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Executive Summary

ASHRAE TC 9.9 created fTHerenal Guidelimds fore Datat Pracessing f
Environments in 2004. Prior to that the environmental parameters necessary to operate data centers
were anecdotal or specific to an IT manufacturer. In 2008 with the second edition of the Thermal
Guidelines, ASHRAE TC 9.9 expanded the environmental range for datiersd¢o enable increased
economizer usage at an increasing number of locations throughout the world.

TC 9.9 has recently published (May, 2011) a further update described in a whitepaper available on TC
9.906s website. The whitepaper documents expand
more envelopes that are wider in temperature and fitymid

However, these guidelines are for-edoled IT equipment and do not address water temperatures
provided by facilities for supporting liquid cooled equipment here (liquid cooled IT equipment refers to
any liquid within the design control of the hianufacturers such as water, refrigerant, dielectric, etc.).
The TC 9.9 c¢ o mmlLiduid €alingl Gudlelines forl Datacbm Hguipment Cerdersi n
2006 which focused mostly on the design options for liquid cooled equipment and did not address the
various facility water temperature ranges possible for supporting liquid cooled equipment.

This document describes classes for the temperature ranges of the facility supply of water to liquid
cooled IT equipment. In addition, this document reinfora@ses of the information provided in the
Liguid Cooling Guidelines book on the interface between the IT equipment and infrastructure in support
of the liquid cooled IT equipment.

Since the classes cover a wide range of facility water temperatures supghedT equipment, a brief
description is provided for the possible infrastructure equipment that could be used between the liquid
cooled IT equipment and the outside environment.

At the time of the first air cooling Thermal Guidelines the most ingmdryoal was to create a common

set of environmental guidelines for the IT equipment design. Although computing efficiency was
important, performance and availability took precedence when creating the temperature and humidity
limits. Progressing through ehfirst decade of the 21st century, increased emphasis has been placed on
energy efficiency.

Power usage effectiveness (PUE) has become the new metric for measuring data center efficiency,
creating a measurable way to see the effect of data centen desiggperation on data center efficiency.

More recently the use of the waste energy has become an important consideration for some data cente
operators.

With these three focus areas of performance, energy efficiency and use of the waste enegly, seve
ranges of facility supply water temperatures have been recommended to accommodate the business an
technical requirements of the data center operator.
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Introduction

The global interest in expanding the temperature and humidity ranges for air cooled IT equipment
continues to increase, driven by the desire for achieving higher data center operating efficiency and
lower total cost of ownership (TCO).

For these same reans liquid cooling of IT equipment can provide high performance while achieving
high energy efficiency in power densities beyond air cooled equipment while simultaneously enabling
use of waste heat when supply facility water temperatures are high efibiggdocument is created to
specify the environmental classes for the temperature of water supplied to IT equipment.

These environmental guidelines / classes are really the domain and expertise of IT OEMs. TC 9.9 has
demonstrated the ability to unifjné commercial IT manufacturers and improve overall performance
including energy efficiency for the industry.

By creating these new facility water cooling classes and NOT mandating the use of any one of these
classes, server manufacturers can develoguats for the classes depending on the customer needs and
requirements for products within each class.

Developing these new classes among the commercial IT manufacturers in consultation with the Energy
Efficient High Performance Computing (EE HPC) \Wag Group (WG) should produce better results
since the sharing of some critical data among them has proven in the past to achieve broader
environmental specifications than what otherwise would have been achieved.
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IT Equipment Liguid Cooling

The increasing heat density of modern electronics is stretching the ability of air to adequately cool the
electronic components within servers as well as the Datacom facilities that house these servers. To mee
this challenge, the use of direct water @rigerant cooling at the rack (for this document a rack deploys

4 posts with common rack footprints of 0.6 x 1.2 m) or board level is now being deployed.

The ability of water and refrigerant to carry much larger amounts of heat per volume or ma$teso
tremendous advantages. The heat from these liquid cooling units is in turn rejected to the outdoor
environment by using either air or water to transfer the heat out of the building. Because of the
operating temperatures involved with liquid caglisolutions wateside economization fits in well.

Liquid cooling can also have advantages in terms of lower noise levels and close control of electronics
temperatures. However, there are some concerned with liquid in electronic equipment from a leak
agect. This is an issue because the electronic components are upgraded on a routine basis resulting i
the need to disconnect and reconnect the liquid carrying lines.

To overcome this concern, IT OEM designers sometimes utilize acarauctive liquid,such as a
refrigerant or a dielectric fluid in the cooling loop for the IT equipment.

In the past, high performance mainframes were often weat@ed with the internal piping supplied by

the IT OEM. Components are becoming available today that hawiarsfactory installed and leak

tested piping that can accept the water from the mechanical cooling system, which may also employ a
waterside economizer.

Increased standardization of liquid cooled designs for connection methods and locations Wwéllso
expand their use by minimizing piping concerns and allow for interchangeability of diverse liquid
cooled IT products.

The choice to move to liquid cooling could come at different times in the life of the data center. There
are three main times whehe decision between air and liquid cooling must be made. These will be
briefly discussed. Wat er s ther mal properties
certainly the case, but that does not mean that liquid cooling is invamaiéy efficient than air cooling.

Both can be very efficient or inefficient and it generally has more to do with the design and application
than the cooling fluid. There are modern@oled data centers with air economizers being built that
are far nore efficient than many liquid cooled systems. In fact the choice of liquid cooled versus air
cooled generally has more to do with other factors than efficiency.

A. New Construction

In the case of a new data center the cooling architect must consider armafnfdctors. First is the
workload in the data center. Second, the space available and location specific issues can affect the
choice.
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Finally, the local climate comes into play. If the data center will have an economizer and the climate is
best siited to airside economizers (mild temperatures and moderate humidity) then-eooksd data

center could make the most sense. Conversely, if the climate is primarily dry, a water side economizer,
with the cooling fluid conveyed to the racks (or thelaat distribution unit CDU) could be ideal.

Liquid cooling more readily enables the reuse of waste heat. If a project is adequately planned from the
beginning, reusing the waste energy from the data center could reduce the site or campus energy use.
this case liquid cooling is the obvious choice as the heat in the liquid can most easily be transferred to
other locations.

Also, the closer the liquid is to the components the higher quality heat will be recovered and be available
for alternate uss.

B. Expansions

Another common application for liquid cooling would be adding or upgrading equipment in an existing
data center. Existing data centers often do not have large raised floor heights or the raised floor plenum
is full of obstructions suchsacabling.

If a new rack of IT equipment is to be installed that is of higher density than the existing raised-floor air
cooling can support, liquid cooling can be the ideal solution. Current typical air cooled rack power
densities can range from 6 kW to 30 kW.

In many cases rack powers of 30 kW are well beyond what legacy air cooling can handle. Liquid
cooling to a rack, readoor, or other localized liquid cooling system can make these higher density racks
nearly room neutral by cooling the exhaust temperatimes to room temperature levels.

C. High Density and HPC

Because of the energy densities found in many high performance computing (HPC) applications, liquid
cooling can be a very appropriate technology. One of the main cost and performance driversifor HPC
the nodeto-node interconnect. Because of this, HPC typically is driven towards higher power density
than a typical enterprise or internet data center.

30 kW racks are typical with densities extending as high as 80 to 120 kW. Without some
implemenétion of liquid cooling these higher powers would be very difficult if not impossible to cool.
The advantages of liquid cooling increase as the load densities increase. More details on the subject of
l i qui d cool i nlgguid @oolingbGeiidefies fomDataconm Eqéipment Cent@rpart of the
ASHRAE Datacom Series.

Several implementations of liquid cooling could be deployed, such as the coolant removing a large
percentage of the waste heat via a rear door heat exchanger or a heat exchangabtmaated rack.
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Another implementation would include a totally enclosed rack that uses air as the working fluid and an
air-to-liquid heat exchanger. Another would be with the coolant passing through cold plates attached to
processor modules within tmack. The CDU can be external to the datacom rack as shown in Figure 1
below or within the datacom rack as shown in Figure 2.

Figures 1 and 2 show the interfaces for a liquid cooled rack with remote heat rejection. The interface is
located at the boundaiat the facility water system loop and does not impact the datacom equipment
cooling system loops which will be controlled and managed by the cooling equipment and datacom
manufacturers.

However, the definition of the interface at the loop affects bmhdatacom equipment manufacturers
and the facility operator where the datacom equipment is housed. For that reason all the parameters tha
are key to this interface will be described in detail herein.

The Liquid Cooling Guideline Book described terious liquid cooling loops that could exist within a

data center and its supporting infrastructure. These liquid loops are shown in Figure 3. As seen from
Figure 3, the water guidelines that are discussed in this document are at the chilled watex system
(CHWS) loop. If chillers are not installed then the guidelines would apply to the condenser water

systems (CWS) loop.

Although not specifically noted, a building level CDU may be more appropriate where there are a large
number of racks connected todid cooling. In this case the location of the interface is defined the same
as Figure 1 but the CDU as shown would not be a modular unit but a building level unit.

External Rack
CDhuU or
Cabinet

Defined Interface
Requirements

Building

Supply i

A/

Foundation

—

Figure 1. Combination air and liquid-cooled rack or cabinet vitexternal CDU
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Defined Interface

Building

Requirements

Rack

Return <
Supply

—

or
Cabinet
Internal
CDhuU
Raised Floor
Foundation

Figure 2: Combination air and liquid-cooled rack or cabinet with internal CDU
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Figure 3: Liquid Cooling System/d_oops within a Data Center

© 2011 American Society of Heating, Refrigeratargl Ai-Conditioning Engineersnc.

All rights reserved.



2011 Thermal Guidelines for Liquid Cooled Data Processing Environments

Facility Water Supply Characteristics for IT Equipment

The facility water is anticipated to support any liquid cooled IT equipment using water, water plus
additives, refrigerants, or dielectrics. The following sewifocus on these applications.

A. 2011 ASHRAE Facility Supply Water TemperatureClasses for IT Equipment

A.1 Liquid Cooling Environmental Class Definitions

Compliance with a particular environmental class requires full operation of the equipment within the
class specified based on nfamlure conditions. The IT equipment specific forckaclass requires
different design points for the cooling components (cold plates, thermal interface materials, liquid flow
rates, piping sizes, etc.) utilized within the IT equipment.

For IT designs that meet the higher supply temperatures as refitentee ASHRAE classes in the

table below, enhanced thermal designs will be required to maintain the liquid cooled components within
the desired temperature limits. Generally, the higher the supply water temperature, the higher the cost of
the cooling shutions.

A Class W1/W2: Typically a data center that is traditionally cooled using chillers and a cooling tower
but with an optional water side economizer to improve on energy efficiency depending on the
location of the data center. See FigBadelow.

A Class W3: For most locations these data centers may be operated without chillers. Some locations
will still require chillers. See Figurgabelow.

A Class W4: To take advantage of energy efficiency and reduce capital expense, these data centers ar.
operaed without chillers. See FiguBb below.

A Class W5: To take advantage of energy efficiency, reduce capital expense witHesslleperation
and also make use of the waste energy, the water temperature is high enough to make use of the
water exiting tle IT equipment for heating local buildings. See Figabelow.

Tablel: 2011 ASHRAE Liquid Cooled Guidelined(\ersion in Appendix A)

Typical Infrastructure Design
Liquid Cooling Supplemental Cooling Facility Supply Water
Classes Main Cooling Equipment Equipment Temp(C)
W1(see Figure 3a) : Water-side Economizer 2-17
VW2(see Figure 3a) ChiletiCooling Towes {w drycooler or cooling tower) 2-27
'W3(see Figure 3a) Cooling Tower Chiller 2-32
Wi(see Figure 3b) Water-side Economizer NFA 2-45
(w drycooler or cooling tower)
W5(see Figure 3c) Building Heating System Cooling Tower >45
See Operational
Characteristics
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The Facility Supply Water Temperatures specified in the above table are requirarantsét by the

IT equipment for the specific class of hardware manufactured. For the data center operator, the use of
the full range of temperatures within the class may not be required or even desirable given the specific
data center infrastructure sign.

There is currently no widespread availability of IT equipment in rangesWw&3oday. Product
availability in these ranges in the future will be based upon market demand. It is anticipated that future
designs in these classes may involve traffie between IT cost and performance. At the same time
these classes would allow lower cost data center infrastructure in some locations. The choice of IT
liquid cooling class should involve a TCO evaluation of the combined infrastructure and IT capital and
operational costs.

Figure 3a. Class W1/W2/W3

Cooling Tower ] j Heat Exchanger r|IT Equipment
- Fat
f
Condenser Water Loop — c:j\Chilled Water Loop
¥ Supply T t
Water Chiller T Eqw::2nt°
- 2-17C
2-27¢C
2-32C
Figure 3b. Class W4
Cooling Tower Heat Exchanger IT Equipment
EE—
kSuppfy Temp to
IT Equipment
2-45C
Figure e, Class W Cooling Tower Heat Exchanger FIT Equipment
-
Supply 1_’emp to
Building it
Heating System

Figure 3a,b,c Class W1 / W2 /| WXlass W4, Class W5

B. Condensation Considerations

Liquid cooling classes W1, W2, and W3 allow the water supplied to the IT equipment to be as low as
2°C (35°F) which is below the ASHRAE allowable roatew point guideline of IIC (63F) for Class

1 Enterprise Datacom Centers (Thermal Guidelines for Data Processing Environments, 2nd Edition,
ASHRAE, 2008).

Electronics Equipment manufacturers are aware of this and are taking this into account in their designs.
Commensurate, data center relative humidity and dew point should be managed according to the
ASHRAE 2011 Thermal Guidelines for Data Processing Enmnents.
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If low fluid operating temperatures are expected, careful consideration of condensation should be
exercised. It is suggested that a CDU (as shown in Figures 1 and 2) with a heat exchanger be employec
to raise the coolant temperature to at le&®C1(64.4F) to eliminate condensation issues or have an
adjustable water supply temperature that is $€t B3.9F) or more above the dew point of the data
center space

C. Operational Characteristics

For classes W1 and W2 the Datacom equipment should acodate chilled water supply temperatures

that may be set by a campus wide operational requirement. It also may be the optimum of a balance
between lower operational cost using higher temperature chilled water systems versus a lower capital
cost with low emperature chilled water systems.

Consideration of condensation prevention is a must. In the chilled water loop, insulation will typically
be required. In connecting loops, condensation control is typically provided by an operational
temperature abowvibe dew point.

The chilled water supply temperature measured at the inlet of the Datacom equipment or the CDU
should not exceed a rate of change of 3°C (5.4°F) pminGite cycle. This may require that the
infrastructure is powered by a UPS electreydtem.

The maximum allowable water pressure supplied by the facility water loop to the interface of the IT
liquid cooled equipment should be 100 psig (690 kPa) or less.

The chilled water flowrate requirements and pressdrep values of the Datacomquipment vary
depending on the chilled water supply temperature and percentage of treatment (antifreeze, corrosion
inhibitors, and so on) in the water.

Manufacturers will typically provide configuration specific flow rate and pressure differential
requrements that are based on a given chilled water supply temperature and rack heat dissipation to the
water.

For classes W3, W4 and W5, the infrastructure will probably be specific to the data center and therefore
the water temperature supplied to the watarled IT equipment will depend on the climate zone and
will vary throughout the year.

In these classes it may be required to run without a chiller installed so it is critical to understand the
limits of the water cooled IT equipment and its integration with the infrastructure designed to support
the IT equipment. This is important suchttil@ose extremes in temperature and humidity allow for
uninterrupted operation of the data center and the IT liquid cooled equipment.

The temperature of the water for classes W3 and W4 will depend on the cooling tower design, the heat
exchanger betweeiné cooling tower and the secondary water loop, the design of the secondary water
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loop to the IT equipment and the local climate. To accommodate a large geographic region the range of
water temperatures was chosen from 2°C to 45°C (35°F to 113°F).

For clas W5, the infrastructure will be such that the waste heat from the warm water caditeetes
to nearby buildings. Accommodating water temperatures nearer the upper end of the temperature range
will be more critical to those applications where retrigvanlarge amount of waste energy is critical.

The water supply temperatures for this class are specified as greater than 45°C (113°F) since the watel
temperature may depend on many parameters such as the climate zone, building heating requirements
distance between data center and adjacent buildings, etc. Of course, the components within the IT
equipment need to be cooled to their temperature limits and still use the hotter water as the heat sink
temperature.

In many cases the hotter water heat garkperature will be a challenge to the IT equipment thermal
designer. Although with much lower temperatures there may be opportunities for heat recovery for
building use in the W3 and W4 categories dependent upon the configuration and design specification
the systems to which the waste heat would be supplied.

D. Water Flow Rates / Pressure

Water flow rates are shown in Figudefor given heat loads and given temperature differences.
Temperature differences typically fddetween 5°C to 1@ (PF to 18F). Minimum facility pressure
differential (drop) should not be lower than 0.4 bar.
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Figure 4: Typical Water Flow Rates for Constant Heat Load

E. Velocity Limits

The velocity of the water in the piping supplied to the IT equipmardtrne controlled to ensure that
mechanical integrity is maintained over the life of the system. Velocities that are too high can lead to
erosion, sound / vibration, water hammer and air entrainment.

Particulatefree water will cause less water veloaitgmage to the tubes and associated hardware. Table
2 provides guidance on maximum water piping velocities in pipes for systems that operate over 8,000
hours per year. Water velocities in flexible tubing velocities should be maintained below 1.5 m/s (5

ft/s).

Table2: Maximum Velocity Requirements

Pipe Size Maximum Velocity(fps) Maximum Velocity(m/s)
>3 inches(75 mm) 7 2.1
1.5 to 3inches(38 to 75 mn 6 1.8
<1 inch(25 mm) 5 1.5
All Flexible tubing 5 1.5
© 2011 American Society of Heating, Refrigeratargl Ai-Conditioning Engineersnc. 12

All rights reserved.



