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Intelligent Cooling Keeps Data Centers Up and Running

Power requirements for data centers are escalating draityatend spiraling temperatures are
the reason. The International Data Corporation (IDC) estintladé¢sacks are likely to contain an
average of twenty servers by 2010, versus just sevE®36. Expanding use of 1U and blade
servers continues to contribute to increasingly higher pdemsities. Average rack power
increased to an average of 5-7 kilowatts (kW) in 2006&ugel kW in 2001, according to a study
by Network ComputingBy any measure, more powerful chips, higher densigydsy and

greater numbers of servers packed into data centerseuuiltin more heat and the need for
more sophisticated methods for heat dissipation.

Stopping the heat means turning up the power, becausef ladllielectricity consumed by a data
center is attributable to cooling and other support infrastrucisr@ result, many data centers
are simply running out, and face the threat of shutting déichael Bell, a former Research
Vice President at Gartner, Inc., predicts that “by next yeaout half the world’s data centers
will be functionally obsolete due to insufficient power and cootiagacity.” Clearly, interim
solutions are necessary to keep important sites and syspesmsl uunning.

And up and running is the key: business processes aretsenust run 24/7. Existing data
centers are faced with the problem of maintaining uptimeiamdost situations, can’t be shut
down to make modifications. Even the least restrictive classdicaly the Uptime Institute, Inc.
— called a Tier 1 site — requires an availability of 99.671%.ather words, less than 29 hours
of downtime per year. The highest classification for a(Siter 4) requires “five nines”
availability, which means less than 6 minutes of downtime pe ye

A comprehensive solution to these problems is now availatnhe regree Controls, Inc. Their
AdaptivCool™ technology offers Room Scale Intelligent Cooforgcomprehensive thermal
management of data centers, incorporating the latest in twthmology to dynamically
manage airflow and cooling. Benefits of this system includesratiicient cooling (up to 30%
savings on cooling electricity or the ability to add 30% moreess}), user selectable SNMP
alarms, trending, and reporting of data center environmeaoitalitions.

During an adverse event such as a computer room aitiomer (CRAC) failure, the
AdaptivCool™ system automatically manages the cooling ressinche data center by
shifting available cooling from zones that have excess gpadizones that require more
cooling. For maximum flexibility, the system can be integratéd popular building
management systems such as BAG=etd LonWork§.
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Improvement is in the Air

A recent EPA study on data center efficiency listed airflothassingle efficiency issue that data
centers could address without making major investmentsan physical infrastructure. Many
legacy data centers have severe - but correctible - aiigkwes which limit their rack density
and overall efficiency. And many of these limitations are ifipeo the airflow within the room.

Traditionally, data center cooling could be considered asemdsheet calculation—determine
the IT load to be supported and provide enough CRAGsdrthe room, adding some extra
CRAC:s for the desired redundancy. Although this oversimplifie complex task of design and
construction of a mission-critical facility; the strategy works, pmimt. But such approaches
only mitigate the problem, and don't directly address the isargahallenges of effectively
managing cooling and airflow.

AdaptivCool takes an analytical approach to identify these prabénd provides active,
measurable changes. This approach begins by thorougdiysianding the specific problem to
be solved, then employs sophisticated Computational Fluidrigsg CFD) analysis to do so.
After analysis a plan in implemented, using an array ofriaesensors installed on the intake
side of the server racks, in other strategic areas obtm,rand on the cooling equipment itself.
These sensors are connected to a series of thermaldmabfeed a centralized control network
that interprets, stores, alarms, and trends the tempenafiom@ation. Next intelligent air movers
are placed in the optimum quantity and locations to propealyage the space. The system is
deployed without affecting the 24/7 operation of a runnirtg danter, and works with all CRAC
types without requiring CRAC upgrades.

Traditional Methods Reach Their Limit

The traditional method for cooling a data center is to uss@dfioor plenum, perimeter
CRACSs, and passive perforated tiles to allow cooling air te fido the IT racks. This basic
design has served the IT community well, but is showing si§asain with the latest
generation of dense server racks. It becomes incrdasiifiicult to provide enough air from the
perforated tiles, which typically deliver ~300 CFM, enougbliog to support about 2 kW. New
racks placed in this environment typically result in specificsipots caused by the twin enemies
of data center cooling — airflow mixing and recirculation.

Mixing is just that — mixing of cool and warm air before it eatitre server intakes.
Recirculation is a more problematic form of mixing, whereekieausted air is drawn back
around the rack to the intakes. To combat this, technigusas blanking panels, cable cutout
closures, open grate style perforated tiles, and hot aisle&sbédconfigurations are employed.
But too often, even after all of these practices are emp]alyedimiting factor of airflow
distribution remains, either under the raised floor plenum tire return path to the CRAC. The
next traditional solution has been to turn down the tempers¢tiqgoint of the CRACSs, an
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extremely energy inefficient approach. With lower temperatatings, CRACs aggressively
dehumidify the air in the data center, which then has to-bemredified to maintain proper
levels. Because of uneven airflow or load distribution, ndatg centers end up with dueling
CRACSs, with one fighting to control humidity and another atti@mgto humidify the very same
space. With humidity control representing 30% or more ofdhaired cooling energy, data
centers can't afford such arguments between their aintommets.

The Hidden Cost of Humidity

Humidity, the level of moisture content in the air, is a criticaimmental condition in the
operation of a data center. Too much humidity in the datger results in condensation on
components and equipment, and in turn leads to corroBaanlittle humidity in the data center
poses the risk of Electrostatic Discharge (ESD), which eam@anently damage sensitive
electronics and lead to critical data errors. The recommemndadlity level in typical data

centers is from 40% to 55% relative humidity (RH). This eahgth effectively mitigates the
effects of ESD and prevents condensation. In well corttaases, such as Telecommunications
facilities that use rigorous equipment and personnel groupdotgdures, humidity levels as

low as 20% can be safely maintained.

Two types of cooling are important when considering humidiysible cooling and latent
cooling. Sensible cooling (measured by Sensible Heat Rat®HR) is a dry process;
temperature is reduced but no moisture is removed. This iyple of cooling required for
electronic equipment. Latent cooling is mostly important to hunemi,removes moisture and
makes hot, humid climates bearable. Latent cooling requpbase change from vapor to
liquid, a very energy-intensive and expensive dehumidificgtroness. In a data center, the goal
is to maximize the ratio of sensible cooling to latent coolinggolyicing condensation on the
cooling coils, maintaining only enough latent cooling to remoaegs moisture when
necessary. A total SHR of 96% to 98% is adequate to remtm@vtypical humidity intrusion from
walls and ceilings. By comparison, comfort cooling applicationpeople need an SHR in the
70% range.

In this traditional design, it is sometimes necessary to onde agdmoisture to control ESD.
This is typically accomplished by electric heating coils in the CR#(@t vaporize water, and
involves another energy-intensive phase change, this timreliijaid to vapor. And
compounding the issue further is the fact that relative humidityvary 20% or more in any
given data center. Unchecked, such poor humidity controbeaesponsible for 30% or more of
the cooling energy used in the data center.

AdaptivCool™ implementation brings cool air only to where it isdeeke then directs the warm
air efficiently back to the CRAC returns, holding this vicioud arpensive cycle in check. This
breaks the cycle where cooling coils aggressively dehuntitifir and in turn require constant
re-humidification by the heating coils. The key is to raigerdturn temperature for all CRACs
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to ~74°F, which has the effect of raising the SHR andaiagiwcondensation , and also to make
the return temperatures as even as possible from CRABACG- all beneficial results
achieved by the AdaptivCool™ process of dynamically mamggirilow and cooling.

Some Big Fixes — and Big Prices

A number of technologies have recently been introducedrttoat thermal issues in the data
center. One of the most notable examples is direct liquid gpofi€PU chips, which are the
main generator of heat in servers. This solution requiresajy designed liquid distribution
manifolds in the rack, and liquid compatible servers. Liqooled racks and various methods of
close coupled cooling such as In-Row cooling and overbealihg have also been brought to
market. While very effective at removing heat, each of tekédions is most suitable in sites
that use chilled water, and even then require significantgelsato the physical infrastructure in
order to be deployed. They are also difficult and expernsiexpand as the data center grows.

Another notable example of new data center cooling techn@ogjoys variable-speed fan
drives (VFDs) in the CRAC blowers, which vary cooling aapeto match the required heat
load from the racks. Again, this can work well in data asriteat use chilled water, but is
nonetheless incompatible with most existing CRACSs that use cesgrse The potential
mismatch of compressor capacity and blower capacity @asecthe cooling coils to freeze and
airflow to stop. As a result, newer digital scroll (variable c#gacompressors are now coming
to market to address this issue.

All of these fixes are capital-intensive and expensive. Thay represent cutting edge
technologies, best employed when building a data centerdcoatch, but they don’t offer an
attractive alternative for existing operations looking for da-effective approach for staying in
business 24/7.
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A More Intelligent Approach

The AdaptivCool™ process develops a cooling solution Spdoifa particular data center. First
an on-site audit is performed. This is an analysis of tiselerof the data center, including room
layout, rack densities, CRAC types and locations, electris eatd total power consumption.
Temperature and humidity is measured throughout the rodmattention paid to leakages,
obstructions, and external factors such as sunshineuwsidle air.

CFD Modeling provides an in-depth analysis of airibw and heat loss
for the customer’s data center

Next, the team uses CFD modelingctimstruct a baseline model of the customer’s data center,
corresponding with the information gathered during the orasitiet. This model predicts

airflow and temperature changes above and below the fardspth normal operation as well as
a variety of failure modes. Multiple scenarios are run tehlbgp multiple potential solutions. Not
only does this modeling predict the location and extent ofgaissbut temperatures and
humidity levels are also checked for CRAC airflow returnscéthe CFD modeling results are
complete, options are considered, and a recommendetbrakidelivered. Changes are
incorporated while the data center is up and running, andwtimy loss in server uptime.
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Install AdaptivCool Install 2-foot-high containment panels
CRAC controller at the back of these cabinets
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Install under floor air Strategically install AdaptivCool Install blanking panels in
velocity reducers sensors, under floor air movers, critical areas
and return ducts

Using the CFD data, a customer-specific recommendat is made.

Taking the Heat, and Fixing the Problem

Once the system is in place, an operational failure in a conting is quickly and automatically
addressed, with resulting adjustments in other cooling zoniés &/CRAC failure in Zone 1, an
alarm is set off, and the fan trays in the contiguous “zohexluence” immediately adjust fan
speed to bring in more cool air where needed.

The fan speed in Zone 4 slows down to allow more airflobetpulled to the critical area in

Zone 1. Although temperatures may rise slightly, they are stith@intained at safe operating
levels. Fan trays in the remaining zones continue to opevateaily to keep the racks cool.
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Adjustment of fan speeds in Zone 4 compensates fdré Zone 1 failure
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All other zones continue to operate normally
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The Bottom Line: Less Heat for Less Money

The entire process to design and implement an AdaptivCoold¥asofor a typical data center
can be completed in less time, and at less expense, thafinsastructure upgrade such as a new
CRAC or liquid cooling solution. On-site survey and analysi) @odeling, reviewing the
options and designing the ideal solution requires a total abgippately three weeks. The
modifications themselves are usually completed in a just aégw.

And the results come just as swiftly. The AdaptivCool™ systeviges real-time airflow and
temperature control, an active user interface, and 24/7 ghemonitoring and alarming, with
automated adjustment of fan speeds in zones during aatiopeit failure. The result is the
virtual elimination of hot spots, rack temperatures that do ragtezk 77°F, and a significant
reduction in energy consumption, typically between 20%388d. In many cases, data center
operators choose to use the improved cooling efficienaystallmore servers in the same
space without having to install more infrastructure. Thus the uddééubf a data center is
immediately extended, with operating and capital expensel lower than other heat-reduction
solutions. AdaptivCool™ technology is helping data centers #rano longer take the heat
move forward into the future, with a low-cost approach thatally cool.

For more information contact:

AdaptivCool
18 Meadowbrook Dr.
Milford, NH 03055
www.adaptivcool.com
(603)672-8900 X147
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