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Advanced Cooling Methods  
for Your Data Center
New cooling techniques and technologies exist, but it’s necessary to choose the right mix— 
be it containment, liquid immersion or adiabatic—for the specific needs of an organization.
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EDITOR’S
NOTE

Chill Out: Take Your Time  
When Choosing a Cooling Approach 

Data center cooling may not be most 
exciting topic for IT professionals, but it can 
be a costly mistake if not handled properly. 
Servers can be significant energy drains if nec-
essary precautions aren’t taken or if outdated 
technology is relied upon for too long. Since 
energy usage is rising significantly as a result of 
increased power needs, the importance of cool-
ing is growing. 

Picking the right cooling method or methods 
isn’t easy, and necessitates a thorough vetting 
and planning approach prior to asking for the 
checkbook. Whether it’s retrofitting or com-
plete upgrade, data center managers can over 
time see ROI—but only if they put in the time 
to examine all potential options. 

In the first part of this handbook, data center 
expert Robert McFarlane walks us through the 
best available cooling techniques and technolo-
gies. He outlines the potential benefits and 
possible concerns related to each type of cool-
ing, be it a revamped version of an older idea or 
a completely new method.

Next, Stephen Bigelow, senior technology 
editor at TechTarget, walks us through the role 
that design rack can play in limiting energy use. 
He also discusses how to eliminate hot spots 
and other problem areas in the data center. n

Patrick Hammond
Associate Features Editor 

Data Center and Virtualization Group, TechTarget
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Modern Cooling Methods for Your Data Center 

The criticality of cooling, combined with 
the elevated heat levels produced in today’s 
high-density cabinets, has stretched the limits 
of conventional data center cooling. Data cen-
ter cooling can and should be enhanced using 
the latest advances. Some of the newest and 
most effective techniques are highly developed,  
while others remain in their respective 
infancies.

Data center administrators need to have an 
understanding of all of the methods so they can 
choose the best approach for their shop. 

OLD GUARD: CONTAINMENT STILL EFFECTIVE

Containment is an extension of the hot aisle/
cold aisle concept. The ends of rows are 
blocked by doors or plastic curtains to further 
prevent air mixing. If the doors enclose hot 
aisles, it’s called hot aisle containment. If they 
enclose cold aisles, it’s cold aisle containment. 

If only the ends of the hot or cold aisles are 
blocked, it’s partial containment. And if bar-
riers are installed over the aisles, or from the 
tops of cabinets to the ceiling, this would con-
stitute full containment. 

Partial containment has been reported as 
being as much as 80% as effective as full con-
tainment, and both are useful in improving 
cooling and energy efficiency in both new and 
existing data centers. 

In existing rooms, the main concern is fire 
protection. Full containment can block the 
dispersion of water or cause gas suppression, 
which is dangerous and illegal. There are three 
solutions to this problem: installing sprinkler 
and/or inert gas heads in both the hot and cold 
aisles; erecting barriers that can be electrically 
dropped upon smoke detection; or partial con-
tainment. There are pros and cons to each type 
and variation, but all U.S.-based operations 
must conform to the NFPA-75 Fire Protection 

http://searchdatacenter.techtarget.com/definition/hot-cold-aisle
http://searchdatacenter.techtarget.com/definition/hot-cold-aisle
http://www.nfpa.org/codes-and-standards/document-information-pages?mode=code&code=75
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Standard, particularly when dropped barriers 
are used. 

Since cooling is generally the largest con-
sumer of power after the computing equipment 
itself, some form of containment should be 
considered.

COOLING WITH INCREASED EFFICIENCY:  

HEAT WHEELS AND ADIABATIC COOLING

Heat wheels are large, slowly rotating devices 
with multiple air chambers. Half of the wheel is 
outdoors, and, as the wheel turns, cool outside 
air is brought into the data center. Hot air is 
picked up and taken outdoors. These sophisti-
cated wheels act as heat exchangers during the 
rotational cycle and bring in only a tiny amount 
of outside air. Very little energy is needed to 
turn the wheels, and they are effective in most 
types of climates. Of all the forms of “free cool-
ing” (that is, using environmental air rather 

than mechanical refrigeration to cool), heat 
wheels are probably at the top of the energy-
efficiency list.

Adiabatic cooling is a fancy way of saying evap-
orative cooling. Changing water from liquid to 
vapor consumes heat, so if we spray water on 
an outdoor chamber in a warm, dry climate, the 
water will evaporate quickly and then cool. If 
we simultaneously pass warm air through the 
inside of the chamber, the air will be cooled. 
Thus, adiabatic cooling is an energy-efficient 
way of dissipating heat, and the amount of 
water used in the process is generally less than 
what is consumed by cooling towers.

SOURCE-OF-HEAT COOLING SYSTEMS

Though they vary in a number of ways, the 
approaches in the category of source-of-heat 
cooling systems have similar functions. 

Adiabatic or evaporative cooling is an energy-efficient way of dissipating 
heat, and the amount of water that is used in the process is generally  
less than what is consumed by cooling towers. 

http://www.nfpa.org/codes-and-standards/document-information-pages?mode=code&code=75
http://searchdatacenter.techtarget.com/podcast/Using-free-cooling-in-the-data-center
http://searchdatacenter.techtarget.com/podcast/Using-free-cooling-in-the-data-center
http://searchdatacenter.techtarget.com/feature/Get-comfortable-with-an-adiabatic-cooling-system-in-the-data-center
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In-Row Cooling (IRC) essentially moves the 
computer room air conditioners (CRACs) from 
the room perimeter into the cabinet rows. 
Cooling units are designed like cabinets and 
placed between cabinets and/or at the ends of 
cabinet rows. Here they deliver air directly into 
the cold aisles in front of the cabinets. Equally 
important, IRCs draw discharge air from the 
hot aisles directly into the rear of each cooling 
unit, leaving little hot air to re-circulate—even 
if there’s an open path such as in a partial con-
tainment design. Since the air paths are short, 
the required fan power is low compared to 
perimeter units. 

Some IRCs incorporate methods of con-
trolling air-flow direction. All of these use 
high-efficiency fans with variable-speed con-
trol to automatically match cooling to heat 
release and thus minimize energy use. The 
most common control method relies on sen-
sors attached to cabinet door fronts to monitor 
inlet air temperature and humidity. IRCs are 
available in chilled water, compressorized and 
refrigerant-based systems. Some can provide 
humidity control, which means they also need 
condensate drainpipe connections, while others 

provide only sensible cooling. 
The biggest drawback to IRCs is the cabinet 

positions they usurp—anywhere from 12 to 30 
inches of width. While the floor space require-

ment is usually offset by the elimination of 
large, perimeter CRACs, in-row units disrupt 
the continuity of cabinet rows, which can be 
important in some installations.

Above-cabinet cooling units are refrigerant-
based, which appeals to managers who are 
paranoid about water pipes running through 
their data centers. But the refrigerant systems 
are also near the top of the scale in energy effi-
ciency and don’t devour floor space since they 
reside either directly above the cabinets or in 
the cold aisles between cabinet rows. 

They are most commonly used to supple-
ment conventional CRACs in order to deliver 

The biggest drawback to IRCs  
is the cabinet positions they 
usurp—anywhere from 12 to  
30 inches of width.

http://searchdatacenter.techtarget.com/guides/Guide-to-modern-methods-for-cooling-data-centers
http://searchdatacenter.techtarget.com/guides/Guide-to-modern-methods-for-cooling-data-centers
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additional cooling directly to high-density  
cabinets. Since these units provide only sen-
sible cooling, CRACs are still necessary to  
control humidity and to cool low-density  
cabinets. Above-cabinet units require over-
head space, as well as careful coordination  
with other overhead infrastructure during the 
design process. 

Rear Door Heat Exchangers (RDHxs) replace the 
perforated rear doors on conventional cabinets. 
The heat discharged from computing equip-
ment moves through coils in the doors, which 
neutralizes it with cool circulating water before 
it can escape. This means inlet and discharge 
temperatures are the same. 

A big advantage of RDHx coolers is their 
ability to work well with warm water. Legacy 
building cooling systems use 45 degree F water, 
but 55 to 60 degree F temperatures are becom-
ing more common in modern buildings. Unlike 
most cooling units, RDHx will still perform 
well at the elevated temperatures. Passive 
RDHxs—designed with low-pressure-drop 
through the door coils—are at the top of the 
energy-efficiency scale. 

RDHx units also attach to cabinets of vir-
tually any size or manufacture using adapter 
frames. Their main drawbacks are the approxi-
mately 6 inches added to cabinet depth, the 
requirement of water piping and valves for each 
cabinet, and the clear-swing space required  
for the connecting hoses so doors can open. 
This is challenging in raised-floor designs 
when hoses conflict with floor-panel stringers. 

Keep in mind that RDHx installations are 
never fully contained, since they rely on re- 
circulation for their operation. Therefore, 
redundancy is inherent in designs that use  
predominantly RDHx cooling.

Self-cooled cabinets can be great problem  
solvers, particularly when a few high-den-
sity cabinets are needed and a major cooling 
upgrade is not realistic. The cabinets are fully 
enclosed, with built-in cooling so that equip-
ment heat is cooled inside the cabinet and 
re-circulated back to the equipment intakes. 
These cabinets may use chilled water or refrig-
erant connections; they may even contain 
their own cooling compressors, much like a big 
refrigerator.

http://searchdatacenter.techtarget.com/answer/Is-air-circulation-a-problem-with-a-rear-door-heat-exchanger
http://searchdatacenter.techtarget.com/answer/Is-air-circulation-a-problem-with-a-rear-door-heat-exchanger
http://searchdatacenter.techtarget.com/tip/New-data-center-cooling-strategies-to-improve-efficiency-lower-costs
http://searchdatacenter.techtarget.com/tip/New-data-center-cooling-strategies-to-improve-efficiency-lower-costs
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The biggest concern with these cabinets is 
cooling failure. There are cabinets available 
with redundant, “hot swappable” cooling com-
ponents, but the most common approach is an 
automatic door release that opens the rear door 
in the event of a cooling failure. This means 
the equipment is subject to the cooling condi-
tions in the room, which may not be adequate 
for more than a few minutes. Self-cooled units 
are generally larger than other cabinets—and 
quite expensive. Still, they are less costly than a 
major cooling upgrade.

Immersion cooling is a new and interesting tech-
nique. Servers are fully immersed in a bath of 
non-conductive coolant, such as pure mineral 
oil or 3M Novec, which envelops the compo-
nents and dissipates heat. Solid-state drives are 
preferred, but conventional drives can be used 
if they are sealed or suspended above the oil 
level. This eliminates 10% to 20% of the server 

energy usage as well as the most failure-prone 
elements. 

The thermal inertia of the liquid can keep 
servers within temperature tolerance in the 
event of a power failure—with no cooling 
power required at all. One system can maintain 
25 kW for a half hour. Systems can be built for 
capacities of 100 kW or more and can oper-
ate in any climate condition without a cool-
ing plant. In at least one such system, the only 
moving parts are the circulating pump, the 
condenser water pump and the cooling tower 
fans. 

Standard building comfort cooling is all 
that is needed for people working in the room. 
The result is extreme energy efficiency (as 
little as 50% of a good air-cooled design) and 
potentially lower total cost since the cool-
ing plant can be eliminated. A unit for 42 rack 
units holds about 300 gallons of oil or cool-
ant, weighs between 2,500 and 3,000 pounds, 

Self-cooled units are generally larger than other cabinets—and quite  
expensive, yet they are less costly than a major cooling upgrade. Still,  
they are less costly than a major cooling upgrade.

http://searchdatacenter.techtarget.com/feature/Liquid-immersion-cooling-relief-for-ultra-dense-data-centers
http://whatis.techtarget.com/definition/rack-server-rack-mounted-server
http://whatis.techtarget.com/definition/rack-server-rack-mounted-server
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but distributes the weight over about 12 square 
feet, which results in lower floor loading than 
many of today’s racks. 

The main concern with these systems is the 
potential messiness of working on an oil-cov-
ered server. The liquid actually drips off quite 
well, and servicing has not been a source of 
complaint among those who have deployed the 
technology.

Direct Liquid Cooling might as well be termed 
“everything old is new again.” Liquid cooling 
is re-appearing in high-performance comput-
ing environments, and some industry experts 
predict it will become commonplace, and even 
necessary, as enterprise servers and their pro-
cessors become smaller and more powerful.

These systems circulate either chilled water 

or a refrigerant through the server to remove 
heat directly from the processor via a special 
heat sink. This is essentially how laptop com-
puters have been cooled for years, using an 
internal closed-loop liquid cooling system that 
moves the processor heat to the edge of a lap-
top case, where the fan can eject it. Direct liq-
uid cooling for servers circulates the liquid to a 
second liquid-heat exchanger in each cabinet, 
or sometimes even all the way back to the cen-
tral cooling system. 

The biggest concerns with this technology 
are the potential for leaks and the necessary 
management of piping connections along with 
all the power and cables. Manufacturers take 
great pains to avoid leaks, with liquid lines 
using as few connection points as possible. 

—Robert E. McFarlane

http://whatis.techtarget.com/definition/liquid-cooling
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It’s Time for a Denser Server Rack Design 

Data center density used to be an apoca-
lyptic topic, which may be why many IT orga-
nizations are still loitering at 4-to-6 kW rack 
density. But power and thermal management 
are prepared to survive >10 kW server rack 
designs.

Skyrocketing processor cores and chassis 
blade server designs made runaway computer 
room air conditioner (CRAC) and power costs 
seem inevitable. But higher density is not kill-
ing off servers as designers once feared. Virtu-
alization, energy-efficient hardware, aggressive 
cooling containment and higher acceptable 
operating temperatures have united to keep 
heat exhaustion at bay.

HOW BIG A PROBLEM IS HEAT?

Instead of one server per workload, a modest 
server with a virtualization hypervisor sup-
ports 10, 20 or even more workloads. Facilities 

would have to cram servers into every open 
rack space to match the workload capacity 
enabled by virtualization. At the same time, 
chips are made with denser fabrication at the 
transistor level and lower clock speeds, so spi-
raling up the number of processor cores in an 
equipment refresh hardly changes the rack’s 
overall energy draw.

Fewer, better-utilized servers in a data center, 
with fewer racks, have changed cooling prac-
tices. Rather than cool the entire data center, 
with coarse air handling strategies like hot/
cold aisles to economize air flow across the 
space, operators deploy containment strate-
gies to shrink the operating area to a much 
smaller room or even box in a few racks. In-row 
or in-rack cooling systems handle these racks, 
switching off the CRACs for good.

In addition, organizations like the American 
Society of Heating, Refrigerating and Air-Con-
ditioning Engineers (ASHRAE) propose raising 

http://searchdatacenter.techtarget.com/answer/Standard-for-blade-servers-and-chassis-technologies
http://searchdatacenter.techtarget.com/answer/Standard-for-blade-servers-and-chassis-technologies
http://searchdatacenter.techtarget.com/answer/Whats-the-highest-server-temperature-you-can-handle
http://searchdatacenter.techtarget.com/answer/Whats-the-highest-server-temperature-you-can-handle
http://searchservervirtualization.techtarget.com/tip/Choosing-a-virtualization-hypervisor-Eight-factors-to-consider
http://searchdatacenter.techtarget.com/feature/Spending-tips-for-each-stop-on-the-IT-lifecycle
http://searchdatacenter.techtarget.com/answer/Whats-the-highest-server-temperature-you-can-handle
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the effective server air inlet temperatures to  
80 and even 90 degrees F.

Hot spots and cooling inefficiencies are 
unlikely, thanks to these advances in energy 
management. Still, poor planning or retrofit-
ting will limit a facility’s efficiency gains.

HOT SPOTS AND OTHER COOLING PROBLEMS

Unintended obstructions or accidental gaps 
in the air flow path generate excess heat. For 
example, neglecting a server rack’s blank-
ing plates lets cooled air flow into the rack 
at an unexpected location, weakening its 
flow to other servers and increasing outlet 
temperatures.

A significant increase in server power also 
causes cooling problems. For example, replac-
ing several white-box 1U servers with a high-
end blade system dramatically increases the 
rack’s power consumption, and inadequate air 
flow may impede cooling for a full complement 
of blade modules. If cooling isn’t designed for 
this kind of server, a hot spot usually develops.

When you’re increasing server rack den-
sity, consider data center infrastructure 

management and other systems management 
tools that collect and report temperature data 
supplied by thermal sensors within each server 
and rack. These tools identify breached thermal 
limits and take necessary action, from alerting 
technicians to automatically invoking workload 
migrations and system shutdowns to prevent 
premature failures.

When a server rack design produces hot 
spots, the IT team can redistribute the hard-
ware. Rather than filling a single rack, move 
equipment—as much as half—to a second rack 
if the space is available, or move off the over-
heating system.

If space isn’t available for a redesign, add 
point cooling devices, such as portable, self-
contained air conditioners made for data 
center use. If the rack is tightly packed using 
in-row or in-rack cooling units, it may be more 

If space isn’t available for a  
redesign, add point cooling  
devices, such as portable, self-
contained air conditioners  
made for data center use.

http://searchdatacenter.techtarget.com/answer/Whats-the-highest-server-temperature-you-can-handle
http://searchdatacenter.techtarget.com/tip/Basic-or-robust-Find-the-DCIM-system-that-works-for-your-data-center
http://searchdatacenter.techtarget.com/tip/Basic-or-robust-Find-the-DCIM-system-that-works-for-your-data-center
http://searchdatacenter.techtarget.com/news/2240223775/Rack-cooling-workload-management-tools-fight-hotspots
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effective to reduce the set point temperature 
rather than open the containment barriers to 
add a point cooling unit.

LONG-TERM RELIEF

Over the long term, more disruptive technolo-
gies can aid heat management.

Water-cooled racks pass chilled water 
through cabinet doors or other air pathways. 
Water-cooled server racks address broad 
heating problems—especially when lower air 

temperatures and higher flow rates alone don’t 
work.

Immersion cooling submerges servers into a 
bath of cooled non-conductive, non-corrosive 
material like mineral oil. This technique prom-
ises higher efficiency, almost no noise and long 
thermal ride-through in the event of power 
loss.

However, these point-of-heat options are 
better suited to the more recent data center 
builds, not ordinary technology refreshes. 

—Steven Bigelow
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