[image: image1.jpg]" Sustainable IT in Tertiary Education

uste A JISC-funded project
Grid Computing supporting UK universities and colleges

|
M Knowledge Transfer Networks
Accelerating business innovation

A Technology Strategy Board programme






[image: image2.jpg]



Keeping cool naturally
· Campus at 56˚ North is cool for most of the year
· Water cooling is coming back into vogue because ‘it is far more efficient’
· The volume of air needed to remove heat is much greater than the volume of water that would be required.
Gillian Law, Grid Computing Now!
14 October 2008
If you want to keep something cool, Scotland’s an obvious place to do it. At Christmas, for example, many people keep their supplies of beer and champagne out in the back garden – there’s no need to fill up the fridge when it’s just as cold outside. And Mike Brown, facility manager of the University of Edinburgh’s Advanced Computing Facility (ACF), is using exactly the same logic to cut the fuel bills for cooling the HECToR supercomputer. 

HECToR (High End Computing Terascale Resources) is a vast computing facility, worth over £113 million over six years, based on the Edinburgh Technopole estate in Midlothian. 

The system, using Cray Inc. hardware, will benefit academic research across the whole of the UK. Work on the facility began in January 2007, with the user service on the Cray hardware being opened in October 2007, and the project is now preparing for the second of three phases of development. 

As part of the project, the team has been looking at innovative ways of cooling – and has found that the Scottish climate allows them to ‘free cool’ the water for air conditioning, for large amounts of the year – thereby drastically cutting energy use.

Back in 2006, when planning the project, energy use had to be a major consideration, says Brown. A standard computer room uses enormous amounts of energy moving air around in an attempt to keep machines cool, and that just wasn’t going to be viable for such a large scale facility. 

“In a conventional computer room, air is cooled, passed under the floor and through vents into the room, then exhaust air is vented straight back into the room. That warmed air preheats some of the cooled air, so you get a sort of ‘short circuiting’. You can offset that by trying to concentrate the hot and cool areas of the room, but air is very dynamic and you can’t effectively partition it off. So you get inefficiencies,” Brown says. 

Current trends for alternating hot and cold aisles work better, he says – “You can make it reasonably efficient if the room is full, you have no gaps between the racks in a row, and you’re typically putting the same amount of power – and therefore heat – into each aisle. 

“But the problems start when you have a big mix of equipment, like we have in the first room we commissioned here [at ACF]. We have some very powerful servers in one row, and then just a couple of racks with storage in the next. And we’re pushing cold air under the floor and hoping it’ll find its way to everything – but you get starvation of some machines and almost oversupply at others. Oversupply is almost as bad as undersupply, because you’re putting all that energy into cooling that you don’t even need.”

To begin to solve these issues, Brown’s team realised they needed to move from having DX (direct expansion) refrigeration units in the room to having a centrally controlled system. With the bulk of the cooling equipment in a separate room, and using chilled water instead of DX, the energy costs can be greatly reduced.

“One of the problems with having independent units in a room is they end up sort of fighting one another – one detects a temperature rise and tried to cool it, and then other areas become too cool and those units start to back off – you can see them ‘hunting’ against one another. Having a centralised system means you look at the room as a whole and hopefully there aren’t any hot spots.”

The team has looked carefully at the power use of different systems. Fan power, for example, is proportional to the amount of air being pushed out, but the electrical power use varies as a square of that – so by halving the fan speed you use a quarter of the power, Brown says. 

This is vital, because the amount of power being used has increased dramatically. When the Advanced Computing Facility was built it 1976, it was built around a power-space density of half a kilowatt per square meter. When it was refurbished in 2004, it was based on 2.5 kilowatts per square meter. 

“And what we have in place for HECToR has a power space density of 7 kilowatts per square meter – if we were to continue with air cooled racking systems, without any water assist, you would have to double that,” Brown says.

Which brings us to water cooling. 

“It’s coming back into vogue because it’s far more efficient. To give an example – if it’s a really cold day, say 1˚C outside, and you go and stand outside without any clothes on, you’ll feel a bit cold and miserable but you’ll survive for quite a long time. If you then jumped into a swimming pool with the water at the same temperature, you’d be dead within minutes. The ability of water to extract heat is something like ten times that of air,” Brown says. 

The volume of air needed to remove the heat is also much greater than the volume of water that would be required. 

“To remove the heat from one of our rooms would mean moving 60 cubic metres of air a second. That same amount of heat can be removed by 40 litres of water. It’s a lot easier to move that much water – moving the massive amount of air means using fans – which heat up the very air we’re trying to cool. The same is obviously true of water, in that some energy is needed to move it , but it’s only a fraction (of that used for air).”

There are, of course, downsides to using water. 

“It needs a central plant, with high capital cost, and you also need a lot of physical space. The plant room for HECToR is one and a half times the size of the computer room. And the other issue, of course, is that water and expensive electronics are not a very good mix! Nor are water and high-power electrical supplies. So you have to be very careful.”

So what is Brown actually doing in terms of cooling HECToR, and where does the Scottish weather come into it?

The currently system – Phase One of the planned three – is an air-cooled Cray XT4 system, but with air being sucked directly through the machine – so that the ambient temperature in the room is almost unaffected. 

The air is drawn into each machine from under the floor, at 13˚C, and vented out the top at around 42-45˚C, into a lowered ceiling space – so that very little hot or cold air escapes. 

The hot air is captured in the larger-than-normal (400mm deep) ceiling cavity, and cooled by air conditioners that only operate in that space. 

Those air conditioners cool the air using chilled water that goes into the system at 8˚C, and comes off at around 14˚C. The warm water then goes to the plant room, where large chillers work to bring it back down to 8˚C. 

The refrigerant in the chillers then needs to be chilled, to condense it back to liquid form. That is achieved using another loop of water, which is pumped through the chiller and then taken up into cooling towers on the roof of the ACF building.

Confused yet? Brown laughs as he explains it, but is obviously proud of the step that comes next.

“The chillers themselves use a lot of power to drive the compressor. They each have a cooling capacity of 1.2 megawatts, and when running flat out they each consume about 300 kilowatts. So, wouldn’t it be nice if we didn’t need to make the compressor work as hard? That was our focus.

“There are a few things you can do. You can adjust your condenser water temperatures, or your flow rates – but that’s all just tinkering round the edges. What we really wanted to do is set the environment up so that at times the chiller might not be needed at all – it can just turn itself off. And the best way to do that is to reduce the load on the chiller,” he says.

If the water arrives in the chiller at less than the standard 14˚C, the chiller will have less to do. 

“Fourteen degrees is an interesting temperature,” Brown says. “According to the information we got from the Met Office, roughly 70 percent of the time at this location, 56˚ North, the outside temperature is below 14˚C. And for considerable parts of the year it’s substantially lower. So what we decided to do was, under certain conditions, instead of sending the return water direct to the chiller, we would send it up to do a little tour of the roof first.”

The more the temperature in Midlothian falls, the greater the benefits seen. As soon as the thermometer hits 13˚C, a set of valves opens automatically and the water is diverted through a new set of coils in the existing cooling towers. Twenty-five thousand litres of anti freeze make sure it doesn’t freeze while up there.

“What we’ve found is that, in the first stage of free cooling, the power to the whole mechanical services side drops by about 10 percent, so a load of 200kw drops to 180kw. We measure the temperature of the water coming off, and if it gets to below 9.7˚C, we use the fans on the cooling towers to bring it down further, to see if we can get it to 8˚C. The chiller then backs off … you can watch it happen, as the fans speed up and slow down, the chillers backs off, comes on, backs off – it’s all finely controlled.”

That step can bring a further power reduction of around 15 percent, he says. “That’s us down to about 150kw – we’ve saved a quarter of our energy by doing nothing, just opening a few valves,” Brown says.

But the real high point is when the chilled water comes off the towers at less than 8.5˚C. The chiller set point is adjusted to 11.5˚C, so that it turns off, but remains in a state of readiness if temperatures rise. At that point, power use drops to about 60kw, most of which is just moving the air around.

“That’s just fantastic. Around Christmas last year, for nearly two weeks, the chiller didn’t run at all. It was actually quite scary, when you’re used to the sound of a plant room!” he says. 

The projected savings run into hundreds of thousands of pounds – more than enough to offset the cost of the cooling towers, Brown says. 

“This wouldn’t have been possible in the South of England,” he says. “Of course, it would be even better in Iceland! But we took the opportunity to do it here, and the figures do seem to stack up. Now I’m just hoping for a cold winter…”

Further information:

HECToR is operated by EPCC (Edinburgh Parallel Computing Centre). The procurement project was funded and managed by the Engineering and Physical Sciences Research Council (EPSRC) on behalf of UK Research Councils. Support for applications software is provided by NAG (Numerical Algorithms Group) Ltd. 

The service has a peak capacity of 63 teraflops per second

Phases Two (with a expected peak capacity of 250 Tflops/s) and Three of the project are scheduled for October 2009 and October 2011.

Phase Two will involve a mixture of Cray XT4  and “most likely some water-cooled technology, but we’re still working on what that will be,” says Brown while the technology that will be around and suitable for Phase Three is unknown at this point. 

When planning the development of the building, the team has focused on the known requirements for Phase One, the anticipated needs for Phase Two and “a finger in the air guess” for Phase Three.

This case study is produced by Grid Computing Now! and SusteIT to illustrate a particular application of grid computing. Its publication does not imply any endorsement by Grid Computing Now! or SusteIT  of the products or services referenced within it. Any use of this case study independent of the Grid Computing Now! or SusteIT  web site must include the authors’ byline plus a link to the original material on the web site. 
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