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Choosing the Right Cooling Method for the Job 

 

 

 

 

   

 

 

 

 

With increasingly compact, yet dense electronics going into industrial control 

panels today, cabinet cooling is becoming very important. Additionally, rising utility rates 

and ecological concerns have caused many companies to limit their energy usage. 

That’s why many forgo proper cooling methods for cheaper alternatives (see above left 

picture). Although you may get by for a little bit with little to no cooling, you will inevitably 

see your devices fail prematurely and your maintenance bills steadily increase.  

This month’s tech corner focuses on the enclosure cooling solutions that 

Quantum Automation can provide. Please check the additional resources page for 

additional technical specifics as to component selection. 
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1. Natural Convection 

a. Open Panel 

The most basic way to cool down 

an electrical enclosure is to remove the 

door to let the heat escape. Although 

this seems like an obvious choice, 

especially for small or temporary 

applications, it can be very harmful to 

your equipment. Leaving a panel open 

may temporarily resurrect an 

overheated device, but this approach 

ensures that dirt, oil, corrosive 

moisture and other hazards will attack 

the electronics. These attacks shorten 

the operating lives of the electronic components. On top of that, leaving the panel 

open also creates OSHA safety issues. (Wilson, 1) 

 Can cool a panel down to or near ambient, not below 

 No immediate costs, possible premature component replacement 

necessary in the future. 

 No extra space needed 

 

2. Forced Convection 

a. Louvers and Fans 

Installing louvers and fans in your enclosure can provide adequate cooling for 

most applications which generate a small amount of heat. It can also be the easiest 

and cheapest of the forced convection methods for cooling your panel. 

Unfortunately, fans and louvers alone will still allow large particles to enter the 

enclosure. Alone, they “can work in clean environments, but few industrial settings 

are so contaminant-free that [it’s] practical” (Wilson, 17). The addition of fan and 

louver filters will allow a panel to safely operate in harsher location but, they will 

quickly turn into a maintenance nuisance as they congest. “If the filter is dense 
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enough to prevent the entry of contaminating dirt and 

moisture, it will quickly clog” (Wilson, 17). 

 Can cool a panel down to or near 

ambient, not below 

 Lowest cost preventative cooling 

method 

 Small spatial footprint inside or 

outside enclosure.  

 Will not work well outdoors. The 

filter will quickly clog and cease 

to circulate air through the 

enclosure.  

 

 

b. Heat Exchanger 

Heat exchangers are designed to efficiently pull heat from enclosures while 

maintaining a sealed panel environment. They do this by utilizing the second law of 

thermodynamics which establishes this principle: heat always travels from hot to 

cold. Additionally, it can change physical mediums along the way (air to metal, 

metal to air).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The energy cycle in a sealed panel with a heat exchanger is as follows: 

1. Electronic components generate heat energy, which is dissipated into 

the panel air. 

http://www.norenproducts.com/Heat_Exchangers/index.php
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2. Fans force the hot air over thin metal 

fins on the internal portion of the heat 

exchanger. The fins capture heat as 

the air passes by (forced convection).  

3. When the hot air exits the fin bank 

(inside the enclosure) it’s considered 

cold air, as it will now be within a few 

degrees of the outside air.  

4. The captured heat is absorbed into a 

working fluid (air, water, or heat pipe 

vapor) and is transported through the 

enclosure wall to be released into the 

atmosphere. 

5. A second set of fans and heat fins 

exchange heat from the working fluid 

to the cool outside air.  

6. Inside the enclosure convection currents are naturally created as cool 

air sinks and forces hot air up, towards the heat exchanger. 

 

The complete cycle uses very little energy since no artificial cooling takes 

place. Only the small fans that pull air over the internal and external fins require 

power. This is one reason why heat exchangers are popular in many of today’s 

high efficiency projects.  

  

 They’re made of highly conductive alloy materials for efficiency, 

longevity, and robustness. 

 They cost pennies on the dollar per BTU/hr compared to all other 

methods.  

 They have little to no impact on the environment, making them a very 

“green” solution. 

 They’re low maintenance because there are no filters and few moving 

parts.  

 

There are two types commonly used in industrial electronics enclosures: air-

to-air and air-to-water. They vary only in the working fluid used to transfer heat 

from inside the enclosure to outside (step 4 in the cycle described above).  

** Please See Additional resources for Noren Cost Comparisons for air-to-air and 

air-to-water heat exchangers 
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i. Air-to-Air:  

 
 

 Air-to-air heat exchangers use high thermal conductivity heat 

pipes to transfer energy. As pictured above, they work by absorbing heat 

into a low-pressure liquid contained in a sealed copper tube. The liquid is 

vaporized as it absorbs heat. The hot vapor then moves to the cool side 

of the heat pipe via gravity or capillary action through a wicking material. 

The excess heat is discharged to the atmosphere and the vapor 

condenses back into a liquid to start the cycle over again. 

  

 Ambient cooling within a few degrees. Can’t go below ambient 

 Consumes very low electrical energy to provide high thermal 

transfer capabilities. 

 Can perform at their full rated capacity for as much as 15 years, with 

the only failure point being the circulation fans. 

 Relies on ambient temperatures lower than your required panel 

temperature. In high ambient situations, the panel-to-ambient 

temperature differential (ΔT) may be insufficient to cool the panel. 

 

 

 

 

 

http://www.norenproducts.com/Heat_Exchangers/Drop_In_Heat_Exchangers.php
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ii. Air-to-water 

 
 

With air-to-water units water, instead of a heat pipe, is used as the 

working fluid. It enters the heat exchanger as cool water, absorbs 

enclosure heat then is discharged as hot water. The biggest advantage to 

these units is their ability to cool a panel to a lower temperature than air-

to-air units. A second advantage is the ability to reuse the exhausted hot 

water for other processes in a facility. The main disadvantage is that you 

must have a 1-2 gpm water source at 50-60 psi readily available. For 

some industries, such as water and waste water, this may be less of an 

issue. 

 Can provide below ambient cooling dependent on water 

temperature 

 Well suited for the water 

industry due to convenient 

cooling water sources.  

 No fans or fins exposed to the 

outside environment, thus no 

cleaning required. 

 

 

 

 

 

 

 

 

 

 

http://www.norenproducts.com/Heat_Exchangers/Air_to_Water_Heat_Exchangers.php
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3. Forced Convection with Chilled Air 

Stratus Air Conditioners 

Air conditioners use the 

same heat transfer principles as 

the heat exchangers described 

above except they use the 

refrigeration cycle to create a 

much colder working fluid. In this 

process an expansion valve is 

used to rapidly expand (i.e. cool) 

the fluid which is typically R-

134a or R-12 refrigerant (heat 

pipe or water previously). 

 

With any heat exchanging 

device, the temperature of the enclosure is directly proportional to the temperature of 

the working fluid. Therefore, if the ambient air temperature is warmer than your 

required panel temperature, an air-to-air heat exchanger will not be sufficient. That’s 

why many people in hot environments have no choice but to use an A/C unit. Others 

may have to use air conditioners if their panel components release more heat than 

other cooling methods can remove. Please see this HowStuffWorks page for a 

detailed look into the refrigeration cycle and how air conditioners work. 

 Provides below ambient cooling 

 Higher costs to install, maintain, and operate 

 Can cause damaging condensation to form inside the enclosure if 

configured incorrectly. 

 Isolates the inside of a sealed enclosure from contaminates and debris in 

the outside air. 

 

http://www.automationdirect.com/adc/Overview/Catalog/Enclosures/Enclosure_Cooling_(Air_Conditioners_-z-_Fans_-z-_Vortex_Coolers)/Enclosure_Air_Conditioners_-_NEMA-z-UL_Type_12,_4,4X_(TA10_Series)?banner_082510
http://www.howstuffworks.com/ac.htm
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4. Vortex Tubes 

A vortex tube is a steady-state device used 

for panel cooling. It has no moving parts and uses 

only compressed air and gravity to create air 

temperatures below ambient.  

They work by rotating compressed air at 

speeds up to 1,000,000 rpm. When rotating this 

fast in a cylinder, air distributes itself along the 

inner walls according to density. The hot, low 

density, air travels up while the cold, high density, 

air moves towards the bottom. The hot airstream is 

forced out exhaust tubes while the cold airstream 

moves into the enclosure. Once inside, cold air 

displaces the hot cabinet air and pushes it out cabinet exhaust ports. The cycle creates 

a convection current pulling heat from panel devices.  

The main disadvantage of vortex tubes is their energy consumption. “It takes 

about 8 HP of electrical energy to produce 1 HP worth of work with compressed air.” 

(Ormer 1) Therefore, it costs eight times as much to cool with compressed air than it 

does with electricity. Please keep this in mind as you determine which cooling method to 

use. Hidden costs can easily sneak up on you and add up to large sums over time. 

 Below ambient cooling 

 Requires clean, dry, oil-free compressed air (100 

PSIG / 70°F or below). Lower pressures and higher 

temps will reduce BTU/Hr ratings 

 Requires 5-micron water and particulate removal 

filter and oil removal filter 

 Compressed gas is much more expensive than the 

electrical equivalent 

 Reliable and small footprint, suitable for harsh 

environments and uses no refrigerants (no CFCs, 

HCFCs) 

 Incoming air filter may clog causing maintenance 

problems. 

  

 

 

  

http://en.wikipedia.org/wiki/Vortex_tube


 
 

techcorner.quantumautomation.com | 4400 East La Palma Ave. Anaheim, CA 92807. | P: 714-854-0800. | F: 714-854-0803  

 

Additional Resources: 

1. Van Ormer, Hank. “Six Potentially Inappropriate Uses for Compressed Air.” Compressed Air Best 
Practices July, 2006: 26-31. Print 

2. Wilson, Doug. “Cooling Process Control Panels Effectively.” Process Cooling September, 2009: 
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http://books.google.com/books?id=d4cgNG_IUq8C&dq=heat+transfer&source=gbs_navl
inks_s > 

5. Kaviany, Massoud. “Principles of Heat Transfer.” Wiley-IEEE, 2002. Google Books. < 
http://books.google.com/books?id=dKI4k-
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6. Wikipedia: 
a. Heat Pipe 
b. Air conditioning 
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7. Noren Cost Comparisons: 
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b. Air-to-water vs Air Conditioner 
c. Air-to-air vs compressed air 
d. Air-to-water vs compressed air 
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