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Intelligent Cooling Keeps Data Centers Up and Running  
 
Power requirements for data centers are escalating dramatically, and spiraling temperatures are 
the reason. The International Data Corporation (IDC) estimates that racks are likely to contain an 
average of twenty servers by 2010, versus just seven in 1996. Expanding use of 1U and blade 
servers continues to contribute to increasingly higher power densities. Average rack power 
increased to an average of 5-7 kilowatts (kW) in 2006, versus 1 kW in 2001, according to a study 
by Network Computing. By any measure, more powerful chips, higher density boards, and 
greater numbers of servers packed into data centers will result in more heat and the need for 
more sophisticated methods for heat dissipation. 
 
Stopping the heat means turning up the power, because half of all electricity consumed by a data 
center is attributable to cooling and other support infrastructure. As a result, many data centers 
are simply running out, and face the threat of shutting down. Michael Bell, a former Research 
Vice President at Gartner, Inc., predicts that “by next year, about half the world’s data centers 
will be functionally obsolete due to insufficient power and cooling capacity.” Clearly, interim 
solutions are necessary to keep important sites and systems up and running. 
 
And up and running is the key: business processes and servers must run 24/7. Existing data 
centers are faced with the problem of maintaining uptime and, in most situations, can’t be shut 
down to make modifications. Even the least restrictive classification by the Uptime Institute, Inc. 
— called a Tier 1 site — requires an availability of 99.671%… in other words, less than 29 hours 
of downtime per year. The highest classification for a site (Tier 4) requires “five nines” 
availability, which means less than 6 minutes of downtime per year!  
 
A comprehensive solution to these problems is now available from Degree Controls, Inc. Their 
AdaptivCool™ technology offers Room Scale Intelligent Cooling for comprehensive thermal 
management of data centers, incorporating the latest in control technology to dynamically 
manage airflow and cooling. Benefits of this system include more efficient cooling (up to 30% 
savings on cooling electricity or the ability to add 30% more servers), user selectable SNMP 
alarms, trending, and reporting of data center environmental conditions. 
 
 
 
During an adverse event such as a computer room air conditioner (CRAC) failure, the 
AdaptivCool™ system automatically manages the cooling resources in the data center by 
shifting available cooling from zones that have excess cooling to zones that require more 
cooling. For maximum flexibility, the system can be integrated with popular building 
management systems such as BACnet® and LonWorks®.  
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Improvement is in the Air 

 
A recent EPA study on data center efficiency listed airflow as the single efficiency issue that data 
centers could address without making major investments in IT or physical infrastructure. Many 
legacy data centers have severe - but correctible - airflow issues which limit their rack density 
and overall efficiency. And many of these limitations are specific to the airflow within the room. 
 
Traditionally, data center cooling could be considered as a spreadsheet calculation—determine 
the IT load to be supported and provide enough CRACs around the room, adding some extra 
CRACs for the desired redundancy. Although this oversimplifies the complex task of design and 
construction of a mission-critical facility; the strategy works, to a point. But such approaches 
only mitigate the problem, and don’t directly address the increasing challenges of effectively 
managing cooling and airflow. 
 
AdaptivCool takes an analytical approach to identify these problems and provides active, 
measurable changes. This approach begins by thoroughly understanding the specific problem to 
be solved, then employs sophisticated Computational Fluid Dynamics (CFD) analysis to do so. 
After analysis a plan in implemented, using an array of thermal sensors installed on the intake 
side of the server racks, in other strategic areas of the room, and on the cooling equipment itself. 
These sensors are connected to a series of thermal hubs, and feed a centralized control network 
that interprets, stores, alarms, and trends the temperature information. Next intelligent air movers 
are placed in the optimum quantity and locations to properly manage the space. The system is 
deployed without affecting the 24/7 operation of a running data center, 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 use a raised floor plenum, perimeter 
CRACs, and passive perforated tiles to allow cooling air to flow into the IT racks. This basic 
design has served the IT community well, but is showing signs of strain with the latest 
generation of dense server racks. It becomes increasingly difficult to provide enough air from the 
perforated tiles, which typically deliver ~300 CFM, enough cooling to support about 2 kW. New 
racks placed in this environment typically result in specific hot spots 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 enters the server intakes. 
Recirculation is a more problematic form of mixing, where the exhausted air is drawn back 
around the rack to the intakes. To combat this, techniques such as blanking panels, cable cutout 
closures, open grate style perforated tiles, and hot aisle/cold aisle configurations are employed. 
But too often, even after all of these practices are employed, the limiting factor of airflow 
distribution remains, either under the raised floor plenum or in the return path to the CRAC. The 
next traditional solution has been to turn down the temperature set point of the CRACs, an 
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extremely energy inefficient approach. With lower temperature settings, CRACs aggressively 
dehumidify the air in the data center, which then has to be re-humidified to maintain proper 
levels. Because of uneven airflow or load distribution, many data centers end up with dueling 
CRACs, with one fighting to control humidity and another attempting to humidify the very same 
space. With humidity control representing 30% or more of the required cooling energy, data 
centers can’t afford such arguments between their air conditioners. 
 
 
The Hidden Cost of Humidity 
 
Humidity, the level of moisture content in the air, is a critical environmental condition in the 
operation of a data center. Too much humidity in the data center results in condensation on 
components and equipment, and in turn leads to corrosion. Too little humidity in the data center 
poses the risk of Electrostatic Discharge (ESD), which can permanently damage sensitive 
electronics and lead to critical data errors. The recommended humidity level in typical data 
centers is from 40% to 55% relative humidity (RH). This range both effectively mitigates the 
effects of ESD and prevents condensation. In well controlled cases, such as Telecommunications 
facilities that use rigorous equipment and personnel grounding procedures, humidity levels as 
low as 20% can be safely maintained.   
 
Two types of cooling are important when considering humidity: sensible cooling and latent 
cooling. Sensible cooling (measured by Sensible Heat Ratio, or SHR) is a dry process; 
temperature is reduced but no moisture is removed. This is the type of cooling required for 
electronic equipment. Latent cooling is mostly important to humans, as it removes moisture and 
makes hot, humid climates bearable. Latent cooling requires a phase change from vapor to 
liquid, a very energy-intensive and expensive dehumidification process. In a data center, the goal 
is to maximize the ratio of sensible cooling to latent cooling by reducing condensation on the 
cooling coils, maintaining only enough latent cooling to remove excess moisture when 
necessary. A total SHR of 96% to 98% is adequate to remove the typical humidity intrusion from 
walls and ceilings. By comparison, comfort cooling applications for people need an SHR in the 
70% range. 
 
In this traditional design, it is sometimes necessary to once again add moisture to control ESD. 
This is typically accomplished by electric heating coils in the CRACs that vaporize water, and 
involves another energy-intensive phase change, this time from liquid to vapor. And 
compounding the issue further is the fact that relative humidity can vary 20% or more in any 
given data center. Unchecked, such poor humidity control can be responsible for 30% or more of 
the cooling energy used in the data center. 
 
AdaptivCool™ implementation brings cool air only to where it is needed, then directs the warm 
air efficiently back to the CRAC returns, holding this vicious and expensive cycle in check. This 
breaks the cycle where cooling coils aggressively dehumidify the air and in turn require constant 
re-humidification by the heating coils. The key is to raise the return temperature for all CRACs 
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to ~74ºF, which has the effect of raising the SHR and reducing condensation , and also to make 
the return temperatures as even as possible from CRAC to CRAC – all  beneficial results 
achieved by the AdaptivCool™ process of dynamically managing airflow and cooling. 
 
 
Some Big Fixes – and Big Prices 
 
A number of technologies have recently been introduced to combat thermal issues in the data 
center. One of the most notable examples is direct liquid cooling of CPU chips, which are the 
main generator of heat in servers. This solution requires specially designed liquid distribution 
manifolds in the rack, and liquid compatible servers. Liquid cooled racks and various methods of 
close coupled cooling such as In-Row cooling and overhead cooling have also been brought to 
market. While very effective at removing heat, each of these solutions is most suitable in sites 
that use chilled water, and even then require significant changes to the physical infrastructure in 
order to be deployed. They are also difficult and expensive to expand as the data center grows. 
 
Another notable example of new data center cooling technology employs variable-speed fan 
drives (VFDs) in the CRAC blowers, which vary cooling capacity to match the required heat 
load from the racks. Again, this can work well in data centers that use chilled water, but is 
nonetheless incompatible with most existing CRACs that use compressors. The potential 
mismatch of compressor capacity and blower capacity can cause the cooling coils to freeze and 
airflow to stop. As a result, newer digital scroll (variable capacity) compressors are now coming 
to market to address this issue. 
 
All of these fixes are capital-intensive and expensive. They may represent cutting edge 
technologies, best employed when building a data center from scratch, but they don’t offer an 
attractive alternative for existing operations looking for a cost-effective approach for staying in 
business 24/7. 
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A More Intelligent Approach 
 
The AdaptivCool™ process develops a cooling solution specific to a particular data center. First 
an on-site audit is performed. This is an analysis of the  inside of the data center, including room 
layout, rack densities, CRAC types and locations, electric rates and total power consumption. 
Temperature and humidity is measured throughout the room, with attention paid to leakages, 
obstructions, and external factors such as sunshine and outside air. 

 

 
CFD Modeling provides an in-depth analysis of airflow and heat loss 
 for the customer’s data center 
 
Next, the team uses CFD modeling to construct a baseline model of the customer’s data center, 
corresponding with the information gathered during the on-site audit. This model predicts 
airflow and temperature changes above and below the floor, for both normal operation as well as 
a variety of failure modes. Multiple scenarios are run to develop multiple potential solutions. Not 
only does this modeling predict the location and extent of hot spots, but temperatures and 
humidity levels are also checked for CRAC airflow returns. Once the CFD modeling results are 
complete, options are considered, and a recommended solution is delivered.  Changes are 
incorporated while the data center is up and running, and without any loss in server uptime.  
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Using the CFD data, a customer-specific recommendation is made. 
 
 
Taking the Heat, and Fixing the Problem 
 
Once the system is in place, an operational failure in a cooling zone is quickly and automatically 
addressed, with resulting adjustments in other cooling zones. With a CRAC failure in Zone 1, an 
alarm is set off, and the fan trays in the contiguous “zones of influence” immediately adjust fan 
speed to bring in more cool air where needed. 
 
The fan speed in Zone 4 slows down to allow more airflow to be pulled to the critical area in 
Zone 1. Although temperatures may rise slightly, they are still be maintained at safe operating 
levels. Fan trays in the remaining zones continue to operate normally to keep the racks cool. 
 
 
 

Install 2-foot-high containment panels 
at the back of these cabinets 

Install AdaptivCool        
CRAC controller 

Install under floor air 
velocity reducers 

Strategically install AdaptivCool 
sensors, under floor air movers, 

and return ducts 

Install blanking panels in 
critical areas 
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A CRAC Fails in Zone 1 

Adjustment of fan speeds in Zone 4 compensates for the 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 AdaptivCool™ solution for a typical data center 
can be completed in less time, and at less expense, than an infrastructure upgrade such as a new 
CRAC or liquid cooling solution. On-site survey and analysis, CFD modeling, reviewing the 
options and designing the ideal solution requires a total of approximately three weeks. The 
modifications themselves are usually completed in a just a few days. 
 
And the results come just as swiftly. The AdaptivCool™ system provides real-time airflow and 
temperature control, an active user interface, and 24/7 thermal monitoring and alarming, with 
automated adjustment of fan speeds in zones during an operational failure. The result is the 
virtual elimination of hot spots, rack temperatures that do not exceed 77°F, and a significant 
reduction in energy consumption, typically between 20% and 30%. In many cases, data center 
operators choose to use the improved cooling efficiency to install more servers in the same 
space, without having to install more infrastructure. Thus the useful life of a data center is 
immediately extended, with operating and capital expenses much lower than other heat-reduction 
solutions. AdaptivCool™ technology is helping data centers that can no longer take the heat 
move forward into the future, with a low-cost approach that’s totally cool. 
 
 
 
 
 
 
 
 
 
 
 
 
 

For more information contact: 
 

AdaptivCool 
18 Meadowbrook Dr. 
Milford, NH  03055 

www.adaptivcool.com 
(603)672-8900 X147 

 
 
 
 


