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PREFACE

Information Technology and the growth of the electronics industry
represents the largest change to our lives during the last fifty years.
The opening of the twenty-first century saw a downturn in the IT
sector, but despite this the growth of power density in electronics
equipment still increases according to Moore’s Law.
Moore’s Law was formulated by Gordon Moore of Intel Corporation.
It roughly says that the chip power density doubles every eighteen
months.
The challenge to the building services industry is the need to provide
sufficient cooling in an effective and efficient way to absorb heat
emissions from IT equipment. While an air-based regime still remains
the favourite method of cooling IT equipment, there have been a
number of concerns regarding its efficacy. If the building services
industry is to address these concerns it must gain a better
understanding of the issues involved and start to evaluate the
effectiveness of current and future installations. As heat dissipation of
IT equipment increases it is likely that alternative strategies such as
water-based techniques may become more popular.
The partnership of Foremans, BSRIA and Flomerics has started this
process. The work undertaken has helped to identify the strengths
and weaknesses of air and water-based cooling techniques for IT
environments. It has brought together companies from building
services and the IT sector under one umbrella to study the fascinating
subject of electronics equipment cooling. It is believed that the
subjects addressed in this project are inspirational and somewhat
ground-breaking. In the absence of more complete information the
conclusions drawn may be used cautiously as best obtainable
guidelines for future IT-equipment cooling solutions.
The world is becoming increasingly aware of energy consumption and
the effect on global warming. The power consumed by IT facilities
can represent 30% or more of total energy consumption in a building.
By careful planning, design, implementation and operation of the
cooling requirements, this can be reduced while cooling efficiency is
increased and reliability of IT equipment improved.
It is hoped that this publication goes some way towards achieving
these goals.

COOLING SOLUTIONS FOR IT
© BSRIA BG 5/2003

CONTENTS

GLOSSARY

i

1

INTRODUCTION

1

1.1 Introduction
1.2 The basis of the tests
1.3 Modelling

1
2
3

PLANNING

5

2.1 Integrated design
2.2 Briefing checklist

5
6

PERFORMANCE CRITERIA

8

2

3

4

5

6

3.1 Planning dimensions
3.2 Floor void depth
3.3 Floor void obstructions
3.4 Type of cooling plant
3.5 Room cooling
3.6 Direct cooling with air
3.7 Direct cooling with water
3.8 Room conditions
3.9 Floor and grille arrangement
3.10 Room cooling with air from floor grilles
3.11 Direct cooling with air from floor grilles
3.12 Detail of cabinets/racks
3.13 Room cooling into cabinets and racks
3.14 Direct air cooling into cabinets and racks
3.15 Direct water cooling into cabinets and racks

10
10
12
13
13
17
19
21
23
23
25
26
26
27
27

DESIGN RULES OF THUMB

29

4.1
4.2
4.3
4.4
4.5
4.6
4.7

29
30
31
32
32
33
34

Energy consumption
Space needs
Ventilation plant
Cabinets and racks
Equipment
Operation
Performance

OPERATIONAL ISSUES

35

5.1
5.2
5.3
5.4
5.5
5.6
5.7

35
35
36
36
38
40
42

Commissioning
Heat transfer across IT equipment
Airflow measurement
Performance
Trouble shooting
Maintenance
Future trends and feedback

CONTACTS

43

6.1 Partners and sponsors

44
COOLING SOLUTIONS FOR IT
© BSRIA BG 5/2003

TABLES

Table 1: Room conditions for IT facilities
Table 2: Total energy consumption
Table 3: Space allocation (percentage of total net building floor area)
Table 4: Gross floor area requirements for cabinets and racks
Table 5: Options for cooling cabinets/racks
Table 6: Sizing guidance for downflow units
Table 7: Typical cooling and power requirements for IT cabinets
and racks
Table 8: Simplistic range of over estimate for power/heat data for IT
equipment
Table 9: Operating conditions
Table 10: Guidelines for floor static pressure and grille provisions
Table 11: Performance factors for IT installations
Table 12: Pointers for service level agreements, which may be used by
clients
Table 13: Benchmark guidelines – performance
Table 14: Benchmark guidelines – building services plant

22
29
29
30
30
31
32
32
33
33
34
34
37
37

FIGURES
Figure 1: Isometric view of IT room chosen for baseline CFD exercises
Figure 2: Isometric view of the test room built for physical modelling
exercises
Figure 3: IT cooling chain
Figure 4: Cooling options flow chart
Figure 5: Variation of net volume flow rate through tiles
Figure 6: Spread of volume flow rate through all tiles – with an
obstruction parallel to flow of air
Figure 7: Spread of volume flow rate through all tiles – with an
obstruction at right angles to flow of air
Figure 8: Room cooling with downflow unit
Figure 9: Variation in floor void air velocity as downflow volume
increases
Figure 10: Variation in floor grille air velocity for separate and combined
run and standby downflow units
Figure 11: Downflow unit with centrifugal fan
Figure 12: A downflow unit with a plug-fan
Figure 13: Direct cooling with air via the floor void
Figure 14: Example of a cabinet with air cooling
Figure 15: Front view of water heat-exchangers between cabinets
Figure 16: Plan view of water heat-exchangers between cabinets
Figure 17: Typical pipework manifold arrangement for chilled panels
Figure 18: Local oversupply of cold air to cabinets with low heat load
Figure 19: Supply of cold air to cabinets with high heat loads
Figure 20: A staggered array of supply air floor-grilles
Figure 21: A continuous array of supply air floor-grilles
Figure 22: Operation and design guidelines
Figure 23: Airflow options flow chart
Figure 24: Chain of elements for a typical cooling system

COOLING SOLUTIONS FOR IT
© BSRIA BG 5/2003

3
4
5
9
11
12
13
14
15
15
16
17
18
18
19
20
20
23
24
24
25
31
35
38

INTRODUCTION
1

1.1

INTRODUCTION

INTRODUCTION

11

INTRODUCTION

This publication is an integrated design guide for the building services
and information technology (IT) industry. Its purpose is a reference
document which industry can adopt as a code of practice for planning,
designing and operating the cooling provision for IT,
telecommunications and broadcasting equipment. As market forces and
advances in technology shape electronics cooling, the use of computers,
telephones and television is changing with the result that data, voice and
entertainment networks are converging.
Technical guidance on the accommodation and operating environment
for information technology equipment was first issued by the British
Standards Institution in 1996 (BS 7083). Although information on
telecommunications standards for thermal management of equipment has
long been provided by ETSI (European Telecommunication Standards
Institute), namely EN 300-019. BS 7083 gives guidance on the
planning, installation and maintenance of IT accommodation together
with general environmental condition parameters. Unfortunately, the
information was not based on new work and therefore the Standard only
gives guidelines and general information. This project provides new and
additional information provided from physical and computer modelling
backed up by a steering group of industry practitioners.
Since 1996 IT environments have changed dramatically and the largest
growth area has been the number of buildings housing IT equipment for
handling Internet and data traffic. These buildings are known variously
as telehotels, server farms, points of presence, and data hotels.
The effect of this growth on the building services industry is the
increased cooling capacity needed to cope with rising heat loads. In less
than five years equipment loads have doubled or tripled on a gross floor
area basis, and increased up to 20 fold for individual server cabinets and
racks. The effect of this change on IT cooling has driven the need to
evaluate existing and new methods of cooling as equipment temperatures
have risen and reliability has suffered.
In June 2001, Foremans began an industry-funded research project in
partnership with BSRIA and Flomerics. With sponsorship from 20
leading companies in the building services and IT community, the
project set out to investigate and provide design recommendations for
the integration between IT equipment cooling and building services.
The work undertaken was as follows:
•

Establishing the critical design data necessary for cooling IT
equipment. This was carried out by Foremans in collaboration with
Flomerics using CFD (computational fluid dynamics) software and a
notional size room. The results of computer simulations and design
experience led to design rules of thumb being formulated by
Foremans where the major parameters for cooling can be easily
calculated and understood.
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•

•

Undertaking a physical modelling exercise to investigate the best way
of distributing cooling to equipment. This was carried out by
BSRIA using a test room built specifically for testing and measuring
various cooling strategies.
Flomerics used computational fluid dynamics (CFD) to validate the
design rules of thumb and physical modelling exercises.

In this publication the term information technology (IT) is used as a
generic term to cover all three technologies. Where the cooling
requirements of data, voice and entertainment are different these are
clearly defined.
The results of the work showed that there are a number of important
aspects which need to be considered for IT cooling efficacy. In
particular, the project has addressed potential problems of sizing and
locating various elements of the building, cooling plant, IT equipment
and terminal cooling devices. This attention to detail becomes very
important when room air cooling is adopted for racks/cabinets with heat
loads greater than 3 kW. The results of cabinet air-cooling showed that
loads above this require further attention to ensure that sufficient air was
captured and effectively distributed throughout.
The testing of the latest water-based alternatives such as chilled panels
confirmed that these could be effective for dealing with heat emissions
from individual equipment up to 5 kW. Equipment to deal with loads
above 5 kW is available but not addressed in this project.
In all applications the work has identified the need to have an integrated
approach from an experienced team of building services engineers,
manufacturers and IT specialists for the planning, design and operation of
IT cooling.
The prime objective of the project was to improve the cooling and
hence the reliability and consequent availability of IT equipment. The
project attracted considerable interest from industry with 20 sponsors
ranging from end users to equipment suppliers. The programme of work
was started in June 2001 and completed in September 2002.
1.2

THE BASIS OF THE
TESTS

To obtain the results in this publication a number of decisions were
made regarding the scope of work. Given the wide range of IT
applications and environments, the project notionally chose an internet
server farm as an example where a large cooling provision is given for
various sizes of room and different arrangements of IT equipment. The
project chose an air downflow unit because this represented the most
common method of room cooling.
Although diverse in shape and size all IT equipment rooms have
similarities in the way in which the cooling equipment is addressed. A
number of variables present in the majority of equipment rooms were
identified as:

2

•

Room shape and floor to ceiling height

•

floor void depth
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1.3

MODELLING

•

floor void obstructions

•

type, size, position and quantity of cooling plant

•

room conditions

•

floor and grille arrangement

•

detail of cabinets/racks.

1

In order to build up a picture of the major factors influencing IT cooling,
the project started with a baseline room. The baseline room was 50 m
long, 10 m wide, and 3·1 m high. The floor contained a
0·6 m void. The cabinets were 600 mm wide by 800 mm deep, and 42
U high (the number of U is a term used to describe the size of a cabinet in
terms of its height; a U is typically the size of a slot (1·75", 44·45 mm)).
The room housed 416 cabinets each loaded with 3 kW heat-load giving
2
approximately 2·5 kW/m (gross floor area). The room had hot and cold
aisles 1·2 m wide using a staggered array of grilles. Figure 1 illustrates an
isometric view of the room.
Figure 1: Isometric view of IT room chosen for baseline CFD exercises.

Building a virtual model using computational fluid dynamics software
allowed many variations to be investigated. For the physical modelling a
small part of the room was built. The area of room chosen for the
modelling was located a reasonable distance away from the downflow air
conditioning unit in order to achieve good airflow conditions through all
the floor grilles. Figure 2 illustrates an isometric plan view of the test
room chosen for physical modelling.
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Figure 2: Isometric view of the test room built for physical modelling exercises.

Downflow air
conditioning unit
located 2· 5 m away
from room.

Raised floor with
600 mm void.

Outer chamber providing
environmental stability for
test room conditions.

Test room
Width: 3· 5 m
Length: 5· 3 m
Height: 3 m

The test room housed six equipment cabinets. The principal test cabinet
contained modular rack-mounted equipment with variable internal heat
loads. The other five cabinets contained electrical heaters (convective)
which provided an adjustable heat load for the room.
Two main areas were studied: the effect of floor grille location on
perforated front cabinets and the internal airflow patterns for direct entry
cabinets.
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