ambient temperature is 95°F and
enclosure air temperature is 95°F. If the ambient temperature was only 75°F, the cooling capacity of the unit would increase to
approximately 1105 BTU/H as the lower ambient temperature increases the unit's condenser’s ability to reject heat to the surrounding
atmosphere. Conversely, at a 95°F ambient temperature and a 68°F enclosure air temperature, the unit's capacity would be reduced to
approximately 945 BTU/H, as the lower enclosure air temperature would reduce the heat transfer rate between the internal enclosure air
and the unit's evaporator coils.

An air-to-water heat exchanger performance curve is similar only the x-axis is the temperature of the chilled water provided to the heat
exchanger instead of the ambient air temperature.

To determine if an air conditioner, air-to-water heat exchanger, or thermoelectric cooler meets application requirements, simply plot the
two maximum temperatures used in the AT calculations and read the corresponding cooling capacity on the y-axis of the chart. If that
value exceeds the required cooling capacity, the air conditioner will be adequate for the application. If not, select a larger capacity unit.
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The 95°F/95°F point is typically used as the nominal cooling capacity of the unit. But always keep in mind that any nominal capacity only
represents one set of operating parameters. If those parameters to not match the actual application conditions, the actual performance
of the air conditioner/thermoelectric cooler will be different.
‘E Never rely solely on a nominal cooling capacity when selecting an air conditioner or a thermoelectric cooler! The nominal
capacity is solely intended to provide an approximation to get the user “in the ballpark” of the selection process.

In addition to the required cooling capacity, an air conditioner, air-to-water heat exchanger, or thermoelectric cooler should also
maintain the NEMA rating of the enclosure. Ideally, it should also operate on a voltage already available within the enclosure to avoid
necessitating a transformer or power supply.

Air Conditioner Selection Example

A NEMA 12 Wiegmann N12302412 wall-mount enclosure (30 in high x 24 in wide x 12 in deep) contains a GS4-4060 AC drive (60 HP
460V) that has a maximum allowable operating temperature of 104°F and is inside a plant with a maximum ambient air temperature of
115°F. The GS4-4060 specifications table indicates its maximum Watt Loss to be 1147 W.

Internal heat load:
Q, = 1147 W x 3.413 (BTU/h)/W = 3914 BTU/h
Heat load transfer:
k = 0.97 BTU/(h-ft*°F)
AT = 115°F - 104°F = 11°F (Reminder: AT >0 means that fans or heat exchangers will not cool the enclosure!)
A=[2(30inx24in) + 2(30in x 12 in) + 2(24 in x 12 in)]/144 in%/ft? = 19 ft?
Q, = kAAT = (0.97 BTU/(h-ft*-°F))(19 ft?)(11°F) = 202 BTU/h
Required cooling capacity:
Q =Q,+Q =3914 BTU/h + 202 BTU/h = 4116 BTU/h

AutomationDirect offers several NEMA 12 460VAC models that meet or exceed 4605 BTU/h at 104°F. The curves for the appropriate
sizes of some of these series are shown below.
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Selecting an Enclosure Cooling Device

Air-to-Air Heat Exchanger Selection

Air-to-Air Heat exchanger capacities also depend on the internal enclosure air temperature and the ambient temperature, but the
dependency is a simple linear relationship between the capacity and AT. So rather than graphing the cooling capacity of the heat
exchanger, it is simply expressed in terms of W/°C and compared to the value of -Q/AT.

To convert AT from °F to °C, use the conversion 1°C = 1.8°F.

Note that this simplified conversion only works for temperature differences. It does not work for measured temperatures
since 0°F = 0°C. DO NOT apply this conversion directly to the ambient and enclosure air temperatures. Only apply it to AT.

Air-to-Air Heat Exchanger Selection Example

A NEMA 12 Wiegmann N12302412 wall-mount enclosure (30 in high x 24 in wide x 12 in deep) contains a GS4-4010 AC drive (10 HP
460 volt) that has a maximum allowable operating temperature of 104°F and is in a plant that has a maximum ambient air temperature
of 90°F.

The GS4-4010 specifications table indicates its maximum Watt Loss to be 292 watts.
Internal heat load:
Q. =292 W
Heat load transfer:
k = 0.97 BTU/(h-ft2-°F)
AT = 90°F — 104°F = -14°F (Since AT <0, a heat exchanger is a potentially valid cooling device)
AT = -14°F/(1.8°F/°C) = -7.8°C
A=[(30inx24in) + 2(30in x 12 in) + 2(24 in x 12 in)]/144 in*/ft? = 14 ft?
Q, = kAAT = (0.97 BTU/(h-ft*°F))(14 ft*)(-14°F) = -190 BTU/h x 0.293 W/(BTU/h) = -56 W
Required cooling capacity:
Q=Q+Q =292W-56 W =236 W
-Q/AT = -236 W/-7.8°C = 30 W/°C
A Stratus heat exchanger with a capacity of at least 30 W/°C is needed, such as a TE30-030-17-04.
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Selecting an Enclosure Cooling Device
Fan Selection

A fan cools the enclosure simply by displacing the hot air within the enclosure with cooler air from the outside. Combining the specific
heat of air, the density of air, and various conversion factors into a single coefficient gives a simple equation for correlating a fan’s
required airflow rate to the enclosure’s required cooling capacity:

F, = -(3.17 CFM-°F/W)Q, / AT

Once the fan airflow requirement is determined, fan selection is simply a matter of finding a fan with an airflow greater than the
required airflow. Most applications will require an accompanying grille and one or more filters which will restrict airflow to some degree.
fan's Free Airflow.

(Exceptions would be a NEMA 1 enclosure or a similar circumstance where an open vent can be used for exhaust/makeup air.) Therefore,
of 92°F.

the fan selection should almost always be made based on the "Airflow with Grille and Filters (CFM)" column of the specifications, not the
Fan Selection Example

Q =733W

A NEMA 12 Wiegmann N12302412 wall-mount enclosure (30 in high x 24 in wide x 12 in deep) contains a GS4-2025 AC drive (25 HP
Heat load transfer:

230 volt) that has a maximum allowable operating temperature of 104°F and is in a plant that has a maximum ambient air temperature
The GS4-2025 specifications table indicates its maximum Watt Loss to be 733 watts.
Internal heat load:

k = 0.97 BTU/(h-ft>-°F)

AT = 92°F - 104°F = -12°F (Since AT <0, a fan is a potentially valid cooling device)
A=[(30inx24in) + 2(30inx 12 in) + 2(24 in x 12 in)]/144 in*/ft? = 14 ft*
Required cooling capacity:

Q, = kAAT = (0.97 BTU/(h-ft*°F))(12 ft?)(-12°F) = -163 BTU/h x 0.293 W/(BTU/h) = -48 W
Q=Q+Q =733W-48W=685W
Required air flow:

F = -(3.17 CFM-°F/W)(685 W)/-12°F = 181 CFM
Possible 230VAC fan & grille combinations include:
« Stego 018840-40 exhaust fan with 118840-30 grille (187 CFM)

* Fandis FF20A230UE1 intake fan with FF20U grille (209 CFM)
« Stego 018740-30 intake fan with 118740-00 grille (220 CFM)

« Stego 018840-00 exhaust fan with 118840-30 grille (243 CFM)

« Fandis TP19U230B1 roof-mount exhaust fan with FF20U grille (297 CFM)
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PWS Series Air-to-
Water Heat Exchanger

A

Application

Pfannenberg PWS Series air-to-water heat exchangers are particularly suitable where

ambient temperatures are high or the atmosphere proves to be particularly oily or a e
aggressive like areas with high amounts of particulate. Ideal areas of use for air-to-water

heat exchangers are wherever machines or production processes are cooled by tempered

water and water is thus already provided.

These air-to-water heat exchangers are closed loop and require a source of chilled liquid

to cool. With a cold source of fluid, these units have high cooling capacity and low energy . b = '3;@9
usage in a small footprint. They can be very effective even if the ambient air temperature '
is high. ‘;j.r.[_
The sealed cabinet provides contaminant-free cooling without adding heat to the local i
environment.
Features Finish i
« Hydronic push-to-connect fittings for RAL 7035 powder coat over galvanized 12351010005

coolant that supports quick connection to sheet steel.
1/2 inch O.D. hose or 1/2in |.D. hose with
included adapter ..

« Physical barriers for condensation Listi ngs

management allow for condensation to be
collected and drained from the system with
zero intrusion into the cabinet

« NEMA Type 3R, 4, & 12

* cULus Recognized Type 3R, 4, & 12 [File
SA10300]

« cULus Listed File SA10300

c M us®= CE€

« Adjustable thermostat permits precise
control of the electrical enclosure
temperature by regulating the coolant flow
by activating a solenoid valve

« Adjustable thermostat range of 46°F to 122°F
(8°C to 55°C) with a factory setting of 95°F
(35°C)

- Rated operating voltage of 115 VAC (60Hz)

« Terminal block electrical connection

* High-temp alarm preset 131°F

* High-performance ball bearing fans

« Door-activated switch wiring provided for
easy installation

+ Cage clamp terminal connector

« Integrated temperature monitoring with
alarm contact

PWS Series Air-to-Water Heat Exchanger General Specifications

Part Number 12351010005 12358410045 12358510045
Price $;006hx0: $;006hx1: $;006hx2:
Series PWS 7102 PWS 3302 PWS 3502
Drawing Links PDF PDF PDF
Cooling Capacity 3241 BTUH 12283 BTUH 21496 BTUH
Weight 16.5 Ibs 66 Ibs 73 Ibs
Running Current 0.69A 0.70A 1.89A
Starting Current 1.4A 0.8A 3.1A
Connection (Water) 1/2in OD Hose Barb 1/2in push-in fitting

www.automationdirect.com

Enclosures Thermal Management

tENT-66


http://www.automationdirect.com/pn/12351010005
http://www.automationdirect.com/pn/12351010005
http://www.automationdirect.com/pn/12358410045
http://www.automationdirect.com/pn/12358510045
https://cdn.automationdirect.com/static/drawings/2d/12351010005.pdf
https://cdn.automationdirect.com/static/drawings/2d/12358410045.pdf
https://cdn.automationdirect.com/static/drawings/2d/12358510045.pdf
http://www.automationdirect.com
http://www.automationdirect.com

1-800-633-0405

PWS Series air-to-

water Heat Exchanger

Performance Graphs

*PWS 7102 Performance Curve not available
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PWS 3302

How to use this chart

Example: @ 95 °F (ambient, X-axis), @ 95 °F (internal, diagonal lines)
= 12283 Btu/h cooling capacity (Y-axis)
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PWS 3502

How to use this chart

Example: @ 95 °F (ambient, X-axis), @ 95 °F (internal, diagonal lines)
= 21496 Btu/h cooling capacity (Y-axis)
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