


Summary

As data center designers and operators look for ways to optimize system 
operations and meet sustainability objectives, one of the most impactful 
changes is the move from ASHRAE's recommended temperature range to 
allowable ranges. Increasing the server inlet temperature decreases the 

hours per year that direct evaporative cooling systems will be evaporating 
water. Making these changes can decrease power and water consumption 

and increase the life of evaporative media. 



Agenda

• Direct Evaporative Cooling Background

• Direct Evaporative Cooling Components
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• Considerations



What is DEC?

Direct Evaporative Cooling (DEC), 
also known as direct adiabatic 
cooling or wet bulb cooling, is 
called direct as there is direct 
contact between the water and 
the cooling air stream.



Direct Saturation Efficiency  

𝜀!  = Direct evaporative cooling saturation efficiency, %
𝑡1 = dry-bulb temperature of entering air, °F 
𝑡2  = dry-bulb temperature of leaving air, °F
𝑡𝑠"  = thermodynamic wet-bulb temperature of entering air, °F



Psychrometric 



Efficiency  



Achievable Temperature 

𝐿𝐴𝑇 = 𝐷𝑏 −𝑊𝑏 ∗ 𝜀!



Evaporation Rate



Total Water Consumption

CoC Determined by: 

• pH

• Mineral content

• Scaling tolerance

• Bacteria (drying requirements/hygiene purges)

𝑀𝑎𝑘𝑒𝑢𝑝=𝐸𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛+𝐵𝑙𝑜𝑤𝑑𝑜𝑤𝑛



Components of a DEC System

• Evaporative media

• Water supply & distribution 

• Air delivery system





Rigid Media Air/Water Contact

Water Flow Air Flow



Water Supply and Distribution



Air Delivery

• Fan Wall

• Axial Fan

• Square Cage Fan



Typical Data Center DEC System

• Cooled air is sent to cold aisles.

• Heated air is exhausted from the data 
hall. 

• Hot air is recycled to maintain a 
minimum temperature.

• The evaporative cooler only runs 
when outside air exceeds the 
operating envelope.



If all your friends raise their cold aisle 
temperature, would you?
XXX plans to slash the amount of water its data centers are using 
by implementing a system where sites will operate at higher 
temperatures but lower humidity.

XXX parent company said it has been trialing running some sites 
at 90 degrees Fahrenheit, around 5 degrees above their usual 
temperatures, as part of wider plans to become "water positive" 
by 2030. 

Reducing water waste in data center operations by 95% by 2024: …Today, we’re 
announcing a new approach to data center temperature management, which will 
further reduce the amount of water waste in our evaporative-cooled datacenters 
globally by 95% by 2024 – or an estimated 5.7 billion liters annually. Through our 
extensive global research on server performance in warmer temperatures, we’re able to 
create higher set points for a variety of different climates for when water-based, 
evaporative cooling is necessary to preserve server performance and reliability.



What do you wear in your data hall?

“Most organizations keep their data 
centers in the 68 to 71.6 degrees 
Fahrenheit (20 to 22 degrees Celsius) 
range” Data Center Knowledge 2023

“I get a pat on the back for saving power 
and water, but I get fired if the data center 
overheats.”

Pre - TC9.9 Current Recommended and 
Allowable Ranges



Operating Ranges

• Recommended Range – Server inlet temperatures should be within this 
range during most operating hours in a year

• Allowable Range – ITE manufacturers test their equipment to operate at 
these ranges. 

• Actual Range – The range the facility and/or ITE operator decide on. Should 
be set based on the operator’s evaluation of the lowest TCO or other 
metrics. 



ASHRAE TC 9.9 Thermal Guidelines 
• First released in 2004

• Goal of setting standards for hardware suppliers 
to meet. 

• The desire was to maintain equipment reliability.

• Power and water efficiency were not the focus at 
that time. 

• Established IT equipment air inlet as a common 
measurement point. 

• Guidelines are managed by the ASHRAE 
Technical Committee 9.9


