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Cooling Crays at the University of Edinburgh
Summary

Free cooling, avoidance of hot/cold air arrangements, and variable speed drives, are saving over £500,000 per annum in energy costs at the Hector site, compared to older, unoptimised, facilities. 
The Innovation

The University of Edinburgh’s Advanced Computing Facility was expanded in 2007 to house the £113m Hector (High End Computing Terascale Resources) scheme, a national resource for solving complex research problems. The first phase of Hector involved 60 Cray XT4 supercomputers, which generate 18kW of heat per rack. Two further phases are planned, and will probably involve machines creating at least 38kW of heat per rack. 
The heat is removed by chilled air passing over the computers. To avoid inefficiencies from mixing of cooled supply air with warmer room or exhaust air, the primary supply air to the Crays is drawn in directly to the base of the cabinets from the sub floor (at 13°C), and exhausted (at 42°C) through overhead vents. There is no room conditioning: comfort is maintained through minor leakage via cable-ways. 

The supply air is cooled via a chilled water circuit from a central plant room. ‘Free cooling’ (using cold ambient air rather than chillers to create the chilled water supply) is used for around 72% of the year. Chillers are not used at all when the return water from the cooling towers is below 8.5°C (typically corresponding to ambient air temperatures of under 2.5°C), which is about 9% of the year. They are partially used when it is between 8.5°C and 13°C. The free cooling is made more effective by careful selection of a) chilled water flow/return temperatures (8°C and 14°C respectively), and b) condenser water temperatures; and by provision of secondary loops through the cooling towers. Even greater use of free cooling may be possible in future phases, as the University is working with Cray to enable slightly higher supply air temperatures to the computers.  
The facility also has variable speed drives as standard on most pumps and fan motors and operates its plant room – which is 1.5 times larger than the computer room – as ‘lights out’ in normal operation.
Benefits

The free cooling has cut energy consumption, compared with 100% chiller operation, by 26% annually. This created a cost saving of £235,303 (at early 2008 prices - likely to be at least 50% higher in 2009). The payback was under a year. The other energy efficiency features of the facility have also saved £218,650 a year, compared to an older computer room within the Advanced Computing Facility. The combined effect is to reduce the cooling overhead to a range of 16-31% (with a further 5-8% overhead from losses in the Uninterruptible Power Supply).  
Lessons 
Free cooling is available for a surprising number of days, especially in northern regions.

Careful optimisation of temperature settings is essential to realise full free cooling potential.
Further Information

Contact m.w.brown(at)ed.ac.uk.
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